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Preface 
The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health 

Care Program as part of its mission to organize knowledge and make it available to inform 
decisions about health care. As part of the Medicare Prescription Drug, Improvement, and 
Modernization Act of 2003, Congress directed AHRQ to conduct and support research on the 
comparative outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices, 
and health care services to meet the needs of Medicare, Medicaid, and the Children’s Health 
Insurance Program (CHIP). 

AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce 
Evidence Reports/Technology Assessments to assist public- and private-sector organizations in 
their efforts to improve the quality of health care. The EPCs now lend their expertise to the 
Effective Health Care Program by conducting Comparative Effectiveness Reviews (CERs) of 
medications, devices, and other relevant interventions, including strategies for how these items 
and services can best be organized, managed, and delivered. 

Systematic reviews are the building blocks underlying evidence-based practice; they focus 
attention on the strength and limits of evidence from research studies about the effectiveness and 
safety of a clinical intervention. In the context of developing recommendations for practice, 
systematic reviews are useful because they define the strengths and limits of the evidence, 
clarifying whether assertions about the value of the intervention are based on strong evidence 
from clinical studies. For more information about systematic reviews, see  

www.effectivehealthcare.ahrq.gov/reference/purpose.cfm.  
AHRQ expects that CERs will be helpful to health plans, providers, purchasers, government 

programs, and the health care system as a whole. In addition, AHRQ is committed to presenting 
information in different formats so that consumers who make decisions about their own and their 
family’s health can benefit from the evidence. 

Transparency and stakeholder input are essential to the Effective Health Care Program. 
Please visit the Web site (www.effectivehealthcare.ahrq.gov) to see draft research questions and 
reports or to join an email list to learn about new program products and opportunities for input. 
Comparative Effectiveness Reviews will be updated regularly. 

We welcome comments on this CER. They may be sent by mail to the Task Order Officer 
named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, Rockville, MD 
20850, or by email to epc@ahrq.hhs.gov.  
 
Carolyn M. Clancy, M.D. 
Director 
Agency for Healthcare Research and Quality
  
Stephanie Chang, M.D., M.P.H.  
Director, EPC Program 
Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality 
 

Jean Slutsky, P.A., M.S.P.H. 
Director, Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality 
 
Christine Chang, M.D., M.P.H. 
Task Order Officer 
Center for Outcomes and Evidence 
Agency for Healthcare Research and Quality 

 
 



iv 

Acknowledgments 
The Evidence-based Practice Center thanks Dr. Felicia Hill-Briggs for her guidance on the 

quality-of-life synthesis, Drs. Elie Donath and Ghanshyam Palamaner Subash Shantha for their 
assistance with reviewing articles, and Eric Vohr for his assistance in editing the report. We also 
wish to thank the Key Informants, Technical Expert Panel, Peer Reviewers, and Task Order 
Officer. 

Key Informants and Technical Expert Panel* 
Francine Kaufman, M.D. 
Children’s Hospital of Los Angeles 
Los Angeles, CA 
 
Wanda Nicholson, M.D., M.P.H., M.B.A.  
University of North Carolina 
Chapel Hill, NC 

 
Robert Ratner, M.D. 
Medstar Health Research Institute 
Washington, DC 

 

Peer Reviewers 
Kelly Acton, M.D., M.P.H. 
Health and Human Services 
San Francisco, CA  
 
Dorothy Becker, M.B.B.Ch. 
Children's Hospital of Pittsburgh 
Pittsburgh, PA 
 
Michael Freemark, M.D.  
Duke University School of Medicine 
Durham, NC 
 
John M. Eisenberg Center for Clinical 
Decisions and Communications Science 
Baylor College of Medicine 
Houston, TX 
 
Leonard Pogach, M.D., M.B.A 
Veterans Affairs New Jersey Health Care 
System  
East Orange, NJ 
 

Philip Raskin, M.D.  
UT Southwestern Medical Center 
Dallas, TX 
 
 
Robert Ratner, M.D.  
Medstar Health Research Institute 
Washington, DC 
 
Marie Russell, M.D., M.P.H.  
Phoenix Indian Medical Center 
Phoenix, AZ  
 
Phillip Zeitler, M.D.  
Children's Hospital Colorado  
Aurora, CO 
 
 
 
 
 

*These Key Informants also comprised the Technical Expert Panel. 



v 

Methods for Insulin Delivery and Glucose Monitoring: 
Comparative Effectiveness 
Structured Abstract 
Objectives. To systematically review whether the mode of intensive insulin therapy (continuous 
subcutaneous insulin infusion [CSII] vs. multiple daily injections [MDI]) and/or the mode of 
blood glucose monitoring (real time-continuous glucose monitoring [rt-CGM] vs. self-
monitoring of blood glucose [SMBG]) results in better glycemic control, less hypoglycemia, 
improved quality of life, and improved clinical outcomes in individuals with type 1 diabetes, 
type 2 diabetes, and pre-existing diabetes in pregnancy.  
 
Data Sources. MEDLINE®, Embase®, and the Cochrane Central Register of Controlled Trials 
from inception to July 2011. Additional studies were identified from reference lists and technical 
experts. 
 
Review Methods. We included randomized controlled trials (RCTs) for all outcomes and 
observational studies for selected clinical outcomes that compared the effects of CSII with MDI 
or rt-CGM with SMBG among children, adolescents, or adults with either type 1 or type 2 
diabetes, or pregnant women with pre-existing diabetes. We excluded studies that used regular 
insulin in the CSII arms. Two reviewers evaluated studies for eligibility, serially abstracted data 
using standardized forms, and independently evaluated study quality. We conducted meta-
analyses when there were sufficient data and studies were sufficiently homogeneous.  
 
Results. We included 41 studies (44 publications). RCTs showed no difference in the effect of 
CSII and MDI on HbA1c (moderate strength of evidence [SOE]) or severe hypoglycemia (low 
SOE) for children or adolescents with type 1 diabetes, or for adults with type 2 diabetes. In 
adults with type 1 diabetes, HbA1c decreased more with CSII than with MDI (low SOE), but 
results were heavily influenced by one study.  There was no difference in severe hypoglycemia 
(low SOE). In children and adults with type 1 diabetes, CSII use was associated with improved 
quality of life compared with MDI (low SOE). There was insufficient evidence about quality of 
life for adults with type 2 diabetes. The SOE regarding pregnant women with pre-existing 
diabetes was either low or insufficient on all outcomes. We found studies of the comparative 
effectiveness of rt-CGM versus SMBG in individuals with type 1 diabetes only. Compared with 
SMBG, rt-CGM achieved a lower HbA1c, with greater reductions occurring where sensor 
compliance was 60 percent or greater (high SOE). There was no difference in the rate of severe 
hypoglycemia (low SOE) or quality of life (low SOE). Sensor-augmented pump use was 
associated with a significantly greater reduction in HbA1c compared with MDI/SMBG use in 
nonpregnant individuals with type 1 diabetes (moderate SOE). The evidence for other outcomes 
was low or insufficient.  
 
Conclusions. The approach to intensive insulin therapy can be individualized to patient 
preference that will maximize their quality of life, as both CSII and MDI have similar 
effectiveness on glycemic control and severe hypoglycemia, except in adults with type 1 diabetes 
where CSII had a favorable effect on HbA1c. These data also indicate that rt-CGM is superior to 
SMBG in lowering HbA1c, without affecting the risk of severe hypoglycemia, in nonpregnant 
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individuals with type 1 diabetes, particularly when compliance is high. Sensor-augmented pumps 
are superior to MDI/SMBG in lowering HbA1c.  
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Executive Summary 
Background 

Diabetes mellitus is defined as a group of metabolic diseases characterized by 
hyperglycemia resulting from defects in insulin secretion from the pancreatic beta cells; 
resistance to insulin action at the level of skeletal muscle, liver, and fat; or both. The 
resultant hyperglycemia, if untreated, can lead to long-term vascular complications.1 
Thirty million people in the United States are diagnosed with diabetes, and that number is 
expected to increase to 39 million people by 2050.2-4 Thus, millions of people require 
glucose-lowering therapies to maintain normal glucose levels (normoglycemia) and 
prevent diabetes complications. 

Type 1 diabetes, which accounts for 5 to 10 percent of all diabetes cases, is 
characterized by insulin deficiency and a need for daily insulin administration to sustain 
life, maintain normoglycemia, and maintain normal body weight and promote normal 
growth and development in children.1 Type 2 diabetes, which accounts for 90 to 95 
percent of diabetes in the United States, is the result of a combination of insulin 
resistance and impaired insulin secretion by the beta cells of the endocrine pancreas.1 
Eventually, beta cell failure can lead to insulin deficiency, necessitating insulin therapy. 
In pregnant women with pre-existing type 1 or type 2 diabetes, poor glycemic control is 
associated with poorer pregnancy outcomes.  

Importance of Tight Glycemic Control and Associated Risks 
Tight glycemic control with intensive insulin therapy has been shown to reduce the 

risk of vascular complications due to diabetes.5-8 Throughout the duration of pregnancy, 
tight glycemic control is recommended to avoid maternal, fetal, and neonatal 
complications.9 While tight glycemic control lowers the risk of diabetic complications, it 
can be associated with an increased risk of hypoglycemia, a barrier to tight control,7 and 
can also lead to weight gain.10,11 

Measurement of Glycemic Control 
Measurement of hemoglobin A1c (HbA1c), reflecting blood glucose levels over a 2- to 

3-month period, is the preferred method of assessing long-term glycemic control in 
patients with type 1 and type 2 diabetes.12 Self-monitoring of blood glucose (SMBG) by 
fingerstick three or more times daily is recommended for patients using multiple insulin 
injections or insulin pump therapy as a way to adjust insulin therapy; however, SMBG 
measures are more variable than HbA1c.13 SMBG is also used by pregnant women with 
diabetes, since clinical management decisions are made on a weekly basis to prevent fetal 
complications.14 The role of SMBG is less clear for patients using less frequent insulin 
injections, noninsulin therapies, or medical nutrition therapy.15  
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Methods To Achieve Tight Glycemic Control and Minimize 
Risk: Insulin Delivery and Glucose Monitoring  

Patients currently maintain tight glycemic control using physiological basal and meal-
time (prandial) insulins. Patients take these medications either as multiple daily injections 
(MDI) or by external continuous subcutaneous insulin infusion (CSII) via a pump.  

SMBG provides specific and timely feedback on the degree of hyperglycemia.10 The 
problems with SMBG are pain, costs, behavioral and technical skills, required 
motivation, and intrusiveness. 

Continuous glucose monitoring (CGM) systems address these issues by recording 
blood glucose levels day and night, significantly decreasing the need for fingerstick 
measurements. CGM, in conjunction with intensive insulin treatment, is useful in adults 
who are at least 25 years old and have type 1 diabetes.16 Real-time continuous glucose 
monitoring (rt-CGM) differs from retrospective CGM in that it provides blood glucose 
feedback data to the patient while he or she is wearing the device and does not need to be 
downloaded and evaluated after data collection. Rt-CGM is now the preferred method of 
CGM. As a result, we will focus on studies examining rt-CGM.  

Knowledge Gaps: Comparative Effectiveness of Insulin 
Delivery and Glucose Monitoring in Specific Populations 

Clinical Decisionmaking and Indications 
CSII is recommended for patients with type 1 diabetes who are not achieving 

glycemic goals despite adherence to a maximum MDI regimen and for patients with type 
1 diabetes who merely prefer pump therapy.17,18 Experts recommend rt-CGM for patients 
with type 1 diabetes who have no awareness of the early symptoms of hypoglycemia or 
who are pregnant or plan to be pregnant.19  

Given new technologies in insulin delivery and glucose monitoring, clinicians are 
faced with challenges determining which populations will benefit most from CSII and rt-
CGM. Both technologies are expensive and require extensive training and oversight.  

Comparison of CSII With MDI 
Evidence is lacking regarding the benefits and risks of CSII in certain populations of 

patients with diabetes. In prior systematic reviews, most of the evidence from 
comparisons of CSII with MDI in patients with type 1 diabetes indicated improved 
glycemic control with CSII use in adults, although its effect on other clinical outcome 
measures was unclear.20-23 Similarly, evidence is lacking regarding the benefit of CSII in 
the elderly and children with type 1 diabetes.  

Because prior systematic reviews have included studies using regular insulin in the 
CSII arms, they have not been able to determine the comparative effectiveness of MDI 
with currently available rapid-acting analog-based CSII.20-23 

The benefits of CSII compared with MDI in individuals with type 2 diabetes also 
remain unclear. While some studies suggest that CSII is comparable with MDI in 
attaining adequate glycemic control,21,24 other studies found a lower HbA1c level with 
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CSII.25,26 One prior meta-analysis found no significant difference in HbA1c and 
hypoglycemic episodes between the CSII and MDI groups.27  

The evidence comparing MDI with CSII in pregnant women with pre-existing type 2 
diabetes is also limited. In one systematic review that looked at pregnant woman with 
pre-existing type 1 or type 2 diabetes, mean birth weight was greater with CSII than 
MDI, but the data were insufficient to permit conclusions about other outcomes.28  

Comparison of rt-CGM With SMBG 
A recent meta-analysis comparing rt-CGM with SMBG in type 1 diabetes showed a 

benefit of rt-CGM in improving glycemic control with no difference in hypoglycemia 
frequency; however, other nonglycemic outcomes were not reported.29 In general, 
however, little attention has been given to the comparative effectiveness of rt-CGM and 
SMBG on outcomes in patients with type 2 diabetes or pre-existing type 1 or type 2 
diabetes in pregnancy. To our knowledge, there has not been a systematic review 
comparing sensor-augmented pump therapy (CSII + rt-CGM) with intensive insulin 
therapy (CSII or MDI) and SMBG. 

Objectives 
The objective of our comprehensive systematic review was to address the question of 

whether the mode of intensive insulin therapy (CSII vs. MDI) results in better glycemic 
control, less hypoglycemia, improved quality of life, and improved clinical outcomes in 
individuals with type 1 diabetes, type 2 diabetes, and pre-existing diabetes in pregnancy. 
We also sought to determine whether these outcomes differed by the type of strategy used 
for blood glucose monitoring (rt-CGM vs. SMBG) in those same populations. Our 
specific Key Questions (KQs) are listed below and are displayed in Figure A. Process 
measures, intermediate outcomes, and clinical outcomes of interest are summarized in 
Table A.  

KQ1. In patients receiving intensive insulin therapy, does mode of 
delivery (CSII vs. MDI) have a differential effect on process 
measures, intermediate outcomes, and clinical outcomes in patients 
with diabetes mellitus?  
Do these effects differ by: 

a. Type 1 or type 2 diabetes status? 
b. Age: very young children, adolescents, and adults, including 

older adults (age >65 years)? 
c. Pregnancy status: pre-existing type 1 or type 2 diabetes? 
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KQ2. In patients using intensive insulin therapy (MDI or CSII), does 
the type of glucose monitoring (rt-CGM vs. SMBG) have a differential 
effect on process measures, intermediate outcomes, and clinical 
outcomes in patients with diabetes mellitus (i.e., what is the 
incremental benefit of rt-CGM in patients already using intensive 
insulin therapy)? 
Do these effects differ by: 

a. Type 1 or type 2 diabetes status? 
b. Age: very young children, adolescents, and adults, including 

older adults (age >65 years)? 
c. Pregnancy status: pre-existing type 1 or type 2 diabetes? 
d. Intensive insulin delivery: MDI or CSII? 

Table A. Summary of process measures, intermediate outcomes, and clinical outcomes 
relevant to studies of intensive insulin therapy and continuous glucose monitoring 

Process Measures Intermediate Outcomes Clinical Outcomes 

Ratio of basal to bolus insulina 

 
Frequency of adjusting insulin 
   therapy 
 
Adherence to insulin     
   therapy/sensor use 
 
Frequency of professional or 
   allied health visits 

Primary 
Hemoglobin A1c 
 
Secondary 
Hyperglycemia 
Weight gain 
Hypoglycemia frequency 

Microvascularb  
Nephropathy 
Retinopathy 
Neuropathy 
 
Macrovascularb 
Coronary heart disease 
Cerebrovascular disease 
Peripheral arterial disease 
 
Severe hypoglycemia  
 
Quality of life 
 
Mortality 
 
Fetal outcomesc 
 
Maternal pregnancy outcomes 
Cesarean section rates 

aThe optimal distribution of the total daily insulin dose is 40-50 percent administered as basal insulin and the remaining 
50-60 percent as bolus insulin divided over each meal. This prevents patients from being overinsulinized with basal 
insulin, which increases the risk for hypoglycemia.  
bWe included only objective assessments of microvascular and macrovascular outcomes.  
cFetal outcomes include gestational age, birth weight, frequency of neonatal hypoglycemia, birth trauma, major and 
minor anomalies, admission to a neonatal intensive care unit, stillbirth, and neonatal and perinatal mortality. 
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Figure A. Analytic framework for multiple daily injections or insulin pump therapy with or without continuous glucose monitoring  
for diabetes 

 

CSII = continuous subcutaneous insulin infusion; KQ = Key Question; MDI = multiple daily injections; rt-CGM = real-time continuous glucose monitoring;  
SMBG = self-monitoring of blood glucose 
*Fetal outcomes include gestational age, birth weight, frequency of neonatal hypoglycemia, birth trauma, major and minor anomalies, admission to a neonatal intensive care unit, 
stillbirth, and neonatal and perinatal mortality.  
†Maternal outcomes include cesarean section rates.  
Note: Stratifications of interest for KQ2: diabetes status (2a), age (2b), pregnancy status (2c), and glucose monitoring strategy (2d). 
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Methods 

Data Sources and Selection 

Search Strategy 
We searched the following databases for primary studies for the periods in parentheses: 

MEDLINE® (1966 to July 2011), Embase® (1974 to July 2011), and the Cochrane Central 
Register of Controlled Trials (1966 to July 2011). We developed a search strategy for 
MEDLINE, accessed via PubMed, based on an analysis of the medical subject headings (MeSH) 
terms and text words of key articles identified a priori.  

Study Selection 
Titles, abstracts, and articles were independently reviewed by two reviewers. We included 

studies comparing the effects of CSII with MDI or rt-CGM with SMBG among children, 
adolescents, and adults with either type 1 or type 2 diabetes, and pregnant women with pre-
existing diabetes. We excluded studies evaluating methods of insulin delivery or glucose 
monitoring no longer used in clinical practice. We defined MDI as at least three injections per 
day and SMBG as at least three fingersticks per day. We included randomized controlled trials 
(RCTs) and observational studies of microvascular, macrovascular, maternal, or fetal outcomes. 
For all other outcomes (Table A), we included only RCTs.  

Data Extraction and Quality Assessment 

Data Abstraction 
We extracted information on general study characteristics, study participants, eligibility 

criteria, interventions, adherence to wearing a treatment device, outcome measures, definitions, 
and the results of each outcome (including measures of variability). For the outcome of 
hypoglycemia, we differentiated between biochemical and symptomatic hypoglycemia. For the 
outcome of cesarean delivery, we abstracted information regarding the indication for cesarean 
delivery. For studies evaluating maternal and fetal outcomes, we abstracted information about 
when CSII or MDI was initiated in relation to the pregnancy (i.e., before conception, first 
trimester, or second trimester). We classified measures of quality of life (QOL) into the 
following categories: general health-related QOL, disease-specific QOL, and treatment-specific 
QOL. 

Quality Assessment 
We used different quality assessment tools for RCTs and observational studies. For RCTs, 

we based the dual independent review of article quality on the Cochrane Collaboration’s Risk of 
Bias Tool,30 supplemented with items from the Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews.31 For observational studies, we selected items from the 
Downs and Black quality checklist32 and from the Methods Guide for Effectiveness and 
Comparative Effectiveness Reviews.31  
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Applicability 
We assessed the applicability of studies in terms of the degree to which the study population, 

interventions, outcomes, and settings were typical for individuals with diabetes who are 
receiving treatment in a usual care setting.  

Data Analysis and Synthesis 
We conducted meta-analyses when there were at least two trials and when studies were 

sufficiently homogeneous with respect to key variables. For continuous outcomes, we calculated 
a weighted mean difference in the change from baseline by using a random-effects model with 
the DerSimonian and Laird formula.33 If studies reported the incidence of severe hypoglycemia, 
then we calculated a pooled relative risk (RR) using the DerSimonian and Laird random-effects 
model.33 If studies reported event rates (i.e., the number of events experienced per patient during 
the study period), we calculated a rate ratio in terms of the number of events per person-year 
using the DerSimonian and Laird random-effects model.33 

We tested heterogeneity among the trials in all the meta-analyses by using a standard chi-
squared test with a significance level of alpha less than or equal to 0.10. We also examined 
heterogeneity among trials by using an I-squared statistic, which describes the variability in 
effect estimates due to heterogeneity rather than random chance.34 If we found substantial 
heterogeneity, we attempted to determine reasons for this by conducting metaregressions using 
baseline HbA1c and compliance. For all meta-analyses, we conducted formal tests for publication 
bias using Begg’s35 and Egger’s tests.36  

Rating the Body of Evidence 
We graded the strength of the evidence addressing KQs 1 and 2 by adapting an evidence 

grading scheme recommended in the Methods Guide for Effectiveness and Comparative 
Effectiveness Reviews.37 We classified strength of evidence into four basic categories: high, 
moderate, low, and insufficient.   

Results 

Search Results 
Figure B summarizes the search results. From a search of 7,002 unique records, we included 

a total of 41 studies (44 publications) in this review.  
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Figure B. Summary of the literature search 

 
CENTRAL = Central Register of Controlled Trials; CSII = continuous subcutaneous insulin infusion; hours; MDI = multiple 
daily injections; rt-CGM = real-time continuous glucose monitor; SMBG = self-monitoring of blood glucose 
*Total may exceed number in corresponding box, as articles could be excluded for more than one reason at this level. 
†41 studies in 44 publications: 28 compared CSII with MDI (9 in children and adolescents with type 1 diabetes, 9 in adults with 
type 1 diabetes, 4 [5 publications] in adults with type 2 diabetes, 6 in pregnant women with pre-existing type 1diabetes);  
9 (10 publications) compared rt-CGM with SMBG; 4 (5 publications) compared a sensor-augmented pump with MDI/SMBG. 
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KQ1. Comparative Effectiveness of CSII Versus MDI  

Children and Adolescents With Type 1 Diabetes 

Study Design 
Nine studies evaluated CSII versus MDI therapy in children and adolescents with type 1 

diabetes.38-46 Study designs are indicated in Table B. 

Population Characteristics 
The mean age of participants in the RCTs was 16.5 years in the MDI group and 11.4 years in 

the CSII group. Most studies did not report race.38,41-43,45,46 Glycemic control was suboptimal at 
the time of enrollment in the RCTs, with a mean HbA1c of 8.5 percent in the MDI group and 8.6 
percent in the CSII group.  

Interventions 
The MDI arms varied across studies in the type of insulin used.38,40-46 The MDI schedule was 

three, four, or more injections daily in most studies. In the CSII arm, patients used insulin aspart 
in three studies38,39,44 and insulin lispro in six studies.40-43,45,46 The duration of therapy in each 
intervention arm ranged from 3.5 to 24 months, with six studies having 12 or more months of 
followup.38,39,41-43,45  

Applicability 
Most studies in children and adolescents with type 1 diabetes were small.  Few studies 

targeted children 12 years of age or less.  

Outcomes 
Table B shows the main results on the comparative effectiveness of CSII versus MDI in 

children and adolescents with type 1 diabetes. It includes the strength of evidence (see the 
definitions47 in the footnote) for each outcome.
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Table B. Summary of the evidence of the comparative effectiveness of CSII versus MDI in children and adolescents with type 1 diabetes  

Outcome 
Strength 

of 
Evidence 

# of Studies/ # 
of Good-

Quality Studies 
Main Findings 

HbA1c Moderate 9 (7 RCTs;  
2 non-RCTs) / 1 

Mean between-group difference in HbA1c change from baseline was -0.14 percent, decreasing slightly 
more with CSII than with MDI (95% CI, -0.48 to 0.20%, P = 0.41). Results were similar among 
adolescents over 12 years old (mean between-group difference in the change from baseline HbA1c,  
-0.10%; 95% CI, -0.47 to 0.27%) and were less different among children 12 years old or less (mean 
between-group difference in the change from baseline HbA1c, -0.05%; 95% CI, -1.01 to 0.96%).  

Daytime 
hypoglycemia Low 3 (all RCTs) / 0 

The frequency of daytime hypoglycemia did not differ significantly between MDI and CSII intervention 
groups (mean between-group difference in perceived hypoglycemic events over 104 weeks, 0; 95% CI, -
1.1 to 1.1;38 mean between-group difference in the change from baseline to 24 weeks in the number of 
blood glucose excursions below 70 mg/dL, -0.9; 95% CI, -2.1 to 0.3;40 mean between-group difference 
in number of hypoglycemic episodes/patient at 52 weeks, -3.7; 95% CI, -13.2 to 5.845). 

Nocturnal 
hypoglycemia Low 2 (all RCTs) / 1 

The frequency of nocturnal hypoglycemia did not differ significantly between the MDI and CSII 
intervention groups. In 1 study, there were 4 events/patient/study period (95% CI, 0.3 to 7.7) for MDI vs. 
3 events/patient/study period (95% CI, 1.0 to 5.0) for CSII over 52 weeks.45 In the other study, there 
were 2 patients with 1 or more events in the CSII arm but no events reported in the MDI arm over 16 
weeks.44 

Mild hypoglycemia Insufficienta 1 (RCT) / 0 
One study found no significant difference in mild hypoglycemia (events with blood glucose less than 70 
mg/dL) between the MDI (22 events/patient) and CSII (19.8 events/patient) intervention groups over 14 
weeks.46 

Severe 
hypoglycemia Low 6 (5 RCTs;  

1 non-RCT) / 1 

The rate of severe hypoglycemia was similar between the 2 intervention arms. The mean incidence rate 
ratio for severe hypoglycemic event rates in RCTs for CSII vs. MDI was 0.99 (95% CI, 0.57 to 1.71, P = 
0.97). Results were similar among adolescents over 12 years of age (mean incidence rate ratio for CSII 
vs. MDI, 0.95; 95% CI, 0.42 to 2.13) and children less than 12 years of age (mean incidence rate ratio 
for CSII vs. MDI, 1.02; 95% CI, 0.49 to 2.16). 

Hyperglycemia Insufficienta 1 (RCT) / 0 One study found no difference in the frequency of hyperglycemia between the MDI (6.7 events) and CSII 
(7.9 events) intervention groups over 14 weeks.46 

Ratio basal to 
bolus insulin Insufficienta 1 (non-RCT) / 0 One study found no difference in the ratio of basal to bolus insulin between the MDI and CSII 

intervention groups (mean between-group difference, 1.7; 95% CI, -2.5 to 5.9).42 

Weight Low 3 (all RCTs) / 1 The mean between-group difference in how BMI standard deviation score changed from baseline was -
0.12 units, decreasing slightly more with CSII than MDI (95% CI, -0.55 to 0.30 units). 

General QOL Low 2 (all RCTs) / 0 A meta-analysis of 2 studies showed no significant difference in general QOL between CSII and MDI in 
this population (mean between-group difference, 2.3; 95% CI, -6.9 to 11.5; P = 0.95). 
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Table B. Summary of the evidence of the comparative effectiveness of CSII versus MDI in children and adolescents with type 1 
diabetes (continued) 

Outcome 
Strength 

of 
Evidence 

# of Studies / 
# of Good- 

Quality 
Studies 

Main Findings 

Diabetes-specific 
QOL Low 4 (all RCTs) / 1 

One study showed improvement in diabetes QOL favoring CSII. The Diabetes Quality of Life-Youth score 
was 77.4 (95% CI, 69.5 to 85.3) at baseline, 76.4 (95% CI, 68.3 to 84.5) at end of study for MDI, and 82.7 
(95% CI, 75.3 to 90.1) at end of study for CSII.45 One study did not find a difference in diabetes QOL 
between the 2 interventions (numerical data not presented).44 

Diabetes 
treatment-related 
QOL 

Low 3 (all RCTs) / 0 
A meta-analysis of 2 studies showed improvement in diabetes treatment satisfaction favoring CSII over 
MDI (mean between-group difference in the Diabetes Treatment Satisfaction Questionnaire, 5.7; 95% CI, 
5.0 to 6.4). 

Process 
measures, clinical 
outcomes 

Insufficient 0 We did not find any studies addressing certain process measures (frequency of adjusting insulin therapy, 
adherence, health visits) and clinical outcomes (microvascular and macrovascular disease and mortality). 

BMI = body mass index; CI = confidence interval; CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; MDI = multiple daily injections; QOL = quality of 
life; RCT = randomized controlled trial 
aStrength of evidence was graded as insufficient because the body of evidence consisted of only 1 study with medium or high risk of bias, or the results were imprecise.  
Note: The strength of the evidence was defined as follows: High = high confidence that the evidence reflects the true effect; further research is unlikely to change our confidence in 
the estimate of the effect. Moderate = moderate confidence that the evidence reflects the true effect; further research may change our confidence in the estimate of the effect and 
may change the estimate. Low = low confidence that the evidence reflects the true effect; further research is likely to change our confidence in the estimate of the effect and is 
likely to change the estimate. Insufficient = evidence is unavailable, does not permit a conclusion, or consists of only 1 study with high risk of bias.37,47 
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Adults With Type 1 Diabetes 

Study Design 
Nine studies evaluated the effectiveness and safety of CSII versus MDI among adults 

with type 1 diabetes.48-56 Study designs are indicated in Table C. 

Population Characteristics 
Studies did not report on race. The mean baseline HbA1c was similar by intervention 

allocation with the exception of one study in which HbA1c was 0.4 percent higher in the 
MDI versus CSII arm.55 Intervention-arm-specific HbA1c ranged from 7.4 percent to 9.3 
percent at baseline.48,49,51,54,55 The mean duration of type 1 diabetes ranged from 14.4 to 
25 years.48-51,53-56  

Interventions 
Four studies used NPH (neutral protamine Hagedorn) insulin as the long-acting 

insulin for the MDI arm,51,54-56 and the other studies used insulin glargine.48-50,52,53 All 
studies used insulin aspart or insulin lispro as the short-acting insulin during MDI 
treatment.48-56 Two studies incorporated 7 days of CGM.50,52  

Applicability 
Few studies compared the effect of CSII with MDI in adults with type 1 diabetes. 

Studies did not report on many items of interest to determine the applicability of the 
studies to all adults with type 1 diabetes. No study focused on elderly adults with type 1 
diabetes, although this is likely a small population. The mean baseline HbA1c was 7.4 to 
9.3 percent across the studies. The duration of diabetes at enrollment was greater than 14 
years in the studies reporting this. Eligibility criteria for MDI and CSII use varied 
significantly across the studies.  

Outcomes 
Table C shows the main results on the comparative effectiveness of CSII versus MDI 

in adults with type 1 diabetes. 
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Table C. Summary of the evidence of the comparative effectiveness of CSII versus MDI in adults with type 1 diabetes  

Outcome 
Strength 

of 
Evidence 

# of Studies /  
# of Good-

Quality Studies 
Main Findings 

HbA1c Low 4 (all RCTs) / 2 

HbA1c decreased more with CSII than with MDI, but results were heavily influenced by one study54 in which 
participants had a higher baseline HbA1c than in the other studies (mean between-group difference from 
baseline, -0.30%; 95% CI, -0.58 to -0.02).  After removing this study, the difference between CSII and MDI 
became null (mean between-group difference from baseline, -0.01 percent, 95% CI, -0.35 to 0.34 percent). 

Daytime 
hypoglycemia Low 1 (RCT) / 0 One study reported more symptomatic and asymptomatic hypoglycemia between 8 a.m. and midnight in the 

MDI compared with the CSII intervention arm (P < 0.05).52 

Nocturnal 
hypoglycemia Low 3 (all RCTs) / 0 

Three studies reported nocturnal hypoglycemia. In 1 crossover trial, the proportion of patients experiencing 
nocturnal hypoglycemia was similar in the MDI and CSII intervention arms (RR for any, 0.98; 95% CI, 0.83 to 
1.17; RR for symptomatic, 0.87; 95% CI, 0.64 to 1.19), although there were fewer episodes per person in the 
CSII than MDI group (IRR, 0.76; 95% CI, 0.63 to 0.91).52 Two other studies found no statistically significant 
difference in nocturnal hypoglycemic episodes between the 2 intervention groups.48,50 

Symptomatic 
hypoglycemia Low 4 (all RCTs) / 1 

We found an increased risk of symptomatic hypoglycemia for CSII compared with MDI (combined IRR, 1.3; 
95% CI, 1.2 to 1.4), but we found evidence of substantial statistical heterogeneity for this meta-analysis. 
When excluding a study that required participants to have had recent severe hypoglycemia50 (compared to 
the other 2, which excluded those with recent severe hypoglycemia48,55), we saw an IRR suggesting no 
relative difference in the incidence of symptomatic hypoglycemia for CSII compared with MDI (combined 
IRR, 1.0; 95% CI, 0.8 to 1.1). Another study, which did not provide sufficient quantitative results, reported 
slightly more symptomatic hypoglycemic events with CSII vs. MDI (IRR, 1.1; 95% CI, 1.0 to 1.3), although a 
similar proportion of participants experienced events over 5 weeks (RR, 1.0; 95% CI, 0.9 to 1.2).52 

Other 
nonsevere 
hypoglycemia 

Low 6 (all RCTs) / 1 

Three studies found no difference in nonsevere hypoglycemia between the 2 intervention groups (in 1 study, 
mean between-group difference in asymptomatic hypoglycemia event rate, -0.2; 95% CI, -1.39 to 0.99).48 In 
2 studies, the incidence of mild hypoglycemia was higher in the CSII than MDI group,52,54 with the relative 
difference statistically significant in 1 study (between-group difference in change in hypoglycemic rate, 0.99; 
95% CI, 0.11 to 1.87).54 One additional study found a higher frequency of hypoglycemia in the MDI than CSII 
group (RR, 1.12; 95% CI, 1.08 to 1.17).51 

Severe 
hypoglycemia Low 8 (all RCTs) / 1 

The incidence of severe hypoglycemia did not differ between the 2 intervention groups (combined RR, 0.74; 
95% CI, 0.30 to 1.83). Four crossover trials did not provide quantitative results on severe hypoglycemia by 
period and therefore were not included in the meta-analysis. Two studies showed more severe hypoglycemia 
with MDI than CSII,51,52 with 1 study reporting an RR of 2.6 (95% CI, 2.08 to 3.25).51 One study showed less 
severe hypoglycemia with MDI than CSII (IRR, 3.00; 95% CI, 0.24 to 157.49).56 One study found similar 
rates of severe hypoglycemia between the 2 groups (1.1 events/patient for CSII vs. 1.3 events/patient for 
MDI over 4 months, P = 0.33).49 

Hyperglycemia Low 3 (all RCTs) / 0 
The mean between-group difference in fasting glucose over 6 months was -12.3 mg/dL (95% CI, -32.9 to 8.2 
mg/dL) favoring CSII in 1 study.48 Two other studies reported no difference in fasting glucose between the 
MDI and CSII groups. 
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Table C. Summary of the evidence of the comparative effectiveness of CSII versus MDI in adults with type 1 diabetes (continued) 

Outcome 
Strength 

of 
Evidence 

# of Studies / 
# of Good- 

Quality 
Studies 

Main Findings 

Bedtime 
hyperglycemia Insufficienta 1 (RCT) / 0 

There was insufficient strength of evidence to determine the relative effects of CSII and MDI on glucose at 
bedtime. A single study reported no difference in glucose at bedtime in the CSII compared with MDI arm but 
did not provide glucose results.54 

Preprandial 
glucose Low 3 (all RCTs) / 0 

The mean between-group difference in preprandial glucose over 6 months was -17.1 mg/dL (95% CI, -42.1 
to 8.0 mg/dL) favoring CSII in 1 study. In another study, predinner glucose was lower with CSII (128 mg/dL) 
compared with MDI (148 mg/dL) at the end of 5 weeks (P = NS). Predinner and prelunch glucose levels were 
not significantly lower with CSII than MDI at 4 months in a third study. 

Post-prandial 
glucose Low 3 (all RCTs) / 0 

The evidence suggested slightly lower post-prandial glucose levels with CSII than MDI treatment. The 
reported mean between-group difference in post-prandial glucose was -5.5 mg/dl (95% CI, -29.9 to 18.9 
mg/dl) in 1 study48 and -24 and -15 mg/dl post-breakfast and post-dinner, respectively, in another.52 Post-
breakfast glucose levels were not significantly higher in the MDI than CSII arm in a third study.54 

Nocturnal 
hyperglycemia Low 2 (all RCTs) / 0 Two studies found no between-group difference in nocturnal glucose,48,54 with 1 reporting an increase in 

nocturnal glucose in both arms (between-group difference, 54.8; 95% CI, -7.2 to 116.7 mg/dl).48 

Weight Low 4 (all RCTs) / 0 
Weight gain did not differ between CSII and MDI (combined mean between-group difference, -0.25 kg; 95% 
CI, -3.14 to 2.64 kg). Two additional studies reported no difference in weight gain but did not report sufficient 
quantitative results. 

General QOL Low 2 (all RCTs) / 0 

Two studies showed an improvement in general QOL between the 2 intervention groups favoring CSII. In 1 
study the SF-36 Physical Component Score change was -1.2 for CSII and 5.9 for MDI (P = 0.048) and the 
Mental Component Score change was -0.6 for CSII and 5.2 for MDI (P = 0.05).51 The other study did not 
report estimates, but there was no difference in the Physical Component Score and a change in the Mental 
Component Score favoring CSII (P < 0.05). 

Diabetes-
specific QOL Low 5 (all RCTs) / 1 

Three studies showed an improvement in diabetes-specific QOL favoring CSII. A meta-analysis favored CSII 
over MDI for Diabetes Quality of Life (mean between-group difference in Diabetes Quality of Life, 2.99; 95% 
CI, 0.006 to 5.97). One study showed improvement favoring MDI (Diabetes Quality of Life mean between-
group difference in change from baseline, -18.00; 95% CI, -50.14 to 14.14).50  
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CI = confidence interval; CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; IRR = incidence rate ratio; MDI = multiple daily injections;  
NS = nonsignificant; QOL = quality of life; RCT = randomized controlled trial; RR = relative risk; SF-36 = Short Form-36  
aStrength of evidence was graded as insufficient because the body of evidence consisted of only 1 study with high or medium risk of bias, or the results were imprecise. 
Note: The strength of the evidence was defined as follows: High = high confidence that the evidence reflects the true effect; further research is unlikely to change our confidence in 
the estimate of the effect. Moderate = moderate confidence that the evidence reflects the true effect; further research may change our confidence in the estimate of the effect and 
may change the estimate. Low = low confidence that the evidence reflects the true effect; further research is likely to change our confidence in the estimate of the effect and is 
likely to change the estimate. Insufficient = evidence is unavailable, does not permit a conclusion, or consists of only 1 study with high risk of bias.37,47 

Table C. Summary of the evidence of the comparative effectiveness of CSII versus MDI in adults with type 1 diabetes (continued) 

Outcome 
Strength 

of 
Evidence 

# of Studies / 
# of Good- 

Quality 
Studies 

Main Findings 

Diabetes 
treatment-
related QOL 

Insufficienta 1 (RCT) / 0 

Altered Hypoglycemia Awareness Questionnaire scores were similar in the CSII and MDI groups over 24 
weeks (RR of Altered Hypoglycemia Awareness Questionnaire score greater than 4, 0.75; 95% CI, 0.26 to 
2.18). Hypoglycemia Fear Survey scores decreased in both CSII (-3±25) and MDI (-8±33) groups (mean 
between-group difference in the change from baseline, 5; 95% CI, -32.66 to 42.66).50 

Process 
measures, 
clinical 
outcomes 

Insufficient 0 None of the studies evaluated the effects of MDI vs. CSII among adults with type 1 diabetes in terms of any 
process measures or clinical outcomes. 
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Adults With Type 2 Diabetes 

Study Design 
Four studies evaluated CSII versus MDI therapy in patients with type 2 

diabetes.24,25,57,58 Study designs are indicated in Table D. 

Population Characteristics 
The number of participants per arm ranged from 20 to 66 in the included 

studies.24,25,57,58 All studies were conducted in adults, and only one study included 
participants 60 years of age or older.58 Two studies did not report on the racial 
composition of their study populations, and the other two studies were multiethnic but 
predominantly white (> 80 percent).24,58 Mean body mass index (BMI) ranged from 29.5 
to 32.5 kg/m2 and was similar by treatment group across the three parallel-arm 
studies.24,57,58 The mean duration of type 2 diabetes was greater than 10 years in the two 
studies reporting this.24,58  

Interventions 
The MDI arms varied across studies: NPH and regular insulin;25 insulin glargine and 

insulin lispro;57,58 and NPH insulin and insulin aspart.24 Insulin aspart was used in the 
CSII arm for one study,24 and insulin lispro was used in the CSII arm in the other 
studies.25,57,58  

Applicability 
Studies did not generally report on items of interest in determining the applicability of 

the literature to the general population with type 2 diabetes.  

Outcomes 
Table D shows the main results on the comparative effectiveness of CSII versus MDI 

in adults with type 2 diabetes. 
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Table D. Summary of the evidence of the comparative effectiveness of CSII versus MDI in adults with type 2 diabetes  

Outcome Strength of 
Evidence 

# of Studies /  
# of Good-

Quality Studies 
Main Findings 

Mortality Insufficienta 1 (RCT) / 0 A single study reported 1 death due to cancer in the CSII treatment arm.58 

HbA1c Moderate 4 (all RCTs) / 0 
The effects on HbA1c did not differ between the MDI and CSII intervention groups (mean 
between-group difference from baseline with negative value favoring CSII, -0.16; 95% CI, -0.42 
to 0.09). 

Mild hypoglycemia Moderate 3 (all RCTs) / 0 The risk of mild hypoglycemia did not differ between MDI and CSII (combined RR, 0.90; 95% CI, 
0.78 to 1.03). 

Nocturnal 
hypoglycemia Insufficienta 1 (RCT) / 0 In a single study, nocturnal hypoglycemia (occurring between midnight and 6 a.m.) was less 

common in patients in the CSII than MDI arm (RR, 0.73; 95% CI, 0.35 to 1.54). 

Severe hypoglycemia Low 3 (all RCTs) / 0 The risk of severe hypoglycemia did not differ between CSII and MDI (RR, 0.76; 95% CI, 0.26 to 
2.19). 

Hyperglycemia Low 2 (RCTs) / 0 

Mean post-prandial glucose (90 minutes after breakfast) was 167 mg/dL in the CSII arm and 192 
mg/dL in the MDI arm at 24 weeks (mean between-group difference, -25 mg/dL; 95% CI, -45 to -
5 mg/dL).24 Glucose measurements from other time points were similar between treatment 
groups at the end of the study. The incidence of blood glucose over 350 mg/dL was higher in the 
MDI than CSII arm (26 vs. 6 events), affecting 18% and 5% of participants in the MDI and CSII 
arms, respectively (RR, 0.28; 95% CI, 0.08 to 0.94).24 

Weight Low 2 (all RCTs) / 0 Weight gain did not differ between CSII and MDI groups (combined mean between-group 
difference in weight change from baseline, -0.49 kg; 95% CI, -1.25 to 0.26 kg). 

General QOL Insufficienta Insufficienta 
One study reported no difference in general QOL between the CSII and MDI intervention groups. 
The difference from baseline to followup was 0.6 for CSII vs. 0.4 for MDI for the SF-36v2 
Physical Component Score, and 1.0 for CSII vs. 2.5 for MDI for the Mental Component Score.58 

Diabetes-specific QOL Insufficienta Insufficienta 
One study reported no difference in diabetes-specific QOL between the CSII and MDI 
intervention groups. (Diabetes Quality of Life Clinical Trials Questionnaire scores improved from 
52 to 81 for CSII and from 50 to 78 for MDI over 12 months.)58 

Diabetes treatment-
related QOL Insufficienta Insufficienta 

One study reported improvement in diabetes treatment satisfaction favoring CSII (mean 
between-group difference in Phase V Outcomes System Diabetes Treatment Satisfaction score 
change from baseline in 24 weeks, 13.1; 95% CI, 7.4 to 18.8).24 

Process measures, 
microvascular disease, 
macrovascular disease 

Insufficient Insufficient 
We did not identify any studies evaluating the effects of MDI vs. CSII among patients with type 2 
diabetes in terms of any of the process measures, microvascular disease, or macrovascular 
disease. 

CI = confidence interval; CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; MDI = multiple daily injections; QOL = quality of life;  
RCT = randomized controlled trial; RR = relative risk; SF-36 = Short Form-36 
 aStrength of evidence was graded as insufficient because the body of evidence consisted of only 1 study with high or medium risk of bias, or the results were imprecise.  
Note: The strength of the evidence was defined as follows: High = high confidence that the evidence reflects the true effect; further research is unlikely to change our confidence in 
the estimate of the effect. Moderate = moderate confidence that the evidence reflects the true effect; further research may change our confidence in the estimate of the effect and 
may change the estimate. Low = low confidence that the evidence reflects the true effect; further research is likely to change our confidence in the estimate of the effect and is 
likely to change the estimate. Insufficient = evidence is unavailable, does not permit a conclusion, or consists of only 1 study with high risk of bias.37,47 
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Pregnant Women With Pre-Existing Type 1 Diabetes 

Study Design 
Six studies evaluated CSII versus MDI therapy in pregnant women with pre-existing 

type 1 diabetes.59-64 Study designs are indicated in Table E. 

Population Characteristics 
The number of participants per arm ranged from 18 to 86 pregnant women.59-64 Two 

studies reported having only white women.59,60 All these patients were pregnant women 
with pre-existing type 1 diabetes and they entered the study at various stages of 
pregnancy. The mean age of the study populations ranged from 26 to 31 years. The mean 
HbA1c during the first trimester ranged from 6.9 percent to 7.8 percent,59-64 and the mean 
BMI, reported in three studies, ranged from 21.8 to 23.7 kg/m2. The duration of diabetes 
was reported in three studies and ranged from 7.7 to 16.5 years, with some in the CSII 
arm having a longer duration of diabetes than those in the MDI arm.59,60,62  

Interventions 
The CSII arm varied across studies. Four studies reported that primarily insulin lispro 

was used in the CSII arm60,61,63,64 while the type of insulin was not specified in one 
study.62 In the MDI groups, three studies used NPH insulin59,60,64 and two other studies 
used long-acting insulin.61,63 Three studies reported using four or more insulin injections 
daily in the MDI arms.59,61,62 Three studies reported the mean duration of therapy, which 
ranged from 36 to 40 weeks.59-61  

Applicability 
All studies were observational, with limited descriptions of study methodology, study 

populations, intervention, and outcomes. They were all small studies conducted in 
Europe. 

Outcomes 
Table E shows the main results on the comparative effectiveness of CSII versus MDI 

in pregnant women with pre-existing type 1 diabetes. 
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Table E. Summary of the evidence of the comparative effectiveness of CSII versus MDI in pregnant women with pre-existing  
type 1 diabetes 

Outcome Strength of 
Evidence 

# of Studies / 
# of Good-

Quality 
Studies 

Main Findings 

HbA1c Low 6 (all OBS) / 0 

Six studies, all observational, reported an improvement in HbA1c in both the CSII and MDI groups 
during pregnancy without any significant difference between groups in HbA1c in any of the 
trimesters. The mean between-group differences in third-trimester HbA1c values in each of the 
studies were 0.2 (95% CI, -0.3 to 0.7),59 -0.4 (95% CI, -0.8 to 0.04),60 0.6 (95% CI, -0.7 to 1.9),61  
-0.3 (95% CI, -0.6 to -0.03),63 0.2 (95% CI, -0.2 to 0.6),62 and 0.4 (95% CI, -0.9 to 1.7).64 

Cesarean section 
rates Insufficienta 3 (all OBS) / 0 Meta-analysis of 4 retrospective studies for rate of cesarean section showed a pooled RR of 1.02 

(95% CI, 0.86 to 1.20), which was inconclusive because of high risk of bias.59,60,63,64  
Maternal 
hypoglycemia Insufficienta 2 (all OBS) / 0 Meta-analysis of 3 retrospective studies for rate of severe hypoglycemia showed a pooled RR of 

0.78, which was inconclusive because of high risk of bias (95% CI, 0.23 to 2.65).59,63,64  

Maternal weight 
gain Insufficienta 3 (all OBS) / 0 

Weight gain did not differ between the CSII and MDI groups in 3 studies with high risk of bias. The 
mean between-group difference in weight gain was 1.9 kg (95% CI, -0.9 to 4.7 kg) in 1 study59 and 
0.1 kg (95% CI, -2.4 to 2.6 kg) in another study.62 The third study reported a median weight gain of 
13.5 kg in the CSII group and 13.9 kg in the MDI group.64 

Other maternal 
outcomes Insufficient 0 / 0 None of the studies evaluated maternal mortality, microvascular or macrovascular disease, quality 

of life, or any of the process measures. 

Gestational age at 
delivery Insufficienta 4 (all OBS) / 0 

Gestational age at delivery ranged from 36.6 weeks to 37.5 weeks for MDI and from 36.3 weeks to 
36.6 weeks for CSII, with no significant difference between the MDI and CSII groups, but the studies 
had high risk of bias.59-61,63 

Neonatal 
hypoglycemia Insufficienta 4 (all OBS) / 0 

Meta-analysis of 4 retrospective cohort studies for frequency of neonatal hypoglycemia showed a 
pooled RR of 1.10 (95% CI, 0.86 to 1.20), which was inconclusive because of high risk of 
bias.59,60,63,64  
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CI = confidence interval; CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; MDI = multiple daily injections; NICU = neonatal intensive care unit;  
OBS = observational study; RR = relative risk 
aStrength of evidence was graded as insufficient because the body of evidence consisted of only 1 study with high or medium risk of bias, or the results were imprecise.  
Note: The strength of the evidence was defined as follows: High = high confidence that the evidence reflects the true effect; further research is unlikely to change our confidence in 
the estimate of the effect. Moderate = moderate confidence that the evidence reflects the true effect; further research may change our confidence in the estimate of the effect and 
may change the estimate. Low = low confidence that the evidence reflects the true effect; further research is likely to change our confidence in the estimate of the effect and is 
likely to change the estimate. Insufficient = evidence is unavailable, does not permit a conclusion, or consists of only 1 study with high risk of bias.37,47 

 
 

 
 

  
 

Table E. Summary of the evidence of the comparative effectiveness of CSII versus MDI in pregnant women with pre-existing  
type 1 diabetes (continued) 

Outcome Strength of 
Evidence 

# of Studies / 
# of Good-

Quality 
Studies 

Main Findings 

Birth weight Insufficienta 3 (all OBS) / 0 
Meta-analysis of 3 retrospective cohort studies showed a pooled mean between-group difference in 
birth weight of 107.2 g (95% CI, -86.6 to 295.9 g), which was inconclusive because of high risk of 
bias.59,60,63  

Major congenital 
anomalies Insufficienta 2 (all OBS) / 0 

Meta-analysis for only 2 retrospective cohort studies for major congenital anomalies showed a 
pooled RR of 2.12 favoring MDI (95% CI, 0.38 to 11.77), which was inconclusive because of high 
risk of bias.63,64  

Minor congenital 
anomalies Insufficienta 3 (all OBS) / 0 

Three studies with high risk of bias found no difference in minor congenital anomalies between the 
MDI and CSII groups. There were no minor congenital anomalies in either group in 2 studies,59,61 
and rates of minor congenital anomalies and pregnancy termination rates were 2.3% (2/86 patients) 
in the MDI group and 13% (4/30 patients) in the CSII group (P = 0.05).60 
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KQ2. Comparative Effectiveness of rt-CGM Versus SMBG 
We found nine studies comparing rt-CGM with SMBG in patients with type 1 

diabetes, but none in pregnant women. 

Study Design 
Nine studies evaluated rt-CGM versus SMBG in children and adults with type 1 

diabetes.16,65-73 Study designs are indicated in Table F. 

Population Characteristics 
The mean age of participants in the RCTs was 24 years (range, 8.5 to 41.2 years) in 

the rt-CGM group and 25 years (range, 9.1 to 44.6 years) in the SMBG group. Only three 
studies reported race. The mean baseline HbA1c in the RCTs was 8.3 percent in both the 
rt-CGM and SMBG groups.  

Interventions 
In the rt-CGM arm, four studies used Minimed Paradigm;66,67,69,70 two used Minimed 

Guardian rt-CGM;65,71 one study used Abbott FreeStyle Navigator;72 and two studies 
used the Abbott Freestyle Navigator, Dexcom STS, and Minimed Paradigm.16,68 In five 
studies, researchers asked participants to wear monitors continuously; in three studies, 
researchers required rt-CGM to be used more than 70 percent of the time;67,69,72 and one 
study did not specify the time requirement.70 Eight studies reported on sensor 
compliance.16,65-70,72 Four studies reported on sensor compliance by age category.16,67,68 72 

Five studies used CSII with or without rt-CGM,65-67,69,70 and four studies used either 
MDI or CSII with or without rt-CGM.16,68,71,72 Four studies required participants to 
perform glucose monitoring four or more times daily,16,66,68,69 one required monitoring at 
least three times per day,67 and four studies did not report the frequency of 
monitoring.65,70-72 

Applicability  
All studies targeted type 1 diabetes and most studies had small sample sizes. 

Outcomes 
Table F shows the main results on the comparative effectiveness of rt-CGM versus 

SMBG.  
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Table F. Summary of the evidence of the comparative effectiveness of rt-CGM versus SMBG  

Outcome Strength of 
Evidence 

# of Studies / 
# of Good-

Quality 
Studies 

Main Findings 

HbA1c High 8 (all RCTs) / 4 

Rt-CGM was favored over SMBG for the effects on HbA1c. Mean between-group difference in how 
HbA1c changed from baseline was -0.30% (95% CI, -0.37 to -0.22%). In the sensitivity analysis that 
included only studies with more than 60% compliance (7 estimates), there was a greater HbA1c 
reduction (mean between-group difference from baseline, -0.36%; 95% CI, -0.44 to -0.27%). A meta-
analysis of 4 studies in children and adolescents age 18 years or younger showed a significant 
combined mean between-group difference in HbA1c change from baseline of -0.26% favoring rt-CGM 
(95% CI, -0.46 to -0.06%). 

Nonsevere 
hypoglycemia Moderate 6 (all RCTs) / 3 

A meta-analysis of 4 studies (6 estimates) showed no difference between the rt-CGM and SMBG groups 
in time spent in the hypoglycemic range, defined by glucose level less than 70 mg/dL. The mean 
between-group difference was -2.11 minutes/day (95% CI, -5.66 to 1.44 minutes/day). 

Severe 
hypoglycemia Low 7 (all RCTs) / 4 

The rate of severe hypoglycemia did not differ between the rt-CGM and SMBG groups (pooled RR, 0.95; 
95% CI, 0.53 to 1.69). Two trials reported data on severe hypoglycemia specifically in pediatric 
populations. In 1 study, severe hypoglycemia was less common in pediatric patients using rt-CGM than 
pediatric patients using SMBG alone (SMBG 4/78 vs. rt-CGM 0/76, P = 0.046).66 The pediatric subgroup 
(ages 8-14 years) of another study showed a similar incidence of severe hypoglycemia in both arms 
(SMBG 6/58 vs. rt-CGM 4/56, P = 0.74).16 

Hyperglycemia Moderate 5 (all RCTs) / 3 
A meta-analysis of 4 studies (6 estimates) indicated a significant reduction in time spent in the 
hyperglycemic range, defined by glucose level greater than 180 mg/dL, with the mean between-group 
difference of -68.56 minutes/day favoring rt-CGM (95% CI, -101.17 to -35.96). 

Ratio of basal to 
bolus insulin Low 2 (all RCTs) / 1 

One study reported that the basal rate was a higher proportion of the total daily insulin dose in the rt-
CGM than SMBG intervention group (mean between-group difference in final basal rate, 4.3%; 95% CI, 
0.8 to 7.8%).66 A second study reported a higher percentage of insulin delivered as bolus in the rt-CGM 
group than SMBG group (mean between-group difference in final percentage of insulin delivered as 
bolus, -4.0%; 95% CI, -9.3 to 1.3%).67 

General QOL Low 2 (all RCTs) / 1 

One study found no difference in parental satisfaction between the intervention arms (mean between-
group difference in change from baseline in World Health Organization Well Being Index-5 mother’s 
well-being score, -2.7; 95% CI, -14.2 to 8.8) at 12 months.66 The other study assessed general QOL 
using the SF-12 and found an improvement on the Physical Component Score favoring rt-CGM (mean 
between-group difference in change from baseline, 1.4; 95% CI, -1.5 to 4.3) but no difference between 
intervention groups on the Mental Component Score (mean between-group difference in change from 
baseline, -1.6; 95% CI,  
-5.9 to 2.7) at 26 weeks.73 

Diabetes-specific 
QOL Low 2 (all RCTs) / 0 

The effect on diabetes-specific QOL did not differ between the rt-CGM and SMBG arms in either study 
(mean between-group difference in the change from baseline in Problem Areas in Diabetes score, -0.9; 
95% CI, -7.9 to 6.1 at 26 weeks,73 and mean between-group difference in the change from baseline 
Diabetes Quality of Life score, -3.0; 95% CI, -6.6 to 0.665). 
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Table F. Summary of the evidence of the comparative effectiveness of rt-CGM versus SMBG (continued) 

Outcome Strength of 
Evidence 

# of Studies 
/ # of Good-

Quality 
Studies 

Main Findings 

Diabetes 
treatment-related 
QOL 

Insufficienta 1 (RCT) / 0 The fear of hypoglycemia was less with rt-CGM than with SMBG (mean between-group difference in 
change from baseline score, -2.3; 95% CI, -8.2 to 3.6).73 

Process 
measures, weight, 
and clinical 
outcomes 

Insufficient 0 None of the studies evaluated the effects of rt-CGM vs. SMBG in terms of mortality, microvascular or 
macrovascular disease, weight, or any other process measure. 

CI = confidence interval; HbA1c = hemoglobin A1c; QOL = quality of life; RCT = randomized controlled trial; RR = relative risk; rt-CGM = real-time continuous glucose 
monitoring; SF-12 = Short Form-12; SMBG = self monitoring of blood glucose  
aStrength of evidence was graded as insufficient because the body of evidence consisted of only 1 study with high or medium risk of bias, or the results were imprecise.  
Note: The strength of the evidence was defined as follows: High = high confidence that the evidence reflects the true effect; further research is unlikely to change our confidence 
in the estimate of the effect. Moderate = moderate confidence that the evidence reflects the true effect; further research may change our confidence in the estimate of the effect and 
may change the estimate. Low = low confidence that the evidence reflects the true effect; further research is likely to change our confidence in the estimate of the effect and is 
likely to change the estimate. Insufficient = evidence is unavailable, does not permit a conclusion, or consists of only 1 study with high risk of bias.37,47 
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Comparative Effectiveness of Sensor-Augmented Pump  
(rt-CGM + CSII) Versus MDI/SMBG 

Study Design 
Four studies evaluated a sensor-augmented pump versus MDI/SMBG in children and 

adults with type 1 diabetes.74-77 Study designs are indicated in Table G. 

Population Characteristics 
Three studies included only adults,75,77,78 and one study enrolled both adults and 

children.74 The mean age of participants in the RCTs was reported in the combined study 
sample in two studies (47.2 years75 and 45.9 years76) and stratified by treatment group in 
the other two studies (32.2 years in the sensor-augmented pump group versus 31.5 years 
in the MDI/SMBG group74 and 39.3 in the sensor-augmented pump group vs. 37.3 in the 
MDI/SMBG group77). Most participants in two studies were white (92 percent74 and 79 
percent75). The mean baseline HbA1c in the RCTs was similar in all three studies 
(median, 8.6 percent; range, 8.3 to 9.5 percent).  

Interventions 
All four studies provided training and used the MM Paradigm REALTime system.74-

77 The frequency and intensity of the followup visits, however, differed between studies.  

Applicability 
The largest clinical trial included 485 participants,74 and the other trials were small, 

with less than 30 participants.75-77 Only one study included individuals 20 years of age or 
younger.74  

Outcomes 
Table G shows the main results on the comparative effectiveness of rt-CGM + CSII 

(sensor-augmented pump) versus MDI/SMBG. 
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Table G. Summary of the evidence of the comparative effectiveness of rt-CGM + CSII (sensor-augmented pump) versus MDI/SMBG 

Outcome Strength of 
Evidence 

# of Studies / 
# of Good-

Quality 
Studies 

Main Findings 

HbA1c Moderate 4(all RCTs) / 2 Sensor-augmented pumps were favored over MDI/SMBG for their effects on HbA1c (mean between-
group difference in HbA1c change, -0.68%; 95% CI, -0.81 to -0.54%). 

