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Structured Abstract 
 
Background: Type 2 diabetes mellitus (DM) is the leading cause of kidney failure, nontraumatic 
lower-limb amputations, and new cases of blindness; a major cause of heart disease and stroke; 
and the seventh leading cause of death in adults in the United States. Screening could lead to 
earlier detection and earlier or more intensive treatment of persons with asymptomatic DM, 
impaired fasting glucose (IFG), or impaired glucose tolerance (IGT), potentially resulting in 
improved clinical outcomes. 
 
Purpose: To systematically update the 2008 U.S. Preventive Services Task Force (USPSTF) 
review on screening for type 2 diabetes in adults. 
 
Data Sources: We searched the Cochrane Central Register of Controlled Trials and Cochrane 
Database of Systematic Reviews (through March 2014), and MEDLINE® (2007 to March 2014), 
and manually reviewed reference lists.  
 
Study Selection: Randomized, controlled trials; controlled observational studies; and good-
quality systematic reviews on benefits and harms of screening for DM, IFG, or IGT versus no 
screening; treatment versus no treatment; more versus less intensive glucose, blood pressure, or 
lipid control interventions; or aspirin use versus nonuse in persons with DM, IFG, or IGT. 
 
Data Extraction: One investigator abstracted data and a second investigator checked data 
abstraction for accuracy. Two investigators independently assessed study quality using methods 
developed by the USPSTF. 
 
Data Synthesis (Results): In one good- and one fair-quality trial, screening for DM was 
associated with no mortality benefit versus no screening, including one trial of patients at higher 
risk for diabetes (hazard ratio, 1.06 [95% confidence interval, 0.90 to 1.25]). Evidence on harms 
of screening was limited but indicated no long-term psychological harms. Consistent evidence 
from multiple trials found that treatment of IFG/IGT was associated with delayed progression to 
DM. Most trials of treatment for IFG/IGT found no difference in all-cause or cardiovascular 
mortality, although one trial found that use of lifestyle modification reduced risk of both 
outcomes after 23 years followup. For screen-detected diabetes, one large fair-quality trial found 
no effect of an intensive multifactorial intervention on risk of all-cause or cardiovascular 
mortality versus standard control. For established diabetes (not specifically screen detected), 
intensive glucose treatment was associated with reduced risk of myocardial infarction and 
retinopathy, with no effects on mortality. Intensive blood pressure control was associated with a 
slightly reduced risk of mortality versus standard therapy, but evidence from two recent major 
trials was mixed. Two trials found that intensive multifactorial interventions were associated 
with reduced mortality versus standard interventions. Certain pharmacological therapies for 
screen-detected or early DM, IFG, or IGT were associated with increased risk of withdrawal 
because of adverse events, hypoglycemia, or hypotension, with no increase in risk of serious 
adverse events. 
 
Limitations: We did not include non–English language articles. Few studies of treatment were 
conducted in screen-detected populations. 
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Conclusions: Screening for DM did not improve mortality after 10 years followup and more 
evidence is needed to determine effective treatments for screen-detected DM. However, 
treatment for IFG/IGT was associated with delayed progression to DM.
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Chapter 1. Introduction 
 

Purpose 
 

This report updates a 2008 systematic review on screening for type 2 diabetes mellitus (DM) in 
adults.1,2 It will be used by the U.S. Preventive Services Task Force (USPSTF) to update their 
recommendations on screening for DM.3 This update focuses on benefits and harms of screening 
for DM, impaired fasting glucose (IFG), or impaired glucose tolerance (IGT) in adults, and 
benefits and harms of subsequent treatments for IFG, IGT, or DM. Prenatal screening and 
screening of children are not addressed in this review. 

 
Previous USPSTF Recommendation 

 
In 2008, the USPSTF recommended screening for DM in asymptomatic adults with sustained 
blood pressure (either treated or untreated) greater than 135/80 mm Hg (B recommendation). 
Although direct evidence on benefits and harms of screening was not available, the USPSTF 
recommendation was based on the ability of screening to identify persons with DM and evidence 
that, in patients with diabetes and hypertension, more intensive blood pressure treatment was 
associated with reduced risk of cardiovascular (CV) events, including CV mortality. 
 
The USPSTF found insufficient evidence to assess the balance of benefits and harms of 
screening in adults without blood pressure greater than 135/80 mm Hg (I statement). The 
USPSTF found that lifestyle and/or drug interventions in patients with IFG or IGT were 
associated with reduced risk of progression to DM after up to 7 years followup,4-11 but three 
trials on the effects of drug and lifestyle interventions in persons with IFG or IGT reported 
inconsistent effects on CV outcomes and had some methodological shortcomings.12-15 The 
USPSTF also identified a number of evidence gaps: 
 

• No randomized, controlled trials (RCTs) directly addressed the health benefits of either 
targeted or mass screening for DM, IFG, or IGT.  

• Harms of screening were sparsely reported. 
• No study directly compared effectiveness of treatments in persons with screen-detected 

versus clinically detected DM, and no study evaluated treatment effects in an exclusively 
screen-detected or recently diagnosed DM cohort.  

• Evidence on harms of treating DM early as a result of screening were not available. 
However, many systematic reviews examined adverse effects of commonly used DM 
medications. 

• Evidence on screening frequency was limited to modeling studies. 

Condition Definition 
 

DM is a metabolic disorder characterized by hyperglycemia. There are two types of DM: type 1, 

Screening for Type 2 Diabetes Mellitus  1 Pacific Northwest EPC 



often diagnosed in childhood and characterized by autoimmune destruction of pancreatic islet 
cells that produce insulin, and type 2 (the focus of this report), characterized by insulin resistance 
and relative insulin deficiency. Diagnosis of DM, IFG, and IGT is based on measures of glycated 
hemoglobin (HbA1c), random and fasting blood sugar, or oral glucose tolerance test (OGTT) 
values, as shown in Table 1.16 DM is defined as HbA1c of 6.5 percent or higher, fasting plasma 
glucose of 126 mg/dL or higher, or OGTT values after 2 hours of 200 mg/dL or higher; 
parameters for IFG and IGT are HbA1c less than 6.5 percent with fasting plasma glucose levels 
of 100 to 125 mg/dL and OGTT values of 140 to 199 mg/dL, respectively.16  
 

Prevalence and Burden of Disease 
 
In the United States, about 19 million persons were diagnosed with diabetes in 2010, with an 
estimated 7 million persons undiagnosed; about 90 to 95 percent of those have type 2 DM.17,18 
Prevalence of DM increases with age and varies according to sex and race/ethnicity (Table 2).19-

21 From 2005 to 2008, the proportion of persons with diagnosed or undiagnosed DM was 4 
percent in persons ages 20 to 44 years, 14 percent in persons ages 45 to 64 years, and 27 percent 
in persons age 65 years and older. In 2010, about 1 million adults with newly diagnosed DM 
were ages 45 to 64 years, with 465,000 new cases in younger adults and 390,000 new cases in 
older adults.17 In persons younger than age 44 years, similar proportions of men and women are 
diagnosed with DM; however, prevalence is slightly higher in men in older age groups (Table 
2). Prevalence varies substantially according to age, ranging from 1 to 2 percent in women 
younger than age 44 years to 22 to 41 percent in men older than age 75 years (Table 2).17,19,20 
Racial and ethnic groups with the highest risk of diagnosed DM include blacks (rates are 77% 
higher than whites), Hispanics (rates are 66% higher than whites), and Asians (rates are 18% 
higher than whites).17 
 
Diabetes is the leading cause of kidney failure, nontraumatic lower-limb amputations, and new 
cases of blindness in the United States. Diabetes is also a major cause of heart disease and stroke, 
and the seventh leading cause of death in adults.17 Prevalence of DM in adults in the United 
States has steadily increased over the past 15 years, rising from about 5 percent in 1995 to 8 
percent in 2010.21 Some racial and ethnic groups are disproportionately affected by 
complications of diabetes. For example, blacks and Hispanics are more likely than whites to 
experience end-stage renal disease,22 and blacks are almost twice as likely to have amputations 
of lower extremities.23 Whites and blacks are more likely to experience diabetes-related heart 
disease or stroke compared with Hispanics,24 and blacks, American Indians/Alaska Natives, and 
Hispanics are more likely to die from DM than whites (age-adjusted death rates, 39.5, 34.0, and 
25.6 vs. 19.1 per 100,000, respectively).25  

 
Etiology and Natural History 

 
DM is caused by insulin resistance, relative insulin deficiency, and inability to maintain normal 
blood glucose levels. DM typically develops slowly, and progression from normal glycemia to 
asymptomatic subclinical disease, and finally to frank DM may take 10 years or longer.26,27 
However, during the subclinical phase, vascular damage can occur and microvascular disease 
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(e.g., retinopathy and neuropathy) may already be present at the time of DM diagnosis.16,26 
 

Risk Factors 
 

Many risk factors are associated with development of DM in adults. Nonmodifiable risk factors 
include a first-degree relative with DM, a genetic predisposition to insulin resistance, 
race/ethnicity, and, in women, history of polycystic ovarian syndrome, gestational diabetes, or 
giving birth to a baby weighing more than 9 lb.16,17,19,20,28-30 The risk of developing DM also 
increases with advancing age (see above).16,31 Modifiable risk factors for DM include obesity or 
a high percentage of visceral (abdominal) fat, physical inactivity, smoking, and consumption of a 
diet high in saturated fat. DM is also frequently associated with other health conditions, such as 
hyperlipidemia, hypertension, and metabolic syndrome.16,17,28,32,33  

 
Rationale for Screening and Screening Strategies 

 
Screening asymptomatic adults for DM may lead to earlier identification and therefore earlier or 
more intensive treatments to prevent the negative health outcomes associated with DM.18 
Strategies for screening include routine screening, targeted screening based on presence of risk 
factors, and using risk-assessment instruments. 

 
Interventions and Treatment 

 
Lifestyle interventions for glycemic control are considered first-line therapies in most patients 
and include diet and physical activity or exercise. Numerous drugs from a variety of classes are 
used to treat DM. These include the biguanide metformin, which lowers glucose production in 
the liver and is considered a first-line pharmacological treatment for newly diagnosed DM;34 
sulfonylureas (glipizide, glyburide, gliclazide, glimepiride) and meglitinides (repaglinide, 
nateglinide), which stimulate the pancreas to produce and release more insulin; 
thiazolidinediones (TZDs; pioglitazone, rosiglitazone), which make tissues more sensitive to 
insulin; dipeptidyl peptidase IV inhibitors (sitagliptin, saxagliptin, linagliptin), which increase 
insulin secretion and reduce sugar production; and alpha-glucosidase inhibitors (acarbose, 
voglibose, miglitol), which block enzymes that help digest starches, slowing the postprandial rise 
in blood sugar; and insulin. 
 
Patients with high body mass index (BMI) (>35 kg/m2), persons younger than age 60 years, and 
women with a history of gestational diabetes may be initially treated with metformin in addition 
to lifestyle interventions.16 In addition to treatment of DM, screening for and treatment of other 
modifiable diseases that often accompany DM, including dyslipidemia and hypertension, may be 
initiated. Other interventions to reduce risk of CV disease and microvascular complications 
include blood pressure and lipid-lowering therapy; aspirin; and monitoring and treatments for 
retinopathy, nephropathy, or neuropathy.16  
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Current Clinical Practice 
 

Screening for DM can be performed by testing fasting plasma glucose (FPG), 2-hour plasma 
glucose following an OGTT, or HbA1c.16 Screening with HbA1c is generally more convenient 
than FPG or OGTT, as pretest fasting is not required, and HbA1c is now considered a diagnostic 
test for DM by the American Diabetes Association (ADA) and the World Health Organization 
(WHO),16,35 although there is some evidence suggesting that HbA1c may be less sensitive than 
FPG or OGTT when using the currently recommended diagnostic cutpoint of greater than or 
equal to 6.5 percent.36-38 The ADA recommends confirmatory retesting when feasible or in the 
absence of unequivocal hyperglycemia following initial testing.16 Following diagnosis of DM, 
lifestyle and other interventions are initiated to lower glucose levels and reduce risk of vascular 
complications (see above). Recent guidelines from the ADA recommend target HbA1c levels of 
6.5 to 8 percent, depending on the individual patient.16 

 
Recommendations of Other Groups 

 
Initial Screening 

The ADA16 recommends screening for DM in persons age 45 years and older and screening 
those with risk factors regardless of age. Most other groups, including the American Association 
of Clinical Endocrinologists,39 the American Academy of Family Physicians,40 the Australian 
National Evidence-based Guidelines group,41 Diabetes UK,42 and the Canadian Task Force on 
Preventive Health Care,43 recommend screening persons with risk factors. Identifying at-risk 
persons who may warrant screening can be based on the presence of known risk factors or by 
using DM risk calculators (see Contextual Question 2). In 2002, the WHO concluded there was 
no direct evidence that individuals benefit from early detection of DM through screening, but 
stated that health authorities and professional organizations should develop their own screening 
policies based on individual benefits and costs.44  

Screening Intervals 

For persons with normal initial screening tests, the ADA16 and Australian National Guidelines41 
recommend rescreening every 3 years. The American Association of Clinical Endocrinologists,39 
ADA,16 and Australian National Guidelines41 recommend annual testing of persons initially 
identified as having IFG or IGT. The Canadian Task Force recommends rescreening either 
annually or every 3 to 5 years, depending on risk level.43

Screening for Type 2 Diabetes Mellitus  4 Pacific Northwest EPC 



Chapter 2. Methods 
 

Key Questions and Analytic Framework 
 

Using established methods,45 the USPSTF and the Agency for Healthcare Research and Quality 
(AHRQ) determined the scope and Key Questions for this review. Investigators created an 
analytic framework with the Key Questions and the patient populations, interventions, and 
outcomes reviewed (Figure 1).  
 
Key Questions 
 
1. Is there direct evidence that screening for type 2 diabetes, impaired fasting glucose, or 

impaired glucose tolerance in asymptomatic adults improves health outcomes?  
2. What are the harms of screening adults for type 2 diabetes, impaired fasting glucose, or 

impaired glucose tolerance? 
3. Do interventions for screen-detected or early type 2 diabetes, impaired fasting glucose, or 

impaired glucose tolerance provide an incremental benefit in health outcomes compared with 
no interventions or initiating interventions after clinical diagnosis? 

4. What are the harms of interventions for screen-detected or early type 2 diabetes, impaired 
fasting glucose, or impaired glucose tolerance? 

5. Is there evidence that more intensive glucose, blood pressure, or lipid control interventions 
improve health outcomes in adults with type 2 diabetes, impaired fasting glucose, or 
impaired glucose tolerance compared with traditional control? Is there evidence that aspirin 
use improves health outcomes in these populations compared with nonuse? 

6. What are the harms of more intensive interventions compared with traditional control in 
adults with type 2 diabetes, impaired fasting glucose, or impaired glucose tolerance? 

7. Do interventions for impaired fasting glucose or impaired glucose tolerance delay or prevent 
progression to type 2 diabetes? 

8. Do the effects of screening or interventions for screen-detected or early type 2 diabetes, 
impaired fasting glucose, or impaired glucose tolerance vary by subgroups, such as age, sex, 
or race/ethnicity? 

 
Four Contextual Questions were also requested by the USPSTF to help inform the report. 
Contextual Questions are not reviewed using systematic review methodology.45 Rather, the 
approach to Contextual Questions is to focus on evidence from key high-quality studies. 
 
Contextual Questions 
 
1. What is the yield (incidence) of starting screening at different ages or rescreening at different 

intervals in adults with an initial normal fasting blood glucose, HbA1c, or glucose tolerance 
test? 

2. What is the utility of using formal risk calculators versus less formal risk factor assessment 
(e.g., family history, body mass index) in determining a person’s risk for developing 
diabetes?  
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3. What is the utility of existing modeling studies of type 2 diabetes screening versus no 
screening in examining important health outcomes? 

4. Is there evidence that intensive blood pressure or lipid lowering or use of aspirin is more 
effective in persons with diabetes compared with persons without diabetes? 

 
Search Strategies 

 
We searched the Cochrane Central Register of Controlled Trials and Cochrane Database of 
Systematic Reviews (through March 2014), and Ovid MEDLINE® (2007 through March 2014) 
for relevant studies and systematic reviews. Search strategies are available in Appendix A1. We 
also reviewed reference lists of relevant articles. 

 
Study Selection 

 
At least two reviewers independently evaluated each study to determine inclusion eligibility. We 
selected studies on the basis of inclusion and exclusion criteria developed for each Key Question 
(Appendix A2). For Key Questions related to screening, we selected studies of asymptomatic 
adults without known DM, IFG, or IGT who underwent testing with HbA1c, OGTT, random 
plasma glucose, or fasting plasma glucose. For Key Questions related to treatment, we selected 
studies of adults with screen-detected DM, IFG, or IGT that compared pharmacological 
interventions for glycemic control or lifestyle interventions versus placebo, no intervention, or 
usual care. Because few studies specifically enrolled patients with screen-detected DM, we also 
included studies of patients with early DM (defined as pharmacologically untreated HbA1C less 
than 8.5% or diagnosis of DM within the last year), who are likely to be more similar to persons 
identified by screening than those with more advanced or longstanding DM. We excluded studies 
conducted in pregnant women and children. We included studies on whether more intensive 
glucose, blood pressure, or lipid control interventions (compared with traditional control) or 
aspirin use (compared with nonuse) improve health outcomes in adults with DM, IFG, or IGT. 
For these interventions, we included studies of patients with screen-detected or established DM 
without an HbA1c or duration restriction, as few trials examined the effects of more versus less 
intensive therapies for early DM as defined above. Outcomes included all-cause and CV 
mortality, CV morbidity (including myocardial infarction [MI], stroke, congestive heart failure), 
chronic kidney disease, amputations, skin ulcers, visual impairment (including blindness), 
periodontitis (including tooth loss), neuropathy, quality of life, and progression from IFG or IGT 
to DM. Harms included potential harms of screening such as labeling, anxiety, and false-positive 
results,34 as well as harms of treatment. We included RCTs, cohort studies, and case-control 
studies for all Key Questions, and relevant systematic reviews that were of good quality and 
current enough to include critical recent studies. The selection of literature is summarized in the 
literature flow diagram (Appendix A3). Appendix A4 lists excluded studies with reasons for 
exclusion. 
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Data Abstraction and Quality Rating 
 

We abstracted details about the study design, patient population, setting, screening method, 
interventions, analysis, followup, and results; when appropriate, we contacted study authors for 
missing data. Two investigators independently applied criteria developed by the USPSTF45 to 
rate the quality of each study as good, fair, or poor (Appendix A5). Discrepancies were resolved 
through a consensus process. When otherwise not reported and where possible, we calculated 
relative risks (RRs) and 95-percent confidence intervals (CIs). 

 
Data Synthesis 

 
We assessed the aggregate internal validity (quality) of the body of evidence for each Key 
Question (good, fair, and poor) using methods developed by the USPSTF, based on the number, 
quality, and size of studies; precision of estimates; consistency of results between studies; and 
directness of evidence.45 
 
We conducted meta-analyses to calculate risk ratios for progression from IFG or IGT to DM and 
for effects of interventions using the DerSimonian–Laird random effects model with RevMan 
software (Review Manager Version 5.2, Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2012). When statistical heterogeneity was present, we performed 
sensitivity analysis using the profile likelihood method using Stata (Stata 10.1), as the 
DerSimonian–Laird model results in overly narrow CIs in this situation.46 We stratified results 
by drug class or lifestyle intervention where appropriate. Statistical heterogeneity was assessed 
using the I2 statistic.47 We performed additional sensitivity analyses based on study quality and 
presence of outlier trials. 

 
External Review 

 
The draft report was reviewed by content experts, USPSTF members, AHRQ Project Officers, 
and Federal and non-Federal collaborative partners.  

Response to Public Comment 

The draft evidence review was posted for public comment on the USPSTF Web site from 
October 6 to November 5, 2014. In response to one reviewer’s comment, we edited Table 1 (on 
test values for normal and impaired fasting glucose, impaired glucose tolerance, and type 2 
diabetes definitions) by deleting the test values for random plasma glucose and noting that all 
tests should be repeated. No other comments were made that required edits to the report.
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Chapter 3. Results 

Contextual Question 1. What Is the Yield (Incidence) of 
Starting Screening at Different Ages or Rescreening at 

Different Intervals in Adults With an Initial Normal Fasting 
Blood Glucose, HbA1c, or Glucose Tolerance Test? 

 
The ADA recommends screening for DM in persons without known risk factors for DM starting 
at age 45 years.16 This recommendation is based on the increased prevalence of DM after age 44 
years (Table 2).17 Based on National Health and Nutrition Examination Survey data from 2005 
to 2008, about 4 percent of the U.S. population ages 20 to 44 years had diagnosed or 
undiagnosed DM. Corresponding proportions in persons ages 45 to 64 years and age 65 years 
and older were 14 and 27 percent, respectively.17 After age 44 years, men generally have slightly 
higher prevalence than women; blacks have higher prevalence than whites (Table 2).  
 
Evidence on the yield of rescreening remains limited. The prior USPSTF report1 found one study 
on rescreening older adults with initially normal glucose levels.48 It screened community-based 
healthy volunteers older than age 65 years (mean baseline age, 72 years) with an initial fasting 
serum glucose less than 126 mg/dL annually. The study population was 97 percent white and 
described as “upper middle class.” Ninety-six percent of study participants had at least six annual 
screens over a mean 12 years followup, over which time fasting serum glucose declined for most 
participants. Four participants, none of whom were older than age 75 years at baseline, 
developed DM during followup. 
 
Results from the Ely cohort,49 a single-center RCT of screening conducted in the United 
Kingdom, published since the prior USPSTF report, provide some evidence on the yield of 
rescreening. In this study, mean age was 50 years, about half of study participants were women, 
and risk factors were not assessed prior to screening. Participants (n=1,106) who had initial 
negative screening results were rescreened 5 and 10 years later; the corresponding yield of 
screening was 2 and 3 percent for DM.  
 
A large (n=16,313) retrospective cohort study of middle-aged (median age, 50 years) Japanese 
men and women reported the yield of annual screening for 3 consecutive years in patients 
without DM at baseline.50 In 14,800 participants, the overall yield of rescreening for DM with 
HbA1c was 3.2 percent. Incidence was highest in those with baseline HbA1c levels ranging from 
6.0 to 6.4 percent (20% [95% CI, 18% to 23%]). Fewer participants with slightly lower HbA1c at 
baseline progressed to DM (baseline, 5.5% to 5.9%; cumulative incidence, 1.2% [95% CI, 0.9% 
to 1.6%]), and nearly all of those with HbA1c less than 5.5 percent at baseline did not develop 
DM (cumulative incidence, 0.5% [95% CI, 0.001% to 0.3%]). This study may have limited 
applicability to U.S. settings because of differences related to the Japanese setting and 
population. For example, mean BMI at baseline was 22.5 kg/m2, much lower than the U.S. 
average of 28 to 29 kg/m2 in a similarly aged population.51 
 
A 2010 modeling study of DM screening strategies found that beginning screening at age 30 
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years with rescreening every 3 years or beginning screening at age 45 years with annual 
rescreening would result in a similar DM diagnosis lead-time of about 6 years.52 (See Contextual 
Question 3 for more detailed discussion of modeling studies.) 