Nonsevere 
hypoglycemia Moderate 2(all RCTs) / 2 The time spent with nonsevere hypoglycemia did not differ between the sensor-augmented pump and 

MDI/SMBG intervention groups. 

Severe 
hypoglycemia Moderate 4(all RCTs) / 2 

The incidence of severe hypoglycemia did not differ between the sensor-augmented pump and 
MDI/SMBG intervention groups (RR, 1.2; 95% CI, 0.7 to 2.3;74 0 events for sensor-augmented pump vs. 
3 events for MDI/SMBG;75 0 events in 8 patients in sensor-augmented pump group vs. 1 event in 8 
patients in the MDI/SMBG group;76 and RR 3.5; 95% CI, 0.4 to 30477). 

Hyperglycemia Moderate 2(all RCTs) / 2 Two trials suggested time spent with hyperglycemia was significantly less in the sensor-augmented 
pump group than the MDI/SMBG intervention group (P < 0.001). 

Weight Low 2(all RCTs) / 1 

One study74 reported no significant difference in weight gain between the sensor-augmented pump and 
MDI/SMBG intervention groups (mean, 2.4 kg vs. 1.8 kg; P = 0.19). In another study, weight increased 
0.7 kg in the sensor-augmented pump group and 2.0 kg in the MDI/SMBG group, but the difference was 
not significant (mean between-group difference, 1.3 kg; 95% CI, -21.2 to 23.8 kg).75 

Diabetes 
treatment-related 
QOL 

Low 2(all RCTs) / 1 

User acceptance and overall diabetes treatment satisfaction were greater in the sensor-augmented 
pump arm than the MDI/SMBG arm. Blood Glucose Monitoring System Rating Questionnaire scores 
were 83.3±21.7 for sensor-augmented pump vs. 33.3±22.6 for MDI/SMBG (mean between-group 
difference in final scores, 50.0; 95% CI, 33.6 to 66.4).75 

Process measures 
and clinical 
outcomes 

Insufficient 0 None of the studies evaluated the effects of sensor-augmented pumps vs. MDI/SMBG in terms of 
mortality, microvascular or macrovascular disease, or any of the process measures. 

CI = confidence interval; CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; MDI = multiple daily injections; QOL = quality of life; RCT = randomized 
controlled trial; RR = relative risk; rt-CGM = real-time continuous glucose monitoring; SMBG = self-monitoring of blood glucose 
Note: The strength of the evidence was defined as follows: High = high confidence that the evidence reflects the true effect; further research is unlikely to change our confidence in 
the estimate of the effect. Moderate = moderate confidence that the evidence reflects the true effect; further research may change our confidence in the estimate of the effect and 
may change the estimate. Low = low confidence that the evidence reflects the true effect; further research is likely to change our confidence in the estimate of the effect and is 
likely to change the estimate. Insufficient = evidence is unavailable, does not permit a conclusion, or consists of only 1 study with high risk of bias.37,47 
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Discussion 

Summary of Key Findings 
Our systematic review summarizes the current state of the evidence on the effectiveness and 

safety of methods for intensive insulin delivery used in clinical practice and glucose monitoring 
in terms of diabetes-related process measures, intermediate outcomes, and clinical outcomes in 
individuals with type 1 and type 2 diabetes mellitus. Although studies have reported on a number 
of process measures and intermediate outcomes (as summarized below), we did not find any 
studies comparing CSII with MDI or comparing rt-CGM with SMBG for certain process 
measures (frequency of adjusting insulin therapy, adherence to therapy, and health visits) or for 
clinical outcomes (microvascular and macrovascular disease). 

Comparative Effectiveness of CSII Versus MDI (KQ1)  
RCTs showed no difference in the effect on HbA1c between the CSII and MDI intervention 

groups for children and adolescents or pregnant women with type 1 diabetes, or for adults with 
type 2 diabetes. In adults with type 1 diabetes, CSII showed favorable effect on glycemic control, 
but the result was influenced by one study54 where participants had higher HbA1c values at 
enrollment, allowing for greater HbA1c lowering compared with the other studies were 
participants were closer to the HbA1c target at enrollment. The trials also showed no difference in 
rates of severe hypoglycemia between the two intervention groups for children and adolescents 
or adults with type 1diabetes, or adults with type 2 diabetes. The evidence was insufficient to 
draw definitive conclusions about severe hypoglycemia rates in pregnant women with type 1 
diabetes.  

In most studies of children, adolescents, and adults with type 1 diabetes, CSII use resulted in 
improvement in both general and diabetes-specific QOL measures when compared with MDI. 
The evidence was insufficient to draw definitive conclusions about QOL for pregnant women 
with type 1diabetes or adults with type 2 diabetes.  

In pregnant women with pre-existing type 1 diabetes, observational studies showed no 
difference in gestational age at delivery between the CSII and MDI groups. The evidence was 
insufficient to draw definitive conclusions about other maternal and fetal outcomes. 

Our systematic review of the comparative effectiveness of CSII and MDI complements and 
extends previously published meta-analyses by: (1) including more studies of individuals with 
type 2 diabetes as well as pregnant women with pre-existing type 1 diabetes;20-22,27,79 (2) 
including only studies using rapid-acting insulin analogs and not regular insulin in the CSII 
intervention groups;20-22,27 and (3) requiring the MDI groups to be receiving at least three 
injections per day, the current standard for intensive insulin therapy.21,23,79,80 We believe that 
these latter two distinctions are extremely important, since they best reflect current clinical 
practice. Unlike some prior systematic reviews21,22 and similar to others,23,27,79,80 we excluded 
before-and-after studies and included only RCTs in our combined estimates for HbA1c and 
severe hypoglycemia. We also examined additional nonglycemic outcomes, including weight 
gain, ratio of basal to bolus insulin, and QOL. Unfortunately, for some of these outcomes, the 
evidence was insufficient to draw definitive conclusions about the comparative effectiveness of 
CSII versus MDI or rt-CGM versus SMBG in any population of individuals with diabetes.  

We found that CSII had no significant effect on lowering HbA1c in children (a drop of 0.14 
percent) when compared with MDI and had no effect in adults with type 1 diabetes. A prior 
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meta-analysis in children with type 1 diabetes found a significant (0.24 percent) reduction in 
HbA1c favoring CSII; however, the prior meta-analysis included studies in which there were 
fewer than three daily injections in the MDI arm.79 This may have biased the results to favor 
CSII, since the MDI arm was less intensive than CSII. Prior meta-analyses combining RCTs in 
children and adults with type 1 diabetes have shown HbA1c reductions of 0.21 to 0.4 percent 
favoring CSII.20-23 Several, however, included studies in which regular insulin was used in the 
pump21,22 or the MDI arm included fewer than three daily injections.23 In contrast to our meta-
analysis, two prior reviews did not find a difference between CSII and MDI in the effect on 
HbA1c in adults with type 1 diabetes,80 although one systematic review did not perform a 
quantitative summary.81 Our results, however, were  heavily influenced by one study and when 
that study was excluded in a sensitivity analysis, CSII and MDI had a similar effect on HbA1c in 
adults with type 1 diabetes.  Our estimates are based on a larger number of RCTs using rapid-
acting analogs only in the CSII arms and at least three daily injections in the MDI arms, making 
them comparable in intensity to CSII (total of 11 studies—7 in children and adolescents, and 4 in 
adults). Prior meta-analyses that have favored CSII have included before-and-after studies, 
which may be subject to selection bias (i.e., individuals doing poorly on MDI are more likely to 
be switched to CSII and then improve).20,81  

Like a prior meta-analysis, we found severe hypoglycemia rates in type 1 diabetes to be 
similar between the MDI and CSII groups (incidence rate ratio = 0.99 in children and adolescents 
and 0.74 in adults).80 While two prior analyses found a significantly higher rate of severe 
hypoglycemia with MDI than with CSII, one of these included studies only if individuals 
reported an elevated frequency of baseline severe hypoglycemic episodes, which may have 
resulted in a greater likelihood of improvement.20 The other studies used regular insulin in the 
CSII arms, which would be expected to result in less hypoglycemia than regular insulin with 
MDI due to more steady insulin delivery.22 Similar to two prior systematic reviews, there was no 
difference in HbA1c or hypoglycemia frequency with CSII versus MDI in adults with type 2 
diabetes.27,80,81 Our meta-analysis is distinct from prior reviews in that it provides a quantitative 
effect estimate,81 and it includes additional studies that used current rapid-acting analogs in the 
CSII arm.27 

Comparative Effectiveness of rt-CGM Versus SMBG (KQ2)  
We found studies of the comparative effectiveness of rt-CGM versus SMBG only in children, 

adolescents, and adults with type 1 diabetes. While prior studies have examined the effect of 
retrospective CGM in pregnant women with diabetes, no studies have compared rt-CGM with 
SMBG in this population.19 These two glucose monitoring approaches have not been compared 
in individuals with type 2 diabetes. 

Compared with the SMBG group, the rt-CGM group achieved lower HbA1c (-0.3 percent). A 
sensitivity analysis showed this effect to be greater in studies where sensor compliance was 60 
percent or greater (-0.36 percent). We also found that rt-CGM was associated with lower HbA1c 
compared with SMBG in individuals 18 years of age or younger. These findings support recent 
clinical practice recommendations suggesting rt-CGM use in children and adolescents over the 
age of 8 years.82 The intervention groups did not differ in the rate of severe hypoglycemia; 
however, there was a significant reduction in the time spent in the hyperglycemic range. A few 
studies that evaluated QOL found no difference in general and diabetes-specific QOL between 
the two intervention groups. 
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Our systematic review of the comparative effectiveness of rt-CGM and SMBG complements 
and extends a recently published meta-analysis29 by including additional nonglycemic outcomes, 
including weight gain, ratio of basal to bolus insulin, and QOL. We also found that rt-CGM 
lowered HbA1c more than SMBG (-0.28 percent in our study vs. -0.30 percent in Pickup et al.) 
and that there was no difference in severe hypoglycemia in the two intervention groups.29 

Comparative Effectiveness of Sensor-Augmented Pump Versus 
MDI/SMBG (KQ2)  

Sensor-augmented pump use resulted in a statistically and clinically significantly greater 
reduction in HbA1c compared with MDI/SMBG use in nonpregnant individuals with type 1 
diabetes (-0.61 percent). The evidence was insufficient to draw definitive conclusions about 
severe hypoglycemia or QOL. No previous meta-analysis examined this comparison. 

Limitations 
Most RCTs examining the effect of insulin delivery and glucose monitoring devices were 

small. The majority of studies, particularly those comparing CSII with MDI, were fair to poor 
quality and did not report most quality items of interest. Most studies did not report on race 
and/or ethnic composition. Since few studies included children 12 years of age or younger, adults 
65 years of age or older, or pregnant women with pre-existing type 2 diabetes, we were unable to 
draw conclusions about these populations. The studies were heterogeneous in definitions of 
nonsevere hypoglycemia, hyperglycemia, and weight gain, preventing us from combining data to 
determine effect estimates for these intermediate outcomes. The definition of severe 
hypoglycemia was not explicitly stated in all studies, making it difficult to correctly classify 
individuals with this condition. In studies comparing CSII and MDI, differences in the insulin 
regimen in the MDI arms may have been a source of heterogeneity; however, we had inadequate 
power to stratify by the MDI insulin regimen. Presumably, greater use of NPH and regular 
insulin-based MDI would have biased results to the null for glycemic and QOL outcomes. None 
of the studies included data on the microvascular and macrovascular complications associated 
with long-term diabetes. In the pregnancy literature, none of the studies in women with pre-
existing type 1 diabetes examined the effect of rt-CGM on maternal and fetal outcomes. Other 
than the rt-CGM studies, few studies reported data on treatment adherence. The high baseline 
HbA1c values in the CSII and MDI intervention groups in many studies may indicate poor 
adherence to prior treatments and intervention treatments, which may have biased results to the 
null. Finally, the studies were heterogeneous in assessing and reporting QOL outcomes, which 
prevented us from quantifying the effects of insulin delivery and glucose monitoring methods on 
QOL. We found no studies examining the comparative effectiveness of CSII versus MDI on 
QOL in pregnant women and only one study examining the effects on QOL in type 2 diabetes.  

Meta-analyses in general are subject to bias based on selection criteria for articles, 
performing multiple comparisons, and the state of the available literature. We cannot exclude the 
possibility that publication bias affected our findings. However, our search strategy was 
comprehensive and included non-English-language publications. Our metaregression to examine 
potential sources of heterogeneity in the effect of rt-CGM versus SMBG on HbA1c was a post 
hoc analysis and is hypothesis generating, not hypothesis testing. 

Our data are not generalizable to nonspecialty settings or all patients with diabetes mellitus, 
as the initiation, instruction, monitoring, and therapeutic changes for CSII and rt-CGM use are 
often limited to expert settings and highly motivated patients and families. All studies of rt-CGM 



 

ES-29 

are subject to ascertainment bias because rt-CGM provides more hypoglycemia and 
hyperglycemia data than SMBG alone. Because it is not feasible to keep patients blinded in an 
RCT comparing CSII with MDI or in an RCT comparing rt-CGM with SMBG, studies of QOL 
outcomes could have been vulnerable to reporting bias. All included studies were efficacy 
studies (as opposed to effectiveness studies), and 19 of the 41 studies excluded individuals with 
comorbidity,24,39,40,44,45,48,49,51,52,54-58,69,77,83,84 making results less generalizable to the entire 
population of individuals with diabetes. (See Appendix E, Table 1, in the full report.) 

Implications 
Our findings indicate that intensive insulin therapy delivered by either CSII or MDI using 

current rapid-acting insulin analogs with CSII is equally effective in lowering HbA1c in several 
patient populations with diabetes—adolescents and pregnant women with type 1 diabetes. Our 
findings suggest that CSII is superior to MDI in lowering HbA1c in adults with type 1 diabetes, 
although the results were heavily influenced by one study.  Intensive insulin therapy delivered by 
both methods resulted in similar rates of severe hypoglycemia for adolescents and adults with 
type 1 diabetes. However, adolescents and adults with type 1 diabetes treated with CSII reported 
better overall QOL than those treated with MDI. These data suggest that intensive insulin 
therapies designed to optimize glycemic control can be individualized to maximize treatment 
satisfaction and QOL, as CSII and MDI using current rapid-acting insulin analogs have similar 
effectiveness for glycemic control.  

Our findings also indicate that rt-CGM is superior to SMBG in lowering HbA1c, without 
increasing or decreasing the risk of severe hypoglycemia, in nonpregnant individuals with type 1 
diabetes, particularly those who are compliant with wearing the monitoring device. The addition 
of rt-CGM to CSII is superior to MDI/SMBG in lowering HbA1c. Thus, the addition of this 
monitoring method to SMBG and intensive insulin therapy can assist in achieving glycemic 
targets in nonpregnant individuals with type 1 diabetes. The available literature does not allow us 
to determine the comparative effectiveness of rt-CGM versus SMBG in patients using only CSII 
or using only MDI because the modes of intensive insulin therapy were mixed in the available 
studies. 

Future Research 
Our report highlights the need for several areas of future research examining the effect of 

insulin delivery and glucose monitoring devices in the management of diabetes mellitus. We 
identified a need for well-conducted RCTs of intensive insulin therapy delivered via CSII versus 
MDI in young children with type 1 diabetes and in pregnant women and elderly patients with 
both type 1 and type 2 diabetes. Studies in the elderly are important, as diabetes prevalence 
increases with age2 and older individuals may be at increased risk for adverse outcomes 
associated with intensive insulin therapy. Current studies examining the comparative 
effectiveness of rt-CGM versus SMBG on outcomes have included mixed populations receiving 
intensive insulin therapy as CSII and/or MDI; however, they have not determined the effect of 
these two glucose monitoring strategies in individuals treated with only CSII or only MDI. Such 
a study would help to elucidate whether the observed benefit of sensor-augmented pump use 
compared with MDI/SMBG on glycemic control is secondary to the rt-CGM technology, the 
mode of intensive insulin delivery, or both. To allow cross-comparisons, future RCTs should use 
a uniform definition of hypoglycemia, preferably that recommended by the American Diabetes 
Association.85  
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There is also a need for well-designed prospective observational studies to determine the 
comparative effectiveness of CSII versus MDI and rt-CGM versus SMBG on clinically relevant 
long-term microvascular and macrovascular outcomes. Such studies could also advise 
researchers as to the feasibility of conducting RCTs to examine these outcomes. Future studies 
should also seek to identify and use an agreed-upon set of QOL measures to allow for better 
comparisons across studies. Studies should incorporate measures of adherence to treatment, as 
adherence is important for the effectiveness of any intensive insulin therapy or glucose 
monitoring system.  

Future studies should focus on individuals with type 2 diabetes requiring insulin to determine 
the most effective manner in which to deliver intensive insulin therapy and monitor blood 
glucose. Finally, studies of type 2 diabetes should include ethnically diverse populations because 
type 2 diabetes is less common in whites than in other racial and ethnic groups.86  
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Introduction 
Burden of Diabetes and Its Classification 

Diabetes mellitus is defined as a group of metabolic diseases characterized by hyperglycemia 
resulting from: defects in insulin secretion from the pancreatic beta cells; resistance to insulin 
action at the level of skeletal muscle, liver, and fat; or both. The resultant hyperglycemia, if 
untreated, can lead to long-term complications, including microvascular complications (e.g., 
retinopathy, nephropathy, and peripheral and autonomic neuropathy) and macrovascular 
complications (e.g., coronary heart disease, cerebrovascular disease, and peripheral arterial 
disease).1 The prevalence of diagnosed diabetes in the United States is currently 7.7 percent and 
is expected to increase to nearly 10 percent by 2050, at which time an estimated 39 million 
people will have diabetes in the United States.2-4 Therefore the already large number of people 
who require glucose-lowering therapies to maintain normal glucose levels (normoglycemia) and 
prevent diabetes complications, will likely only increase. 

Type 1 Diabetes Mellitus 
Type 1 diabetes, which accounts for 5 to 10 percent of all diabetes cases, is characterized by 

autoimmune destruction of pancreatic islet cells that results in an inability to produce insulin and 
a need for daily insulin administration to sustain life.1 Individuals with type 1 diabetes require 
insulin to prevent life-threatening ketosis, to maintain normoglycemia without inducing 
significant hypoglycemia, and to maintain normal body weight and promote normal growth and 
development in children.1 The prevalence and incidence of type 1 diabetes is highest among non-
Hispanic whites5 and lowest among Navajo Indians.6 African-American and Hispanic children 
have a similar incidence of type 1 diabetes,7 8 which is higher than in Asian American and 
Pacific Islander children.9 

Type 2 Diabetes Mellitus 
Type 2 diabetes is the result of a combination of insulin resistance and impaired insulin 

secretion by the beta cells of the endocrine pancreas.1 Typically, insulin resistance predominates 
early, and insulin secretion decreases over time. However, the relative contribution of each of 
these factors to the disease course varies by patient. Eventually, the impairment in insulin 
resulting from beta cell dysfunction can lead to insulin deficiency, necessitating insulin therapy. 
Type 2 diabetes accounts for 90 to 95 percent of diabetes cases in the United States.1 Among 
adults, 20 years of age and older, the prevalences of diagnosed diabetes are 7.1 percent in non-
Hispanic whites, 8.4 percent in Asian Americans, 11.8 percent in Hispanic Americans (primarily 
those of Mexican and Puerto Rican descent), and 12.6 percent in non-Hispanic blacks.10 The 
prevalence of diabetes increases with age and approximately 26.9 percent of adults 65 years of 
age and older have diagnosed and undiagnosed diabetes, the majority of which is type 2 
diabetes.10 

Diabetes Mellitus in Pregnancy 
In pregnant women with pre-existing type 1 or type 2 diabetes, poor glycemic control is 

associated with poorer pregnancy outcomes. Hyperglycemia early in pregnancy is associated 
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with fetal anomalies, and hyperglycemia later in pregnancy can be associated with macrosomia, 
delivery complications, stillbirth, and neonatal hypoglycemia. The majority of pregnant women 
with pre-existing diabetes have type 1 diabetes. 

Importance of Tight Glycemic Control and Associated Risks 
in Diabetes 

Evidence has shown that tight glycemic control with intensive insulin therapy reduces the 
risk of the microvascular and macrovascular complications of diabetes.11-14 Throughout the 
duration of pregnancy, physicians recommend tight glycemic control to avoid maternal, fetal, 
and neonatal complications.15 The role of tight glycemic control in older adults with diabetes is 
less well-established and physicians only recommend it for those who are functional, cognitively 
intact, and have a significant life expectancy.16 For older adults with advanced complications, 
life-limiting comorbidity, or significant functional or cognitive impairments, physicians 
recommend less intensive glycemic goals to avoid the adverse effects of hypoglycemia.16 

While tight glycemic control lowers the risk of diabetic complications, it can increase the risk 
of hypoglycemia.13 Severe hypoglycemia, which can be life threatening, is an episode that 
requires another person to assist in treatment to resolve symptoms. Nonsevere hypoglycemia 
may be symptomatic, but individuals are able to correct it without assistance from others. Both 
types of hypoglycemic episodes can be a source of significant distress and anxiety to patients and 
a barrier to achieving tight glycemic control. Unawareness of hypoglycemia can be a factor in 
patients with long-standing diabetes complicated by recurrent hypoglycemia, putting patients at 
risk for severe hypoglycemic episodes.17 Finally, intensive insulin therapy can also lead to 
weight gain, due to more efficient fuel utilization and/or overtreatment of hypoglycemic 
episodes.18 19 

Measurement of Glycemic Control 
The recommended method for assessing long-term glycemic control over the previous 2 to 3 

months in patients with type 1 and type 2 diabetes is to measure glycosylated hemoglobin, 
specifically hemoglobin A1c (HbA1c).20 The recommended method for assessing short-term 
glycemic control for patients using multiple insulin injections or insulin pump therapy is self-
monitoring of blood glucose (SMBG) three or more times daily. This can also assist patients and 
their physicians in making short-term adjustments in insulin therapy.21 The role of SMBG is less 
clear for patients using less-frequent insulin injections, noninsulin therapies, or medical nutrition 
therapy.16 With pregnant women with diabetes, physicians make clinical management decisions 
on a weekly basis based on fasting and post-prandial glucose levels. They choose this method, as 
opposed to measuring HbA1c every 3 months, because it provides the higher level of rapid 
feedback on glycemic control needed to prevent fetal complications.22 

Methods To Achieve Tight Glycemic Control and Minimize 
Risk: Advances in Insulin Delivery (Conventional Vs. 
Intensive Insulin Therapy) 

Insulin therapy has evolved over the last 25 years to more closely mimic normal pancreatic 
physiology. In the past, conventional insulin therapy consisted of one to two injections of 
intermediate-acting insulin mixed with short-acting insulin before breakfast and dinner. Because 
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of the pharmacokinetics of these older insulins, patients had a more difficult time achieving tight 
control. Furthermore, these older insulins often resulted in significant hypoglycemia due to their 
prolonged duration of action. This difficulty led to the development of more physiological basal 
and mealtime (prandial) insulins that, when used together, mimic normal pancreatic function 
(peakless basal insulin secretion, rapid release of insulin in response to meals, and rapid 
resolution of the prandial insulin peak). In addition, the development of continuous subcutaneous 
insulin infusion (CSII) via a pump provided another means to deliver insulin in a more 
physiological manner. Thus today, patients receive intensive insulin therapy as three or more 
daily insulin injections (i.e., multiple daily injections [MDI]) or by the use of the external CSII. 

Methods To Achieve Tight Glycemic Control and Minimize 
Risk: Advances in Glucose Monitoring 

Self-Monitoring of Blood Glucose 
Following publication of the Diabetes Control and Complications Trial, SMBG by 

fingerstick replaced the assessment of glucose by urine dipstick and is now the most widely used 
technique. SMBG allows more specific and timely feedback on hyperglycemia and allows 
patients to evaluate their individual response to therapy and assess whether blood glucose targets 
have been achieved.18 Evidence has shown that SMBG is an effective component of successful 
diabetes treatment, especially for patients who are being treated with insulin injection or pump 
therapy.20 SMBG is also useful as a guide to adjust therapy for patients not on insulin, but there 
are fewer data on this population. In patients with type 2 diabetes, Welschen and colleagues 
found SMBG usage resulted in a 0.4 percent reduction of HbA1c when compared with no 
usage.23 As patients also were receiving diet, exercise, and health education in addition to 
medications, it is not entirely clear that the effect was due to use of SMBG.23 The challenges to 
use of SMBG include the associated pain, costs, behavioral and technical skills, required 
motivation, and intrusiveness that affect adherence to this technique. Therefore, continuous 
glucose monitoring (CGM) systems have been developed in recent years to supplement SMBG. 

Continuous Glucose Monitoring System: Retrospective  
and Real-Time 

A CGM system is a device that records blood glucose levels throughout the day and night 
and significantly decreases but does not eliminate the need for fingerstick measurements. The 
U.S. Food and Drug Administration (FDA) approved CGM devices as an adjunct to, not a 
substitute for, SMBG. Patients wore the first CGM systems for 3 to 5 days. Patients were 
unaware of their glucose readings until their health care professional downloaded and evaluated 
the data. Clinicians used the data retrospectively to make adjustments to on-going medical 
therapy.24 

“Personal” or real-time continuous glucose monitoring (rt-CGM) systems, were first 
approved by the FDA in 2005. This equipment consists of a transcutaneous glucose sensor that is 
connected to a transmitter and receiver. Patients can use CGM systems in real time, 
retrospectively as noted above, and prospectively.25 Some show graphical representation of 
glucose levels, and some have adjustable alarms for alerts of high and low glucose values. 
Sensor-augmented pumps are also available that combine rt-CGM technology with CSII.26 
Success in lowering blood glucose levels depends on adherence to ongoing use of the device.27 
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These devices are useful in detecting fluctuating blood glucoses and trends in changing blood 
glucoses, which are important in adjusting medications. Technologies for these devices are 
continuously improving. 

rt-CGM differs from retrospective CGM in that it provides blood glucose feedback data to 
the patient while he or she is wearing the device and clinicians do not need to download and 
evaluate the data. When using rt-CGM, patients can also set alarms for hyperglycemia, 
hypoglycemia, or rapid glucose changes, thereby allowing patients to intervene earlier to prevent 
severe glycemic excursions.24 Because of these advantages, physicians prefer rt-CGM in the 
clinical setting. For this reason, the focus of our review will be on studies examining rt-CGM.  

Knowledge Gaps: Comparative Effectiveness of Insulin 
Delivery and Glucose Monitoring in Specific Diabetic 
Populations 

Clinical Decisionmaking and Indications 
Physicians currently recommend CSII for patients with type 1 diabetes who are not achieving 

glycemic goals despite an adherence to a maximal MDI regimen. This is particularly true when 
patients have wide and erratic glycemic excursions, frequent severe hypoglycemia and/or 
hypoglycemia unawareness, or marked dawn phenomenon (pre-breakfast rise in blood glucose 
seen when bedtime basal insulin effect diminishes).28 29 Physicians also recommend CSII for 
patients who are pregnant or in preconception planning. Patients with type 1 diabetes might also 
consider CSII if they feel pump therapy may be more suitable to their lifestyle, regardless of the 
level of glycemic control.29 Compared with MDI, CSII has the advantage of providing a constant 
delivery of basal insulin, permitting a peakless insulin profile that is adjustable throughout the 
day, and decreasing glycemic variability by allowing controlled delivery of small insulin doses.28 
While CSII eliminates the need for multiple daily needle injections compared to MDI, it is more 
costly than MDI therapy, increases the patient’s risk for developing diabetic ketoacidosis if there 
is a pump malfunction due to the absence of long-acting basal insulin, and requires significant 
patient involvement to manage CSII procedures.28 MDI therapy using insulin analogs can 
achieve more predictable and constant blood insulin levels and is cheaper, easier to use, not 
subject to malfunction, and requires less staff supervision than CSII.28 

Physicians currently recommend rt-CGM for patients with type 1 diabetes who have 
hypoglycemia unawareness, frequent hypoglycemia where their HbA1c is over the recommended 
target, or who have excess glycemic excursions. They also recommend rt-CGM for patients who 
are in preconception planning or pregnant.24 While SMBG requires frequent fingerstick checks 
that cause patient discomfort, there are some disadvantages to rt-CGM compared with SMBG. 
First, since FDA approves rt-CGM only as an adjunctive device to SMBG, it does not eliminate 
the need for fingersticks. Second, rt-CGM is not as accurate in glucose determinations as glucose 
meters. Finally, there is a 5-10 minute physiological lag between blood (SMBG) and interstitial 
space glucose (measured by rt-CGM). This lag is more pronounced when glucoses are changing 
rapidly, potentially leading to patient-driven insulin stacking and/or overtreatment of 
hypoglycemia.24 

Given new technologies in insulin delivery and glucose monitoring, clinicians are now faced 
with determining which patient populations benefit most from the use of CSII and rt-CGM in 
terms of improved glycemic, clinical, and patient-reported outcomes. Because both technologies 
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are expensive and require extensive training and oversight by health care professionals, it is 
critical to determine how to select patients for their use. 

Type 1 Diabetes Mellitus  

Comparison of CSII With MDI 
In prior systematic reviews, the majority of the evidence from comparisons of CSII with 

MDI in adult patients with type 1 diabetes indicates CSII results in better glycemic control, 
although its impact on other clinical outcome measures are less clear.30-33 Research is 
inconclusive regarding the benefit of CSII for glycemic control and clinical outcomes in children 
and older adults with type 1 diabetes. In all of these populations, CSII use may be linked to 
uncontrolled hyperglycemia, because of device malfunction, or local catheter site infections. 
Therefore further research is warranted in order to determine the risks and benefits and cost-
effectiveness of this expensive technology. Because prior meta-analyses and systematic reviews 
have included studies using regular insulin in the CSII arms, they have not been able to 
determine the comparative effectiveness of MDI with rapid-acting analog-based CSII, which is 
the current practice.30-33 

Comparison of rt-CGM With SMBG 
A recent published meta-analysis comparing rt-CGM with SMBG in type 1 diabetes showed 

a benfit of rt-CGM in improving glycemic control with no difference in hypoglycemia 
frequency; however, other non-glycemic outcomes were not reported.34 Prior studies suggest that 
those who benefit most are adults and individuals compliant with regular sensor use,24 34 but this 
needs to be confirmed. Clinicians can combine rt-CGM with CSII therapy in the form of a 
sensor-augmented pump. However, to our knowledge, there has not been a systematic review 
comparing sensor-augmented pump therapy (CSII and rt-CGM) with intensive insulin therapy 
(CSII or MDI) and SMBG. 

Type 2 Diabetes Mellitus 

Comparison of CSII With MDI 
For individuals with type 2 diabetes, it is unclear how CSII compares with MDI in improving 

glycemic and other outcomes.31 35 While some studies suggest that CSII is comparable with MDI 
in attaining adequate glycemic control,31 36 other studies found a lower HbA1c level with CSII 
than with MDI.37 38 One prior meta-analysis found no significant difference in HbA1c and 
hypoglycemic episodes between the CSII and MDI groups; however, this review included 
studies where regular insulin was used in the CSII arms.35 This remains a relevant question for 
individuals with type 2 diabetes being treated with intensive insulin therapy. 

Comparison of rt-CGM With SMBG 
To our knowledge, there is no systematic review of the comparative effectiveness of rt-CGM 

and SMBG and sensor-augmented pumps and intensive insulin therapy with SMBG on glycemic 
control, hypoglycemia frequency, and other clinically relevant outcomes in individuals with type 
2 diabetes. 
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Diabetes in Pregnancy 

Comparison of CSII With MDI 
We found one systematic review of randomized controlled trials (RCTs) published in 2007 

that compared CSII with MDI in pregnant women who had pre-existing type 1 or type 2 
diabetes.39 The resulting review included only 60 women with 61 pregnancies. Mean birth 
weight was greater with CSII than with MDI, however, the authors did not think that was 
clinically significant. There were insufficient data to permit conclusions about other outcomes, 
such as perinatal mortality, major and minor fetal anomalies, hypoglycemia, hyperglycemia, and 
admission to the neonatal intensive care unit for treatment of hypoglycemia. It is, therefore, 
important to determine if there is a clinical benefit to using CSII in pregnancy since this is one 
group for which CSII is currently recommended. 

The evidence base for the comparison of MDI with CSII in pregnant women with pre-
existing type 2 diabetes is small. This topic is increasingly important as the prevalence of type 2 
diabetes has been increasing dramatically in younger populations, including women of 
childbearing age. 

Comparison of rt-CGM With SMBG 
rt-CGM and sensor-augmented pumps are new technologies and the evidence is not clear as 

to whether pregnant women with pre-existing type 1 or type 2 diabetes would benefit from these 
therapies, although, the theoretical utility of this tool in improving neonatal outcomes is great. 

Scope of the Review 
Our systematic review will help to address the clinically relevant question of whether the 

mode of intensive insulin therapy (CSII versus MDI) has a differential effect on outcomes in 
individuals with type 1 diabetes, type 2 diabetes, or pre-existing diabetes in pregnancy. We will 
also determine whether these outcomes differ by the type of strategy used for blood glucose 
monitoring (rt-CGM versus SMBG) in those same populations. Finally, based on the studies 
available in the literature, we will attempt to determine if there is an interaction between types of 
intensive insulin-delivery methods and blood glucose-monitoring systems on our outcomes of 
interest. As these effects may differ by age, we will stratify available data by the age of the study 
populations. Answers to these questions will facilitate clinical decisionmaking regarding 
appropriate modes of insulin delivery and glucose monitoring for various populations of 
individuals with diabetes so that therapeutic options can be selected that result in improved 
outcomes. 

Table 1 lists the outcomes included in our review. Figure 1 graphically depicts our Key 
Questions. 
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Key Questions  
Key Question 1. In patients receiving intensive insulin therapy, does mode 
of delivery (CSII versus MDI) have a differential effect on process 
measures, intermediate outcomes, and clinical outcomes in patients with 
diabetes mellitus? Do these effects differ by: 

a. Type 1 or type 2 diabetes status? 
b. Age: very young children, adolescents, and adults, including older 

adults (age >65 years)? 
c. Pregnancy status: pre-existing type 1 or type 2 diabetes? 

Key Question 2. In patients using intensive insulin therapy (MDI or CSII), 
does the type of glucose monitoring (rt-CGM versus SMBG) have a 
differential effect on process measures, intermediate outcomes, and clinical 
outcomes in patients with diabetes mellitus. Do these effects differ by: 

a. Type 1 or type 2 diabetes status? 
b. Age: very young children, adolescents, and adults, including older 

adults (age >65 years)? 
c. Pregnancy status: pre-existing type 1 or type 2 diabetes? 
d. Intensive insulin delivery: MDI or CSII? 

Table 1. Summary of process measures, intermediate outcomes, and clinical outcomes relevant to 
studies of intensive insulin therapy and continuous glucose monitoring 

Process Measures Intermediate Outcomes Clinical Outcomes 

Ratio of basal to bolus insulin 
 
Frequency of adjusting insulin  
   therapy 
 
Adherence to insulin therapy/sensor  
   use 
 
Frequency of professional or allied  
   health visits 

Hemoglobin A1c 
Primary 

 

Hyperglycemia 
Secondary 

Weight gain 
Hypoglycemia frequency 

Microvascular
Nephropathy 

*  

Retinopathy 
Neuropathy 
 
Macrovascular
Coronary heart disease 

* 

Cerebrovascular disease 
Peripheral arterial disease 
 
Severe hypoglycemia
 

  

 
Quality of life 

 
Mortality 

Fetal outcomes
 

† 

C-section rates 
Maternal pregnancy outcomes 

*We only included objective assessments of microvascular and macrovascular outcomes (i.e., we will be excluded patient self-
reported microvascular and macrovascular outcomes). 
†Fetal outcomes include gestational age, birth weight, frequency of neonatal hypoglycemia, birth trauma, major and minor 
anomalies, admission to a neonatal intensive care unit, stillbirth, neonatal and perinatal mortality. 
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Figure 1.  Analytic framework for multiple daily injections or insulin pump therapy with or without continuous glucose mointoring  
for diabetes 

 
CSII = continuous subcutaneous insulin infusion; KQ = key question; MDI = multiple daily injections; rt-CGM = real-time continuous glucose monitoring; SMBG = self-
monitoring of blood glucose 
*Fetal outcomes include gestational age, birth weight, frequency of neonatal hypoglycemia, birth trauma, major and minor anomalies, admission to a neonatal intensive care unit, 
stillbirth, neonatal and perinatal mortality. 
†Maternal outcomes include cesarean section rates.  
Note: Stratifications of interest for KQ2: diabetes status (2a), age (2b), pregnancy status (2c), and glucose monitoring strategy (2d). 
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Methods 
Members of the health care community nominated this topic via the Agency for Healthcare 

Research and Quality’s (AHRQ) Web site. Our Evidence-based Practice Center (EPC) 
established a team and a work plan to develop the evidence report. The project involved 
recruiting Key Informants, formulating and refining the questions, developing a protocol, 
recruiting Technical Experts, performing a comprehensive literature search, summarizing the 
state of the literature, constructing evidence tables, synthesizing the evidence, and submitting the 
report for peer review. 

Topic Development 
Our panel of Key Informants gave input on key steps including the selection and refinement 

of the questions to be examined. The Key Informants included an internal expert from the Johns 
Hopkins University with expertise in diabetes management, and external experts, including a 
pediatric endocrinologist, an internist, and an obstetrician-gynecologist and perinatal 
epidemiologist. We posted our draft Key Questions on AHRQ’s Web site in October of 2010 for 
public comment. 

With the Key Informants, representatives of AHRQ, and public comments, we developed the 
Key Questions that are presented in the Scope and Key Questions section of the Introduction. 
The Key Questions focus on the comparative effectiveness and safety of insulin delivery (i.e., 
continuous subcutaneous insulin infusion [CSII] versus multiple daily injections [MDI]) and 
glucose monitoring methods (i.e., real-time continuous glucose monitoring [rt-CGM] versus self-
monitoring of blood glucose [SMBG]) in patients with diabetes mellitus, and how these effects 
may differ by type of diabetes (i.e., type 1 diabetes or type 2 diabetes), age (i.e., very young 
children, adolescents, adults, and elderly), and pregnancy status (i.e., pregnant women with pre-
existing type 1 or type 2 diabetes).  

Technical Expert Panel 
We drafted a protocol to address the Key Questions. Our Key Informants also served as our 

Technical Expert Panel. The Technical Expert Panel reviewed our protocol, and provided 
feedback on the Key Questions and proposed methods. With the feedback from the Technical 
Expert Panel and AHRQ representatives, we finalized the protocol and posted it on AHRQ’s 
website.  

Search Strategy 
We searched the following databases for primary studies for the periods in parentheses: 

MEDLINE® (1966 to July 2011), Embase® (1974 to July 2011), and the Cochrane Central 
Register of Controlled Trials (1966 to July 2011). We developed a search strategy for 
MEDLINE, accessed via PubMed, based on an analysis of the medical subject headings (MeSH) 
terms and text words of key articles identified a priori (Appendix A).  

We downloaded the results of the searches and imported into ProCite® version 5 (ISI 
ResearchSoft, Carlsbad, CA). We scanned for exact article duplicates, author/title duplicates, and 
title duplicates using the duplication check feature in ProCite®. We uploaded the articles from 
ProCite to DistillerSR (Evidence Partners, Ottawa, Ontario, Canada), a Web-based software 
package developed for systematic review data management. We used this database to track the 
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search results at the levels of title review, abstract review, article inclusion/exclusion, and data 
abstraction. 

Study Selection 
Two independent reviewers conducted title scans in parallel. Both reviewers had to indicate 

that the title was ineligible for it to be eliminated at this level. If they disagreed, they promoted 
the article to the next level (Appendix B, Title Review Form). We designed the title review to 
capture as many studies as possible that reported on the efficacy or safety of insulin delivery or 
glucose monitoring methods.  

Two investigators reviewed abstracts independently, and excluded an article if both 
investigators agreed it met one or more of the exclusion criteria (see inclusion and exclusion 
criteria listed in Table 2 and the Abstract Review Form in Appendix B). The team resolved 
differences between investigators regarding abstract eligibility through consensus adjudication. 

Two reviewers performed another independent parallel full-text review of articles promoted 
on the basis of abstract review to determine if we should include these articles for data 
abstraction (Appendix B, Article Review Form). We resolved differences regarding article 
inclusion through consensus adjudication.  

Data Abstraction 
We used a systematic approach to extract all data to minimize the risk of bias in this process. 

We created and pilot tested standardized forms for data extraction. By creating standardized 
forms for data extraction, we sought to maximize consistency in identifying all pertinent data 
available for synthesis.  

The study investigators performed double data abstraction on each article. The second 
reviewer confirmed the first reviewer’s abstracted data for completeness and accuracy. We 
formed reviewer pairs that included personnel with both clinical and methodological expertise. 
We did not hide from the reviewers the identity of the authors of the articles, their respective 
institutions, or the journals in which their articles were published. 

For all articles, the reviewers extracted information on general study characteristics (e.g., 
study design, study period, and followup), study participants (e.g., age, gender, race, baseline 
HbA1c, weight, type of diabetes, duration of diabetes), eligibility criteria, interventions (including 
device model, type of insulin, MDI schedule, rt-CGM alarm threshold, length of use of current 
technology, changes in the type of insulin used, and training of patients/staff), adherence to 
wearing a treatment device, outcome measures, definitions, and the results of each outcome, 
including measures of variability. For the outcome of hypoglycemia, we differentiated between 
biochemical and symptomatic hypoglycemia. For the outcome of cesarean delivery, we 
abstracted information regarding the indication for cesarean delivery. For studies evaluating 
maternal and fetal outcomes, we abstracted information about when CSII or MDI was initiated in 
relation to the pregnancy (i.e., prenatal, 1st trimester, or 2nd trimester). 

For this report, we classified quality of life measures into the following categories: general 
health-related quality of life (global, non-specific measures), disease-specific quality of life 
(quality of life and health status associated with diabetes) and treatment-specific quality of life 
(associated with carrying out treatment for diabetes). In each category we included only studies 
which used validated measures. 
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Table 2. Inclusion and exclusion criteria 

Population 
and condition 
of interest 

All studies included human subjects exclusively. 
We included studies of adults, adolescents, and children with a formal diagnosis of diabetes mellitus 
and pregnant women with pre-existing diabetes. 
Acceptable diagnoses included type 1 diabetes and type 2 diabetes. We considered patients with 
latent autoimmune or pancreatomy to have type 1 diabetes. We considered patients with steroid-
induced or transplant-induced diabetes to have type 2 diabetes. 
We excluded pregnant women with gestational diabetes. We excluded patients with maturity onset 
diabetes of the young, as the diagnosis is difficult to make without genetic testing and intensive 
insulin therapy is often not required. 

Interventions 

We included studies that evaluated CSII and rt-CGM (see Appendix C for list of devices). 
We excluded implantable insulin pumps as they are no longer used clinically and retrospective CGM 
devices, as the current clinical practice is to use rt-CGM. 
We excluded studies in which regular insulin was used in the insulin pump as this is not consistent 
with current clinical practice. 
We excluded studies evaluating the GlucoWatch CGM, as it is no longer used in the US. 

Comparisons 
of interest 

We included studies that compared CSII with MDI (i.e., at least 3 injections per day). 
We included studies using long and rapid-acting analog and/or NPH and regular insulin in the MDI 
arms because both regimens are still used in clinical practice. 
We included studies that compared rt-CGM with SMBG (i.e., at least 3 fingersticks per day). 
We excluded studies of premixed insulin, because patients who use a premixed insulin are rarely 
considered for intensive insulin therapy with CSII. 
We excluded studies that do not have a concurrent comparison group. 

Outcomes 

We included studies that evaluate one of the following outcomes: 
Process measures 
Ratio of basal to bolus insulin* 
Frequency of adjusting insulin therapy 
Adherence to insulin therapy/sensor use 
Frequency of professional or allied health visits 
Intermediate outcomes 
HbA1c 
Hyperglycemia 
Weight gain 
Hypoglycemia frequency 
Clinical outcomes  
Objective assessments of microvascular outcomes (nephropathy, retinopathy, and neuropathy) and 
macrovascular outcomes (coronary heart disease, cerebrovascular disease, and peripheral arterial 
disease) 
Severe hypoglycemia 
Quality of life (validated measures) 
Mortality 
Fetal outcomes (gestational age, birth weight, frequency of neonatal hypoglycemia, birth trauma, 
major and minor anomalies, admission to a neonatal intensive care unit) 
Maternal pregnancy outcomes (cesarean section rates) 

Type of study 

We excluded articles with no original data (reviews, editorials, and commentaries) or studies 
published in abstract form only. 
We excluded case reports, case series, and cross-sectional studies. 
We included both RCTs and observational studies that evaluated microvascular, macrovascular, 
maternal, or fetal outcomes. For all other outcomes, we included only RCTs. 
We did not place any restrictions on sample size or language. 
Because we excluded studies of outdated technologies, we excluded studies published before 1994, 
the 1st year that insulin analogues were used. 

Timing and 
setting 

We excluded studies in which patients used an insulin delivery or glucose monitoring device for less 
than 24 hours. 
We excluded studies that were not conducted in an outpatient setting. 

CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; MDI = multiple daily injections; NPH = neutral 
protamine Hagedorn; RCT = randomized controlled trial; rt-CGM = real-time continuous glucose monitoring 
*The optimal distribution of the total daily insulin dose is 40-50% administered as basal insulin and the remaining 50-60% as 
bolus insulin divided over each meal. This prevents patients from being over-insulinized with basal insulin, increasing risk for 
hypoglycemia.  
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The individual completing the review entered all information from the article review process 
into a DistillerSR database (Evidence Partners Inc., Ottawa, Canada). Reviewers entered 
comments into the system whenever applicable. We used the DistillerSR database to maintain 
the data and to create detailed evidence tables and summary tables. 

Quality Assessment 
We used different quality assessment tools for randomized controlled trials (RCTs) and 

observational studies. For RCTs, we based the dual, independent review of article quality on the 
Cochrane Collaboration’s Risk of Bias Tool40 and supplemented with items from the Methods 
Guide for Effectiveness and Comparative Effectiveness Reviews.41 The quality assessment for 
RCTs included items on (1) adequate allocation sequence generation, (2) adequate allocation 
concealment, (3) blinding, (4) incomplete outcome data, (5) pharmaceutical support, (6) 
company involvement in the design, conduct, or reporting of the study, (7) loss to followup, and 
(8) an overall rating of the quality assessment. We assessed the overall study quality as: 

• Good (low risk of bias). These studies had the least bias, and we considered the results 
valid. These studies adhered to the commonly held concepts of high quality, including the 
following: a clear description of the population, setting, interventions, and comparison 
groups; appropriate measurement of outcomes; appropriate statistical and analytic 
methods and reporting; no reporting errors; a low dropout rate; and clear reporting of 
dropouts.  

• Fair. These studies were susceptible to some bias, but not enough to invalidate the 
results. They did not meet all the criteria required for a rating of good quality because 
they had some deficiencies, but no flaw was likely to cause major bias. The study may 
have been missing information, making it difficult to assess limitations and potential 
problems.  

• Poor (high risk of bias). These studies had significant flaws that might have invalidated 
the results. They had serious errors in design, analysis, or reporting; large amounts of 
missing information; or discrepancies in reporting.41  

For observational studies, we selected items from the Downs and Black quality checklist42 
and supplemented with items from the Methods Guide for Effectiveness and Comparative 
Effectiveness Reviews.41 We assessed the quality of observational studies on: (1) clear 
description of the setting, (2) clear description of inclusion/exclusion criteria, (3) clear 
description of key characteristics on the enrolled subjects, (4) recruitment of the different 
intervention groups from the same population, (5) adequate adjustment for confounding, and (6) 
description of loss to followup.  

We presented both the primary and secondary reviewers’ responses in the appendix. We used 
our study quality assessment to help us understand differences in results between studies. 

Applicability 
We assessed the applicability of studies in terms of how typical the study population (age, 

race, sex, and baseline HbA1c), interventions (titration schedule), outcomes, and settings 
(followup interval) were for the treatment of individuals with diabetes who are receiving 
treatment in a usual care setting. We limited the interventions in the review to those that are most 
applicable to the current population of patients with diabetes (i.e., those interventions that are 
currently used in the U.S. population).  
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Data Analysis and Synthesis 
For each Key Question, we created a set of detailed evidence tables containing all 

information extracted from eligible studies. We conducted meta-analyses when there were 
sufficient data (at least two trials) and studies were sufficiently homogenous with respect to key 
variables (population characteristics and study duration).  

For continuous outcomes, we calculated a weighted mean difference between groups in the 
change scores by using a random-effects model with the DerSimonian and Laird formula.43 We 
recorded the mean difference in outcome between groups, along with its measure of dispersion. 
If the study did not report this information, we calculated the point estimate of the mean 
difference in outcome using the mean difference from baseline for each group or the baseline and 
final values for each group. We derived measures of dispersion using standard methods.40 

We analyzed the outcome of severe hypoglycemia using two strategies. If studies reported 
the incidence of severe hypoglycemia (i.e., the number of patients who experienced severe 
hypoglycemia), then we calculated a pooled relative risk using the DerSimonian and Laird 
random effects model.43 If studies reported event rates (i.e., the number of events experienced 
per patient during the study period), we calculated a rate ratio in terms of the number of events 
per person-year using the DerSimonian and Laird random effects model.43 

We tested heterogeneity among the trials in all the meta-analyses by using a standard chi-
squared test with a significance level of alpha less than or equal to 0.10. We also examined 
heterogeneity among trials by using an I2 statistic, which describes the variability in effect 
estimates that is due to heterogeneity rather than random chance.44 We considered a value greater 
than 50 percent to have substantial variability. If we found substantial heterogeneity, we 
attempted to determine reasons for this by conducting meta-regression analyses using baseline 
HbA1c and compliance. For all meta-analyses, we conducted formal tests for publication bias 
using Begg’s45 and Egger’s tests46 including evaluation of the asymmetry of funnel plots for each 
comparison of interest. All meta-analyses were conducted using STATA (Intercooled, version 
9.2, StataCorp, College Station, TX).  

We summarized studies not amenable to pooling qualitatively. 

Data Entry and Quality Control 
After a second reviewer checked the data that had been entered into DistillerSR, he or she 

resubmitted adjudicated data using Web-based data collection forms. Second reviewers were 
generally more experienced members of the research team. Any problems with a reviewer’s data 
abstraction were discussed at a meeting with the reviewers. In addition, research assistants used a 
system of random data checks to assure data abstraction accuracy. 

Rating the Body of Evidence 
At the completion of our review, we graded the strength of the evidence addressing Key 

Questions 1 and 2 by adapting an evidence grading scheme recommended in the Methods Guide 
for Effectiveness and Comparative Effectiveness Reviews.47 We applied evidence grades to the 
bodies of evidence about each intervention comparison for each outcome. We assessed the 
strength of the body of best available evidence by assessing its limitations, consistency, 
directness, precision, publication bias, and the magnitude of the effect. We assessed the risk of 
bias of individual studies according to study design characteristics, such as confounding and 
selection and information biases. We rated the body of evidence as “consistent” if most of the 
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studies showed the same direction of effect or if the I2 statistic from a meta-analysis was low. We 
rated the consistency of a single study as “unknown.” We rated the body of the evidence as 
“direct” if most of the studies evaluated the outcome directly and there were direct comparisons. 
We based our rating of precision on the width of the confidence intervals. For the outcomes of 
HbA1c, we rated the confidence interval as “precise” only when the width of the confidence 
interval was less than 0.5 percent. If a confidence interval could not be determined, then we rated 
precision as “cannot determine.” We based publication bias on the results of the funnel plots. If 
either the Egger’s or Begg’s tests suggested publication bias, then we rated publication bias as 
“yes.” If there was no meta-analysis, then we rated publication bias as “uncertain.”  

We classified evidence bodies pertaining to Key Questions 1 and 2, into four basic 
categories: (1) “high” grade (indicating high confidence that the evidence reflects the true effect 
and further research is very unlikely to change our confidence in the estimate of the effect); (2) 
“moderate” grade (indicating moderate confidence that the evidence reflects the true effect and 
further research may change our confidence in the estimate of the effect and may change the 
estimate); (3) “low” grade (indicating low confidence that the evidence reflects the true effect 
and further research is likely to change our confidence in the estimate of the effect and is likely 
to change the estimate); and (4) “insufficient” grade (evidence is unavailable, does not permit a 
conclusion, or consists of only one study with high risk of bias).  

Peer Review and Public Commentary 
Experts in adult and pediatric endocrinology and internal medicine and individuals 

representing stakeholder and user communities were invited to provide external peer review of 
this comparative effectiveness review; AHRQ and an associate editor also provided comments. 
The draft report was posted on the AHRQ Web site for 4 weeks to elicit public comment. We 
addressed all reviewer comments, revising the text as appropriate, and documented everything in 
a “disposition of comments report” that will be made available 3 months after AHRQ posts the 
final comparative effectiveness review on the AHRQ Web site. 
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Results 
Search Results 

Figure 2 summarizes the search results. From our search, we retrieved 7,002 unique records. 
After title and abstract review, we decided 741 articles were potentially relevant to review, and 
retrieved the full articles (see Appendix D for the list of studies excluded). We included a total of 
41 studies (in 44 publications) in this review. 

Of the included studies, 28 studies compared the effects of continuous subcutaneous insulin 
infusion (CSII) with multiple daily injections (MDI). Nine of these studies were conducted in 
children or adolescents with type 1 diabetes, nine were conducted among adults with type 1 
diabetes, four (in five publications) were conducted among adults with type 2 diabetes, and six 
were conducted among pregnant women with pre-existing type 1 or type 2 diabetes.  

Nine studies (in 10 publications) compared the effects of real-time continuous glucose 
monitoring (rt-CGM) with self-monitoring of blood glucose (SMBG) in children and adults with 
type 1 diabetes. We did not identify any studies comparing rt-CGM with SMBG among patients 
with type 2 diabetes or among pregnant women with pre-existing type 1 or type 2 diabetes. 

An additional four studies (in five publications) evaluated the effects of a sensor-augmented 
pump compared with MDI and SMBG. 

We did not find any studies that reported on microvascular outcomes, macrovascular 
outcomes, and most process measures. 

Eighteen studies evaluated health-related quality of life (QOL) using 15 different validated 
QOL assessment tools. Table 3 lists how the QOL assessment tools were categorized into 
general QOL, disease-specific QOL, and treatment-specific QOL. 

Table 3. Health-related quality of life assessment tools used in each category 
Domain Instrument Range of Total Scores (High 

Scores Indication) 

General health-related 
QOL 

Pediatric QOL Inventory 0 – 100 (better QOL) 
Short Form-36 (SF-36) 0 – 100 (higher level of health) 
Short Form-12 (SF-12) 0 – 100 (higher level of health) 
World Health Organization-5 Well Being Index 
(WHO-5) 0 – 100 (better well-being) 

Diabetes-specific QOL 

Diabetes QOL 0 – 100 (better QOL) 
Diabetes QOL Clinical Trial Questionnaire 0 – 100 (higher satisfaction) 
Diabetes QOL – Youth 0 – 100 (better QOL) 
Problem Areas in Diabetes 0 – 100 (more serious problem) 

Treatment-related QOL 

Altered Hypoglycemia Awareness 
Questionnaire 0 – 7 (altered hypoglycemia) 

Blood Glucose Monitoring System Rating 
Questionnaire 0 – 100 (higher satisfaction) 

Diabetes Treatment Satisfaction Questionnaire 0 – 36 (higher satisfaction) 
Hypoglycemia Fear Survey 0 – 92 (higher level of fear) 
Insulin Delivery System Rating Questionnaire 0 – 100 (higher satisfaction) 
Phase V Outcomes system diabetes treatment 
satisfaction questionnaire 0 – 100 (higher satisfaction) 

User Acceptance Questionnaire 0 – 100 (more positive ratings (with 
exception of "problems" section)) 

QOL = quality of life 
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Figure 2. Summary of the literature search 
 

 
CENTRAL = Central Register of Controlled Trials; CSII = continuous subcutaneous insulin infusion; hrs = hours;  
MDI = multiple daily injections; rt-CGM = real-time continuous glucose monitor; SMBG = self-monitoring of blood glucose 
*Total may exceed number in corresponding box, as articles could be excluded for more than one reason at this level. 
†41 studies in 44 publications: 28 compared CSII with MDI (9 in children and adolescents with type 1 diabetes; 9 in adults with 
type 1 diabetes; 4 (5 publications) in adults with type 2 diabetes; 6 in pregnant women with pre-existing type 1diabetes);  
9 (10 publications) compared rt-CGM with SMBG; 4 (5 publications) compared a sensor-augmented pump with MDI/SMBG 
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Key Question 1: In patients receiving intensive insulin therapy, does mode 
of delivery (CSII vs. MDI) have a differential effect on process measures, 
intermediate outcomes, and clinical outcomes in patients with diabetes 
mellitus? 

Comparative Effectiveness of CSII Versus MDI in Children and 
Adolescents With Type 1 Diabetes 

Key Points and Evidence Grades 
• The strength of the evidence was moderate comparing CSII with MDI for the outcome of 

HbA1c. Mean between-group difference in how HbA1c changed from baseline was -0.14 
percent, decreasing slightly more with CSII than with MDI (95% confidence interval 
[CI], -0.48 to 0.20, P=0.41). Results were similar among adolescents over 12 years old 
(mean between-group difference in the change from baseline HbA1c,  
-0.10 percent; 95% CI, -0.47 to 0.27) and were less different among children less than 12 
years old (mean between-group difference in the change from baseline HbA1c, -0.05 
percent; 95% CI, -1.01 to 0.96).  

• There was low strength of evidence to suggest no significant difference in daytime 
hypoglycemia frequency between MDI and CSII intervention groups (mean between-
group difference in perceived hypoglycemic events over 104 weeks, 0; 95% CI, 
 -1.1 to 1.1;48 mean between-group difference in the change from baseline to 24 weeks in 
the number of blood glucose excursions below 70 mg/dL, -0.9; 95% CI, -2.1 to 0.3;49 
mean between-group difference in number of hypoglycemic episodes/patient at 52 weeks, 
-3.7; 95% CI, -13.2 to 5.8).50 

• There was low strength of evidence to suggest no significant difference in nocturnal 
hypoglycemia between the MDI and CSII intervention groups. In one study, there were 
four events/patient/study period (95% CI, 0.3 to 7.7) for MDI versus three 
events/patient/study period (95% CI, 1.0 to 5.0) over 52 weeks.50 In the other study, there 
were two patients with one or more events in the CSII arm but no events reported in the 
MDI arm over 16 weeks.51 

• The strength of the evidence comparing CSII with MDI was insufficient for mild 
hypoglycemia. One study found no significant difference in mild hypoglycemia (events 
with blood sugar less than 70 mg/dL) between the MDI (22 events/patient) and CSII 
(19.8 events/patient) intervention groups over 14 weeks.52  

• The strength of evidence was low indicating similar rates of severe hypoglycemia 
between the two intervention arms. The mean incidence rate ratio for severe 
hypoglycemic event rates in randomized controlled trials (RCTs) for CSII versus MDI 
was 0.99 (95% CI, 0.57 to 1.71, P=0.97). Results were similar among adolescents over 12 
years of age (mean incidence rate ratio for CSII versus MDI, 0.95; 95% CI, 0.42 to 2.13) 
and children less than 12 years of age (mean incidence rate ratio for CSII versus MDI, 
1.02; 95% CI, 0.49 to 2.16). 

• The strength of evidence comparing CSII with MDI was insufficient for hyperglycemia. 
One study found no difference in the frequency of hyperglycemia between the MDI (6.7 
events) and CSII (7.9 events) intervention groups over 14 weeks.52 
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• The strength of evidence comparing CSII with MDI was insufficient for the ratio of basal 
to bolus insulin. One study reported no difference in the ratio of basal to bolus insulin 
between the MDI and CSII (mean between-group difference, 1.7; 95% CI, -2.5 to 5.9) 
intervention groups.53 

• The strength of evidence was low comparing CSII with MDI for weight change. The 
mean between-group difference in how body mass index (BMI) standard deviation score 
changed from baseline was -0.12 units, decreasing slightly more with CSII than MDI 
(95% CI, -0.55 to 0.30 units).  

• The strength of evidence was low comparing CSII with MDI for general QOL. Two 
studies49 54 used the Pediatric Quality of Life Inventory. A meta-analysis of these studies 
did not favor CSII or MDI in this population (mean between-group difference, 2.3; 95% 
CI, -6.9 to 11.5; P=0.95). 