 
Contextual Question 2. What Is the Utility of Using Formal 

Risk Calculators Versus Risk Factor Assessment (e.g., 
Family History, Body Mass Index) in Determining a Person’s 

Risk for Developing Diabetes? 
 

Several risk models or scores have been developed to assist clinical decisionmaking concerning 
screening for DM.53 “Basic” risk models use information from patient history or medical records, 
including variables such as age, race, and family history, without requiring laboratory testing. 
“Extended” risk models also include results of blood tests (e.g., lipid profile, fasting glucose). 
 
A systematic review of 94 risk models in populations not preselected on the basis of known risk 
factors for DM (n=399 to 2.54 million), reported area under the receiver operating characteristic 
(AUROC) curves of 0.60 to 0.91 for incident DM during 3 to 28 years of followup (DM 
incidence ranged from 1% to 21% in the studies).53 The systematic review identified seven risk-
prediction tools with potential for use in routine clinical practice with AUROCs that ranged from 
0.72 to 0.85 (Table 3).53 These tools utilized similar components, most commonly age, 
BMI/obesity, blood pressure or use of antihypertensive medications, and family history of DM. 
Four (Ausdrisk, FINDRISC, QDScore, and the Cambridge Risk Score) did not measure fasting 
glucose as a risk factor in their scoring and are more applicable for guiding initial screening 
decisions than tools that already include glucose measures. The discriminatory performance of 
individual risk factors was not assessed. 
 
Another systematic review, which included 46 prospective cohort studies of risk-prediction 
models, reported AUROCs for prediction of incident DM that ranged from 0.7 to 0.8 for basic 
models and from 0.68 to 0.85 for extended models.54 Both reviews found that models that 
incorporated novel biomarkers, such as genetic information, did not demonstrate improved 
discriminatory performance compared with those without such information.53,54  
 
Evidence on the comparative performance of different risk models in a specific population is 
limited. A study that compared three DM risk-prediction scoring models in a multiethnic U.S. 
cohort (n=5,329) reported the discriminative value of risk models derived from the Framingham 
Offspring, Atherosclerosis Risk in Communities (ARIC), and San Antonio Heart Studies, as well 
as the discriminatory value of individual risk factors.55 All models included fasting glucose—
limiting their utility to guide initial screening—as well as high-density lipoprotein, blood 
pressure, and family history. In this study, diagnosis of incident DM was based on the first 
followup visit during which a participant self-reported use of oral hypoglycemic drugs or insulin, 
or had a fasting serum glucose greater than or equal to 126 mg/dL. At baseline, mean age was 62 
years, 47 percent were male, and 43 percent were white. During a median of 5 years of followup, 
446 incident cases of DM were diagnosed (9% of the population). All models were associated 
with similar discrimination (c-statistic ranged from 0.78 to 0.84). The Framingham and ARIC 
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models demonstrated similar discrimination for all racial groups, but the San Antonio model 
performed more poorly for black than white participants (p<0.05). Individual risk factors 
performed more poorly than the prediction models (c-statistics ranging from 0.59 to 0.74; p<0.01 
vs. models). In terms of calibration, the Framingham risk model underestimated risk of DM, the 
San Antonio model overestimated risk, and the ARIC model was accurate in all except the 
highest risk quintile. When models were recalibrated using mean DM incidence rates and risk 
estimates from the current study’s cohort, all the prediction models showed good calibration 
(Hosmer–Lemeshow goodness-of-fit test; p>0.10).55 
 
A study that evaluated the performance of 25 prediction models (12 basic and 13 extended) in a 
large (n=38,379) Dutch cohort reported an AUROC ranging from 0.74 to 0.84 for basic models 
and from 0.81 to 0.93 for extended models for risk of DM at 7.5 years (2.2 incident cases of DM 
per 1,000 person-years).56 Most models overestimated the risk of DM. Recalibration based on the 
incidence of DM in the studied cohort improved model performance. 

 
Contextual Question 3. What Is the Utility of Existing 

Modeling Studies of Type 2 Diabetes Screening Versus No 
Screening in Examining Important Health Outcomes? 

 
The prior USPSTF report1 included seven modeling studies on screening.57-63 This included two 
high-quality studies that found targeted screening for DM in persons with hypertension to be 
relatively cost-effective when macrovascular benefits of optimal blood pressure control were 
considered.57,62 These models also found that older persons benefited more from screening than 
younger persons.57,62 For example, population-based screening with HbA1c, assuming 50-
percent uptake of screening and lifetime followup, was estimated to have an incremental cost-
effectiveness ratio (ICER) of £2,266/quality-adjusted life-year (QALY) in persons ages 40 to 70 
years versus no screening. When stratified by age, the ICER was much higher in the youngest 
group (ages 40 to 49 years: £10,216/QALY) than in the oldest group (ages 60 to 69 years: 
£1,152/QALY). The same study estimated ICERs of £1,505/QALY in persons with hypertension 
and £1,046/QALY in obese persons.57 These findings were sensitive to assumptions regarding 
the degree of blood glucose control, future treatment protocols, and cost of statins.  
 
We identified four modeling studies published since the prior USPSTF report on the cost-
effectiveness of various screening strategies for DM, IFG, or IGT versus no screening in the 
United States, United Kingdom, or Canada (Table 4).52,64-66 All were performed prior to the 
publication of the large ADDITION (Danish-Dutch Study of Intensive Treatment in People with 
Screen-Detected Diabetes in Primary Care) trial on DM screening in a higher risk population, 
which found no differences after 10 years between persons who were screened or not screened in 
risk of all-cause, CV, or DM-related mortality (see Key Question 1)67 or between intensive 
versus less intensive treatment in screen-detected persons with DM after 5 years of followup (see 
Key Question 5).68,69 The modeling studies all included assumptions regarding benefits from 
subsequent treatments and reduced progression of disease in patients with screen-detected DM. 
These assumptions were primarily based on results of the Diabetes Prevention Program (DPP), 
which evaluated effects of pharmacological and lifestyle interventions on DM progression, in 
conjunction with the modeled natural history of DM and associated clinical outcomes. All of the 
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studies found screening versus no screening to be associated with ICERs of less than 
$15,000/QALY, well under traditional thresholds for cost-effectiveness, in scenarios in which 
screening began at age 40 or 45 years. Screening tests, when described, were based on capillary 
blood glucose, fasting plasma glucose, and OGTT, with no study evaluating HbA1c as the 
screening strategy. However, conclusions were generally insensitive to costs and other 
assumptions related to the screening test used. Three of the studies evaluated screening strategies 
that included treatment of DM, IFG, or IGT, and the fourth52 included only screening and 
treatment of DM. In the ADDITION trial, screening focused on identification of DM, but 
clinicians were informed of screening results, specific therapies were not dictated, and the 
proportion of patients who were diagnosed with or received treatment for IFG or IGT was not 
reported. 
 
No study reported the timeframe over which incremental benefits were observed with regard to 
time since screening. One study that included screening and management of IFG or IGT found 
screening to be cost-effective when modeled to a horizon of 10 years.66 Another study found that 
cost-effectiveness was not observed for at least 30 years after screening.64 Information about the 
timing of accrued benefits would be helpful for evaluating the consistency of model results with 
findings from the ADDITION trial, in which no benefits were observed within 10 years of 
screening. 
 
Similar to the ADDITION trial, one of the modeling studies evaluated one-time screening.64 The 
other studies evaluated strategies that included rescreening. All of the models appeared to 
assume complete attendance at screening. In the ADDITION trial, 78 percent of those invited to 
screening participated, and primary analyses were based on invitation to screen.  
 
One of the U.S. studies was based on the Archimedes model, focused on screening and treatment 
for DM, and used a 50-year time horizon.52 A strength of the Archimedes model is that 
assumptions regarding rates of DM progression and associated outcomes have been well 
validated against epidemiological and clinical studies, showing good calibration.70 In this study, 
beginning screening with fasting plasma glucose at age 45 years followed by rescreening every 3 
years was associated with an ICER of $9,731/QALY versus no screening; beginning at age 30 
years and rescreening every 3 years, with $10,512/QALY; and annual screening beginning at age 
45 years, with $15,509/QALY.52 Less cost-effective strategies were waiting to start screening 
until age 60 ($25,738/QALY) or beginning at age 30 years and screening every 6 months 
($40,778/QALY). Screening persons with hypertension was the most cost-effective strategy 
($6,287/QALY to $6,490/QALY). Results were sensitive to the disutility assigned to the state of 
having DM diagnosed with or without symptoms. The expected number of events prevented by 
each screening strategy compared with no screening after 50 years of followup per 1,000 persons 
screened was 2 to 5 events for death, 3 to 9 events for MI, 3 to 9 events for microvascular 
complications, and 0 events to 1 event for stroke.52 The strategies that involved screening 
persons with hypertension resulted in the highest estimates of number of events prevented for 
each outcome.  
 
Other modeling studies evaluated strategies that included screening and subsequent treatments 
for IFG or IGT. Details regarding calibration of these models against epidemiological and 
clinical studies were limited. A U.S. study based on a Markov model found screening for IFG or 
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IGT (random capillary blood glucose followed by fasting plasma glucose or OGTT) followed by 
lifestyle interventions to be associated with ICERs of $8,181/QALY to $9,511/QALY versus no 
screening over a lifetime horizon.65 Findings were sensitive to assumptions regarding the 
effectiveness and costs of the lifestyle intervention, which were based on the DPP study. 
Modeling studies from the United Kingdom and Canada were generally consistent with the U.S. 
studies. A 2008 U.K. modeling study of screening for DM (without treatment for patients with 
IGT), screening for DM or IGT followed by lifestyle interventions, and screening for DM or IGT 
followed by pharmacological interventions in a population at above average risk reported ICERs 
of $27,860, $12,290, or $13,828, respectively, versus no screening based on a 50-year time 
horizon.64 A 2012 Canadian modeling study found that screening for DM, IFG, or IGT every 1, 
3, or 5 years starting at age 40 (with annual screening in persons with IFG or IGT) dominated the 
nonscreening strategy (lower costs and more QALYs) over a 10-year horizon. For the three 
strategies, the cost/QALYs were $2,367, $2,281, and $2,116 versus $2,890 with the 
nonscreening strategy.66  

 
Contextual Question 4. Is There Evidence That Intensive 

Blood Pressure or Lipid Lowering or Use of Aspirin Is More 
Effective in Persons With Diabetes Compared With Persons 

Without Diabetes? 
 

Effects of more intensive blood pressure therapy, lipid-lowering therapy, and use of aspirin in 
persons with DM is addressed in Key Question 5. Contextual Question 4 focuses on differences 
in the effectiveness of these interventions in persons with versus without DM. 
 
The 2008 USPSTF report1 included evidence on the effect of more versus less intensive blood 
pressure lowering in persons with and without DM from a meta-analysis of five trials:71 four 
trials72-76 were older studies included in the 2003 USPSTF diabetes report,77 and the remaining 
study78 enrolled only persons with kidney disease and without DM, and therefore was not 
included in older (pre-2008) USPSTF reports. Only the Hypertension Optimal Treatment (HOT) 
study73 enrolled both persons with and without DM and stratified results according to DM status; 
the other studies enrolled patients with DM (with or without hypertension).72,74-76 Target diastolic 
blood pressure (DBP) in the studies ranged from either less than or equal to 75 to 85 mm Hg, or 
10 mm Hg lower than DBP at baseline in the intensive groups, and less than or equal to 80 to 
105 mm Hg in the standard treatment groups;72-75 one study used mean arterial pressure targets 
of 92 mm Hg in the intensive group and 102 to 107 mm Hg in the standard group.78 Treatment 
regimens varied. In the intensive groups, angiotensin-converting enzyme (ACE) inhibitors, 
calcium channel blockers, and/or beta blockers were used in all of the studies. The standard 
treatment groups received placebo or no intervention in two studies,73,78 and use of an ACE 
inhibitor, beta blocker, or calcium channel blocker was prohibited in the three other studies.72,74, 

75 In the five studies that contributed data to the meta-analysis, mean achieved blood pressures 
were 139/81 mm Hg in the intensive groups and 143/84 mm Hg in the standard treatment groups, 
or higher than in the more recent Action to Control Cardiovascular Risk in Diabetes 
(ACCORD)79 and Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified 
Release Controlled Evaluation (ADVANCE)80 trials of intensive antihypertensive therapy in 
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persons with diabetes, in which mean achieved blood pressures were 119/64 and 136/73 mm Hg 
with intensive therapy, and 134/71 and 140/73 mm Hg with standard therapy, respectively (see 
Key Question 5). 
 
The largest study included in the meta-analysis was the HOT trial, which enrolled 1,501 persons 
with DM and 17,289 persons without DM.73 Study participants had a mean baseline blood 
pressure of 170/105 mm Hg. All were treated with felodipine with the addition of the dose-
titrated ACE inhibitors, beta blockers, and/or diuretics necessary to achieve blood pressure 
targets. Patients were randomized to treatment goals of DBP less than or equal to 80 mm Hg 
(intensive lowering) versus less than or equal to 85 or 90 mm Hg (combined as standard 
lowering because outcomes were very similar). Mean achieved blood pressure was 140/81 mm 
Hg in the intensive group and 143/84 mm Hg in the standard group. Results from the HOT trial 
and the overall results of the 2005 meta-analysis included in the prior USPSTF report are shown 
in Table 5. In HOT, intensive blood pressure lowering in patients with DM was associated with 
decreased risk of all-cause mortality (RR, 0.58 [95% CI, 0.34 to 0.98]) and CV mortality (RR, 
0.33 [95% CI, 0.15 to 0.74]), but it was not associated with decreased risk in patients without 
DM (RR, 1.18 [95% CI, 0.99 to 1.40] and RR, 1.32 [95% CI, 1.01 to 1.72], respectively). Effects 
on CV events in persons with DM were of borderline statistical significance (RR, 0.67 [95% CI, 
0.45 to 1.00]), with no effect in those without DM (RR, 1.01 [95% CI, 0.87 to 1.18]). Intensive 
blood pressure lowering was not associated with decreased risk of stroke in persons either with 
or without DM. In the meta-analysis (including HOT), intensive blood pressure lowering in 
persons with DM was associated with decreased risk of all-cause mortality (RR, 0.73 [95% CI, 
0.56 to 0.95]), CV mortality (RR, 0.67 [95% CI, 0.40 to 1.12]), stroke (RR, 0.64 [95% CI, 0.46 
to 0.89]), and CV events (RR, 0.75 [95% CI, 0.61 to 0.94]). For those without DM, intensive 
blood pressure lowering was associated with increased risk of CV mortality (RR, 1.30 [95% CI, 
1.01 to 1.66]) and had no effect on other outcomes. 
 
The Felodipine Event Reduction (FEVER)81 trial on effects of more intensive blood pressure 
lowering,81 published since the prior USPSTF review, reported results stratified by DM status. 
This RCT, conducted in China, enrolled 9,711 patients with hypertension, including 1,241 
persons with DM, to more intensive treatment with a calcium channel blocker and diuretic 
(felodipine plus hydrochlorothiazide) or standard treatment with a diuretic (hydrochlorothiazide) 
and placebo.81 In the FEVER trial, achieved systolic blood pressure (SBP) was similar to that in 
the studies described above, with little separation between groups (138 mm Hg with combination 
therapy vs. 142 mm Hg with diuretic monotherapy). Intensive blood pressure–lowering treatment 
was associated with no reduction in risk of all-cause mortality (RR, 1.00 [95% CI, 0.56 to 1.77]) 
or CV mortality (RR, 1.01 [95% CI, 0.51 to 1.99]) in persons with DM but was associated with 
decreased risk in persons with no DM (RR, 0.64 [95% CI, 0.48 to 0.84] and RR, 0.64 [95% CI, 
0.45 to 0.92], respectively).81 More intensive blood pressure therapy was associated with reduced 
risk of stroke in both persons with diabetes (RR, 0.56 [95% CI, 0.34 to 0.92]) and without 
diabetes (RR, 0.77 [95% CI, 0.62 to 0.96]). Possible explanations for the conflicting findings 
between this study and those in the earlier meta-analysis include the shorter duration of followup 
(mean, 3 vs. 4 to 8 years), lower achieved blood pressures, failure to achieve separation in blood 
pressure rates between more intensive and standard treatments, the specific antihypertensive 
therapies evaluated, or differences over time in the management of patients with DM.  
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The prior USPSTF report did not evaluate effects of more versus less intensive lipid-lowering 
therapy in persons with DM versus without DM, although it determined that lipid-lowering 
therapy in general appeared to be similarly effective regardless of DM status.1 This conclusion 
was primarily based on a meta-analysis that included six studies that found lipid-lowering 
therapy to be associated with similarly reduced risk of CV events in persons with DM (RR, 0.79 
[95% CI, 0.70 to 0.89]) and without DM (RR, 0.77 [95% CI, 0.67 to 0.88]) relative to placebo.82 
These results were consistent with a more recent meta-analysis of 14 trials of statins, published 
since the prior USPSTF report, which found no difference in risk of vascular events in persons 
with DM (RR, 0.79 [95% CI, 0.72 to 0.87]) or without DM (RR, 0.79 [95% CI, 0.76 to 0.82]).83 
In the Management of Elevated Cholesterol in the Primary Prevention Group of Adult Japanese 
(MEGA) Study, also published since the prior USPSTF report, persons with dyslipidemia were 
randomized to diet plus pravastatin or diet plus placebo.84 The study enrolled 7,892 Japanese 
with DM (n=1,746), IFG (n=464), or normal glucose levels (n=5,622). Estimates for risk of all-
cause mortality, stroke, coronary heart disease, and CV disease were very similar for the DM, 
IFG, and normal glucose groups (Appendix B10).  
 
Prior USPSTF reports1,77 included an older meta-analysis that found aspirin associated with no 
clear effect on risk of CV events in persons with DM (RR, 0.93 [95% CI, 0.83 to 1.07]; see Key 
Question 5).85 Using data from this meta-analysis, we calculated a pooled RR of 0.81 (95% CI, 
0.78 to 0.83) in persons without DM. Results from two other studies included in the prior report,1 
the Primary Prevention Study86 and the Women’s Health Study,87 also found no benefit with 
aspirin use in persons with DM compared with those without DM for vascular events86 and 
stroke.87 We did not identify any new studies on differential effects of aspirin use versus nonuse 
in persons with and without DM. The USPSTF is currently in the process of updating its 
recommendation on aspirin for primary prevention of CV events;88 persons with DM are 
included as a subgroup in that review.  

 
Key Question 1. Is There Direct Evidence That Screening 

(Either Targeted or Universal) for Type 2 Diabetes, Impaired 
Fasting Glucose, or Impaired Glucose Tolerance in 
Asymptomatic Adults Improves Health Outcomes? 

 
Summary 
 
The previous USPSTF report found no RCTs on the effects of screening for DM on clinical 
outcomes.1 One case-control study (303 cases) found no association between screening and 
improvement in microvascular complications. We identified two RCTs on screening for DM 
versus no screening published since the prior report: the ADDITION-Cambridge trial 
(n=19,226)67 and a study conducted in Ely, United Kingdom (n=4,936).49,89 Both trials found no 
difference between invitation to screening and no invitation to screening in risk of all-cause 
mortality after approximately 10 years (hazard ratio [HR], 1.06 [95% CI, 0.90 to 1.25] and HR, 
0.79 [95% CI, 0.63 to 1.00], respectively).  
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Evidence 
 
The good-quality ADDITION-Cambridge trial (n=19,226)67 and the fair-quality Ely trial 
(n=4,936)49,89 reported the effects of screening for DM on health outcomes (Appendixes B1 and 
B2; Table 6). The ADDITION-Cambridge trial is part of the larger ADDITION-Europe trial, an 
ongoing trial on effects of screening for DM, as well as effects of intensive versus standard 
treatment for screen-detected DM (see Key Question 5 for effects of treatment).90 Both 
ADDITION-Cambridge and the Ely study were conducted in the United Kingdom. Mean age of 
study participants ranged from 51 to 58 years, 36 to 54 percent were women, and followup was 
10 years.49,67,89 Methodological shortcomings in the Ely study included inadequate detail 
regarding methods of randomization, unclear allocation concealment, and baseline differences 
between groups (Appendix B1).49  
 
Both studies were conducted in general practices, although they used different methods to 
identify participants. In ADDITION-Cambridge, persons at high risk for DM (based on known 
risk factors) were cluster-randomized by general practice site to screening (n=16,047 participants 
from 27 practice sites; of 16,047 randomized participants, 15,089 [94%] were invited to 
screening) or no screening (n=4,137 participants from five practice sites).67 The Ely study 
randomly enrolled participants to screening (n=1,705) or no screening (n=3,231) from a single 
practice site without consideration of baseline risk of DM (study phase 1).49 Screening for DM 
was performed with initial random capillary blood glucose and HbA1c followed by confirmatory 
OGTT in the ADDITION-Cambridge study, while the Ely study used OGTT for initial 
screening. ADDITION participants underwent one-time screening, while Ely participants in the 
screening groups were invited back for subsequent screenings after 5 and 10 years. Seventy-eight 
percent (11,737/15,089) of those invited to screening underwent screening in the ADDITION 
trial,67 while participation in the Ely study was slightly lower (1,157/1,705 [68%]).49 Factors 
associated with attendance at screening were older age and prescription of antihypertensive 
medication, female sex, and lower BMI in the ADDITION study,67 and those attending screening 
in the Ely study were less socioeconomically disadvantaged, with younger persons and women 
more likely to attend in some screening cycles.49 To obtain a sufficient number of persons with 
screen-detected DM, 22 additional screening sites were added in the ADDITION study, with no 
additional nonscreening sites.67 Prevalence of DM at the time of initial screening was 3 percent 
in both the ADDITION-Cambridge and the Ely study.  
 