• The strength of evidence was low comparing CSII with MDI for diabetes-specific QOL. 
Three studies used the Diabetes Treatment Satisfaction Questionnaire and showed 
improvement in diabetes treatment satisfaction favoring CSII.48 50 52 A meta-analysis of 
two of these studies favored CSII over MDI (mean between-group difference in the 
Diabetes Treatment Satisfaction Questionnaire, 5.7; 95% CI, 5.0 to 6.4; P<0.001). One 
study showed improvement in diabetes-specific QOL favoring CSII (Diabetes Quality of 
Life-Youth baseline score 77.4 [95% CI, 69.5 to 85.3] and end of study 76.4 [95% CI, 
68.3 to 84.5] for MDI and 82.7 [95% CI, 75.3 to 90.1] for CSII).50 One study did not find 
a difference in the Diabetes Quality of Life-Youth scores between the two interventions 
(numerical data not presented).51  

• There was insufficient evidence comparing CSII with MDI for certain process measures 
(frequency of adjusting insulin therapy, adherence, health visits) and clinical outcomes 
(microvascular and macrovascular disease and mortality) as no studies addressed these. 

Study Design  
Nine studies evaluated CSII versus MDI therapy in children and adolescents with type 1 

diabetes (Appendix E, Table 1).48-56 They were conducted in diverse countries, including the 
U.S.,49 51 Italy,55 Sweden,48 Spain,53 Saudi Arabia,56 the Netherlands,55 57 and Israel.50 52 Studies 
varied in their sources of support—four received industry support,48 50-52 four received 
government support,48 51 53 54 and four received other sources of support.48-50 54 Sources of support 
were not reported for two studies.55 56 

Of the nine studies, four were parallel arm RCTs,48 49 51 55 three were randomized crossover 
trials,50 52 54 and two were non-randomized trials.53 56 Three studies included a run-in period,51 52 

54 three did not,48 50 55 and three studies did not report a run-in period.49 53 56 Enrollment into three 
studies started and ended after 2000,48 49 56 but most studies did not report the dates of enrollment 
period.50-55 The median followup time for all studies was 52 weeks, with a range of 16 to 104 
weeks. One study did not report followup duration.53 These studies screened 24,52 36,55 and 20053 
patients and enrolled a median of 32 patients (range 16 to 72) into randomized clinical trials. 
Most studies did not report the number of patients screened.48-51 54 56 Seven studies recruited 
patients from referral clinics.49-51 54-56  

The majority of studies excluded pregnant patients.48-51 53-56 Some studies excluded patients 
based on HbA1c less than 6.5 percent,51 7.5 percent,53 or 8 percent,54 55 or greater than 11 
percent.51 Certain studies excluded patients if they were being treated with insulin for less than 1 
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year54 or less than 2 years,52 were using glargine insulin,51 were not currently treated with 
intensive insulin therapy,50 53 or had ever used insulin pump therapy.51  

Population Characteristics 
The mean age of participants in the randomized controlled trials was 16.5 years (range 4.4 to 

18.9 years) and 11.4 years (range 4.4 to 17.9 years) in the MDI and CSII groups, respectively 
(see Appendix E, Table 2). One study did not report the ages of the participants.51 Males were 50 
percent and 38 percent of the study populations, respectively, for the MDI and CSII groups. The 
majority of studies did not report the racial composition of their study populations.48 50 52 53 55 56 
The majority of studies included Caucasian participants and one study reported a very small 
number of African American and Hispanic participants.51  

Glycemic control was sub-optimal in participants at the time of study enrollment. The mean 
HbA1c was 8.5 percent and 8.6 percent in the MDI and CSII groups, respectively. In the one 
study that reported baseline BMI, the means in the MDI and CSII groups were 15.9 kg/m249 and 
20.9 kg/m249 and 19.8 kg/m2, respectively.57 Weight and/or BMI was reported as BMI standard 
deviation scores in two studies50 53 and were not reported in one study.56 

Interventions 
The MDI arms varied across studies in the type of insulin used: neutral protamine Hagedorn 

(NPH) and aspart,48 NPH and lispro,49 NPH and regular insulin,50 glargine and regular insulin,52 

55 glargine and lispro,53 56 and glargine and aspart (see Appendix E, Table 3).51 One study 
specified the short-acting insulin used in the MDI arm but not the basal insulin.54 The MDI 
schedule was three injections daily in three studies,49 53 54 and four or more times daily in six 
studies.48 50-52 55 56  

Three studies used insulin aspart in the CSII arm48 51 54 and six studies used insulin lispro in 
the CSII arm.49 50 52 53 55 56 In terms of insulin pumps, three studies used the DR HTron v100,48 53 

54 one used the Tayco Disetronic,50 one used the Animas,49 three used the MiniMed 508,51 52 56 
and one used the Medtronic MiniMed Paradigm 511 insulin pump.51 One study did not specify 
the type of insulin pump used.55 Three studies included training in insulin pump use prior to its 
initiation.48 49 52  

Three studies monitored blood glucose using SMBG51 52 54 and one study monitored blood 
glucose using rt-CGM.49 Five studies did not report how blood glucose was monitored.48 50 53 55 56 
The duration of therapy in each intervention arm ranged from 3.5 to 24 months with six studies 
having 12 or more months of followup.48 50 53-56 Five studies provided guidelines for insulin dose 
titration in the intervention arms,49 51-54 and one study provided insulin dose titration instructions 
only for the CSII arm.55 Only three studies reported their glycemic targets (preprandial glucose 
of 70 to 140 mg/dL and 2-hour postprandial glucose <180 mg/dL;53 HbA1c of 7 percent, 
preprandial glucose of 70 to 120 mg/dL and bedtime glucose of 90 to 150 mg/dL;51 and 
preprandial glucose of 79.2 to 149.4 mg/dL).52 

Outcomes 
Details of the outcomes are reported in Appendix E, Table 4. We found studies evaluating 

HbA1c, hypoglycemia (daytime, nocturnal, and mild), severe hypoglycemia, hyperglycemia, ratio 
of basal to bolus insulin, weight, general QOL, and diabetes-specific QOL. We did not find any 
studies evaluating the effects on mortality, microvascular disease, macrovascular disease, 
frequency of adjusting insulin therapy, adherence, or health visits. 
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HbA1c 
Nine studies examined the comparative effectiveness of CSII and MDI on HbA1c. Three 

studies showed a significant reduction in HbA1c favoring CSII.51 55 56 The remaining studies 
showed no difference in the change in HbA1c between the CSII and MDI groups.48-50 52-54  

A meta-analysis of seven RCTs showed no significant difference between the MDI and CSII 
intervention groups in how the HbA1c changed from baseline after 16 or more weeks of 
followup; HbA1c decreasing slightly more with CSII than with MDI (combined mean between-
group difference, -0.14; 95% CI, -0.48 to 0.20, P=0.41) (see Figure 3). We did not find evidence 
of statistical heterogeneity and none of the studies influenced results substantially. Egger’s test 
(P=0.21) and funnel plot did not suggest publication bias.  

Figure 3. Between-group difference between CSII and MDI in how HbA1c changed from baseline 
among children with type I diabetes 

CI = confidence interval; CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; MDI = multiple daily 
injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 4.32 with 6 degrees of freedom (p = 0.63) 

Studies in Children 12 Years of Age or Younger 
Two studies focused primarily on the comparative effectiveness of MDI and CSII in children 

whose mean age was 12 years or younger based on age at diagnosis and diabetes duration.48 49 
One study showed a nonsignificant reduction in HbA1c favoring CSII49 while the other study 
found no difference in HbA1c between the two groups.48 A meta-analysis of these two studies 
showed no significant difference in the change from baseline HbA1c between the MDI and CSII 
intervention groups (combined mean between-group difference in the change from baseline 
HbA1c, -0.05 percent; 95% CI, -1.01 to 0.96 percent) (see Figure 4). There was no evidence of 
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statistical heterogeneity, and none of the studies influenced the results substantially. There were 
too few studies to assess for publication bias. 

Figure 4. Between-group difference between CSII and MDI in how HbA1c changed from baseline 
among children 12 years of age or less with type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; MDI = multiple daily 
injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.01 with 1 degree of freedom (p = 0.90) 

Studies in Adolescents (Older Than 12 Years of Age) 
Four studies focused on the comparative effectiveness of MDI and CSII in adolescents whose 

mean age was over 12 years based on age at diagnosis and diabetes duration. In those studies, 
three showed no significant reduction in HbA1c favoring CSII50 54 55 while one study found no 
significant reduction in HbA1c favoring MDI.52 A meta-analysis of these studies showed no 
significant difference in the change from baseline HbA1c between the MDI and CSII intervention 
groups favoring CSII (combined mean between-group difference in the change from baseline 
HbA1c, -0.10 percent; 95% CI, -0.48 to 0.27 percent) (see Figure 5). We did not find evidence of 
statistical heterogeneity and none of the studies influenced results substantially. There were too 
few studies to adequately assess for publication bias, although the funnel plot suggested 
publication of more studies favoring CSII. One study did not report the age of participants.51 
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Figure 5. Between-group difference between CSII and MDI in how HbA1c changed from baseline 
among adolescents with type 1 diabetes 
 

CI = confidence interval; CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; MDI = multiple daily 
injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 3.32 with 3 degrees of freedom (p = 0.35) 

Daytime And Nocturnal Hypoglycemia 
Three studies examined the comparative effectiveness of CSII and MDI on daytime 

hypoglycemia. The studies defined participants as being hypoglycemic if they had perceived 
hypoglycemia,48 average blood sugar excursions/day below 70 mg/dL,49 and mean number of 
hypoglycemia episodes/patient/study period.50 One study did not specify the timeframe for units 
of measures.48 There was no significant difference in daytime hypoglycemia frequency between 
the two groups.48-50 Two studies examined the comparative effectiveness of CSII and MDI on 
nocturnal hypoglycemia and found no significant differences between the two groups.50 51 

Mild Hypoglycemia 
One study examined the frequency of mild hypoglycemia (defined as blood sugar below 70 

mg/dL) in the MDI and CSII interventions groups52 and found no significant difference between 
the CSII group (19.8 events/patient) compared with the MDI group (22 events/patient).52  

Severe Hypoglycemia 
Six studies examined the frequency of severe hypoglycemia in the MDI and CSII 

intervention groups. The definitions of hypoglycemia used in studies varied (see Table 4). While 
one study found a significantly lower frequency of severe hypoglycemia in the CSII group 
compared with the MDI group,52 five studies found no difference in frequency between the two 
groups.49-51 53 55  
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Cohen 2003 

Schiaffini 2007 

Author year 

Weintrob 2003 

Nuboer 2008 

-0.10 (-0.48, 0.27) 

-0.52 (-1.82, 0.78) 

-0.60 (-1.43, 0.23) 

Mean difference (95% CI) 

0.26 (-0.32, 0.84) 

-0.16 (-0.83, 0.51) 

-0.10 (-0.48, 0.27) 

-0.52 (-1.82, 0.78) 

-0.60 (-1.43, 0.23) 

0.26 (-0.32, 0.84) 

-0.16 (-0.83, 0.51) 

Favors CSII  Favors MDI  
0 -2 -1 0 1 2 

Mean between-group difference in HbA1c change from baseline (%) 
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Table 4. Definitions of severe hypoglycemia in the studies of children and adolescents with type 1 
diabetes 

Author, Year Severe Hypoglycemia Definition 

Opipari-Arrigan, 200749 
Seizure, obtundation, or combativeness preventing administration of 
oral glucose in association with a capillary 
blood glucose of less than 100 mg/dL 

Schiaffini, 200755 Hypoglycemic event requiring assistance from another person, infusion 
of glucose or resulting in severe symptoms, such as seizure or coma 

Garcia-Garcia, 200753 Hypoglycemia requiring parental treatment 
Doyle, 200451 Event resulting in coma or seizure 
Cohen, 200350 Not explicitly defined 

Weintrob, 200352 Event requiring assistance from another person or resulting in a 
seizure/coma 

mg/dL – milligrams per deciliter 

A meta-analysis of five RCTs did not find a significant difference in severe hypoglycemia 
event rates between the two intervention arms (combined mean incidence rate ratio for CSII vs. 
MDI, 0.99; 95% CI, 0.57 to 1.71, P=0.97) (see Figure 6). We did not find evidence of statistical 
heterogeneity and none of the studies influenced results substantially. Egger’s test (P=0.04) and 
the funnel plot suggested publication bias of studies showing a benefit of CSII. One randomized 
clinical trial was not included in the meta-analysis because it did not report severe hypoglycemia 
event rates for the CSII group.51  

Figure 6. Incident rate ratios for severe hypoglycemia in CSII versus MDI interventions among 
children and adolescents with type 1 diabetes 

CI = confidence interval; CSII = continuous subcutaneous insulin infusion; IRR = incidence rate ratio; MDI = multiple daily 
injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate.  
Test for heterogeneity: Q = 4.28 with 4 degrees of freedom (p = 0.37) 

Overall (I-squared = 6.5%, p = 0.370) 

Skogsberg 2008 

Opipari-Arrigan 2007 

Schiaffini 2007 

Weintrob 2003 

Cohen 2003 

Author year 

0.99 (0.57, 1.71) 

1.12 (0.52, 2.41) 

0.27 (0.01, 5.55) 

1.50 (0.58, 3.88) 

0.33 (0.03, 3.21) 

0.22 (0.02, 1.94) 

IRR (95% CI) 

0.99 (0.57, 1.71) 

1.12 (0.52, 2.41) 

0.27 (0.01, 5.55) 

1.50 (0.58, 3.88) 

0.33 (0.03, 3.21) 

0.22 (0.02, 1.94) 

Favors CSII  Favors MDI  
1 .01 .1 1 10 

IRR for severe hypoglycemia (events/person-year) 
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Studies in Children 12 Years of Age or Less  
In the two RCTs of young children, one study showed a lower rate of severe hypoglycemia 

favoring CSII that was not significant,49 while the other study showed a lower rate of severe 
hypoglycemia favoring MDI that was also not significant.48 A meta-analysis of these two studies 
did not show a significant difference in the severe hypoglycemia event rates between the two 
intervention arms (combined mean incidence rate ratio for CSII versus MDI, 1.02; 95% CI, 0.49 
to 2.16) (See Figure 7). We did not find evidence of statistical heterogeneity and none of the 
studies influenced results substantially. There were too few studies to adequately assess 
publication bias. 
 

Figure 7. Incident rate ratios for severe hypoglycemia in CSII versus MDI interventions among 
children 12 years of age or less with type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; IRR = incidence rate ratio; MDI = multiple daily 
injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.80 with 1 degree of freedom (p = 0.37) 

Studies in Adolescents Older Than 12 Years of Age 
Three of the five RCTs were performed in adolescents. Two studies showed a lower rate of 

severe hypoglycemia favoring CSII that was not significant,50 52 while one study showed a lower 
event rate favoring MDI that was also not significant.55 A meta-analysis of these three studies did 
not show a significant difference in the severe hypoglycemia event rates between the two 
intervention arms (combined mean incidence rate ratio for CSII vs. MDI, 0.95; 95% CI, 0.42 to 
2.13) (See Figure 8). We did not find evidence of statistical heterogeneity and none of the studies 
influenced results substantially. There were too few studies to adequately assess publication bias. 
 

Overall (I-squared = 0.0%, p = 0.370) 

Author year 

Skogsberg 2008 

Opipari-Arrigan 2007 

1.02 (0.49, 2.16) 

IRR (95% CI) 

1.12 (0.52, 2.41) 

0.27 (0.01, 5.55) 

1.02 (0.49, 2.16) 

1.12 (0.52, 2.41) 

0.27 (0.01, 5.55) 

Favors CSII  Favors MDI  
1 .01 .1 1 10 

IRR for severe hypoglycemia (events/person-year) 
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Figure 8. Incident rate ratios for severe hypoglycemia in CSII versus MDI interventions among 
children with type 1 diabetes 

 

CI = confidence interval; CSII = continuous subcutaneous insulin infusion; IRR = incidence rate ratio; MDI = multiple daily 
injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 3.45 with 2 degrees of freedom (p = 0.18) 

Hyperglycemia 
One study examined the frequency of hyperglycemia in the MDI and CSII intervention 

groups over 14 weeks.52 The study defined participants as being hyperglycemic if they had 
polyuria, polydipsia, or nocturia and/or a capillary blood glucose level of more than 400 mg/dL 
with or without urinary ketones. While there were more events in the CSII group (7.9) than in the 
MDI group (6.7), this difference was not statistically significant.  

Ratio of Basal to Bolus Insulin: Proportion of Basal Insulin 
One study examined the ratio of basal to bolus insulin in the MDI and CSII intervention 

groups and found no difference in the ratios between the two groups.53 

Weight Gain 
Table 5 summarizes three studies that compared CSII with MDI for changes in weight as 

measured by BMI SDS in children with type 1 diabetes.50-52 BMI SDS is a measure of BMI used 
in children that indicates how many standard deviations the measurement is above or below the 
median of the distribution. Two studies were randomized open crossover trials conducted at the 
same institution.50 52 One found no significant change in BMI-SDS over the course of the study 
in either treatment arm.50 The other crossover study reported a slight, but statistically significant, 
increase in BMI-SDS during MDI therapy and no significant change during CSII.52 The third 
study was an RCT that showed a BMI change from baseline that was not statistically significant 
and measured less than 1 kg/m2 in both groups.51 A meta-analysis of two studies showed a 
difference that was not significant in the change from baseline BMI SDS between the MDI and 

Overall (I-squared = 42.1%, p = 0.178) 

Cohen 2003 

Schiaffini 2007 

Author year 

Weintrob 2003 

0.95 (0.42, 2.13) 

0.22 (0.02, 1.94) 

1.50 (0.58, 3.88) 

IRR (95% CI) 

0.33 (0.03, 3.21) 

0.95 (0.42, 2.13) 

0.22 (0.02, 1.94) 

1.50 (0.58, 3.88) 

0.33 (0.03, 3.21) 

Favors CSII  Favors MDI  
1 .01 .1 1 10 

IRR for severe hypoglycemia (events/person-year) 



 

26 

CSII intervention groups favoring CSII (combined mean between-group difference in the change 
from baseline BMI SDS, -0.12; 95% CI, -0.55 to 0.30) (see Figure 9). There was no evidence of 
statistical heterogeneity and none of the studies influenced the results substantially. There were 
too few studies to assess for publication bias. We did not include one study in the meta-analysis 
because there was not sufficient data provided on estimates.51 

Figure 9. Between-group difference between CSII and MDI in how BMI SDS changed from baseline 
among children and adolescents with type 1 diabetes 

 
BMI SDS = body mass index standard deviation score; CI = confidence interval; CSII = continuous subcutaneous insulin 
infusion; MDI = multiple daily injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.00 with 1 degree of freedom (p = 0.98) 

Table 5. Weight gain in CSII versus MDI interventions among children with type 1 diabetes 

Author, 
Year MDI, N CSII, N Timepoints 

(Weeks) 

BMI-
SDS at 
Start – 

MDI 

BMI-
SDS at 
Start – 

CSII 

BMI-
SDS at 
End - 
MDI 

BMI-
SDS at 
End - 
CSII 

CSII 
Effect on 
BMI-SDS 
Versus 

MDI 

P Value 

Cohen, 
200350 16 16 24 0.20 0.30 0.25 0.23 

No 
significant 
change 

NS 

Weintrob, 
200352 23 23 14 0.29 0.40 0.37 0.35 Decrease 0.01 

Doyle 
200451 16 16 4 NA NA NA NA 

No 
significant 
change 

NS 

BMI = body mass index; CSII = continuous subcutaneous injections; MDI = multiple daily injections; NA = not applicable; 
NS = not significant; SDS = standard deviation score 

Overall (I-squared = 0.0%, p = 0.984) 

Weintrob 2003 

Cohen 2003 

Author year 

-0.12 (-0.55, 0.30) 

-0.13 (-0.95, 0.69) 

-0.12 (-0.62, 0.38) 

Mean difference (95% CI) 

-0.12 (-0.55, 0.30) 

-0.13 (-0.95, 0.69) 

-0.12 (-0.62, 0.38) 

Favors CSII  Favors MDI  
0 -.5 -.25 0 .25 .5 

Mean between-group difference in BMI SDS 
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Quality of Life, Including General, Diabetes-Specific, and Treatment-Related 
Six studies examined the comparative effectiveness of CSII versus MDI on general, diabetes-

specific, and diabetes treatment-related QOL in children and adolescents with type 1 diabetes 
(see Table 6). Two studies examined general QOL in children and adolescents with type 1 
diabetes using the Pediatric Quality of Life Inventory (scores range from 0 to 100, with higher 
scores indicating better QOL).49 54 Both of these studies showed improvement in general QOL 
favoring CSII (see Table 6), but not in a statistically significant fashion. It should be noted that 
while both of the studies used a similar measure, one of the studies used the Dutch translation of 
that instrument.54 A meta-analysis of these studies did not favor CSII or MDI in this population 
(mean between-group difference, 2.3; 95% CI, -6.9 to 11.5) (see Figure 10).  

Two studies examined the comparative effectiveness of CSII versus MDI on diabetes-
specific QOL.50 51 Two studies used the Diabetes Quality of Life-Youth instrument (scores range 
from 0 to 100, with higher scores indicating better QOL) and while one showed improvement in 
QOL favoring CSII,50 the other study did not find a difference in QOL between the two 
intervention arms.51  

Three studies examined the comparative effectiveness of CSII versus MDI on diabetes 
treatment-related QOL.50 52 58 The three studies that used the Diabetes Treatment Satisfaction 
Questionnaire (scores range from 0 to 36, with higher scores indicating greater satisfaction) 
showed an improvement in diabetes-specific QOL favoring CSII.50 52 58 A meta-analysis of two 
studies favored CSII over MDI (mean between-group difference, 5.7; 95% CI, 5.0 to 6.4; 
P<0.001). However, the variation in the effect due to heterogeneity was significant, with an I2 of 
64% (see Figure 11). We did not include one study in the meta-analysis because it did not 
present the baseline values by intervention group.50 However, in that study the mean between-
group difference in the final scores likewise favored CSII (10.2; 95% CI, 4.0 to 16.4). 
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Table 6. Quality of life in CSII versus MDI interventions among children and adolescents with type 1 diabetes 
QOL 

Domain 
Author, 

Year 
N by 

Intervention 
Group 

Comparison Population Difference in QOL Between Comparison 
and Baseline Groups 

Group 
Favored for 

QOL Measure 
Pediatric 
Quality of 
Life 
Inventory* 

Nuboer, 
200854 

19 CSII, 19 
MDI 

CSII vs. MDI with 
MDI run-in period 

38 children and adolescents 
(age range 6-16 yr) with type 1 
diabetes 

After 7 months of followup, PedsQOL 
difference from baseline to end of 
randomization was 2.8 (95% CI, -3.1 to 8.7) in 
CSII vs. 0.4 (95% CI, -7.4 to 8.2) in MDI 

CSII 

Pediatric 
Quality of 
Life 
Inventory* 

Opipari-
Arrigan, 
200749 

6 CSII, 8 MDI CSII vs. MDI 
Sixteen children (age range 
3.1–5.3 yrs) with type 1 
diabetes 

After 6 months of followup, PedsQOL 
(symptom domains) difference from baseline 
to end of experimental phase was 8 (95% CI, -
5.6 to 21.6) in CSII vs. 6.5 (95% CI, -16.4 to 
29.4) in MDI  

CSII 

DQOL-Y† Doyle, 
200451 

16 CSII, 16 
MDI CSII vs. MDI 

32 children and adolescents 
with type 1 diabetes (age 
range 8 –21 yrs) 

“There were no differences in DQOL-Y scores 
between the two groups at baseline or 16 
weeks (data not shown)” 

Neither 

DQOL-Y† Cohen, 
200350 

16 enrolled; 
12 completed 
the study 

CSII vs. MDI 
(crossover study) 

16 adolescents (range 15-18) 
with type 1 diabetes for at least 
2 years “and no other chronic 
disease which could interfere 
with diabetes treatment” 

Data for the individual treatment groups was 
not given. “The Satisfaction score was 77.4 
(95% CI, 69.5 to 85.3) at the beginning of the 
study, 76.4 (95% CI, 68.3 to 84.5) at the end of 
the MDI arm, and 82.7 (95% CI, 75.3 to 90.1) 
at the end of the CSII arm (P<0.05)” 

CSII 

DTSQ‡ Skogsberg, 
200848 

34 CSII, 38 
MDI CSII vs. MDI 

72 children and adolescents 
(age range 7-17 yrs) with type 
1 diabetes 

At the end of 24 months, 33.1 (95% CI, 32.8 to 
33.4) in CSII vs. 27.5 (95% CI, 26.8 to 28.2) in 
MDI, P<0.001. 

CSII 

DTSQ‡ Cohen, 
200350 

16 enrolled; 
12 completed 
the study 

CSII vs. MDI 
(crossover study) 

16 adolescents (age range 15-
18 yrs) with type 1 diabetes for 
at least 2 years “and no other 
chronic disease which could 
interfere with diabetes 
treatment” 

Total score was 20.5 (95% CI, 18.7 to 22.3) at 
the beginning of the study, 21.8 (95% CI, 19.7 
to 23.9) at the end of the MDI arm (after 6 
months), and 32 (95% CI, 28.3 to 35.7) at the 
end of the CSII arm (after 6 months) (P<0.05) 

CSII 

DTSQ‡ Weintrob, 
200352 23 children CSII vs. MDI 

(crossover study) 

23 children (age range 9 to 13 
yrs) with type 1 diabetes for at 
least 2 years, and “ability to 
cope, with the parents, with 
treatment” 

Total score was 21.4 (95% CI, 20.1 to 22.7) at 
the beginning of the study, 21.9 (95% CI, 19.7 
to 24.1) at the end of the MDI arm (after 3.5 
months of treatment), and 30.6 (95% CI, 28.4 
to 32.8) at the end of the CSII arm (after 3.5 
months of treatment (P<0.001). 

CSII 

CSII = continuous subcutaneous insulin infusion; CI = confidence interval; DQOL-Y = Diabetes Quality of Life – Youth; DTSQ = Diabetes Treatment Satisfaction Questionnaire; 
MDI = multiple daily injections; QOL = quality of life; yr = year 
*General QOL measure. Total scores from the Pediatric Qualtiy of Life Inventory range from 0 to 100, with higher scores indicating better quality of life. 

†Diabetes-specific QOL measure. Total scores from the Diabetes Quality of Life-Youth range from 0 to 100, with higher scores indicating higher satisfaction. 
‡Diabetes treatment-related QOL measure. Total scores from the Diabetes Treatment Satisfaction Questionnaire range from 0 to 36, with higher scores indicating higher 
satisfaction. 
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Figure 10. Between-group difference between CSII and MDI in how Pediatric Quality of Life 
measure changed from baseline among children and adolescents with type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections  
*Quality of life is measured in terms of the Pediatric Quality of Life Inventory. Total scores range from 0 to 100, with higher 
scores indicating better quality of life. 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.00 with 1 degree of freedom (p = 0.95) 

Overall (I-squared = 0.0%, p = 0.950) 

Nuboer 2008 

Author year 

Opipari-Arrigan 2007 

2.29 (-6.87, 11.45) 

2.40 (-7.36, 12.16) 

Mean difference (95% CI) 

1.50 (-25.11, 28.11) 

2.29 (-6.87, 11.45) 

2.40 (-7.36, 12.16) 

1.50 (-25.11, 28.11) 

Favors MDI  Favors CSII  
0 -10 -5 0 5 10 

Mean between-group difference in Quality of Life* 



 

30 

Figure 11. Between-group difference between CSII and MDI in how Diabetes Treatment 
Satisfaction Questionnaire changed from baseline among children and adolescents with type 1 
diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections  
*Quality of life is measured in terms of the Diabetes Treatment Satisfaction Questionnaire, which is an 8-item questionnaire. The 
total score ranges from 6 to 36. Higher scores indicate greater satisfaction. 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 4.85 with 2 degrees of freedom (p = 0.09) 

Study Quality 
Among the RCTs on children and adolescents, one study was good quality,51 three studies 

were fair quality,48 52 54 and three studies were poor quality (see Appendix E, Table 5).49 50 55 A 
lack of reporting on most quality items limited our assessment of the risk of bias. Only one 
study, which was rated as good quality, reported on sequence generation.51 

Among the non-randomized trials, one was fair quality53 and one was fair or poor quality (see 
Appendix E, Table 6).56 Studies had incomplete53 or no56 description of the study setting or 
population and only described some key characteristics that affected outcomes. One study did 
not describe inclusion and exclusion criteria and it was unclear if the study derived patients in the 
two groups from the same population.56 All but one study56 performed adjusted or stratified 
analyses.  

Strength of Evidence 
The strength of evidence examining the comparative effectiveness of CSII versus MDI was 

moderate for HbA1c, and low for daytime and nocturnal hypoglycemia, severe hypoglycemia, 
weight gain, and general and disease-specific quality of life due to the small number of studies 
addressing these outcomes (see Table 7). Because only one study addressed the outcomes of 
mild hypoglycemia, hyperglycemia, and ratio of basal to bolus insulin, there was insufficient 
data to determine strength of evidence for these outcomes. The magnitude of effect of the 
interventions on HbA1c outcome was small and there was no effect on hyperglycemia, severe 
hypoglycemia, daytime, nocturnal, and mild hypoglycemia, ratio of basal to bolus insulin, or 
weight gain. Risk of bias was medium for the outcomes of HbA1c, severe hypoglycemia, daytime 

Overall (I-squared = 64.9%, p = 0.092) 

Author year 

Skogsberg 2008 

Weintrob 2003 

5.72 (5.03, 6.41) 

Mean difference (95% CI) 

5.60 (4.90, 6.30) 

8.70 (5.17, 12.23) 

5.72 (5.03, 6.41) 

5.60 (4.90, 6.30) 

8.70 (5.17, 12.23) 

Favors MDI  Favors CSII  
0 0 5 10 15 

Mean between-group difference in Quality of Life* 
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and nocturnal hypoglycemia, and weight gain and high for mild hypoglycemia, hyperglycemia, 
and ratio of basal to bolus insulin. 
 



 

32 

Table 7. Numbers of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for CSII 
versus MDI in children and adolescents with type 1 diabetes 

Outcome 
Number of 

Studies 
(Participants) 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength 

of Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication Bias 

Mortality 0 NA NA NA NA NA Strength of evidence: Insufficient 
Microvascular 
outcomes 0 NA NA NA NA NA Strength of evidence: Insufficient 

Macrovascular 
outcomes 0 NA NA NA NA NA Strength of evidence: Insufficient 

HbA1c 9 (260) Medium Consistent Direct Precise No Magnitude of effect: Small 
Strength of evidence: Moderate 

Hyperglycemia 1 (23) High Unknown Direct Imprecise Uncertain Magnitude of effect: No effect 
Strength of evidence: Insufficient 

Severe 
hypoglycemia 6 (152) Medium Consistent Direct Imprecise Yes Magnitude of effect: No effect 

Strength of evidence: Low 
Daytime 
hypoglycemia 3 (122) Medium Consistent Direct Imprecise Uncertain Magnitude of effect: No effect 

Strength of evidence: Low 
Nocturnal 
hypoglycemia 2 (64) Medium Consistent Direct Imprecise Uncertain Magnitude of effect: No effect 

Strength of evidence: Low 

Mild hypoglycemia 1 (23) High Unknown Direct Imprecise Uncertain Magnitude of effect: No effect 
Strength of evidence: Insufficient 

Ratio of basal to 
bolus insulin 1 (32) High Unknown Direct Imprecise Uncertain Magnitude of effect: No effect 

Strength of evidence: Insufficient 
Frequency of 
adjusting insulin 
therapy 

0 NA NA NA NA NA Strength of evidence: Insufficient 

Adherence to 
insulin therapy 0 NA NA NA NA NA Strength of evidence: Insufficient 

Frequency of 
professional or 
allied health visits 

0 NA NA NA NA NA Strength of evidence: Insufficient 
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Table 7. Numbers of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for CSII 
versus MDI in children and adolescents with type 1 diabetes (continued) 

Outcome 
Number of 

Studies 
(Participants) 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength 

of Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication bias 

Weight gain 3 (110) Medium Consistent Direct Imprecise Uncertain Magnitude of effect: No effect 
Strength of evidence: Low 

General QOL 2 (52) Medium Consistent Direct Imprecise Uncertain Magnitude of effect: Small 
Strength of evidence: Low 

Diabetes-specific 
QOL 2 (44) Medium Inconsistent Direct Imprecise Uncertain Magnitude of effect: Small 

Strength of evidence: Low 
Treatment-specific 
QOL 3 (107) Medium Inconsistent Direct Precise Uncertain Magnitude of effect: Small 

Strength of evidence: Low 
HbA1c = hemoglobin A1c; NA = not applicable; QOL = quality of life 
The strength of the evidence was defined as follows: High = High confidence that the evidence reflects the true effect. Further research is unlikely to change our confidence in the 
estimate of the effect. Moderate = Moderate confidence that the evidence reflects the true effect. Further research may change our confidence in the estimate of the effect and may 
change the estimate. Low = Low confidence that the evidence reflects the true effect. Further research is likely to change our confidence in the estimate of the effect and is likely to 
change the estimate. Insufficient = Evidence is unavailable, does not permit a conclusion, or consists of only one study with high risk of bias. 
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Applicability 
The majority of studies in children and adolescents with type 1 diabetes were small, with the 

largest clinical trial including 72 participants.48 Most RCTs were fair or poor quality and only 
one RCT was good quality. The majority of studies focused on adolescents, with fewer studies in 
children 12 years of age or less. Studies generally did not report race but based on the countries 
in which they were conducted, the majority of which were outside of the United States, most 
studies included Caucasian participants. This is consistent with the fact that the majority of 
children with type 1 diabetes and adolescents and are Caucasian.5 Participants generally had poor 
glycemic control at study entry (mean HbA1c 8–9 percent), were treated in the intervention 
groups for an average of 52 weeks, and had diabetes for 5–6 years prior to study entry.  

Comparative Effectiveness of CSII Versus MDI in Adults With 
Type 1 Diabetes 

Key Points and Evidence Grades 
• The strength of evidence was low that CSII produced a larger reduction in HbA1c than 

MDI (mean between-group difference from baseline, -0.30 percent; 95% CI, -0.58 to -
0.02 percent, P=0.038). However, the pooled result was influenced by one study, which 
had a higher HbA1c at enrollment compared with the other studies. After removing this 
study, the difference between CSII and MDI became null (mean between-group 
difference from baseline, -0.01 percent, 95% CI, -0.35 to 0.34 percent). 

• There was low strength of evidence comparing CSII with MDI for daytime 
hypoglycemia. One study reported more symptomatic and asymptomatic hypoglycemia 
between 8 a.m.and midnight in the MDI compared with the CSII intervention arm 
(P<0.05).59 

• The strength of evidence was low comparing CSII with MDI for nocturnal hypoglycemia. 
Three studies reported nocturnal hypoglycemia. In one crossover trial, the proportion of 
patients experiencing nocturnal hypoglycemia was similar between the MDI and CSII 
intervention arms (relative risk [RR] for any, 0.98; 95% CI, 0.83 to 1.17; RR for 
symptomatic, 0.87; 95% CI, 0.64 to 1.19), although there were fewer episodes per person 
in the CSII compared with the MDI group (incidence rate ratio, 0.76; 95% CI, 0.63 to 
0.91; P=0.0024).59 In two other studies, there was not a statistically significant difference 
in nocturnal hypoglycemic episodes between the two intervention groups.60 61 

• We found low strength of evidence showing an increased risk of symptomatic 
hypoglycemia for CSII compared with MDI (combined incidence rate ratio, 1.30; 95% 
CI, 1.18 to 1.42; P<0.001), but we found evidence of substantial statistical heterogeneity 
for this meta-analysis. When excluding a study that required participants to have had 
recent severe hypoglycemia61 (compared with the other two which excluded those with 
recent severe hypoglycemia60 62) we saw an incidence rate ratio suggesting no relative 
difference in the incidence of symptomatic hypogycemia for CSII compared with MDI 
(combined incidence rate ratio, 0.99; 95% CI, 0.85 to 1.14). Another study, which did not 
provide sufficient quantitative results, reported slightly more symptomatic hypoglycemic 
events with CSII versus MDI (incidence rate ratio, 1.14; 95% CI, 1.00 to 1.29; P=0.05), 
although a similar proportion of participants experienced events over 5 weeks (RR, 1.05; 
95% CI, 0.89 to 1.24).59  



 

35 
 

• The strength of evidence was low to suggest no difference in severe hypoglycemia 
incidence between the two intervention groups (combined RR, 0.74; 95% CI, 0.30 to 
1.83, P=0.52). Four crossover trials did not provide quantitative results on severe 
hypoglycemia by period and therefore were not included in the meta-analysis. Two 
studies showed more severe hypoglycemia with MDI compared with CSII59 63 with one 
study reporting a relative risk of 2.6 (95% CI, 2.08 to 3.25).63 One study showed less 
severe hypoglycemia with MDI compared with CSII (incidence rate ratio, 3.00; 95% CI, 
0.24 to 157.49).64 One study found similar rates of severe hypoglycemia between the two 
groups (1.1 events/patient for CSII vs. 1.3 events/patient for MDI over 4 months, 
P=0.33).65 

• The strength of the evidence comparing CSII with MDI was low for other nonsevere 
hypoglycemia. Three studies found no difference in nonsevere hypoglycemia between the 
two intervention groups (in one study, mean between-group difference in asymptomatic 
hypoglycemia event rate, -0.2; 95% CI, -1.39 to 0.99; P=0.97).60 In two studies, the 
incidence of mild hypoglycemia was higher in the CSII compared with the MDI group59 

66 with the relative difference statistically significant in one study (between-group 
difference in change in hypoglycemic rate, 0.99; 95% CI, 0.11 to 1.87).66 One additional 
study found a higher frequency of hypoglycemia in the MDI compared with the CSII 
group (RR, 1.12; 95% CI, 1.08 to 1.17).63 

• The strength of evidence was low comparing CSII with MDI for fasting glucose. The 
mean between group difference in fasting glucose over 6 months was -12.3 mg/dL (95% 
CI, -32.9 to 8.2 mg/dL; P=NS) favoring CSII in one study.60 Two other studies reported 
no difference in fasting glucose between the MDI and CSII groups.  

• The strength of evidence was low comparing CSII with MDI for pre-prandial glucose. 
The mean between-group difference in preprandial glucose over 6 months was -17.1 
mg/dL (95% CI, -42.1 to 8.0 mg/dL; P=NS) favoring CSII in one study,60 and in another 
study, pre-dinner glucose was lower with CSII (128 mg/dL) compared with MDI (148 
mg/dL) at the end of 5 weeks (P=NS).59 Predinner and prelunch glucoses were not 
significantly lower with CSII compared with MDI at 4 months (estimates not reported) in 
a third study.66 

• There was insufficient strength of evidence to determine the relative effects of CSII and 
MDI on glucose at bedtime. A single study reported no difference in glucose at bedtime 
in the CSII compared to MDI arm but did not provide glucose results.66 

• The strength of evidence was low comparing CSII with MDI for post-prandial glucose 
suggesting slightly lower postprandial glucoses with CSII compared with MDI treatment. 
Comparing CSII and MDI, the reported mean between-group difference in post-prandial 
glucose was -5.5 mg/dl (95% CI, -29.9 to 18.9 mg/dl) in one study60 and -24 and -15 
mg/dl postbreakfast and postdinner, respectively, in another.59 Postbreakfast glucoses 
were not significantly higher in the MDI compared with CSII arm in a third study.66  

• The strength of evidence was low comparing CSII with MDI for nocturnal 
hyperglycemia. Two studies found no difference in between-group difference in 
nocturnal glucose60 66 with one reporting an increase in nocturnal glucose in both arms 
(between-group difference for CSII compared to MDI, 54.8; 95% CI, -7.2 to 116.7 
mg/dl).60 

• The strength of evidence was low to suggest no difference in weight gain comparing CSII 
with MDI (combined between-group difference, -0.25 kg; 95% CI, -3.14 to 2.64 kg; 
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P=0.86). Two additional studies reported no difference in weight gain but did not report 
sufficient quantitative results. 

• The strength of evidence was low comparing CSII with MDI for general QOL. Two 
studies showed an improvement in general QOL between the two intervention groups 
favoring CSII. In one study, the Short Form (SF)-36 Physical Component Score change 
was -1.2 for CSII and 5.9 for MDI (P=0.048) and the Mental Component Score change 
was -0.6 for CSII and 5.2 for MDI (P=0.05).63 The other study did not report estimates 
but there was no difference in the Physical Component Score but a change in the Mental 
Component Score favoring CSII (P<0.05).  

• There was low strength of evidence comparing CSII with MDI for diabetes-specific 
QOL. Three studies showed an improvement in diabetes-specific QOL favoring CSII. A 
meta-analysis favored CSII over MDI for Diabetes Quality of Life (mean between-group 
difference in Diabetes Quality of Life, 2.99; 95% CI, 0.006 to 5.97). One study showed 
improvement favoring MDI (Diabetes QOL mean between-group difference in change 
from baseline -18.00, 95% CI, -50.14 to 14.14).61  

• The strength of evidence comparing CSII with MDI for diabetes treatment-related QOL 
was insufficient. Altered Hypoglycemia Awareness Questionnaire scores were similar in 
the CSII and MDI groups over 24 weeks (RR of Altered Hypoglycemia Awareness 
Questionnaire score greater than 4, 0.75; 95% CI, 0.26 to 2.18). Hypoglycemia Fear 
Survey scores decreased in the both CSII (-3±25) and MDI (-8±33) groups (mean 
between-group difference in the change from baseline, 5; 95% CI, -32.66 to 42.66).61 

• We found insufficient evidence of the effects of MDI versus CSII among adults with type 
1 diabetes in terms of any process measures, microvascular disease, macrovascular 
disease, and mortality, as no studies reported on these outcomes. 

Study Design 
Nine studies evaluated the effectiveness and safety of CSII versus MDI among adults with 

type 1 diabetes (see Appendix E, Table 1).59-67 Studies occurred in European countries,64-67 
Canada,62 and the U.S.59 Two studies were multi-national.60 63 Five were parallel arm studies,60-62 

66 67 and four used a crossover design.59 63-65 All studies randomized participants to the 
intervention with the exception of a single study.67 The duration of interventions ranged from 5 
weeks to 1 year.59-67 Treatment lasted for 5 weeks in one study;59 4 months in three studies;64-66 6 
months in three studies;60 61 63 and 9 months68 and 1 year67 in the other two studies. Studies 
included 21 to 272 participants. Four studies occurred in clinical settings.62 64-66 The other studies 
did not report study setting.59-61 63 67 Two studies did not report on the use of a run-in period.61 67 

No study focused solely on an elderly population with type 1 diabetes. Two studies set a 
lower limit for HbA1c for eligibility: 6.5 percent60 and 8.5 percent,67 and four studies set an upper 
limit for HbA1c for eligibility: 8.5 percent,66 9 percent,59 60 and 10 percent.64 Eligibility criteria 
for prior insulin use varied across studies with three studies requiring that participants be on 
intensified insulin therapy with MDI,60 62 63 one study requiring MDI therapy be less than 1 year 
in duration,67 two studies excluding participants based on lack of recent CSII use,59 65 and one 
study excluding participants based on prior CSII use.60 Three studies excluded participants with 
frequent severe hypoglycemia,59 60 62 and another study excluded participants without severe 
hypoglycemia in the last 6 months.61 
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Population Characteristics 
About one half of participants in the included studies were men with little imbalance by 

intervention strategy (see Appendix E, Table 2).60 63-67 One study consisted mainly of men with 
62 percent of participants male in the CSII and 71 percent male in the MDI arm.62 Studies did 
not report on race. Mean HbA1c was similar by intervention allocation with the exception of one 
study in which HbA1c was 0.4 percent higher in the MDI versus CSII arm.62 Intervention arm-
specific HbA1c ranged from 7.4 percent to 9.3 percent at baseline.60 62 63 65 66 The mean duration 
of type 1 diabetes ranged from 14.4 to 25 years in studies reporting this.60-67 Mean duration of 
diabetes was 4.9 years higher in the CSII arm compared with the MDI arm in one study67 but 
otherwise similar by intervention strategy across studies.59-63 65 66  

Five studies did not report on withdrawals by intervention allocation.59 60 63 65 67 In the other 
studies, withdrawals during the first treatment period varied by arm across studies: one in CSII 
and none in MDI,62 seven in CSII and none in MDI,66 and 16 in CSII and 15 in MDI.63 A cross-
over trial reported five withdrawals from the CSII-MDI treatment group and four from the MDI-
CSII treatment group.59 And another cross-over trial reported a single withdrawal during MDI 
therapy.64 One study reported the mistaken randomization of eight participants and an additional 
seven withdrawals without differentiation by treatment arm.60 

Interventions 
Four studies used NPH insulin as the long-acting insulin for the MDI arm,62-64 66 and the 

other studies used insulin glargine (see Appendix E, Table 3).59-61 65 67 All studies used insulin 
aspart or insulin lispro as the short-acting insulin during MDI treatment.59-67 Two studies 
incorporated 7 days of CGM.59 61 Eight studies specified provider guidelines for insulin titration 
based on SMBG.59-66 Five studies reported the use of insulin titration guidelines for 
participants.61-64 66 

Outcomes 
Details of the outcomes are reported in Appendix E, Table 4. These studies evaluated the 

effects of CSII and MDI in terms of HbA1c, hyperglycemia, hypoglycemia, severe 
hypoglycemia, weight, and quality of life. None of the included studies reported effects on 
mortality, microvascular disease, macrovascular disease, or any of the process measures. 

HbA1c 
Four RCTs reported a mean decrease in HbA1c in both CSII and MDI treatment groups. CSII 

produced a larger reduction in HbA1c than MDI (combined mean between-group difference,  
-0.30 percent; 95% CI, -0.58 to -0.02 percent, P=0.038) (Figure 12).60-62 66 However, the pooled 
estimate was influenced by one study,66 in which participants had a higher HbA1c at enrollment 
(9.3 percent) compared with the other studies (7.7 to 8.2 percent), resulting in greater opportunity 
for a large HbA1c reduction in that study (-0.84 percent) compared with the other studies (-0.1 to 
0.25 percent). After removing this study, the difference between CSII and MDI became null 
(combined mean between-group difference, -0.01 percent, 95% CI, -0.35 to 0.34 percent; 
P=0.972). Study duration ranged from 4 months to 1 year.60-62 66 Egger’s test and the funnel plot 
did not suggest bias due to absence of small studies. A fifth study reported a nonsignificant 
difference in improvement in HbA1c from baseline. We did not include this study in the meta-
analysis because it did not provide quantitative results.67 Because of anticipated carryover 
effects, we could not determine the effect of CSII and MDI on HbA1c from the four crossover 
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studies.59 63-65 These studies had an insufficient63 or no59 64 65 wash-out period between treatments 
and did not report results from the first treatment period. Additionally, the treatment periods in 
Hirsch et al. were only 5 weeks in duration.59  

Figure 12. Between-group difference between CSII and MDI in how HbA1c changed from baseline 
among adults with type 1 diabetes 
 

CI = confidence interval; CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; MDI = multiple daily 
injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 8.45 with 3 degrees of freedom (p = 0.038); Q = 0.76 with 2 degrees of freedom (p = 0.684) 

Symptomatic Hypoglycemia 
Four trials evaluated symptomatic hypoglycemia.59-62 We combined results from three of 

these studies in a meta-analysis which revealed a significant increase in the incidence of 
symptomatic hypoglycemia events/person-year with CSII compared with MDI (combined 
incidence rate ratio, 1.30; 95% CI, 1.18 to 1.42; P<0.001) (see Figure 13).60-62 We found 
evidence of substantial statistical heterogeneity (I2 = 96 percent). Given the small number of 
studies, we were unable to perform meta-regression to formally explore causes of this 
heterogeneity. A likely source of the observed heterogeneity is a difference in study populations. 
While two of the studies excluded participants with more than two severe hypoglycemic 
episodes in the past 6 months,60 62 the other only included participants with at least one episode 
of severe hypoglycemia in the past 6 months.61 This study was influential and removal of this 
study from the meta-analysis resulted in a combined incidence rate ratio of 0.99 (95% CI, 0.85 to 
1.14) for CSII versus MDI. Egger’s test and the funnel plot did not reveal publication bias. Of 
participants experiencing probable (not documented) symptomatic hypoglycemia in a cross-over 
trial, symptomatic hypoglycemia occurred slightly more frequently during CSII treatment 
compared with MDI treatment (6.9 events/person versus 6.1 events/person; P=0.05) although the 
percentage of participants experiencing symptomatic hypoglycemia were similar at 5 weeks (75 
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percent for CSII versus 72 percent for MDI).59 We did not include this study in the meta-analysis 
because of its cross-over design and a lack of reporting results from a paired analysis or by 
period, thus precluding a valid estimate of variance for the meta-analysis.59  
 
Figure 13. Incident rate ratios for symptomatic hypoglycemia in CSII versus MDI interventions 
among adults with type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; IRR = incidence rate ratio; MDI = multiple daily 
injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 50.32 with 2 degrees of freedom (p = 0.00) 

Daytime Hypoglycemia 
A single RCT using a crossover design reported more hypoglycemic events between 8 a.m. 

and midnight during MDI treatment than during CSII treatment (P<0.05).59 Hypoglycemia could 
be symptomatic or asymptomatic and the study defined it as glucose less than 50 mg/dL not 
necessitating assistance from a third party.59 

Nocturnal Hypoglycemia 
Three studies reported on nocturnal hypoglycemia (Table 8).59-61 One crossover trial reported 

a similar percentage of participants experiencing any nocturnal hypoglycemia (symptomatic, 
minor, or major) (72 percent vs. 73 percent) or symptomatic nocturnal hypoglycemia (42 percent 
vs. 48 percent) in the CSII and MDI treatment arms, respectively (statistical significance not 
reported).59 Of participants with any nocturnal hypoglycemia, the authors reported slightly but 
significantly fewer episodes per person in the CSII compared with MDI arm over five weeks of 
treatment (3.0 events per participant vs. 4.0 events per participant; P=0.002).59 A study of 58 
participants also reported slightly fewer episodes of nocturnal hypoglycemia with CSII compared 
with MDI over 6 months, but this difference did not reach statistical significance (three events 
per person versus five events per person; P=0.34).60 A small trial of 14 participants with a history 
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of severe hypoglycemia reported no episodes of nocturnal hypoglycemia (definition not 
provided) in the CSII arm after 6 months and did not report on this outcome in the MDI 
treatment arm.61 All studies employed SMBG for glucose monitoring and interval eight-point 
SMBG profiles.59-61 One study also measured glucose with a CGM system during the last week 
of each treatment period.59 We were unable to perform a meta-analysis for this outcome because 
of a lack of reporting of the necessary quantitative results. Hirsch, et al. was a crossover study 
that did not report results for a paired analysis or by period.59 Another study did not report on 
nocturnal hypoglycemia in the MDI arm.61 

Table 8. Definition of nocturnal hypoglycemia in the studies of adults with type 1 diabetes 
Author, Year Definition of Nocturnal Hypoglycemia 

Bolli, 200960 Between bedtime and rising 
Hirsch, 200559 Symptomatic and not documented by blood glucose measurement  

Hirsch, 200559 
Asymptomatic glucose < 50 mg/dL, symptomatic glucose < 50 mg/dL without 
third party intervention required, or central nervous system symptoms 
requiring third party intervention 

Thomas, 200761 Not specified 
mg/dL = milligrams per deciliter 

Other Mild Hypoglycemia 
Six studies evaluated the incidence of other types of mild hypoglycemia with CSII compared 

with MDI therapy (Table 9).59 60 63-66 In one RCT, rates of asymptomatic hypoglycemia were 
similar in both groups over 6 months of treatment (1.4 events/patient versus 1.2 events/patient; 
P=0.97).60 In two studies, the incidence of mild hypoglycemia was higher during CSII compared 
with MDI treatment59 66 with the relative difference statistically significant in one of these 
studies.66 However, in another trial, the risk of self-managed mild hypoglycemia was higher 
during MDI treatment (RR, 1.12; 95% CI, 1.08 to 1.17).63 Two other studies found no difference 
in the incidence of biochemical hypoglycemia during CSII compared with MDI treatment.64 65 
We did not combine these results in a meta-analysis because substantial heterogeneity in 
outcome definitions (Table 9). 

Table 9. Definition of mild hypoglycemia in the studies of adults with type 1 diabetes 
Author, Year Definition of Mild Hypoglycemia 

Bolli, 200960 Asymptomatic  
Bruttomeso, 200865 Measured glucose 36 to 63 mg/dL 
DeVries, 200266 Change in frequency of SMBG < 70 mg/dL per patient-week 
Hanaire-Broutin, 200064 Measured glucose < 60 mg/dL during last 14 days of treatment 

Hirsch, 200559 Asymptomatic glucose < 50 mg/dL or symptomatic glucose < 50 mg/dL 
without third party intervention required 

Hoogma, 200663 No third party intervention required 
mg/dL = milligrams per deciliter; SMBG = self-monitoring of blood glucose 

Severe Hypoglycemia  
A meta-analysis of three RCTs indicated no difference in the incidence of severe 

hypoglycemia with CSII compared with MDI treatment (combined RR, 0.74; 95% CI, 0.30 to 
1.83, P=0.52) (Figure 14).60 61 66 Duration of these studies ranged from 4 to 6 months, and 
definitions of severe hypoglycemia required assistance from a third party in all three trials (Table 
10). Of note, one study included in the meta-analysis required that participants have a history of 
severe hypoglycemia, but event rates were similar to those in the other two studies.61 We did not 
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find evidence of statistical heterogeneity, and no single study influenced results substantially. 
Egger’s test and the funnel plot did not suggest bias due to absence of small studies. 

We did not include two additional studies in the meta-analysis because of a lack of 
quantitative results. One RCT reported a small difference that was not significant in the number 
of severe hypoglycemic events over 9 months in the CSII versus MDI treatment arm (six events 
vs. four events) but did not report if any individuals had more than one hypoglycemic event.62 
The other study was non-randomized and reported that the number of severe hypoglycemia 
episodes decreased in both treatment arms during the study.67  

Table 10. Definition of severe hypoglycemia in the RCTs of adults with type 1 diabetes 
Author, Year Definition of Severe Hypoglycemia 

Bolli, 200960 
Requiring management assistance and either plasma glucose <2.0 mmol/l 
(<36 mg/dL) or prompt recovery after oral or intravenous carbohydrate or 
glucagon 

Thomas, 200761 

ADA definition: “An event requiring assistance of another person to actively 
administer carbohydrate, glucagons, or other resuscitative actions. These 
episodes may be associated with sufficient neuroglycopenia to induce seizure 
or coma. Plasma glucose measurements may not be available during such an 
event, but neurological recovery attributable to the restoration of plasma 
glucose to normal is considered sufficient evidence that the event was 
induced by a low plasma glucose concentration.” 

DeVries, 200266 Requirement of third-party help 
Tsui, 200162 Events requiring assistance or resulting in coma 

Lepore, 200367 Event requiring assistance from another person or resulting in a seizure or 
coma 

ADA = American Diabetes Association; mg/dL = milligrams per deciliter; mmol/L = millimole per liter; RCTs = randomized 
controlled trials 

Figure 14. Pooled relative risk of severe hypoglycemia in CSII versus MDI interventions among 
adults with type 1 diabetes 
 

CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; RR = relative risk 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.58 with 2 degrees of freedom (p = 0.75) 
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Four cross-over trials did not provide quantitative results on severe hypoglycemia by period 
and were not included in the meta-analysis.59 63-65 Table 11 summarizes how severe 
hypoglycemia was defined in those trials. Severe hypoglycemia events were more frequent 
during MDI therapy compared with CSII therapy in two studies,59 63 with one study reporting a 
relative risk of 2.6 (95% CI, 2.08 to 3.25).63 Compared with CSII therapy, severe hypoglycemia 
occurred less frequently during MDI therapy in one study (three events vs. one event over 4 
months.64 A fourth trial reported similar rates of severe hypoglycemia during CSII and MDI 
therapy (1.1 events/patient and 1.3 events/patient, respectively over 4 months; P=0.327).65 

Table 11. Definition of severe hypoglycemia in the cross-over trials of adults with type 1 diabetes 
Author, Year Definition of Severe Hypoglycemia 

Bruttomesso, 200865 Plasma glucose <36 mg/dL 
Hoogma, 200663 Requirement of third-party help 

Hirsch, 200559 

Episodes with severe central nervous system symptoms consistent with 
hypoglycemia that the patient was unable to treat himself/herself, which had either 
(1) blood glucose <50 mg/dL or (2) reversal of symptoms after either food intake or 
glucagon/intravenous glucose administration 

Haiare-Broutin, 200064 Events requiring external help, glucose administration, coma, or seizure 
mg/dL = milligrams per deciliter 

Hyperglycemia 
We were unable to perform meta-analyses for the hyperglycemia outcomes because of a lack 

of reporting of the necessary quantitative results (detailed below). 

Fasting Glucose 
Fasting glucose did not vary significantly by treatment with CSII or MDI across three RCTs. 

In one RCT, fasting glucose decreased more with CSII than with MDI at 6 months (mean 
between-group difference, -12.3 mg/dL; 95% CI, -32.9 to 8.2 mg/dL).60 In a non-randomized 
trial, CSII and MDI lowered fasting glucose similarly at 12 months (quantitative results not 
reported).67 A third RCT reported a lower fasting glucose at 4 months in the CSII arm compared 
with the MDI arm, but this difference in fasting glucose was not statistically significant.66 The 
authors did not provide estimates of these glucose levels.66 

Preprandial Glucose (Other Than Prebreakfast) 
Three RCTs reported on the effect of CSII and MDI on preprandial glucose. In one RCT, 

CSII decreased preprandial glucose more than MDI at 6 months (mean between-group 
difference, -17.1 mg/dL; 95% CI, -42.1 to 8.0 mg/dL),60 but this difference was not significant. 
In a crossover trial, pre-dinner glucose was not significantly lower at 5 weeks at the end of the 
CSII period (128 mg/dL) compared with the MDI period (148 mg/dL).59 CSII lowered predinner 
and prelunch glucoses more than MDI nonsignificantly at 4 months in another study,66 but the 
authors did not provide estimates of these glucose levels.66 

Glucose at Bedtime 
In a single study, glucose at bedtime was not significantly lower in the CSII arm compared 

with MDI arm at 4 months.66 The authors did not provide estimates of these glucose levels.66  

Nocturnal Glucose 
Two trials did not find a significant between-group difference in nocturnal glucose levels. 

Nocturnal glucose increased in both arms in one study with a mean between-group difference of 
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54.8 mg/dL (95% CI, -7.2 to 116.7 mg/dL) at 6 months for CSII compared with MDI.60 The 
other study reported equal nocturnal blood glucoses at 4 months in both arms, but the authors did 
not provide estimates of these glucose levels.66 

Postprandial Glucose 
Three RCTs reported lower postprandial glucoses with CSII compared with MDI treatment. 