There was no significant difference between screening and no screening in risk of all-cause 
mortality in either the ADDITION (HR, 1.06 [95% CI, 0.90 to 1.25])67 or Ely (unadjusted HR, 
0.96 [95% CI, 0.77 to 1.20]; adjusted HR, 0.79 [95% CI, 0.63 to 1.00])67 study (Table 6). In 
ADDITION-Cambridge, those who were invited to screening but did not attend had a higher risk 
of all-cause mortality than those who were invited and attended screening (HR, 2.01 [95% CI, 
1.74 to 2.32]). In the Ely study, those who were invited but did not attend screening had 
increased risk of mortality versus those who were not invited to screening (unadjusted HR, 1.68 
[95% CI, 1.27 to 2.22]; adjusted HR, 1.36 [95% CI, 1.01 to 1.82]; Table 6).  
 
Ten years after study initiation, in study phase 2, a subset of never-screened Ely participants 
were randomized to invitation to screening (n=1,577) or no screening (n=1,425). After 8 years 
followup, there was no difference in all-cause mortality between invitation to screening and no 
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screening (unadjusted HR, 1.20 [95% CI, 0.95 to 1.51]; adjusted HR, 1.18 [95% CI, 0.93 to 
1.51]; Table 6).49 As with the results from phase 1 of the Ely study, those who were invited but 
did not attend screening had increased risk of mortality versus the nonscreening group 
(unadjusted HR, 1.85 [95% CI, 1.45 to 2.36]; adjusted HR, 1.73 [95% CI, 1.34 to 2.24]).  
 
There was also no difference in the ADDITION trial between screening and no screening in risk 
of CV mortality (HR, 1.02 [95% CI, 0.75 to 1.38]), cancer-related mortality (HR, 1.08 [95% CI, 
0.90 to 1.30]), DM-related mortality (HR, 1.26 [95% CI, 0.75 to 2.10]), or death due to other 
causes (HR, 1.10 [95% CI, 0.87 to 1.39]; Table 6).67 Nonmortality health outcomes were not 
reported in either study. 
 
Of the original 4,936 patients enrolled in phase 1 of the Ely study, 152 persons with DM (92 
from the screening group; 60 from the nonscreening group) underwent additional assessment 
after 12 years followup.89 Diagnosis of DM occurred 3.3 years earlier in the screening group than 
the nonscreening group (diagnosis 5.0 vs. 1.7 years prior, p=0.006). Despite the observed lead 
time with screening, there was no difference in health outcomes between screening and no 
screening (Table 6). 

 
Key Question 2. What Are the Harms of Screening Adults for 

Type 2 Diabetes, Impaired Fasting Glucose, or Impaired 
Glucose Tolerance? 

 
Summary 
 
The previous USPSTF report found limited evidence on the harms of screening for DM, IFG, or 
IGT, and no studies reported serious psychological or other adverse effects associated with a new 
diagnosis of DM.1 We identified three studies on psychological effects associated with screening 
or a new diagnosis of DM published since the prior report. Although one study found invitation 
to screening for DM and a new diagnosis of DM to be associated with short-term anxiety,91 two 
longer term studies found no negative psychological effects associated with invitation to 
screening or notification of positive DM status.92,93 
 
Evidence 
 
The previous USPSTF report found limited evidence on the harms of screening for DM, IFG, or 
IGT.1 No study reported serious psychological or other adverse effects associated with a new 
diagnosis of DM. The ADDITION-Cambridge study94 found that subjects who screened positive 
for DM reported poorer health, higher anxiety, more depression, and more DM-specific worry 
than those with a negative screening test at the time of screening. 
 
We identified three studies on psychological effects of screening or a new diagnosis of DM 
published since the prior USPSTF report (Appendixes B1 and B2). A fair-quality pilot study for 
the ADDITION trial randomized 355 patients at high risk for DM.91 Participants who were 
invited to and attended screening and who had completed a self-rated psychological assessment 
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(n=77/116 [66%]) reported higher scores for anxiety based on the short-form Spielberger State 
Anxiety Inventory (scale, 20 to 80; higher score indicates greater anxiety; mean score, 37.6) 
compared with those not invited to screening (mean score, 34.1; p=0.015), measured 6 to 14 
weeks after last contact with study personnel. In those screened, the six participants who were 
diagnosed with DM reported higher mean anxiety scores than those screened and found to not 
have DM (46.7 vs. 37.0; p=0.031). There was no difference between the invited and not invited 
groups on a single-item 5-point Likert scale on self-perceived health (invited score, 2.97 vs. not 
invited score, 2.95; p=0.82) and on illness representation subscales.91 
 
A followup study of the Ely cohort found no differences after 13 years between persons initially 
screened and found to be without DM (n=731) versus those unscreened (n=1,694) in self-
reported use of antidepressant or anxiolytic medications (p=0.4 and 0.8, respectively) or on 
physical and mental health summary scores on the SF-36 or the EuroQol-5D.92 Similarly, a 
subgroup analysis of screened ADDITION-Cambridge participants (n=3,240) found no 
differences between those informed that they did or did not have DM in measures of anxiety or 
depression (as measured by the Hospital Anxiety and Depression Scale) at 12 months followup 
(p-values not reported).93  
 
We identified no studies on psychological effects associated with a diagnosis of IFG or IGT. We 
also identified no studies on harms associated with false-positive tests for DM, IFG, or IGT. 

 
Key Question 3. Do Interventions for Screen-Detected or 

Early Type 2 Diabetes, Impaired Fasting Glucose, or Impaired 
Glucose Tolerance Provide an Incremental Benefit in Health 

Outcomes Compared With No Interventions or Initiating 
Interventions After Clinical Diagnosis? 

 
Summary 
 
The prior USPSTF report identified no trials on the effects of interventions for screen-detected 
DM on health outcomes, and limited evidence from five trials of persons with IFG or IGT 
showed no clear effect on all-cause or CV mortality or other health outcomes.1 New evidence 
from 12 trials (in 14 publications) indicates that lifestyle modification or early use of 
pharmacologic interventions for glycemic control or blood pressure therapy did not reduce risk 
of all-cause mortality, CV mortality, or stroke, but most trials were underpowered to evaluate 
these outcomes.95-109 One study of lifestyle modification found a reduction in all-cause and CV 
mortality after 23 years followup.110 Lifestyle modification, but not metformin, was associated 
with better quality of life based on physical health scores in a fair-quality trial (n=3,234).100 
 
Evidence 
 
The prior USPSTF report included one good-quality trial and four fair-quality trials that found no 
clear evidence that interventions improve health outcomes in persons with screen-detected or 
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early DM, IFG, or IGT. We identified 13 studies (in 16 publications) published since the prior 
report on effects of interventions on health outcomes in these populations (Appendix B3),95-110 
including longer followup or new analyses from three studies included in the prior report.99,100,108 
Studies evaluated the effect of glucose-lowering agents (six studies),98,101,103,105,106,109 
antihypertensive agents (two studies),99,104 and lifestyle modification (five studies in seven 
publications)95-97,100,102,108,110 compared with placebo or usual care. No study enrolled a screen-
detected DM population. Two studies95-97 enrolled persons with early DM, and the remainder 
enrolled those with IFG or IGT. Mean age ranged from 45 to 64 years, and 13 to 69 percent of 
the population in these studies were women. Duration of followup ranged from 1 year to 23 
years (median, 3 years). Six studies were rated good quality and five were rated fair quality; no 
studies were poor quality (Appendix B4). Limitations of the fair-quality studies were unclear 
methods of randomization and allocation concealment, and lack of details regarding blinding.  
 
The effect of interventions on progression to DM in patients with IFG or IGT is discussed in Key 
Question 6. 
 
All-Cause and Cardiovascular Mortality 
 
Studies of glucose-lowering interventions included in the previous USPSTF report found no 
difference in risk of all-cause or CV mortality with rosiglitazone,15 metformin,7,13 or acarbose111 
versus placebo in persons with IFG or IGT, although event rates were very low (≤1%) in all 
groups.  
 
Five studies published since the prior USPSTF report evaluated risk of all-cause mortality with 
acarbose,105 voglibose,101 pioglitazone,98,106 or nateglinide103 versus placebo for IFG or IGT 
(Table 7; Appendix B3). No individual trial reported a beneficial effect on mortality. A pooled 
analysis of these five trials plus the three trials included in the prior USPSTF report also found 
no reduction in all-cause mortality after 3 to 5 years followup (RR, 1.00 [95% CI, 0.87 to 1.16]; 
I2=0%; Figure 2).7,98,99,101,103,105,106,111 Stratified analyses based on drug class did not affect the 
findings. Pharmacological therapies for IFG or IGT also were associated with no reduction in 
CV mortality (RR, 1.07 [95% CI, 0.84 to 1.35]; I2=0%; Figure 3), based on pooled results from 
three trials included in the previous report (one each of acarbose,112 metformin,13 and 
rosiglitazone15) plus two trials published since the prior report (one each of pioglitazone106 and 
nateglinide103). The pooled estimates for all-cause and CV mortality were both dominated by the 
large, multicountry (n=9,306) NAVIGATOR study, which compared nateglinide versus placebo 
and valsartan versus placebo in a 2x2 design.103  
 
Trials of antihypertensive medication for IFG or IGT also found no reduction in all-cause or CV 
mortality with ramipril (HR, 0.98 [95% CI, 0.60 to 1.61] and HR, 1.21 [95% CI, 0.52 to 
2.80])14,99 or valsartan (HR, 0.90 [95% CI, 0.77 to 1.05] and HR, 1.09 [95% CI, 0.85 to 1.40])104 
versus placebo after 3 and 7 years, respectively, in persons with IFG or IGT (Table 7; Appendix 
B3). 
 
Three studies of lifestyle modification interventions versus usual care included in the prior report 
and one study published since the prior report found no difference in all-cause mortality between 
groups after 1 to 3 years followup in persons with early DM, IFG, or IGT, although they were 
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underpowered to evaluate this outcome.6,7,13,95 There remained no difference in all-cause 
mortality after 10 years followup in the Finnish Diabetes Prevention Study (DPS) in persons 
receiving intensive diet and exercise counseling versus a control group given general health 
behavior information (HR, 0.57 [95% CI, 0.21 to 1.58]; Appendix B3).108  
 
Results were similar in another study of lifestyle modification (either diet or exercise alone, or 
diet plus exercise) versus general DM or IGT health information in risk of all-cause and CV 
mortality after 20 years followup (HR, 0.96 [95% CI, 0.65 to 1.41] and HR, 0.83 [95% CI, 0.48 
to 1.40], respectively).102 However, after 23 years followup, both all-cause mortality (HR, 0.71 
[95% CI, 0.51 to 0.99]) and CV mortality (HR, 0.59 [95% CI, 0.36 to 0.96]) were significantly 
reduced in the lifestyle-modification group (Table 7).110 Limitations of the study include a 
relatively small sample size (n=577; 439 in the intervention group and 138 in the control group). 
Also, mortality was not a prespecified outcome and study participants were not regularly 
monitored beyond the 6-year intervention; deaths were ascertained using hospital records and 
physician interviews. Additionally, the study was conducted in China, which may limit 
applicability to a U.S. population.  
 
Cardiovascular Events 
 
One fair-quality trial included in the prior report found that acarbose for IGT was associated with 
reduced risk of acute MI (HR, 0.09 [95% CI, 0.01 to 0.72]) and total CV events, including MI, 
new angina, revascularization, CV death, congestive heart failure, cerebrovascular events, and 
peripheral vascular disease (HR, 0.51 [95% CI, 0.28 to 0.95]) versus placebo.112 However, three 
additional good-quality trials of nateglinide103 and rosiglitazone with109 or without99 metformin 
and one fair-quality trial of pioglitazone98 published since the prior USPSTF report found no 
beneficial effect on risk of MI versus placebo when patients were followed for 2 to 5 years 
(Table 7; Appendix B3).  
 
Two studies of antihypertensive medications in patients with IFG or IGT found no reduction in 
risk of MI with ramipril (HR, 1.29 [95% CI, 0.59 to 2.84])99 or valsartan (HR, 0.97 [95% CI, 
0.77 to 1.23])104 versus placebo after 3 and 5 years followup, respectively. Risk estimates for 
heart failure were imprecise or showed no effect (HR, 3.06 [95% CI, 0.99 to 9.48] for ramipril; 
HR, 0.97 [95% CI, 0.72 to 1.29] for valsartan; Table 7; Appendix B3).  
 
Two trials7,13 included in the prior USPSTF report found no difference in CV events or CV 
morbidity with lifestyle modification versus usual care in patients with IGT or IFG.1 These 
results were consistent with 10 and 20 years followup in the Finnish DPS108 and the Da Qing102 
studies, respectively (two fair-quality studies of diet, exercise, or diet plus exercise and physical 
activity, weight reduction, and dietary counseling, respectively, published since the prior report), 
although event rates were low in both studies (Table 7; Appendix B3). 
 
Stroke 
 
A fair-quality study included in the prior USPSTF report found no difference in risk of stroke 
with acarbose versus placebo (HR, 0.56 [95% CI, 0.10 to 18.30]),112 and two studies published 
since the prior USPSTF report found no association between rosiglitazone (HR, 1.40 [95% CI, 
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0.44 to 4.40]99) or nateglinide (HR, 0.89 [95% CI, 0.69 to 1.15])103 versus placebo in risk of 
stroke after 3 years and 5 years, respectively. Trials of the antihypertensive medications ramipril 
(HR, 0.50 [95% CI, 0.15 to 1.66])99 and valsartan (HR, 0.79 [95% CI, 0.61 to 1.02])104 also 
showed no effects on risk of stroke versus placebo in persons with IFG or IGT after 5 years 
(Table 7; Appendix B3).  
 
Renal Disease 
 
No studies reported incidence of serious renal disease as an individual outcome. The large 
(n=5,269) multicountry 2x2 factorial design DREAM trial, which compared ramapril versus 
placebo and rosiglitazone versus placebo, reported a composite renal outcome that included 
intermediate (e.g., progression from normal albuminuria to microalbuminuria) and clinical (renal 
insufficiency requiring dialysis or transplantation) outcomes. It found rosiglitazone (HR, 0.80 
[95% CI, 0.68 to 0.93]) but not ramipril (HR, 0.97 [95% CI, 0.83 to 1.14]) to be associated with 
reduced risk versus placebo after 3 years (Table 7; Appendix B3).99 
 
Quality of Life 
 
Two studies reported quality of life measures. Followup from the Diabetes Prevention Program 
study (n=3,234)100 found an intensive lifestyle intervention to be associated with better SF-36 
scores for general health (+3.2; p<0.01), physical function (+3.6; p<0.01), bodily pain (+1.9; 
p<0.01), and vitality (+2.1; p<0.01) versus placebo (Appendix B3). In the same study, there was 
no difference between metformin and placebo on quality of life measures. A second study that 
compared usual care plus a single education session with usual care and no education component 
in persons with newly diagnosed diabetes found no difference in quality of life measures at 1 
year96 and 3 years followup.97 

 
Key Question 4. What Are the Harms of Interventions for 

Screen-Detected or Early Type 2 Diabetes, Impaired Fasting 
Glucose, or Impaired Glucose Tolerance? 

 
Summary 
 
The previous USPSTF report1 found no studies that reported serious harms and no studies of 
harms associated with interventions in persons with screen-detected DM. Most studies conducted 
in persons with IFG or IGT included in the 2008 USPSTF report found no differences in 
withdrawal rates between lifestyle or pharmacologic interventions and placebo or usual care.  
 
Studies of interventions for screen-detected or early DM, IFG, or IGT published since the 2008 
USPSTF report found few differences between lifestyle or pharmacologic interventions versus 
usual care or placebo in risk of harms, although evidence was limited. One trial found that 
acarbose was associated with higher risk of withdrawal due to adverse events versus placebo.105 
Rosiglitazone was associated with increased congestive heart failure in one trial, although the 
estimate was imprecise (HR, 7.04 [95% CI, 1.60 to 31]).99 There was also no difference in risk of 
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serious adverse events between interventions and placebo or usual care in three other studies,101, 

106,107 but few events were reported. A large good-quality study found nateglinide to be 
associated with increased risk of hypoglycemia versus placebo (20% vs. 11%; RR, 1.73 [95% CI, 
1.57 to 1.92]) and valsartan to be associated with increased risk of hypotension-related adverse 
events (42% vs. 36%; RR, 1.16 [95% CI, 1.11 to 1.23]).103,104 

Evidence 
 
The previous USPSTF report1 found no studies of harms associated with interventions for 
screen-detected DM. Most studies conducted in persons with IFG or IGT included in the 2008 
USPSTF report found no differences in withdrawal rates between lifestyle or pharmacologic 
interventions versus control placebo or usual care,4,6,113 although one study reported a higher risk 
of withdrawal with acarbose versus placebo (RR, 1.63 [95% CI, 1.34 to 1.97]).111 For treatment 
of DM in general (not restricted to screen-detected cases), systematic reviews included in the 
2008 USPSTF report found hypoglycemia to be more common with sulfonylureas versus other 
glucose-lowering drugs (e.g., metformin, TZDs) and with glyburide versus other secretagogues 
(RR, 1.83 [95% CI, 1.21 to 1.92]) and other sulfonylureas (RR, 1.83 [95% CI, 1.35 to 2.49]).1 
 
We identified four good- and five fair-quality trials published since the 2008 USPSTF report that 
reported harms associated with interventions for screen-detected or early DM, IFG, or IGT 
(Appendix B5).96-98,101,103-107,109 The fair-quality studies had unclear methods of randomization, 
allocation concealment, and/or blinding (Appendix B4). One study was conducted in persons 
with screen-detected or early DM, and the other seven enrolled persons with IFG or IGT. Two 
studies evaluated the effects of lifestyle interventions96,97,107 and seven evaluated pharmacologic 
interventions, including TZDs (three studies),98,106 alpha-glucosidase inhibitors (two studies),101, 

105 nateglinide and valsartan (one study),103,104 metformin (one study),179 and combination 
therapy (one study).109 Sample sizes ranged from 118 to more than 9,000 participants, and 
duration of followup was from 1 to 5 years. No study was specifically designed to assess harms. 
 
Withdrawals due to adverse events were reported in three studies of pharmacologic interventions 
published since the 2008 USPSTF report. Two of these studies reported no difference in risk of 
withdrawals between active intervention and placebo (Appendix B5).101,103,104 In the other study, 
acarbose was associated with higher risk of withdrawal due to adverse events than placebo (37% 
vs. 14%; RR, 2.66 [95% CI, 1.29 to 5.48]).105 This finding was consistent with a study of 
acarbose versus placebo included in the prior USPSTF report (29% vs. 18%; RR, 1.63 [95% CI, 
1.34 to 1.97]).111 
 
Two trials found that pioglitazone (50% vs. 42%; RR, 1.23 [95% CI, 1.03 to 1.47])98 and 
voglibose (90% vs. 85%; RR, 1.06 [95% CI, 1.02 to 1.10])101 were associated with increased risk 
of any adverse event versus placebo. In these trials, serious adverse events were rare, with no 
difference between voglibose (0.6% vs. 0.2%; RR, 2.46 [95% CI, 0.48 to 13])101 or pioglitazone 
(2% vs. 5%; RR, 0.41 [95% CI, 0.13 to 1.29])106 versus placebo. Rosiglitazone was associated 
with increased congestive heart failure (HR, 7.04 [95% CI, 1.60 to 31]) in the DREAM trial, 
although this estimate was imprecise.99 A placebo-controlled trial of acarbose included in the 
prior report112 and three trials of pioglitazone,98 nateglinide,103 or metformin plus rosiglitazone109 
published since the prior report found no new or worsening heart failure events, although few 
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events were reported in three of these trials (Appendix B3).98,109,112 One trial found nateglinide 
to be associated with increased risk of hypoglycemia versus placebo (20% vs. 11%; RR, 1.73 
[95% CI, 1.57 to 1.92]) and valsartan to be associated with increased risk of hypotension-related 
adverse events (42% vs. 36%; RR, 1.16 [95% CI, 1.11 to 1.23]).103,104 Two trials found no 
difference between pioglitazone98 or metformin plus rosiglitazone109 versus placebo in risk of 
cancer, although the trials were not designed to evaluate this outcome and were underpowered 
(Appendix B5). No trial of metformin reported risk of lactic acidosis, while one trial reported no 
differences in serious or not serious hypoglycemia or serious anemia.179 
 
Two studies on educational lifestyle interventions versus usual care published since the prior 
review reported few adverse events, with no difference in risk of all-cause withdrawal rates in 
one study (5% vs. 6%; RR, 0.81 [95% CI, 0.45 to 1.44)96 and no serious adverse events in the 
other study (Appendix B5).107  
 
No observational study of harms associated with pharmacological interventions focused on 
populations with screen-detected or early DM. 

 
Key Question 5. Is There Evidence That More Intensive 
Glucose, Blood Pressure, or Lipid Control Interventions 

Improve Health Outcomes in Adults With Type 2 Diabetes, 
Impaired Fasting Glucose, or Impaired Glucose Tolerance 

Compared With Traditional Control? Is There Evidence That 
Aspirin Use Improves Health Outcomes in These Populations 

Compared With Nonuse? 
 