In one trial, postprandial glucose decreased in the CSII arm and increased in the MDI arm over 6 
months (mean between-group difference for CSII versus MDI, -5.5 mg/dL; 95% CI,  
-29.9 to 18.9 mg/dL).60 In a crossover trial, postbreakfast and postdinner glucoses were lower 
after 5 weeks, for the CSII treatment period (mean glucose 158 mg/dL and 144 mg/dL for 
breakfast and dinner, respectively) compared with the MDI treatment period (mean glucose 182 
mg/dL and 159 mg/dL for breakfast and dinner, respectively).59 In a third trial, postlunch and 
postdinner glucoses were similar at 4 months in the MDI and CSII arms, but postbreakfast 
glucose levels were nonsignificantly higher in the MDI compared with CSII arm.66 The authors 
did not provide estimates of these glucose levels in this study.66 

Weight 
Four studies examined the effects of MDI versus CSII on weight gain in adults with type 1 

diabetes, and we outlined the results in Table 12.61 65-67 Meta-analysis of two studies providing 
sufficient quantitative results showed no difference in weight gain for CSII compared with MDI 
(combined mean between-group difference in change from baseline, -0.25 kg; 95% CI,  
-3.14 to 2.64 kg; P=0.87) (Figure 15).61 66 We did not find evidence of statistical heterogeneity. 
The availability of only two studies for the meta-analysis limited our ability to explore influence 
of publication bias. The remaining two studies reported no significant change in weight, which 
one study attributed to the presence of a dietician.65 67 

Figure 15. Between-group difference between CSII and MDI in how weight changed from baseline 
among adults with type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; kg = kilograms; MDI = multiple daily injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 50.32 with 2 degrees of freedom (p = 0.00) 
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Table 12. Weight gain in CSII versus MDI interventions among adults with type 1 diabetes 
Author, year MDI, N CSII, N Timepoint 

(Weeks) 
Weight 

Gain – MDI 
Weight 

Gain – CSII 
CSII Effect on Weight 

Gain vs. MDI (kg) P Value 

DeVries, 
200266 40 39 4 0.88 0.60 -0.28 0.68 

Lepore, 
200367 16 16 12 - - - - 

Thomas, 
200761 7 7 6 -1.0 0.5 1.5 0.88; 

0.94 
Bruttomesso, 
200865 39 39 4 - - - - 

CSII = continuous subcutaneous insulin infusion; kg = kilogram; MDI = multiple daily injections 

Quality of Life, Including General, Diabetes-Specific, and Treatment-Related 
Five studies examined the comparative effectiveness of CSII versus MDI on general QOL, 

diabetes-specific QOL, and diabetes treatment-related QOL in adults with type 1 diabetes (Table 
13). The studies measured general QOL using the Short Form (SF)-3666 and SF-12.63 Two 
studies showed an improvement in general QOL favoring CSII.63 66  

Four studies examining the comparative effectiveness of CSII versus MDI on diabetes-
specific QOL used the Diabetes Quality of Life questionnaire.60-63 Three studies showed an 
improvement in diabetes-specific QOL favoring CSII60 62 63 and one study showed improvement 
favoring MDI.61 A meta-analysis of those studies using Diabetes Quality of Life questionnaire as 
a measure, including only those studies which gave confidence intervals60 61 favored CSII (mean 
between-group difference, 2.99; 95% CI, 0.006 to 5.97, P=0.05) (Figure 16). 

One study examined the comparative effectiveness of CSII versus MDI on diabetes 
treatment-related QOL using the Altered Hypoglycemia Awareness Questionnaire and the 
Hypoglycemia Fear Survey.61 There was no difference in hypoglycemia awareness or fear 
between the two intervention arms at the conclusion of the study. 
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Figure 16. Between-group difference between CSII and MDI in how Diabetes Quality of Life 
Questionnaire score changed from baseline among adults with type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; kg = kilograms; MDI = multiple daily injections 
*Quality of life is measured in terms of the Diabetes Quality of Life Questionnaire. Total scores range from 0 to 100, with higher 
scores indicating better quality of life. 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.44 with 1 degree of freedom (p = 0.51) 
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Table 13. Quality of life in CSII versus MDI interventions among adults with type 1 diabetes 

QOL Domain Author, 
Year 

N by 
Intervention 

Group 
Comparison Population Difference in QOL Between Comparison 

and Baseline Groups 
Group 

Favored for 
QOL Measure 

SF-36* DeVries, 
200266 79 adults 

CSII vs. MDI 
(crossover 
study) 

79 adults with type 1 diabetes, age 
between 18 and 70 years, and poor 
diabetes control with MDI 

PCS: At 16 weeks, change in CSII group 
was -1.2 versus +5.9 in MDI (P=0.048) 
MCS: After 16 weeks, change in CSI group 
was -0.6 was versus +5.2 in MDI (P=0.050) 

CSII 

SF-12* Hoogma, 
200663 

129 MDI-
CSII, 127 
CSII-MDI 

CSII vs. MDI 
(crossover 
study) 

256 adults with type 1 diabetes, 
aged 18 to 65 years, on MDI for at 
least 6 months 

At 8 months: 
PCS: no difference 
MCS: CSII favored over MDI (P<0.05) 
(no data given) 

CSII 

DQOL† Thomas, 
200761 

7 CSII, 7 
MDI, 7 
education 

CSII vs. 
optimized 
MDI vs. 
education and 
conventional 
insulin 
therapy 

21 adult patients with type 1 
diabetes, age 33 to 53 years, with 
at least 1 episode of severe 
hypoglycemia in the past 6 months 

At 24 weeks: difference of 5±28 compared 
with baseline in CSII; 11±23 in MDI; -9±19 in 
education 

MDI 

DQOL† Hoogma, 
200663 

129 MDI-
CSII, 127 
CSII-MDI 

CSII vs. MDI 
(crossover 
study) 

256 adults with type 1 diabetes, 
aged 18 to 65 years, on MDI for at 
least 6 months 

At 8 months, 75 in CSII versus 71 in MDI 
(P<0.001) CSII 

DQOL† Tsui, 200162 13 CSII, 14 
MDI CSII vs. MDI 27 adults aged 18 to 60 years with 

type 1 diabetes 

At 9 months, satisfaction score in the CSII 
group was 75.6, in the MDI group 68.3. CSII 
– MDI difference was 7.2 (95% CI, 3.4 to 
17.9), P>0.10 

CSII 

DQOL† Bolli, 200960 24 CSI, 26 
MDI CSII vs. MDI 50 adults with type 1 diabetes 

At 24 weeks: 22.8± 8.1 at baseline to 31.5 
±4.9 in the CSII group and from 24.0 ± 6.3 to 
28.8 ± 5.4 in the MDI group (treatment 
difference: 3.1 (95% CI, 0.1 to 6.1); P=0.04). 

CSII 

Altered 
Hypoglycemia 
Awareness 
Questionnaire
‡ 

Thomas, 
200761 

7 CSII, 7 
MDI, 7 
education 

CSII vs. 
optimized 
MDI vs. 
education and 
conventional 
insulin 
therapy 

21 adult patients with type 1 
diabetes, age 33 to 53 years, with 
at least 1 episode of severe 
hypoglycemia in the past 6 months 

At 24 weeks, AHA score in the education 
group was 2 compared with 7 at baseline; in 
the MDI group, 4 compared with 7 at 
baseline; in the CSII group, 3 compared with 
7 at baseline  

Neither 
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Table 13. Quality of life in CSII versus MDI interventions among adults with type 1 diabetes (continued) 

QOL Domain Author, 
Year 

N by 
Intervention 

Group 
Comparison Population Difference in QOL Between Comparison 

and Baseline Groups 
Group 

Favored for 
QOL Measure 

Hypoglycemia 
Fear Survey‡ 

Thomas, 
200761 

7 CSII, 7 
MDI, 7 
education 

CSII vs. 
optimized 
MDI vs. 
education and 
conventional 
insulin 
therapy 

21 adult patients with type 1 
diabetes, age 33-53, with at least 1 
episode of severe hypoglycemia in 
the past 6 months 

At 24 weeks, difference from baseline was -3 
± 25 in CSII; -8 ± 33 in MDI; 4 ± 20 in 
education 

MDI 

AHA = Altered Hypoglycemia Awareness; BMI = body mass index; CI = confidence interval; CSII = continuous subcutaneous insulin infusion; DQOL = Diabetes Quality of Life; 
HbA1c = hemoglobin A1c; kg/m2 = kilograms per meters squared; MCS = Mental Component Score; MDI = multiple daily injections; PCS = Physical Component Score; QOL = 
quality of life; SF = Short Form 
*General Quality of Life. Total scores from the Short Form-36 and Short Form-12 range from 0 to 100, with higher scores indicating higher level of health. 
†Diabetes-specific Quality of Life. Total scores from the Diabetes Quality of Life questionnaire range from 0 to 100, with higher scores indicating better quality of life. 
‡Diabetes Treatment-Related Quality of Life. Total scores from the Altered Hypoglycemia Awareness questionnaire range from 0 to 7, with higher scores indicating altered 
awareness. Total scores from the Hypoglycemia Fear Survey range from 0 to 92, with higher scores indicating a higher level of fear. 
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Study Quality 
We rated two studies as being of good quality62 64 with the others rated as being of fair or 

poor quality.59-61 63 65-67 All included studies were RCTs. A lack of reporting on most quality 
items limited our assessment of the risk of bias. Three studies reported an appropriate 
randomization sequence generation,62 65 66 and only two studies reported appropriate allocation 
concealment.62 66 Four studies did not mask outcome assessors to intervention arm.60 63 64 66 Two 
studies reported one withdrawal,62 64 and five did not handle missing data appropriately.59 60 63 65 

66 All studies reported industry support with the exception of one.67 Studies did not otherwise 
report on these quality items. 

Strength of Evidence 
The strength of evidence examining the comparative effectiveness of CSII versus MDI in 

adults with type 1 diabetes was low for HbA1c and low or insufficient for all other outcomes (see 
Table 14). All included studies were RCTs, and the risk of bias was medium or high. CSII 
produced a greater reduction in HbA1c compared with MDI; however, there was heterogeneity 
and the results were heavily influenced by one study. When this study was removed, there was 
no difference in the effect of CSII compared with MDI on HbA1c.  There was no apparent 
difference in the effects of CSII compared with MDI on weight change, most hypoglycemia 
outcomes, and fasting and pre-prandial glucose. The relative magnitude of effect on post-
prandial glucose and symptomatic hypoglycemia was small for the interventions. The small 
number of studies affected our assessment of the overall strength of the evidence for the 
outcomes for the comparative effectiveness of CSII versus MDI in adults with type 1 diabetes. 
The studies were small, did not use the same definitions for many outcomes, and often did not 
report sufficient quantitative results limiting our ability to combine effect estimates across 
studies. Notably, the evidence on the risk of severe hypoglycemia was limited by low event rates 
and resultant imprecise results. 
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Table 14. Numbers of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for CSII 
versus MDI in adults with type 1 diabetes 

Outcome 
Number of 

Studies 
(Participants) 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength 

of Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication 
Bias 

Mortality 0 NA NA NA NA NA Strength of evidence: Insufficient 
Microvascular 
outcomes 0 NA NA NA NA NA Strength of evidence: Insufficient 

Macrovascular 
outcomes 0 NA NA NA NA NA Strength of evidence: Insufficient 

HbA1c 5 (227) Medium Inconsistent Direct Precise None Magnitude of effect: Smallt 
Strength of evidence: Low 

Fasting 
glucose 3 (161) High Consistent Direct Imprecise Uncertain Magnitude of effect: No effect 

Strength of evidence: Low 
Post-prandial 
glucose 3 (179) Medium Consistent Direct Precise Uncertain Magnitude of effect: Small 

Strength of evidence: Low 
Pre-prandial 
glucose 3 (179) Medium Consistent Direct Imprecise Uncertain Magnitude of effect: No effect 

Strength of evidence: Low 

Glucose at 
bedtime 1 (79) Medium Unknown Direct Imprecise Uncertain 

Magnitude of effect: Unable to 
determine 
Strength of evidence: Insufficient 

Nocturnal 
glucose 2 (129) High Consistent Direct Imprecise Uncertain Magnitude of effect: No effect 

Strength of evidence: Low 
Symptomatic 
hypoglycemia 4 (141) Medium Inconsistent Direct Precise None Magnitude of effect: Small 

Strength of evidence: Low 

Daytime 
hypoglycemia 1 (100) Medium Unknown Direct Precise Uncertain 

Magnitude of effect: Unable to 
determine 
Strength of evidence: Low 

Nocturnal 
hypoglycemia 3 (114) Medium Consistent Direct Imprecise Uncertain 

Magnitude of effect: Unable to 
determine 
Strength of evidence: Low 
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Table 14. Numbers of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for CSII 
versus MDI in adults with type 1 diabetes (continued) 

Outcome 
Number of 

Studies 
(Participants) 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength 

of Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication 
Bias 

Severe 
hypoglycemia 9 (588) Medium Inconsistent Direct Imprecise None Magnitude of effect: No effect 

Strength of evidence: Low 

Other 
hypoglycemia 6 (515) Medium Inconsistent Direct Imprecise Uncertain 

Magnitude of effect: Unable to 
determine 
Strength of evidence: Low 

Weight 4 (184) Medium Consistent Direct Imprecise Uncertain Magnitude of effect: No effect 
Strength of evidence: Low 

Ratio of basal 
to bolus insulin 0 NA NA NA NA NA Strength of evidence: Insufficient 

Frequency of 
adjusting 
insulin therapy 

0 NA NA NA NA NA Strength of evidence: Insufficient 

Adherence to 
insulin therapy 0 NA NA NA NA NA Strength of evidence: Insufficient 

Frequency of 
professional or 
allied health 
visits 

0 NA NA NA NA NA Strength of evidence: Insufficient 

General QOL 2 (335) High Consistent Direct Imprecise Uncertain Magnitude: Small 
Strength of evidence: Low 

Diabetes-
specific QOL 3 (354) High Inconsistent Direct Imprecise Uncertain Magnitude: Small 

Strength of evidence: Low 
Diabetes 
treatment-
related QOL 

1 (21) Medium Unknown Direct Imprecise Uncertain Magnitude: Small 
Strength of evidence: Insufficient 

HbA1c = hemoglobin A1c; NA = not applicable; QOL = quality of life 
The strength of the evidence was defined as follows: High = High confidence that the evidence reflects the true effect. Further research is unlikely to change our confidence in the 
estimate of the effect. Moderate = Moderate confidence that the evidence reflects the true effect. Further research may change our confidence in the estimate of the effect and may 
change the estimate. Low = Low confidence that the evidence reflects the true effect. Further research is likely to change our confidence in the estimate of the effect and is likely to 
change the estimate. Insufficient = Evidence is unavailable, does not permit a conclusion, or consists of only one study with high risk of bias. 
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Applicability 
Few studies compared the effect of CSII with MDI in adults with type 1 diabetes. Existing 

studies were generally of fair or poor quality and did not report on most quality items of interest.  
Studies did not report on many items of interest to determine the applicability of the studies 

to all adults with type 1 diabetes. Studies did not report on race, and no study focused on elderly 
adults with type 1 diabetes, although this would be expected to be a small proportion of 
individuals with type 1 diabetes. Four trials took place in outpatient clinics. Interventions lasted 
between 5 weeks and 12 months. The mean baseline HbA1c was 7.4 to 9.3 percent across the 
studies. The duration of diabetes at enrollment was greater than 14 years in the studies reporting 
this. Eligibility criteria for MDI and insulin pump use varied significantly across the studies. 
Four studies reported training on insulin pump use.  

Comparative Effectiveness of CSII Versus MDI Among Adults With 
Type 2 Diabetes 

Key Points and Evidence Grades 
• The strength of the evidence was insufficient comparing the relative effects of CSII and 

MDI on mortality. A single study reported one death due to cancer in the CSII treatment 
arm.69 

• The strength of evidence was moderate suggesting no difference between CSII and MDI 
for their effects on HbA1c (mean between-group difference from baseline, -0.16 percent; 
95% CI, -0.42 to 0.09 percent, P=0.21). 

• The strength of the evidence comparing CSII with MDI for mild hypoglycemia was 
moderate and suggested no difference in the risk of mild hypoglycemia (combined RR, 
0.90; 95% CI, 0.78 to 1.03; P=0.129). 

• The strength of the evidence comparing CSII with MDI for nocturnal hypoglycemia was 
insufficient. In a single study, nocturnal hypoglycemia (occurring between midnight and 
6 a.m.) was less common in patients in the CSII compared with the MDI arm (RR, 0.73; 
95% CI, 0.35 to 1.54). 

• The strength of the evidence was low that the risk of severe hypoglycemia did not differ 
between CSII and MDI (RR, 0.76; 95% CI, 0.26 to 2.19). 

• The strength of the evidence was low comparing CSII with MDI for hyperglycemia. 
Mean post-prandial glucose (90 minutes after breakfast) was 167 mg/dL in the CSII arm 
and 192 mg/dL in the MDI arm at 24 weeks (mean between-group difference, -25 mg/dL; 
95% CI, -45 to -5 mg/dL).36 Glucose measurements from other time points were similar 
between treatment groups at the end of the study. The incidence of blood glucose over 
350 mg/dL was higher in the MDI compared with the CSII arm (26 vs. six events), 
affecting 18 percent and 5 percent of participants in the MDI and CSII arms, respectively 
(RR, 0.28; 95% CI, 0.08 to 0.94).36 

• The strength of evidence was low suggesting no difference in weight gain between CSII 
and MDI groups, based on two studies (combined between-group difference in weight 
change from baseline, -0.49 kg; 95% CI, -1.25 to 0.26 kg). 

• The strength of the evidence comparing CSII with MDI was insufficient for general 
QOL. One study showed no difference in general QOL between the CSII and MDI 
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intervention groups. The difference in SF-36v2 Physical Component Score from baseline 
to follow-up was 0.6 for CSII versus 0.4 for MDI and for the Mental Component Score, 
the difference from baseline to follow-up was 1.0 for CSII and 2.5 for MDI.69 

• The strength of the evidence comparing CSII with MDI was insufficient for diabetes-
specific QOL. One study showed no difference in diabetes-specific QOL between the 
CSII and MDI intervention groups (Diabetes Quality of Life Clinical Trials 
Questionnaire scores improved from 52 to 81 for CSII and from 50 to 78 for MDI over 
12 months).69 

• The strength of the evidence comparing CSII with MDI was insufficient for diabetes 
treatment-related QOL. One study showed improvement in diabetes treatment satisfaction 
favoring CSII (mean between-group difference in Phase V Outcomes System Diabetes 
Treatment Satisfaction score change from baseline in 24 weeks, 13.1; 95% CI, 7.4 to 
18.8).36 

• We found insufficient strength of evidence evaluating the effects of MDI vs. CSII among 
patients with type 2 diabetes in terms of any of the process measures, microvascular 
disease, or macrovascular disease, as no studies reported on these outcomes. 

Study Design 
Of the four studies evaluating CSII versus MDI therapy in patients with type 2 diabetes, three 

were parallel-arm randomized trials,36 69 70 and one was a randomized cross-over trial (see 
Appendix E, Table 1).37 Treatment periods were 18 weeks in duration in the cross-over study,37 
and the parallel-arm studies were 6 or 12 months in duration.36 69 70 The cross-over study enrolled 
patients from diabetes centers,37 and another study took place in a university clinic.70 The other 
two studies did not report on study setting.36 69 Three trials reported a run-in period.36 37 69  

Two studies excluded participants with HbA1c greater than 12 or 15 percent,36 37 and three 
studies excluded persons with HbA1c less than 6, 7, or 8.5 percent.36 37 69 All studies required that 
participants be treated with insulin prior to the study.36 37 69 70  

Population Characteristics 
The number of participants per arm ranged from 20 to 66 in the included studies (see 

Appendix E, Table 2).36 37 69 70 All studies were conducted in adults, one study only included 
participants 60 years of age or older.69 More men were randomized to the CSII treatment group 
in two studies.36 69 Two studies did not report on the racial composition of their study 
populations, and the other two studies were multi-ethnic but predominantly white (> 80 
percent).36 69 Mean HbA1c was 0.3 percent higher at baseline in the CSII compared with MDI 
arm in one study.69 Mean BMI ranged from 29.5 to 32.5 kg/m2 and was similar by treatment 
group across the three parallel-arm studies.36 69 70 The mean duration of type 2 diabetes was 
greater than 10 years in the two studies reporting this and was 1.5 and 1.7 years higher in the 
CSII compared with MDI arms in these studies.36 69 Three studies reported four to six 
withdrawals per intervention arm, and the number of withdrawals did not vary by arm.36 37 69 One 
study had additional withdrawals after randomization (two from MDI and three from CSII) but 
before the treatment period began.36  

Interventions 
The type of insulin used in the MDI arms varied across studies: neutral protamine Hagedorm 

(NPH) and Regular insulin;37 insulin glargine and insulin lispro;69 70 and NPH insulin and insulin 
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aspart (see Appendix E, Table 3).36 Insulin aspart was used in the CSII arm for one study,36 and 
insulin lispro was used in the CSII arm in the other studies.37 69 70 Three studies reported the use 
of provider guidelines for medication titration,36 37 69 but the targets varied. One study specified 
an HbA1c target of 7 percent,37 and another specified both an HbA1c target of 5.6 percent and 
glucose targets of 80 to 120 mg/dL for pre-prandial glucose, and 100 to 150 mg/dL at bedtime.69 
The third study specified a fasting glucose of 80 to 120 mg/dL as its only target.36 Two studies 
provided guidelines for participants to use between visits.37 69 
 
Outcomes 

Details of the outcomes are reported in Appendix E, Table 4. These studies evaluated the 
effects of CSII and MDI in terms of mortality, HbA1c, hypoglycemia, severe hypoglycemia, 
hyperglycemia, weight, and quality of life. We did not include any studies that evaluated 
microvascular disease, macrovascular disease, or any of the process measures. 

Mortality 
A single study lasting 12 months reported a single death due to cancer in the CSII arm.69 The 

study did not provide further information on this event or the occurrence of events in the MDI 
arm.69 

HbA1c 
As shown in Figure 17, four RCTs of at least 18 weeks in duration reported a mean decrease 

from baseline in HbA1c in both CSII and MDI treatment groups, with the reduction greater 
during CSII treatment compared with MDI that was not significant (combined mean between-
group difference from baseline, -0.16 percent; 95% CI, -0.42 to 0.09 percent, P=0.21).36 37 69 70 
We did not find evidence of statistical heterogeneity, and no single study influenced results 
substantially. Egger’s test (P=0.084) and the funnel plot suggested bias due to absence of small 
studies reporting a benefit of MDI over CSII, but a trim-and-fill analysis was unremarkable. 



 

54 
 

Figure 17. Between-group difference between CSII and MDI in how HbA1c changed from baseline 
among adults with type 2 diabetes 
 

CI = confidence interval; CSII = continuous subcutaneous insulin infusion; HbA1c = hemoglobin A1c; MDI = multiple daily 
injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.60 with 3 degrees of freedom (p = 0.90) 

Mild Hypoglycemia 
Three trials reported on mild hypoglycemia in patients with type 2 diabetes randomized to 

MDI and CSII therapy.36 37 69 The combined risk of mild hypoglycemia was lower with CSII 
compared with MDI treatment across two studies but not significant (combined relative risk 
0.90; 95% CI, 0.78 to 1.03; P=0.129; Figure 18).36 69 We did not find statistical evidence of 
heterogeneity in this meta-analysis.The availability of only two studies precluded the use of 
Egger’s test to evaluate for publication bias. Both studies were small and showed similar effects 
that were not significant (Figure 18). The third study, a cross-over trial, did not provide 
quantitative results but concluded that mild hypoglycemia did not vary over the period of the 
study.37  
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Figure 18. Pooled relative risk of mild hypoglycemia in CSII versus MDI interventions among 
adults with type 2 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; RR = relative risk 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.02 with 1 degree of freedom (p = 0.90) 

Nocturnal Hypoglycemia 
In a single study, nocturnal hypoglycemia (occurring between midnight and 6 a.m.) was more 

common between 8 and 24 weeks in the MDI arm compared with CSII arm (percentage of 
patients with nocturnal hypoglycemia, 22 percent vs. 16 percent; statistical significance not 
reported).36 The authors described the rates of nocturnal hypoglycemia as similar between arms 
but did not report on statistical significance.36 

Severe Hypoglycemia 
Three RCTs reported on rates of severe hypoglycemia among patients with type 2 diabetes 

treated with MDI or CSII.36 37 69 In one study, no participants in either treatment group 
experienced severe hypoglycemia (defined by glucose less than 50 mg/dL and severe central 
nervous system dysfunction necessitating outside assistance or parenteral treatment).36 In the 
other two studies, the combined relative risk of severe hypoglycemia was 0.76 (95% CI, 0.26 to 
2.19; P=0.61; Figure 19) for CSII compared with MDI treatment.37 69 We did not find statistical 
evidence of heterogeneity for this meta-analysis. The availability of only two studies precluded 
the use of Egger’s test to evaluate for publication bias. Both studies were small and showed 
effects that were not significant (Figure 19).  
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Figure 19. Pooled relative risk of severe hypoglycemia in CSII versus MDI interventions among 
adults with type 2 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; RR = relative risk 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.94 with 1 degree of freedom (p = 0.33) 

Hyperglycemia 
Two studies reported hyperglycemia outcomes based on SMBG in patients with type 2 

diabetes randomized to CSII or MDI.36 71 In one study, mean postprandial glucose (90 minutes 
after breakfast) was 167 mg/dL in the CSII arm and 192 mg/dL in the MDI arm at 24 weeks 
(mean between-group difference, -25 mg/dL; P=0.019).36 The authors reported that glucose 
measurements from the other time points were similar between treatment groups at the end of the 
study.36 The incidence of blood glucose greater than 350 mg/dL was higher in the MDI 
compared with CSII arm (26 versus six events) effecting 18 percent and 5 percent of participants 
in the MDI and CSII arms, respectively.36 The authors reported no treatment group differences in 
mean pre- (P=0.88) or post-prandial glucose (P=0.59) over 12 months in the other study.71 We 
did not combine the two studies reporting on hyperglycemia because one study did not provide 
quantitative results aside from P values.71  

Weight 
Two studies36 69 evaluated weight gain experienced by participants in MDI and CSII groups 

(Table 15) and did not find a significant effect of the treatments on weight gain (combined 
between-group difference in weight change from baseline for CSII versus MDI, -0.49 kg; 95% 
CI, -1.25 to 0.26 kg; P=0.20; Figure 20). We did not find statistical evidence of heterogeneity, 
and the availability of only two studies precluded the use of Egger’s test to evaluate for 
publication bias.  
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Figure 20. Between-group difference between CSII and MDI in how weight changed from baseline 
among adults with type 2 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; kg = kilograms; MDI = multiple daily injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.07 with 1 degree of freedom (p = 0.79) 

Table 15. Weight gain in CSII versus MDI interventions among adults with type 2 diabetes 
Author, 

Year MDI, N CSII, N Timepoint 
(Weeks) 

Weight 
Gain – MDI 

Weight 
Gain – CSII 

CSII Effect on Weight 
Gain Vs. MDI (kg) P Value 

Raskin, 
200336 61 66 24 0.7 1.7 1.0 NS 

Herman, 
200569 54 53 12 2.6 2.1 -0.5 0.7 

CSII = continuous subcutaneous injections; kg = kilograms; MDI = multiple daily injections; NS = not significant 

Quality of Life, Including General, Diabetes-Specific, and Treatment-Related 
Two studies examined the comparative effectiveness of CSII versus MDI on general, 

diabetesspecific, and diabetes treatment-related QOL in adults with type 2 diabetes. One study 
examined general QOL using the SF-36v2 and diabetes-specific QOL using the Diabetes QOL 
Clinical Trials Questionnaire in 98 adults (48 in the CSII group and 50 in the MDI group) and 
found no difference in either QOL measure between the two groups.69 Another study used the 
Phase V Outcomes System Diabetes Treatment Satisfaction Questionnaire.36 This study included 
127 CSII-naïve men and women over 35 years of age (66 in the CSII group and 61 in the MDI 
group).36 At the end of 24 weeks, there was an improvement diabetes treatment satisfaction 
favoring CSII. 
 

Study Quality  
All studies were of poor or fair quality (see Appendix E, Table 5).36 37 69 70 Our assessment of 

the risk of bias was limited by a lack of reporting on most quality items. Only one study reported 
an appropriate randomization sequence generation,36 and only one study reported appropriate 

Overall (I-squared = 0.0%, p = 0.788) 
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allocation concealment.69 One study reported the use of an open-label design,36 and none of the 
studies reported if outcome assessors were masked to the intervention assignment.36 37 69 70 Two 
studies did not use appropriate methods for handling missing data,36 37 and two studies reported 
commercial support.36 69 These items were not reported in the other studies. 

Strength of Evidence 
The strength of evidence examining the comparative effectiveness of CSII versus MDI in 

patients with type 2 diabetes was moderate for HbA1c and mild hypoglycemia but was low for 
severe hypoglycemia, hyperglycemia, and weight outcomes (Table 16). The evidence was 
insufficient for mortality, nocturnal hypoglycemia, and QOL. All included studies were RCTs, 
and the risk of bias was medium to high for all outcomes. We found a moderate benefit of CSII 
over MDI for diabetes treatment-specific QOL. Otherwise, we were unable to determine the 
magnitude of or found no relative effect of the interventions. The small number of studies 
affected our assessment of the overall strength of the evidence for the outcomes for the 
comparative effectiveness of CSII versus MDI in adults with type 2 diabetes. 
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Table 16. Numbers of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for CSII 
versus MDI in adults with type 2 diabetes 

Outcome 

Number of 
Studies 

(Participants) 
 
 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength of 

Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication 
Bias 

Mortality 1 (107) Medium Unknown Direct Imprecise Uncertain Magnitude of effect: Unable to determine 
Strength of evidence: Insufficient 

Microvascular 
outcomes 0 NA NA NA NA NA Strength of evidence: Insufficient 

Macrovascular 
outcomes 0 NA NA NA NA NA Strength of evidence: Insufficient 

HbA1c 4 (338) Medium Consistent Direct Precise None Magnitude of effect: No effect 
Strength of evidence: Moderate 

Hyperglycemia 2 (205) Medium Inconsistent Direct Imprecise Uncertain Magnitude of effect: Unable to determine 
Strength of evidence: Low 

Mild 
hypoglycemia 3 (279) Medium Consistent Direct Precise Uncertain Magnitude of effect: No effect 

Strength of evidence: Moderate 
Nocturnal 
hypoglycemia 1 (127) Medium Unknown Direct Imprecise Uncertain Magnitude of effect: Unable to determine 

Strength of evidence: Insufficient 
Severe 
hypoglycemia 3 (279) Medium Consistent Direct Imprecise Uncertain Magnitude of effect: No effect 

Strength of evidence: Low 

Weight 2 (239) Medium Consistent Direct Precise Uncertain Magnitude of effect: No effect 
Strength of evidence: Low 

Ratio of basal 
to bolus insulin 0 NA NA NA NA NA Strength of evidence: Insufficient 

Frequency of 
adjusting 
insulin therapy 

0 NA NA NA NA NA Strength of evidence: Insufficient 

 
 
 



 

60 
 

 

Table 16. Numbers of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for 
CSII versus MDI in adults with type 2 diabetes (continued) 

Outcome 
Number of 

Studies 
(Participants) 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength of 

Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication 
Bias 

Adherence to 
insulin therapy 0 NA NA NA NA NA Strength of evidence: Insufficient 

Frequency of 
professional or 
allied health 
visits 

0 NA NA NA NA NA Strength of evidence: Insufficient 

General QOL 1 (98) High Unknown  Direct Imprecise Uncertain Magnitude of effect: No effect 
Strength of evidence: Insufficient 

Diabetes-
specific QOL 1 (98) High Unknown Direct Imprecise Uncertain Magnitude of effect: No effect 

Strength of evidence: Insufficient 
Diabetes 
treatment-
related QOL 

1 (127) High Unknown  Direct Imprecise Uncertain Magnitude of effect: Moderate 
Strength of evidence: Insufficient 

HbA1c = hemoglobin A1c; NA = not applicable; QOL = quality of life 
The strength of the evidence was defined as follows: High = High confidence that the evidence reflects the true effect. Further research is unlikely to change our confidence in the 
estimate of the effect. Moderate = Moderate confidence that the evidence reflects the true effect. Further research may change our confidence in the estimate of the effect and may 
change the estimate. Low = Low confidence that the evidence reflects the true effect. Further research is likely to change our confidence in the estimate of the effect and is likely to 
change the estimate. Insufficient = Evidence is unavailable, does not permit a conclusion, or consists of only one study with high risk of bias. 
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Applicability 
Few studies compared the effect of CSII with MDI in patients with type 2 diabetes. The 

evidence was insufficient to make definitive conclusions about the relative effects of these 
therapies on hyperglycemia and weight. Existing studies were small, of fair or poor quality, and 
did not report on most quality items of interest. 

Studies did not generally report on items of interest in determining the applicability of the 
literature to the general population with type 2 diabetes. Most study participants were white 
when this characteristic was reported, and a single study focused on participants 60 years of age 
and older. Study setting was described in two of the trials, which took place in outpatient clinics. 
Studies lasted between 18 weeks and 12 months. The mean baseline HbA1c was approximately 8 
to 9 percent across the studies. The duration of diabetes at enrollment was greater than 10 years 
in the two studies reporting this. All studies required a history of insulin treatment prior to 
enrollment, and a single study reported training on insulin pump use.  

Comparative Effectiveness of CSII Versus MDI in Pregnant Women 
With Pre-Existing Type 1 Diabetes 

Key Points and Evidence Grades 
Six observational studies evaluated CSII versus MDI therapy in pregnant women with type 1 

diabetes. Two were prospective studies,72 73 and four were retrospective cohort studies.74-77 
• The strength of evidence was low comparing CSII with MDI for HbA1c. Six studies, all 

observational, reported an improvement in HbA1c in both the CSII and MDI groups 
during pregnancy without any significant difference between groups in HbA1c in any of 
the trimesters. The mean between-group difference in third trimester HbA1c values were 
0.2 (95% CI, -0.3 to 0.7),75 -0.4 (95% CI, -0.8 to 0.04),74 0.6 (95% CI,  
-0.7 to 1.9),72 -0,3 (95% CI, -0.6 to -0.03),76 0.2 (95% CI, -0.2 to 0.6),73 and 0.4 (95% CI, 
-0.9 to 1.7).77 

• The strength of the evidence comparing CSII with MDI among pregnant women with 
pre-existing diabetes was insufficient for all other maternal and neonatal outcomes. 

• Meta-analysis of four retrospective studies for rate of cesarean section showed a pooled 
RR of 1.01 (95% CI, 0.86 to 1.20) which was not significant.74-77  

• Meta-analysis of three retrospective studies for rate of severe hypoglycemia showed a 
pooled RR of 0.78 which was not significant (95% CI, 0.23 to 2.65).75-77  

• There was no difference in weight gain between the CSII and MDI intervention groups in 
the three studies that examined this outcome. The mean between-group difference in 
weight gain was 1.9 kg (95% CI, -0.9 to 4.7 kg) in one study75 and 0.1 kg (95% CI, -2.4 
to 2.6 kg) in another study.73 The third study reported a median weight gain of 13.5 kg in 
the CSII group and 13.9 kg in the MDI group.77 

• Gestational age at delivery ranged from 36.6 weeks to 37.5 weeks for MDI and from 36.3 
weeks to 36.6 weeks for CSII, and there was no significant difference between the MDI 
and CSII groups.72 74-76 

• Meta-analysis of four retrospective cohort studies for frequency of neonatal 
hypoglycemia showed a pooled RR of 1.10 (95% CI, 0.86 to 1.20).74-77  
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• Meta-analysis of three retrospective cohort studies showed a pooled mean between-group 
difference in birth weight of 107.2g which was not significant (95% CI, -86.6 to 295.9 
g).74-76  

• Meta-analysis for only two retrospective cohort studies for major congenital anomalies 
showed a pooled RR of 2.12 favoring MDI that was not significant (95% CI, 0.38 to 
11.77).76 77  

• Three studies found no difference in minor congenital anomalies between the MDI and 
CSII groups. There were no minor congenital anomalies in either group in two studies,72 

75 and rates of minor congenital anomalies and pregnancy termination rates were 2.3 
percent (2/86 patients) in the MDI group and 13 percent (4/30 patients) in the CSII group 
(P=0.05).74 

• Meta-analysis on two retrospective cohort studies for admission to the neonatal intensive 
care unit showed a pooled RR of 0.84 that was not significant (95% CI, 0.43 to 1.68).75 76  

• Meta-analysis of four retrospective cohort studies for preterm delivery showed a pooled 
relative risk of 0.98 that was not significant (95% CI, 0.67 to 1.43).74-77  

• Four studies reported on stillbirth rates. Three reported that there were no stillbirths in 
either group,72 75 77 and one study reported having one stillbirth in MDI group.74 

• Three studies reported on neonatal mortality rate. Each group had one neonatal death in 
one study,74 no neonatal deaths in either group in another,72 and a 0 percent neonatal 
mortality rate in the MDI group and 2.7 percent rate in the CSII group in a third study.77  

• In one study, the perinatal mortality rate was 3 percent in the CSII group and 4 percent in 
the MDI group.73 Another study reported a 0 percent perinatal mortality rate in MDI 
group and a 2.7 percent rate in CSII group.77 

• We did not find any studies in pregnant women with type 1 diabetes mellitus that 
evaluated maternal mortality, microvascular or macrovascular disease, quality of life, or 
any of the process measures, or birth trauma. The strength of evidence is insufficient for 
these outcomes. 

Study Design 
All six studies evaluating CSII versus MDI therapy in pregnant women with pre-existing 

type 1 diabetes were observational (see Appendix E, Table 1).72-77 Four were retrospective 
followup studies.74-77 One study enrolled patients from an outpatient clinic,75 and another study 
enrolled patients from a university clinic.74 No studies were conducted in the U.S. Studies were 
conducted in Italy,75 76 Poland,74 U.K.,72 France,73 and Spain.77 Women were given the choice to 
select either MDI or CSII in one study.72 In all six studies, women were followed throughout the 
pregnancy either prospectively or retrospectively. Some relevant details of study designs were 
not uniformly reported in these studies. 

Population Characteristics 
The number of participants per arm ranged from 18 to 86 pregnant women (see Appendix E, 

Table 2).72-77 Two studies reported having 100 percent Caucasian women.74 75 All these patients 
were pregnant women with pre-existing type 1 diabetes and they entered the study at various 
stages of pregnancy. One study reported having one of 17 pregnant women with pre-existing 
type 2 diabetes in CSII arm and one of 23 with type 2 diabetes in MDI arm.72 Two studies 
reported that CSII was started 6 months before participants became pregnant.75 76 Two studies 
reported enrolling some of the study participants on CSII before pregnancy.73 74 The mean age of 
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the study populations ranged from 26 to 31 years. The mean HbA1c during the first trimester 
ranged from 6.9 to 7.8 percent72-77 and the mean BMI, reported in five studies, ranged from 21.8 
to 23.7 kg/m2. There is no statistically significant difference between groups on baseline 
weight.73-76 The duration of diabetes was reported in four studies and ranged from 7.7 to 16.5 
years, with some in the CSII arm having a significantly longer duration of diabetes.73-76 None of 
the studies reported whether participants withdrew.  

Interventions  
The CSII arm varied across studies. Four studies reported that insulin lispro was used 

primarily for CSII arm,72 74 76 77 while the type of insulin was not specified in one study.73 One 
study reported that insulin lispro was used in 90 percent of the CSII group and in 30 percent of 
the MDI group, human insulin was used in the rest of the subjects in the MDI arm and everyone 
in the MDI group used neutral protamine Hagedorn (NPH) insulin.74 In the MDI groups, NPH 
insulin was used in three studies74 75 77 and long-acting insulin was used in two other studies.72 76 
Three studies reported using four or more insulin injections daily in the MDI arms.72 73 75 One 
study reported having a total of four arms, two in each group (MDI and CSII). That study 
included a regular insulin treated arm and lispro treated arm in each group. We have included 
only subjects treated with lispro in each arm for further analysis to be consistent with other 
included studies.77 Four studies reported providing training prior to initiating insulin pump 
therapy in the CSII treated group.72 73 75 77 The mean duration of therapy was reported in three 
studies and it ranged from 36 to 40 weeks.72 74 75  

Reported glycemic targets varied across studies. One study specified a HbA1c target of 6.5 
percent,72 one study specified a pre-prandial blood glucose target of 90 mg/dL and a post-
prandial blood glucose target of 130 mg/dL,75 and another study specified a pre-prandial blood 
glucose target of 59.4 to 90 mg/dL.74 Only one study reported having guidelines regarding 
management of blood sugar between visits.72 One study reported calculating insulin requirement 
based on blood glucose levels before and after meals and at bed time.77 Four studies reported 
starting CSII prenatally in all participants75 76 or a portion of their participants (66 percent73 and 
46 percent74).  

Maternal Outcomes 
Details of the outcomes are reported in Appendix E, Table 4. The included studies reported 

on the following maternal outcomes: HbA1c, cesarean sections, hypoglycemia, and weight gain. 
We did not find any studies of pregnant women with type 1 diabetes mellitus that evaluated 
maternal mortality, microvascular or macrovascular disease, quality of life, or any of the process 
measures. 

HbA1c 
All six studies reported an improvement in HbA1c in both the CSII and MDI arms during 

pregnancy from the first to third trimesters. However, the studies reported no statistically 
significant difference between groups in HbA1c in any of the trimesters (Table 17).72-77 We did 
not perform meta-analysis because only two studies reported baseline HbA1c. One was a 
retrospective study and the other was a prospective study.  
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Table 17. Differences in HbA1c by trimester in the CSII and MDI arms in women with pre-existing 
type 1 diabetes 

Author, year Intervention 
Arms, N 

HbA1c (%) 
First 

Trimester 

HbA1c (%) 
Second 

Trimester 

HbA1c (%) 
Third 

Trimester 

Statistical 
Difference 
Between 
Groups 

Volpe, 201075 MDI, 22 7.4 - 6.1 NS 
CSII, 20 6.9 - 6.3 NS 

Cypryk, 200874 MDI, 86 7.8 6.7 6.8 NS 
CSII, 30 7.4 6.5 6.4 NS 

Kernaghan, 
200872 

MDI, 18 7.3 6.6 6.44 NS 
CSII, 24 6.95 6.3 6.63 NS 

Hieronimus, 
200573 

MDI, 23 7.6 6.6 6.4 NS 
CSII, 33 7.5 6.34 6.6 NS 

Bruttomesso 
201176 

MDI, 44 7.2 6.7 6.5 NS 
CSII, 100 6.6 6.1 6.2 NS 

Chico, 201177 MDI, 16 6.1 5.8 5.9 NS 
CSII, 59 6.3 6.0 6.3 NS 

CSII = continuous subcutaneous injections; HbA1c = hemoglobin A1c; MDI = multiple daily injections; NS = not significant 

Rate of Cesarean Sections 
Five studies reported on the rate of cesarean section in the CSII and MDI arms (Table 18). 

Three studies showed no difference in the rates of cesarean sections between groups.74-76 and two 
studies showed a significantly higher rate of cesarean section in CSII compared with the MDI 
group.73 77 Another study reported a high rate of cesarean section in women in CSII arm 
compared with women in MDI arm, but the study did not report further calculations between 
groups.77 

We performed meta-analysis for four retrospective cohort studies that reported on the rate of 
cesarean section and it showed a pooled RR of 1.02 that was not significant (95% CI, 0.86 to 
1.20) (see Figure 21).74-77 There was no evidence of statistical heterogeneity, and no single study 
significantly influenced results. We did not find any evidence of publication bias. One study was 
not included in this meta-analysis because it was a prospective cohort study.73This study showed 
a significantly higher rate of cesarean sections in the CSII group compared with the MDI group.  
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Figure 21. Pooled relative risk of cesarean delivery in CSII versus MDI interventions among 
pregnant women with pre-existing type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; RR = relative risk 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 4.53 with 3 degrees of freedom (p = 0.21) 

Table 18. Rates of cesarean section between CSII and MDI arms in women with pre-existing type 1 
diabetes  

Author, Year MDI CSII Statistical Significance 
Volpe, 201075 94% 95% NS 
Cypryk, 200874 46% 69.2% 0.235 
Hieronimus, 200573 34.6% 70% 0.016 
Bruttomesso 201176 73.2% 77.4% NS 
Chico, 201177 38.5% 67.6% - 
CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; NS = not significant 

Maternal Hypoglycemia 
Three studies reported that the severe hypoglycemia rates did not differ between the MDI and 

CSII arms.73 75 76 We performed meta-analysis for four retrospective cohort studies for maternal 
hypoglycemia and it showed a pooled RR of 0.78 that was not significant (95% CI, 0.23 to 2.65) 
(Figure 22).74-77 There was no evidence of statistical heterogeneity, and no single study 
influenced the results. Analysis of the funnel plot suggested that there may be some publication 
bias. One study was excluded from the meta-analysis because it was a prospective cohort study.78 
This study did not define hypoglycemia, but reported rates of 9 percent in each group.  
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Figure 22. Pooled relative risk of severe maternal hypoglycemia in CSII versus MDI interventions 
among pregnant women with pre-existing type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; RR = relative risk 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.10 with 2 degrees of freedom (p = 0.95) 

Maternal Weight Gain 
Three studies measured weight gain in pregnant women with pre-existing diabetes treated 

with MDI and CSII.73 75 77 The difference in weight gain between the CSII and MDI treatment 
arms was not statistically significant in all three studies.73 75 77 We did not perform meta-analysis 
because only three studies reported this outcome, two were retrospective cohort studies and one 
was a prospective study.  

Neonatal Outcomes 
Details of the outcomes are reported in Appendix E, Table 4. The included studies reported 

on the following neonatal outcomes: gestational age at delivery, neonatal hypoglycemia, major 
and minor congenital anomalies, preterm delivery, admission to a neonatal intensive care unit, 
stillbirth, neonatal and perinatal mortality. None of the studies reported on birth trauma. 

Gestational Age at Delivery 
Four studies reported gestational age at delivery, with no difference in gestational age at 

delivery between the MDI and CSII groups.72 74-76 Gestational ages at delivery for MDI versus 
CSII were 36.3 versus 36.3 weeks,75 36.3 versus 36.6 weeks (P=0.58),74 37.5 versus 36.5 weeks 
(P=0.28),72 and 36.6 versus 36.7 weeks.76 

Frequency of Neonatal Hypoglycemia 
Three studies reported rates of neonatal hypoglycemia with no difference between the CSII 

and MDI groups.74-76 Neonatal hypoglycemia was defined as a blood glucose less than 40 mg/dL 
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in three studies,74 76 79 and was not defined in another study.75 We performed meta-analysis for 
four retrospective cohort studies for frequency of hypoglycemia and it showed a pooled RR of 
1.10 which was not significant (95% CI, 0.86 to 1.20) (see Figure 23).74-77 There was no 
evidence of statistical heterogeneity, and no single study significantly influenced results. We did 
not detect publication bias.  

Figure 23. Pooled relative risk of neonatal hypoglycemia in CSII versus MDI interventions among 
infants born to women with pre-existing type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; RR = relative risk 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.27 with 3 degrees of freedom (p = 0.97) 

Birth Weight 
Four studies reported mean birth weight, which ranged from 3101 to 3767 grams, in the two 

intervention arms.73-76 One study reported a significantly higher birth weight with CSII compared 
with MDI,73 while two other studies found no difference between the two groups (Table 19).74 76 
We performed meta-analysis for three retrospective cohort studies for birth weight and it showed 
a pooled mean between-group difference of 107.18 g which was not significant (95% CI, -81.6 to 
295.9 g) (Figure 24).74-76 There was no evidence of statistical heterogeneity, and no single study 
significantly influenced results. Publication bias was not detected. We excluded one study from 
the meta-analysis because it was a prospective cohort study.73 This study reported a significantly 
higher mean birth weight with CSII compared with MDI. 
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Table 19. Neonatal birth weights in the CSII and MDI arms in women with pre-existing type 1 
diabetes 

Author, Year Weight MDI (g) Weight CSII (g) P Value 
Volpe, 201075 3,101 3,295 Not reported 
Cypryk, 200874 3,270 3,191 0.86 
Hieronimus, 200573 3,384 3,767 0.036 
Bruttomesso 201176 3,243 3,390 NS 
CSII = continuous subcutaneous insulin infusion; g = grams; MDI = multiple daily injections; NS = not significant 

Figure 24. Between-group difference between CSII and MDI in birthweight among infants born to 
women with pre-existing type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; g = gram; MDI = multiple daily injections 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.27 with 3 degrees of freedom (p = 0.97) 

Major Congenital Anomalies 
Four studies reported on major congenital anomalies in pregnant women treated with CSII 

versus MDI.73 75-77 We performed meta-analysis for two retrospective cohort studies and it 
showed a pooled RR for major congenital anomalies of 2.12 favoring MDI that was not 
significant (95% CI, 0.38 to 11.77) (Figure 25).76 77 We did not find evidence of statistical 
heterogeneity, and the availability of only two studies precluded the use of Egger’s test to 
evaluate for publication bias. One study was not included in the meta-analysis because there 
were no major congenital anomalies in either intervention arm.75 The other study was not 
included because it was a prospective cohort study.73 This study reported no difference in major 
congenital anomalies between treatment arms (12 percent in the CSII arm vs. 13 percent in the 
MDI arm).73 
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Figure 25. Pooled relative risk of major congenital anomalies in CSII versus MDI interventions 
among infants born to women with pre-existing type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; RR = relative risk 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.00 with 1 degree of freedom (p = 0.96) 

Minor Congenital Anomalies 
Three studies reported information about minor congenital anomalies. Two studies reported 

that there were no minor congenital anomalies in either intervention arm.72 75 One study reported 
minor congenital anomalies plus terminated pregnancy rates of 2.3 percent (2 out of 86 patients) 
in the MDI arm and 13 percent (four out of 30 patients) in the CSII arm (P=0.05).74  

Neonatal Intensive Care Unit Admissions 
Three studies reported on neonatal intensive care unit admissions.73 75 76 We performed meta-

analysis for two retrospective cohort studies for neonatal intensive care unit admissions and it 
showed a pooled RR of 0.84 that was not significant (95% CI, 0.43 to 1.68) (Figure 26).75 76 
There was not evidence of statistical heterogeneity, and the availability of only two studies 
precluded the use of Egger’s test to evaluate for publication bias. One study was not included the 
in the meta-analysis because it was a prospective cohort study.73 This study reported neonatal 
intensive care unit admission rates of 35 percent in the MDI group and 33 percent in the CSII 
group.73 
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Figure 26. Pooled relative risk of NICU admission in CSII versus MDI interventions among infants 
born to women with pre-existing type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; NICU = neonatal 
intensive care unit; RR = relative risk 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.14 with 1 degree of freedom (p = 0.71) 

Preterm Delivery Rate 
Preterm delivery rate was reported in five studies (Table 20).73-77 The definition of preterm 

delivery was not reported uniformly. We performed meta-analysis for four retrospective cohort 
studies for preterm delivery rate and it showed a pooled RR of 0.98 that was not significant (95% 
CI, 0.67 to 1.43) (Figure 27).74-77 There was no evidence of statistical heterogeneity, and no 
single study substantially influenced the results. We excluded one study from the meta-analysis 
because it was a prospective cohort study.73 This study reported no significant difference 
between the treatment groups.73  

Table 20. Rates of preterm delivery between CSII and MDI arms in women with pre-existing type 1 
diabetes  

Author, Year MDI Group CSII Group Statistical Difference Between Groups 

Volpe, 201075 40 33 NS 

Cypryk, 200874 21.8 24 NS 

Hieronimus, 200573 17.4 18 NS 

Bruttomesso, 201176 34.2 32.3 NS 
Chico, 201177 7.7 13.5 - 
CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; NS = not significant 

 

Overall 

Volpe 2010 

Author year 

Bruttomesso  
2011 

0.84 (0.43, 1.68) 

0.55 (0.05, 5.61) 

RR (95% CI) 

0.88 (0.43, 1.80) 

1 

# 

CSII 

18 

events 

20 

CSII 

100 

N 

2 

# 

MDI 

9 

events 

22 

MDI 

44 

N 

0.84 (0.43, 1.68) 

0.55 (0.05, 5.61) 

RR (95% CI) 

0.88 (0.43, 1.80) 

1 

# 

CSII 

18 

events 

Favors CSII  Favors MDI  
1 .25 .5 1 2 

Pooled Relative Risk and 95% Confidence Intervals of Admission to NICU 



 

71 
 

Figure 27. Pooled relative risk of preterm delivery in CSII versus MDI interventions among 
pregnant women with pre-existing type 1 diabetes 

 
CI = confidence interval; CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections; RR = relative risk 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 0.82 with 3 degrees of freedom (p = 0.85) 

Stillbirth Rate 
Four studies reported on stillbirth rate. One study reported only one stillbirth in the MDI 

group74 and three studies reported no stillbirths in either group.72 75 77 

Neonatal Mortality 
Three studies reported on neonatal mortality rate. Each group had one neonatal death in one 

study,74 no neonatal deaths in either group in another,72 and a 0 percent neonatal mortality rate in 
the MDI group and 2.7 percent rate in the CSII group in a third study.77  

Perinatal Mortality Rate 
Two studies reported on perinatal mortality rate. In one study, perinatal mortality was 3 

percent in the CSII group and 4 percent in the MDI group.73 Another study reported a 0 percent 
perinatal mortality rate in the MDI group and 2.7 percent in the CSII group.77  

Study Quality  
All studies were of poor to fair quality (see Appendix E, Table 6).72-77 Most studies had 

incomplete descriptions of study setting, population, intervention, followup, and outcomes. One 
study did not report eligibility criteria.73 Three studies reported providing training prior to 
starting insulin pump therapy in CSII treated group. None of the studies described details of loss 
to followup.  
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Strength of Evidence 
The strength of evidence examining the comparative effectiveness of CSII versus MDI in 

women with pre-existing type 1 diabetes was low for the outcome of HbA1c and insufficient for 
the other outcomes (Table 21). Because all studies were observational and there were no RCTs, 
the risk of bias was medium to high. For outcomes examined, data were insufficient to determine 
the precision of effect estimates. 
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Table 21. Number of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for CSII 
versus MDI in pregnant women with pre-existing type 1 diabetes 

Outcome 
Number of 

Studies 
(Participants) 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength of 

Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication 
Bias 

HbA1c 6 (475) Medium to 
High  Consistent Direct Cannot 

determine Uncertain Magnitude of effect: Small 
Strength of evidence: Low 

Rate of 
cesarean 
section 

5 (435) Medium to 
High Consistent Direct Precise Uncertain Magnitude of effect: Unable to determine 

Strength of evidence: Insufficient  

Maternal 
hypoglycemia 4 (229) Medium to 

High  Consistent  Direct Imprecise Uncertain Magnitude of effect: Unable to determine 
Strength of evidence: Insufficient 

Maternal 
weight gain 3 (185) Medium to 

High  Consistent  Direct Cannot 
determine Uncertain Magnitude of effect: Unable to determine 

Strength of evidence: Insufficient 
Gestational 
age at 
delivery 

4 (336) Medium to 
High  Consistent  Direct Cannot 

determine Uncertain Magnitude of effect: Unable to determine 
Strength of evidence: Insufficient 

Birth weight 4 (360) Medium to 
High Unknown Direct Cannot 

determine Uncertain Magnitude of effect: Unable to determine 
Strength of evidence: Insufficient 

Frequency of 
neonatal 
hypoglycemia 

4 (379) Medium to 
high  Consistent Direct  Imprecise Uncertain Magnitude of effect: Unable to determine 

Strength of evidence: Insufficient 

Minor 
congenital 
anomalies 

3 (192) Medium to 
High Unknown Direct  Cannot 

determine Uncertain Magnitude of effect: Unable to determine 
Strength of evidence: Insufficient 

Major 
congenital 
anomalies 

4 (319) Medium to 
High Unknown Direct  Imprecise Uncertain Magnitude of effect: Unable to determine 

Strength of evidence: Insufficient 
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Table 21. Number of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for CSII 
versus MDI in pregnant women with pre-existing type 1 diabetes (continued) 

Outcome 
Number of 

Studies 
(Participants) 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength of 

Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication 
Bias 

NICU 
admissions 3 (244) Medium to 

High Unknown Direct  Imprecise Uncertain Magnitude of effect: Unable to determine 
Strength of evidence: Insufficient 

Preterm 
delivery 4 (465) Medium to 

High Unknown Direct  Imprecise Uncertain Magnitude of effect: Unable to determine 
Strength of evidence: Insufficient 

Stillbirths  4 (277) Medium to 
High Unknown Direct  Cannot 

determine Uncertain Magnitude of effect: Unable to determine 
Strength of evidence: Insufficient 

Neonatal 
mortality  3 (233) Medium to 

High Unknown Direct  Cannot 
determine Uncertain Magnitude of effect: Unable to determine 

Strength of evidence: Insufficient 
Perinatal 
mortality  2 (131) Medium to 

High Unknown Direct  Cannot 
determine Uncertain Magnitude of effect: Unable to determine 

Strength of evidence: Insufficient 
HbA1c = hemoglobin A1c; NICU = neonatal intensive care unit 
The strength of the evidence was defined as follows: High = High confidence that the evidence reflects the true effect. Further research is unlikely to change our confidence in the 
estimate of the effect. Moderate = Moderate confidence that the evidence reflects the true effect. Further research may change our confidence in the estimate of the effect and may 
change the estimate. Low = Low confidence that the evidence reflects the true effect. Further research is likely to change our confidence in the estimate of the effect and is likely to 
change the estimate. Insufficient = Evidence is unavailable, does not permit a conclusion, or consists of only one study with high risk of bias. 
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Applicability  
All studies were observational with limited descriptions of study methodology, study 

populations, intervention, and outcomes. They were all small studies done in the U.K., Poland, 
France, Spain, and Italy. Two studies in Italy did not report on inclusion of non-Caucasian 
participants. The mean age of study participants was 26 to 31 years with most participants in the 
CSII group being enrolled into the studies prior to becoming pregnant. Most participants had 
diabetes duration of 7.7 to 13.9 years, with participants in the CSII groups having the longest 
duration of diabetes. There was a lack of consistency in reporting of the glycemic targets among 
the studies. 
 

Key Question 2: In patients receiving intensive insulin therapy (MDI or 
CSII), does the type of glucose monitoring (rt-CGM vs. SMBG) have a 
differential effect on process measures, intermediate outcomes, and clinical 
outcomes in patients with diabetes mellitus? 

Comparative Effects of rt-CGM and SMBG Among Patients With 
Type 1 Diabetes 

Key Points and Evidence Grades 
• The strength of evidence was high favoring rt-CGM over SMBG for their effects on 

HbA1c. Mean between-group difference in how HbA1c changed from baseline was -0.30 
percent (95% CI, -0.37 to -0.22 percent, P<0.001). In the sensitivity analysis that only 
included studies with more than 60 percent of compliance rate (seven estimates) there 
was a greater HbA1c reduction (mean between-group difference from baseline, -0.36 
percent; 95% CI, -0.44 to -0.27 percent). A meta-analysis of four studies in children and 
adolescents age 18 years or younger showed a significant combined mean between-group 
difference in how HbA1c changed from baseline of -0.26 percent favoring rt-CGM (95% 
CI, -0.46 to -0.06 percent).  

• The strength of evidence was moderate comparing rt-CGM with SMBG for nonsevere 
hypoglycemia. A meta-analysis of 4 studies (6 estimates) showed no difference between 
the rt-CGM and SMBG groups in time spent in the hypoglycemic range, defined by 
glucose level less than 70 mg/dL. The mean between-group difference was -2.11 
minutes/day (95% CI, -5.66 to 1.44 minutes/day).  

• The strength of evidence was low suggesting no difference in severe hypoglycemia rates 
between the rt-CGM and SMBG intervention groups (pooled RR, 0.95; 95% CI, 0.53 to 
1.69). Two of these trials reported severe hypoglycemia data specifically in pediatric 
populations. In one study, severe hypoglycemia was less common in pediatric patients 
using rt-CGM than pediatric patients using SMBG alone (SMBG 4/78 vs. rt-CGM 0/76, 
P=0.046).80 In contrast, the pediatric subgroup (ages 8-14 years) of another study showed 
a similar incidence of severe hypoglycemia in both arms (SMBG 6/58 vs. rt-CGM 4/56, 
P=0.74).27 

• The strength of the evidence comparing rt-CGM with SMBG for hyperglycemia was 
moderate. A meta-analysis of 4 studies (6 estimates) indicated a significant reduction in 
time spent in hyperglycemic range, defined by glucose level greater than 180 mg/dL, 
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with the mean between-group difference of -68.56 minutes/day favoring rt-CGM (95% 
CI, -101.17 to -35.96). 

• The strength of the evidence comparing rt-CGM with SMBG was low for the ratio of 
basal to bolus insulin. One study reported that the basal rate was a higher proportion of 
the total daily insulin dose in the rt-CGM compared with the SMBG intervention group 
(mean between-group difference in final basal rate, 4.3 percent; 95% CI, 0.8 to 7.8 
percent).80 In contrast, a second study reported a higher percentage of insulin delivered as 
bolus in the rt-CGM group compared with the SMBG group (mean between-group 
difference in final percentage of insulin delivered as bolus, -4.0 percent; 95% CI,  
-9.3 to 1.3 percent).81 

• The strength of evidence was low comparing rt-CGM with SMBG for general QOL. One 
study found no difference in parental satisfaction between the two intervention arms 
(mean between-group difference in change from baseline in World Health Organization 
Well Being Index-5 mother’s well-being score, -2.7; 95% CI, -14.2 to 8.8) at 12 
months.80 The other study assessed general QOL using the Short Form-12 and found an 
improvement on the Physical Component Score favoring rt-CGM (mean between-group 
difference in chage from baseline, 1.4; 95% CI, -1.5 to 4.3) but no difference between the 
intervention groups on the Mental Component Score (mean between-group difference in 
change from baseline, -1.6; 95% CI, -5.9 to 2.7) at 26 weeks.82 

• The strength of evidence was low comparing rt-CGM with SMBG for diabetes-specific 
QOL. There was no difference in diabetes-specific QOL between the rt-CGM and SMBG 
intervention arms in either study (mean between-group difference in the change from 
baseline in Problem Areas in Diabetes score, -0.9; 95% CI, -7.9 to 6.1 at 26 weeks82 and 
mean difference between-group difference in the change from baseline Diabetes Quality 
of Life score, -3.0; 95% CI, -6.6 to 0.6).83 

• The strength of the evidence comparing rt-CGM with SMBG for diabetes treatment-
related QOL was insufficient. There was a lower fear of hypoglycemia favoring rt-CGM 
(mean between-group difference in change from baseline score, -2.3; 95% CI, -8.2 to 
3.6).82 

• There was insufficient strength of evidence evaluating the effects of rt-CGM vs. SMBG 
in terms of mortality, microvascular or macrovascular disease, weight, or any other 
process measure, as we found no studies reporting on these outcomes. 

Study Design 
Nine studies evaluated rt-CGM versus SMBG in children and adults with type 1 diabetes (see 

Appendix E, Table 1).27 80 81 83-88 They were conducted in diverse countries, including three in the 
U.S.,27 84 86 four in multiple countries,80 83 87 88 one in France,81 and one in Australia.85 Studies 
varied in their sources of support—seven received industry support,80 81 84-88 and three received 
other sources of support.27 83 85 None received government funding. 

Of the nine studies, eight were parallel arm RCTs27 80 81 84-88 and one was a randomized cross-
over trial.83 Four studies included a run-in period,27 84 86 88 and five did not.80 81 83 85 87 Enrollment 
in five studies started and ended after 2006,27 80 81 84 88 but other studies did not report the dates of 
enrollment period.83 85-87 The median followup time for all studies was 24 weeks, with a range of 
12 to 52 weeks. Six studies reported the number of patients screened.80 81 85-88 These studies 
enrolled over half of the patients that they screened with a median of 132 patients (range 13 to 
322). The number of patients screened was not reported for three studies.27 83 84 Patients were 
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recruited from referral clinics in two studies.81 85 No studies reported excluding pregnant patients 
specifically. Most studies had entry criteria based on HbA1c: some studies excluded patients 
based on HbA1c greater than 7 percent,84 greater than 7.5 percent,86 88 greater than 8.1 percent,87 
greater than 8.5 percent,85 or less than 8 percent.81 One study enrolled patients with HbA1c 
between 7 and 10 percent.27 Patients were excluded from certain studies if they had ever used an 
insulin pump for less than 3 months85 or less than 1 year,83 or had ever used rt-CGM in the past 6 
months,27 86 or 4 weeks.88 
 
Population Characteristics 

The mean age of participants in the RCTs was 24.0 years (range, 8.5 to 41.2 years) and 25.0 
years (range, 9.1 to 44.6 years) in the rt-CGM and SMBG groups, respectively (see Appendix E, 
Table 2). The age of the participants was not reported for four studies.81 83 85 87 Males represented 
47 percent and 46 percent of the study populations, respectively, for the rt-CGM and SMBG 
groups. Two studies did not report gender distribution.83 87 Six studies did not report the racial 
composition of their study populations. In other studies, more than 90 percent of the participants 
were Caucasians.  

The mean baseline HbA1c in the RCTs was 8.3 percent in both the rt-CGM and SMBG 
groups. In the three studies that reported baseline BMI, the means in the rt-CGM groups were 
23.5 kg/m2,81 26.9 kg/m2,57 and 22.4 kg/m2,88 and in the SMBG groups the means were 22.5 
kg/m2,81 26.3 kg/m2,57 and 22 kg/m2.88 

Interventions 
In the rt-CGM arm, four studies used Minimed Paradigm,80 81 85 86 two used Minimed 

Guardian rt-CGM,83 87 one study used Abbott FreeStyle Navigator,88 and two studies used three 
models27 84 including the Abbott Freestyle Navigator, Dexcom STS, and Minimed Paradigm (see 
Appendix E, Table 3). In five studies, participants were asked to wear monitors continuously; 
three studies required rt-CGM to be used more than 70 percent of time;81 85 88 and one study did 
not specify the time requirement.86 Eight studies reported sensor compliance.27 80 81 83-86 88 The 
range of compliance was wide and depended on the subpopulation studied. Four studies reported 
on sensor compliance by age category.27 81 84 88 In each of these studies, compliance was highest 
in individuals greater than 25 years of age (range, 74.9 to 83 percent) and lowest in those 15 to 
24 years of age (range, 30 to 53 percent). Frequency of adjusting insulin therapy and frequency 
of professional or allied health visits were not reported in the available studies. 

Five studies used CSII with or without rt-CGM,80 81 83 85 86 four studies used either MDI or 
CSII with or without rt-CGM.27 84 87 88 Four studies required participants to perform glucose 
monitoring four or more times daily;27 80 84 85 one required monitoring at least three times per 
day;81 and four studies did not report the frequency of monitoring.83 86-88 Four studies reported 
glycemic targets: HbA1c less than 7.5 percent;86 pre-prandial glucose 90 to 144 mg/dL, 2-hour 
post-prandial glucose less than 180 mg/dL, bedtime glycemic target 122 to 182 mg/dL and 
overnight glycemic target 82 to 164 mg/dL;80 pre-prandial glucose 70 to 133 mg/dL, 2-hour post-
prandial glucose less than 180 mg/dL, and bedtime or overnight target 100 to 150 mg/dL;27 
preprandial target 70 to 130 mg/dL with peak postprandial values below 180 mg/dL.88 Two 
studies provided guideline for between-visit titration.27 81 
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Outcomes 
Details of the outcomes are reported in Appendix E, Table 4. The included studies evaluated 

the effects of rt-CGM vs. SMBG in terms of HbA1c, hyperglycemia, nonsevere and severe 
hypoglycemia, ratio of basal to bolus insulin, and quality of life. None of the studies evaluated 
mortality, microvascular or macrovascular disease, weight, or any other process measure. 

HbA1c 
Nine trials examined the comparative effectiveness of rt-CGM versus SMBG on HbA1c. Five 

studies showed significant differences in end of study HbA1c between the rt-CGM and SMBG 
groups favoring rt-CGM,27 84 85 87 88 except for the subgroup 24 years of age or younger in one 
study.27 The remaining studies showed no significant difference in the change from baseline 
HbA1c between the two groups,27 80 81 83 86 including the subgroup 24 years of age or younger in 
the study that stratified by age.27  

Meta-analysis of seven trials (nine estimates) of at least 12 weeks duration showed a 
significant difference in HbA1c between the rt-CGM and SMBG groups favoring rt-CGM 
(combined mean between-group difference from baseline, -0.30 percent; 95% CI, -0.37 to  
-0.22 percent; see Figure 28). The analysis suggested statistical heterogeneity (I2, 64.6 percent, 
P=0.004), but no single study influenced results substantially. Egger’s test (P=0.65) and funnel 
plot did not suggest publication bias.  

Four studies used either CSII or MDI in the study. Two studies reported HbA1c changes were 
similar in MDI and CSII users,27 84 while the other two trials did not report results separately.87 88  

In a post-hoc analysis, we found that the heterogeneity was explained in part by percent of 
sensor compliance. In the meta-regression, sensor compliance was significantly associated with 
the degree of HbA1c reduction (see Figure 29; r=-0.8258; P=0.0221). In the sensitivity analysis 
that only included studies with more than a 60 percent rate of compliance with the sensor use 
(seven estimates), rt-CGM had an even greater effect on reducing HbA1c as compared with 
SMBG (combined mean between-group difference from baseline, -0.36 percent; 95% CI,  
-0.44 to -0.27 percent; Figure 30).  
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Figure 28. Between-group difference between rt-CGM and SMBG in how HbA1c changed from 
baseline among adults with type 1 diabetes 

 
CI = confidence interval; HbA1c = hemoglobin A1c; rt-CGM = real-time continuous glucose monitor; SMBG = self-monitoring of 
blood glucose 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 22.59 with 8 degrees of freedom (p = 0.004) 
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Figure 29. Compliance with sensor and mean between-group difference between rt-CGM and 
SMBG in how HbA1c (%) changed from baseline 

 
HbA1c = hemoglobin A1c; rt-CGM = real-time continuous glucose monitoring; SMBG = self monitoring of blood glucose 
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Figure 30. Between-group difference between rt-CGM and SMBG in how HbA1c changed from 
baseline among adults with type 1 diabetes in studies where compliance was greater than 60% 

 
CI = confidence interval; HbA1c = hemoglobin A1c; rt-CGM = real-time continuous glucose monitor; SMBG = self-monitoring of 
blood glucose 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 10.14 with 6 degrees of freedom (p = 0.12) 

Studies in Younger Age Groups 
Four studies reported data separately for younger age groups. One study reported a 

significant effect of rt-CGM as compared with SMBG for individuals 8 to 18 years of age 
(personal communication). The other three trials showed no significant reduction in HbA1c 
favoring rt-CGM (personal communication).86 88 Meta-analysis of four studies in age 18 or 
younger showed a significant mean between-group difference in how HbA1c changed from 
baseline, favoring rt-CGM (combined mean between-group difference from baseline, -0.26 
percent, 95% CI, -0.46 to -0.06 percent) (Figure 31). Egger’s test (P=0.75) and funnel plot did 
not suggest publication bias.  
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Figure 31. Between-group difference between rt-CGM and SMBG in how HbA1c changed from 
baseline among children and adolescents with type 1 diabetes  

 
CI = confidence interval; HbA1c = hemoglobin A1c; rt-CGM = real-time continuous glucose monitor; SMBG = self-monitoring of 
blood glucose 
*Unpublished results. 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 4.12 with 3 degrees of freedom (p = 0.25) 

Nonsevere Hypoglycemia 
Seven studies evaluated the incidence of nonsevere hypoglycemia with rt-CGM compared 

with SMBG (see Table 22).27 81 83-86 88 The definitions of nonsevere hypoglycemia varied 
between studies and several studies reported multiple endpoints. The results were mixed. Three 
studies showed no difference in nonsevere hypoglycemia between the rt-CGM and SMBG 
interventions.27 81 85 Three studies showed evidence of a benefit of rt-CGM on the duration of 
nonsevere hypoglycemia. In a RCT of patients with well-controlled type 1 diabetes,84 the rt-
CGM group spent less time with nonsevere hypoglycemia compared with the SMBG group (all 
P<0.05) regardless of the hypoglycemia cut-point used. In another RCT in patients with type 1 
diabetes ages 12 to 72 years,86 those in the SMBG only arm had an increase in the duration of 
time spent with glucose less than or equal to 70 mg/dL, whereas those in the rt-CGM arm had no 
change in duration of time spent with glucose less than or equal to 70 mg/dL, resulting in a 
statistically significant between-group difference (P=0.0002). In an RCT of patients with HbA1c 
greater than or equal to7.5 percent, the time per day spent in hypoglycemia was significantly 
shorter in the rt-CGM group than the control group.88 In the seventh study,83 rt-CGM use was 
associated with a significant reduction in the number of SMBG readings less than 60 mg/dL, 
whereas no difference was observed in the SMBG-only group; however, the between-condition 
comparison was not statistically significant. Similar trends that were not significant were 
observed when the number of patients with hypoglycemia (glucose less than 60 mg/dL) was used 
as the endpoint. A meta-analysis including 4 studies (6 estimates) showed no difference in time 
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spent in hypoglycemic range, defined by glucose level less than 70 mg/dL.27 81 85 88 The mean 
between group difference was -2.11 minutes/day (95% CI, -5.66 to 1.44) (see Figure 32). There 
was no evidence of statistical heterogeneity or publication bias, using Egger’s test and the funnel 
plot.  

Table 22. Nonsevere hypoglycemia in the rt-CGM and SMBG interventions among patients with 
type 1 diabetes 

Author, Year Definition Significant Effect 
Favoring rt-CGM 

Radermecker, 201083 Events <60 mg/dL in preceding 14 days Yes (within-arm) 

Raccah, 200981 
Change in glucose <70 /mg/dL hours per day 
Change in hypoglycemia AUC (mg/dL/day) 
Change in the number of hypoglycemia episodes 

No 

JDRF, 200984 
Minutes per day spent with glucose level ≤ 50 mg/dL 
Minutes per day spent with glucose level ≤ 60 mg/dL 
Minutes per day spent with glucose level ≤ 70 mg/dL 

Yes 

O’Connell, 200985 Time spent with glucose ≤ 70.2 mg/dL No 

Tamborlane, 200827 Minutes per day spent with glucose level ≤ 50 mg/dL 
Minutes per day spent with glucose level ≤ 70 mg/dL No 

Hirsch, 200886 Time spent <70 mg/dL  Yes 

Battelino, 201188 
Hours per day with glucose level < 63 mg/dL 
Hours per day with glucose level < 55 mg/dL 
Hours per day with glucose < 70 mg/dL 

Yes 
Borderline, P=0.05 
Yes 

AUC = area under the curve; JDRF = Juvenile Diabetes Research Foundation; mg/dL = milligrams per deciliter; rt-CGM = real-
time continuous glucose monitor; SMBG = self monitoring of blood glucose 

Figure 32. Between-group difference between rt-CGM and SMBG in how time spent in 
hypoglycemic range changed from baseline among patients with type 1 diabetes 

 
CI = confidence interval; rt-CGM = real-time continuous glucose monitor; SMBG = self-monitoring of blood glucose 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 4.24 with 5 degrees of freedom (p = 0.52) 
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Severe Hypoglycemia 
Eight studies reported the incidence of severe hypoglycemia over the study interval using 

variable definitions (see Table 23).27 80 81 84-88 One study reported data stratified by age and we 
treated these groups as distinct populations.27 A meta-analysis of six of these studies (eight 
separate study populations) indicated no difference in the incidence of severe hypoglycemia with 
rt-CGM compared with SMBG treatment (pooled RR, 0.95; 95% CI, 0.53 to 1.69, P=0.86) (see 
Figure 33). Two of the studies were excluded from meta-analysis because of zero events in both 
arms.85 88 Another study was excluded from the meta-analysis because its randomized crossover 
design differed from the other studies.83 In this study, no severe hypoglycemic events were 
observed.  

Two of these trials reported severe hypoglycemia data specifically in a pediatric population.80 

86 In one study,80 severe hypoglycemia was less common in those using rt-CGM than those using 
SMBG alone (four out of 78 patients with SMBG vs. 0 out of 76 patients with rt-CGM; 
P=0.046). In contrast, the pediatric subgroup (ages 8 to 14 years) of another study27 showed a 
similar incidence of severe hypoglycemia in both arms (six out of 58 patients with SMBG vs. 
four out of 56 patients with rt-CGM; P=0.74).  

In the six studies included in the meta-analysis, the duration of intervention ranged from 12 
to 52 weeks. There was no evidence of statistical heterogeneity or publication bias, using Egger’s 
test and the funnel plot. As a sensitivity analysis, we conducted a fixed-effects meta-analysis 
using the treatment-arm continuity correction (0 cells were replaced by the reciprical of the other 
treatment arm).89 The treatment-arm continuity correction provided a similar result (odds ratio, 
0.94; 95% CI, 0.54 to 1.61). 

Table 23. Definition of severe hypoglycemia in the studies of rt-CGM and SMBG in type 1 diabetes  
Author, Year Definition of Hypoglycemia 

Kordonouri, 201080 Not further specified 
Raccah, 200981 Not further specified 

Beck, JDRF, 200984 Event that required assistance from another person to administer carbohydrate, 
glucagon, or other resuscitative actions 

O’Connell, 200985 Episode of hypoglycemia resulting in seizure or coma or requiring third-party 
assistance or the use of glucagon or intravenous glucose for recovery 

Tamborlane, JDRF, 
200927 

Event that required assistance from another person to administer oral carbohydrate, 
glucagon, or other resuscitative actions 

Hirsch, 200886 
Clinical episode of hypoglycemia resulting in seizure or coma, requiring hospitalization 
or intravenous glucose or glucagon, or any hypoglycemia requiring assistance from 
another person 

Deiss, 200690 Not further specified 
Battelino, 201188 Not further speficied  
JDRF = Juvenile Diabetes Research Foundation; rt-CGM = real-time continuous glucose monitor; SMBG = self monitoring of 
blood glucose 
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Figure 33. Pooled relative risk of severe hypoglycemia in rt-CGM versus SMBG interventions 
among patients with type 1 diabetes  

 
CI = confidence interval; RR = relative risk; rt-CGM = real-time continuous glucose monitor; SMBG = self monitoring of blood 
glucose 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 7.91 with 7 degrees of freedom (p = 0.34) 
I-squared = 12 percent 

Hyperglycemia 
Six studies evaluated the comparative effectiveness of rt-CGM versus SMBG on change in 

hyperglycemia (Table 24).27 81 84-86 88 The definitions of hyperglycemia varied between studies 
and several studies reported multiple different endpoints. Two studies85 86 showed no difference 
between the rt-CGM and SMBG arms. Two studies84 88showed non-statistically significant trends 
toward less time with hyperglycemia in the rt-CGM arm compared with the SMBG arm. In 
another study the effect differed by the age of the population.27 In those 25 years of age and 
older, subjects with rt-CGM had significantly less hyperglycemia compared with those with 
SMBG alone; this effect was not observed in the two other age groups investigated (age 8 to 14 
years and age 15 to 24 years). The fifth study showed significant improvements in 
hyperglycemia in the rt-CGM group compared with the SMBG group.81 A meta-analysis of four 
studies (six estimates) indicated a significant reduction in time spent in hyperglycemic range, 
defined by glucose level less than 180 mg/dL, with the mean between-group difference of -68.56 
minutes/day (95% CI, -101.17 to -35.96) (Figure 34).27 81 85 88 There was no evidence of 
statistical heterogeneity or publication bias, using Egger’s test and the funnel plot.  
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Table 24. Hyperglycemia in the rt-CGM and SMBG interventions among patients with type 1 
diabetes 

Author, Year Definition Significant Effect  
Favoring rt-CGM 

Raccah, 200981 Change in glucose >190 /mg/dL hours per day 
Change in hyperglycemia AUC (mg/dL/day) Yes 

JDRF, 200984 Minutes per day spent with glucose level > 180 mg/dL 
Minutes per day spent with glucose level >250 mg/dL No (trend) 

O’Connell, 200985 Time spent with glucose > 180 mg/dL No 

Tamborlane, 
200827 

Minutes per day spent with glucose level > 180 mg/dL 
Minutes per day spent with glucose level > 250 mg/dL 

Yes, in individuals 25 years of 
age and older. No, in other 
age groups 

Hirsch, 200886 Hyperglycemia (> 180 mg/dL) AUC  
No (improvement in both 
arms, no between group 
differences) 

Battelino, 201188 Hours per day with glucose level>180 mg/dL 
Hours per day with glucose level >250 md/dL 

No, but favor rt-CGM 
No, but favor rt-CGM  

AUC = area under the curve; JDRF = Juvenile Diabetes Research Foundation; mg/dL = milligrams per deciliter; rt-CGM = real-
time continuous glucose monitor; SMBG = self monitoring of blood glucose 

Figure 34. Between-group difference between rt-CGM and SMBG in how time spent in 
hyperglycemic range changed from baseline among patients with type 1 diabetes 

 
CI = confidence interval; rt-CGM = real-time continuous glucose monitor; SMBG = self-monitoring of blood glucose 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 5.80 with 5 degrees of freedom (p = 0.33) 

Ratio of Basal to Bolus Insulin 
We sought to compare rt-CGM with SMBG on four different process measures: ratio of basal 

to bolus insulin, frequency of adjusting insulin therapy, adherence to sensor use, and frequency 
of professional or allied health visits. Among these outcomes, only ratio of basal to bolus insulin 
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(or its equivalent) was reported. One study80 reported that after 52 weeks, the basal rate was a 
higher proportion of the total daily insulin dose in the rt-CGM group compared with SMBG (34 
percent; SD, 11.8 percent vs. 29.7 percent; SD, 10.4 percent, P=0.021). In contrast, a second 
study reported a higher percentage of insulin delivered as bolus in the rt-CGM group compared 
with the SMBG group (53.8 percent; SD, 10 percent vs. 49.8 percent; SD, 15.8 percent; P not 
reported).81  

Quality of Life, Including General, Diabetes-Specific, and Treatment-Related 
Three studies examined the comparative effectiveness of rt-CGM versus SMBG on general, 

diabetes specific, and diabetes treatment-related QOL (see Table 25).80 82 83 One study assessed 
the well-being of the patients’ mothers using the World Health Organization-5 and found no 
difference in parental satisfaction between the two intervention arms.80 The other study assessed 
general QOL using the Short Form-12 and found an improvement on the Physical Component 
Score favoring rt-CGM but no difference between the intervention arms on the Mental 
Component Score.82  

Two studies examined diabetes-specific QOL—one using the Problem Area in Diabetes in 
children and adolescents82 and one using the Diabetes Quality of Life (DQOL) in adults83 (see 
Table 25). There was no difference in DQOL between the two intervention arms in either study. 

One study examined diabetes treatment-related QOL using the Hypoglycemia Fear Survey in 
children and adults and found lower fear of hypoglycemia favoring rt-CGM.82 
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Table 25. Quality of life in the rt-CGM and SMBG interventions among patients with type 1 diabetes 

QOL Domain Author, Year N by Intervention 
Group Comparison Population 

Difference in QOL Between 
Comparison and Baseline 

Groups 

Group Favored 
for QOL 
Measure 

WHO-5* 
(mother’s well-
being) 

Kordonouri, 
201080 

76 rt-CGM, 78 
SMBG rt-CGM vs. SMBG 

154 children (aged 1-16 
years, mean ± SD: 8.7 ± 
4.4 years; 47.5 percent 
girls) 

At 12 months, 62.7±18.9 in rt-CGM 
versus 60.8±19.in SMBG Neither 

SF-12* Beck, 201082 120 rt-CGM, 106 
SMBG rt-CGM vs. SMBG 226 children and adults 

with type 1 diabetes 

PCS: At 26 weeks, 55.5 ± 4.9 in rt-
CGM versus 54.1 ± 6.9 in SMBG 
(P=0.03) 
MCS: At 26 weeks, 48.4 ±10.1 in 
rt-CGM versus 48.7 ± 9.6 in SMBG 
(P=0.35) 

PCS: rt-CGM 
 
MCS: neither 

PAID† Beck, 201082 120 rt-CGM, 106 
SMBG rt-CGM vs. SMBG 226 children and adults 

with type 1 diabetes 

At 26 weeks, 18.1 ± 14.1 in rt-CGM 
versus 18.2 ± 14.6 in SMBG 
(P=0.50) 

Neither 

DQOL† Radermecker, 
201083 

13 (crossover 
study) rt-CGM vs. SMBG 

 Thirteen adults with type 1 
diabetes (diabetes 
duration: 25+/-15 years; 
CSII duration: 5.5+/-7.0 
years) 

Mean difference in the rt-CGM 
group from baseline was -2.3 ± 5.3 
(95% CI, -6.4 to 1.7); in the SMBG 
group, 0.7 ± 4.1 (95% CI, 2.5 to 
3.8) 

Neither 

Hypoglycemia 
Fear Survey‡ Beck, 201082 120 rt-CGM, 106 

SMBG rt-CGM vs. SMBG 226 children and adults 
with type 1 diabetes 

At 26 weeks, 33.3 ± 11.5 in rt-CGM 
versus 36.0 ± 15.6 in SMBG 
(P=0.04) 

rt-CGM 

CI = confidence interval; DQOL = Diabetes Quality of Life; MCS = Mental Component Score; PAID = Problem Areas in Diabetes; PCS = Physical Component Score;  
QOL = quality of life; rt-CGM = real-time continuous glucose monitor; SD = standard deviation; SF-12 = Short Form-12; SMBG = self monitoring of blood glucose;  
WHO-5 = World Health Organization-5 
*General QOL. Total scores for the World Health Organization-5 range from 0 to 100, with higher scores indicating better well-being. Total scores for the Short Form-12 range 
from 0 to 100, with higher scores indicating higher levels of health. 
†Diabetes-specific QOL. Total scores for the Problem Areas in Diabetes range from 0 to 100, with higher scores indicating more serious problems. Total scores for the Diabetes 
Quality of Life questionnaire range from 0 to 100, with higher scores indicating better quality of life. 
‡Diabetes treatment-related QOL. Total scores for the Hypoglycemia Fear Survey range from 0 to 92, with higher scores indicating higher levels of fear. 
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Study Quality 
Four studies were rated with good quality80 84-86 and five studies were rated with fair quality 

(see Appendix E, Table 5).27 81 83 87 88 Those studies rated as fair were not clear in reporting 
allocation concealment. However, all trials were open-labeled because of the nature of the 
interventions. 

Strength of Evidence 
The strength of evidence examining the comparative effectiveness of rt-CGM versus SMBG 

was high for HbA1c, moderate for hyperglycemia, and mild hypoglycemia, and low for severe 
hypoglycemia, ratio of basal to bolus insulin and QOL (Table 26). No study reported on weight 
gain as an outcome. The magnitude of effect of rt-CGM versus SMBG was small but significant 
for the HbA1c outcome (-0.3 percent, P<0.001), favoring rt-CGM, but there was no effect on 
severe hypoglycemia. Risk of bias was low for the outcomes of HbA1c and severe hypoglycemia, 
medium for hyperglycemia and mild hypoglycemia, and high for ratio of basal to bolus insulin 
and QOL.  
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Table 26. Numbers of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for rt-
CGM versus SMBG in children and adults with type 1 diabetes 

Outcome 
Number of 

Studies 
(Participants) 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength of 

Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication 
Bias 

Mortality 0 NA NA NA NA NA Strength of evidence: Insufficient 
Microvascular 
outcomes 0 NA NA NA NA NA Strength of evidence: Insufficient 

Macrovascular 
outcomes 0 NA NA NA NA NA Strength of evidence: Insufficient 

HbA1c 9 (1215) Low Consistent Direct Precise No Magnitude of effect: Small 
Strength of evidence: High 

Hyperglycemia 6 (886) Medium Inconsistent Direct Imprecise No Magnitude of effect: Moderate  
Strength of evidence: Moderate  

Mild hypoglycemia 7 (899) Medium Inconsistent Direct  Precise  No Magnitude of effect: No effect  
Strength of evidence: Moderate  

Severe 
hypoglycemia 8 (1202) Low Inconsistent Direct Imprecise No Magnitude of effect: No effect 

Strength of evidence: Low 
Weight 0 NA NA NA NA NA Strength of evidence: Insufficient 
Ratio of basal to 
bolus insulin 2 (482) High Inconsistent Direct Precise Uncertain Magnitude of effect: Unable to determine  

Strength of evidence: Low 
Frequency of 
adjusting insulin 
therapy 

0 NA NA NA NA NA Strength of evidence: Insufficient 

Adherence to 
insulin therapy 0 NA NA NA NA NA Strength of evidence: Insufficient 
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Table 26. Numbers of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for rt-
CGM versus SMBG in children and adults with type 1 diabetes (continued) 

Outcome 
Number of 

Studies 
(Participants) 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength of 

Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication 
Bias 

Frequency of 
professional or 
allied health visits 

0 NA NA NA NA NA Strength of evidence: Insufficient 

Quality of life 2 (380) Low Inconsistent Indirect Precise Uncertain Magnitude of effect: Small 
Strength of evidence: Low 

Diabetes-specific 
QOL 2 (239) Moderate Consistent Direct Precise Uncertain Magnitude of effect: Small 

Strength of evidence: Low 
Diabetes 
treatment-related 
QOL 

1 (226) High Unknown Direct Precise Uncertain Magnitude of effect: Small 
Strength of evidence: Insufficient 

HbA1c = hemoglobin A1c; NA = not applicable; QOL = quality of life 
The strength of the evidence was defined as follows: High = High confidence that the evidence reflects the true effect. Further research is unlikely to change our confidence in the 
estimate of the effect. Moderate = Moderate confidence that the evidence reflects the true effect. Further research may change our confidence in the estimate of the effect and may 
change the estimate. Low = Low confidence that the evidence reflects the true effect. Further research is likely to change our confidence in the estimate of the effect and is likely to 
change the estimate. Insufficient = Evidence is unavailable, does not permit a conclusion, or consists of only one study with high risk of bias. 
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Applicability 
Most studies in type 1 diabetes had small sample sizes, with the largest clinical trial including 

322 participants.48 Most RCTs were good or fair quality. The majority of studies were performed 
in both children and adults without stratification by age. Studies generally did not report race but 
based on the countries in which they were conducted (more than half were outside of the U.S. or 
involved multiple countries), most studies included Caucasian participants, consistent with the 
demographics of type 1 diabetes. Participants generally had poor glycemic control at study entry 
(mean HbA1c 8.5 percent), were treated in the intervention groups for an average of 24 weeks, 
and had diabetes for 11.5 years prior to study entry.  

Comparative Effects of rt-CGM and SMBG Among Patients With 
Type 2 Diabetes or Pregnant Women With Pre-Existing Diabetes 

Key Points and Evidence Grades 
• There was insufficient strength of evidence evaluating the effects of rt-CGM vs. SMBG 

among patients with type 2 diabetes or pregnant women with pre-existing diabetes, as we 
found no studies conducted in these populations. 
 

Effectiveness of Sensor-Augmented Pumps Compared With 
MDI/SMBG Among Patients With Type 1 Diabetes 

Key Points and Evidence Grades 
• The strength of evidence was moderate favoring sensor-augmented pumps over 

MDI/SMBG for their effects on HbA1c (mean between-group difference in how HbA1c 
changed was -0.68 percent; 95% CI, -0.81 to -0.54 percent). 

• The strength of the evidence comparing sensor-augmented pumps and MDI/SMBG for 
nonsevere hypoglycemia was moderate. There was no difference in time spent with 
nonsevere hypoglycemia between the sensor-augmented pump and MDI/SMBG 
intervention groups. 

• The strength of evidence was moderate suggesting no difference in severe hypoglycemia 
incidence between the sensor-augmented pump and MDI/SMBG intervention groups 
(RR, 1.2; 95% CI, 0.7 to 2.3;91 0 events for sensor-augmented pump vs. three events for 
MDI/SMBG;92 0 events in eight patients in sensor-augmented pump group versus one 
event in eight patients in the MDI/SMBG group;93 and RR, 3.5; 95% CI, 0.4 to 304).94 

• The strength of the evidence comparing sensor-augmented pumps with MDI/SMBG was 
moderate for hyperglycemia. Two trials suggested time spent with hyperglycemia was 
significantly less in the sensor-augmented pump compared with the MDI/SMBG 
intervention group (P<0.001). 

• The strength of the evidence comparing sensor-augmented pumps with MDI/SMBG was 
low for weight. In one study91 there was no significant difference in weight gain between 
the sensor-augmented pump and MDI/SMBG intervention groups favoring MDI/SMBG 
(2.4 kg vs. 1.8 kg; P=0.19). In another study, weight increased 0.7 kg in the sensor-
augmented pump group and 2.0 kg in the MDI/SMBG group but the difference was not 
significant (mean between-group difference, 1.3 kg; 95% CI, -21.2 to 23.8 kg).92  
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• The strength of the evidence comparing sensor-augmented pumps with MDI/SMBG was 
low for diabetes treatment-related QOL. User acceptance and overall diabetes treatment 
satisfaction were greater in the sensor-augmented pump arm compared with the 
MDI/SMBG arm. Blood Glucose Monitoring System Rating Questionnaire scores were 
83.3±21.7 for sensor-augmented pump versus 33.3±22.6 for MDI/SMBG (mean 
between-group difference in final scores, 50.0; 95% CI, 33.6 to 66.4).92 

• There was insufficient strength of evidence evaluating the effects of sensor-augmented 
pumps vs. MDI/SMBG in terms of mortality, microvascular or macrovascular disease, or 
any of the process measures, as we found no studies reporting on these outcomes. 

 
Study Design 

Four studies evaluated a sensor-augmented pump versus MDI/SMBG in children and adults 
with type 1 diabetes (see Appendix E, Table 1).91-94 Two studies were multicenter trials in North 
America.91 93 The third study did not specify the location and number of the study sites.92 The 
fourth study was a multi-center trial in Europe.94 Two studies reported receiving industry 
support,91 92 and the other two studies did not specify the sources of support.93 94 None of the 
studies reported receiving government funding. 

All four studies were parallel-arm RCTs.91-94 Two studies described a run-in period91 93 and 
two did not.92 94 Of the four studies, two described the dates of the enrollment period.91 94 The 
followup time for the studies were 15, 16, 26, and 52 weeks. One study reported the number of 
patients screened.91 One study reported the exclusion of pregnant patients specifically.91  

All four studies enrolled suboptimally controlled patients with HbA1c between 7.4 and 9.5 
percent;91 greater than or equal to 7.5 percent;93 or HbA1c greater than or equal to 8.2 percent.94 
The other study mentioned excluding patients with “optimal” glycemic control but did not point 
out the HbA1c criteria specifically.92  

Certain studies excluded patients if they had ever used an insulin pump within the past 3 
years91 or anytime in the past (i.e., CSII-naïve).92 93 One trial included current MDI users only, 
but did not specify exclusion criteria based on having ever used an insulin pump.94 

Population Characteristics 
Three studies included only adults92 94 95 and one study enrolled both adults and children (see 

Appendix E, Table 2).91 Two of these studies reported the mean age of participants (47.2 years92 
and 45.9 years).93 Two reported mean age stratified by treatment group (32.2 years in the sensor-
augmented pump group vs. 31.5 years in the MDI/SMBG group91 and 39.3 in sensor-augmented 
pump group vs. 37.3 in the MDI/SMBG group).94 In the study that included both adults and 
children,91 32 percent of the sample were children and the mean ages of the children were 11.7 
years in the sensor-augmented pump group versus 12.7 years in the MDI/SMBG group. Two 
studies described the gender distribution by treatment arm (57 percent males in sensor-
augmented pump group vs. 56 percent males in the MDI/SMBG group91 and 50 percent males in 
sensor-augmented pump vs. 53.8 percent males in MDI/SMBG group).94 And two studies 
described combined treatment arms (46 percent males92 and 50 percent males).93 The majority of 
participants in two studies were white (92 percent91 and 79 percent).92 Two studies did not report 
the racial composition of the population.93 94  

The mean baseline HbA1c in the RCTs was similar in all four studies (median, 8.6 percent; 
range, 8.3 to 9.5 percent). One study reported the baseline BMI by treatment arm (sensor-
augmented pump 25.3 kg/m2 vs. MDI/SMBG 25.6 kg/m2),91 one study reported the baseline BMI 
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in the combined sample (mean, 27.0 kg/m2)92 and two studies did not report baseline body mass 
index.93 94  

Interventions 
All four studies used the MiniMed Paradigm REALTime system and provided training in the 

use of the device (see Appendix E, Table 3). The frequency and intensity of the followup visits, 
however, differed between studies. In the longest study,91 patients assigned to the sensor-
augmented pump arm underwent initial pump training, followed by pump initiation. Two weeks 
later, following on-line and in-person training sessions, researchers introduced the rt-CGM. 
Clinicians saw patients at 3-month intervals during which they reviewed glucose data and 
adjusted insulin therapy. Clinicians also saw patients assigned to continue MDI/SMBG at 3-
month intervals and made insulin adjustments. In the MDI/SMBG group, patients wore a blinded 
rt-CGM device for 1-week periods at baseline, 6 months, and 12 months, so continuous glucose 
profiles could be compared between the study groups at the end of the study. Both arms of the 
study received the same instruction in intensive diabetes management and carbohydrate 
counting.  

In a 15-week randomized trial,93 patients assigned to a sensor-augmented pump initiated CSII 
and rt-CGM in a step-wise fashion over a 3-week period. Use of the rt-CGM started 2 weeks 
after CSII initiation. The patients in the sensor-augmented pump arm were also seen at weeks 3, 
5, and 15. Clinicians saw patients randomized to continue MDI/SMBG at baseline and weeks 2, 
5, and 15. In both arms, clinicians reviewed glucose data and adjusted insulin. Participants in 
both arms of the study received the same instruction in intensive diabetes management and 
carbohydrate counting.  

In a 16-week randomized trial,92 both arms received diabetes education and those 
randomized to a sensor-augmented pump received additional one-time instructions regarding the 
use of the device. The trial did not specify additional followup visits in either arm until the end 
of study visit at week 16. Clinicians did not make insulin adjustments as part of the study 
protocol.  

In the most recent trial,94 clinicians trained patients to use the device within 2 weeks after 
randomization and to change both the insulin catheter and glucose sensor every 3 days. At 13 
and 26 weeks, patients visited the investigating center and clinicians downloaded data from the 
sensor. Clinicians made therapy adjustments when necessary based on the downloaded data. 
They provided no specific instructions to the patients with regard to insulin dosing or other 
device specific adjustments other than during the training phase and at 13- and 26-week visits. In 
the second part of the trial (between 13 and 26 weeks) patients in the sensor-augmented insulin 
pump and MDI groups were to receive the same amount of study staff attention. Only one study 
reported the frequency of rt-CGM use91 and 67 percent of patients used the rt-CGM more than 60 
percent of the time; 23 percent reported using the rt-CGM more than 80 percent of the time.  

Outcomes 
Details of the outcomes are reported in Appendix E, Table 4. The included studies evaluated 

the effects of sensor-augmented pumps vs. MDI/SMBG in terms of HbA1c, nonsevere and severe 
hypoglycemia, hyperglycemia, weight, and quality of life. None of the studies reported on 
mortality, microvascular or macrovascular disease, or any of the process measures.  
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HbA1c 
All four studies assessed the effect on HbA1c.91-94 Three studies found a significant difference 

in end of study HbA1c between the sensor-augmented pump and MDI/SMBG groups, favoring 
sensor-augmented pump.91 92 94 One study did not show a statistically significant difference in 
HbA1c between the two groups.93 A meta-analysis of all four studies showed a significant 
difference in the reduction from baseline HbA1c between the sensor-augmented pump and 
MDI/SMBG groups, favoring the sensor-augmented pump (combined mean between-group 
difference in change from baseline, -0.68 percent; 95% CI, -0.81 to -0.54 percent, P<0.001; see 
Figure 35). We did not find statistical heterogeneity (P=0.09) and no one study influenced results 
substantially. Egger’s test (P=0.08) and funnel plot did not suggest publication bias. 

Figure 35. Between-group difference between sensor-augmented pumps and MDI/SMBG in how 
HbA1c changed from baseline among patients with type 1 diabetes 

 
CI = confidence interval; HbA1c = hemoglobin A1c; MDI/SMBG = multiple daily injections and self monitoring of blood glucose 
Boxes indicate individual study point estimates. The box size denotes the weight of the study, with larger boxes contributing 
more to the pooled estimate. The width of the horizontal lines represents the 95% confidence intervals for each study. The 
diamond at the bottom of the graph indicates the 95% confidence interval for the random-effects pooled estimate. 
Test for heterogeneity: Q = 6.48 with 3 degrees of freedom (p = 0.09) 

Nonsevere Hypoglycemia 
Two studies assessed the time spent with nonsevere hypoglycemia.91 94 The first trial 

calculated the area under the curve for two different cutpoints (less than 70 mg/dL and less than 
50 mg/dL). The study arms had no differences in these measures during the study interval. The 
second trial calculated the percentage of time in hypoglycemia and number of nonsevere 
hypoglycemic events and showed no significance difference between the arms.  

Severe Hypoglycemia 
All four studies reported on the incidence of severe hypoglycemia. In the largest study,91 

severe hypoglycemia was defined as an episode requiring assistance and confirmed by the 
documentation of a blood glucose less than 50 mg/dL or recovery with restoration of plasma 

Overall (I-squared = 53.7%, p = 0.091) 

Peyrot 2009 

Hermanides 2011 

Bergenstal 2010 

Lee 2007 

Author year 

-0.68 (-0.81, -0.54) 

-0.70 (-1.32, -0.08) 

-1.10 (-1.46, -0.74) 

-0.60 (-0.75, -0.45) 

-0.97 (-2.54, 0.60) 

Mean difference (95% CI) 

-0.68 (-0.81, -0.54) 

-0.70 (-1.32, -0.08) 

-1.10 (-1.46, -0.74) 

-0.60 (-0.75, -0.45) 

-0.97 (-2.54, 0.60) 

Favors sensor-augmented pump  Favors MDI + SMBG  
0 -2 -1 0 1 

Mean between-group difference in HbA1c change from baseline (%) 



 

96 

glucose. In the study, hypoglycemia occurred in a similar number of patients in the sensor-
augmented pump arm and the MDI/SMBG group (21 out of 247 patients vs. 17 out of 248 
patients, P=0.58). In another trial,92 three hypoglycemic events occurred in the MDI/SMBG 
group (N = 14), whereas no events occurred in the sensor-augmented pump group (N = 14). The 
number of patients who experienced events was not specified. The definition of severe 
hypoglycemia was not reported. In the third trial,93 one unspecified hypoglycemic event occurred 
in the eight patients randomized to continue MDI/SMBG, and no events occurred in the eight 
patients randomized to a sensor-augmented pump. In the fourth trial,94 there was no significant 
difference in the occurrence of severe hypoglycemia, with four episodes in the sensor-augmented 
pump group and one episode in the MDI/SMBG group (9 percent vs. 3 percent, P=0.21, i.e., 19 
episodes ⁄100 person-years in the sensor-augmented pump group and six episodes ⁄100 person-
years in the MDI/SMBG group). 

Hyperglycemia 
Two studies assessed the time spent with hyperglycemia.91 94 The first trial calculated the 

area under the curve in both arms. The studies used two different outcomes, greater than 250 
mg/dL and greater than 180 mg/dL. In the entire study population, when stratified by age (adults 
19 to 70 years, and children 7 to 18 years of age), those randomized to a sensor-augmented pump 
had significantly less hyperglycemia compared with those continuing MDI/SMBG (all P<0.001), 
using either hyperglycemic threshold. The second trial found the percentage of time in 
hyperglycemia was significantly reduced in the sensor-augmented pump group vs. the 
MDI/SMBG group (-17.3 percent, 95% CI, -25.1 percent to -9.5 percent). However, the number 
of hypoglycemic events was not different (P=0.50).94 

Weight 
Two studies reported the change in weight. One study,91 only reported the change in weight 

in adults, and showed no significant difference in weight gain between the sensor-augmented 
pump and MDI/SMBG arms favoring MDI/SMBG (2.4 kg vs. 1.8 kg, P=0.19). In a second 
study,92 mean weight increased 0.7 kg in the sensor-augmented pump arm and 2.0 kg in the 
MDI/SMBG arm; however, the between-arm difference was not statistically significant (P=0.31).  

Quality of Life, Including General, Diabetes-Specific, and Treatment-Related 
One study examined diabetes treatment-related QOL using the User Acceptance 

Questionnaire and the Blood Glucose Monitoring System Rating Questionnaire in 28 CSII-naïve 
adults with type 1 diabetes.92 At 16 weeks, user acceptance and overall satisfaction was greater 
in the sensor-augmented pump arm compared with MDI/SMBG.92 One study examined disease 
treatment-related QOL using the Diabetes Treatment Satisfaction Questionnaire in 83 CSII-naïve 
adults with type 1 diabetes.94 At 26 weeks, satisfaction was greater in the sensor-augmented 
pump arm compared with MDI/SMBG.94 In addition, the same study examined diabetes-specific 
QOL using the Hypoglycemia Fear Survey and the Problem Areas in Diabetes instrument. The 
study found no significant difference between the study arms at 26 weeks.94 Regarding generic 
QOL, there was no difference in the physical domains of the Short Form-36; one mental domain, 
emotional role, showed improvement at 26 weeks in the sensor-augmented pump arm.94 

One study of children with type 1 diabetes found no significant difference at 52 weeks 
between the sensor-augmented pump and MDI/SMBG arms in caregiver (parent) generic QOL, 
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measured by the World Health Organization-5 scale, or in patient generic QOL, measured by 
KIDSCREEN-27.96 

Study Quality 
Two studies were rated as “good,”91 94 while the other two studies were rated as “poor” to 

“fair”92 93 (see Appendix E, Table 5). 

Strength of Evidence 
The strength of evidence examining the comparative effectiveness of a sensor-augmented 

pump versus MDI/SMBG was moderate for HbA1c because study quality was poor to good but 
low for the outcomes of hypoglycemia, weight gain, and hyperglycemia, and insufficient for 
QOL (Table 27). Risk of bias was medium for HbA1c and severe hypoglycemia outcomes, and 
high for all other outcomes.  
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Table 27. Numbers of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for 
sensor-augmented pumps 

Outcome 
Number of 

Studies 
(Participants) 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength 

of Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication 
Bias 

Mortality 0 NA NA NA NA NA Strength of evidence: Insufficient 
Microvascular 
outcomes 0 NA NA NA NA NA Strength of evidence: Insufficient 

Macrovascular 
outcomes 0 NA NA NA NA NA Strength of evidence: Insufficient 

HbA1c 4 (612) Medium  Consistent Direct Precise No Magnitude of effect: Large 
Strength of evidence: Moderate 

Hyperglycemia 2 (568) High Consistent  Direct Precise Uncertain Magnitude of effect: High 
Strength of evidence: Moderate  

Mild 
hypoglycemia 

2 (568) 
 
 

Medium  Consistent  Direct Cannot 
determine Uncertain Magnitude of effect: No effect 

Strength of evidence: Moderate 

Severe 
hypoglycemia 4 (612) Medium  Inconsistent  Direct Cannot 

determine Uncertain Magnitude of effect: No effect 
Strength of evidence: Moderate 

Weight 2 (513) High Consistent Direct Cannot 
determine Uncertain Magnitude of effect: No effect 

Strength of evidence: Low 
Ratio of basal to 
bolus insulin 0 NA NA NA NA NA Strength of evidence: Insufficient 

Frequency of 
adjusting insulin 
therapy 

0 NA NA NA NA NA Strength of evidence: Insufficient 

Adherence to 
insulin therapy 0 NA NA NA NA NA Strength of evidence: Insufficient 

Frequency of 
professional or 
allied health 
visits 

0 NA NA NA NA NA Strength of evidence: Insufficient 
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Table 27. Numbers of studies and subjects, strength of evidence domains, magnitude of effect, and overall strength of evidence for 
sensor-augmented pumps (continued) 

Outcome 
Number of 

Studies 
(Participants) 

Domains Pertaining to Strength of Evidence 
Magnitude of Effect and Strength 

of Evidence 
Risk of Bias: 

Design/ 
Quality 

Consistency Directness Precision Publication 
Bias 

Diabetes 
treatment-
related QOL 

2 (111) High Consistent Direct Precise Uncertain Magnitude of effect: Low 
Strength of evidence: Low 

Diabetes-
specific QOL 1 (83) Medium Unknown Direct Precise Uncertain Magnitude of effect: No effect 

Strength of evidence: Low 

Generic QOL 3 (237) Medium Consistent Direct Precise Uncertain Magnitude of effect: Low 
Strength of evidence: Low 

HbA1c = hemoglobin A1c; NA = not applicable; QOL = quality of life 
The strength of the evidence was defined as follows: High = High confidence that the evidence reflects the true effect. Further research is unlikely to change our confidence in the 
estimate of the effect. Moderate = Moderate confidence that the evidence reflects the true effect. Further research may change our confidence in the estimate of the effect and may 
change the estimate. Low = Low confidence that the evidence reflects the true effect. Further research is likely to change our confidence in the estimate of the effect and is likely to 
change the estimate. Insufficient = Evidence is unavailable, does not permit a conclusion, or consists of only one study with high risk of bias. 
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Applicability 
The largest clinical trial had 485 participants91 and the other three trials had less than 80 

participants.92-94 Only one study included individuals 20 years of age or younger.91 Two studies 
reported the majority of participants were Caucasian,91 92 while the other two trials did not report 
race distribution.93 94 Participants had poor glycemic control at study entry (mean HbA1c, 8 to 9 
percent); clinicians treated the intervention groups for 15 weeks to one year. One study reported 
a long duration of diabetes with a mean of 15 years.91 

Effectiveness of Sensor-Augmented Pumps Compared With 
MDI/SMBG Among Patients With Type 2 Diabetes or Pregnant 
Women With Pre-Existing Diabetes 

Key Points and Evidence Grades 
• There was insufficient strength of evidence evaluating the effects of sensor-augmented 

pumps vs. MDI/SMBG among patients with type 2 diabetes or pregnant women with pre-
existing diabetes, as we found no studies conducted in these populations. 
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Discussion 
Summary of Key Findings 

Our systematic review summarizes the current state of the evidence on the effectiveness and 
safety of methods for intensive insulin delivery used in clinical practice and glucose monitoring 
in terms of diabetes-related process measures, intermediate outcomes, and clinical outcomes in 
individuals with type 1 and type 2 diabetes mellitus. Although studies have reported on a number 
of process measures and intermediate outcomes (as summarized below), we did not find any 
studies comparing continuous subcutaneous insulin infusion (CSII) with multiple daily injections 
(MDI) or comparing real-time continuous glucose monitoring (rt-CGM) with self-monitoring of 
blood glucose (SMBG) for certain process measures (frequency of adjusting insulin therapy, 
adherence to therapy, and health visits) or for clinical outcomes (microvascular and 
macrovascular disease). 

Comparative Effectiveness of CSII Versus MDI (KQ1)  
Randomized controlled trails (RCTs) showed no difference in the effect on hemoglobin A1c 

(HbA1c) between the CSII and MDI intervention groups for children and adolescents or pregnant 
women with type 1 diabetes, or for adults with type 2 diabetes. In adults with type 1 diabetes, 
CSII showed favorable effect on glycemic control, but the result was influenced by one study66 
where participants had higher HbA1c values at enrollment, allowing for greater HbA1c lowering 
compared with the other studies were participants were closer to the HbA1c target at enrollment. 
The trials also showed no difference in rates of severe hypoglycemia between the two 
intervention groups for children and adolescents, or adults with type 1 diabetes, or adults with 
type 2 diabetes. The evidence was insufficient to draw definitive conclusions about severe 
hypoglycemia rates in pregnant women with type 1 diabetes.  

In most studies of children, adolescents and adults with type 1 diabetes, CSII use resulted in 
improvement in both general and diabetes-specific quality of life (QOL) measures, when 
compared with MDI. The evidence was insufficient to draw definitive conclusions about QOL 
for pregnant women with type 1 diabetes or adults with type 2 diabetes.  

In pregnant women with pre-existing type 1 diabetes, observational studies showed no 
difference in gestational age at delivery between the CSII and MDI intervention groups. Because 
of the small number of studies of fair to poor quality in this population, the evidence was 
insufficient to draw definitive conclusions about other maternal and fetal outcomes. 

Our systematic review and meta-analysis of the comparative effectiveness of CSII and MDI 
on outcomes, complements and extends previously published meta-analyses by: (1) including 
more studies of individuals with type 2 diabetes as well as pregnant women with pre-existing 
type 1 diabetes,30-32 35 97 (2) only including studies using rapidly-acting insulin analogs and not 
regular insulin in the CSII intervention groups,30-32 35 and (3) requiring the MDI groups to be 
receiving at least three injections per day, the current standard for intensive insulin therapy.31 33 97 

98 We believe that these latter two distinctions are extremely important since these characteristics 
of intensive insulin therapy best reflect current clinical practice. Unlike one of the prior meta-
analyses and systematic reviews31 32 and similar to others,33 35 97 98 we excluded before and after 
studies and only included RCTs in our combined estimates for HbA1c and severe hypoglycemia. 
We also examined additional nonglycemic outcomes, including weight gain, ratio of basal to 
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bolus insulin, and QOL. Unfortunately, for some of the defined outcomes—process  
measures (e.g., ratio of basal to bolus insulin), weight gain, nonsevere hypoglycemia, and 
hyperglycemia — the evidence was insufficient to draw definitive conclusions in any population 
of diabetic individuals about the comparative effectiveness of CSII versus MDI or rt-CGM 
versus SMBG.  

We found that CSII had no significant effect on lowering HbA1c in children (a drop of 0.14 
percent) when compared with MDI and that there was no effect in adults with type 1 diabetes. A 
prior meta-analysis in children with type 1 diabetes found a significant (0.24 percent) reduction 
in HbA1c favoring CSII; however, the prior meta-analysis included studies in which there were 
less than three daily injections in the MDI arm.97 This may have biased the results to favor CSII 
since the MDI arm was less intensive than CSII. Prior meta-analyses combining RCTs in 
children and adults with type 1 diabetes have shown HbA1c reductions of 0.21 to 0.4 percent, 
favoring CSII.30-33 Several, however, included studies in which regular insulin was used in the 
pump31 32 or the MDI arm included less than three daily injections.33 In contrast to our meta-
analysis, two prior reviews did not find a difference between CSII and MDI in the effect on 
HbA1c in adults with type 1 diabetes,98 although one systematic review did not perform a 
quantitative summary.99 Our results, however, were  heavily influence by one study and when 
that study was excluded in a sensitivity analysis, CSII and MDI had a similar effect on HbA1c in 
adults with type 1 diabetes.  Our estimates are based on a larger number of RCTs using rapid-
acting analogs only in the CSII arms and at least three daily injections in the MDI arms, making 
them comparable in intensity to CSII (total of 11—7 in children and adolescents and 4 in adults). 
In general, while prior meta-analyses of RCTs have shown a statistically significant reduction in 
HbA1c favoring CSII, none reached what is considered a clinically meaningful difference of 0.5 
percent.99 Prior meta-analyses that have shown larger effect sizes favoring CSII have included 
before and after studies which may be subject to selection bias and confounding (i.e., individuals 
doing poorly on MDI are more likely to be switched to CSII and then improve).30 99  

Similar to a prior meta-analysis we found severe hypoglycemia rates in type 1 diabetes to be 
similar between the MDI and CSII groups (incidence rate ratio=0.99 in children and adolescents 
and 0.74 in adults).98 While two prior analyses found a significantly higher rate of severe 
hypoglycemia with MDI compared with CSII, one of these only included studies if individuals 
reported an elevated frequency of baseline severe hypoglycemic episodes, which may have 
resulted in a greater likelihood of improvement.30 The other included studies that used regular 
insulin in the CSII arms, which would be expected to result in less hypoglycemia than regular 
insulin with MDI due to more steady insulin delivery.32 Similar to two prior systematic reviews, 
there was no difference in HbA1c or hypoglycemia frequency with CSII versus MDI in adults 
with type 2 diabetes.35 98 99 Our meta-analysis is distinct from prior reviews in that it includes 
additional studies not reported previously using current rapid-acting analogs in the CSII arms,35 
and it provides a quantitative effect estimate.99 

Comparative Effectiveness of rt-CGM Versus SMBG (KQ2)  
We only found studies of the comparative effectiveness of rt-CGM versus SMBG in children, 

adolescents, and adults with type 1 diabetes. While prior studies have examined the effect of 
retrospective continuous glucose monitoring (CGM) in pregnant women with diabetes, no 
studies have compared rt-CGM with SMBG in this population.24 These two glucose monitoring 
approaches have not been compared in individuals with type 2 diabetes. 
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Compared with the SMBG group, the rt-CGM group achieved a lower HbA1c (-0.3 percent). 
A sensitivity analysis showed this effect to be greater in studies where sensor compliance was 60 
percent or greater (-0.36 percent). We also found that rt-CGM was associated with a lower 
HbA1c compared with SMBG in individuals 18 years of age or younger. These findings support 
recent clinical practice recommendations suggesting rt-CGM use in children and adolescents 
over the age of 8 years.100 The intervention groups did not differ in the rate of severe 
hypoglycemia; however, there was a significant reduction in the time spent in the hyperglycemic 
range. A few studies that evaluated QOL found no difference between general and diabetes-
specific QOL between the two intervention groups. 

Our systematic review and meta-analysis of the comparative effectiveness of rt-CGM and 
SMBG on outcomes complements and extends a recently published meta-analysis34 by including 
additional non-glycemic outcomes, including weight gain, ratio of basal to bolus insulin, and 
QOL. We also found that rt-CGM lowered HbA1c more than SMBG (-0.28 percent in our study 
versus -0.30 percent in Pickup et al.) and that there was no difference in severe hypoglycemia in 
the two intervention groups.34 Although statistically significant, these differences are below the 
0.5 percent HbA1c difference that experts consider clinically meaningful.99 In addition, in one 
study that evaluated the fear of hypoglycemia, the fear was less with rt-CGM than with SMBG.82 
This has important clinical implications as the goal of intensive insulin therapy is to lower HbA1c 
without inducing severe hypoglycemia, which can cause significant patient anxiety and be a 
barrier to safely improving glycemic control.  

Comparative Effectiveness of Sensor-Augmented Pump Versus 
MDI/SMBG (KQ2)  

Sensor-augmented pump use resulted in a statistically and clinically significant greater 
reduction in HbA1c compared with MDI/SMBG use in non-pregnant individuals with type 1 
diabetes (-0.61 percent). The evidence was insufficient to draw definitive conclusions about 
severe hypoglycemia or quality life. No previous meta-analysis examined this comparison. 

Limitations  
Our systematic review highlights important weaknesses in the literature. Most RCTs 

examining the effect of insulin delivery and glucose monitoring devices were small, with the 
largest trial including 322 participants.48 The majority of studies, particularly those comparing 
CSII with MDI, were fair to poor quality and did not report most quality items of interest. Most 
studies did not report the racial and ethnic composition of the study populations; however, for 
those that did, the majority of participants were Caucasian. Since few studies focused on or 
included children 12 years of age or younger, adults 65 years of age or older, or pregnant women 
with pre-existing type 2 diabetes, we were unable to draw conclusions about the effectiveness of 
insulin delivery and glucose monitoring methods in these populations. However, this likely 
reflects that fact that type 1 diabetes is much rarer in minority and elderly individuals and few 
pregnant women have pre-existing type 2 diabetes, making it less feasible and relevant to 
perform studies in these sub-populations. The studies were heterogeneous in definitions of 
nonsevere hypoglycemia, hyperglycemia, and weight gain, preventing us from combining data to 
determine effect estimates for these intermediate outcomes. While the definition of severe 
hypoglycemia in many studies included a requirement for third party assistance, it was not 
explicitly stated in all studies, so we were unable to determine if other definitions, such as a 
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uniform glucose cut-point or hypoglycemia treatment approach, correctly classified individuals 
as having severe hypoglycemia. In studies comparing CSII and MDI, differences in the insulin 
regimen in the MDI arms (NPH and regular insulin versus analog insulin-based) may have been 
a source of heterogeneity; however, we had inadequate power to stratify by the MDI insulin 
regimen. Presumably greater use of NPH and regular insulin-based MDI would have biased 
results to the null for glycemic and quality of life outcomes. None of the studies included data on 
long-term diabetes micro- and macrovascular complications. This is likely related to the fact that 
these complications develop over many years and the longest follow-up of our studies was 52 
weeks. While data on these outcomes would be ideal, it would require a very large RCT of 
several years duration, which may not be feasible to perform, particularly because individuals 
may switch therapies over time. In the pregnancy literature, none of the studies in women with 
pre-existing type 1 diabetes have examined the effect of rt-CGM on maternal and fetal outcomes. 
Other than the rt-CGM studies, the majority of studies did not report data on treatment 
adherence. The high baseline HbA1c values in the CSII and MDI intervention groups in many 
studies may indicate poor adherence to prior as well as intervention treatments which may have 
biased results to the null (although there is also greater room for improvement). Finally, the 
studies were heterogeneous in assessing and reporting QOL outcomes, which prevented us from 
quantifying the effects of insulin delivery and glucose monitoring methods on QOL. We found 
no studies examining the comparative effectiveness of CSII versus MDI on QOL in pregnant 
women and only one study examining the effects on QOL in type 2 diabetes.  

Our systematic review and meta-analysis had several limitations. Meta-analyses in general 
are subject to bias based on selection criteria for articles, performing multiple comparisons, and 
the state of the available literature. We reviewed studies of current therapies and methods for 
intensive insulin therapy and glucose monitoring. We cannot exclude the possibility that 
publication bias affected our findings. For the meta-analyses examining the comparative 
effectiveness of CSII versus MDI and rt-CGM versus SMBG on HbA1c and severe 
hypoglycemia, we did not find evidence of publication bias; however, for our other glycemic 
(hyperglycemia, nonsevere hypoglycemia) and non-glycemic outcomes for which we could not 
perform meta-analyses, we were unable to assess for publication bias. We may have not included 
all studies on this topic; however, our search strategy was comprehensive and included non-
English language publications. There was only one article identified that we were unable to 
translate.101 Our meta-regression to examine potential sources of heterogeneity in the effect of rt-
CGM versus SMBG on HbA1c was a post hoc analysis and is hypothesis-generating as opposed 
to hypothesis-testing. 