Summary 
 
The previous USPSTF report included no studies of more versus less intensive glucose, blood 
pressure, or lipid control for screen-detected DM.1 For DM not specifically screen detected, the 
prior report found intensive glycemic control to be associated with reduced risk of various 
composite vascular events and intensive blood pressure control to be associated with reduced CV 
morbidity, and no evidence on the effect of intensive lipid control on health outcomes versus 
standard therapy.1 The prior USPSTF report also included a systematic review that found aspirin 
use in persons with DM to be associated with a small, non–statistically significant benefit in 
reducing risk of CV events (RR, 0.93 [95% CI, 0.83 to 1.07]).85 
 
The ADDITION-Europe study of persons with newly screen-detected DM (baseline HbA1c, 
6.5%), published since the prior report, found no difference between treatment with an intensive 
multifactorial intervention aimed at glucose, blood pressure, and lipid-lowering and standard 
treatment in risk of all-cause mortality (HR, 0.91 [95% CI, 0.69 to 1.21]), CV mortality (HR, 
0.83 [95% CI, 0.65 to 1.05]), MI (HR, 0.70 [95% CI, 0.41 to 1.21]), stroke (HR, 0.98 [95% CI, 
0.57 to 1.71]), or revascularization (HR, 0.79 [95% CI, 0.53 to 1.18]) after 5 years.68,69  
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For DM not specifically identified by screening, many good-quality systematic reviews found 
fair- to good-quality consistent evidence that intensive glucose lowering to a target HbA1c of 
from less than 6 to 7.5 percent was associated with no reduction in all-cause or CV mortality 
compared with less intensive therapy.114-124 Intensive glucose-lowering therapy was associated 
with reduced risk of nonfatal MI in six reviews (pooled RR range, 0.83 to 0.87) and retinopathy 
in three reviews (pooled RR, 0.75 to 0.80).114,117,118,121,122,124  
 
Intensive blood pressure lowering reduced risk of all-cause mortality and stroke in a good-
quality systematic review,125 but large, recently published trials are inconsistent with respect to 
the effects of more versus less intensive blood pressure therapy in patients with DM. The 
ADVANCE trial80,126 found the addition of an ACE inhibitor plus diuretic to be associated with 
decreased risk of all-cause and CV mortality, and the ACCORD study127,128 found no difference 
between an SBP target of 140 versus 120 mm Hg in risk of all-cause or CV mortality. Limited 
evidence from two trials of persons with DM found no benefit from the addition of a fibrate to 
statin monotherapy or the addition of statin to lifestyle interventions in risk of all-cause or CV 
mortality.84,129 Two trials found that use of multifactorial interventions in persons with DM 
aimed at more intensive glucose, blood pressure, and/or lipid lowering was associated with 
reduced risk of all-cause and CV mortality.130,131 Two good-quality systematic reviews found 
fair-quality evidence of no effect of aspirin use versus nonuse on health outcomes in persons 
with DM, including all-cause mortality, CV mortality, MI, and stroke.132,133 

Evidence 
 
We identified 13 good-quality systematic reviews (Appendixes B6, B7, and B8)114-125,134 and 10 
trials in 33 publications (Appendixes B9, B10, and B11)68,69,79,80,84,126-131,135-156 published since 
the prior USPSTF report on the effects of more intensive glucose, blood pressure, or lipid control 
or the use of aspirin on health outcomes. They include the primary publications of the treatment 
phase of the ADDITION trial (conducted in persons with screen-detected DM),68,69 the large 
ACCORD127,128 and ADVANCE trials,80,126,145 and their many substudies. Four of the trials were 
rated fair quality68,69,84,148-151 and the remainder were rated good quality. Common limitations of 
the fair-quality trials were unclear methods of randomization and treatment allocation 
(Appendix B11). Studies ranged in size from 160 to more than10,000 participants, with 
followup from 3 to 13 years; mean age was 53 to 72 years. Only the ADDITION trial enrolled a 
screen-detected DM population;68,69,135-137 all other trials enrolled persons with DM not 
specifically screen detected.  
 
Screen-Detected Diabetes 
 
The prior USPSTF report included no studies of more versus less intensive glucose, blood 
pressure, or lipid control for screen-detected DM.1 The recently published findings from the fair-
quality treatment phase of the ADDITION-Europe trial evaluated effects of more intensive 
treatment for screen-detected DM (Appendix B9).68,69,138 Patients, but not caregivers, were 
blinded to treatment allocation. Study participants were residents of Denmark (n=1,533), the 
United Kingdom, (n=1,026), or the Netherlands (n=498) and newly diagnosed with DM through 
screening. Mean HbA1c was 6.5 percent, about one fourth of participants were smokers, mean 
BMI was 31.5 kg/m2 (meeting criteria for obesity), and 6 to 7 percent had a history of MI at the 
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time of enrollment. The study used a cluster-randomized design in which care centers were 
randomized to a multifactorial intervention that included use of intensive glucose, blood 
pressure, and lipid-lowering targets (HbA1c <7.0%, blood pressure <135/85 mm Hg, and total 
cholesterol ≤4.5 to 5.0 mmol/L, respectively) plus a lifestyle education component (n=1,678) or 
standard targets according to local guidelines (n=1,379). In the intensive treatment group, 
selection of glucose, blood pressure, or lipid-lowering therapy was determined using a 
prespecified treatment algorithm, and aspirin could be added if deemed necessary by caregivers. 
Participants were followed for 5 years or until the first CV event (the primary outcome), which 
included CV mortality, nonfatal MI or stroke, revascularization, or nontraumatic amputation 
(Appendix B9).68  
 
There was no difference between groups in incidence of first CV event after adjustment for 
country (HR, 0.83 [95% CI, 0.65 to 1.05]).68 Intensive treatment was also associated with no 
reduction in risk of all-cause mortality (HR, 0.83 [95% CI, 0.65 to 1.05]) or CV mortality (HR, 
0.88 [95% CI, 0.51 to 1.51]), stroke (HR, 0.98 [95% CI, 0.57 to 1.71]), MI (HR, 0.70 [95% CI, 
0.41 to 1.21]), or revascularization (HR, 0.79 [95% CI, 0.52 to 1.18]; Appendix B9). Results for 
all-cause mortality varied by study country (I2=55%): intensive treatment was associated with 
lower risk in the United Kingdom (HR, 0.59 [95% CI, 0.35 to 0.98]), but not the Netherlands 
(HR, 0.91 [95% CI, 0.69 to 1.21]) or Denmark (HR, 1.15 [95% CI, 0.80 to 1.66]). Results for CV 
mortality showed a similar pattern when stratified by country, but none of the estimates were 
statistically significant. Both mortality and CV event rates were lower than anticipated, and there 
was little difference between groups in final HbA1c, blood pressure, and total cholesterol values 
(Appendix B9).68 There was no difference in self-reported measures of general and DM-specific 
quality of life in ADDITION-Europe participants after 5 years followup (Appendix B9).138 
 
Analyses of 1,161 ADDITION-Denmark participants found no difference between intensive and 
standard treatment in measures of neuropathy after 6 years (Appendix B9).135 In the 
ADDITION-Netherlands trial (n=498), there was no difference between intensive and standard 
treatment in most measures of quality of life, based on the SF-36 and DM-specific scales. 
However, intensive treatment was associated with slightly worse (lower) SF-36 mental health 
component scores after 3 years of followup (76 vs. 80; p=0.04).136,137 
 
Diabetes Not Specifically Screen Detected 
 
Glucose control. The prior USPSTF report found that intensive glycemic control in persons with 
DM was associated with reduced risk of various vascular events.1 This was largely based on a 
meta-analysis of six trials that found reduced risk of macrovascular events (RR, 0.81 [95% CI, 
0.73 to 0.91]; I2=53%), peripheral vascular events (RR, 0.58 [95% CI, 0.38 to 0.89]; I2=0%), and 
cerebrovascular events (RR, 0.58 [95% CI, 0.46 to 0.74]; I2=53%) but no reduction in cardiac 
events (RR, 0.91 [95% CI, 0.80 to 1.03]; I2=2%).157  
 
We identified 11 good-quality systematic reviews on the effect of intensive glucose control on 
vascular outcomes published since the prior report (Appendixes B6 and B7).114-124 The reviews 
had substantial overlap in included studies, although a few were more comprehensive (Appendix 
B12).115,117,118 One of the largest and most recent reviews117 analyzed evidence from 14 trials 
(n=28,614), including the good-quality ACCORD trial,127ADVANCE80 trial, and the Veterans 
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Affairs Diabetes Trial (VADT),156 all published since the prior USPSTF report. Eleven of the 
studies included in this review were conducted in patients with established DM (duration, 3 to 12 
years), although three older studies in the review enrolled persons with newly or recently 
diagnosed DM.158-160 Six of the included studies were judged to have low risk of bias based on 
assessment of allocation methods, blinding, outcome reporting, and potential for other sources of 
bias. The studies did not report the proportion of patients diagnosed by screening or through 
other methods. In four studies the glucose control target was HbA1c less than or equal to 6.5 
percent; in four studies, HbA1c less than 7 to 7.5 percent; and in the remaining five studies, 
fasting blood glucose  less than 6.6 to 6.1 mmol/L or normalization of fasting blood glucose.  
 
The review found no difference between intensive versus standard glucose control and risk of 
all-cause mortality (12 studies; RR, 1.02 [95% CI, 0.91 to 1.12]; I2=30%) or CV mortality (12 
studies; RR, 1.11 [95% CI, 0.92 to 1.35]; I2=46%; Table 8).117 These results are consistent with 
findings reported in the other systematic reviews (Appendix B7). Intensive glucose control was 
associated with lower risk of nonfatal MI versus standard control (eight studies; 4% vs. 5%; RR, 
0.85 [95% CI, 0.76 to 0.95]; I2=0%). Risk of retinopathy was also reduced with intensive glucose 
control (seven studies; 12% vs. 14%; RR, 0.80 [95% CI, 0.67 to 0.94]; I2=59%), although 
heterogeneity was high and estimates were not consistently significant in the four other 
reviews114,115,118,123 that assessed risk of retinopathy (Appendix B7). Across the 11 systematic 
reviews, there was no difference between intensive and standard glucose control for most other 
outcomes, including stroke and renal disease. 
 
Three major trials published since the prior report each found no benefit of intensive versus 
standard glucose control on clinical outcomes.126-128,156 Target HbA1c was from less than 6.0 
percent to less than or equal to 6.5 percent in the intensive glucose control groups in all three 
studies. In the ACCORD study (n=10,251), intensive treatment was associated with significantly 
increased risk of all-cause mortality (HR, 1.21 [95% CI, 1.02 to 1.44]) and a nonsignificant 
increase in risk of CV mortality (HR, 1.27 [95% CI, 0.99 to 1.63]; Appendix B10).127,128 As a 
result, study participants receiving intensive glucose control were transitioned to standard control 
after about 4 years of followup. One year after the transition to standard treatment, the risk 
estimates were similar to earlier findings (all-cause mortality: HR, 1.19 [95% CI, 1.03 to 1.38]; 
CV mortality: HR, 1.29 [95% CI, 1.04 to 1.60]). The VADT study of 1,791 primarily male U.S. 
veterans found no difference between intensive and standard glucose control and all-cause 
mortality (HR, 1.07 [95% CI, 0.81 to 1.42]) or CV mortality (HR, 1.32 [95% CI, 0.81 to 2.14]), 
although estimates were in the same direction as ACCORD.156 Participants in the VADT trial 
had somewhat higher baseline HbA1c levels than those in ACCORD (9.4% vs. 8.3%), longer 
duration of DM (12 vs. 10 years), and similar rates of previous CV events (40% vs. 35%). The 
ADVANCE trial, which enrolled 11,140 participants with less severe DM (mean HbA1c, 7.5%) 
and of shorter duration (mean, 8 years), also found no difference between intensive and standard 
treatment in all-cause mortality (RR, 0.93 [95% CI, 0.83 to 1.05]) or CV mortality (RR, 0.88 
[95% CI, 0.74 to 1.03]) (Appendix B10).126 

  
The ACCORD-Eye study found a significant reduction in progression of retinopathy with 
intensive glucose control (RR, 0.70 [95% CI, 0.55 to 0.89]) compared with standard control in a 
subgroup of ACCORD participants (n=2,856),143 although there was no difference between 
groups for this outcome in the VADT study (RR, 0.86 [95% CI, 0.66 to 1.13]).156 There were no 
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differences in either the ACCORD and VADT studies between intensive and standard glucose 
control in risk of other vascular outcomes, such as stroke, congestive heart failure, or sudden 
death (Appendix B10).127,128,156  
 
Long-term post-trial monitoring data from the good-quality U.K. Prospective Diabetes Study 
(UKPDS) has also been published since the prior USPSTF report.154 Although the UKPDS 
concluded in 1997, continued followup of participants has been performed to determine the long-
term effects of intensive glucose (target, <6.0 mmol/L) and blood pressure lowering (target, 
<150/85 mm Hg, discussed in the following section). Based on earlier UKPDS results, the 2003 
USPSTF report noted a nonsignificant reduction in risk of MI with intensive glucose control 
(RR, 0.84 [95% CI, 0.71 to 1.0]), with no difference between intensive and standard groups for 
other CV outcomes.77 With additional followup (mean, 10 years) intensive treatment was 
associated with reduced risk of all-cause and DM-related mortality (RR, 0.88 [95% CI, 0.82 to 
0.94] and RR, 0.85 [95% CI, 0.76 to 0.94]), and risk of MI remained reduced (RR, 0.86 [95% CI, 
0.78 to 0.95]; Appendix B10).154  
 
A separate analysis of data from the ADVANCE trial found no difference between intensive and 
standard glucose control and risk of various cancers or cancer mortality (Appendix B10).146 
These results were consistent with those reported in a meta-analysis of the ACCORD, UKPDS, 
and VADT studies (RR, 1.03 [95% CI, 0.83 to 1.29]).161 An analysis of a random subset of 
ACCORD participants found no clinically meaningful difference in quality of life between 
intensive and standard treatment in SF-36 and DM-specific quality of life measures,144 and the 
ACCORD-Bone substudy found no difference in risk of fractures or falls139 (Appendix B10). 
 
Blood pressure control. The 2008 USPSTF report found that more intensive blood pressure 
control was associated with reduced CV morbidity compared with standard treatment.1 This 
conclusion was based on four studies72-76 included in the 2003 USPSTF report,77 as well as a 
subsequent meta-analysis of comparative effects of antihypertensive treatments on mortality and 
CV events in persons with and without DM (described in Contextual Question 4).71 We 
identified two additional good-quality systematic reviews published since the 2008 report 
(Appendixes B6 and B7).125,134 These two reviews included five trials (n=8,332) and 13 trials 
(n=37,736) of more versus less intensive blood pressure lowering, respectively, and both 
included data from the blood pressure–lowering arms of ADVANCE and ACCORD (discussed 
below). The larger review excluded studies with an achieved SBP of greater than 140 mm Hg in 
the standard treatment group, studies that reported less than 3 mm Hg difference between 
intensive and standard treatment groups, and studies of patients with type 1 diabetes.125 The 
review also included two studies of persons with IFG; one was included in the previous USPSTF 
report14 and the other,104 published since the prior report, is included in Key Question 6. Ten of 
the studies were assessed as having a low risk of bias, using quality assessment based on method 
of treatment allocation and blinding. Baseline HbA1c in participants in the included studies 
ranged from 6 to 11.5 percent in 10 studies reporting HbA1c levels, and duration of followup 
ranged from 2 to 7 years.  
 
Results of the two meta-analyses are summarized in Table 9. The number of studies pooled for 
specific outcomes varied slightly between the reviews, but risk estimates were generally 
consistent. Intensive blood pressure control (achieved SBP ≤135 mm Hg) was associated with 
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reduced risk of all-cause mortality (RR, 0.90 [95% CI, 0.82 to 0.98]; I2=0%) compared with 
standard control (achieved BP ≤140 mm Hg).125 Intensive blood pressure treatment was also 
associated with reduced risk of stroke (RR, 0.83 [95% CI, 0.73 to 0.95]; I2=27%125 and RR, 0.61 
[95% CI, 0.48 to 0.79]; I2=0%134), although the effect was most pronounced when lower blood 
pressure targets were achieved (SBP ≤130 mm Hg; RR, 0.53 [95% CI, 0.38 to 0.75]; I2=0%).125 
There was no difference between intensive and standard blood pressure control in risk of CV 
mortality, MI, or heart failure.125,134 
 
The two major new trials on effects of more versus less intense blood pressure control on clinical 
outcomes in persons with DM are the good-quality ACCORD-BP79 and ADVANCE80 trials 
(Appendix B10). Long-term post-treatment followup of the UKPDS has also become 
available.155 The studies had important differences in design and patient demographics. The 
ACCORD-BP trial included 4,733 participants randomized to intensive (target SBP <120 mm 
Hg) or standard (target SBP <140 mm Hg) blood pressure control. Mean blood pressure at 
baseline was 139/76 mm Hg. After 1 year of treatment, participants in the intensive arm were 
taking an average of three blood pressure medications, compared with two blood pressure 
medications in the standard group; the proportion of patients taking an ACE inhibitor (60% vs. 
52%), angiotensin II receptor blocker (ARB) (41% vs. 30%), or either (90% vs. 80%) was 
slightly higher in the intensive therapy group than the standard therapy group. Mean blood 
pressures were 119/64 versus 134/71 mm Hg, respectively, at 1 year, and blood pressure control 
remained stable through 5 years of followup.79 The ADVANCE trial (n=11,140) did not utilize a 
specific blood pressure target. Rather, participants were randomized to a fixed-dose ACE 
inhibitor–diuretic combination (perindopril plus indapamide) or placebo added onto their 
existing therapy. Mean baseline blood pressures were 145/81 mm Hg in both groups. At 5 years 
followup, mean blood pressure was 136/73 mm Hg in the perindopril/indapamide group and 
140/73 mm Hg in the placebo group. Thus, the “intensive” group in ADVANCE achieved 
marginally higher SBP and DBP readings than the “standard” ACCORD group. In the UKPDS 
cohort, differences in blood pressures between the intensive and standard blood pressure control 
groups at the beginning of the post-trial monitoring period (143/79 vs. 152/82 mm Hg; p<0.001) 
did not persist with longer followup, and no attempt was made to maintain treatments.155 All 
three studies used different composite outcomes as the primary outcome but also reported results 
for individual outcomes (Appendix B10). 
 
Results from the four studies included in the prior reports and the ACCORD and ADVANCE 
trials are summarized in Table 10. There are some inconsistencies between the ACCORD and 
ADVANCE trials. The ADVANCE trial found that intensive blood pressure control was 
associated with decreased risk of all-cause (RR, 0.87 [95% CI, 0.76 to 0.98]) and CV mortality 
(RR, 0.82 [95% CI, 0.69 to 0.98]).80 The ACCORD trial found no differences between intensive 
versus standard treatment in risk of all-cause mortality (RR, 1.11 [95% CI, 0.89 to 1.38]) or CV 
mortality (RR, 1.04 [95% CI, 0.73 to 1.48]), but decreased risk of fatal and nonfatal stroke (RR, 
0.58 [95% CI, 0.39 to 0.88]).79 Long-term post-trial followup of UKPDS participants found no 
difference between intensive versus standard therapy in risk of all-cause mortality (RR, 0.89 
[95% CI, 0.75 to 1.06]) or stroke (RR, 0.77 [95% CI, 0.55 to 1.07]).155 None of the studies 
reported differences between intensive and standard blood pressure control in other outcomes, 
including MI, heart failure, renal failure, retinopathy, neuropathy, and quality of life (Table 10; 
Appendix B10). 
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Some potential reasons for the differences between the results of the ACCORD and ADVANCE 
trials include the use of different types of interventions (blood pressure treated to target vs. the 
addition of a specific medication combination), differences in the blood pressures achieved with 
the intervention, and others (e.g., differences in populations).162,163 In addition, the annual rate 
for the primary outcome (CV mortality, nonfatal MI, and nonfatal stroke) in the standard 
treatment group of the ACCORD study was only about half the anticipated rate (actual rate of 
2% per year vs. anticipated rate of 4% per year), potentially reducing statistical power.79 
 
Lipid control. The previous USPSTF report1 did not include any studies of intensive versus 
standard lipid control in persons with DM, although it did include studies comparing the 
differential effects of lipid-lowering therapy in persons with and without DM (see Contextual 
Question 4). We identified two trials published since the prior USPSTF report on effects of 
additional lipid-lowering therapies in persons with DM (Appendix B10). The ACCORD-Lipid 
substudy analyzed 5,518 participants randomized to simvastatin plus fenofibrate versus 
simvastatin plus placebo; it did not utilize specific lipid targets.129 HbA1c was 8.3 percent in 
both groups at baseline and lipid levels were similar (total cholesterol, approximately 175 mg/dL 
and low-density lipoprotein, approximately 100 mg/dL). There was no significant difference in 
all-cause (RR, 0.91, [95% CI, 0.76 to 1.10]) or CV mortality (RR, 0.86 [95% CI, 0.66 to 1.13]), 
or in most individual (e.g., stroke, MI, heart failure) or composite outcomes. However, lipid 
lowering was associated with a reduction in progression of retinopathy in a subgroup of 2,856 
ACCORD participants (RR, 0.63 [95% CI, 0.45 to 0.89]; Appendix B10).143 The second study 
(MEGA) enrolled persons with and without DM (see Contextual Question 4).84 Study 
participants with DM (n=1,746; mean HbA1c, 6.9%) were randomized to pravastatin plus diet or 
diet alone. There was no difference between groups in risk of all-cause or CV mortality, stroke, 
cerebral infarction, or composite vascular outcomes (Appendix B10).  
 
Multifactorial interventions. The 2008 USPSTF evidence report did not include studies of more 
versus less intensive multifactorial interventions for glucose, blood pressure, or lipid lowering in 
persons with DM.1 We identified three good-quality studies130,131,152,153 and one fair-quality 
study148 (reported in five publications) on the effects of combined glucose, blood pressure, and 
lipid lowering on health outcomes (Table 11; Appendix B10). Duration of followup ranged 
from 3 to 15 years (median, 6 years). The multifactorial interventions varied in studies and were 
based on treatment algorithms148,152,153 or recommended protocols.130 For example, the 
ADVANCE trial added perindopril plus indapamide for blood pressure lowering and gliclazide 
modified release for glucose control in the intensive group, compared with placebo and 
physician-determined glucose-lowering regimens in the standard group.130 In the Steno-2 trial, a 
single-center trial in Denmark, participants in the intensive control group received an ACE 
inhibitor (or an ARB if an ACE inhibitor was contraindicated), aspirin, a multivitamin 
supplement, diet and exercise recommendations, and if HbA1c levels were not adequately 
controlled with diet and exercise alone, an oral hypoglycemic. In the trials, adjustments to blood 
pressure– and glucose-lowering agents could be made based on the treatment algorithms. The 
trials also varied in their use of targets. For example, the ADVANCE trial evaluated the addition 
of an ACE inhibitor–diuretic drug combination without a blood pressure target.130 In the three 
studies that utilized blood pressure targets, the Stop Atherosclerosis in Native Diabetics Study 
(SANDS) used a lower SBP target (<115 mm Hg) than the other two studies (<130 mm 
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Hg).131,148,152,153 Although glucose, blood pressure, and lipid levels were reduced with intensive 
treatment in all of the studies, targets were generally not met in any study (Table 11). 
The intensive multifactorial intervention was associated with reduced risk of all-cause mortality 
in the ADVANCE (RR, 0.83 [95% CI, 0.70 to 0.99])130 and Steno-2 trials (RR, 0.60 [95% CI, 
0.40 to 0.90]).131 The multifactorial intervention was also associated with lower risk of CV 
mortality in these trials (RR, 0.76 [95% CI, 0.60 to 0.98] and RR, 0.47 [95% CI, 0.23 to 0.98], 
respectively). However, results from the fair-quality Japanese Elderly Diabetes Intervention Trial 
(JEDIT) (n=1,173), which enrolled an older population than the other studies (mean age, 72 vs. 
55 to 66 years) with a longer duration of DM at baseline (approximately 17 vs. 8 years in the 
ADVANCE trial), found no difference between intensive and standard groups for any outcome 
after 6 years.148 Absolute event rates were lower in this study than in the ADVANCE and Steno-
2 trials. There was an 8-percent incidence of all-cause mortality in JEDIT, compared with 15 and 
40 percent in the ADVANCE and Steno-2 trials after 5 and 13 years, respectively. Risk estimates 
could not be calculated for this study, making comparisons with the other trials difficult. Both 
the ADVANCE and Steno-2 trials found the multifactorial intervention to be associated with 
reduced risk of nephropathy (RR, 0.68 [95% CI, 0.51 to 0.89] and RR, 0.44 [95% CI, 0.24 to 
0.77]).130,131 The good-quality SANDS found no difference between intensive and standard 
groups in incidence of CV events, a composite outcome that included fatal coronary heart 
disease, fatal and nonfatal MI and stroke, and need for revascularization procedures (RR, 1.35 
[95% CI, 0.55 to 3.29]).152 Results for other outcomes were inconsistent between trials and are 
reported in Appendix B10. 
 