Our data are not generalizable to non-specialty settings or all patients with diabetes mellitus, 
as the initiation, instruction, monitoring, and therapeutic changes for CSII and rt-CGM use is 
often limited to expert settings and highly motivated patients and families. All studies of rt-CGM 
are subject to ascertainment bias because rt-CGM provides more hypoglycemia and 
hyperglycemia data than SMBG alone. Because it is not feasible to keep patients blinded in an 
RCT comparing CSII with MDI or in an RCT comparing rt-SGM with SMBG, studies of QOL 
outcomes could have been vulnerable to reporting bias if patients believed that CSII and rt-CGM 
were superior. Finally, all of the studies included in our review were efficacy studies (as opposed 
to effectiveness studies) and 19 of the 41 excluded individuals with comorbidities such as 
impaired liver and renal function, microvascular complications, cardiovascular disease, mental 
disorders, recent severe hypoglycemia, or other chronic medical conditions,36 49-51 54 57 59 60 62-66 69 
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70 85 94 94 102 making results less generalizable to entire population of individuals with diabetes 
(see Appendix E, Table 1). 

Implications 
Our findings indicate that intensive insulin therapy delivered either by CSII and MDI using 

current rapidly-acting insulin analogs with CSII are about equally effective in lowering HbA1c in 
several diabetic patient populations—adolescents and pregnant women with type 1 diabetes. Our 
findings suggest that CSII is superior to MDI in lowering HbA1c in adults with type 1 diabetes, 
although the results were heavily influenced by one study.  Intensive insulin therapy delivered by 
both methods resulted in similar rates of severe hypoglycemia for adolescents and adults with 
type 1 diabetes. However, from a patient-focused perspective, adolescents and adults with type 1 
diabetes treated with CSII reported better overall QOL compared with those treated with MDI. 
Taken together, these data suggest that the approach to intensive insulin therapy to optimize 
glycemic control can be individualized to patient preference that will maximize their treatment 
satisfaction and QOL, as both CSII and MDI using current rapid-acting insulin analogs have 
similar effectiveness for glycemic control.  

To our knowledge this is the first systematic review and meta-analysis to examine the 
comparative effectiveness of both rt-CGM versus SMBG and of sensor-augmented pump versus 
MDI/SMBG. Our findings indicate that rt-CGM is superior to SMBG in lowering HbA1c, 
without increasing or decreasing the risk of severe hypoglycemia, in non-pregnant individuals 
with type 1 diabetes, particularly those who are compliant with wearing the monitoring device 
(HbA1c reduction 0.28 percent for all studies versus 0.37 percent in studies with greater than 60 
percent sensor compliance rate). The addition of rt-CGM to CSII is superior to MDI/SMBG in 
lowering HbA1c. Thus, the addition of this monitoring method to SMBG and intensive insulin 
therapy can assist in achieving glycemic targets in non-pregnant individuals with type 1 diabetes. 
The available literature does not allow us to determine the comparative effectiveness of rt-CGM 
versus SMBG in patients only using CSII or only using MDI because the modes of intensive 
insulin therapy were mixed in the available studies. 

Future Research 
Our report highlights the need for several areas of future research examining the effect of 

insulin delivery and glucose monitoring devices in the management of diabetes mellitus. We 
identified a need for well-conducted RCTs of intensive insulin therapy delivered via CSII versus 
MDI in young children with type 1 diabetes and in pregnant women and elderly patients with 
both type 1 and type 2 diabetes. Studies in the elderly are important as diabetes prevalence 
increases with age2 and because older individuals may be at increased risk for adverse outcomes 
associated with intensive insulin therapy, it is important to know which insulin delivery and 
glucose monitoring methods are most effective. Only a small number of studies in nonadolescent 
children have compared CSII with MDI on glycemic and non-glycemic outcomes and studies 
comparing rt-CGM with SMBG have included a mixture of children and adults without 
stratifications focused exclusively on the young. Current studies examining the comparative 
effectiveness of rt-CGM versus SMBG on outcomes have included mixed populations receiving 
intensive insulin therapy as CSII and/or MDI; however, they have not determined the effect of 
these two glucose monitoring strategies in individuals treated with only CSII or only MDI. Such 
a study would help to elucidate whether the observed benefit of sensor-augmented pump 
compared with MDI/SMBG on glycemic control is secondary to the rt-CGM technology, the 
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mode of intensive insulin delivery, or both. To allow cross-comparisons, future RCTs should use 
a uniform definition of hypoglycemia, preferably that recommended by the American Diabetes 
Association.103 There is also a need for well-designed prospective, observational studies to 
determine the comparative effectiveness of CSII versus MDI and rtCGM versus SMBG on 
clinically relevant long-term micro- and macrovascular outcomes. Such studies would also 
provide guidance on effect sizes for future power calculations to determine whether it is feasible 
to undertake RCTs examining these outcomes. Future studies should also seek to identify and 
use an agreed-upon set of general and diabetes-specific and treatment-related QOL measures to 
allow comparisons across studies, including reporting of standard errors and confidence intervals 
to allow quantitative, pooled assessments. Studies should incorporate measures of adherence to 
treatment as adherence is important for the effectiveness of any intensive insulin therapy or 
glucose monitoring system. Our data and others show that rt-CGM is most effective in those 
compliant with wearing the sensor at least 60 percent of the time.34 84 Thus, sensor compliance 
may be a marker for overall treatment adherence and explain the HbA1c reduction, independent 
of the sensor. Future studies should focus on individuals with type 2 diabetes requiring insulin to 
determine the most effective manner in which to delivery intensive insulin therapy and monitor 
blood glucose. Given the rise in prevalence of type 2 diabetes in the general population, the 
number of those individuals requiring insulin therapy will likely rise. Finally, studies of type 2 
diabetes should include ethnically diverse populations because type 2 diabetes is more common 
in nonwhites104 and minority individuals are at higher risk for adverse outcome, which might be 
positively or negatively impacted by the approach to intensive insulin delivery and/or glucose 
monitoring method. 
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AUC area under the curve 
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CGM continuous glucose monitoring 
CI confidence interval 
C-section Cesarean section 
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DQOL Diabetes Quality of Life 
DQOLCTQ Diabetes Quality of Life Clinical Trials Questionnaire 
DQOL-Y Diabetes Quality of Life-Youth 
DTSQ Diabetes-Treatment Specific Questionnaire 
EPC Evidence-based Practice Center 
FDA Food and Drug Administration 
g grams 
HbA1c hemoglobin A1c 
hrs hours 
JDRF Juvenile Diabetes Research Foundation 
KQ Key Question 
MDI multiple daily injections 
mg milligram 
NA not applicable  
NICU neonatal intensive care unit 
NPH neutral protamine Hagedorn 
NS not significant  
PAID Problem Areas in Diabetes 
PedsQoL Pediatric Quality of Life Index 
QOL quality of life 
RCTs randomized controlled trials 
rt-CGM real-time continuous glucose monitoring 
SAP sensor-augmented pump 
SDS standard deviation scores 
SF Short Form 
SMBG self-monitoring of blood glucose 
U.S. United States  
WHO-5 World Health Organization-5 Well Being Index
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Appendix A. Detailed Electronic Database  
Search Strategies 

 

PubMed Strategy 
 

Terms Returns 
((“Diabetes Mellitus”[mh] OR Diabet*[tiab] OR hyperglycem*[tiab] OR 
hyperglycaem*[tiab]) AND (“Insulin Infusion Systems”[mh] OR “continuous 
subcutaneous insulin”[tiab] OR CSII[tiab] OR “insulin pump”[tiab] OR “insulin 
pumps”[tiab] OR “pump therapy”[tiab] OR “pump treatment”[tiab] OR 
“artificial pancreas”[tiab] OR (“Monitoring, Ambulatory”[mh] AND 
(glucose[tiab] OR insulin[tiab] OR glycem*[tiab] OR glycaem*[tiab])) OR 
“CGM”[tiab] OR (“continuous glucose”[tiab] AND (monitor*[tiab] OR 
sensing[tiab] OR sensor*[tiab])))) NOT (animal[mh] NOT human [mh]) 

4768 

 
 

Embase Strategy 
 

(('diabetes mellitus'/exp OR diabet*:ti,ab OR hyperglycem*:ti,ab OR 
hyperglycaem*:ti,ab) AND ('insulin pump'/de OR “continuous subcutaneous 
insulin”:ti,ab OR CSII:ti,ab OR “insulin pump”:ti,ab OR “insulin pumps”:ti,ab 
OR “pump therapy”:ti,ab OR “pump treatment”:ti,ab OR “artificial 
pancreas”:ti,ab OR ('blood glucose monitoring'/exp AND (continu*:ti,ab OR 
real-time:ti,ab)) OR CGM:ti,ab OR (“continuous glucose”:ti,ab AND 
(monitor*:ti,ab OR sensing:ti,ab OR sensor*:ti,ab)))) NOT ([animals]/lim NOT 
[humans]/lim) 

5942 

 

The Cochrane Central Register of Controlled  
Trials (CENTRAL) 

 
((Diabet*:ti,ab,kw OR hyperglycem*:ti,ab,kw OR hyperglycaem*:ti,ab,kw) 
AND ( “continuous subcutaneous insulin”:ti,ab,kw OR CSII:ti,ab,kw OR 
“insulin pump”:ti,ab,kw OR “insulin pumps”:ti,ab,kw OR “pump 
therapy”:ti,ab,kw OR “pump treatment”:ti,ab,kw OR “artificial 
pancreas”:ti,ab,kw OR “CGM”:ti,ab,kw OR (“continuous glucose”:ti,ab,kw 
AND (monitor*:ti,ab,kw OR sensing:ti,ab,kw OR sensor*:ti,ab,kw)))) 

233 from 
Clinical 
Trials 
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Appendix C. List of Devices 
Appendix Table A. List of insulin pump models 
Manufacturer Model Decision Date Features 
Abbott 
 Insulin Pump 12/23/05 Insulin pumps are indicated for the continuous delivery of 

insulin, at set and variable rates, for the management of 
diabetes mellitus in persons requiring insulin. 

Aviator 1/11/08 The Aviator insulin pump shares the same intended use and 
indications for use as the predicate device, the Abbott 
Diabetes Care infusion pump. Both the Aviator infusion pump 
and the predicate pump have two microprocessors to control 
and monitor drug delivery. The user interface on the Aviator 
was enhanced as a result of user needs. 

Freestyle Aviator 2/20/09 Insulin pump and BGM system-insulin infusion pump 
(Aviator) and wireless remote controller (Aviator companion). 
Aviator companion provides an alternate user interface to the 
Aviator pump which is useful when pump is hidden under 
clothing. 

Animas 
 Model IR 1000 2/10/00 Subcutaneous delivery of insulin at programmable basal and 

bolus rates. 
Model IR 1000 
LR 

05/29/02 Insulin infusion pump and software for histories, basal rate 
program, and pump settings. 

Model IR 1200 10/16/03 The system will deliver a prescribed dosage of insulin as a 
single programmable bolus or at multiple programmable 
basal rates. The system will also provide set-up information, 
dosage history, alarms, error and warning messages, device 
status, and self test capabilities. 

Model IR 1250 12/10/04 Insulin delivery system, basal and bolus programmable 
options, computer software (Mac or PC available), minor 
differences between this and 1200 series, including food 
item-insulin pairings. 

Cane 
 Microjet Quark 

model U-100 
12-12-01 Pump for insulin infusion therapy. 

Cardiac Pacemakers, Inc.  
 Betatron IV 

insulin infusion 
system 

2-23-90 No summary information. 

Deltec/Smiths Medical 
 
 

Deltec Cozmo® 
TM Insulin 
Infusion Pump 
(Model1700) and 
Accessories 

8-13-02 
 

Compared to: MiniMed Model 508 Insulin Pump, MiniMed 
3.0-ml Reservoir, Deltec CADD-Diplomat System,and 
MiniMed Corn-StationTM Communication System. 
 
 

Deltec Cozmo® 
Insulin infusion 
pump w/ 
CoZmonitor® 
Glucose monitor 

5-27-04 Insulin infusion pump and glucose monitor. 

 Deltec Cozmo® 
Insulin Infusion 
Pump model 
1800 w/ 
CoZmonitor® 

12-1-06 Insulin infusion pump and glucose monitor. 
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Appendix Table A. List of insulin pump models 
Manufacturer Model Decision Date Features 

Disetronic/ Roche 
 H-TRON™ V 100 

insulin infusion 
pump 

4-12-97 No summary information. 

H-TRON™plus V 
100 insulin 
infusion pump 

9-15-97 Functionally equivalent to previous model. 

DAHEDI insulin 
infusion pump 

6-15-99 Basic infusion insulin pump. 

D-TRON™ 
insulin infusion 
pump 

12-30-99 Equivalent to H-Tron Plus V100. 

D-TRON™ 
insulin infusion 
pump 

8-2-02 Slight modifications. 

D-TRON™plus 
insulin pump 

9-11-02 Slight modifications for D-TRON. 

D-TRON™plus 
modification 

10-29-02 Slight modifications for D-TRONplus. 

D-TRON™plus 
modification 

12-1-04 Slight modifications for D-TRONplus. 

ACCU-CHECK® 
Spirit 

3-18-05 Infusion insulin pump. 

ACCU-CHEK® 
Spirit 
modification 

6-15-06 Minor modifications. 

Insulet 
 iXL™ Diabetes 

management 
system 

12-19-03 Equivalent to Medtronic MiniMed. Insulin pump. 

iXL™-11 DMS 1-3-05 Insulin pump and blood glucose measurement system. 
Mendigo 
 Solo™ insulin 

patch pump  
7-3-09 Same as prior models, insulin pump.  

Solo™ 
MicroPump 
insulin-delivery 
system 

1-25-10 Identical to prior Solo patch pump. 

Medtronic Minimed  
 Model 506 

external insulin 
pump 

7-2-90 Insulin infusion pump. 

Infusion pump 
Model MMT-507 

4-30-96 Insulin infusion pump. 

Insulin pump 
model 505 

4-8-97 Insulin infusion pump, simplified software. 

Model 507C 8-15-97 Slight modification to model 507. 
Model 508 6-8-99 Insulin infusion pump. 
Paradigm® model 
512 Insulin pump 
and BD 
Paradigm link 
Glucose monitor 

6-17-03 Bolus and basal insulin pump and linked glucose monitor. 

Paradigm 
®Model 511  

7-19-04 Insulin infusion pump. 
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Appendix Table A. List of insulin pump models 
Manufacturer Model Decision Date Features 

Model MMT-
712E 

1-31-06 Insulin infusion pump. 

MMT- 512, MMT-
712, MMT-515, 
and MMT-715 

4-25-08 Continuous delivery insulin pumps. 

NiliMedix 
 ADI 6-6-08 Ambulatory insulin infusion pump. 
Nipro 
 Glucopro infusion 

pump 
6-24-02 Equivalent to Disetronic H-Tron plus v100. 

Amigo ® 5-9-05 Insulin infusion pump. 
Amigo ® 12-14-07 Equivalent to Animas IR 1250. 

Pharma-Plast 
 Pharma-Plast 

insulin infusion 
set 

6-21-89 Insulin infusion pump. 

Sooil 
 DANA 

Diabecare® 
8-14-00 Insulin infusion pump (basal and bolus). 

DANA 
Diabecare® II 

8-2-02 Software modifications to previous DANA. 

DANA 
Diabecare® IIS 

2-2-07 Slight modifications to previous II. 
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Appendix Table B. List of continuous glucose monitors 
Manufacturer Model Decision Date Features 
Abbott  
 
 

FreeStyle 
Navigator® 

3-12-08 18+ CGM system, alarms 

 FreeStyle 
Navigator® 
supplements 

4-2-08; 5-15-
08; 5-21-08; 6-
2-08; 8-6-08; 
8-25-08; 10-8-
08; 3-6-09; 4-
9-09; 4-13-09; 
5-8-09; 6-24-
09; 8-21-09; 9-
21-09; 9-25-
09; 10-29-09; 
11-20-09; 1-
11-10; 1-19-
10; 7-9-10 

Minor modifications to original 

Dexcom 
 
 

STS® Continuous 
Glucose Monitor 

3-24-06 Detects trends and tracks patterns in adults (18+); indicated 
for use as an adjunctive device to complement, not replace, 
standard glucose monitoring devices; aids in detection of 
hyperglycemia and hypoglycemia, facilitates both acute and 
long-term therapy adjustments 

STS® 
supplements; 
Seven plus 
system 

5-31-07; 8-12-
06; 9-1-06; 9-
22-06; 12-26-
06; 1-23-07; 2-
26-07; 3-15-
07; 4-10-07; 5-
25-07; 10-22-
07; 11-13-07; 
1-11-08; 5-15-
08; 7-16-08; 
12-3-08; 2-13-
09; 5-5-09; 9-
17-09; 9-23-
09; 12-4-09; 1-
28-10; 6-9-10; 
7-15-10; 8-25-
10; 9-9-10 

Various updates/modifications to the STS Continuous 
Glucose Monitor system 

Medtronic Minimed 
 Continuous 

Glucose 
Monitoring 
System 

6-15-99 Continuously records interstitial glucose levels; supplements, 
does not replace standard at home glucose monitors. Can 
download the information gathered through computer 
software 

Guardian® 
Telemetered 
Glucose 
Monitoring 
system 

2-20-02; 6-25-
02; 9-5-02 

Continuous Glucose Monitor 

Guardian® Real 
Time Continuous 
Glucose 
Monitoring 
System 

1-7-04 Hypo- and hyperglycemia alerts; up to 21 days stored data. 

Paradigm® Real 
Time System 

7-18-05; 8-24-
05 

No summary information. 
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Appendix Table B. List of continuous glucose monitors 
Manufacturer Model Decision Date Features 

Guardian® Real 
Time  

4-7-06 Slight modifications to enable continuous glucose monitor to 
communicate with insulin pump directly. 

Paradigm® RT  6-14-06 Modifications to monitor and transmitter; can manually enter 
calibration. 

Guardian® RT  10-16-06 Approval for use in Puerto Rico. 
Paradigm® RT 
and Guardian® 
RT 

3-8-07 Pediatric use approved (ages 7–17 years) and adults (ages 
18+ years). 

Minimed RT 
transmitter, CGM 
system 

4-18-08; 8-21-
09; 11-5-09; 
12-1-09; 3-20-
10; 4-5-10; 6-
3-10; 9-9-10 

Slight modifications. 

Continuous 
Glucose 
Monitoring 
System 

4-23-08 Slight modifications. 

 7-17-08; 8-28-
08; 10-2-08; 
10-3-08; 11-
14-08; 11-20-
08; 3-16-09; 6-
16-09; 6-19-
09; 8-13-09; 8-
21-09; 10-1-
09; 10-28-09; 
10-29-09; 3-
26-10; 6-10-10 
8-23-10 

Slight modifications. 
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Appendix  D. List of Excluded Articles 
Abaci, A., Atas, A., Unuvar, T., Demir, K., Bober, 
E., and Buyukgebiz, A. A comparison of multiple 
daily insulin therapy with continuous subcutaneous 
insulin infusion therapy in adolescents with type 1 
diabetes mellitus: a single-center experience from 
Turkey. J Pediatr Endocrinol Metab 2009; 
22(6):539-45. 
No concurrent comparison group 
Adamson, U. and Lins, P. E. [Insulin pump--25 
years old and with a future. It counteracts 
development of late diabetic complications]. 
Lakartidningen 2002; 99(51-52):5168-70. 
Other reason 
Ahmann, A., Buse, J. B., Berganstal, R. M., and 
Tanenberg, R. HbA1c and sensor use in adults 
during a 1-year randomised controlled trial 
comparing sensor-augmented pump therapy and 
multiple daily injection therapy. Diabetologia 2010; 
53:S401. 
Case series or cross-sectional 
Akhmedova, N. D., Akbarov, Z. S., and Turakulov 
IaKh [Effect of long-term subcutaneous infusion of 
insulin using an attached drug dosing device on 
indices of hemocoagulation in type I diabetes 
mellitus]. Probl Endokrinol (Mosk) 88; 34(5):11-
Jul. 
No outcome of interest 
Albin, F., Dazet, D., and Haardt, M. J. [Placing of 
an insulin pump. Subcutaneous route]. Soins 85; 
(459-460):III-IV. 
No original data 
Albisser, A. M. and Zinman, B. Insulin dependent 
diabetes and the artificial pancreas. Med Prog 
Technol 82; 9(03-Feb):113-8. 
No original data 
Alemzadeh, R., Ellis, J. N., Holzum, M. K., Parton, 
E. A., and Wyatt, D. T. Beneficial effects of 
continuous subcutaneous insulin infusion and 
flexible multiple daily insulin regimen using insulin 
glargine in type 1 diabetes. Pediatrics 2004; 
114(1):e91-5. 
Observational study that does not report on 
macrovascular, microvascular, maternal, or 
fetal outcomes 

Alemzadeh, R., Loppnow, C., Parton, E., and 
Kirby, M. Glucose sensor evaluation of glycemic 
instability in pediatric type 1 diabetes mellitus. 
Diabetes Technol Ther 2003; 5(2):167-73. 
Does not evaluate CSII or rt-CGM 
Alemzadeh, R., Palma-Sisto, P., Parton, E. A., and 
Holzum, M. K. Continuous subcutaneous insulin 
infusion and multiple dose of insulin regimen 
display similar patterns of blood glucose excursions 
in pediatric type 1 diabetes. Diabetes Technol Ther 
2005; 7(4):587-96. 
Observational study that does not report on 
macrovascular, microvascular, maternal, or 
fetal outcomes 
Allen, N. A. Continuous glucose monitoring 
improved glucose control in adults but not in young 
adults or children with type 1 diabetes. Evid Based 
Nurs 2009; 12(2):44. 
No comparison with placebo or usual care 
Allen, N. A., Fain, J. A., Braun, B., and Chipkin, S. 
R. Continuous glucose monitoring counseling 
improves physical activity behaviors of  individuals 
with type 2 diabetes: A randomized clinical trial. 
Diabetes Res Clin Pract 2008; 80(3):371-9. 
Does not evaluate CSII or rt-CGM 
Allouche, C., Barjot, P., Six, T., Muller, G., and 
Levy, G. [Insulin dependent diabetes and 
pregnancy: evaluation of the insulin pump]. J 
Gynecol Obstet Biol Reprod (Paris) 94; 23(6):706-
11. 
No outcome of interest 
Altaf, K., Adu, J., Morrison, G., M. Nunes, Q., 
Halloran, C., Neoptolemos, J. P., Weston, C. P., 
and Sutton, R. Continuous subcutaneous insulin 
infusion (CSII) therapy for management of 
apancreatic diabetes mellitus. Pancreas 2010; 
39(8):1307. 
Other reason 
Alvarez, M. G. and Donlo, I. C. Cost-utility of 
insulin pumps in the treatment of type 1 diabetes in 
Spain. When most expensive is best (or not): Coste-
utilidad de las bombas de insulina en el tratamiento 
de la diabetes tipo 1 en Espana. Cuando lo mas caro 
puede ser lo mejor (o no). Endocrinol. Nutr. 2007; 
54(2):73-75. 
No original data 
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Amemiya, S., Kato, K., and Asayama, K. The 
improved response in endogenous insulin due to 
continuous subcutaneous infusion of insulin therapy 
in juvenile diabetes. Tohoku J Exp Med 83; 141 
Suppl:713-7. 
No comparison with placebo or usual care 
Anderson, D. G. Multiple daily injections in young 
patients using the ezy-BICC bolus insulin 
calculation card, compared to mixed insulin and 
CSII. Pediatr Diabetes 2009; 10(5):304-9. 
Does not apply to a key question 
Anon. [Continuous blood glucose values. 
Monitoring around the clock]. MMW Fortschr Med 
2002; 144(50):68-9. 
No original data 
Anon. [Report from experience: diabetics in the 
hospital]. Pflege Z 99; 52(10):693. 
No original data 
Anon. Acute mishaps during insulin pump 
treatment. Lancet 85; 1(8434):911-2. 
No original data 
Anon. Blood glucose control and the evolution of 
diabetic retinopathy and albuminuria.  A 
preliminary multicenter trial. The Kroc 
Collaborative Study Group. N Engl J Med 84; 
311(6):365-72. 
No comparison with placebo or usual care 
Anon. Collaborative studies of the effects of 
continuous subcutaneous insulin infusion  in 
insulin-dependent diabetes mellitus. Conclusions. 
The Kroc Collaborative Study Group. Diabetes 85; 
34 Suppl 3:87-9. 
No original data 
Anon. Diabetic retinopathy after two years of 
intensified insulin treatment. Follow-up  of the 
Kroc Collaborative Study. The Kroc Collaborative 
Study Group. JAMA 88; 260(1):37-41. 
No comparison with placebo or usual care 
Anon. EASD Study Group Artificial Insulin 
Delivery Systems Pancreas and Islet 
Transplantation (AIDSPIT). Report of the 13th 
Workshop of the EASD Study Group AIDSPIT. 
Diabetologia 94; 37(8):suppl 33-7. 
No original data 
Anon. Effect of 6 months of strict metabolic control 
on eye and kidney function in insulin-dependent 
diabetics with background retinopathy. Steno study 
group. Lancet 82; 1(8264):121-4. 
No comparison with placebo or usual care 

Anon. Effectiveness of sensor-augmented insulin-
pump therapy in type 1 diabetes (The New England 
Journal of Medicine (2010) 363, (311-20)). New 
Engl. J. Med. 2010; 363(11):1092. 
Does not evaluate CSII or rt-CGM 
Anon. Implementation of treatment protocols in the 
Diabetes Control and Complications Trial. Diabetes 
Care 95; 18(3):361-76. 
Regular insulin was used in the pump 
Anon. Influence of intensive diabetes treatment on 
body weight and composition of adults with type 1 
diabetes in the Diabetes Control and Complications 
Trial. Diabetes Care 2001; 24(10):1711-21. 
Does not apply to a key question 
Anon. Insulin pump therapy and serum amyloid A. 
Lancet 84; 1(8381):853-4. 
No original data 
Anon. Long-term therapy with insulin pumps 
assessed. PHARM. PRACT. NEWS 85; 12(11):12. 
No concurrent comparison group 
Anon. Progression of retinopathy with intensive 
versus conventional treatment in the Diabetes 
Control and Complications Trial. Diabetes Control 
and Complications Trial Research Group. 
Ophthalmology 95; 102(4):647-61. 
Not in an outpatient setting 
Anon. Psychological aspects of continuous glucose 
monitoring in pediatric type 1 diabetes. Pediatr 
Diabetes 2006; 7(1):32-8. 
Other reason 
Anon. Quality-of-life measures in children and 
adults with type 1 diabetes: Juvenile Diabetes 
Research Foundation Continuous Glucose 
Monitoring randomized trial(Diabetes Care (2010) 
33, (2175-2177)). Diabetes Care 2010; 
33(12):2725. 
Other reason 
Anon. Risk of hypoglycaemia in types 1 and 2 
diabetes: effects of treatment modalities  and their 
duration. Diabetologia 2007; 50(6):1140-7. 
Does not evaluate CSII or rt-CGM 
Anon. Strict metabolic control and eye and kidney 
function in diabetes. Lancet 82; 1(8272):630-1. 
No original data 
Anon. The effect of intensive diabetes therapy on 
the development and progression of neuropathy. 
The Diabetes Control and Complications Trial 
Research Group. Ann Intern Med 95; 122(8):561-8. 
Does not evaluate CSII or rt-CGM 
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Anon. Update: deaths among patients using 
continuous subcutaneous insulin infusion pumps--
United States. MMWR Morb Mortal Wkly Rep 82; 
31(46):625-6. 
No original data 
Arias, P., Kerner, W., de la Fuente, A., and Pfeiffer, 
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Appendix E. Evidence Tables 
 
Table 1. Study design characteristics of studies comparing insulin delivery or glucose monitoring methods for diabetes mellitus  

Author, year 
Study design Run 
in period Support 

Enrollment dates 
Followup 
duration Location 

N enrolled (N 
Screened)  
Source population Included population Exclusion criteria 

Battelino, 
201188 

RCT, parallel arms 
 
Yes run in 
 
Industry, 
government 

Start: 2008 
End: 2009 
6 mo 

NR 120 (122) 
Source population: 
local diabetes 
registries 

T1DM, adults, 
adolescents 

HbA1c >7.5%, not current pump or MDI user, 
CGM use within 4 wks, age <10 yrs or >65 yrs, 
T1DM diagnosis <1 yr, lack of reasonable 
metabolic control 

Beck, 201082 RCT, parallel arms 
 

Enrollment NR 
26 wks 

NR 451 (NR) 
 

T1DM, very young, 
adults, elderly 

NR 

Bergenstal, 
201091 

RCT, parallel arms  
 
NR run in  
 
Industry  

Start: 2007 
End: 2008 
1 yrs 

US, 
Canada 

485 (667) 
Source population: 
not specified but had 
be under the care of 
a PI or referring 
physician to get into 
study 

T1DM, adults, 
elderly, 7-70 yrs, 
pregnant women 
excluded 

HbA1c > 9.5%, HbA1c < 7.4%, use of insulin 
pump within 3 yrs, use of oral hypoglycemic 
within past 3 mo, not under care of PI or 
referring physician for at least 6 mo, no access 
to computer, no history of testing blood glucose 
on average of 4+ x/day for previous 30 days, 
intent to become pregnant, history of 2+ severe 
hypoglycemic events in yr before enrollment 

Bin-Abbas, 
200656 

Non-randomized 
 
NR run in  
 
Support NR  

Start: 2002 
End: 2004 
12 mo 

Saudi 
Arabia 

22 (NR) 
Source population: 
Referral clinic 

T1DM, pregnant 
women excluded 

Not on conventional insulin therapy (2 
injections/day) 

Bolli, 200960 RCT, parallel  
arms  
 
Yes run in  
 
Industry 

Enrollment NR 
24 wks 

Europe 58 (67) 
Source population: 
NR 

T1DM, adults, 18-70 
yrs 

HbA1c ≥ 6.5%, HbA1c ≤ 9.0%, not current 
pump or MDI user, use of insulin pump ever, 
fasting plasma glucose <7.0 mmol/L (<126 
mg/dl), ever used insulin glargine, BMI > 27, C-
peptide > 0.1 nmol/l, >2 severe hypoglycemic 
episodes in last 6 mo, recent DKA or impaired 
renal/liver function 
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Author, year 
Study design Run 
in period Support 

Enrollment dates 
Followup 
duration Location 

N enrolled (N 
Screened)  
Source population Included population Exclusion criteria 

Bruttomesso, 
200865 

RCT, crossover 
 
Yes run in  
 
Industry  

Start: 2003 
End: 2005 
4 mo 

Italy 42 (NR) 
Source population: 4 
Italian centers 

T1DM, adults, 
pregnant women 
excluded 

Use of insulin pump within < 6 mo, 
unwillingness to measure blood glucose 
frequently, inability to adjust insulin 
administration, insulin allergy, untreated 
retinopathy, cardiovascular disease, hepatic or 
renal insufficiency, drug abuse, life threatening 
disease, lactating women, those who intend to 
become pregnant 

Bruttomesso, 
201176 

Cohort 
 
NR run in 
 
Support NR 

Start: 2001 
End: 2009 
 
Followup NR 
 

Europe 144 (469) 
 
Source population: 
NR 

T1DM, adults, 
pregnant women 
only 

Treated with insulin not MDI with NPH insulin, 
pump not started at the time of conception, 
pump or MDI started within 6 mo of conception 

Chico, 201077 Cohort 
 
NR run in 
 
Industry 

Start: 1984 
End: 2006 
 
Followup NA 

Europe 271 
 
Source population: 
diabetes referral 
clinic, Ob/Gyn clinic 

T1DM, adults, 
pregnant women 
only 

Male, multiple gestation, same modality of 
basal-bolus insulin as before pregnancy 

Cohen, 
200350 

RCT, crossover  
 
No run in  
 
Industry 

Enrollment NR 
12 mo 

Israel 16 (NR) 
Source population: 
Referral clinic, 
Children's medical 
center 

T1DM, pregnant 
women excluded 

Not current pump or MDI user, T1DM diagnosis 
<2 yrs, C-peptide >0.6ng/ml, chronic disease 
that could interfere with DM treatment, patients 
unable to detect hypoglycemia, evidence of 
microvascular complications or other clinically 
significant disorders 

Cypryk, 
200874 

Cohort 
 
No run in  
 
Other 

Start: 2003 
End: 2006 
36 wks 

Poland 116 (NR) 
Source population: 
Referral clinic 

T1DM, adults, 
pregnant women 
only 

Male 
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Author, year 
Study design Run 
in period Support 

Enrollment dates 
Followup 
duration Location 

N enrolled (N 
Screened)  
Source population Included population Exclusion criteria 

Deiss, 200687 RCT, parallel arms 
 
No run in  
 
Industry 

Enrollment NR 
3 mo 

Europe 162 (162) 
Source population: 
NR 

T1DM, very young, 
adults 

HbA1c > 8.1% 

Derosa, 
200970 

RCT, parallel arms 
 
No run in  
 
Support NR  

Enrollment NR 
12 mo 

Italy 
 

64 (NR) 
Source population: 
University clinic 

T1DM & T2DM, 
adults 

Genetic condition affecting lipid metabolism, 
history of alcohol or drug abuse, neoplastic, 
infectious or autoimmune disease, poor mental 
condition, taking other drug able to influence 
lipid and glycemic metabolism 

DeVries, 
200266 

RCT, parallel arms,  
 
Yes run in  
 
Industry 

Start: 1999 
End: 2000 
16 wks 

the 
Netherland
s 

89 (NR) 
Source population: 
Referral clinic 

T1DM, adults, 
pregnant women 
excluded 

HbA1c > 8.5%, no contraception used, severe 
active retinopathy, no impaired hepatic 
function, no nephropathy, no insulin resistance, 
no substance abuse, no cardiac disease, no 
insulin allergy, no past or current psychiatric 
treatment, not pregnant or breastfeeding 

Doyle, 200451 RCT, parallel arms 
 
Yes run in  
 
Industry, 
government  

Enrollment NR 
16 wks 

US 32 (NR) 
Source population: 
Referral clinic 

T1DM, very young, 
8-21 yrs, pregnant 
women excluded 

HbA1c > 11%, HbA1c < 6.5%, use of insulin 
pump ever, medical problem other than treated 
thyroid or celiac disease, not willing to check 
blood glucose 4x/day 

Garcia-
Garcia, 
200753 

Non-randomized 
 
NR run in  
 
Government 

Enrollment NR 
  

Spain 32 (200) 
Source population: 
Pediatric diabetes 
clinic 

T1DM, very young, 
pregnant women 
excluded 

HbA1c < 7.5%, not current pump or MDI user, 
T1DM diagnosis after 14 yrs of age, <2 yrs 
duration and followup in service, daily insulin 
requirement <0.75 U/kg, previous intensive 
treatment with <4 glycemic analyses/day, poor 
parental supervision, poor relationship with 
care team 
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Author, year 
Study design Run 
in period Support 

Enrollment dates 
Followup 
duration Location 

N enrolled (N 
Screened)  
Source population Included population Exclusion criteria 

Hanaire-
Broutin, 
200064 

RCT, crossover,  
 
Yes run in  
 
Industry 

Enrollment NR 
8 mo 

France 41 (NR) 
Source population: 
private diabetology 
practices 

T1DM, adults, 21-65 
yrs 

HbA1c > 10%, not current pump or MDI user, 
C-peptide positive, untreated retinopathy, 
impaired renal function, gastric neuropathy, 
BMI > 30, insulin dose >2U/kg, history of 
hypoglycemia unawareness, any severe 
disease that could interfere with the study 

Herman, 
200569 

RCT, parallel arms 
 
Yes run in  
 
Industry, 
Government  

Enrollment NR 
12 mo 

NR 107 (144) 
Source population: 
NR 

T2DM, elderly HbA1c < 7.0%, BMI > 45 kg/m2, severe 
impairment of cardiac hepatic or renal function, 
physical, psychological or cognitive 
impairments, > 2 episodes of severe 
hypoglycemia in past yr, hypoglycemia 
unawareness, age < 60 yrs, absence of T2DM 
diagnosis for at least one yr 

Hermanides, 
201194 

RCT, parallel arms 
 
No run in  
 
Industry 

Start: 2007 
End: 2009 
26 wks 

Europe 83 (93) 
 

T1DM, adults HbA1c < 8.2%, hearing problems that can 
impair hearing alarms, substance abuse other 
than nicotine, abdominal skin abnormalities 
that might hinder subcutaneous insertion, 
current treatment for psychiatric disorder other 
than depression, heart failure, cancer, kidney 
disease, pregnancy, CSII within 6 mo, 
participation in other therapeutic trial 

Hieronimus, 
200573 

Cohort 
 
No run in  
 
Support NR  

Start: 1999 
End: 2003 
  

France 56 (NR) 
Source population: 
Ob/Gyn clinic 

T1DM, adults, 
pregnant women 
only 

Not current pump or MDI user 

Hirsch, 
200559 

RCT, crossover  
 
Yes run in  
 
Industry 

Enrollment NR 
5 wks 

US 100 (NR) 
Source population: 
NR 

T1DM, adults, 
pregnant women 
excluded 

HbA1c > or = 9.0%, use of insulin pump within 
at least 3 mo before the screening visit, no 
contraception used, BMI ≥ 40, impaired 
hepatic, renal, or cardiac function, 
hypoglycemia unawareness or recurrent major 
hypoglycemia, breastfeeding 
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Author, year 
Study design Run 
in period Support 

Enrollment dates 
Followup 
duration Location 

N enrolled (N 
Screened)  
Source population Included population Exclusion criteria 

Hirsch, 
200886 

RCT, parallel arms 
 
Yes run in  
 
Industry 

Enrollment NR 
6 mo 

US 146 (138) 
Source population: 
NR 

T1DM, adults, elderly HbA1c > 7.5%, use of CGM within 6 mo, < 12 
yrs old, > 72 yrs old, diagnosed with diabetes > 
1 yr 

Hoogma, 
200663 

RCT, crossover 
 
Yes run in  
 
Industry 

Enrollment NR 
6 mo 

Europe 272 (NR) 
Source population: 
NR 

T1DM, adults, 18-65 
yrs, pregnant women 
excluded 

No contraception used, hypoglycemia 
unawareness, progressive retinopathy, renal 
insufficiency (creatinine ≥ 250 micromol/L), 
ACS or CVA in last 6 mo, uncontrolled HTN; 
able to manage intensive insulin therapy, C-
peptide secretion, autonomic neuropathy 

JDRF CGM 
Study Group, 
200984 

RCT, parallel arms,  
 
Yes run in  
 
Industry, other 

Start: 2007 
End: 2008 
26 wks 

US 129 (NR) 
Source population: 
academic, 
community, and 
managed case-
based practices 

T1DM, adults, 
elderly, 8+ years old 

HbA1c > 7.0%, not using a pump or taking < 3 
injections/day, had diabetes for < 1 yr 

Kernaghan, 
200872 

Cohort 
 
No run in  
 
Support NR  

Start: 1998 
End: 2005 
40 weeks 

UK 42 (NR) 
Source population: 
diabetic pregnancy 
clinic 

T1DM & T2DM, 
adults, pregnant 
women only 

Male 

Kordonouri, 
201080 

RCT, parallel arms 
 
No run in period 
 
Industry 

Start: 2007 
End: 2008 
52 weeks 

Europe 160 (295) 
Source population: 
Pediatric Health 
Center 

T1DM, very young, 
1-16 yrs 

Diagnosis of type 1 diabetes > 4 wks before 
study entry 

Lee, 200793 RCT, parallel arms,  
 
No run in  
 
Support NR  

Enrollment NR 
15 wks 

US 16 (NR) 
Source population: 
Referral clinic 

T1DM, adults HbA1c < 7.5%, not on MDI therapy, exclusion 
of patients that have used insulin pump 
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Author, year 
Study design Run 
in period Support 

Enrollment dates 
Followup 
duration Location 

N enrolled (N 
Screened)  
Source population Included population Exclusion criteria 

Lepore, 
200367 

Non-randomized 
 
NR run in  
 
Support NR  

Enrollment NR 
1 yrs 

Italy 32 (NR) 
Source population: 
NR 

T1DM, adults HbA1c < 8.0%, treated with MDI (regular or 
lispro insulin before each meal plus NPH as 
basal insulin) for 1+ yr 

Nuboer, 
200854 

RCT, crossover  
 
Yes run in period 
 
Government, other  

Enrollment NR 
14 mo 

Netherland
s 

39 (NR) 
Source population: 
Referral clinic, 
Children's hospital 

T1DM, very young, 
pregnant women 
excluded 

HbA1c < 8.0%, random C-peptide >200 pmol, 
age <4 yrs or >16 yrs, no T1DM diagnosis 
confirmed, no history of repeated symptomatic 
hypoglycemia, no attendance of regular school, 
mental retardation, insufficient Dutch 
proficiency, chronic complications, pregnancy, 
co-morbidity, psych problems in child or parent, 
no home phone 

O'Connell, 
200985 

RCT, parallel arms,  
 
No run in  
 
Industry 

Enrollment NR 
3 mo 

Australia 62 (77) 
Source population: 
Referral clinic 

T1DM, adults, 13-40 
yrs 

HbA1c > 8.5%, use of insulin pump within < 3 
mo, diabetes for < 1 yr, patients without 
internet access, excluded patients that cannot 
reliably perform SMBG at least 4x/day, 
unwilling to use subcutaneous sensor 
component of system for < 70% of study 
period, Patients with coexistent medical issues 
that would interfere with their ability to use the 
system, history of severe hypoglycemia or 
coexisting illness predisposing to hypoglycemia 

Opipari-
Arrigan, 
200749 

RCT, parallel arms 
 
NR run in  
 
Other 

Start: 2002 
End: 2003 
6 mo 

US 18 (NR) 
Source population: 
Referral clinic 

T1DM, very young, 
pregnant women 
excluded 

T1DM diagnosis history <1 yr, serious medical 
conditions, significant developmental delay, 
known psychiatric illness 

Peyrot, 
200992 

RCT, parallel arms  
 
NR run in  
 
Industry  

Enrollment NR 
16 wks 

NR 28 (NR) 
Source population: 
NR 

T1DM, adults Use of insulin pump ever, optimal glucose 
control (not specified) 
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Author, year 
Study design Run 
in period Support 

Enrollment dates 
Followup 
duration Location 

N enrolled (N 
Screened)  
Source population Included population Exclusion criteria 

Pozzilli, 
200357 

RCT, parallel arms  
 
No run in  
 
Industry, other 

Enrollment NR 
2 yrs 

Italy 23 (NR) 
Source population: 
unspecified clinic 

T1DM, adults, 
pregnant women 
excluded 

Diagnosis with age at presentation between 12 
and 35 yrs, newly diagnosed, no major 
contraindications or other major chronic 
conditions, willing and able to participate in 
regular followup 

Raccah, 
200981 

RCT, parallel arms  
 
No run in  
 
Industry 

Start: 2006 
End: 2007 
6 mo 

France 132 (148) 
Source population: 
Referral clinic, NR 

T1DM, very young, 
adults, 2-65 yrs 

HbA1c < 8.0%, diagnosis of diabetes < 12 mo 
prior to randomization, follow-up by the 
respective investigator for < 3 mo, not being 
treated with basal/bolus MDI with rapid insulin 
analogs at mealtimes 

Radermecker
, 201083 

RCT, crossover  
 
No run in  
 
Other  

Enrollment NR 
12 wks 

Europe 13 (NR) 
Source population: 
NR 

T1DM, adults Use of insulin pump within < 1 yr, < 6 recorded 
capillary blood glucose values < 60 mg/dl 
within the last 14 days, < 4 quarterly visits/ yr to 
optimize insulin therapy 

Raskin, 
200336 

RCT, parallel arms 
 
Yes run in period 
 
Industry 

Start: 1999 
End: 2000 
24 wks 

US 132 (205) 
Source population: 
NR 

T2DM, adults, 35+ 
yrs, pregnant women 
excluded 

HbA1c > 12%, HbA1c < 6.0%, use of insulin 
pump ever, no contraception used, T2DM for < 
2 yrs, treatment for < 5 mo with at least 1 
insulin dose per day; with or without OAD, 
those with impaired hepatic, renal or cardiac 
function, recurrent major hypoglycemia, BMI> 
43, breastfeeding, C-peptide ≤0.2 

Rigla, 
2008105 

RCT, crossover  
 
No run in  
 
Industry, 
government, other 

Enrollment NR 
4 mo 

Spain 10 (NR) 
Source population: 
NR 

T1DM, adults NR 

Schiaffini, 
200755 

RCT, parallel arms,  
 
No run in  
 
Support NR  

Enrollment NR 
24 mo 

Italy 36 (36) 
Source population: 
Referral clinic, 
Children's Hospital 

T1DM, very young, 
pregnant women 
excluded 

HbA1c < 8.0%, age < 9 or > 18 yrs, T1DM 
diagnosis <3 yrs, T1DM diagnosis not meeting 
ADA criteria 
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Author, year 
Study design Run 
in period Support 

Enrollment dates 
Followup 
duration Location 

N enrolled (N 
Screened)  
Source population Included population Exclusion criteria 

Skogsberg, 
200848 

RCT, parallel arms,  
 
No run in  
 
Industry, 
government, other 

Start: 2001 
End: 2004 
24 mo 

Sweden 72 (NR) 
Source population: 9 
pediatric 
departments in 
Sweden 

T1DM, very young, 
pregnant women 
excluded 

NR 

Tamborlane, 
200827 

RCT, parallel arms 
 
Yes run in  
 
Other 

Start: 2007 
 
26 wks 

US 322 (NR) 
Source population: 
10 centers including 
academic, 
community, and 
MCOs 

T1DM, adults, 
elderly, 8+ yrs 

HbA1c > 10%, HbA1c < 7.0%, use of CGM 
within < 6 mo, diabetes diagnosis < 1 yr before 
randomization, patients not using either an 
insulin pump or at least three daily insulin 
injections 

Thomas, 
200761 

RCT, parallel arms 
 
NR run in  
 
Industry 

Enrollment NR 
24 wks 

NR 21 (NR) 
Source population: 
NR 

T1DM, adults No episodes of severe hypoglycemia within 
preceding 6 mo, C-peptide positive, had used 
MDI insulin analogue therapy before 

Tsui, 200162 RCT, parallel arms 
  
Yes run in  
 
Industry 

Enrollment NR 
9 mo 

Canada 27 (NR) 
Source population: 
Referral clinic 

T1DM, adults, 18-60 
yrs, pregnant women 
excluded 

Alcohol or drug abuse, in other clinical trial in 
past 4 wks, diabetic for < 2 yrs, onset of 
diabetes after 40 yrs old, unable to comply with 
treatment regimen, >2 severe hypoglycemia 
episodes in past yr, BMI > 35, severe late 
complications, CVD, liver disease, cancer 

Volpe, 201075 Cohort 
 
No run in  

Start: 2005 
End: 2008 
36.4 wks 

Italy 42 (NR) 
Source population: 
Outpatient clinic 

T1DM, adults, 
pregnant women 
only 

Male 
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Author, year 
Study design Run 
in period Support 

Enrollment dates 
Followup 
duration Location 

N enrolled (N 
Screened)  
Source population Included population Exclusion criteria 

Wainstein, 
200537 

RCT, crossover 
 
Yes run in  
 
Support NR  

Enrollment NR 
18 wks 

NR 40 (58) 
Source population: 
diabetic centers 

T2DM, adults, elderly HbA1c < 8.5%, BMI < 30kg/m2 or > 45 kg/m2, 
age < 30 and > 70 yrs, diet treatment < 3 mo, 
metformin dose < 850 mg 2 to 3 x/day, new-
onset diabetes (< 6 mo), T1DM, diabetes 
secondary to pancreatitis, history of CAD or 
CVA in last 12 mo, pre-proliferative and 
proliferative diabetic retinopathy, advanced 
nephropathy (Creatinine > 1.5 mg/dl, liver 
enzymes> 2 times upper limit, HbA1C >15 % 

Weintrob, 
200352 

RCT, crossover  
 
Yes run in 
 
Industry 

Enrollment NR 
3.5 mo 

Israel 23 (24) 
Source population: 
National Institute for 
Childhood Diabetes 
of Schneider 
Children's Medical 
Center 

T1DM, 8-14 yrs Patients with sufficient C-peptide secretion 
(>=200 pmol/L), patients unable to cope with 
treatment procedures 

Yoo, 2008102 RCT, parallel arms  
 
No run in  
 
Industry, 
government, other 

Start: 2007 
End: 2007 
3 mo 

Korea 65 (65) 
Source population: 
NR 

T2DM, adults, 
elderly, 20-80 yrs 

HbA1c > 10%, HbA1c < 8.0%, use of oral 
hypoglycemic within < 1 yr, stable insulin or 
OHA regimen for < 2 mo, stable dose of 
antihypertensive or lipid-lowering drugs for < 4 
wks, severe diabetic complications (e.g. 
retinopathy), steroid use in previous 3 mo, 
liver/kidney disease, other medical problems 
that affected study results or trial participation 

Abbreviations: ACS = acute coronary syndrome; ADA = American Diabetes Association; BMI = body mass index; CVA = cerebrovascular accident, stroke; CVD = 
cardiovascular disease; DKA = diabetic ketoacidosis; DM = diabetes mellitus; hr = hour; kg = kilogram; L = liter; m = meter; MCO = managed care organization; MDI = multiple 
daily injections; ml = milliliter; mmol = micromoles; mo = month(s); ng = nanograms; NR= not reported; OAD = oral anti diabetic; OHA = oral hypoglycemic agents; pmol = 
picomole; psych = psychological; RCT = randomized controlled trial; SMBG = self monitoring of blood glucose; T1DM = Type 1 Diabetes Mellitus; T2DM = Type 2 Diabetes 
Mellitus; U = units; wks = weeks; x/day = times per day; yrs = years 
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Table 2. Study population characteristics of studies comparing insulin delivery or glucose monitoring methods for diabetes mellitus  
Author, year Inter-

vention, n 
Age (years)  
Male (%) 

Race (%) Baseline HbA1c 
(%) 

Baseline weight (kg)/BMI 
(kg/m2) 

Duration of 
diabetes 
(years) 

Insulin 
delivery 
device (%) 

With-
drawals 
(N) 

Battelino, 201188 SMBG, 39 Age NR 
67 

NR Mean: 6.91 Mean BMI: 22.0 
 

Mean: 11.4 MDI: 41 
CSII: 59 

10 

Battelino, 201188 rtCGM, 44 Age NR 
58 

NR Mean: 6.92 Mean BMI: 22.4 Mean: 11.6 MDI: 24 
CSII: 76 

9 

Beck, 201082 SMBG Age NR NR HbA1c NR BMI/Weight NR Duration NR NA NR 

Beck, 201082 rtCGM  Age NR NR HbA1c NR BMI/Weight NR Duration NR NA NR 

Bergenstal, 201091 MDI + 
SMBG, 
241 

Age NR 
56 

C: 92 
His: 3 
Other: 5 

Mean: 8.3 Mean BMI: 25.6, Mean 
weight: 73 

Mean: 15.4 MDI:100 22 

Bergenstal, 201091 
 

CSII + 
rtCGM, 
244 

Age NR 
57 

C: 91 
His: 3 
Other: 7 

Mean: 8.3 Mean BMI: 25.3, Mean 
weight: 71.9 

Mean: 15.2 CSII:100 
 

20 

Bin-Abbas, 200656 
 

MDI, 8 Mean: 9, 
Range: 7-12 
62.5 

NR Mean: 10.1 BMI/Weight NR Mean: 6 NA 
 

NR 

Bin-Abbas, 200656 
 

CSII, 14 Mean: 12.8, 
Range: 4-16 
50 

NR Mean: 10.2 BMI/Weight NR Mean: 6 NA 
 
 

NR 

Bin-Abbas, 200656 
 

MDI, 8 Mean: 9, 
Range: 7-12 
62.5 

NR Mean: 10.1 BMI/Weight NR Mean: 6 NA 
 
 

NR 

Bolli, 200960 MDI, 26 Mean: 21.5 
54 

NR Mean: 7.8 Mean BMI: 24.3, Mean 
weight: 70.8 

Mean: 20.9 NA NR 

Bolli, 200960 
 

CSII, 24 Mean: 19.1 
54 

NR Mean: 7.7 Mean BMI: 23.8, Mean 
weight: 70.1 

Mean: 18.5 NA 
 

NR 

Bruttomesso, 200865 
 

MDI, 15 Age NR 
47 

NR Mean: 7.4 Mean BMI: 22.9, Mean 
weight: 66.8 

Mean: 15.7 NA 
 

NR 

Bruttomesso, 200865 
 

CSII, 24 Age NR 
50 

NR Mean: 7.6 Mean BMI: 24.1, Mean 
weight: 71 

Mean: 17.2 NA 
 

NR 

Bruttomesso, 201176 MDI, 44 Age NR 
0 

NR Mean: 7.66 BMI/Weight NR Mean: 13.5 NA NR 

Bruttomesso, 201176 CSII, 100 Age NR 
0 

NR Mean: 7.20 BMI/Weight NR Mean: 16.5 NA NR 
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Author, year Inter-
vention, n 

Age (years)  
Male (%) 

Race (%) Baseline HbA1c 
(%) 

Baseline weight (kg)/BMI 
(kg/m2) 

Duration of 
diabetes 
(years) 

Insulin 
delivery 
device (%) 

With-
drawals 
(N) 

Chico, 201077 MDI, 196 Age range: 
18-43 
0 

NR Mean: 6.03 
Range: 4.3-9.5 

Mean weight: 23 Mean: 12 NA NR 

Chico, 201077 MDI, 16 Age range: 
26-39 
0 

NR Mean: 6.3 
Range: 6-8.1 

Mean weight: 22.8 Mean: 8.5 NA NR 

Chico, 201077 CSII, 59 Age range: 
25-42 
0 

NR Mean: 6.5 
Range: 5.4-9.4 

Mean weight: 23.8 Mean: 16 NA NR 

Cohen, 200350 
 

MDI, 16 Median: 14.2 
37.5 

NR Mean: 8.48 BMI/Weight NR Duration NR NA 
 

3 

Cohen, 200350 
 

CSII, 16 Median: 14.2 
37.5 

NR Mean: 8.58 BMI/Weight NR Duration NR NA 
 

1 

Cypryk, 200874 
 

MDI, 86 Age NR 
0 

C: 100 
 

HbA1c NR Mean BMI: 23.7 Mean: 7.7 NA 
 

NR 

Cypryk, 200874 
 

CSII, 30 Age NR 
0 

C: 100 
 

HbA1c NR Mean BMI: 23.5 Mean: 12.7 NA 
 

NR 

Deiss, 200687 SMBG  Age NR NR Mean: 9.7 BMI/Weight NR Duration NR NA 0 

Deiss, 200687 rtCGM Age NR NR Mean: 9.5 BMI/Weight NR Duration NR NA 4 

Deiss, 200687 rtCGM Age NR NR Mean: 9.6 BMI/Weight NR Duration NR NA 1 

Derosa, 200970 
 

MDI, 32 Age NR 
50 

NR Mean: 9.3 Mean BMI: 29.8 Duration NR NA NR 

Derosa, 200970 
 

CSII, 32 Age NR 
47 

NR Mean: 9.2 Mean BMI: 29.5 Duration NR NA NR 

DeVries, 200266 
 

MDI, 40 Age NR 
53 

NR Mean: 9.3 Mean weight: 79.8 Mean: 18 NA 0 

DeVries, 200266 
 

CSII, 39 Age NR 
54 

NR Mean: 9.3 Mean weight: 77.3 Mean: 17.6 NA 
 

7 

Doyle, 200451 
 

MDI, 16 Age NR 
50 

C: 81 
AA: 6 
His: 12 

Mean: 8.2 BMI/Weight NR Mean: 5.6 NA 1 
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Author, year Inter-
vention, n 

Age (years)  
Male (%) 

Race (%) Baseline HbA1c 
(%) 

Baseline weight (kg)/BMI 
(kg/m2) 

Duration of 
diabetes 
(years) 

Insulin 
delivery 
device (%) 

With-
drawals 
(N) 

Doyle, 200451 
 

CSII, 16 Age NR 
38 

C: 69 
AA: 12 
His: 19 

Mean: 8.1 BMI/Weight NR Mean: 6.8 NA 
 

0 

Garcia-Garcia, 200753 
 

MDI, 24 Mean: 12.8 
41.7 

NR Mean: 7.8 BMI/Weight NR Mean: 5.7 NA 
 

NR 

Garcia-Garcia, 200753 
 

CSII, 8 Mean: 11.6 
37.5 

NR Mean: 7.6 BMI/Weight NR Mean: 5.7 NA NR 

Hanaire-Broutin, 200064 MDI + 
rtCGM, 41 

Age NR 
51 

NR Mean: 8.39 Mean BMI: 24, Mean 
weight: 68.2 

Mean: 20 NA 1 

Hanaire-Broutin, 200064 CSII + 
SMBG 

Age NR 
 

NR HbA1c NR BMI/Weight NR Duration NR NA 
 

NR 

Herman, 200569 
 

MDI, 54 Age NR 
44 

C: 91 
AA: 4 
His: 4 
Other: 2 

Mean: 8.1 Mean BMI: 31.8 Mean: 15.4 NA 4 

Herman, 200569 
 

CSII, 53 Age NR 
72 

C: 81 
AA: 8 
His: 8 
Other: 4 

Mean: 8.4 Mean BMI: 32.5 Mean: 16.9 NA 5 

Hermanides, 201194 MDI + 
SMBG, 39 

Age NR 
54 

NR Mean: 8.64 BMI/Weight NR Mean: 21 MDI 4 

Hermanides, 201194 CSII + 
rtCGM, 44 

Age NR 
50 

NR Mean: 8.47 BMI/Weight NR Mean: 16.9 CSII 1 

Hieronimus, 200573 
 

MDI, 23 Mean: 26 
0 

NR Mean: 7.6 Mean BMI: 21.8 Mean: 9.8 NA 
 

NR 

Hieronimus, 200573 CSII, 33 Mean: 30 
0 

NR Mean: 7.5 Mean BMI: 23.8 Mean: 13.9 NA 
 

NR 

Hirsch, 200559 MDI Age NR NR HbA1c NR BMI/Weight NR Duration NR NA NR 

Hirsch, 200559 CSII Age NR NR HbA1c NR BMI/Weight NR Duration NR NA NR 
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Author, year Inter-
vention, n 

Age (years)  
Male (%) 

Race (%) Baseline HbA1c 
(%) 

Baseline weight (kg)/BMI 
(kg/m2) 

Duration of 
diabetes 
(years) 

Insulin 
delivery 
device (%) 

With-
drawals 
(N) 

Hirsch, 200886 
 

SMBG, 72 Mean: 33.2, 
Median: 34, 
Range: 12-
72 
39 

C: 90 
AA: 1 
Asian: 3 
His: 6 
 

Mean: 8.39, Median: 
34, Range: 7.5-10.6 

Mean BMI: 26.3, Median 
BMI: 25.9, Mean weight: 
75.4, Median weight: 72.4 

Mean: 16.7 
Median: 13 

CSII:100 
 

2 

Hirsch, 200886 
 

rtCGM, 66 Mean: 33, 
Median: 
34.5, Range: 
12-64 
48 

C: 89 
AA: 2 
Asian: 0 
His: 9 
 

Mean: 8.49, Median: 
34.5, Range: 7.5-
10.7 

Mean BMI: 26.9, Median 
BMI: 25.9, Mean weight: 
76.8, Median weight: 74 

Mean: 20.8, 
Median: 20.5 

CSII:100 6 

Hoogma, 200663 
 

MDI, 129 Age NR 
47 

NR Mean: 8.3 Mean BMI: 24.8 Mean: 15.4 NA 
 

NR 

Hoogma, 200663 
 

CSII, 127 Age NR 
48 

NR Mean: 8.2 Mean BMI: 24.9 Mean: 14.4 NA 
 

NR 

JDRF CGM Study Group, 
200984 

SMBG, 62 Mean: 32 
48 

C: 94 Mean: 6.5 BMI/Weight NR Duration NR CSII:79 
MDI:21 

2 

JDRF CGM Study Group, 
200984 

rtCGM, 67 Mean: 29.3 
46 

C: 94 
 

Mean: 6.4 BMI/Weight NR Duration NR CSII:93 
MDI:7 

0 

Kernaghan, 200872 
 

MDI, 18 Age NR 
0 

NR Mean: 8.01 BMI/Weight NR Duration NR NA NR 

Kernaghan, 200872 
 

CSII, 24 Age NR 
0 

NR Mean: 7.62 BMI/Weight NR Duration NR NA 
 

NR 

Kordonouri, 201080 
 

CSII + 
SMBG, 80 

Mean: 9.1 
50 

NR Mean: 11.5 BMI/Weight NR Duration NR CSII:100 
 

2 

Kordonouri, 201080 
 

CSII + 
rtCGM, 80 

Mean: 8.5 
50 

NR Mean: 11.2 BMI/Weight NR Duration NR CSII:100 
 

4 

Lee, 200793 SMBG, 8 Age NR NR Mean: 8.58 BMI/Weight NR Duration NR MDI:100 NR 

Lee, 200793 rtCGM, 8 Age NR NR Mean: 9.45 BMI/Weight NR Duration NR CSII:100 NR 

Lepore, 200367 
 

MDI, 16 Age NR 
44 

NR HbA1c NR BMI/Weight NR Mean: 14.7 NA NR 

Lepore, 200367 CSII, 16 Age NR 
50 

NR HbA1c NR BMI/Weight NR Mean: 19.6 NA NR 
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Author, year Inter-
vention, n 

Age (years)  
Male (%) 

Race (%) Baseline HbA1c 
(%) 

Baseline weight (kg)/BMI 
(kg/m2) 

Duration of 
diabetes 
(years) 

Insulin 
delivery 
device (%) 

With-
drawals 
(N) 

Nuboer, 200854 MDI + 
SMBG, 19 

Mean: 10 
52.6 

C: 90 
 

Mean: 7.98 BMI/Weight NR Mean: 4.7 NA NR 

Nuboer, 200854 
 

CSII + 
SMBG, 20 

Mean: 10 
35 

C: 90 
 

Mean: 7.66 BMI/Weight NR Mean: 5.6 NA 
 

1 

O'Connell, 200985 
 

SMBG, 31 Age NR 
29 

NR Mean: 7.5 BMI/Weight NR Mean: 9.2 CSII:100 
 

2 

O'Connell, 200985 rtCGM, 31 Age NR 
29 

NR Mean: 7.3 BMI/Weight NR Mean: 11.1 CSII:100 
 

5 

Opipari-Arrigan, 200749 
 

MDI + 
rtCGM, 9 

Mean: 4.4 
50 

C: 100 
 

Mean: 7.98 Mean BMI: 15.9 Duration NR NA 1 

Opipari-Arrigan, 200749 
 

CSII + 
rtCGM, 9 

Mean: 4.4 
62.5 

C: 100 
 

Mean: 8.26 Mean BMI: 17 Duration NR NA 3 

Peyrot, 200992 
 

MDI + 
SMBG, 14 

Age NR 
 

NR Mean: 8.32 Mean weight: 82.6 Duration NR CSII:0 
 

1 

Peyrot, 200992 
 

CSII + 
rtCGM, 14 

Age NR 
 

NR Mean: 8.87 Mean weight: 77.7 Duration NR CSII:0 
 

0 

Pozzilli, 200357 MDI, 12 Mean: 18.9 NR Mean: 10.3 Mean BMI: 20.9 Mean: 0 NA 4 

Pozzilli, 200357 CSII, 7 Mean: 17.9 NR Mean: 11.7 Mean BMI: 19.8 Mean: 0 NA 0 

Raccah, 200981 
 

CSII + 
SMBG, 60 

Age NR 
57 

NR Mean: 9.28 Mean BMI: 22.5, Mean 
weight: 62.6 

Mean: 12.3 CSII:100 
 

6 

Raccah, 200981 rtCGM, 55 Age NR 
55 

NR Mean: 9.11 Mean BMI: 23.5, Mean 
weight: 65.7 

Mean: 11.2 CSII:100 
 

14 

Radermecker, 201083 
 

CSII + 
SMBG, 13 

Age NR 
 

NR HbA1c NR BMI/Weight NR Duration NR NA 1 

Radermecker, 201083 rtCGM, 13 Age NR NR HbA1c NR BMI/Weight NR Duration NR NA 3 

Raskin, 200336 MDI, 61 Age NR 
57 

C: 82 
AA: 13 
Other: 5 

Mean: 8 Mean BMI: 32.2 Mean: 11.9 NA 6 

Raskin, 200336 
 

CSII, 66 Age NR 
64 

C: 80 
AA: 12 
Other: 8 

Mean: 8.2 Mean BMI: 32.2 Mean: 13.8 NA 
 

6 

Rigla, 2008105 SMBG, 10 Mean: 41.2 NR HbA1c NR BMI/Weight NR Mean: 14.9 CSII:100 0 
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Author, year Inter-
vention, n 

Age (years)  
Male (%) 

Race (%) Baseline HbA1c 
(%) 

Baseline weight (kg)/BMI 
(kg/m2) 

Duration of 
diabetes 
(years) 

Insulin 
delivery 
device (%) 

With-
drawals 
(N) 

Rigla, 2008105 rtCGM, 10 Mean: 41.2 NR HbA1c NR BMI/Weight NR Mean: 14.9 CSII:100 0 

Schiaffini, 200755 
 

MDI, 17 Mean: 12.9 
47.1 

NR Mean: 8.5 BMI/Weight NR Mean: 5.7 NA NR 

Schiaffini, 200755 
 

CSII, 19 Mean: 12.5 
52.6 

NR Mean: 8.3 BMI/Weight NR Mean: 5.8 NA 
 

NR 

Skogsberg, 200848 
 

MDI, 38 Mean: 12.3 
58.3 

NR Mean: 8.4 BMI/Weight NR Duration NR NA 
 

5 

Skogsberg, 200848 
 

CSII, 34 Mean: 11.8 
58.3 

NR Mean: 8.2 BMI/Weight NR Duration NR NA 
 

NR 

Tamborlane, 200827 
Age strata:8-14 

SMBG, 58 Mean: 11.6 
50 

C: 93 
 

Mean: 8 BMI/Weight NR Mean: 5.3 CSII:84 
MDI:16 

0 

Tamborlane, 200827 
Age strata:>25 

SMBG, 46 Mean: 44.6 
43 

C: 89 
 

Mean: 7.6 BMI/Weight NR Mean: 21.8 CSII:85 
MDI:15 

0 

Tamborlane, 200827 
Age strata:15-24 

SMBG, 53 Mean: 18.2 
34 

C: 96 
 

Mean: 7.9 BMI/Weight NR Mean: 8.8 CSII:75 
MDI:25 

2 

Tamborlane, 200827 
Age strata:>25 

rtCGM, 52 Mean: 41.2 
40 

C: 100 
 

Mean: 7.6 BMI/Weight NR Mean: 23.6 CSII:83 
MDI:17 

2 

Tamborlane, 200827 
Age strata:8-14 

rtCGM, 56 Mean: 11.4 
52 

C: 91 
 

Mean: 7.9 BMI/Weight NR Mean: 6.2 CSII:84 
MDI:16 

0 

Tamborlane, 200827 
Age strata:15-24 

rtCGM, 57 Mean: 18.8 
49 

C: 82 
 

Mean: 8 BMI/Weight NR Mean: 9.5 CSII:67 
MDI:33 

1 

Thomas, 200761 MDI, 7 Age NR NR HbA1c NR BMI/Weight NR Duration NR NA NR 

Thomas, 200761 CSII, 7 Age NR NR HbA1c NR BMI/Weight NR Duration NR NA NR 

Tsui, 200162 MDI, 14 Age NR 
71 

NR Mean: 8.16  Mean BMI: 26, Median 
BMI: 27 

Mean: 15, 
Median: 13 

NA 
 

0 

Tsui, 200162 
 

CSII, 13 Age NR 
62 

NR Mean: 7.73  Mean BMI: 27, Median 
BMI: 27 

Mean: 17, 
Median: 13 

NA 
 

1 

Volpe, 201075 MDI, 22 Age NR 
0 

C: 100 
 

HbA1c NR Mean BMI: 23.7 Mean: 12.1 NA NR 

Volpe, 201075 
 

CSII + 
SMBG, 20 

Age NR 
0 

C: 100 
 

HbA1c NR Mean BMI: 23 Mean: 16 NA NR 

Wainstein, 200537 MDI, 20 Age NR NR HbA1c NR BMI/Weight NR Duration NR NA 6 
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Author, year Inter-
vention, n 

Age (years)  
Male (%) 

Race (%) Baseline HbA1c 
(%) 

Baseline weight (kg)/BMI 
(kg/m2) 

Duration of 
diabetes 
(years) 

Insulin 
delivery 
device (%) 

With-
drawals 
(N) 

Wainstein, 200537 CSII, 20 Age NR NR HbA1c NR BMI/Weight NR Duration NR NA 5 

Weintrob, 200352 MDI, 12 Mean: 11.6 
50 

NR Mean: 8.6 BMI/Weight NR Mean: 6.3 NA 0 

Weintrob, 200352 CSII, 11 Mean: 11.9 
36 

NR Mean: 7.9 BMI/Weight NR Mean: 5.3 NA 
 

0 

Yoo, 2008102 
 

SMBG, 28 Mean: 57.5 
50 

NR Mean: 8.7 Mean BMI: 25.7, Mean 
weight: 65.7 

Mean: 13.3 NA 
 

5 

Yoo, 2008102 
 

rtCGM, 29 Mean: 54.6 
34 

NR Mean: 9.1 Mean BMI: 25, Mean 
weight: 63.3 

Mean: 11.7 NA 
 

3 

Abbreviations: AA = African American; BMI = body mass index; C = Caucasian; CSII = continuous subcutaneous insulin infusion; His = Hispanic; kg = kilogram; NA = not 
applicable; NR = not reported; rtCGM = real time continuous glucose monitoring; SMBG = self monitoring of blood glucose 
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Table 3. Interventions evaluated in studies comparing insulin delivery or glucose monitoring methods for diabetes mellitus  

Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Battelino, 
201188 

Both NA SMBG NR 6 mo NR 
 
Preprandial: 70-130 mg/dL 
2-hr postprandial: 180 mg/dL 

NR 

Battelino, 
201188 

Both NA Abbott FreeStyle Navigator NR 6 mo NR 
 
Preprandial: 70-130 mg/dL 
2-hr postprandial: 180 mg/dL 

NR 

Beck, 201082 
 

MDI NA SMBG 
 
Monitor use: 4+ 

NA 26 wks Titration guidelines NR 
 
Targets NR  

NA 

Beck, 201082 
 

CSII NA rtCGM model unspec. 
 

NA 26 wks Titration guidelines NR 
 
Targets NR 

NA 

Bergenstal, 
201091 
 

MDI MDI 
 
Injections NR 
 
Prandial: aspart 
Basal: glargine 

SMBG 
  
Monitor use: NA 
 
Fingerstick: NR 

NA 1 yr Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Bergenstal, 
201091 
 

CSII MM REAL  
 
Prandial: aspart 
 

MM paradigm  
 
Monitor use: unclear if just 
used for 1 wk at baseline, 6 
mo, and 12 mo 
 
Fingerstick: NR 

Yes 1 yr Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NR 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Bin-Abbas, 
200656 
 

MDI MDI  
 
4+ times/day 
 
Prandial: lispro 
Basal: glargine 

NA 
 
 

NA 6 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Bin-Abbas, 
200656 
 

MDI MDI 
  
4+ times/day 
 
Prandial: lispro 
Basal: glargine 

NA 
 
 

NA 6 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Bin-Abbas, 
200656 
 

CSII Minimed unspec. 
 
Prandial: lispro 
 

NA 
 
 

NR 12 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Bolli, 200960 
 

MDI MDI 
 
4+ times/day 
 
Prandial: lispro 
Basal: glargine 

NA 
 
 

NA 24 wks Titration guidelines: Yes 
 
Between visit guidelines NR 
 
Preprandial: 90-140 mg 
5.0-7.7 mmol, FG: 80-120 mg, 4.4-
6.6 mmol, 2 hr postprandial: <7.7 
mmol, other target: bedtime blood 
glucose 110-150 mg, 1-8.3 mmol 

NA 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Bolli, 200960 
 

CSII MM 508,  
 
Prandial: lispro 
 

NA 
 
 

NR 24 wks Titration guidelines: Yes 
 
Between visit guidelines NR 
 
Preprandial: 90-140 mg 
5.0-7.7 mmol, FG: 80-120 mg, 4.4-
6.6 mmol, 2 hr postprandial: <7.7 
mmol, other target: bedtime blood 
glucose 110-150 mg, 6.1-8.3 mmol,  

NA 

Bruttomesso, 
200865 
 

MDI MDI 
 
4+ times/day 
 
Prandial: lispro 
Basal: glargine 

NA 
 
 

NA 4 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Preprandial: 5.0-6.7 mmol, FG: 5.0-
6.7 mmol, 2 hr postprandial: 6.0-8.5 
mmol (90 min after meals), other 
target:  
6.1-7.5 mmol/l at bedtime  

NA 

Bruttomesso, 
200865 
 

CSII DR DTRON, Animas, DR 
HTron v100, MM 508 
  
Prandial: lispro 
 

NA 
 
 

NR 4 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Preprandial: 5.0-6.7 mmol, FG: 5.0-
6.7 mmol, 2 hr postprandial: 6.0-8.5 
mmol (90 min after meals), other 
target: 6.1-7.5 mmol at bedtime 

NA 

Bruttomesso, 
201176 

MDI Injections NR 
 
Prandial: aspart, lispro 
Basal: glargine 

NA NA NR Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Bruttomesso, 
201176 

CSII Insulin pump, unspecified 
 
Prandial: lispro, aspart 

NA NR NR Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Chico, 201077 MDI MDI 
 
Injections based on SMBG 
result 
 
Prandial: Reg insulin 
Basal: NPH 

SMBG NR NR NR NA 

Chico, 201077 MDI MDI 
 
Injections based on SMBG 
result 
 
Prandial: lispro 
Basal: NPH 

SMBG NR NR NR NA 

Chico, 201077 CSII Insulin pump, unspecified 
 
Prandial: lispro 

SMBG NR NR NR NA 

Cohen, 200350 
 

MDI MDI 
 
4+ times/day 
 
Prandial: Reg insulin 
Basal: NPH 

NA 
 
 

NA 12 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Cohen, 200350 
 

CSII Tayco Disetronic 
 
Prandial: lispro 
 

NA 
 

NR 12 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Cypryk, 200874 
 

MDI MDI 
  
Injections NR 
 
Prandial: 30% used insulin 
lispro and 70% used regular 
insulin 
Basal: NPH 

NA 
 
 

NA 36 wks Titration guidelines NR 
 
Between visit guidelines NR 
 
Preprandial: 3.3-5.0 mmol, FG: 3.3-
5.0 mmol, 2 hr postprandial: <6.7 
mmol  

NA 

Cypryk, 200874 
 

CSII MM 507c, MM 508,  
 
Prandial: 90% used insulin 
lispro; 10% not reported 
 

NA 
 
 

Yes 36 wks Titration guidelines NR 
 
Between visit guidelines NR 
 
Preprandial: 3.3-5.0 mmol, FG: 3.3-
5.0 mmol, 2 hr postprandial: <6.7 
mmol,  

NA 

Deiss, 200687 
 

NA NA SMBG 
  
Monitor use: NA 
 
Fingerstick: NR 

NA 3 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Deiss, 200687 
 

NA NA MM guardian rtCGM 
  
Monitor use: continuously 
 
Fingerstick: NR 

NA 3 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

Hyperglycemia: 
170-250 mg/dL 
Hypoglycemia: 50-
80 mg/dL 

Deiss, 200687 
 

NA NA MM guardian rtCGM 
 
Monitor use: biweekly for 3 
day periods every 2 wks 
 
Fingerstick: NR 

NA 3 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

Hyperglycemia: 
170-250 mg/dL 
Hypoglycemia: 50-
80 mg/dL 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Derosa, 200970 
 

MDI MDI 
 
4+ times/day 
 
Prandial: lispro 
Basal: glargine 

NA 
 
 

NA 1 yr Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Derosa, 200970 
 

CSII pump unspec.,  
 
Prandial: lispro 
 

NA 
 

NR 1 yr Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR  

NA 

DeVries, 200266 
 

MDI MDI 
 
4+ times/day 
 
Prandial: aspart 
Basal: NPH 

NA NA 16 wks Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Preprandial: 5.0-7.0 mmol, other 
target: 90-min PPG: 5-9; bedtime 
glucose: 7-10 mmol/L  

NA 

DeVries, 200266 
 

CSII Disetronic H-TRONplus 
 
Prandial: aspart 
Basal: no long acting 

NA Yes 16 wks Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Preprandial: 5.0-7.0 mmol, other 
target: 90-min PPG: 5-9; bedtime 
glucose: 7-10 mmol/L 

NA 

Doyle, 200451 
 

MDI MDI 
 
4+ times/day 
 
Prandial: aspart 
Basal: glargine 

NA 
 
 

NA 16 wks Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Target HbA1c: 7, preprandial: 70-
120 mg, other target: 90-150mg pre 
bedtime 

NA 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Doyle, 200451 
 

CSII MM 508, MM Paradigm 511 
 
Prandial: aspart 
 

NA 
 
 

Yes 16 wks Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Target HbA1c: 7, preprandial: 70-
120 mg, other target: 90-150mg pre 
bedtime 

NA 

Garcia-Garcia, 
200753 
 

MDI MDI 
  
3 times/day 
 
Prandial: lispro 
Basal: glargine 

NA 
 
 

NA 24 mo Titration guidelines: Yes 
 
Between visit guidelines NR 
 
Preprandial: 70-140 mg 

NA 

Garcia-Garcia, 
200753 
 

CSII DR HTron v100  
 
Prandial: lispro 
 

NA 
 
 

NR 24 mo Titration guidelines: Yes 
 
Between visit guidelines NR 
 
Preprandial: 70-140 mg 

NA 

Hanaire-
Broutin, 200064 
 

MDI MDI 
  
4+ times/day 
 
Prandial: lispro 
Basal: NPH 

Ayer Glucomatic Esprit 
memory meter 
 
Monitor use: before and 2 hr 
after each meal 
 

NA 4 mo Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Preprandial: 70-120 mg, FG: 70-
120 mg 

NA 

Hanaire-
Broutin, 200064 
 

CSII MM 506, MM 507c, 
Disetronic HTron D or V 
  
Prandial: lispro 
 

SMBG  
 
Monitor use: before and 2 hr 
after each meal 
 

NR 4 mo Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Preprandial: 70-120 mg, FG: 70-
120 mg 

NA 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Herman, 200569 
 

MDI MDI 
 
4+ times/day 
 
Prandial: lispro 
Basal: glargine 

NA 
 
 

NA 12 mo Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Target HbA1c: 5.6, preprandial: 80 - 
120 mg, other target: 100 - 150 at 
bed time 

NA 

Herman, 200569 
 

CSII MM 508 
 
Prandial: lispro 
 

NA 
 
 

NR 12 mo Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Target HbA1c: 5.6, preprandial: 80 - 
120 mg, other target: 100 - 150 at 
bed time,  

NA 

Hermanides, 
201194 

MDI MDI 
 
3 times/day 
 
Prandial: rapid-acting 
insulin analogue 
Basal: long-acting insulin 
analogue 

SMBG 
 
Monitor use: NR 

Yes 26 wks Titration guidelines: NR NR 

Hermanides, 
201194 

CSII MM REAL 
 

MM Paradigm  
 
Monitor use: 24 hrs/day 
 
 

Yes 26 wks Between visit guidelines: Yes Yes 

Hieronimus, 
200573 
 

MDI MDI 
 
4+ times/day 
 
 

NA 
 
 

NA  NR Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Hieronimus, 
200573 
 

CSII pump unspec. 
 
 

NA 
 

Yes  NR Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Hirsch, 200559 
 

MDI MDI 
 
4+ times/day 
 
Prandial: aspart 
Basal: glargine 

NA 
 
 

NA 5 wks Titration guidelines: No 
 
Between visit guidelines NR 
 
FG: 90-126 mg, target: predinner 
glucose 90-126 mg 

NA 

Hirsch, 200559 
 

CSII pump unspec. 
 
Prandial: aspart 
 

NA 
 
 

No 5 wks Titration guidelines: No 
 
Between visit guidelines NR 
 
FG: 90-126 mg, target: predinner 
glucose 90-126 mg,  

NA 

Hirsch, 200886 
 

NA NA SMBG 
 
Monitor use: NA 
 
Fingerstick: NR 

NA 6 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Target HbA1c: 7.5  

NA 

Hirsch, 200886 
 

NA NA MM paradigm  
 
Monitor use: Not reported 
 
Fingerstick: NR 

NA 6 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

Hyperglycemia: 
180 mg/dL 
Hypoglycemia: 70 
mg/dL 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Hoogma, 
200663 
 

MDI MDI 
 
4+ times/day at least 3 
preprandial and 1 NPH 
 
Prandial: lispro 
Basal: NPH 

NA 
 
 

NA 6 mo Titration guidelines NR 
 
Between visit guidelines: Yes 
 
Preprandial: 4.0-7.0 mmol, FG: 4.0-
7.0 mmol, other target:  
bedtime 6-10 mmol/L, 1hr 
postprandial 8-10 mmol/L  

NA 

Hoogma, 
200663 
 

CSII DR HTron v100, Disetronic 
H-TRONplus V100 
 
Prandial: lispro 
 

NA 
 
 

Yes 6 mo Titration guidelines NR 
 
Between visit guidelines: Yes 
 
Preprandial: 4.0-7.0 mmol, FG: 4.0-
7.0 mmol, other target:  
bedtime 6-10 mmol/L, 1hr 
postprandial 8-10 mmol/L  

NA 

JDRF CGM 
Study Group, 
200984 
 

NA NA SMBG 
 
Monitor use: NA 
 
Fingerstick: 4+ times/day 

NA 26 wks Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

JDRF CGM 
Study Group, 
200984 
 

NA NA Abbott freestyle navigator, 
MM paradigm, Dexcom sts,  
 
Monitor use: daily 

NA 26 wks Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NR 

Kernaghan, 
200872 
 

MDI MDI 
 
4+ times/day 
 
Prandial: short-acting or 
rapid-acting insulin 
Basal: unspecified 

NA 
 
 

NA 40 wks Titration guidelines NR 
 
Between visit guidelines: Yes 
 
Target HbA1c: 6.5, FG:  
4-5.5 mmol, other target:  
1-hr PPG between 4-7 mmol/L  

NA 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Kernaghan, 
200872 
 

CSII DR DTRON, 
Disetronic/Roche H-Tron, 
Medtronic Paradigm 508 
 
Prandial: lispro 
Basal: no long acting 

NA 
 
 

NR 37 wks Titration guidelines NR 
 
Between visit guidelines: Yes 
 
Target HbA1c: 6.5, FG:  
4-5.5 mmol, other target:  
1-hr PPG between 4-7 mmol/L 

NA 

Kordonouri, 
201080 
 

NA Minimed paradigm 515/715 
 
Prandial: NR 
 

SMBG  
 
Monitor use: NA 
 
Fingerstick: 4+ times/day 

NR 52 wks Titration guidelines NR 
 
Between visit guidelines NR 
 
Preprandial: 5.0-8.0 mmol, 2 hr 
postprandial: <10.0 mmol, Other 
target: 6.7-10.0 mmol,  

NA 

Kordonouri, 
201080 
 

NA MM REAL 
  
Prandial: NR 
 

MM Paradigm 
  
Monitor use: daily 
 
Fingerstick: NR 

NR 52 wks Titration guidelines NR 
 
Between visit guidelines NR 
 
Preprandial: 5.0-8.0 mmol, 2 hr 
postprandial: <10.0 mmol 

NR 

Lee, 200793 
 

NA NA SMBG 
 
Monitor use: NA 
 
Fingerstick: NR 

NA 15 wks Titration guidelines NR 
 
Between visit guidelines NR 
 
Other target: 90-120 mg/dL (7am-
10pm), 100-120 mg/dL (10pm-7am) 

NA 

Lee, 200793 
 

NA NA MM paradigm 
 
Monitor use: At least 5 days 
every wk (for a max of 72 hrs 
at a time) 
 
Fingerstick: 4+ times/day 

NA 15 wks Titration guidelines: Yes 
 
Between visit guidelines NR 
 
Other target: 90-120 mg/dL (7am-
10pm), 100-120 mg/dL (10pm-7am) 

Hyperglycemia: 
200 mg/dL 
Hypoglycemia: 80 
mg/dL 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Lepore, 200367 
 

MDI MDI 
 
4+ times/day 
 
Prandial: lispro 
Basal: glargine 

NA NR 1 yr Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Lepore, 200367 
 

CSII pump unspec. 
  
Prandial: lispro 
 

NA NR 1 yr Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Nuboer, 200854 
 

MDI MDI  
 
3 times/day 
 
Prandial: aspart 

SMBG 
 
Monitor use: NA 
 
Fingerstick: 4+ times/day 

NA 14 mo Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Other target: 4.0-10.0 mmol/L,  

NA 

Nuboer, 200854 
 

CSII DR HTron v100,  
 
Prandial: aspart 
 

SMBG 
 
Monitor use: NA 
 
Fingerstick: 4+ times/day 

NR 14 mo Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Other target: 4.0-10.0 mmol/L,  

NA 

O'Connell, 
200985 
 

NA NA SMBG 
  
Monitor use: NA 
 
Fingerstick: 4+ times/day 

NA 3 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

O'Connell, 
200985 
 

NA NA MM paradigm 
 
Monitor use: >70% of 3-month 
study period 
 
Fingerstick: 4+ times/day 

NA 3 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

Hyperglycemia: 12 
mmol/dL 
Hypoglycemia: 4.5 
mmol/L 



 

 

 

Table 3. Interventions evaluated in studies comparing insulin delivery or glucose monitoring methods for diabetes mellitus  
 

E-29 

Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Opipari-Arrigan, 
200749 
 

MDI MDI 
  
3 times/day 
 
Prandial: lispro 
Basal: NPH 

Medtronic MiniMed CGMS 
  
Monitor use: Median time for 
sensor wear was 48 hours 
with glucose recordings every 
5 min 
 
Fingerstick: NR 

NA 6 mo Titration guidelines: Yes 
 
Between visit guidelines NR 
 
Targets NR 

Hyperglycemia: 
>180 mg/dL 
Hypoglycemia: <70 
mg/dL 

Opipari-Arrigan, 
200749 
 

CSII Animas infusion pump 
  
Prandial: lispro 
Basal: NPH 

Medtronic MiniMed CGMS 
  
Monitor use: Median time for 
sensor wear was 48 hours 
with glucose recordings every 
5 min 
 
Fingerstick: NR 

Yes 6 mo Titration guidelines: Yes 
 
Between visit guidelines NR 
 
Targets NR 

Hyperglycemia: 
>180 mg/dL 
Hypoglycemia: <70 
mg/dL 

Peyrot, 200992 
 

MDI MDI,  
 
Injections NR 
 
Prandial: rapid acting 
analogs (unspecified) 
Basal: glargine 

SMBG 
  
Monitor use: NA 
 
Fingerstick: NR 

NA 16 wks Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Peyrot, 200992 
 

CSII MM paradigm 722 
 
 

SMBG, RT-CGM using 
integrated pump/monitor 
  
Monitor use: not specified 
 
Fingerstick: NR 

Yes 16 wks Titration guidelines: No 
 
Between visit guidelines: No 
 
Targets NR 

NR 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Pozzilli, 200357 
 

MDI MDI 
 
4+ times/day 
 
Prandial: unspecified 
Basal: NPH 

NA 
 
 

NA 2 yrs Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Targets NR 

NA 

Pozzilli, 200357 
 

CSII MM 507c 
  
Prandial: lispro 
Basal: no long acting 

NA 
 
 

Yes 2 yrs Titration guidelines NR 
 
Between visit guidelines NR 
 
Preprandial: 3.9-8.3 mmol for those 
with no history of hypoglycemia; 
4.4-8.9 mmol for those with reduced 
hypoglycemia awareness; and 
higher targets for those with 
recurrent severe hypoglycemia 

NA 

Raccah, 200981 
 

NA MM paradigm 512  
 
Prandial: NR 
 

SMBG 
 
Monitor use: NA 
 
Fingerstick: ≥ 3 times/day 

NA 6 mo Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Targets NR 

NA 

Raccah, 200981 
 

NA NA MM paradigm,  
 
Monitor use: 70% of the time 
 
Fingerstick: ≥ 3 times/day 

NA 6 mo Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Targets NR 

NR 

Radermecker, 
201083 
 

NA pump unspec. 
 
Prandial: NR 
 

SMBG 
 
Monitor use: NA 
 
Fingerstick: NR 

NA 12 wks Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Radermecker, 
201083 
 

NA NA MM Guardian rtCGM 
 
Monitor use: patients were 
offered to use it permanently 
 
Fingerstick: Other 

NA 12 wks Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

Hyperglycemia: 
240 mg/dL 
Hypoglycemia: 80 
mg/dL 

Raskin, 200336 
 

MDI MDI 
 
4+ times/day 
 
Prandial: aspart 
Basal: NPH 

NA 
 
 

NA 24 wks Titration guidelines: Yes 
 
Between visit guidelines: No 
 
FG: 80-120 mg,  
4.4-6.7 mmol 

NA 

Raskin, 200336 
 

CSII MM 507c 
 
Prandial: aspart 
 

NA 
 
 

Yes 24 wks Titration guidelines: Yes 
 
Between visit guidelines: No 
 
FG: 80-120 mg,  
4.4-6.7 mmol  

NA 

Rigla, 2008105 
 

MDI NA SMBG 
  
Monitor use: NA 
 
Fingerstick: Other 

NA 4 wks Titration guidelines: No 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Rigla, 2008105 
 

CSII NA MM guardian rtCGM 
 
Monitor use: 3 days/wk 
 
Fingerstick: Other 

NA 4 wks Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NR 

Schiaffini, 
200755 
 

MDI MDI 
 
4+ times/day 
 
Prandial: Reg insulin 
Basal: glargine 

NA 
 
 

NA 24 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Schiaffini, 
200755 
 

CSII pump unspec.,  
 
Prandial: lispro 
 

NA 
 
 

NR 24 mo Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Targets NR 

NA 

Skogsberg, 
200848 
 

MDI MDI 
 
4+ times/day 
 
Prandial: aspart 
Basal: NPH 

NA 
 
 

NA 24 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Skogsberg, 
200848 
 

CSII DR HTron v100 
 
Prandial: aspart 
 

NA 
 
 

Yes 24 mo Titration guidelines NR 
 
Between visit guidelines NR 
 
Targets NR 

NA 

Tamborlane, 
200827 
 

NA NA SMBG 
  
Monitor use: NA 
 
Fingerstick: 4+ times/day 

NA 26 wks Titration guidelines NR 
 
Between visit guidelines: Yes 
 
Preprandial: 70-130 mg, other 
target: 100-150 mg 

NA 

Tamborlane, 
200827 
 

NA NA Dexcom sts, MM paradigm, 
Abbott freestyle navigator 
 
Monitor use: daily 
 
Fingerstick: NR 

NA 26 wks Titration guidelines NR 
 
Between visit guidelines: Yes 
 
Preprandial: 70-130 mg, other 
target: 100-150 mg  

NR 

Thomas, 200761 
 

MDI MDI 
  
4+ times/day 
 
Prandial: lispro 
Basal: glargine 

NA 
 

NA 24 wks Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Other target: avoid glucose < 4 
mmol/L 

NA 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Thomas, 200761 
 

CSII MM 508,  
 
Prandial: lispro 
 

NA 
 
 

Yes 24 wks Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Other target: avoidance of glucose 
< 4 mmol/l  

NA 

Tsui, 200162 
 

MDI MDI 
  
4+ times/day 
 
Prandial: lispro 
Basal: NPH 

NA NA 9 mo Titration guidelines NR 
 
Between visit guidelines: Yes 
 
Preprandial: 4.0-6.0 mmol, 2 hr 
postprandial: <9 mmol  

NA 

Tsui, 200162 
 

CSII Minmed 507 
  
Prandial: lispro 
 

 
 
NA 

Yes 9 mo Titration guidelines NR 
 
Between visit guidelines: Yes 
 
Preprandial: 4.0-6.0 mmol, 2 hr 
postprandial: <9 mmol 

NA 

Volpe, 201075 
 

MDI MDI 
 
4+ times/day 
 
Prandial: short insulin 
analogue 
Basal: NPH 

NA 
 
 

NA 36.4 wks Titration guidelines NR 
 
Between visit guidelines: No 
 
Preprandial: 90 mg, other target: 1-
hr PPG < 130 mg 

NA 

Volpe, 201075 
 

CSII pump unspec.,  
 
 

SMBG  
 
Monitor use: NA 
 
Fingerstick: 4+ times/day 

Yes 36.4 wks Titration guidelines NR 
 
Between visit guidelines: No 
 
Preprandial: 90 mg, other target: 1-
hr PPG < 130 mg  

NR 



 

 

 

Table 3. Interventions evaluated in studies comparing insulin delivery or glucose monitoring methods for diabetes mellitus  
 

E-34 

Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Wainstein, 
200537 
 

MDI MDI 
 
4+ times/day 
 
Prandial: Reg insulin 
Basal: NPH 

Monitor use: NA 
 

NR 18 wks Titration guidelines: Yes 
 
Between visit guidelines NR 
 
Target HbA1c: 7 

NA 

Wainstein, 
200537 
 

CSII pump unspec. 
 
Prandial: lispro 
 

NA 
 
 

NR 48 wks Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Target HbA1c: 7 

NA 

Weintrob, 
200352 
 

MDI MDI 
  
4+ times/day 
 
Prandial: Reg insulin 
Basal: NPH 

NA 
 
 

NA 3.5 mo Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Preprandial: 4.4-8.3 mmol, 2 hr 
postprandial: 6.6-10 mmol, other 
target: 4.4-8.3 mmol/L 

NA 

Weintrob, 
200352 
 

CSII MM 508  
 
Prandial: lispro 
 

NA 
 
 

Yes 3.5 mo Titration guidelines: Yes 
 
Between visit guidelines: Yes 
 
Preprandial: 4.4-8.3 mmol, 2 hr 
postprandial: 6.6-10 mmol, other 
target: 4.4-8.3 mmol/L 

NA 

Yoo, 2008102 
 

MDI NA SMBG  
Monitor use: NA 
Fingerstick: Other 

NA 3 mo Titration guidelines: No 
 
Between visit guidelines: No 
 
Targets NR 

NA 
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Author, year 

CSII 
or 
MDI 

Pump type 
Number of injections 
Insulin used* 

BGM type 
Monitor use 
Fingerstick frequency 

Training
? 

Duratio
n of 
therapy 

Provider titration guidelines? 
Glycemic targets? Alarms 

Yoo, 2008102 
 

CSII NA MM guardian rtCGM  
 
Monitor use: Once/month for 3 
days 
 
Fingerstick: 3+ times/day 

NA 3 mo Titration guidelines: No 
 
Between visit guidelines: No 
 
Targets NR 

Hyperglycemia: 
300 mg/dL 
Hypoglycemia: 60 
mg/dL 

*Prandial is rapid-acting, or short-acting insulins, including lispro, regular insulin, aspart, and glulisine.  Basal is long-acting or intermediate-acting insulins, such as glargine, 
detemir and NPH 
Abbreviations: CSII = continuous subcutaneous insulin infusion; dL = deciliter; FG = fasting glucose; hr = hour; MDI = multiple daily injections; mg = milligram; MM = 
Medtronic Minimed; mmol = micromoles; mo = month; NA = not applicable; NR = not reported; PPG = post prandial glucose; reg.= regular; rtCGM = real time continuous 
glucose monitor; SMBG = self monitoring of blood glucose; unspec. = unspecified; wk = week; yr = year
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Table 4. Outcomes of studies comparing insulin delivery or glucose monitoring methods for diabetes mellitus 

Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Battelino, 201188 MDI + 
SMBG, 54 

MDI + 
rtCGM, 62 

Mild hypoglycemia 
(number of 
hypoglycemia 
excursions per day 
<63 mg/dL) 

6 months G2-G1: Mean, 0.76 (SD, 0.94) G2-G1: Mean, 0.53 (SD, 0.6); P: 0.08 

Battelino, 201188 MDI + 
SMBG, 54 

MDI + 
rtCGM, 62 

Moderate 
hypoglycemia 
(number of 
hypoglycemic 
excursions per day 
<55 mg/dL) 

6 months G2-G1: Mean, 0.37 (SD, 0.4) G2-G1: Mean, 0.28 (SD, 0.54); P: 0.07 

Battelino, 201188 CSII + 
SMBG, 54 

CSII + 
rtCGM, 62 

HbA1c (%) 6 months G2-G1: Mean, 6.95 G2-G1: Mean, 6.69 (95% CI, -0.47--
0.07); P: 0.008 vs. Grp1 

Bergenstal, 
201091 

MDI + 
SMBG, 241 

CSII + 
rtCGM, 244 

HbA1c (%) 1 years  G2-G1: Mean, -0.6 (95% CI, -0.7--
0.4); P: <0.001  

Bergenstal, 
201091 

MDI + 
SMBG, 248 

CSII + 
rtCGM, 247 

Severe 
hypoglycemia 
(require assistance 
+ (BG<50 mg/dl or 
recovery with 
glucose treatment)) 

1 years Incidence  
17 (7) 
Events  
27 events 
13.48 events / 100 person-years; P: 
0.84 

Incidence  
21 (9) 
Events  
32 events 
13.31 events / 100 person-years 

Bergenstal, 
201091 
≥19 years 
(adults) 

MDI + 
SMBG, 163 

CSII + 
rtCGM, 166 

Weight gain (kg) 1 years F-B: Mean, 1.8 F-B: Mean, 2.4 
G2-G1: 0.6; P: 0.19  

Bin-Abbas, 
200656 

MDI, 8 CSII, 14 HbA1c (%) 6 months B: Mean, 10.1 
F: Mean, 8.5; P: 0.016  
F-B: Mean, 8.5; P: 0.0005 vs. baseline 

B: Mean, 10.2 
F: Mean, 7.5 
F-B: Mean, 7.5; P: 0.0001 vs. baseline 
G2-G1: -1 

Bin-Abbas, 
200656 

MDI, 8 CSII, 14 HbA1c (%) 6 months B: Mean, 10.1 
F: Mean, 8.5; P: 0.016  
F-B: Mean, 8.5; P: 0.0005 vs. baseline 

B: Mean, 10.2 
F: Mean, 7.5 
F-B: Mean, 7.5; P: 0.0001 vs. baseline 
G2-G1: -1 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Bolli, 200960 MDI, 26 CSII, 24 HbA1c (%) 24 weeks F-B: Mean, -0.6 (SD, 0.8) F-B: Mean, -0.7 (SD, 0.7) 
G2-G1: Mean, -0.1 (-0.5-0.3); P: NR  

Bolli, 200960 MDI, 26 CSII, 24 Hyperglycemia 
(Fasting glucose: 
before breakfast) 

24 weeks  G2-G1: -0.7 (95% CI, -1.8-0.5) 

Bolli, 200960 MDI, 26 CSII, 24 Hyperglycemia 
(Fasting glucose: 
preprandial' - before 
other meal (besides 
breakfast)) 

24 weeks  G2-G1: Mean, -0.9 (95% CI, -2.3-0.4) 

Bolli, 200960 MDI, 26 CSII, 24 Hyperglycemia 
(Postprandial 
glucose: 2 hour after 
meal) 

24 weeks  G2-G1: Mean, 0.3 (95% CI, -1.1-1.7); 
P: NR  

Bolli, 200960 MDI, 26 CSII, 24 Hyperglycemia 
(Postprandial 
glucose: glucose at 
3 am) 

24 weeks  G2-G1: Mean, 3 (95% CI, -0.4-6.5); P: 
NR  

Bolli, 200960 MDI CSII Hypoglycemia (Mild 
hypoglycemia: 
symptomatic + no 
assistance needed 
+ PG<4 mmol/l) 

24 weeks Events  
31 events / person; P: 0.97  

Events  
35 events / person 

Bolli, 200960 MDI CSII Hypoglycemia 
frequency (Mild 
hypoglycemia: ANY 
hypoglycemia) 

24 weeks Events  
35 events / patient; P: 0.93  

Events  
41 events / patient 

Bolli, 200960 MDI CSII Hypoglycemia 
frequency (Mild 
hypoglycemia: 
asymptomatic' not 
mild) 

24 weeks Events  
1.4 events / patient; P: 0.95  

Events  
1.2 events / patient 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Bolli, 200960 MDI CSII Hypoglycemia 
frequency (Mild 
hypoglycemia: 
symptomatic, not 
necessary mild) 

24 weeks Events  
13 events / patient; P: 0.84  

Events  
14 events / patient 

Bolli, 200960 MDI CSII Hypoglycemia 
frequency 
(Nocturnal 
hypoglycemia: 
between bedtime 
and rising) 

24 weeks Events  
5 events / patient; P: 0.34  

Events  
3 events / patient 

Bolli, 200960 MDI, 26 CSII, 24 Severe 
hypoglycemia 
(symptoms+ 
assistance 
needed+(PG<2 
mmol/l OR prompt 
recovery with 
glucose/glucagon)) 

24 weeks Incidence  
2 (8) 
Events  
2 

Incidence  
2 (8) 
Events  
2 

Bruttomesso, 
200865 

MDI, 39 CSII, 39 Hyperglycemia 
(severe: >20 mmol/l 
at any time) 

4 months Events  
1.3 events / patient; P: 0.327  

Events  
1.1 events / patient 

Bruttomesso, 
200865 

MDI, 39 CSII, 39 Hypoglycemia 
frequency (Mild 
hypoglycemia: 2.0-
3.5 mmol/l) 

4 months Events  
7.8 events / patient; P: 0.775  

Events  
8 events / patient 

Bruttomesso, 
200865 

MDI, 39 CSII, 39 Hypoglycemia 
frequency 
(Moderate 
hypoglycemia: not 
defined) 

4 months Events  
12.3 events / patient; P: 0.011  

Events  
9.5 events / patient 

Bruttomesso, 
200865 

MDI, 39 CSII, 39 Severe 
hypoglycemia (< 
2mmol/l) 

 4 months Events  
0.1; P: 0.71  

Events  
0.1 

Bruttomesso, 
200865 

MDI CSII Weight gain  4 months “Remained unchanged”  
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Bruttomesso, 
201176 

MDI, 44 CSII, 100 Major anomalies 
(Malformations,not 
specified.) 

 Incidence 
1 (2.7) 
 

Incidence  
5 (5.5) 
P: NS vs. Grp1 

Bruttomesso, 
201176 

MDI, 44 CSII, 100 HbA1c (%)  (2nd 
trimester) 

G2-G1: Mean, 6.7 (SD, 1.1) G2-G1: Mean, 6.1 (SD, 0.6); P: 0.0005 
vs. Grp1 

Bruttomesso, 
201176 

MDI, 44 CSII, 100 HbA1c (%)  (1st trimester)  G2-G1: Mean, 7.2 (SD, 1.3) G2-G1: Mean, 6.6 (SD, 0.7); P: 0.0005 
vs. Grp1 

Bruttomesso, 
201176 

MDI, 44 CSII, 100 Birth trauma 
(shoulder dystocia) 

 Incidence  
2 (4.9) 
P: NS vs. Grp1 

Incidence  
1 (1.1) 

Bruttomesso, 
201176 

MDI, 44 CSII, 100 NICU admission 
 

 Incidence  
9 (21.4) 
P: NS vs. Grp1 

Incidence  
18 (19.6) 

Bruttomesso, 
201176 

MDI, 44 CSII, 100 Gestational age 
(weeks) 

 G2-G1: Mean, 36.6 (SD, 2.3) G2-G1: Mean, 36.7 (SD, 2); P: NS vs. 
Grp1 

Bruttomesso, 
201176 

MDI, 44 CSII, 100 Cesarean delivery 
(Not further 
specified) 

 Incidence  
30 (73.2) 
P: ns vs. Grp1 

Incidence  
72 (77.4) 

Bruttomesso, 
201176 

MDI, 44 CSII, 100 Frequency of 
neonatal 
hypoglycemia 

 Incidence  
8 (19.5) 
P: NS vs. Grp1 

Incidence  
21 (22.8) 

Bruttomesso, 
201176 

MDI, 44 CSII, 100 Birth weight (grams)  G2-G1: Mean, 3243.2 (SD, 698.9) G2-G1: Mean, 3390.9 (SD, 662.5); P: 
NS vs. Grp1 

Bruttomesso, 
201176 

MDI, 44 CSII, 100 HbA1c (%) (3rd 
trimester) 

G2-G1: Mean, 6.5 (SD, 0.8) G2-G1: Mean, 6.2 (SD, 0.7); P: 0.002 
vs. Grp1 

Chico, 201077 MDI, 196 CSII, 59 Weight gain (kg)  G2-G1: Median, 14.2 (range, 0.5 -9.6) G2-G1: Median, 13.5 (range, 1.4 - 
28.5)  
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Chico, 201077 MDI, 196 MDI, 16 Frequency of 
neonatal 
hypoglycemia 
(Capillary blood 
glucose lower than 
cutoff criterion on 
two or more 
occasions in the first 
48 h of life, cutoff 
criterion 1.1 mmol/L 
preterm or SGA 
infants and 1.66 
mmol/L otherwise) 

NR Incidence  
23 (11.6) 
P: NS vs. Grp1 

Incidence  
0 (0) 

Chico, 201077 MDI, 196 MDI, 16 Weight gain (kg)  G2-G1: Median, 14.2 (range, 0.5 -9.6) G2-G1: Median, 13.9 (range, 0.6 - 
21.9) 

Chico, 201077 MDI, 196 MDI, 16 Major anomalies 
(defined as those 
that were life-
limiting, caused 
significant functional 
or cosmetic 
impairment, or 
required surgery) 

NR Incidence  
12 (6) 
P: NS vs. Grp1 

Incidence  
0 (0) 

Chico, 201077 MDI, 196 CSII, 69 Major anomalies 
(defined as those 
that were life-
limiting, caused 
significant functional 
or cosmetic 
impairment, or 
required surgery) 

NR Incidence  
12 (6) 
 

Incidence  
3 (5.4)  
P: NS vs. Grp1 

Chico, 201077 MDI, 196 CSII, 59 HbA1c (%) (1st trimester) G2-G1: Mean, 6 (Range, 4.5 - 8.7) G2-G1: Mean, 6.3 (Range, 5.4 - 9.2) 
Chico, 201077 MDI, 196 MDI, 16 HbA1c (%) (1st trimester) 2-G1: Mean, 6 (Range, 4.5 - 8.7) G2-G1: Mean, 6.1 (Range, 5.9 - 7.1) 
Chico, 201077 MDI, 196 CSII, 59 Cesarean delivery 

(not further 
specified) 

NR Incidence  
124 (63.1) 
P: NS vs. Grp1 

Incidence  
40 (67.6) 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Chico, 201077 MDI, 196 MDI, 16 Cesarean delivery 
(not further 
specified) 

NR Incidence  
124 (63.1) 
P: NS vs. Grp1 

Incidence  
6 (38.5) 

Chico, 201077 MDI, 196 MDI, 16 HbA1c (%)  G2-G1: Mean, 5.7 (4.6 - 7.3) G2-G1: Mean, 5.9 (5.6 - 6.4) 
Chico, 201077 MDI, 196 CSII, 59 HbA1c (%)  G2-G1: Mean, 5.7 (4.6 - 7.3) G2-G1: Mean, 6.3 (5.3 - 7.8) 
Chico, 201077 MDI, 196 CSII, 59 HbA1c (%) (2nd 

trimester) 
G2-G1: Mean, 5.6 (4.5 - 8.1) G2-G1: Mean, 6 (5.4 - 8) 

Chico, 201077 MDI, 196 MDI, 16 HbA1c (%) (2nd 
trimester) 

G2-G1: Mean, 5.6 (4.5 - 8.1) G2-G1: Mean, 5.8 (5.3 - 6.2) 

Chico, 201077 MDI, 196 CSII, 59 Frequency of 
neonatal 
hypoglycemia 
(Capillary blood 
glucose lower than 
cutoff criterion 2+ 
occasions in first 48 
h of life, cutoff 
criterion 1.1 mmol/L 
in preterm or SGA 
infants and 1.66 
mmol/L otherwise) 

NR Incidence  
23 (11.6) 
 

Incidence  
2 (2.8)  
P: NS vs. Grp1 

Chico, 201077 MDI, 16 CSII, 59 HbA1c (%)  G2-G1: Mean, 5.9 (5.6 - 6.4) G2-G1: Mean, 6.3 (5.3 - 7.8) 
Chico, 201077 MDI, 16 CSII, 59 Frequency of 

neonatal 
hypoglycemia 
(Capillary blood 
glucose lower than 
cutoff criterion 2+ 
occasions in the first 
48 h of life, cutoff 
criterion 1.1 mmol/L 
in preterm or SGA 
infants and 1.66 
mmol/L otherwise) 

NR Incidence  
0 (0) 

Incidence  
2 (2.8)  
P: NS vs. Grp1 

Chico, 201077 MDI, 16 CSII, 59 HbA1c (%) (2nd 
trimester) 

G2-G1: Mean, 5.8 (Range, 5.3 - 6.2) G2-G1: Mean, 6 (Range, 5.4 - 8) 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Chico, 201077 MDI, 16 CSII, 59 Major anomalies 
(defined as those 
that were life-
limiting, caused 
significant functional 
or cosmetic 
impairment, or 
required surgery) 

NR Incidence  
0 (0) 
P: NS vs. Grp2 
 

Incidence  
3 (5.4) 

Chico, 201077 MDI, 16 CSII, 59 HbA1c (%) (2st 
trimester) 

G2-G1: Mean, 6.1 (Range, 5.9 - 7.1) G2-G1: Mean, 6.3 (Range, 5.4 - 9.2) 

Chico, 201077 MDI, 16 CSII, 59 Cesarean deliver 
(not further 
specified) 

NR Incidence  
6 (38.5) 
P: NS vs. Grp2 

Incidence  
40 (67.6) 

Chico, 201077 MDI, 16 CSII, 59 Weight gain (kg)  G2-G1: Median, 13.9 (range, 0.6 - 
21.9) 

G2-G1: Median, 13.5 (range, 1.4 - 
28.5) 

Cohen, 200350 MDI, 13 CSII, 15 HbA1c (%) 12 months B: Mean, 8.48 (SD, 1.4) 
F: Mean, 8.57 (SD, 0.44); P: NS 
F-B: 0.09 

B: Mean, 8.58 (SD, 0.82) 
F: Mean, 8.15 (SD, 1.3) 
F-B: -0.43 
G2-G1: -0.52 

Cohen, 200350 MDI, 13 CSII, 15 Hypoglycemia 
frequency (Daytime 
hypoglycemia: 
Mean/patient/study 
period) 

12 months F: Mean, 15.1 (SD, 16.1) F: Mean, 11.4 (SD, 7.1) 

Cohen, 200350 MDI, 13 CSII, 15 Hypoglycemia 
frequency 
(Nocturnal 
hypoglycemia: 
Mean/patient/study 
period) 

12 months F: Mean, 4 (SD, 6.5) F: Mean, 3 (SD, 3.5) 

Cohen, 200350 MDI, 13 CSII, 15 Severe 
hypoglycemia 
(Events) 

12 months Events  
4; P: NS  

Events  
1 

Cohen, 200350 MDI CSII Weight gain (BMI-
SDS) 

12 months F: 0.25 (SD, 0.44) F: 0.23 (SD, 0.45) 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Cypryk, 200874 MDI, 78 CSII, 25 Birth weight (g) 36 weeks 
(3rd 
trimester) 

F: Mean, 3270 (SD, 894) F: Mean, 3191 (SD, 903) 

Cypryk, 200874 MDI, 78 CSII, 25 Birth weight (LGA) 36 weeks 
(3rd 
trimester) 

Incidence  
22 (28.6); P: 0.1159  

Incidence  
3 (12) 

Cypryk, 200874 MDI, 78 CSII, 25 Birth weight (SGA) 36 weeks 
(3rd 
trimester) 

Incidence  
7 (9.1); P: 0.7818  

Incidence  
3 (12) 

Cypryk, 200874 MDI, 78 CSII, 25 Cesarean delivery 
(Not further 
specified) 

36 weeks 
(3rd 
trimester) 

Incidence  
54 (69.2); P: 0.2354  

Incidence  
14 (46) 

Cypryk, 200874 MDI, 78 CSII, 25 Frequency of 
neonatal 
hypoglycemia (<40 
mg/dL) 

36 weeks 
(3rd 
trimester) 

Incidence  
11 (14.1); P: 0.8902  

Incidence  
4 (16) 

Cypryk, 200874 MDI, 78 CSII, 25 Gestational age 
(weeks) 

 (3rd 
trimester) 

F: Mean, 36.3 (SD, 3.2); P: 0.5805  F: Mean, 36.6 (SD, 2.4) 

Cypryk, 200874 MDI, 86 CSII, 30 HbA1c (%)  (3rd 
trimester) 

F: Mean, 6.8 (SD, 1.2) F: Mean, 6.4 (SD, 1) 

Cypryk, 200874 MDI, 86 CSII, 30 HbA1c (%)  (1st 
trimester) 

F: Mean, 7.7 (SD, 2.4) F: Mean, 7.4 (SD, 1.7) 

Cypryk, 200874 MDI, 86 CSII, 30 HbA1c (%)  (2nd 
trimester) 

F: Mean, 6.6 (SD, 0.9) F: Mean, 6.5 (SD, 1.1) 

Cypryk, 200874 MDI, 86 CSII, 30 Minor anomalies 
(congenital 
abnormalities, 
unspecified) 

36 weeks 
(3rd 
trimester) 

Incidence  
2 (2); P: 0.05  

Incidence  
4 (13) 

Cypryk, 200874 MDI, 86 CSII, 30 Severe 
hypoglycemia 
(required treatment 
with parenteral 
glucagon 
administered by a 
third party) 

36 weeks 
(3rd 
trimester) 

Incidence  
0 (0) 

Incidence  
0 (0) 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Deiss, 200687 SMBG rtCGM HbA1c (%) 3 months B: Mean, 9.7 (SD, 1.3) 
F-B: Mean, 0.4 (SD, 1) 

B: Mean, 9.6 (SD, 1.2) 
F-B: Mean, 0.7 (SD, 1.3) 
G2-G1: 0.3 

Deiss, 200687 SMBG rtCGM HbA1c (%) 3 months B: Mean, 9.7 (SD, 1.3) 
F-B: Mean, 0.4 (SD, 1) 

B: Mean, 9.5 (SD, 1.1) 
F-B: Mean, 1 (SD, 1.1) 
G2-G1: 0.6 

Deiss, 200687 SMBG rtCGM Hypoglycemia 
frequencySevere 
hypoglycemia (not 
further spec) 

3 months  Events  
1 

Deiss, 200687 SMBG rtCGM Hypoglycemia 
frequencySevere 
hypoglycemia (not 
further spec) 

3 months  Events  
1 

Derosa, 200970 MDI, 32 CSII, 32 HbA1c (%) 12 months B: Mean, 9.3 (SD, 2.1) 
F: Mean, 8.2 (SD, 1); P: <0.05  
F-B: -1.1 

B: Mean, 9.2 (SD, 2) 
F: Mean, 7.6 (SD, 0.8) 
F-B: -1.6 
G2-G1: -0.5 

DeVries, 200266 MDI, 40 CSII, 39 HbA1c (%) 16 weeks B: Mean, 9.25 (SD, 1.4) 
F-B: Mean, -0.07 (SD, 0.7) 
G2-G1: Mean, 0.84 (95% CI, 0.36-
1.31) 

B: Mean, 9.27 (SD, 1.4) 
F-B: Mean, -0.91 (SD, 1.28) 
G2-G1: P: 0.002  

DeVries, 200266 MDI, 40 CSII, 39 Hyperglycemia 
(Fasting glucose: 5-
hr after bedtime) 

16 weeks F: Mean, 9.8; P: NS  F: Mean, 9.8 

DeVries, 200266 MDI, 40 CSII, 39 Hyperglycemia 
(Fasting glucose: 
before bedtime 
glucose) 

16 weeks F: Mean, 11.8; P: NS  F: Mean, 10.8 

DeVries, 200266 MDI, 40 CSII, 39 Hyperglycemia 
(Fasting glucose: 
before breakfast 
glucose) 

16 weeks F: Mean, 10; P: NS  F: Mean, 8.5 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

DeVries, 200266 MDI, 40 CSII, 39 Hyperglycemia 
(Fasting glucose: 
before dinner 
glucose) 

16 weeks F: Mean, 10.2; P: NS  F: Mean, 8.3 

DeVries, 200266 MDI, 40 CSII, 39 Hyperglycemia 
(Fasting glucose: 
before lunch 
glucose) 

16 weeks F: Mean, 9 F: Mean, 7.8 

DeVries, 200266 MDI, 40 CSII, 39 Hyperglycemia 
(Postprandial 
glucose: 90-min 
after breakfast) 

16 weeks F: Mean, 10.5; P: NS  F: Mean, 8.3 

DeVries, 200266 MDI, 40 CSII, 39 Hyperglycemia 
(Postprandial 
glucose: 90-min 
after dinner) 

16 weeks F: Mean, 8.7; P: NS  F: Mean, 9 

DeVries, 200266 MDI, 40 CSII, 39 Hyperglycemia 
(Postprandial 
glucose: 90-min 
after lunch) 

16 weeks F: Mean, 9.7; P: NS  F: Mean, 8.2 

DeVries, 200266 MDI, 40 CSII, 39 Hypoglycemia 
frequency (Mild 
hypoglycemia: 
(SMBG < 3.9 
mmol/L)) 

16 weeks Episodes per patient-week 
B: Mean, 1.97 (SD, 1.53) 
F-B: Mean, -0.02 (SD, 1.18) 
G2-G1: Mean, -0.99 (-1.87--0.11) 

Episodes per patient-week 
B: Mean, 2.13 (SD, 2.05) 
F-B: Mean, 0.98 (SD, 2.02) 

DeVries, 200266 MDI, 40 CSII, 39 Severe 
hypoglycemia 
(requires 3rd party 
assistance) 

16 weeks Incidence  
6 (15); P: 0.48  

Incidence  
3 (8) 

DeVries, 200266 MDI, 40 CSII, 39 Weight gain (kg) 16 weeks B: Mean, 79.8 (SD, 13.5) 
F-B: Mean, 0.88 (SD, 2.74) 
G2-G1: Mean, 0.28 (95% CI, -1.07-
1.63) 

B: Mean, 77.3 (SD, 13.6) 
F-B: Mean, 0.6 (SD, 2.94) 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Doyle, 200451 MDI, 16 CSII, 16 HbA1c (%) 16 weeks B: Mean, 8.2 (SD, 1.1) 
F: 8.1 (1.2) 
F-B: -0.1 

B: Mean, 8.1 (SD, 1.2) 
F: 7.2 (1) 
F-B: -0.9 
G2-G1: -0.8 

Doyle, 200451 MDI CSII, 16 Hypoglycemia 
frequency 
(Nocturnal 
hypoglycemia: not 
specified) 

16 weeks  Incidence  
2 (12) 
Events  
2 

Doyle, 200451 MDI, 16 CSII Severe 
hypoglycemia (not 
further spec) 

16 weeks Incidence  
4 (25) 
Events  
5 

 

Doyle, 200451 MDI, 16 CSII, 16 Weight gain   F-B: Mean, <1 kg/m2; P: NS vs. 
baseline 

 

Garcia-Garcia, 
200753 

MDI, 24 CSII, 8 HbA1c (%) 24 months B: Mean, 7.82 (SD, 0.7) 
F: Mean, 7.54 (SD, 0.74); P: 0.8 0.8  
F-B: -0.28 

B: Mean, 7.62 (SD, 0.62) 
F: Mean, 7.7 (SD, 0.64) 
F-B: 0.08 
G2-G1: 0.36 

Garcia-Garcia, 
200753 

MDI, 24 CSII, 8 Ratio of basal to 
bolus insulin 
(Proportion of basal 
insulin) 

24 months F: Mean, 45.6 (SD, 5.2); P: 0.5  F: Mean, 47.3 (SD, 5.3) 

Garcia-Garcia, 
200753 

MDI, 24 CSII, 8 Severe 
hypoglycemia 
(Severe 
hypoglycemia/patien
t/year) 

24 months F: Mean, 0.04 (SD, 0.14); P: 0.8  F: Mean, 0 (SD, 0) 

Hanaire-Broutin, 
200064 

MDI + 
rtCGM, 41 

CSII + 
SMBG, 41 

Hyperglycemia 
(Postprandial 
glucose: mean daily 
blood glucose (pre- 
and postprandial) 
recorded during last 
14 days of each 
period) 