Aspirin. The previous USPSTF report found that aspirin use in persons with DM was associated 
with relatively small benefit in reducing the risk of CV events.1 This conclusion was based on 
data from DM subgroups in a meta-analysis of nine studies (n=5,000 patients approximately) that 
found aspirin use to be associated with a slightly reduced risk of vascular events (including CV 
events and stroke).85 Based on the data provided in the meta-analysis, we calculated a pooled RR 
of 0.93 (95% CI, 0.83 to 1.07). The prior report also included two studies published subsequent 
to the meta-analysis that reported DM subgroup data. These studies found no effect of aspirin use 
versus nonuse on risk of CV events,86,87 although there was a significant reduction in risk of 
stroke in women taking aspirin in one study (RR, 0.83 [95% CI, 0.69 to 0.99]).87 
 
We identified one fair-quality trial (in two publications149,150) and two good-quality systematic 
reviews132,133 published since the previous USPSTF report on the association between aspirin use 
and health outcomes in persons with DM. One other study of aspirin use versus nonuse was 
excluded because it included persons with type 1 diabetes and did not stratify results according 
to population.164 
 
The Japanese Primary Prevention of Atherosclerosis with Aspirin for Diabetes (JPAD) trial 
randomized 2,539 persons with diabetes to daily aspirin use or nonuse (Appendix B10).149,150 
After 4 years, there was no difference in risk of atherosclerotic events, a composite outcome 
(e.g., coronary heart disease, MI, and stroke) (68/1,262 [5%] vs. 86/1,277 [7%]; HR, 0.80 [95% 
CI, 0.58 to 1.10]). There was also no significant difference in risk of individual outcomes 
between groups, with the exception of coronary and cerebrovascular mortality (1/1,262 [0.08%] 
vs. 10/1,277 [0.8%]; HR, 0.10 [95% CI, 0.01 to 0.79]), although the absolute incidence for all 
outcomes was low.  
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Consistent with the meta-analysis included in the prior USPSTF report, a more recent good-
quality systematic review132 of six studies (n >10,000 persons with DM), including the JPAD 
trial, found no difference between aspirin use and nonuse and risk of all-cause mortality (four 
studies; RR, 0.93 [95% CI, 0.82 to 1.05]; I2=0%), CV mortality (four studies; RR, 0.94 [95% CI, 
0.72 to 1.23]; I2=57%), major CV events (five studies; RR, 0.90 [95% CI, 0.81 to 1.0]; I2=0%), 
MI (six studies; RR, 0.86 [95% CI, 0.61 to 1.21]; I2=62%), and stroke (five studies; RR, 0.83 
[95% CI, 0.60 to 1.14]; I2=53%), although some heterogeneity was present in most analyses 
(Appendix B7). Sensitivity analyses found no effect based on aspirin dose or treatment duration 
for most outcomes. However, risk of stroke was significantly reduced when analyses were 
restricted to aspirin dose <100 mg/day (p=0.02), to studies of greater than 5 years duration 
(p=0.01), and to patients who adhered to aspirin therapy (p=0.02). A second good-quality 
systematic review that included most of the same trials reported very similar risk estimates and 
found no significant difference between aspirin use and nonuse for any outcome (Appendix 
B7).133 
 
Persons With IFG or IGT 
 
We identified one study of intensive versus standard lipid therapy in persons with IFG.84 It was a 
subgroup analysis from the large Japanese MEGA trial151 of persons with hypercholesterolemia 
(mean total cholesterol of 243 mg/L and low-density lipoprotein cholesterol of 156 mg/L). It 
found no differences between diet plus pravastatin versus diet alone on risk of health outcomes, 
including all-cause mortality, stroke, and coronary heart disease, after 5 years followup 
(Appendix B10). We identified no study on effects of intensive glucose or blood pressure 
control versus standard control in persons with IFG or IGT. 

 
Key Question 6. What Are the Harms of More Intensive 

Interventions Compared With Traditional Control in Adults 
With Type 2 Diabetes, Impaired Fasting Glucose, or Impaired 

Glucose Tolerance? 

Summary 
 
The prior USPSTF report did not include evidence on harms associated with more versus less 
intensive glucose, blood pressure, or lipid control or with aspirin use versus nonuse.1 Four good-
quality systematic reviews found that intensive glucose control was associated with increased 
risk of severe hypoglycemia.115,117,121,123 More intensive blood pressure–lowering therapy was 
associated with increased risk of serious adverse events in the ACCORD study (RR, 2.58 [95% 
CI, 1.70 to 3.91])79 but not the ADVANCE study (RR, 1.02 [95% CI, 0.72 to 1.42]).80 Results for 
other outcomes were inconsistent between trials and are reported in Appendix B10. Aspirin was 
associated with an increased risk of major and gastrointestinal bleeding in a good-quality 
systematic review, although heterogeneity was high (I2=66% and 72%) for both estimates (RR, 
3.02 [95% CI, 0.48 to 19] and RR, 2.12 [95% CI, 0.63 to 7.08], respectively).133 
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Evidence 
 
The previous USPSTF report did not include evidence on harms associated with more versus less 
intensive glucose, blood pressure, or lipid control or with aspirin use versus nonuse,1 and harms 
were not reported in most trials published since the prior report (Appendix B10).  
 
Glucose-lowering therapy was associated with increased risk of severe hypoglycemia (four 
systematic reviews; pooled RR range, 1.76 to 2.39; Appendix B7).115,117,121,123 Definitions for 
severe hypoglycemia varied across studies, and included documentation of glucose <50 mg/dL 
and events requiring medical assistance (ranging in severity from cognitive impairment to coma 
or seizure). The ACCORD and VADT studies both also found intensive therapy to be associated 
with increased risk of serious nonhypoglycemia adverse events requiring medical intervention 
(2.4% vs. 1.6%; RR, 1.44 [95% CI, 1.09 to 1.90] and 24% vs. 18%; RR, 1.37 [95% CI, 1.14 to 
1.65]).128,156 Serious adverse events were also more likely in the intensive blood pressure–
lowering group of the ACCORD-BP trial (3% vs. 1%; RR, 2.58 [95% CI, 1.70 to 3.91])128 but 
not in the ADVANCE blood pressure–lowering trial (RR, 1.02 [95% CI, 0.72 to 1.42]).80 The 
ACCORD-Lipid substudy found no significant difference between intensive lipid lowering and 
standard treatment in rates of serious adverse events (RR, 1.29 [95% CI, 0.96 to 1.74]).129 The 
use of an intensive multifactorial intervention resulted in higher rates of serious adverse events in 
SANDS (27% vs. 15%; RR, 1.72 [95% CI, 1.21 to 2.47])152 but not in incidence of severe 
hypoglycemia in the Steno-2 trial (RR, 0.71 [95% CI, 0.34 to 1.51]).131  
 
In the JPAD trial of aspirin use versus nonuse, serious adverse events were rare, with no 
difference in incidence between aspirin use and nonuse groups.149,150 A good-quality systematic 
review of six studies of aspirin use versus nonuse found that aspirin increased risk of major 
bleeding (two studies; RR, 3.02 [95% CI, 0.48 to 19]; I2=66%) and gastrointestinal bleeding 
(three studies; RR, 2.12 [95% CI, 0.63 to 7.08]; I2=72%) events in persons with DM, although 
risk estimates were not statistically significant and heterogeneity was high.133  

 
Key Question 7. Do Interventions for Impaired Fasting 

Glucose or Impaired Glucose Tolerance Delay or Prevent 
Progression to Type 2 Diabetes? 

 
Summary 
 
The previous USPSTF report1 found that lifestyle and pharmacologic interventions were 
associated with decreased risk of progression to DM in patients with IFG or IGT.1 Sixteen 
studies (in 18 publications) published since the prior report evaluated the effects of 
multifactorial, lifestyle, and pharmacologic interventions on risk of subsequent DM in patients 
with IFG or IGT at baseline.98,101-104,110,165 Two studies of multifactorial interventions found no 
effect on risk of progression to DM, although the estimate was imprecise in one study (RR, 0.89 
[95% CI, 0.78 to 1.02] and RR, 0.08 [95% CI, 0.00 to 1.42]).166,167 Six studies assessed lifestyle 
interventions, with three of the studies reporting reduced risk of progression to DM (RRs ranged 
from 0.26 to 0.55) and the other three studies reporting a non–statistically significant effect (RR, 
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0.45 [95% CI, 0.17 to 1.21]; RR, 0.51 [95% CI, 0.24 to 1.11]; and RR, 0.36 [95% CI, 0.12 to 
1.11]).102,107,110,169-172 The pooled risk estimate for progression to DM with lifestyle interventions, 
including four studies from the prior USPSTF report, was 0.53 (95% CI, 0.39 to 0.72; I2=88%). 
 
Eight studies published since the prior USPSTF report evaluated effects of various 
pharmacologic interventions on progression to DM in patients with IFG or IGT.98,101,103,105,106,109, 

165,168 TZDs (three trials; RR, 0.50 [95% CI, 0.27 to 0.92]; I2=92%) and alpha-glucosidase 
inhibitors (four trials; RR, 0.64 [95% CI, 0.45 to 0.90]; I2=66%) were more effective than 
placebo at reducing risk of progression to DM. One trial found valsartan (RR, 0.90 [95% CI, 
0.85 to 0.95]) but not nateglinide (RR, 1.05 [95% CI, 0.99 to 1.11]) to be associated with 
decreased risk of progression to DM.103,104 Finally, one study reported that low-dose 
sulphonylurea added to lifestyle counseling was not effective in delaying progression to 
diabetes.168 

Evidence 
 
The previous USPSTF report1 included a meta-analysis that found lifestyle interventions (five 
studies; n=3,490; duration of followup, 3 to 6 years) or pharmacological interventions (seven 
studies; n=12,519; duration of followup, 2 to 4 years) to be associated with decreased risk of 
progression to DM in patients with IFG or IGT (pooled RRs, 0.48 [95% CI, 0.40 to 0.58]; 
I2=34% and 0.65 [95% CI, 0.51 to 0.83]; I2=74%). 
 
We identified 16 studies (in 18 publications) published since the prior report on the effect of 
interventions on progression to DM in patients with IFG or IGT (Table 12; Appendixes B13, 
B14, and B15).98,101-107,109,110,165-172 In these studies, progression to diabetes was generally 
assessed by means of fasting plasma glucose, 2-hour plasma glucose, or OGTT using WHO 
criteria (FPG >7.0 mmol/L [126 mg/dL] or 2-hour plasma glucose or OGTT >11.0 mmol/L [200 
mg/dL]). Interventions included intensive multifactorial interventions (two studies),166,167 
lifestyle interventions (six studies),102,107,110,169-172 and pharmacologic interventions (eight 
studies).98,101,103-106,109,165,168 Studies were conducted in the United States,98,165,172 Canada,109 
Europe,105,167-169,171 and Asia,101,102,107,110,170 and one multicenter study was conducted in 40 
countries.103,104 Treatment duration ranged from 6 months to 6 years, with followup extending up 
to 23 years (median or mean followup ranged from 6 months to 9 years). All studies enrolled 
patients with IFG or IGT at baseline, with several studies also requiring the presence of one or 
more other risk factors for DM,98,103,104,109,167,172 such as baseline BMI above a specific 
threshold.98,107,166,169,171,172 Mean ages of participants ranged from 45 to 65 years, and mean BMI 
ranged from 25.7 to 34.5 kg/m2. In studies reporting race/ethnicity, enrollees were primarily 
white,103,104,109,165,172 although one study98 enrolled 49 percent nonwhite participants. Three trials 
were rated good quality;101,103, 104,109 the other 13 trials and the cohort study were rated fair 
quality. Methodological shortcomings of the fair trials included unclear methods of 
randomization and allocation concealment,98,102,110 baseline differences between groups,105 
unclear blinding or failure to blind,98,102,110 and lack of intention-to-treat analysis.106,166,167,170,171 
 
Lifestyle Interventions 
 
The previous USPSTF report included four studies of lifestyle interventions providing new 
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evidence, all of which found that lifestyle interventions were associated with decreased risk of 
progression to DM versus usual care over followup periods ranging from 3 to 6 years.2 RRs 
ranged from 0.32 (95% CI, 0.11 to 0.96) to 0.62 (95% CI, 0.42 to 0.92), with a pooled risk 
estimate of 0.48 (95% CI, 0.40 to 0.58). 
 
Six fair-quality studies (in seven publications) published since the previous USPSTF report 
assessed the effect of lifestyle interventions on risk of progression to DM (Table 12; Appendix 
B13).102,107,110,169-172 Studies were conducted in patients with IGT in Japan, China, and Europe. 
Interventions varied across studies and involved combinations of individual and group diet and 
exercise counseling sessions. The duration of interventions also varied substantially, from a 1-
month intervention based in a wellness center with a 4-day followup intervention 1 year later to a 
6-year intervention. Duration of followup ranged from 3 to 23 years. The Da Qing trial, 
conducted in China, reported a higher rate of progression to DM (73% in the intervention group 
and 90% in the comparison group) than the other studies (6% to 11% in the intervention groups 
and 12% to 24% in the comparison groups), consistent with its longer duration of followup and 
selection of patients with mean BMI greater than 25 kg/m2.102,110 
 
Three of the studies, including the Da Qing trial, found that lifestyle intervention was associated 
with decreased risk of progression to DM (adjusted HR, 0.57 [95% CI, 0.41 to 0.81] at 20 
years;102 adjusted HR, 0.55 [95% CI, 0.40 to 0.76] at 23 years;110 RR, 0.65 [95% CI, 0.43 to 
0.97] at 2.7 years;107 and RR, 0.26 [95% CI, 0.10 to 0.65] at 5 years171), while the other three 
studies favored the lifestyle intervention but failed to reach statistical significance (RR, 0.45 
[95% CI, 0.17 to 1.21];169 RR, 0.51 [95% CI, 0.24 to 1.11];170 and RR, 0.36 [95% CI, 0.12 to 
1.11]172). The pooled RR, including six new studies and four studies included in the prior report, 
was 0.53 (95% CI, 0.39 to 0.72; I2=88%; Figure 4).102,110,169 Sensitivity analysis excluding the 
study with the longest followup (23 years; the Da Qing trial) showed similar results (pooled RR, 
0.53 [95% CI, 0.44 to 0.63]; I2=25%), as did analysis using the profile likelihood estimate (RR, 
0.57 [95% CI, 0.43 to 0.70], I2=67%). 
 
Pharmacologic Interventions 
 
Eight studies (three of good quality and five of fair quality) published since the previous 
USPSTF report assessed the effect of pharmacologic interventions on risk of progression to DM 
in patients with IFG or IGT (Table 12; Appendix B13).98,101,103,105,106,109,165,168 Interventions 
included several classes of medications for glycemic control (eight trials), as well as the 
antihypertensive medication valsartan (one trial), an ARB. Diabetic medication classes included 
biguanides, TZDs (three trials), alpha-glucosidase inhibitors (three trials), meglitinides, 
sulphonylureas, and glucagon-like peptide-1 agonists, or combinations of these medications. One 
study used a prospective cohort design165 and the rest were RCTs. Followup ranged from 6 
months to 5 years.  
 
Metformin. The previous USPSTF report1 included the good-quality DPP study and fair-quality 
Indian Diabetes Prevention Program (IDPP) study; both reported the effect of metformin on 
progression to DM.4,7 The DPP study (n=3,234; 49% were ages 45 to 59 years; 32% male) 
randomized patients to lifestyle modification, metformin, or placebo and followed patients for 3 
years. The IDPP study (n=531; mean age, 46 years; 79% male) also randomized patients to 
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lifestyle modification, metformin, or no intervention.7 The overall incidence of progression to 
DM was 8 cases per 100 person-years in the metformin group and 11 cases per 100 person-years 
in the placebo group (risk reduction, 31% [95% CI, 24% to 51%]) in the DPP study.4 In the 
IDPP, incidence of DM was 41 percent in the metformin group and 55 percent in the 
nonintervention group after 3 years of followup (risk reduction, 26% [95% CI, 19.1% to 
35.1%]). Lifestyle modification resulted in greater effects than metformin relative to placebo or 
no intervention in both studies (risk reduction, 58% [95% CI, 48% to 66%]4 and 29% [95% CI, 
21% to 37%]7). 
 
We identified one new study of metformin reporting progression to DM.166 A small (n=181) 
Chinese study employed a staged intensive intervention in which participants with isolated IFG 
or combined IFG and IGT received metformin 250 mg three times per day and participants with 
isolated IGT received acarbose 50 mg three times per day, with all participants also receiving 
aspirin and pharmacologic treatment for hypertension and dyslipidemia. In the group receiving 
metformin, no intervention participant progressed to DM versus five control participants (0% vs. 
12.2%; RR, 0.08 [95% CI, 0.00 to 1.42]).  
 
TZDs. The previous USPSTF report included one study on the effect of TZDs on progression to 
DM. The large (n=5,269) good-quality DREAM trial used a 2x2 factorial design to randomize 
patients to rosiglitazone (a TZD) or placebo and ramipril (an ACE inhibitor) or placebo, with 
followup for 3 years. It found no effect of ramipril on risk of progression to DM (17% vs. 19%; 
RR, 0.91 [95% CI, 0.77 to 1.08]); rosiglitazone was associated with decreased risk (11% vs. 
25%; RR, 0.38 [95% CI, 0.31 to 0.47]). 
 
Two fair-quality studies (n=887) published since the previous USPSTF report assessed the effect 
of TZDs on risk of progression to DM in patients with IGT (Table 12; Appendix B13).98,106 One 
study required patients to have at least one other risk factor (e.g., BMI >25 kg/m2, family history, 
gestational diabetes, polycystic ovarian syndrome, or African American ethnicity) for DM.98 The 
studies were conducted in India106 and the United States.98 The IDPP-2106 (n=367) and a study by 
Defronzo and colleagues98 (n=602) compared pioglitazone versus placebo for a median of 3 and 
2 years, respectively. The dosing of medications ranged from 15 to 45 mg for pioglitazone. One 
trial found that TZDs were associated with decreased risk of progression to DM versus placebo 
(5.0% vs. 16.7%; RR, 0.30 [95% CI, 0.17 to 0.52]),98 while the other trial found no effect (29.8% 
vs. 31.6%; RR, 0.94 [95% CI, 0.69 to 1.28]).106 The number needed to treat to prevent one 
patient from developing DM was 8 over 2 years in the study by Defronzo and colleagues98 and 
52 over 3 years in the IDPP-2 trial.106 The pooled estimate for the effect of TZDs on progression 
to DM, including the two new trials and the earlier DREAM trial,15 was 0.50 (95% CI, 0.27 to 
0.92), but statistical heterogeneity was substantial (I2=92%; Figure 5).15,98,106,107 Analysis using 
the profile likelihood method slightly reduced heterogeneity (RR, 0.51 [95% CI, 0.23 to 1.06]; 
I2=89%), although this result was no longer statistically significant. Removing results of the 
IDPP-2 trial,106 which was conducted in India in mostly male participants, eliminated much of 
the heterogeneity (I2=36%), with an RR of 0.42 (95% CI, 0.37 to 0.47).15,98 Stratified analyses 
showed that rosiglitazone and pioglitazone were similar in their effects. 
 
Alpha-glucosidase inhibitors. The previous USPSTF report included two studies on the effects of 
alpha-glucosidase inhibitors on risk of progression to DM in patients with IFG or IGT.111,173 
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Both studies assessed acarbose versus placebo, with followup durations of 16 weeks173 and 3.3 
years.111 The longer study, by Chiasson and colleagues, found acarbose to be associated with 
reduced risk of progression to DM (32% vs. 42%; RR, 0.78 [95% CI, 0.68 to 0.90]), while the 
shorter duration trial reported a point estimate in favor of acarbose that failed to reach statistical 
significance (5.6% vs. 9.5%; RR, 0.59 [95% CI, 0.24 to 1.46]). 
 
Two new studies (one good and one fair quality) assessed the effect of alpha-glucosidase 
inhibitors on incidence of DM in persons with IFG/IGT (Table 12; Appendix B13).101,105 The 
good-quality trial (n=1,778) found that voglibose 0.2 mg/day was associated with decreased risk 
of progression to DM versus placebo after a mean of 3 years (5.5% vs. 12%; RR, 0.46 [95% CI, 
0.34 to 0.64]).101 The fair-quality study (n=118) found no statistically significant difference 
between acarbose 150 mg/day versus placebo in risk of progression to DM after 3 years (18% vs. 
24%; RR, 0.76 [95% CI, 0.38 to 1.53])105 but was underpowered because of difficulties in 
recruitment and had high rates of dropout because of medication side effects. The pooled 
estimate for the effect of alpha-glucosidases, including these two trials as well as two studies 
from the prior report, was 0.64 (95% CI, 0.45 to 0.90).101,105,111,173 Although statistical 
heterogeneity was present (I2=66%; Figure 6), estimates favored the alpha-glucosidase in each 
trial. Pooling the three trials of acarbose105,111,173 eliminated the heterogeneity (pooled RR, 0.77 
[95% CI, 0.68 to 0.89]; I2=0%). 
 
Nateglinide and valsartan. The large (n=9,306) good-quality NAVIGATOR trial was a 
multicenter study in 40 countries with median followup of 5 years that used a 2x2 factorial 
design to randomize patients with IGT and at least one other risk factor for CV disease to 
nateglinide (a newer insulin secretagogue) versus placebo and valsartan versus placebo.103,104 
Nateglinide was not associated with decreased risk of DM over 5 years (RR, 1.05 [95% CI, 0.99 
to 1.11]), but valsartan was associated with decreased risk (33% vs. 37%; RR, 0.90 [95% CI, 
0.85 to 0.95]; Table 12; Appendix B13). 
 
Sulphonylureas. One fair-quality multicenter trial conducted in Sweden assessed the effect of 1 
mg/day glimepiride on progression to diabetes compared with placebo.168 The Nepi Antidiabetes 
Study (n=274) enrolled patients ages 40 to 70 years with IFG and reported incidences of 
progression to diabetes of 30.1 percent in the intervention group and 39.9 percent in the placebo 
group over a mean followup of 3.7 years (RR, 0.76 [95% CI, 0.55 to 1.05]).  
 
Combination pharmacologic therapies. One good-quality RCT and one fair-quality cohort study 
assessed the effect of combination pharmacologic therapy on prevention of DM in patients with 
IFG or IGT.109,165 The CANOE trial109 (n=207) compared low-dose metformin plus rosiglitazone 
versus placebo and followed patients for a median of 4 years. The incidence of DM in the 
combination drug therapy group was 14 percent, compared with 39 percent in the placebo group 
(RR, 0.34 [95% CI, 0.20 to 0.59]). The cohort study (n=105)165 compared pioglitazone plus 
metformin (with and without exenatide) with a lifestyle intervention and reported no cases of 
progression to DM in patients who used TZDs versus 6 percent in the lifestyle group after 6 to 9 
months.165 Estimates were imprecise for pioglitazone plus metformin with exenatide (RR, 0.13 
[95% CI, 0.01 to 3.10]) and without exenatide (RR, 0.15 [95% CI, 0.01 to 3.62]) versus the 
lifestyle intervention.165  
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Multifactorial Interventions 
 
No trial included in the previous USPSTF report evaluated effects of multifactorial interventions 
versus placebo or usual care on risk of progression to DM. Two fair-quality trials published since 
the previous report examined the effect of multifactorial interventions consisting of intensive 
glucose, blood pressure, and lipid control in addition to lifestyle counseling and aspirin (Table 
12; Appendix B13).166,167 The large (n=1,510) ADDITION-Denmark trial reported a 
nonstatistically significant difference in risk of progression to DM (14.1 cases per 100 person-
years in the intervention group vs. 15.8 cases/100 person-years in the usual-care group; RR, 0.89 
[95% CI, 0.78 to 1.02]).167 A subgroup analysis found a stronger effect in a subgroup of patients 
randomized to the multifactorial intervention that also received motivational interviewing (RR, 
0.83 [95% CI, 0.68 to 1.00]) than in the subgroup that did not receive motivational interviewing 
(RR, 0.95 [95% CI, 0.80 to 1.14]). A smaller (n=181) Chinese study reported a lower incidence 
of progression to DM in the intervention compared with the control group, although the 
difference was not statistically significant and the estimate was imprecise because of the small 
number of events (0% vs. 5.8%; RR, 0.08 [95% CI, 0.00 to 1.42]).166 

 
Key Question 8. Do the Effects of Screening or Interventions 

for Screen-Detected or Early Type 2 Diabetes, Impaired 
Fasting Glucose, or Impaired Glucose Tolerance Vary by 

Subgroups, Such as Age, Sex, or Race/Ethnicity? 
 

Summary 
 
The prior report did not include evidence on the effect of screening or interventions in screen-
detected or early DM, IFG, or IGT in subgroups.1 No study directly evaluated whether benefits 
or harms of screening for DM, IFG, or IGT or subsequent interventions vary according to 
subgroups defined by age, sex, or race/ethnicity. Men, but not women, who underwent screening 
and died during followup had significantly longer life compared with those who were not 
screened.49 One study comparing lifestyle modification with usual care in persons with IGT 
found a reduction in all-cause and CV mortality in women, but not men, after 23 years 
followup.110 A subgroup analysis from one study of more versus less intensive treatment in 
persons with DM not specifically screen detected found no overall effect of age or race, although 
the highest mortality risk was in persons younger than age 65 years and in blacks.174 Intensive 
lipid lowering reduced risk of a composite outcome that included CV mortality, nonfatal MI, and 
nonfatal stroke in men (RR, 0.84 [95% CI, 0.71 to 0.997]) but not in women (RR, 1.36 [95% CI, 
0.98 to 1.9]) compared with standard lipid control in one study.129 Aspirin use versus nonuse was 
associated with a significant reduction in risk of MI in men (RR, 0.57 [95% CI, 0.34 to 0.94]) but 
not in women (RR, 1.08 [95% CI, 0.71 to 1.65]), with no difference between the two for other 
CV outcomes in a good-quality systematic review.132 We found no evidence that effectiveness of 
interventions to prevent progression to DM in persons with IFG and IGT varies in subgroups. 
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Evidence 
 
Screening 
 
We did not identify any evidence from the ADDITION trial on the differential effect of 
screening in subgroups defined by age, sex, or race/ethnicity. The ADDITION trial focused on 
screening persons at higher risk for DM. The Ely study reported that, of study participants who 
died, men who were invited to screening were significantly older than men not invited to 
screening at time of death (64 vs. 61 years; p=0.01). There was no significant age difference 
between screened and not-screened women in age at time of death (64 vs. 62 years; p=0.17).49 
 
Treatment 
 
Persons with screen-detected DM. We identified no subgroup analyses from the ADDITION 
study on the effect of intensive versus standard multifactorial interventions in subgroups of 
persons with DM. More than 95 percent of persons enrolled in the ADDITION study were white 
Europeans and about 40 percent were women; mean age was 60 years.68,69 
 
Persons with IFG or IGT. The long-term Da Qing study, which randomized persons with IFG to 
lifestyle modification or usual care, found that incidence of all-cause and CV mortality was 
significantly reduced in the lifestyle group after 23 years of treatment (see Key Question 3.)110 
When these results were stratified according to sex, women had a significantly lower risk of all-
cause (HR, 0.46 [95% CI, 0.24 to 0.87]) or CV mortality (HR, 0.28 [95% CI, 0.11 to 0.71]). The 
effect in men was not significant for either outcome (HR, 0.97 [95% CI, 0.65 to 1.46] and HR, 
0.91 [95% CI, 0.50 to 1.65]; Appendix B3). Despite adjusting for baseline differences such as 
smoking status (a higher proportion of men than women were smokers), study authors were 
unable to explain the disparity, although they hypothesized that poor compliance to lifestyle 
modification by men may have contributed to the long-term lack of effect. 
 
Persons with DM not specifically screen detected. The ACCORD study of more versus less 
intensive glucose lowering found intensive glucose lowering to be associated with increased risk 
of all-cause mortality versus standard glucose lowering (HR, 1.22 [95% CI, 1.02 to 1.44). In 
analyses stratified by age, intensive glucose-lowering therapy was associated with significantly 
increased risk of all-cause mortality in persons younger than age 65 years (HR, 1.39 [95% CI, 
1.05 to 1.82]) but not in persons ages 65 to 69 years (HR, 1.23 [95% CI, 0.84 to 1.82]), 70 to 74 
years (HR, 1.01 [95% CI, 0.65 to 1.59]), or older than age 75 years (HR, 0.90 [95% CI, 0.55 to 
1.47]; Appendix B10).174 Risk of all-cause mortality was similar in men (HR, 1.21 [95% CI, 
0.98 to 1.52]) and women (HR, 1.23 [95% CI, 0.87 to 1.74]). Compared with standard glucose 
control, blacks in the intensive glucose-lowering group had a higher risk of all-cause mortality 
(HR, 1.60 [95% CI, 1.01 to 2.52]) than whites (HR, 1.21 [95% CI, 0.98 to 1.52]), Hispanics (HR, 
0.60 [95% CI, 0.27 to 1.33]), and Asians or other races and ethnicities (HR, 1.06 [95% CI, 0.54 
to 2.07]). In the ACCORD-Lipid substudy, men in the intensive lipid-lowering group had a 
significantly lower risk of experiencing a CV event, a composite outcome that included CV 
mortality, nonfatal MI, and nonfatal stroke (RR, 0.84 [95% CI, 0.71 to 0.997]) than women (RR, 
1.36 [95% CI, 0.98 to 1.9]; p for interaction=0.01).129 There was no difference in effects of 
intensive versus standard lipid lowering when results were stratified according to age or race 
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(Appendix B11).129 In the ADVANCE trial, no difference in composite vascular outcomes (CV 
mortality, nonfatal MI, nonfatal stroke, new or worsening nephropathy, or retinopathy) was 
found when analyses were restricted to persons younger than age 65 years or when stratified by 
sex (Appendix B10).80  
 
In a good-quality systematic review of aspirin use versus nonuse for primary prevention of CV 
events in persons with DM, subgroup analyses found a significant reduction in risk of MI in men 
(three studies; RR, 0.57 [95% CI, 0.34 to 0.94]) but not in women (three studies; RR, 1.08 [95% 
CI, 0.71 to 1.65]), with no difference between the two for other CV outcomes.132 The review also 
found a decreased risk of stroke in women taking aspirin (three studies; RR, 0.75 [95% CI,0.37 
to 1.53]) and an increased risk in men (two studies; RR, 1.11 [95% CI, 0.75 to 1.64]), although 
neither risk estimate was statistically significant. Analyses of heterogeneity were not reported for 
these subgroups. 
 
Progression to DM 
 
One study included in the prior report found that progression to DM was significantly reduced 
with acarbose use versus placebo; this result was consistent when stratified by age (≤55 vs. >55 
years) or sex.111 
 
The ADDITION study reported rates of progression to DM stratified by IFG or IGT status, but 
the study did not report other subgroup differences. Comparing the intervention (lifestyle 
modification) and usual-care groups, progression rates were higher in participants with IGT 
(16% vs. 18% per person-year) than those with IFG (11% vs. 13% per person-year); the effect of 
lifestyle modification was similar in both groups.167 The multicenter study in Zensharen, Japan 
also reported the intervention (lifestyle modification) to be effective compared with usual care in 
patients with combined IFG and IGT (6.8 vs. 12.6 cases per 100 person-years; adjusted HR, 0.41 
[95% CI, 0.24 to 0.69]) but not in patients with isolated IFG (2.4 vs. 1.8 cases per 100-person 
years; adjusted HR, 1.17 [95% CI, 0.50 to 2.74]).107
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Chapter 4. Discussion 
 

Summary of Review Findings 
 

Table 13 summarizes the evidence reviewed for this update. In two trials, one of which focused 
on persons at higher risk for DM, screening was associated with no effect on mortality versus no 
screening after 10 years of followup.49,67 Possible explanations for the lack of effect of screening 
on mortality include limited screening uptake, increased opportunities for DM screening across 
groups (both studies were conducted in the United Kingdom), improved management of CV 
disease risk factors contributing to decreased mortality, or inadequate length of followup for 
mortality outcomes. All of these factors could have attenuated any potential benefits of 
screening. In addition, the trials did not evaluate nonmortality clinical outcomes, which might 
require less lengthy followup to detect effects (e.g., microvascular outcomes). Although 
attending screening was associated with reduced mortality and failure to attend screening with 
increased mortality, such effects may be confounded by other factors associated with likelihood 
to attend recommended clinical services. 
 
Evidence on harms associated with screening is limited. In one study, patients randomized to 
screening had greater short-term self-reported anxiety versus those randomized to no screening,91 
but there were no negative effects on psychological measures in studies with longer 
followup.92,93 
 
Lifestyle interventions and pharmacological interventions both appear to be effective at delaying 
or preventing progression to DM in persons with IFG or IGT.4-7,15,98,101,102,105,107,110,111,168-170,172,173  
 
The long-term benefits of early intervention on clinical outcomes are less clear. The Da Qing 
study, which included 23 years followup, found that lifestyle modification in persons with IGT 
significantly reduced risk of all-cause and CV mortality.110 The results of this study are 
interesting, in that results from 20 years followup showed no significant benefit on these 
outcomes. Although the study had some limitations, including potentially limited applicability to 
a U.S.-relevant population, the findings suggest that the positive effects of early intervention may 
not be observed until more than 20 years following treatment. In other studies of lifestyle 
modification or pharmacologic treatment for screen-detected or early DM, IFG, or IGT, we 
found no beneficial effect of any treatment on all-cause mortality, CV mortality, or stroke. This 
lack of benefit in health outcomes may result from inadequate length of followup in these studies 
or the fact that most pharmacologic studies included a concomitant lifestyle modification 
component across treatment arms that could have attenuated any potential effects of drug 
therapy. There was limited evidence for improvement in other health outcomes (such as nonfatal 
MI or CV events, renal disease, or quality of life) associated with use of certain glucose-lowering 
agents, antihypertensive medication, or lifestyle modification in studies with shorter followup 
(≤5 years),112 and while rosiglitazone was associated with decreased renal disease, it was also 
associated with increased heart failure versus placebo.99 Intensive lifestyle modification, but not 
metformin, led to improved quality of life scores versus placebo after 3 years.100 

 
Based on data from RCTs, pharmacologic treatment of screen-detected or early DM, IFG, or IGT 
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was associated with increased risk of withdrawal due to adverse events versus placebo,105,111 with 
no clear increase in risk of serious adverse events. Many adverse events associated with 
pharmacologic therapy are bothersome but self-limited with discontinuation of therapy. In 
general, trials were not designed or powered to specifically assess the risk of serious but 
uncommon or rare adverse events, although evidence from studies not restricted to persons with 
screen-detected or early DM did not show a clear increase in risk of serious adverse events, such 
as lactic acidosis with metformin.175 Specific pharmacotherapy may also be associated with an 
increase in specific adverse events, such as hypoglycemia with sulfonylureas or edema or 
congestive heart failure with TZDs. 
 
Since the previous USPSTF report, there is now evidence from a large good-quality trial that 
intensive multifactorial control aimed at lowering glucose, blood pressure, and lipids appears to 
offer no benefit in all-cause or CV mortality or morbidity over standard control in persons with 
screen-detected DM after 5 years.69 In persons with DM not specifically identified by screening, 
many good-quality systematic reviews found intensive glucose lowering to be consistently 
associated with no reduction in all-cause or CV mortality versus less intensive glucose 
therapy.114-124 Intensive glucose-lowering therapy was also associated with reduced risk of 
nonfatal MI but increased risk of severe hypoglycemia.  
 
The 2008 USPSTF review found that effects of intensive blood pressure control were greater in 
persons with DM versus those without DM, based on subgroup analyses from trials that were 
generally less successful at achieving lower blood pressures. Since the 2008 USPSTF review, 
there is more evidence on the effects of more effective, intensive blood pressure control versus 
standard therapy, specifically in persons with diabetes. Although good-quality systematic 
reviews found intensive blood pressure control in persons with DM to be associated with reduced 
risk of all-cause mortality and stroke versus less intensive blood pressure control,125,134 results 
from the large recently published ADVANCE80 and ACCORD79 trials are more inconsistent. The 
ADVANCE trial found that the addition of an ACE inhibitor plus diuretic was associated with 
decreased risk of all-cause and CV mortality, and the ACCORD study found no difference 
between an SBP target of 140 versus 120 mm Hg in risk of all-cause or CV mortality. There is 
no clear evidence on the effect of more versus less intensive lipid lowering interventions and 
incidence of all-cause or CV mortality. Use of intensive multifactorial interventions was 
associated with reduced risk of all-cause and CV mortality in two trials.130,131 Aspirin use (vs. 
nonuse) had no effect on all-cause mortality, CV mortality, MI, or stroke in persons with DM.132 

 
Limitations 

 
We did not include non–English language articles; a recent review found that limiting to English-
language studies did not introduce bias into systematic review findings.176 We identified few 
screening studies and only one treatment study conducted in a screen-detected population, and 
evidence in all demographic subgroups is extremely limited. 
 
Interventions included in the review for those with early or screen-detected DM and IFG or IGT 
were limited to glycemic control, although the effect of blood pressure and lipid control in 
persons with DM is discussed in Contextual Question 4 and Key Question 5. Studies in screen-
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detected populations on the effect of intensive glucose, blood pressure, and lipid lowering were 
limited; thus, evidence from studies in persons with DM was also included and discussed 
separately.  

 
Emerging Issues and Next Steps 

 
The ADDITION study is an ongoing study being conducted in the United Kingdom, Denmark, 
and the Netherlands of persons at high risk for DM. Mortality data from ADDITION-Cambridge 
on the effect of screening after 10 years were recently published and showed no benefit.67 
However, modeling studies that calculate a benefit to screening project patient followup for 30 or 
more years. Therefore, as time progresses, longer-term followup of the ADDITION study would 
be informative for understanding benefits and harms of screening.  

 
Relevance for Priority Populations 

 
The ADDITION trial was conducted in a population at high risk for DM, but there is little clear 
evidence on how screening for DM, IFG, or IGT differs according to age, sex, or race/ethnicity. 
The only early intervention study to find an effect on mortality was the Da Qing study conducted 
in persons with IGT, which found in a subgroup analysis that women, but not men, in a lifestyle-
modification group had a significantly lower risk of all-cause or CV mortality after 23 years 
followup compared with usual care.110 In a subgroup analysis from the ACCORD study of 
intensive glucose lowering for DM not specifically screen detected, there was no overall effect of 
age or race, but all-cause mortality risk was highest in persons younger than age 65 years and in 
black adults,172 while use of intensive lipid lowering significantly reduced risk of CV events in 
men but not women.126 The ADVANCE trial of intensive blood pressure lowering found no 
differential effect on vascular outcomes when results were stratified by age or sex.79,80,129,174 
Aspirin use in persons with DM was associated with reduced risk of MI in men and associated 
with a nonstatistically significant reduction in risk of stroke in women based on a systematic 
review of three studies.132 

 
Future Research  

 
We identified a number of important research gaps. Screening studies in U.S. populations, in 
which the prevalence of undiagnosed DM (and IFG and IGT) is likely to be higher than the 3 
percent identified in the ADDITION-Cambridge and Ely studies, would be more applicable for 
informing screening decisions in the United States. There is also little evidence on the effect of 
screening on ethnic and racial minorities whose prevalence of DM is higher than in those of 
white European ancestry. More research is also needed to identify optimal treatment strategies 
for screen-detected DM, given the findings of the treatment phase of the ADDITION trial.69 
 
Recently published studies using data from participants in ADDITION-Denmark validate the 
existence of DM susceptibility allele variants, suggesting a role for the pathogenesis of 
pancreatic B-cell dysfunction.177 This and other ongoing genomic research178 related to glucose 
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dysregulation may play a role in the future selection of DM treatments and treatment targets. 
 
Long-term followup of studies of early lifestyle interventions in persons with screen-detected 
DM, IFG, or IGT is needed to confirm the findings of the Da Qing study. 

 
Conclusions 

 
Screening for DM did not improve mortality after 10 years followup in two trials,49,67 and more 
evidence is needed to determine effective treatments for screen-detected DM. However, 
treatment for IFG and IGT was associated with delayed progression to DM.
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Figure 1. Analytic Framework 
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Figure 2. Meta-Analysis of the Effect of Glucose-Lowering Drugs on All-Cause Mortality in Persons With Screen-Detected and Early DM, 
IFG, or IGT 

Study or Subgroup
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Figure 3. Meta-Analysis of the Effect of Glucose-Lowering Drugs on Cardiovascular Mortality in Persons With Screen-Detected and 
Early DM, IFG, or IGT 

Study or Subgroup
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Figure 4. Meta-Analysis of the Effect of Lifestyle Interventions on Incidence of Progression to DM 
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Figure 5. Meta-Analysis of the Effect of Thiazolidinediones on Incidence of Progression to DM 
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Figure 6. Meta-Analysis of the Effect of Alpha-Glucosidase Inhibitors on Incidence of Progression to DM 

Study or Subgroup
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Table 1. Test Values for Normal, IFG, or IGT and Type 2 Diabetes Definitions 

Test Normal IFG or IGT Type 2 Diabetes 
Hemoglobin a1c <5.7% 5.7 to 6.4% ≥6.5% 
Fasting plasma glucose <100 mg/dL 100 to 125 mg/dL ≥126 mg/dL 
OGTT after 2 hours <140 mg/dL 140 to 199 mg/dL ≥200 mg/dL 

Abbreviations: IFG = impaired fasting glucose; IGT = impaired glucose tolerance; OGTT = oral glucose tolerance test.  
 
Note: All positive tests should be confirmed on repeat testing. 
 
Source: American Diabetes Association. Standards of medical care in diabetes – 2015. Diabetes Care. 2015;38(Suppl 1):S1-90
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Table 2. Prevalence of Diagnosed Diabetes in the United States 

Race/Ethnicity Sex 
Ages 
0–44 

Ages 
45−64 Ages 65−74 Ages 75+ 

Age-
Adjusted 

White Males 1.5% 12.4% 22.8% 21.7% 6.8% 
White Females 1.5% 10.0% 18.4% 16.6% 5.4% 
Black Males 2.5% 17.6% 30.7% 38.1% 9.9% 
Black  Females 2.4% 17.1% 31.2% 25.9% 9.0% 
Asian Males 1.4% 12.7% 34.4% 30.4% 7.8% 
Asian  Females 1.0% 11.3% 18.3% 18.7% 5.5% 
Hispanic Males 1.8% 16.7% 29.1% 41.1% 9.3% 
Hispanic Females 1.6% 19.0% 31.6% 31.4% 9.3% 
Native Pacific Islanders - 23.7%* 
American Indians/Alaska 
Natives 

- 16.3%  

*Standard error >30% and <50%; estimate should be interpreted with caution as it does not meet standards of reliability or precision. 
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Table 3. Characteristics of Seven Risk Models or Scores With Potential for Use in Clinical Practice 

Score/Model Risk Factors Development External Validation 
  Country AUROC Country AUROC 
ARIC Age, ethnicity, waist 

circumference, height, 
systolic BP, family history of 
diabetes, FG, TG, HDL-c. 

Germany 0.80 USA 0.84 

Ausdrisk Age, sex, ethnicity, parental 
history of diabetes, history 
of high blood glucose, use 
of BP medication, smoking, 
physical inactivity, waist 
circumference. 

Australia 0.78 NA NA 

Cambridge 
Risk Score 

Age, sex, use of steroids, 
use of BP medication, 
family history of diabetes, 
BMI, smoking. 

UK 0.74a UK 0.72 

FINDRISC Age, BMI, waist 
circumference, use of BP 
medication, history of high 
blood glucose, physical 
inactivity, daily consumption 
of vegetables, fruits, and 
berries. 

Finland 0.85 Holland, 
Denmark, 
Sweden, UK, 
Australiab 

0.76 

Framingham 
Offspring 

FG, BMI, HDL-c, parental 
history of diabetes, TG, BP 

USA 0.85 USA 0.78 

San Antonio Age, sex, ethnicity, FG, 
systolic BP, HDL-c, BMI, 
family history of diabetes in 
first degree relative. 

USA 0.84 USAc 0.83 

QDScore Age, sex, ethnicity, BMI, 
smoking, family history of 
diabetes, Townsend 
deprivation score, CVD, use 
of steroids. 

UK 0.83 men, 
0.85 women 

UK 0.80 men, 0.81 
women 

aThreshold = 0.38. 
bValidation used modification of risk factors from original score or didn’t state exact factors used. 
cAlso validated in Iran and UK. 
 