4 months F: Mean, 175 (SD, 33); P: <0.05  F: Mean, 165 (SD, 27) 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Hanaire-Broutin, 
200064 

MDI + 
rtCGM, 41 

CSII + 
SMBG, 41 

Hypoglycemia 
frequency (Mild 
hypoglycemia: 
defind as BG levels 
<60 mg/dl) 

4 months Events  
4.3 events / 14 day; P: NS  

Events  
3.9 events / 14 day 

Hanaire-Broutin, 
200064 

MDI + 
rtCGM, 41 

CSII + 
SMBG, 41 

Severe 
hypoglycemia (as 
defined by DCCT) 

4 months Incidence  
1 (2) 
Events  
1 events / 4 months 

Incidence  
2 (5) 
Events  
3 events / 4 months 

Herman, 200569 MDI, 54 CSII, 53 HbA1c (%) 12 months B: Mean, 8.1 (SD, 1.2) 
F: Mean, 6.4 (SD, 0.8); P: 0.19  
F-B: Mean, -1.6 (SD, 1.2); P: <0.0001 
vs. baseline 

B: Mean, 8.4 (SD, 1.1) 
F: Mean, 6.6 (SD, 0.8) 
F-B: Mean, -1.7 (SD, 1); P: <0.0001 
vs. baseline 
G2-G1: -0.1; P: 0.19  

Herman, 200569 MDI, 54 CSII, 53 Hypoglycemia 
frequency (Mild 
hypoglycemia: 
Capillary BG < 65 
mg/dl treated by 
patient or symptoms 
that resolved with 
oral glucose) 

 12 months Incidence  
49 (90); P: 0.17  

Incidence  
43 (81) 

Herman, 200569 MDI, 54 CSII, 53 Severe 
hypoglycemia 
(confusion, LOC, 
seizures + (BG<50 
OR resolution of 
symptoms with 
glucose/glucagon 
from another 
person)) 

12 months Incidence  
6 (11); P: 0.49  
Events  
12 events / 51.43 person-years; P: 
0.61 

Incidence  
3 (6) 
Events  
4 events / 49.87 person-years 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Herman, 200569 MDI, 54 CSII Severe 
hypoglycemia 
(resulting in life-
threatening injury to 
patient/ other 
person, 
hospitalization, or 
death) 

12 months Incidence  
1 (2) 
Events  
1 

 

Herman, 200569 MDI, 54 CSII, 53 Weight gain (kg) 12 months F-B: Mean, 2.6; P: <0.001 vs. baseline F-B: Mean, 2.1; P: <0.001 vs. baseline 
G2-G1: -0.5; P: 0.7  

Hermanides, 
201194 

MDI + 
SMBG, 33 

CSII + 
rtCGM, 44 

Severe 
hypoglycemia 

26 weeks Events  
1 
P: 0.21 vs. Grp2 

Events  
4 

Hermanides, 
201194 

MDI + 
SMBG, 31 

CSII + 
rtCGM, 40 

Hyperglycemia (Mild 
hypoglycemia: 
events defined as 
>11.1 mmol/l) 

26 weeks Events  
2.2 
P: 0.3 

Events  
2.1 

Hermanides, 
201194 

MDI + 
SMBG, 31 

CSII + 
rtCGM, 40 

Hyperglycemia (%) 26 weeks B: Mean, 40.1 (SD, 18.4) 
F: Mean, 38.2 (SD, 21.5) 
P<0.001 vs. Grp2 
G2-G1: -17.3 (95% CI, -25.1 to -9.5) 
 

B: Mean, 38 (SD, 17.4) 
F: Mean, 21.6 (SD, 12.2) 
G2-G1: -17.3 (95% CI, -25.1 to -9.5) 
 

Hermanides, 
201194 

MDI + 
SMBG, 36 

CSII + 
rtCGM, 41 

HbA1c (%) 26 weeks B: Mean, 8.59 (SD, 0.82) 
F: Mean, 8.46 (SD, 1.04) 
F-B: -0.13 
G2-G1: Mean, -1.21, 95% CI, -1.52 to 
-0.90 

B: Mean, 9.46 (SD, 0.95) 
F: Mean, 7.23 (SD, 0.65) 
F-B: -1.23 
G2-G1: Mean, -1.21, 95% CI, -1.52 to 
-0.90 

Hermanides, 
201194 

MDI + 
SMBG, 31 

CSII + 
rtCGM, 40 

Hypoglycemia 
frequency (%) 

26 weeks B: Mean, 2.5 (SD, 2.8) 
F: Mean, 2.5 (3.6) 
G2-G1: 0.0 (95% CI: -1.6 to 1.7) 
P: 0.79 vs. Grp2 

B: Mean, 3.9 (SD, 4.7) 
F: Mean, 2.7 (SD, 3.4) 
G2-G1: 0.0 (95% CI: -1.6 to 1.7) 
 

Hermanides, 
201194 

MDI + 
SMBG, 31 

CSII + 
rtCGM, 40 

Moderate 
hypoglycemia 
frequency (defined 
as <4.0 mmol/l) 

26 weeks Events  
0.6 
P: 0.4 vs. Grp2 

Events  
0.7 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Hieronimus, 
200573 

MDI, 23 CSII, 33 Birth weight (kg)  (3rd 
trimester) 

F: Mean, 3.384 (SD, 0.693); P: 0.036  F: Mean, 3.767 (SD, 0.751) 

Hieronimus, 
200573 

MDI, 23 CSII, 33 Cesarean delivery 
(Not further 
specified) 

 (3rd 
trimester) 

Incidence  
8 (34.6); P: 0.016  

Incidence  
23 (70) 

Hieronimus, 
200573 

MDI, 23 CSII, 33 Gestational age 
(weeks) 

  F: Mean, 37.2 (SD, 1.2); P: >0.05  F: Mean, 37 (SD, 1.6) 

Hieronimus, 
200573 

MDI, 23 CSII, 33 Major anomalies 
(Number of infants) 

 (3rd 
trimester) 

Incidence  
3 (13); P: >0.05  

Incidence  
4 (12) 

Hieronimus, 
200573 

MDI, 23 CSII, 33 NICU admission 
(Number of infants) 

 (3rd 
trimester) 

Incidence  
8 (35); P: >0.05  

Incidence  
11 (33) 

Hieronimus, 
200573 

MDI, 23 CSII, 33 Severe 
hypoglycemia (not 
further spec) 

 (3rd 
trimester) 

Incidence  
2 (9); P: >0.05  

Incidence  
3 (9) 

Hieronimus, 
200573 

MDI, 23 CSII, 33 Weight gain (kg)  (3rd 
trimester) 

F: Mean, 14.4 (SD, 5.2); P: >0.05  F: Mean, 14.5 (SD, 3.9) 

Hirsch, 200559 MDI, 50 CSII, 50 Hyperglycemia 
(Postprandial 
glucose: SMBG 2h 
after breakfast) 

5 weeks F: Mean, 182 (SD, 82); P: NS  F: Mean, 158 (SD, 63) 

Hirsch, 200559 MDI, 50 CSII, 50 Hyperglycemia 
(Postprandial 
glucose: SMBG 
after dinner) 

5 weeks F: Mean, 159 (SD, 77); P: NS  F: Mean, 144 (SD, 64) 

Hirsch, 200559 MDI, 50 CSII, 50 Hyperglycemia 
(Preprandial 
glucose: SMBG 
before dinner) 

5 weeks F: Mean, 148 (SD, 71); P: NS  F: Mean, 128 (SD, 58) 

Hirsch, 200559 MDI, 100 CSII, 100 Hypoglycemia 
frequency (Daytime 
hypoglycemia: 
minor 
(asymptomatic and 
<50 or managed by 
patient and <50), 
0800 - 0000) 

5 weeks Incidence  
59 (60) 
Events  
232; P: <0.001  

Incidence  
59 (60) 
Events  
333 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Hirsch, 200559 MDI, 100 CSII, 100 Hypoglycemia 
frequency (Daytime 
hypoglycemia: 
symptomatic, not 
confirmed by 
measurement, 0800 
- 0000) 

5 weeks Incidence  
64 (65) 
Events  
305; P: 0.0124  

Incidence  
70 (71) 
Events  
403 

Hirsch, 200559 MDI, 100 CSII, 100 Hypoglycemia 
frequency (Mild 
hypoglycemia: Daily 
hypoglycemia which 
was either 
asymptomatic but 
glucose <50 or 
symptomatic, 
glucose<50, and 
patient managed) 

5 weeks Incidence  
68 (69) 
Events  
387; P: 0.2099  

Incidence  
72 (74) 
Events  
387 

Hirsch, 200559 MDI, 100 CSII, 100 Hypoglycemia 
frequency 
(Moderate 
hypoglycemia: daily' 
and symptomatic 
but not confirmed 
with measurement) 

5 weeks Incidence  
71 (72) 
Events  
434 events; P: 0.0506  

Incidence  
73 (75) 
Events  
507 events 

Hirsch, 200559 MDI, 100 CSII, 100 Hypoglycemia 
frequency 
(Nocturnal 
hypoglycemia: 
minor 
(asymptomatic and 
glucose <50 OR 
symptomatic, 
glucose <50, and 
patient managed), 
0000 - 0800) 

5 weeks Incidence  
49 (50) 
Events  
155; P: 0.002  

Incidence  
51 (52) 
Events  
110 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Hirsch, 200559 MDI, 100 CSII, 100 Hypoglycemia 
frequency 
(Nocturnal 
hypoglycemia: 
symptomatic, not 
confirmed by 
measurement, 
between 0000 and 
0800) 

5 weeks Incidence  
47 (48) 
Events  
125; P: 0.7211  

Incidence  
41 (42) 
Events  
104 

Hirsch, 200559 MDI, 100 CSII, 100 Severe 
hypoglycemia 
(severe CNS 
symptoms and pt 
unable to manage 
with either glucose 
<50 or improvement 
with food/ glucagon/ 
IV glucose) 

5 weeks Incidence  
3 (3) 
Events  
5 

Incidence  
2 (2) 
Events  
2 

Hirsch, 200886 SMBG, 72 rtCGM, 66 HbA1c (%) 6 months Incidence  
12 (17); P: 0.0031  
Least square mean change from 
baseline, 0.5879; SE, 0.0891;  
B: Mean, 8.39 (SD, 0.64) 
F: Mean, 7.84 (SD, 0.81) 
F-B: Mean, -0.56 (SD, 0.72) 

Incidence  
16 (24) 
Least square mean change from 
baseline, -0.7002; SE, 0.0887 
B: Mean, 8.49 (SD, 0.76) 
F: Mean, 7.77 (SD, 0.92) 
F-B: Mean, -0.71 (SD, 0.71) 
G2-G1: -0.15 

Hirsch, 200886 SMBG, 72 rtCGM, 66 Hyperglycemia 6 months B: Mean, 2.667 (SD, 0.649) 
F-B: Mean, 2.657 (SD, 0.805); P: 
0.7671 vs. baseline 

B: Mean, 2.635 (SD, 0.635) 
F-B: Mean, 2.869 (SD, 0.913); P: 
0.0301 vs. baseline 
G2-G1: 0.21 

Hirsch, 200886 SMBG, 72 rtCGM, 66 Hypoglycemia 
frequency 
(Moderate 
hypoglycemia: <70 
mg/dL) 

6 months B: Mean, 0.8348 (SD, 0.728) 
F: Mean, 1.1663 (SD, 0.744); 0.6154 
F-B: 0.33 

B: Mean, 0.8378 (SD, 0.725) 
F: Mean, 0.8828 (SD, 0.756) 
F-B: 0.05 
G2-G1: -0.29 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Hirsch, 200886 SMBG, 72 rtCGM, 66 Severe 
hypoglycemia 
(clinical episode of 
hypoglycemia 
resulting in seizure 
or coma, requiring 
hospitalization or 
intravenous glucose 
or glucagon, or any 
hypoglycemia 
requiring 
assistance) 

6 months Events  
3; P: 0.04  

Events  
11 

Hoogma, 200663 MDI, 256 CSII, 256 Hypoglycemia 
frequency (Mild 
hypoglycemia: self 
treated) 

8 months Events  
55.4 events / 1 person-years; P: 0.001  
RR, 1.12; CI, 1.08 - 11.17 

Events  
49.3 events / 1 person-years 

Hoogma, 200663 MDI, 256 CSII, 256 Severe 
hypoglycemia 
(requiring outside 
assistance) 

8 months Events  
0.5 events / 1 person-years; P: <0.001  
RR, 2.6; CI, 2.08 - 3.25 

Events  
0.2 events / 1 person-years 

JDRF CGM 
Study Group, 
200984 

SMBG, 62 rtCGM, 67  (Moderate 
hypoglycemia: 
minutes per day 
spent at glucose 
level </=60 mg/dl) 

26 weeks B: Median, 40 
F: Median, 35; P: 0.05  
F-B: -5 

B: Median, 40 
F: Median, 18 
F-B: -22 
G2-G1: -17 

JDRF CGM 
Study Group, 
200984 

SMBG, 62 rtCGM, 67  (Moderate 
hypoglycemia: 
minutes per day 
spent with glucose 
level ≤ 50 mg/dl) 

26 weeks B: Median, 9 
F: Median, 8; P: 0.12  
F-B: -1 

B: Median, 7 
F: Median, 4 
F-B: -3 
G2-G1: -2 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

JDRF CGM 
Study Group, 
200984 

SMBG, 62 rtCGM, 67 HbA1c (%) 26 weeks Incidence  
38 (61); P: <0.001  
B: Mean, 6.5 (SD, 0.3) 
F: Mean, 6.8 (SD, 0.5) 
F-B: Mean, 0.33 (SD, 0.43) 
G2-G1: Mean, -0.34 (95% CI, -0.2--
0.49) 

Incidence  
59 (88) 
B: Mean, 6.4 (SD, 0.5) 
F: Mean, 6.4 (SD, 0.5) 
F-B: Mean, 0.02 (SD, 0.45) 
G2-G1: P: <0.001  

JDRF CGM 
Study Group, 
200984 

SMBG, 62 rtCGM, 67 Hyperglycemia 26 weeks B: Median, 972 
F: 949; P: 0.003  
F-B: -23 

B: Median, 1063 
F: 1063 
F-B: 0 
G2-G1: 23 

JDRF CGM 
Study Group, 
200984 

SMBG, 62 rtCGM, 67 Hyperglycemia 26 weeks B: Median, 63 
F: 82; P: 0.09  
F-B: 19 

B: Median, 40 
F: 48 
F-B: 8 
G2-G1: -11 

JDRF CGM 
Study Group, 
200984 

SMBG, 62 rtCGM, 67 Hyperglycemia 26 weeks B: Median, 331 
F: Median, 341; P: 0.1  
F-B: 10 

B: Median, 255 
F: Median, 283 
F-B: 28 
G2-G1: 18 

JDRF CGM 
Study Group, 
200984 

SMBG, 62 rtCGM, 67 Hypoglycemia 
frequency (Mild 
hypoglycemia: 
median minutes per 
day spent at a 
glucose level </= 70 
mg/dl) 

26 weeks B: 96 
F: Median, 91; P: 0.43 vs. 
baseline0.002 vs. baseline 
F-B: -5 

B: 91 
F: Median, 54 
F-B: -37 
G2-G1: -32 

JDRF CGM 
Study Group, 
200984 

SMBG rtCGM Hypoglycemia 
frequency 
(Moderate 
hypoglycemia: >20 
min with glucose 
level <54 mg/dl) 

26 weeks Events 
0.47 events / 24 hours; P: 0.07 

Events 
0.25 events / 24 hours 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

JDRF CGM 
Study Group, 
200984 

SMBG, 62 rtCGM, 67 Severe 
hypoglycemia 
(event that required 
assistance to 
administer 
carbohydrate, 
glucagon, or other 
resuscitative 
actions) 

26 weeks Incidence  
7 (11) 

Incidence  
7 (10) 

Kernaghan, 
200872 

MDI, 18 CSII, 24 Birth weight (Z 
score) 

37 weeks 
(3rd 
trimester) 

F: Mean, 2; P: 0.86  F: Mean, 2.09 

Kernaghan, 
200872 

MDI, 18 CSII, 24 Gestational age 
(weeks) 

37 weeks 
(3rd 
trimester) 

F: Median, 37.5; P: 0.28  F: Median, 36.5 

Kernaghan, 
200872 

MDI, 18 CSII, 24 HbA1c (%)  (2nd 
trimester) 

B: Mean, 8.01 
F: Mean, 6.6; P: 0.27  
F-B: -1.41 

B: Mean, 7.62 
F: Mean, 6.3 
F-B: -1.32 
G2-G1: 0.09 

Kernaghan, 
200872 

MDI, 18 CSII, 24 HbA1c (%)  (1st 
trimester) 

B: Mean, 8.01 
F: Mean, 7.3; P: 0.41  
F-B: -0.71 

B: Mean, 7.62 
F: Mean, 6.95 
F-B: -0.67 
G2-G1: 0.04 

Kernaghan, 
200872 

MDI, 18 CSII, 24 HbA1c (%) 37 weeks 
(3rd 
trimester) 

B: Mean, 8.01 
F: Mean, 6.44; P: 0.51  
F-B: -1.57 

B: Mean, 7.62 
F: Mean, 6.63 
F-B: -0.99 
G2-G1: 0.58 

Kernaghan, 
200872 

MDI, 18 CSII, 24 Minor anomalies 
(congenital 
abnormalities, 
unspecified) 

37 weeks 
(3rd 
trimester) 

Incidence  
0 (0) 

Incidence  
0 (0) 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Kordonouri, 
201080 

CSII + 
SMBG, 77 

CSII + 
rtCGM, 76 

HbA1c (%) 52 weeks Incidence  
26 (34); P: 0.464  
B: Mean, 11.5 (SD, 2.2) 
F: Mean, 7.6 (SD, 1.4); P: 0.451  
F-B: -3.9 

Incidence  
30 (39) 
B: Mean, 11.2 (SD, 2.1) 
F: Mean, 7.4 (SD, 1.2) 
F-B: -3.8 
G2-G1: 0.1 

Kordonouri, 
201080 

CSII + 
SMBG, 78 

CSII + 
rtCGM, 76 

Ratio of basal to 
bolus insulin 
(Number of daily 
boluses) 

52 weeks F: Mean, 7 (SD, 2.7); P: 0.097  F: Mean, 7.9 (SD, 3.6) 

Kordonouri, 
201080 

CSII + 
SMBG, 78 

CSII + 
rtCGM, 76 

Ratio of basal to 
bolus insulin 
(Proportion of basal 
insulin) 

52 weeks F: Mean, 29.7 (SD, 10.4) F: Mean, 34 (SD, 11.8) 

Kordonouri, 
201080 

CSII + 
SMBG, 78 

CSII + 
rtCGM, 76 

Severe 
hypoglycemia (not 
further spec) 

52 weeks Incidence  
4 (5); P: 0.046  

Incidence  
0 (0) 

Lee, 200793 SMBG, 8 rtCGM, 9 HbA1c (%) 15 weeks B: Mean, 8.58 (SD, 1.3) 
F: Mean, 7.5 (SD, 1.01) 
F-B: Mean, -1.08; P: 0.04 vs. baseline 

B: Mean, 9.45 (SD, 0.55) 
F: Mean, 7.4 (SD, 0.66) 
F-B: Mean, -2.05; P: 0.0004 vs. 
baseline 
G2-G1: -0.97; P: 0.02  

Lee, 200793 SMBG, 8 rtCGM, 8 Severe 
hypoglycemia (not 
further spec) 

15 weeks Incidence  
0 (0) 

Incidence  
0 (0) 

Lepore, 200367 MDI, 16 CSII, 16 HbA1c (%) 1 years F-B: NR F-B: NR 
Lepore, 200367 MDI, 16 CSII, 16 Hyperglycemia 

(Fasting glucose 
(mg/dL)) 

1 years F-B: NR; P: NS vs. baseline F-B: NR 

Lepore, 200367 MDI, 16 CSII, 16 Severe 
hypoglycemia 

1 years “number of severe hypoglycemic 
episodes decreased” 

“number of severe hypoglycemic 
episodes decreased” 

Lepore, 200367 MDI CSII Weight gain 1 years NR “not associated with weight gain” 
Nuboer, 200854 MDI + 

SMBG, 19 
CSII + 
SMBG, 19 

HbA1c (%) 7 months B: Mean, 7.98 (SD, 0.57) 
F: Mean, 7.97 (SD, 0.78) 
F-B: -0.01 

B: Mean, 7.66 (SD, 0.56) 
F: Mean, 7.49 (SD, 0.5) 
F-B: -0.17 
G2-G1: -0.16 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

O'Connell, 
200985 

SMBG rtCGM, 25  3 months  Incidence  
11 (44) 

O'Connell, 
200985 

SMBG, 29 rtCGM, 26 HbA1c (%) 3 months Incidence  
5 (17); P: 0.004  
B: Mean, 7.5 (SD, 0.7) 
F: Mean, 7.8 (SD, 0.9) 
F-B: 0.3 
G2-G1: Mean, -0.43 (95% CI, -0.75--
0.19); P: 0.009 

Incidence  
14 (54) 
B: Mean, 7.3 (SD, 0.6) 
F: Mean, 7.1 (SD, 0.8) 
F-B: -0.2 

O'Connell, 
200985 

SMBG, 29 rtCGM, 26 Severe 
hypoglycemia 
(episode of 
hypoglycemia 
resulting in seizure 
or coma or requiring 
assistance or the 
use of glucagon or 
IV glucose for 
recovery) 

3 months Incidence  
0 (0) 

Incidence  
0 (0) 

Opipari-Arrigan, 
200749 

MDI + 
rtCGM, 8 

CSII + 
rtCGM, 6 

HbA1c (%) 6 months B: Mean, 7.98 (SD, 0.76) 
F: Mean, 8.24 (SD, 0.4); P: NS 
F-B: 0.26 

B: Mean, 8.26 (SD, 1.37) 
F: Mean, 8.39 (SD, 0.83) 
F-B: 0.13 
G2-G1: -0.13 

Opipari-Arrigan, 
200749 

MDI + 
rtCGM, 8 

CSII + 
rtCGM, 6 

Hypoglycemia 
frequency (Daytime 
hypoglycemia: 
Frequency of low 
excursions <70 
mg/dL) 

6 months B: Mean, 0.59 (SD, 0.32) 
F: Mean, 0.85 (SD, 0.58); P: NS 
F-B: 0.26 

B: Mean, 1.53 (SD, 0.49) 
F: Mean, 0.89 (SD, 1.02) 
F-B: -0.64 
G2-G1: -0.9 

Opipari-Arrigan, 
200749 

MDI + 
rtCGM, 8 

CSII + 
rtCGM, 6 

Severe 
hypoglycemia 
(Episodes) 

6 months Events  
2; P: NS  

Events  
0 

Peyrot, 200992 MDI + 
SMBG, 14 

CSII + 
rtCGM, 14 

HbA1c (%) 16 weeks B: 8.32 (1.05) 
F: Mean, 7.3 (SD, 0.92) 
F-B: Mean, -1 

B: 8.87 (0.89) 
F: Mean, 7.16 (SD, 0.75) 
F-B: Mean, -1.7 
G2-G1: Mean, -0.7; P: 0.071  
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Peyrot, 200992 MDI + 
SMBG, 14 

CSII + 
rtCGM, 14 

Severe 
hypoglycemia (not 
further spec) 

16 weeks Events  
3 

Events  
0 

Peyrot, 200992 MDI + 
SMBG, 14 

CSII + 
rtCGM, 14 

Weight gain (kg) 16 weeks B: Mean, 82.61 (SD, 15.98) 
F: Mean, 84.56 (15.99) 
F-B: Mean, 2; P: NS vs. baseline 
G2-G1: Mean, 1.3 

B: Mean, 77.69 (SD, 18.71) 
F: Mean, 78.37 (19.1) 
F-B: Mean, 0.7; P: NS vs. baseline 
G2-G1: P: 0.309  

Pozzilli, 200357 MDI, 12 CSII, 7 HbA1c (%) 2 years B: Mean, 10.3 (SD, 3.4) 
F: Mean, 6.2 (SD, 0.3); P: NS  
F-B: -4.1 

B: Mean, 11.7 (SD, 3.1) 
F: Mean, 6.3 (SD, 0.5) 
F-B: -5.4 
G2-G1: -1.3 

Pozzilli, 200357 MDI, 12 CSII, 7 Severe 
hypoglycemia (not 
further spec) 

2 years Incidence  
0 (0) 

Incidence  
0 (0) 

Pozzilli, 200357 MDI, 12 CSII, 7 Weight gain (kg: 
BMI (kg/m2)) 

2 years B: Mean, 20.9 (SD, 3.8) 
F: Mean, 22; P: NS  
F-B: 1.1 

B: Mean, 19.8 (SD, 3.5) 
F: Mean, 22.5 
F-B: 2.7 
G2-G1: 1.6 

Raccah, 200981 CSII + 
SMBG, 60 

rtCGM, 55 HbA1c (%)  6 months B: Mean, 9.28 (SD, 1.19) 
F-B: Mean, -0.57 (SD, 0.94); P: 
<0.001 vs. baseline 

B: Mean, 9.11 (SD, 1.28) 
F-B: Mean, -0.81 (SD, 1.09); P: 
<0.001 vs. baseline 
G2-G1: -0.24; P: 0.087  

Raccah, 200981 CSII + 
SMBG, 54 

rtCGM, 46 Hyperglycemia 6 months F-B: Mean, -0.2 (SD, 0.7) F-B: Mean, -0.2 (SD, 0.7) 
G2-G1: 0; P: >0.05  

Raccah, 200981 CSII + 
SMBG, 54 

rtCGM, 46 Hypoglycemia 
frequency 
(Moderate 
hypoglycemia: <70 
mg/dl) 

6 months F-B: Mean, 0.1 (SD, 0.7) F-B: Mean, 0.1 (SD, 0.9) 
G2-G1: 0; P: >0.05  

Raccah, 200981 CSII + 
SMBG, 54 

rtCGM, 46 Ratio of basal to 
bolus insulin 
(Number of daily 
boluses) 

6 months F: Mean, 3.9 (SD, 1.4); P: 0.005  F: Mean, 4.7 (SD, 1.4) 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Raccah, 200981 CSII + 
SMBG, 54 

rtCGM, 46 Ratio of basal to 
bolus insulin 
(Proportion of basal 
insulin) 

 6 months F: Mean, 50.2 (SD, 15.8); P: >0.05  F: Mean, 46.2 (SD, 10) 

Raccah, 200981 CSII + 
SMBG, 60 

rtCGM, 55 Severe 
hypoglycemia (not 
further spec) 

6 months Incidence  
0 (0) 

Incidence  
1 (2) 

Radermecker, 
201083 

CSII + 
SMBG, 9 

rtCGM, 9 HbA1c (%)  12 weeks B: Mean, 7.9 (SD, 0.5) 
F: Mean, 8 (SD, 0.8) 
F-B: Mean, -0.09 (SD, 0.5; 95% CI, -
0.48-0.3); P: 0.48 vs. baseline 

B: Mean, 8.3 (SD, 0.7) 
F: Mean, 7.7 (SD, 0.6) 
F-B: Mean, 0.53 (SD, 0.66; 95% CI, 
0.02-1); P: 0.049 vs. baseline 
G2-G1: 0.62 

Radermecker, 
201083 

CSII + 
SMBG, 9 

rtCGM, 9 Hypoglycemia 
frequency (Mild 
hypoglycemia: <60 
mg/dl) 

 12 weeks B: Mean, 11.8 (SD, 7.1) 
F: Mean, 11.1 (SD, 4.5) 
F-B: Mean, 0.67 (SD, 6.9; 95% CI, -
4.7-6); P: 0.55 vs. baseline 

B: Mean, 13.9 (SD, 9.2) 
F: Mean, 7.6 (SD, 6.8) 
F-B: Mean, 6.2 (SD, 5.2; 95% CI, 2.2-
10.2); P: 0.011 vs. baseline 
G2-G1: 5.53 

Radermecker, 
201083 

CSII + 
SMBG, 9 

rtCGM, 9 Severe 
hypoglycemia (not 
further spec) 

12 weeks Incidence  
0 (0) 

Incidence  
0 (0) 

Raskin, 200336 MDI, 61 CSII, 66 HbA1c (%) 24 weeks B: Mean, 8 (SD, 1.1) 
F: Mean, 7.5 (SD, 1.17) 
F-B: Mean, -0.46 (SD, 0.89); P: <0.05 
vs. baseline 

B: Mean, 8.2 (SD, 1.4) 
F: Mean, 7.6 (SD, 1.22) 
F-B: Mean, -0.62 (SD, 1.11); P: <0.05 
vs. baseline 
G2-G1: -0.16; P: NS  

Raskin, 200336 MDI, 61 CSII, 66 Hyperglycemia 
(Postprandial 
glucose: 90 min 
after breakfast from 
8-pt SMBG) 

24 weeks F: Mean, 192 (SD, 65); P: 0.019  F: Mean, 167 (SD, 47.5) 

Raskin, 200336 MDI, 61 CSII, 66 Hyperglycemia 
(Postprandial 
glucose: any 
BG>350 mg/dL (any 
time of day)) 

24 weeks Incidence  
11 (18) 
Events  
26 

Incidence  
3 (5) 
Events  
6 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Raskin, 200336 MDI, 61 CSII, 63 Hypoglycemia 
frequency (Mild 
hypoglycemia: 
symptoms, no 
assistance required, 
and BG <50 mg/dl) 

24 weeks Incidence  
36 (59) 
Events  
1.2 events / person-month; P: NR 

Incidence  
34 (54) 
Events  
0.8 events / person-month 

Raskin, 200336 MDI, 59 CSII, 62 Hypoglycemia 
frequency 
(Nocturnal 
hypoglycemia: 
12am-6am) 

8-24 weeks Incidence  
13 (22); P: similarly low 

Incidence  
10 (16) 

Raskin, 200336 MDI, 61 CSII, 66 Severe 
hypoglycemia 
(BG<50,severe CNS 
dysfunction 
(necessitating 
outside assistance 
or parenteral 
glucose/glucagon)) 

24 weeks Incidence  
0 (0) 

Incidence  
0 (0) 

Raskin, 200336 MDI, 61 CSII, 66 Weight gain (kg) 24 weeks B: Mean, 96.9 (SD, 17.9) 
F: Mean, 97.6 (SD, 19.2) 
F-B: 0.7 

B: Mean, 96.4 (SD, 17) 
F: Mean, 98.1 (SD, 18.1) 
F-B: 1.7 
G2-G1: 1; P: NS  

Rigla, 2008105 SMBG, 10 rtCGM, 10 HbA1c (%) 4 weeks B: Mean, 8.1 
F: Mean, 7.8 
F-B: Mean, 0.3 

B: Mean, 8.1 (SD, 1.1) 
F: Mean, 7.3 (SD, 0.8) 
F-B: Mean, 0.8; P: 0.007 vs. baseline 
G2-G1: 0.5; P: 0.017  

Schiaffini, 
200755 

MDI, 17 CSII, 19 HbA1c (%) 24 months B: Mean, 8.5 (SD, 0.9) 
F-B: Mean, 8.2 (SD, 1.4); P: NS vs. 
baseline 

B: Mean, 8.3 (SD, 1.1) 
F-B: Mean, 7.6 (SD, 1.1); P: <0.05 vs. 
baseline 
G2-G1: -0.6 

Schiaffini, 
200755 

MDI, 17 CSII, 19 Severe 
hypoglycemia 
(Episodes/patient/ 
year) 

24 months B: Mean, 0.25 (SD, 0.3) 
F-B: Mean, 0.2 (SD, 0.2); P: NS vs. 
baseline 

B: Mean, 0.3 (SD, 0.2) 
F-B: Mean, 0.3 (SD, 0.3); P: NS vs. 
baseline 
G2-G1: 0.1 
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(definition) Timepoint Results, Group1 Results, Group2 

Skogsberg, 
200848 

MDI, 33 CSII, 34 HbA1c (%) 24 months B: Mean, 8.4 (SE, 0.5) 
F: Mean, 6.7 (SE, 0.5); P: 0.66 
F-B: -1.7 

B: Mean, 8.2 (SE, 0.4) 
F: Mean, 6.5 (SE, 0.4) 
F-B: -1.7 
G2-G1: 0 

Skogsberg, 
200848 

MDI, 33 CSII, 34 Hypoglycemia 
frequency (Daytime 
hypoglycemia: 
Episodes of 
perceived 
hypoglycemia) 

24 months G2-G1: Mean, 1.7 (SE, 0.4); P: 0.89  

Tamborlane, 
200827 
Ages 15-24 

SMBG, 53 rtCGM, 57 HbA1c (%) 26 weeks Incidence  
9 (17); P: 0.8  
B: Mean, 7.9 (SD, 0.8) 
F-B: Mean, -0.21 (SD, 0.61) 

Incidence  
8 (14) 
B: Mean, 8 (SD, 0.7) 
F-B: Mean, -0.18 (SD, 0.65) 
G2-G1: 0.03; P: 0.52  

Tamborlane, 
200827 
Ages ≥25 

SMBG, 46 rtCGM, 52 HbA1c (%) 26 weeks Incidence  
4 (9); P: 0.005  
B: Mean, 7.6 (SD, 0.5) 
F-B: Mean, 0.02 (SD, 0.45) 

Incidence  
17 (33) 
B: Mean, 7.6 (SD, 0.5) 
F-B: Mean, -0.5 (SD, 0.56) 
G2-G1: -0.52; P: <0.001  

Tamborlane, 
200827 
Ages 8-14 

SMBG, 58 rtCGM, 56 HbA1c (%) 26 weeks Incidence  
7 (12); P: 0.01  
B: Mean, 7.9 (SD, 0.6) 
F-B: Mean, -0.22 (SD, 0.54) 

Incidence  
15 (27) 
B: Mean, 8 (SD, 0.7) 
F-B: Mean, -0.37 (SD, 0.9) 
G2-G1: -0.15; P: 0.29  

Tamborlane, 
200827 
Ages ≥25 years 

SMBG, 46 rtCGM, 52 Hyperglycemia 26 weeks B: 181 
F: Mean, 161; P: <0.001  
F-B: -20 

B: 149 
F: Mean, 101 
F-B: -48 
G2-G1: -28 

Tamborlane, 
200827 
Ages 8-14 

SMBG, 58 rtCGM, 56 Hyperglycemia 26 weeks B: Mean, 671 
F: Mean, 635 
F-B: -36 

B: Mean, 745 
F: Mean, 643 
F-B: -102 
G2-G1: -66 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Tamborlane, 
200827 
Ages 8-14 

SMBG, 58 rtCGM, 56 Hyperglycemia 26 weeks B: Mean, 282 
F: Mean, 268; P: 0.18  
F-B: -14 

B: Mean, 343 
F: Mean, 242 
F-B: -101 
G2-G1: -87 

Tamborlane, 
200827 
Ages 15-24 

SMBG, 53 rtCGM, 57 Hyperglycemia 26 weeks B: 265 
F: 242; P: 0.44  
F-B: -23 

B: 271 
F: 215 
F-B: -56 
G2-G1: -33 

Tamborlane, 
200827 
Ages 15-24 

SMBG, 53 rtCGM, 57 Hyperglycemia 26 weeks B: Mean, 697 
F: Mean, 761; P: 0.79  
F-B: 64 

B: Mean, 691 
F: Mean, 761 
F-B: 70 
G2-G1: 6 

Tamborlane, 
200827 
Ages 15-24 

SMBG, 53 rtCGM, 57 Hyperglycemia 26 weeks B: Mean, 641 
F: Mean, 591; P: 0.85  
F-B: -50 

B: Mean, 650 
F: Mean, 591 
F-B: -59 
G2-G1: -9 

Tamborlane, 
200827 
Ages ≥25 years 

SMBG, 46 rtCGM, 52 Hyperglycemia 26 weeks B: Mean, 549 
F: Mean, 519; P: 0.002  
F-B: -30 

B: Mean, 497 
F: Mean, 394 
F-B: -103 
G2-G1: -73 

Tamborlane, 
200827 
Ages 8-14 

SMBG, 58 rtCGM, 56 Severe 
hypoglycemia 
(event that required 
assistance to 
administer oral 
carbohydrate, 
glucagon, or other 
resuscitative 
actions) 

26 weeks Incidence  
6 (10); P: 0.74  

Incidence  
4 (7) 



 

 

 
Table 4. Outcomes of studies comparing insulin delivery or glucose monitoring methods for diabetes mellitus 
 

E-62 

Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Tamborlane, 
200827 
Ages 15-24 

SMBG, 53 rtCGM, 57 Severe 
hypoglycemia 
(event that required 
assistance to 
administer oral 
carbohydrate, 
glucagon, or other 
resuscitative 
actions) 

26 weeks Incidence  
5 (9); P: 0.48  

Incidence  
3 (5) 

Tamborlane, 
200827 
Ages ≥25 

SMBG, 46 rtCGM, 52 Severe 
hypoglycemia 
(event that required 
assistance to 
administer oral 
carbohydrate, 
glucagon, or other 
resuscitative 
actions) 

26 weeks Incidence  
4 (9); P: 1  

Incidence  
5 (10) 

Thomas, 200761 MDI, 7 CSII, 7 HbA1c (%) 24 weeks B: Mean, 8.6 (SD, 1.1) 
F: Mean, 7.6 (SD, 0.7) 
F-B: -1 

B: Mean, 8.5 (SD, 1.9) 
F: Mean, 7.4 (SD, 1) 
F-B: -1.1 
G2-G1: -0.1 

Thomas, 200761 MDI, 7 CSII, 7 Hyperglycemia (%) 24 weeks B: Mean, 45 (SD, 15) 
F: 20 (17)  
F-B: -25 

B: Mean, 32 (SD, 19) 
F: 31 (15) 
F-B: -1 
G2-G1: 24 

Thomas, 200761 MDI, 7 CSII, 7 Hypoglycemia 
frequency (Mild 
hypoglycemia: 
symptomatic and 
confirmed by SMBG 
(<4 mmol/l)) 

  Events  
21 events / person-years 

Events  
40 events / person-years 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Thomas, 200761 MDI, 7 CSII, 7 Hypoglycemia 
frequency 
(Moderate 
hypoglycemia: 
Biochemical, <4.0 
mmol/l) 

24 weeks B: Mean, 18 (SD, 13.7) 
F: Mean, 23 (SD, 16) 
F-B: 5 

B: Mean, 23 (SD, 21) 
F: Mean, 12 (SD, 3.2) 
F-B: -11 
G2-G1: -16 

Thomas, 200761 MDI, 7 CSII, 7 Hypoglycemia 
frequency 
(Nocturnal 
hypoglycemia: NR) 

   Events  
0 

Thomas, 200761 MDI, 7 CSII, 7 Severe 
hypoglycemia 
(biochemical, <2.5 
mmol/l) 

24 weeks B: Mean, 6.7 (SD, 6) 
F: Mean, 8 (SD, 10);  
F-B: 1.3 

B: Mean, 6.7 (SD, 7) 
F: Mean, 3 (SD, 3.6) 
F-B: -3.7 
G2-G1: -5 

Thomas, 200761 MDI, 7 CSII, 7 Severe 
hypoglycemia 
(defined by ADA) 

24 weeks Incidence  
2 (29) 
Events  
0.6 events / person-years 

Incidence  
2 (29) 
Events  
0.9 events / person-years 

Thomas, 200761 MDI, 7 CSII, 7 Weight gain (kg) 24 weeks B: Mean, 78 (SD, 15.2) 
F: 77 (14.8); P: 0.88 vs. baseline0.94 
vs. baseline 
F-B: -1 

B: Mean, 72.5 (SD, 8.6) 
F: 72.9 (7.8) 
F-B: 0.4 
G2-G1: 1.4 

Tsui, 200162 MDI, 14 CSII, 13 HbA1c (%) 9 months B: Mean, 8.16 (SD, 0.7) 
F: Mean, 7.56; P: >0.10  
F-B: -0.6 

B: Mean, 7.73 (SD, 0.6) 
F: Mean, 7.38 
F-B: -0.35 
G2-G1: Mean, 0.25 (-0.19-0.68); P: 
>0.10  

Tsui, 200162 MDI, 14 CSII, 13 Hypoglycemia 
frequency (Mild 
hypoglycemia: 
symptoms relieved 
with glucose and/or 
BG <3 mmol/l) 

9 months Events  
7.4 events / person-month over course 
of study; P: >0.10  

Events  
8 events / person-month over course 
of study 
Relative treatment effect (CSII-
MDI)/MDI, 9; CI, -37 - 87 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Tsui, 200162 MDI, 14 CSII, 13 Severe 
hypoglycemia 
(events requiring 
assistance or 
resulting in a coma) 

9 months Events  
4; P: >0.10  

Events  
6 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Birth weight (% LGA 
(>90th percentile)) 

36.4 weeks 
(3rd 
trimester) 

Incidence  
5 (22.7) 

Incidence  
9 (45) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Birth weight (% 
SGA) 

36.4 weeks 
(3rd 
trimester) 

Incidence  
1 (4.5) 

Incidence  
1 (5) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Birth weight (g) 36.4 weeks 
(3rd 
trimester) 

F: Mean, 3101.84 (SD, 699) F: Mean, 3295.58 (SD, 747) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Cesarean delivery 
(Not further 
specified) 

36.4 weeks 
(3rd 
trimester) 

Incidence  
21 (94) 

Incidence  
19 (95) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Frequency of 
neonatal 
hypoglycemia 
(transient 
hypoglycemia) 

36.4 weeks 
(3rd 
trimester) 

Incidence  
3 (14) 

Incidence  
2 (10) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Gestational age 
(weeks) 

36.4 weeks 
(3rd 
trimester) 

F: Mean, 36.35 (SD, 2.3) F: Mean, 36.38 (SD, 2.2) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

HbA1c (%) 36.4 weeks 
(3rd 
trimester) 

F: Mean, 6.1 (SD, 1.1) F: Mean, 6.3 (SD, 0.6) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

HbA1c (%) 6 weeks (1st 
trimester) 

F: Mean, 7.4 (SD, 1.3) F: Mean, 6.9 (SD, 0.7) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Major anomalies 
(congenital 
malformations, not 
further specified) 

36.4 weeks 
(3rd 
trimester) 

Incidence  
0 (0) 

Incidence  
0 (0) 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Minor anomalies 
(congenital 
malformations, not 
further specified) 

36.4 weeks 
(3rd 
trimester) 

Incidence  
0 (0) 

Incidence  
0 (0) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Nephropathy 
(deterioration of 
condition) 

36.4 weeks 
(3rd 
trimester) 

Incidence  
0 (0) 

Incidence  
0 (0) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

NICU admission 
(not further 
specified) 

36.4 weeks 
(3rd 
trimester) 

Incidence  
2 (9) 

Incidence  
1 (5) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Retinopathy 
(deterioration of 
condition) 

36.4 weeks 
(3rd 
trimester) 

Incidence  
0 (0) 

Incidence  
0 (0) 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Severe 
hypoglycemia 
(hypoglycemic 
emergency requiring 
assistance) 

36.4 weeks 
(3rd 
trimester) 

Incidence  
1 (5) 
Events  
1 

Incidence  
1 (5) 
Events  
1 

Volpe, 201075 MDI, 22 CSII + 
SMBG, 20 

Weight gain (kg) 36.4 weeks 
(3rd 
trimester) 

F-B: Mean, 11.5 (SD, 3.7) F-B: Mean, 13.4 (SD, 5.4) 
G2-G1: 1.9 

Wainstein, 
200537 

MDI, 20 CSII, 20 HbA1c (%) 18 weeks B: Mean, 0.4 (SD, 1.3) B: Mean, -0.8 (SD, 1.5) 
G2-G1: P: 0.007  

Wainstein, 
200537 
T2DM 

MDI, 20 CSII, 20 HbA1c (%) 48 weeks B: Mean, -0.4 (SD, 1.3) B: Mean, -0.8 (SD, 1.5) 
G2-G1: P: 0.4  

Wainstein, 
200537 
T2DM 

MDI, 20 CSII, 20 HbA1c (%) 18 weeks F-B: Mean, 1.5 (SD, 0.8) F-B: Mean, 0.8 (SD, 1.5); P: 0.1 vs. 
baseline 
G2-G1: -0.7 

Wainstein, 
200537 

MDI, 20 CSII, 20 HbA1c (%) 48 weeks F: Mean, 8.8 (SD, 1.5) F: Mean, 8.8 (SD, 1.4) 

Wainstein, 
200537 

MDI, 20 CSII, 20 HbA1c (%) 18 weeks F: Mean, 8.4 (SD, 1.3) F: Mean, 7.9 (SD, 1) 
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Author, year Group 1, N Group 2, N 
Outcome 
(definition) Timepoint Results, Group1 Results, Group2 

Wainstein, 
200537 

MDI CSII Hypoglycemia 
frequency (Mild 
hypoglycemia: 
BG<3 mmol/l and 
not requiring 
assistance) 

  “Did not vary by treatment period” Daily insulin requirement 

Wainstein, 
200537 

MDI, 40 CSII, 40 Severe 
hypoglycemia 
(major'-intervention 
from others) 

  Events  
2 

Events  
3 

Weintrob, 200352 MDI, 23 CSII, 23 HbA1c (%) 3.5 months B: Mean, 8.3 (SD, 0.7) 
F: Mean, 8.2 (SD, 0.8) 
F-B: Mean, -0.23 (SD, 1) 

B: Mean, 8 (SD, 1.1) 
F: Mean, 7.9 (SD, 0.7) 
F-B: Mean, 0.03 (SD, 1) 
G2-G1: 0.26 

Weintrob, 200352 MDI, 23 CSII, 23 Hyperglycemia 3.5 months Events  
6.7 events / patient; P: <0.05  

Events  
7.9 events / patient 

Weintrob, 200352 MDI, 23 CSII, 23 Hypoglycemia 
frequency (Mild 
hypoglycemia: <3.8 
mmol) 

3.5 months Events  
22 events / patient; P: <0.05  

Events  
19.8 events / patient 

Weintrob, 200352 MDI, 23 CSII, 23 Severe 
hypoglycemia (Any 
hypoglycemic event 
requiring assistance 
from another person 
or resulting in a 
seizure/coma) 

3.5 months Events  
3; P: <0.05  

Events  
1 

Weintrob, 200352 MDI, 23 CSII, 23 Weight gain (BMI-
SDS) 

3.5 months B: Mean, 0.29 (SD, 0.81) 
F: Mean, 0.37 (SD, 0.85) 
F-B: 0.08 

B: Mean, 0.4 (SD, 0.79) 
F: Mean, 0.35 (SD, 0.83) 
F-B: -0.05 
G2-G1: -0.13; P: 0.012  

Yoo, 2008102 SMBG, 28 rtCGM, 29 HbA1c (%) 3 months B: Mean, 8.7 (SD, 0.7) 
F: Mean, 8.3 (SD, 1.1) 
F-B: -0.4; P: 0.01 vs. baseline 

B: Mean, 9.1 (SD, 1) 
F: Mean, 8 (SD, 1.2) 
F-B: -1.1; P: <0.001 vs. baseline 
G2-G1: -0.7; P: 0.004  
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(definition) Timepoint Results, Group1 Results, Group2 

Yoo, 2008102 SMBG, 28 rtCGM, 29 Hyperglycemia 
(Fasting glucose 
(mmol/L)) 

3 months B: Mean, 6.5 (SD, 1.3) 
F: Mean, 7.2 (SD, 2.2) 
F-B: 0.7; P: >0.05 vs. baseline 

B: Mean, 6.3 (SD, 1.3) 
F: Mean, 6.5 (SD, 1.2) 
F-B: 0.2; P: >0.05 vs. baseline 
G2-G1: -0.5; P: 0.48  

Yoo, 2008102 SMBG, 28 rtCGM, 29 Hyperglycemia 
(Postprandial 
glucose (mg/dL)) 

3 months B: Mean, 11.5 (SD, 3.6) 
F: Mean, 10.9 (SD, 4.1) 
F-B: -0.6; P: >0.05 vs. baseline 

B: Mean, 11.3 (SD, 2.8) 
F: Mean, 10 (SD, 2.5) 
F-B: -1.3; P: <0.05 vs. baseline 
G2-G1: -0.7; P: 0.48  

Yoo, 2008102 SMBG, 28 rtCGM, 29 Severe 
hypoglycemia (not 
further spec) 

3 months Incidence  
0 (0) 

Incidence  
0 (0) 

Yoo, 2008102 SMBG, 28 rtCGM, 29 Weight gain (kg) 3 months B: Mean, 65.7 (SD, 12.3) 
F: Mean, 64.3 (SD, 12.5) 
F-B: -1.4; P: >0.05 vs. baseline 

B: Mean, 63.3 (SD, 12.4) 
F: Mean, 61.1 (SD, 12.2) 
F-B: -2.2; P: <0.05 vs. baseline 
G2-G1: -0.8; P: 0.43  

ADA = American Diabetes Association; B = baseline results; BG = blood glucose; BMI-SDS = body mass index-standard deviation score; CI = confidence interval; CNS = central 
nervous system; CSII = continuous subcutaneous insulin infusion; DCCT = Diabetes Control and Complications Trial; F = final results; F-B = change score results; G2-G1 = 
between-group difference results; HbA1c = hemoglobin A1c; IV = intravenous; JDRF = Juvenile Diabetes Research Foundation; kg = kilograms; kg/m2 = kilograms per meter 
squared; LGA = large for gestational age; LOC = loss of consciousness; MDI = multiple daily injections; mg/dL = milligrams per deciliter; mmol/L = millimole per liter; NICU = 
neonatal intensive care unit; NR = not reported; NS = not significant; PG = plasma glucose; rtCGM = real-time continuous glucose monitor; SD = standard deviation; SGA = small 
for gestational age; SMBG = self monitoring of blood glucose
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Table 5. Study quality of randomized controlled trials comparing insulin delivery or glucose monitoring methods for diabetes mellitus 

Author, year 
Sequence 
Generation 

Allocation 
concealment 

Blinding, 
Personnel, 
Outcome 

Incomplete 
Outcome Data 

Pharmaceutical 
support 

Company 
involvement Overall quality* 

Battelino 201188 Yes 
 

Yes No Unclear Yes Unable to 
determine 

Fair 

Battelino 201188 Yes Yes No Yes Yes No Fair 

Bergenstal, 201091 No No No Yes Yes Unable to 
determine 

Poor 

Bolli, 200960 Yes Yes No Yes Yes Unable to 
determine 

Fair 

Bolli, 200960 Unclear Unclear No No Yes Yes Poor 

Bruttomesso, 
200865 

Yes Unclear Unclear No Yes Yes Fair 

Bruttomesso, 
200865 

Unclear Yes No Yes Yes Yes Poor 

Cohen, 200350 Unclear Unclear No Unclear Yes Unable to 
determine 

Poor 

Cohen, 200350 Unclear Unclear No Unclear Yes Unable to 
determine 

Poor 

Deiss, 200687 Unclear Unclear Unclear Unclear Yes Unable to 
determine 

Poor 

Deiss, 200687 Unclear Unclear Yes Yes Yes Unable to 
determine 

Good 

Derosa, 200970 Unclear Unclear Unclear No Unable to 
determine 

 Fair 

DeVries, 200266 Yes Yes No No Yes Unable to 
determine 

Fair 

DeVries, 200266 Yes Yes No Yes Yes Unable to 
determine 

Fair 

Doyle, 200451 Yes Yes No Yes Yes No Good 

Doyle, 200451 Yes Unclear Unclear Yes Yes Unable to 
determine 

Good 

Garcia-Garcia, 
200753 

Unclear Unclear Unclear Unclear Unable to 
determine 

 Poor 

Garcia-Garcia, 
200753 

Unclear Unclear Unclear Unclear No  Poor 
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Author, year 
Sequence 
Generation 

Allocation 
concealment 

Blinding, 
Personnel, 
Outcome 

Incomplete 
Outcome Data 

Pharmaceutical 
support 

Company 
involvement Overall quality* 

Hanaire-Broutin, 
200064 

Yes No No  Yes Unable to 
determine 

Fair 

Hanaire-Broutin, 
200064 

Unclear Unclear No Yes Yes Unable to 
determine 

Good 
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Author, year 
Sequence 
Generation 

Allocation 
concealment 

Blinding, 
Personnel, 
Outcome 

Incomplete 
Outcome Data 

Pharmaceutical 
support 

Company 
involvement Overall quality* 

Herman, 200569 Unclear Yes Unclear Unclear Yes Unable to 
determine 

Fair 

Herman, 200569 Yes No No No Yes Unable to 
determine 

Fair 

Hermanides, 
201194 

Yes Yes No  Yes Unable to 
determine 

Unable to 
determine 

Good 

Hirsch, 200559 Yes No No Yes Yes  Fair 

Hirsch, 200559 Unclear Unclear Unclear No Yes Yes Fair 

Hirsch, 200886 Unclear Unclear No Yes Yes Yes Good 

Hirsch, 200886 Unclear Unclear Yes Yes Yes Unable to 
determine 

Good 

Hoogma, 200663 Unclear Unclear No No Yes Unable to 
determine 

Poor 

Hoogma, 200663 Yes No No Yes Yes  Fair 

JDRF CGM Study 
Group, 200984 

Yes Unclear No Yes Yes Unable to 
determine 

Good 

Kordonouri, 201080 Yes Yes No Yes Yes Unable to 
determine 

Good 

Kordonouri, 201080 Unclear Yes Yes Yes Yes Unable to 
determine 

Good 

Lee, 200793 Unclear Unclear No No Unable to 
determine 

 Fair 

Lee, 200793 Unclear Unclear Unclear Unclear Unable to 
determine 

Unable to 
determine 

Fair 

Lepore, 200367 Unclear Unclear No Unclear Unable to 
determine 

Unable to 
determine 

Poor 

Lepore, 200367 Unclear Unclear Unclear Unclear Unable to 
determine 

 Fair 

Nuboer, 200854 Unclear Unclear No Unclear No Unable to 
determine 

Poor 

Nuboer, 200854 Unclear Unclear Unclear Yes No  Fair 

O'Connell, 200985 Yes Yes No Yes Yes No Good 
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Author, year 
Sequence 
Generation 

Allocation 
concealment 

Blinding, 
Personnel, 
Outcome 

Incomplete 
Outcome Data 

Pharmaceutical 
support 

Company 
involvement Overall quality* 

O'Connell, 200985 Yes Yes No No Yes Unable to 
determine 

Good 

Opipari-Arrigan, 
200749 

Unclear Unclear No Unclear No Unable to 
determine 

Poor 

Opipari-Arrigan, 
200749 

Unclear Unclear Unclear Unclear Unable to 
determine 

 Poor 

Peyrot, 200992 Unclear Unclear Unclear Yes Yes No Poor 

Peyrot, 200992 Unclear No  Yes Yes No Poor 

Pozzilli, 200357 Unclear No No Unclear Yes Unable to 
determine 

Fair 

Pozzilli, 200357 Unclear No No No Yes Unable to 
determine 

Fair 

Raccah, 200981 Unclear Unclear No No Yes Unable to 
determine 

Fair 

Radermecker, 
201083 

Unclear Unclear No Yes No No Fair 

Radermecker, 
201083 

Unclear Unclear No No No Unable to 
determine 

Fair 

Raskin, 200336 Yes Unclear Unclear No Yes Unable to 
determine 

Poor 

Raskin, 200336 Yes Yes No Yes Yes Unable to 
determine 

 

Rigla, 2008105 Unclear Unclear No Yes Yes No Poor 

Rigla, 2008105 Unclear Unclear Yes Yes Yes Unable to 
determine 

Good 

Schiaffini, 200755 Unclear Unclear Unclear Unclear No  Poor 

Schiaffini, 200755 Unclear Unclear No Unclear No  Poor 

Skogsberg, 200848 Unclear Unclear Unclear Unclear Unable to 
determine 

 Fair 

Skogsberg, 200848 Unclear Unclear No Unclear Yes Unable to 
determine 

Fair 

Tamborlane, 
200827 

Yes Unclear No Unclear Yes Unable to 
determine 

Fair 
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Author, year 
Sequence 
Generation 

Allocation 
concealment 

Blinding, 
Personnel, 
Outcome 

Incomplete 
Outcome Data 

Pharmaceutical 
support 

Company 
involvement Overall quality* 

Tamborlane, 
200827 

Unclear Unclear No Yes No Unable to 
determine 

Fair 

Thomas, 200761 Unclear Unclear Unclear Unclear Yes No Fair 

Thomas, 200761 Unclear Unclear No Yes Yes No Fair 

Tsui, 200162 Yes  Unclear Yes Yes Unable to 
determine 

Good 

Tsui, 200162 Yes Yes No Unclear Yes Unable to 
determine 

Fair 

Wainstein, 200537 Unclear Unclear Unclear No Unable to 
determine 

 Fair 

Wainstein, 200537 Unclear No No Yes Unable to 
determine 

 Fair 

Weintrob, 200352 Unclear Unclear No Yes Yes Unable to 
determine 

Fair 

Yoo, 2008102 Yes Yes Yes Yes Yes Unable to 
determine 

Good 

Yoo, 2008102 Yes Yes No No Yes Unable to 
determine 

Fair 

CGM = continuous glucose monitor; JDRF = Juvenile Diabetes Research Foundation 
* Overall quality was rated as:  
• Good (low risk of bias). These studies had the least bias, and the results were considered valid. These studies adhered to the commonly held concepts of high quality, 

including the following: a clear description of the population, setting, interventions, and comparison groups; appropriate measurement of outcomes; appropriate statistical and 
analytic methods and reporting; no reporting errors; a low dropout rate; and clear reporting of dropouts.  

• Fair. These studies were susceptible to some bias, but not enough to invalidate the results. They did not meet all the criteria required for a rating of good quality because they 
had some deficiencies, but no flaw was likely to cause major bias. The study may have been missing information, making it difficult to assess limitations and potential 
problems.  

• Poor (high risk of bias). These studies had significant flaws that might have invalidated the results. They had serious errors in design, analysis, or reporting; large amounts of 
missing information; or discrepancies in reporting.41  
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Table 6. Study quality of observational studies comparing insulin delivery or glucose monitoring methods for diabetes mellitus 

Author, year 

Setting or 
population 
described 

Eligibility 
criteria 
described 

Key 
characteristics 
described 

Patients 
recruited from 
same 
population 

Adjusted or 
stratified 
results 

Followup loss 
described 

Percent lost 
followup Overall quality* 

Bin-Abbas, 
200656 

No No Some Unclear No Unclear NR Poor 

Bin-Abbas, 
200656 

No No Some Yes No Unclear NR Poor 

Bruttomesso, 
201176 

Yes (incomplete) Yes Yes with 
description 

Yes Yes No NR Fair 

Bruttomesso, 
201176 

Yes (incomplete) Yes Yes with 
description 

Yes No No NR Fair 

Chico, 201077 Yes (incomplete) Yes Yes with 
description 

Yes No No  NR Fair  

Chico, 201077 Yes (incomplete) Yes Yes with 
description 

Yes No No  NR Fair  

Cypryk, 200874 Yes (incomplete) Yes Some Yes Yes No NR Fair 

Cypryk, 200874 Yes (incomplete) Yes Some Yes No No NR Fair 

Garcia-Garcia, 
200753 

Yes (incomplete) Yes Yes with 
description 

Yes Yes No NR Fair 

Hieronimus, 
200573 

Yes (incomplete) No Yes with 
description 

Unclear No Unclear NR Fair 

Hieronimus, 
200573 

Yes (incomplete) No Yes with 
description 

Yes No NA <10% Fair 

Kernaghan, 
200872 

Yes (incomplete) Yes Some Yes No No NR Fair 

Kernaghan, 
200872 

No Yes Some Yes No No NR Fair 

Volpe, 201075 Yes (incomplete) Yes Some Yes No No NR Fair 

Volpe, 201075 Yes (incomplete) Yes Some Yes No No NR Fair 

* Overall quality was rated as:  
• Good (low risk of bias). These studies had the least bias, and the results were considered valid. These studies adhered to the commonly held concepts of high quality, 

including the following: a clear description of the population, setting, interventions, and comparison groups; appropriate measurement of outcomes; appropriate statistical and 
analytic methods and reporting; no reporting errors; a low dropout rate; and clear reporting of dropouts.  
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• Fair. These studies were susceptible to some bias, but not enough to invalidate the results. They did not meet all the criteria required for a rating of good quality because they 
had some deficiencies, but no flaw was likely to cause major bias. The study may have been missing information, making it difficult to assess limitations and potential 
problems.  

• Poor (high risk of bias). These studies had significant flaws that might have invalidated the results. They had serious errors in design, analysis, or reporting; large amounts of 
missing information; or discrepancies in reporting.41 
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