Abbreviations: ARIC = Atherosclerosis Risk in Communities; AUROC = area under the receiver operating curve; BMI = body mass 
index: BP = blood pressure; CVD = cardiovascular disease; FG = fasting plasma glucose; FINDRISC = Finnish Diabetes Risk 
Score; NA = not available; HDL-c = high density lipoprotein cholesterol; TG = triglycerides; UK = United Kingdom; USA = United 
States of America. 
 
Source: Adapted from Noble 2011.53 
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Table 4. Studies Modeling Screening for DM Published Since the Previous USPSTF Report  

Author, Year 
Country Screening Details 

Type of 
Model 

Assumptions Regarding 
Treatment Benefits Cost Effectiveness Outcomes 

Length 
of 

Followup Calibrated? Comments 
Gillies, 
200864 
UK 

1. Screening for diabetes 
2. Screening for IGT or 
diabetes, followed by 
lifestyle intervention 
3. Screening for IGT or 
diabetes, followed by 
pharmacological 
interventions 
4. No screening 
Start screening at age 45 

Hybrid: 
decision 
tree + 
Markov 
model 

Intervention effects on risk of 
developing diabetes for: 
Lifestyle vs standard 
treatment: 
HR -0.65  
Drugs vs placebo: HR −0.43 
Mortality rates: 0.32 to 15.68 
(increases with age) per 100 
person years 
Increased risk of death with 
diabetes: HR 0.76 
Increased risk of death for 
1% increase in HbA1c: HR 
0.104 

ICER compared with no screening:  
Screening for diabetes (no 
intervention for patients with IGT): 
£14,150 ($27,860)/QALY 
Screening for diabetes and IGT 
followed by lifestyle interventions: 
£6,242 ($12,290)/QALY 
Screening for diabetes and IGT 
followed by pharmacological 
interventions: £7,023 
($13,828)/QALY 

50 years No Needed to 
run model for 
at least 30 
years for cost 
effectiveness 

Hoerger, 
200765 
US 

1. Screening overweight 
and obese subjects (BMI 
>25) followed by DPP 
lifestyle intervention for 
those with both IGT and 
IFG  
2. Same as A except for 
those with either IGT or 
IFG or both 
3. No screening and no 
treatment 
Population 45 to 74 years 
of age at screening 

Markov 
model 

DPP lifestyle intervention 
reduction in risk for onset of 
diabetes 55.3% 
Effect of diabetes on clinical 
outcomes NR 

ICER compared with no screening: 
Strategy 1: $8,181 per QALY 
Strategy 2: $9,511 per QALY 

Lifetime No DPP = 
lifestyle 
modification 
program with 
goals of 7% 
weight loss 
and 150 
minutes of 
weekly 
physical 
activity 
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Table 4. Studies Modeling Screening for DM Published Since the Previous USPSTF Report  

Author, Year 
Country Screening Details 

Type of 
Model 

Assumptions Regarding 
Treatment Benefits Cost Effectiveness Outcomes 

Length 
of 

Followup Calibrated? Comments 
Kahn, 201052 
US 

1. Start screening at age 30 
years and repeat every 3 
years  
2. Start screening at age 45 
years and repeat every 
year 
3. Start screening at age 45 
years and repeat every 3 
years 
4. Start screening at age 45 
years and repeat every 5 
years 
5. Start screening at age 60 
years and repeat every 3 
years 
6. Start screening when BP 
>140/90 mmHg and repeat 
every year 
7. Start screening when BP 
>135/80 mmHg and repeat 
every 5 years 
8. Start screening at age 30 
years and repeat every 6 
months (max screening) 
9. No screening 

Archimedes Model calibrated with effects 
of metformin and lifestyle 
modification in the DPP study 
and effects of atorvastatin on 
cardiovascular risk in the 
CARDS trial (underestimated 
effect of atorvastatin on 
stroke, but modified to 
account for these effects) 

ICER compared with no screening: 
Age 30 years, every 3 years: 
$10,512/QALY  
Age 45 years, every year: 
$15,509/QALY 
Age 45 years, every 3 years: 
$9,731/QALY 
Age 45 years, every 5 years: 
$9,786/QALY 
Age 60 years, every 3 years: 
$25,738/QALY 
Hypertension diagnosis, every year: 
$6,287/QALY 
Hypertension diagnosis, every 5 
years: $6,490/QALY 
Age 30 years, every 6 months (max): 
$40,778/QALY 

50 years Model 
validated for 
incidence of 
type 2 
diabetes 
melitus and 
rate of 
hyper-
glycemia 
progression 

Time and 
biological 
variables are 
continuous 
and the 
interaction of 
variables 
preserved 
with the 
Archimedes 
model 
compared to 
the Markov 
model 

Mortaz, 
201266 
Canada 

1.Screening for prediabetes 
and diabetes every 3 years 
2. Screening for 
prediabetes and diabetes 
every 5 years 
3. If patient has 
prediabetes, then annual 
screening 
4. No screening 
Start screening at age 40  

Markov 
model 

DPP lifestyle intervention 
reduction in incidence of 
diabetes by 58% 
 
Effect of diabetes on clinical 
outcomes NR 
 

Costs/QALY with screening:  
Once every 3 years: $2,281 
Once every 5 years: $2,116 
Annually: $2,367 
 
Costs for each QALY with no 
screening: $2,890 

10 years No DPP = 
lifestyle 
modification 
program with 
goals of 7% 
weight loss 
and 150 
minutes of 
weekly 
physical 
activity 

Abbreviations: BMI = body mass index; BP = blood pressure; CARDS = Collaborative Atorvastatin Diabetes Study; DPP = Diabetes Prevention Program; HR = hazard ratio; ICER = 
incremental cost-effectiveness ratios; IFG = impaired fasting glucose; IGT = impaired glucose tolerance; NR = not reported; QALY = quality adjusted life year. 
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Table 5. More Versus Less Intensive Blood Pressure Control in Persons With and Without DM 

2005 Meta-Analysis of Five Trials 
 Intensive vs. Standard Blood Pressure Lowering (Mean Achieved BP 139/81 vs. 143/84 mm Hg) 

Relative Risk; 95% CI 
 All-Cause Mortality Cardiovascular Mortality Stroke Cardiovascular Eventsa 
DM 10% (179/1731) vs 10% (184/1868); 

0.73; 0.56 to 0.95 
6% (106/1731) vs 6% (120/1868); 
0.67; 0.40 to 1.12 

4% (63/1731) vs 5% (86/1868); 
0.64; 0.46 to 0.89 

14% (236/1731) vs 14% (262/1868); 
0.75; 0.61 to 0.94 

No DM 4% (225/6303) vs 3% (365/12080); 
1.07; 0.80 to 1.42 

2% (105/6303) vs 1% (149/12080); 
1.30; 1.01 to 1.66 

2% (103/6303) vs 2% (204/12080); 
0.89; 0.70 to 1.13 

4% (266/6303) vs 4% (460/12080); 
1.01; 0.87 to 1.17 

 
Hypertension Optimal Treatment (HOT) Trial73 
 Intensive vs. Standard Blood Pressure Loweringb (Mean Achieved BP 140/81 vs. 143/84 mm Hg) 

Relative Risk; 95% CI 
 All-Cause Mortality Cardiovascular Mortality Stroke Cardiovascular Eventsc 
DM 3% (17/499) vs 6% (59/1002); 

0.58; 0.34 to 0.98 
1% (7/499) vs 4% (42/1002); 
0.33; 0.15 to 0.74 

3% (12/499) vs 3% (30/1002); 
0.80; 0.41 to 1.56 

6% (30/499) vs 9% (90/1002); 
0.67; 0.45 to 1.00 

No DM 3% (190/5763) vs 3% (323/11526); 
1.18; 0.99 to 1.40 

2% (89/5763) vs 1% (135/11526); 
1.32; 1.01 to 1.72 

1% (77/5763) vs 2% (175/11526); 
0.88; 0.67 to 1.15 

4% (233/5763) vs 4% (460/11526); 
1.01; 0.87 to 1.18 

 
Felodipine Event Reduction (FEVER) Trial81 
 Intensive vs. Standard Blood Pressure Lowering (Mean Achieved BP 138/82 vs. 142/84 mm Hg) 

Hazard Ratio; 95% CId 
 All-Cause Mortality Cardiovascular Mortality Stroke Cardiovascular Eventsc 
DM 1.00; 0.56 to 1.77 1.01; 0.5 to 1.99 0.56; 0.34 to 0.92 0.80; 0.54 to 1.17 
No DM 0.64; 0.48 to 0.84 0.64; 0.45 to 0.92 0.77; 0.62 to 0.96 0.71; 0.59 to 0.86 
aCardiovascular events = CV mortality, stroke, CHD events, and heart failure. 
bIntensive = DBP <80 mm HG; Standard = DBP ≤85 or 90 mm Hg. 
cCardiovascular events = CV mortality, nonfatal MI, nonfatal stroke. 
dn/N not reported. 
eCardiovascular events = CV mortality, non-fatal stroke, non-fatal MI, aortic aneurysm, heart failure, coronary angioplasty or CABG, peripheral vascular disease requiring surgery. 
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Table 6. Effect of Screening for DM on Health Outcomes 

Author, Year 
Study Name 
Quality 

Study Design 
Setting 
Country Interventions Population 

Duration of 
Followup Results 

Simmons 
201267 
ADDITION-
Cambridge 
Good 

Cluster RCT 
33 general 
practices 
United Kingdom 

A. Invited to stepwise 
screening of high-risk 
participants with random 
capillary blood glucose 
and HbA1c (n=15,089; 27 
sites) 

A1. Invited to and 
attended screening 
(n=11,737/15,089; 78%)  
A2. Did not attend 
screening 
(n=3,352/15,089; 22%)  

B. No screening (n=4,137; 
5 sites) 

A vs. B 
Mean age 58 vs. 58 years 
64% vs. 64% male 
Race not reported 
Mean BMI 30.6 vs. 30.5 kg/m2 

Median diabetes risk score 0.34 vs. 0.35a 

Index of Multiple Deprivation score: 12.9 
(SD 7.7) vs. 16.1 (SD 9.0)b 

10 years A vs. B 
All-cause mortality: HR 1.06 
(95% CI 0.90 to 1.25) 
Cardiovascular mortality: HR 
1.02 (95% CI 0.75 to 1.38) 
Cancer mortality: HR 1.08 (95% 
CI 0.90 to 1.30) 
Diabetes-related mortality: HR 
1.26 (95% CI 0.75 to 2.10) 
Other mortality: HR 1.10 (95% CI 
0.87 to 1.39) 
A1 vs. A2 
All-cause mortality: HR 2.01, 
95% CI 1.74 to 2.32 

Simmons 
201149 
Ely cohort 
Fair 

RCT 
1 general 
practice 
United Kingdom 

Phase 1 (1990-1999) 
A. Invited to screening 
with OGTT; rescreening at 
5 and 10 years (n=1,705) 

A1. Attended screening 
(n=1,157/1,705; 68%)  
A2. Did not attend 
screening (n=548/1,705; 
32%)  

B. No screening (n=3,231) 

Phase 1 
A vs. B 
Mean age 53 vs. 51 years 
45% vs. 51% male 
Race not reported 
Townsend Index of Deprivation Score -1.3 
vs. -1.5c 

Phase 1 
10 years 

Phase 1 
A vs. B 
All-cause mortality: HR 0.96, 
95% CI 0.77 to 1.20; aHRd 0.79 
(95% CI 0.63 to 1.00) 
A1 vs. B 
All-cause mortality: HR 0.64, 
95% CI 0.47 to 0.86; aHR 0.54, 
95% CI 0.40 to 0.74) 
A2 vs. B 
All-cause mortality: HR 1.68, 
95% CI 1.27 to 2.22; aHR 1.36, 
95% CI 1.01 to 1.82 

  Phase 2 (2000-2008)e 

A. Invited to screening 
A1. Attended screening 
(n=714/1,577; 45%)  
A2. Did not attend 
screening (n=863/1,577; 
55%)  

B. No screening (n=1,425) 

Phase 2 
Population characteristics not reported; 
similar proportion of men and women in 
each group (data not reported) 

Phase 2 
8 years 

Phase 2 
A vs. B 
All-cause mortality: HR 1.20, 
95% CI 0.95 to 1.51; aHR 1.18, 
95% CI 0.93 to 1.51 
A1 vs. B 
All-cause mortality: HR 0.46, 
95% CI 0.311 to 0.69; aHR 0.52, 
95% CI 0.35 to 0.78 
A2 vs. B 
All-cause mortality: HR 1.85, 
95% CI 1.45 to 2.36; aHR 1.73, 
95% CI 1.34 to 2.24 
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Table 6. Effect of Screening for DM on Health Outcomes 

Author, Year 
Study Name 
Quality 

Study Design 
Setting 
Country Interventions Population 

Duration of 
Followup Results 

Rahman 
201291 
Ely cohort  

RCT 
1 general 
practice 
United Kingdom 

A. Health assessment in 
people with diabetes 
previously screened 
(n=92) 
B. Health assessment in 
people with diabetes not 
previously screened 
(n=60) 

A vs. B 
Mean age: 68 vs. 66 years 
47% vs. 46% female  
Race not reported 
Age at time of diabetes diagnosis 64 vs. 64 
years 
Time since diabetes diagnosis 5 vs. 2 
years (p=0.006) 
Proportion with screen-detected diabetes 
93% vs. 31% 

12 years A vs. B 
Self-reported MI: 7/92 vs. 8/60; 
RR 0.57, 95% CI 0.22 to 1.49 
Self reported stroke: 3/92 vs. 
5/60; RR 0.39, 95% CI 0.10 to 
1.58 
Ischemic heart disease: 30/92 
vs. 28/60; RR 0.70, 95% CI 0.47 
to 1.04 
Nephropathy: 4/92 vs. 1/60; RR 
2.61, 95% CI 0.30 to 23) 
Peripheral neuropathy: 39/92 vs. 
32/60; RR 0.79, 95% CI 0.57 to 
1.11 
Peripheral vascular disease: 5/92 
vs. 2/60; RR 1.63, 95% CI 0.33 
to 8.13 
Mean SF-36f physical function 
score: 67.2 (SD 29.4) vs. 69.6 
(SD 30.7); p=0.64 
Mean SF-36 mental health score: 
77.8 (SD 16.5) vs. 79.7 (SD 
16.1); p=0.47 

aRisk score determined using a previously validated model incorporating age, gender, BMI, use of steroids or antihypertensives, family history and smoking history.68 A risk score of 
0.35 was estimated to have 41% sensitivity, 86% specificity, 12% positive predictive value, and 96% negative predictive value. 
bHigher score = higher level of deprivation. 
cScore >0 = greater deprivation that the mean; <0 = less deprivation than the mean. 
dAdjusted for age, sex and Index of Deprivation Score. 
eParticipants in Phase 2 were randomly selected from those not invited to screening in Phase 1. 
fShort Form Health Survey, scale 0-100. Higher score = less disability. 
 
Abbreviations: HR = adjusted hazard ratio; BMI = body mass index; CI = confidence interval; HR = hazard ratio; MI = myocardial infarction; OGTT = oral glucose tolerance test; RR = 
relative risk; SD = standard deviation. 
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Table 7. Health Outcomes in Studies of Interventions for Screen-Detected and Early Type 2 DM, IFG, or IGT 

Author, Year 
Country 
Study Design 
Study Name 
Treatment 
Duration 
Followup Intervention and Comparison Population Health Outcomes Quality 
Lifestyle interventions 
Andrews, 201195 
217 sites + 
community 
recruitment in the 
United Kingdom 
RCT 
Early ACTID 
Treatment duration 
and followup: 1 year 

A. Intensive dietary advice and 
exercise (n=246) 
B. Intensive dietary advice (n=248) 
C. Usual care (n=99) 

Patients with newly diagnosed DM 
A vs. B vs. C 
Mean age: 60 vs. 60 vs. 60 years 
Female sex: 36% vs. 34% vs. 37% 
Race: 94% vs. 96% vs. 97% White; 
other races not reported 
HbA1c: 6.7 vs. 6.6 vs. 6.7% 

A vs. B vs. C 
All-cause mortality: 0% (0/246) vs. 0% 
(0/248) vs. 1%(1/99); A vs. C: RR 0.14 (95% 
CI 0.01 to 3.31); B vs. C: RR 0.14 (95% CI 
0.01 to 3.29) 

Good 

Davies, 200896 and 
Khunti 201297 
13 sites in the 
United Kingdom 
Cluster RCT 
DESMOND 
Treatment duration: 
one 6-hour 
education session 
Followup: 3 years 

A. Single, 6-hour group education 
session focusing on lifestyle, food, 
physical activity and cardiovascular 
risk factors + standard clinical 
management (n=437) 
B. Usual care (n=387) 

Patients with newly diagnosed DM 
A vs. B 
Mean age: 60 vs. 60 years 
Female sex: 47% vs. 43% (p<0.05) 
Race: 94% vs. 94% White; other races 
not reported 
HbA1c: 8.3% vs. 7.9% (p<0.05) 

A vs. B 
Quality of life, WHOQOL-BREF – 
Overall satisfaction with quality of life: 4.0  
vs. 4.0; p=0.48 
Overall satisfaction with health: 4.0 vs. 4.0; 
p=0.94 

Fair 

Li, 2008102 and Li 
2014110 
33 centers, 
China 
Cluster RCT 
Da Qing DPS 
Treatment duration: 
6 years 
Followup: 23 years  

A. Interventions - combined 
lifestyle, diet, or lifestyle + diet  
diet intervention: increase 
vegetable intake and lose weight by 
decreasing calories from sugar and 
alcohol; increase leisure time 
physical activity (n=438) 
B. Control (n=138) 

Patients with IGT 
A vs. B 
Mean age: 45 vs. 47 years 
Female sex: 47% vs. 43% 
Race: NR 
Mean BMI: 25.7 vs. 26.2 
 

A vs. B: 20-year results 
All-cause mortality: 25% vs. 29%; HR 0.96 
(95% CI 0.65 to 1.41) 
Cardiovascular mortality: 12% vs 17%; HR 
0.83 (95% CI 0.48 to 1.40) 
Cardiovascular events: 41% vs 44%; HR 0.98 
(95% CI 0.71 to 1.37) 
A vs. B: 23-year results 
All-cause mortality: 28% (121/430) vs. 38% 
(53/138); HR 0.71 (95% CI 0.51 to 0.99) 
Cardiovascular mortality: 12% (51/430) vs. 
20% (27/138); HR 0.59 (95% CI 0.36 to 0.96) 

Fair 
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Table 7. Health Outcomes in Studies of Interventions for Screen-Detected and Early Type 2 DM, IFG, or IGT 

Author, Year 
Country 
Study Design 
Study Name 
Treatment 
Duration 
Followup Intervention and Comparison Population Health Outcomes Quality 
Saito, 2011107 
38 centers in Japan 
RCT 
Treament duration: 
3 years 
Followup: 3 years  

A. Individual lifestyle counseling 
session aimed at decreasing body 
weight and increasing physical 
activity with follow up at 1, 3, 6, 12, 
18, 24, 30, and 36 months (n=330) 
B. Usual care (n=311) 

Patients with IFG 
A vs. B 
Mean age: 50 vs. 48 years  
Female sex: 28% vs. 29%  
Race not reported 
Mean BMI 26.9 vs. 27.1 kg/m2 
Mean HbA1c 5.4% vs. 5.4% 

A vs. B 
All-cause mortality: 0.3% (1/311) vs. 0% 
(0/330); RR 3.18 (95% CI 0.13 to 78) 

Fair 

Uusitupa, 2009107 
Finnish DPS 
5 centers in Finland 
RCT 
Followup: 11-14 
years (varied by 
intervention group) 

A. Intensive diet and counseling 
group (n=257) 
B. Control group (n=248) 

Patients with IGT and BMI >25 kg/m2 

 

A vs. B  
Mean age: 55 vs. 55  
Female sex: 66% vs. 68% 
Race not reported 
BMI: 31.4 vs. 31.2 kg/m2 

A vs. B  
All-cause mortality: 2.2 vs. 3.8 events/1,000 
person years; HR 0.57; 95% CI 0.21 to 1.58 
Cardiovascular events: 22.9 vs. 22.0 
events/1,000 person-years; HR 1.04; 95% CI 
0.72 to 1.51 

Fair 

Pharmacologic interventions 
DeFronzo, 201198 
8 centers in United 
States 
RCT 
Followup: 2.4 years 

A. Pioglitazone 30 mg/day for one 
month, increased to 45 mg/day 
(n=303) 
B. Placebo (n=299) 

Patients with IGT, BMI > 25, and >1 
other RF diabetes 
 
A vs. B 
Mean age: 53 vs. 52 years 
Female sex: 58% vs. 58% 
Race: 51% vs. 57% White; 26 vs. 25% 
Hispanic; 19% vs. 15% Black; 3% vs. 
3% other  
Mean BMI: 33.0 vs. 34.5 kg/m2 
Mean HbA1c: 5.5% vs. 5.5% 

A vs. B 
All-cause mortality: 1% (3/303) vs. 0.3% 
(1/299); RR 2.96; 95% CI 0.31 to 28 
Cardiovascular events: 9% (26/303) vs. 8% 
(23/299); RR 1.11; 95% CI 0.65 to 1.91 

Fair 
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Table 7. Health Outcomes in Studies of Interventions for Screen-Detected and Early Type 2 DM, IFG, or IGT 

Author, Year 
Country 
Study Design 
Study Name 
Treatment 
Duration 
Followup Intervention and Comparison Population Health Outcomes Quality 
DREAM Trial 
Investigators, 
200898 
191 centers in 21 
countries 
RCT 
Followup: 3 years 

A. Ramapril 15 mg/day (n=2623) 
B. Placebo (n=2646) 
C. Rosiglitazone 0.8mg/day 
(n=2635) 
D. Placebo (n=2634) 
Patients randomized twice, to 
ramapril or placebo and 
rosiglitazone or placebo 

Patients with IFG or IGT 
A vs. B & C vs. D 
Mean age: 55 vs. 55 years & 55 vs. 55 
years 
Female sex: 60% vs. 59% & 58% vs. 
60% 
Race not reported 

A vs. B  
Total mortality: 1 % (31/2623) vs. 1% 
(32/2646); HR 0.98, 95% CI 0.60 to 1.61  
Cardiovascular mortality: 0.5% (12/2623) vs. 
0.4% (10/2646); HR 1.21, 95% CI 0.52 to 
2.80  
Cardiovascular events: 3% (69/2623) vs. 2% 
(64/2646); HR 1.09, 95% CI 0.78 to 1.53  
MI: 0.5% (14/2623) vs. 0.4% (11/2646); HR 
1.29, 95% CI 0.59 to 2.84  
Stroke: 0.2% (4/2623) vs. 0.3% (8/2646); HR 
0.50, 95% CI 0.15 to 1.66  
Renal events: 14% (353/2623) vs. 14% 
(365/2646); HR 0.97; 95% CI 0.83 to 1.14 

Good 

   C vs. D 
Total mortality: 1% (30/2635) vs. 1% 
(33/2634); RR 0.91, 95% CI 0.56 to 1.49 
Cardiovascular mortality: 0.5% (12/2635) vs. 
0.4% (10/2634); HR 1.20, 95% CI 0.52 to 
2.77 
Cardiovascular events: 3% (77/2635) vs. 2% 
(56/2634); HR 1.38, 95% CI 0.98 to 1.95 
MI: 0.6% (16/2635) vs. 0.3% (9/2634); HR 
1.78, 95% CI 0.79 to 4.03 
Stroke: 0.3% (7/2635) vs. 0.2% (5/2634); HR 
1.40, 95% CI 0.44 to 4.40 
Renal events: 7% (193/2635) vs. 7% 
(185/2634); HR 1.18; 95% CI 0.88 to 1.57 

 

Kawamori, 2009100 
103 centers in 
Japan 
RCT 
Treatment duration: 
5 years 
Followup: 3 years 

A. Voglibose 0.2 mg/day (n=897) 
B. Placebo (n=881) 

Patients with IFG 
 
A vs. B 
Mean age 56 
vs. 56 years 
Female sex: 40% vs. 40% 
Race not reported 

A vs. B 
All-cause mortality: 0.7% (6/897) vs. 0% 
(0/881); RR 13; 95% CI 0.72 to 226 

Good 
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Table 7. Health Outcomes in Studies of Interventions for Screen-Detected and Early Type 2 DM, IFG, or IGT 

Author, Year 
Country 
Study Design 
Study Name 
Treatment 
Duration 
Followup Intervention and Comparison Population Health Outcomes Quality 
NAVIGATOR, 
2010102 
(Nateglinide results) 
806 centers in 40 
countries 
RCT 
Followup: 5 years 

A. Nateglinide 60 mg/3 times daily 
(n=4645) 
B. Placebo (n=4661) 
Patients also randomized in 2x2 
factorial design to receive valsartan 
or placebo 

Patients with IGT and at least one CV 
risk factor or known CVD 
A vs. B 
Mean age: 64 vs. 64 years 
Female sex: 51% vs. 50% 
Race: 83% vs. 83% White; 3% vs. 3% 
Black; 7% vs. 8% Asian; 8% vs. 8% 
other  
Mean BMI: 30.5 vs. 30.5 kg/m2 
HbA1c: 5.8% vs. 5.8% 

A vs. B 
All-cause mortality: 7% (310/4645) vs. 7% 
(312/4661); RR 1.00; 95% CI 0.86 to 1.16; 
HR 1.00; 95% CI 0.85 to 1.17 
Cardiovascular mortality: 3% (126/4645) vs. 
4% (118/4661); RR 1.07; 95% CI 0.84 to 
1.37; HR 1.07; 95% CI 0.83 to 1.38 
Stroke: 4% (111/4645) vs. 3% (126/4661); 
HR 0.89; 95% CI 0.69 to 1.15 

Good 

NAVIGATOR, 
2010103 
(Valsartan results) 
806 centers in 40 
countries 
RCT 
Followup: 5 years 

A. Valsartan 160 mg/once daily 
(n=4631) 
B. Placebo (n=4675) 
Patients also randomized in 2x2 
factorial design to receive 
nateglinide or placebo 

Patients with IGT and at least one CV 
risk factor or known CVD  
A vs. B 
Mean age: 64 vs. 64 years 
Female sex: 50% vs. 51% 
Race: 83% vs. 83% White; 2% vs. 3% 
Black, 6% vs. 7% Asian, 8% vs. 8% 
other  
Mean BMI: 30.4 vs. 30.6 kg/m2 
HbA1c: 5.8% vs. 5.8% 

A vs. B 
All-cause mortality: 6% (295/4631) vs. 12% 
(327/4675); HR 0.90; 95% CI 0.77 to 1.05 
Cardiovascular mortality: 3% (128/4631) vs. 
3% (116/4675); HR 1.09; 95% CI 0.85 to 1.40 
MI: 3% (138/4631) vs. 3% (140/4675); HR 
0.97; 95% CI 0.77 to 1.23 
Heart failure requiring hospitalization: 2% 
(91/4631) vs. 2% (94/4675); HR 0.97; 95% CI 
0.72 to 1.29 
Stroke: 2% (105/4631) vs. 3% (132/4675); 
HR 0.79; 95% CI 0.61 to 1.02 

Good 

Nijpels, 2008104 
1 center in The 
Netherlands 
RCT 
DAISI 
Treatment duration: 
3 years 

A. Acarbose 50 mg/3 times daily 
(n=60) 
B. Placebo (n=58) 

Patients with IGT 
A vs. B 
Mean age: 59 vs. 57 years 
Female sex: 49% vs. 50% 
Race not reported  
Mean BMI: 28.4 vs. 29.5 kg.m2 
HbA1c: 5.9% vs. 5.6% 

A vs. B 
All-cause mortality: 2% (1/60) vs. 5 % (3/58); 
RR 0.32; 95% CI 0.03 to 3.01 

Fair 

Ramachandran, 
2009105 
India 
RCT 
IDPP-2 
Followup: 3 years 

A. Pioglitazone (n=181) 
B. Placebo (n=186) 

Patients with IGT 
A vs. B 
Mean age 45.1 vs. 45.5 
Female sex: 13% vs. 14% 
Race not reported 

A vs. B 
All-cause mortality: 1% (2/203) vs. 0.5% 
(1/203); RR 2.00; 95% CI 0.18 to 22 
Cardiovascular mortality: 0.9% (2/204) vs. 0% 
(0/203); RR 4.98; 95% CI 0.24 to 103 

Fair 
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Table 7. Health Outcomes in Studies of Interventions for Screen-Detected and Early Type 2 DM, IFG, or IGT 

Author, Year 
Country 
Study Design 
Study Name 
Treatment 
Duration 
Followup Intervention and Comparison Population Health Outcomes Quality 
Zinman, 2010108 
2 centers in Canada 
RCT 
CANOE 
Treatment duration: 
NR 
Followup: 4 years 

A. Metformin 500 mg plus 
rosiglitazone 2 mg/twice daily as a 
fixed dose combination (n=103) 
B. Placebo (n=104) 

Patients with IGT and >one risk factor 
for DM  
A vs. B 
Mean age: 50 vs. 55 years 
Female sex: 65% vs. 68% 
Race: 75% vs. 74% White; 8% vs. 7% 
South Asian; 7% vs. 7% Latino, 11% vs. 
13% other 

A vs. B 
Myocardial infarction: 0% (0/103) vs. 1% 
(1/104), RR 0.34, 95% CI 0.01 to 8.17 
Congestive heart failure: 0% (0/103) vs. 1% 
(1/104), RR 0.34, 95% CI 0.01 to 8.17 

Good 

Lifestyle and pharmacologic interventions 
Florez 2012100 
27 centers in the 
U.S. 
RCT 
Diabetes Prevention 
Program 
Treatment duration: 
3 years 
Followup: 5 years 

A. Intensive lifestyle intervention, 
including diet and exercise to 
achieve modest weight reduction 
(n=1048) 
B. Metformin 850 mg/twice daily 
(n=1043) 
C. Placebo (n=1041) 

Patients with IGT and BMI ≥24 kg/m2 
(≥22 kg/m2 in Asian Americans)  
A vs. B vs. C 
Mean age: 51 vs. 51 vs. 50 years 
Female sex: 68% vs. 66% vs. 69% 
Race: 54% vs. 56% vs. 54% White; 
19% vs. 21% vs. 20% Black; 17% vs. 
15% vs. 16% Hispanic; 9% vs. 8% vs. 
10% Other 

A vs. C 
Quality of life, SF-36 score changes from 
baseline, mean between-group difference: 
  SF-6D: 0.0084 (SD 0.0041; p<0.05) 
  PCS: 1.57 (SD 0.30; p<0.01) 
  MCS: -0.29 (SD 0.32; p=NS) 
  Physical function: 3.58 (SD 0.66; p<0.01) 
  Body pain: 1.93 (SD 0.78; p<0.01) 
  General health: 3.23 (SD 0.66; p<0.01) 
  Vitality: 2.05 (SD 0.77; p<0.01) 
B vs. C 
Quality of life, SF-36 score changes from 
baseline, mean between-group difference: 
  SF-6D: 0.0019 (SD 0.0041; p=NS) 
  PCS: 0.15 (SD 0.30; p=NS) 
  MCS: 0.22 (SD 0.32; p=NS) 
  Physical function: 0.13 (SD 0.71; p=NS) 
  Body pain: 0.50 (SD 0.78; p=NS) 
  General health: 0.06 (SD 0.66; p=NS) 
  Vitality: 0.09 (SD 0.76; p=NS) 

Good 

Abbreviations: WHOQOL-BREF = World Health Organization Quality of Life Assessment, short version. Scale 1-5 for each domain; higher score = higher quality of life. 
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Table 8. Intensive Glucose Control and Health Outcomes in a Systematic Review of 14 Trials 

Outcome 

Number 
of 

Studies 

Number of Patients 

Relative Risk; 95% CI 
Intensive 
Control 

Conventional 
Control 

All-cause mortality 12 1460/15142 1111/13217 1.02, 0.91 to 1.13; I2=30% 
Cardiovascular mortality 12 765/15142 545/13217 1.11, 0.92 to 1.35; I2=46% 
Non-fatal MI 8 644/15017 593/13094 0.85, 0.76 to 0.95; I2=0% 
Microvascular outcomesa 3 1331/13770 1312/11830 0.88, 0.79 to 0.97; I2=45% 
Retinopathy 7 740/6175 660/4618 0.80, 0.67 to 0.94; I2=59% 
Nephropathy 8 3402/14675 3497/13094 0.83, 0.64 to 1.06; I2=75% 
Severe hypoglycemia 9 1094/14887 380/12957 2.39, 1.71 to 3.34; I2=73% 
aMicrovascular outcomes = presence or progression of nephropathy or retinopathy, end-stage renal disease, and retinal 
photocoagulation. 
 
Abbreviations: CI = confidence interval; MI = myocardial infarction 
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Table 9. Summary of Meta-Analyses of Intensive Versus Standard Blood Pressure Control in 
Persons With DM 

 Number of Studies; Intensive vs. Standard Blood Pressure Control RR, 95% CI; I2 (if reported) 

Study 
All-Cause 
Mortality CV Mortality Stroke 

Myocardial 
Infarction 

Heart 
Failure 

Other 
Outcomes 

Bangalore, 
2011125 

12 studies; 
0.90, 0.82 to 
0.98; I2=0% 
Results 
stratified 
according to 
achieved 
SBP: 
SBP ≤135 
mm Hg, 6 
studies; 
0.87, 0.79 to 
0.95; I2=0% 
SBP ≤130 
mm Hg, 6 
studies; 
1.04, 0.86 to 
1.25; I2=0% 

7 studies; 
0.93, 0.82 to 
1.06; I2=7% 
Results 
stratified 
according to 
achieved 
SBP: 
SBP ≤135 
mm Hg, 4 
studies; 
0.90, 0.78 to 
1.03; I2=29% 
SBP ≤130 
mm Hg, 3 
studies; 
1.11, 0.82 to 
1.52; I2=0% 

9 studies; 
0.83, 0.73 to 
0.95; I2=27% 
Results 
stratified 
according to 
achieved 
SBP: 
SBP ≤135 
mm Hg, 5 
studies; 
0.90, 0.78 to 
1.03; I2=0% 
SBP ≤130 
mm Hg, 4 
studies; 
0.53, 0.38 to 
0.75; I2=0% 

8 studies; 
0.92, 0.80 to 
1.06; I2=0% 
Results 
stratified 
according to 
achieved SBP: 
SBP ≤135 mm 
Hg, 4 studies; 
0.92, 0.76 to 
1.11; I2=13% 
SBP ≤130 mm 
Hg, 4 studies; 
0.92, 0.80 to 
1.06; I2=0% 

6 studies; 
0.90, 0.75 to 
1.06; I2=48% 
Results 
stratified 
according to 
achieved 
SBP: 
SBP ≤135 
mm Hg, 3 
studies; 
0.82, 0.66 to 
1.02; I2=45% 
SBP ≤130 
mm Hg, 3 
studies; 
1.03, 0.78 to 
1.35; I2=54% 

Nephropathy: 5 
studies; 0.73, 
0.64 to 0.84; 
I2=61% 
Results stratified 
according to 
achieved SBP: 
SBP ≤135 mm 
Hg, 3 studies; 
0.83, 0.68 to 
1.00; I2=0% 
SBP ≤130 mm 
Hg, 2 studies; 
0.64, 0.53 to 
0.78; I2=83% 

Reboldi, 
2011134 

  5 studies; 
0.61, 0.48 to 
0.79; I2=0% 

5 studies; 
0.87, 0.74 to 
1.02; I2=0% 

  

Abbreviations: CI = confidence interval; CV = cardiovascular; RR = relative risk; SBP = systolic blood pressure. 
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Table 10. Trials of Variably Defined Intensive Versus Standard Blood Pressure Control in Persons With DM 

   Intensive vs. Standard BP Lowering, RR (95% CI) 
Study 
n 
Duration of 
Followup Interventions 

BP: Baseline; 
Target; Achieved 

(mm Hg) 
All-Cause 
Mortality CV Mortality Stroke 

Myocardial 
Infarction Other Outcomes 

ABCD (H)74* 
n=470 
5 years 

Intensive: nisoldipine or 
enalapril, plus open label 
antihypertensives to achieve 
target DBP 
Standard: nisoldipine or 
enalapril 

Baseline 
Intensive: 156/98 
Standard: 154/98 
Target 
Intensive: DBP 
≤75  
Standard: DBP 
80-89 
Achieved 
Intensive: 132/78 
Standard: 138/86 

6% (13/237) 
vs. 10% 
(25/233); 0.51 
(0.27 to 0.97)  

  7% (16/237) 
vs. 6% 
(14/233); 1.12 
(0.56 to 2.25) 

Nephropathy: 7% 
(16/237) vs. 10% 
(23/233); 0.68 (0.37 
to 1.26) 

ABCD (N)75* 
n=480 
5 years 

Intensive: nisoldipine 10-
60mg/day or enalapril 5-40 
mg/day 
Standard: placebo 

Baseline 
Intensive: 136/84 
Standard: 137/84 
Target 
Intensive: DBP 
decrease of ≥10  
Standard: no DBP 
decrease (DBP 
80-89) 
Achieved 
Intensive: 128/75 
Standard: 137/81 

8% (18/237) 
vs. 8% 
(20/243); 0.92 
(0.50 to 1.70) 

5% (13/237) 
vs. 4% 
(9/243); 1.48 
(0.65 to 3.40) 

2% (4/237) 
vs. 5% 
(13/243); 
0.32 (0.10 to 
0.95) 

8% (19/237) 
vs. 6% 
(15/243); 1.30 
(0.68 to 2.50) 

Congestive heart 
failure: 5% (12/237) 
vs. 5% (11/243); 
1.12 (0.50 to 2.49) 
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Table 10. Trials of Variably Defined Intensive Versus Standard Blood Pressure Control in Persons With DM 

   Intensive vs. Standard BP Lowering, RR (95% CI) 
Study 
n 
Duration of 
Followup Interventions 

BP: Baseline; 
Target; Achieved 

(mm Hg) 
All-Cause 
Mortality CV Mortality Stroke 

Myocardial 
Infarction Other Outcomes 

ACCORD79 
n=4732 
5 years 

Intensive: use of 
antihypertensives necessary 
to reach target according to a 
prespecified treatment 
algorithm 
Standard: usual care 

Baseline 
Intensive:139/76 
Standard: 139/76 
Target 
Intensive: SBP 
<120  
Standard: SBP 
<140  
Achieved 
Intensive: 119/64  
Standard: 134/71  

6% 
(150/2363) vs. 
6% 
(144/2371); 
1.11 (0.89 to 
1.38) 

3% (60/2363) 
vs. 2% 
(58/2372); 
1.04 (0.73 to 
1.48) 

2% 
(36/2363) vs. 
3% 
(62/2371); 
0.58 (0.39 to 
0.88) 

5% (126/2362)  
vs. 6% 
(146/2371);  
0.87 (0.69 to 
1.09) 

Fatal or nonfatal 
heart failure: 4% 
(83/2363) vs. 4% 
(90/2371); 0.93 (0.69 
to 1.24) 
Loss of visual acuity: 
35% (819/2339) vs. 
36% (849/2352); 
0.97 (0.90 to 1.05) 
Score >2 on 
Michigan 
Neuropathy 
Screening 
Instrument: 53% 
(722/1353) vs. 56% 
(781/1388); 0.95 
(0.89 to 1.02) 

ADVANCE80 
n=11140 
4 years 

Intensive: addition to existing 
BP regimen of fixed-dose 
combination of 
perindoprilindapamide; no 
target set  
Standard: existing BP 
regimen with addition of 
placebo  

Baseline 
Intensive: 145/81 
Standard: 145/81 
Target 
Intensive: No 
target 
Standard: No 
target 
Achieved 
Intensive: 136/73  
Standard: 140/73 

7% 
(408/5569) vs. 
9% 
(471/5571); 
0.87 (0.76 to 
0.98) 

4% 
(211/5569) 
vs. 5% 
(257/5571);  
0.82 (0.69 to 
0.98) 

  Renal events: 22% 
(1243/5569) vs. 27% 
(1500/5571); 
0.83 (0.78 to 0.89) 
New or worsening 
retinopathy:  5% 
(289/5569) vs.  5% 
(286/5571); 1.01 
(0.86 to 1.19) 
New or worsening 
nephropathy: 3% 
(181/5569) vs. 4% 
(216/5571);  
0.84 (0.69 to 1.02) 
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Table 10. Trials of Variably Defined Intensive Versus Standard Blood Pressure Control in Persons With DM 

   Intensive vs. Standard BP Lowering, RR (95% CI) 
Study 
n 
Duration of 
Followup Interventions 

BP: Baseline; 
Target; Achieved 

(mm Hg) 
All-Cause 
Mortality CV Mortality Stroke 

Myocardial 
Infarction Other Outcomes 

HOT73* 
n=1501 with 
DM 
4 years 

Intensive: felodipine + others 
added incrementally if 
needed to reach target 
Standard: felodipine 

Baseline 
Intensive: 170/105 
Standard: 170/105 
Target 
Intensive: DBP 
≤80 
Standard:  DBP 
≤85 or 90 
Achieved 
Intensive: 140/81 
Standard:  143/84 

3% (17/499) 
vs. 6% 
(59/1002); 
0.58 (0.34 to 
0.94) 

1% (7/499) 
vs. 4% 
(42/1002);  
0.33 (0.15 to 
0.74) 

2% (12/499) 
vs. 3% 
(30/1002); 
0.80 (0.41 to 
1.56) 

3% (15/499) 
vs. 3% 
(34/1002); 
0.89 (0.49 to 
1.61) 

 

UKPDS72* 
n=1148 
8 years 

Intensive: captopril or 
atenolol + others added 
incrementally if needed to 
reach target 
 
Standard: no use of ACE 
inhibitors or beta blockers 

Baseline 
Intensive: 160/93 
Standard: 160/93 
Target 
Intensive: <150/85 
Standard: 
<180/105 
Achieved 
Intensive: 143/79 
Standard: 152/22 

18% 
(134/758) vs. 
21% (83/390); 
0.83 (0.65 to 
1.06) 

 5 %(38/758) 
vs. 9% 
(34/390); 
0.58 (0.37 to 
0.90) 

14% (107/758) 
vs. 18% 
(69/390); 0.80 
(0.60 to 1.05) 

Diabetes-related 
death: 11% (82/758) 
vs. 16% (62/390); 
0.68 (0.50 to 0.92) 

UKPDS 
n=1148 
16 years (8 
years on trial + 
8 years post-
trial monitoring) 

49% 
(373/758) vs. 
54% 
(211/390); 
0.89 (0.75 to 
1.06) 

 12% 
(90/758)  vs. 
15% 
(58/390); 
0.77 (0.55 to 
1.07) 

27% (205/758) 
vs. 29% 
(115/390);  
0.90 (0.71 to 
1.13) 

Diabetes-related 
death: 27% 
(203/758) vs. 31% 
(122/390); 0.84 (0.67 
to 1.05) 

*Included in previous USPSTF reviews. 
 
Abbreviations: BP = blood pressure; CI = confidence interval; CV = cardiovascular; RR = relative risk; SBP = systolic blood pressure. 
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Table 11. Effects of Multifactorial Interventions on Health Outcomes in Persons with DM Not Specifically Screen-Detected 

Study 
Followup 
n 

Target Values Baseline Values 
Values at End of 

Followup 
Outcomes 

Intensive vs. Standard Controla 
Intensive 

Group 
Standard 

Group 
Intensive 

Group 
Standard 

Group 
Intensive 

Group 
Standard 

Group 
ADVANCE130 
4 years 
n=5566 

HbA1c: 
≤6.5% 
BP: no 
target 

Usual care 
targets  

HbA1c: 
7.5% 
BP: 
145/81 
mm Hg 

HbA1c: 
7.5% 
BP: 145/81 
mm Hg 

HbA1c: 
6.9% 
BP: 
138/78 
mm Hg 

HbA1c: 
7.5% 
BP: 
145/81 
mm Hg 

All-cause mortality: 7% (198/2783) vs 9% (240/2783); RR 0.83 
(95% CI 0.70 to 0.99) 
CV mortality: 4% (104/2783) vs 5% (136/2783); RR 0.76 (95% CI 
0.60 to 0.98) 

JEDIT148 
6 years 
n=1173 

HbA1c: 
<6.9% 
BP: 
<130/85 
mm Hg 
TC: <180 
mg/dL 

Usual care 
targets 

HbA1c: 
8.4% 
BP: 
138/74  
TC: 202 
mg/dL 

HbA1c: 
8.5% 
BP: 137/75 
mm Hg 
TC: 202 
mg/dL 

HbA1c: 
7.7% 
BP: 
134/71b 
mm Hg 
TC: 188 
mg/dL 

HbA1c: 
7.8% 
BP: 
134/71 
mm Hg 
TC: 190 
mg/dL 

Events and p-values of between-group comparisons (numbers 
for groups NR) 
Death due to diabetes: 35 events (p=0.85) 
Death not related to diabetes: 59 events (p=0.30) 
Fatal MI: 12 events (p=0.08) 
Sudden death: 13 events (p=0.99) 
Fatal stroke: 6 events (p=0.66) 
Death due to renal failure: 3 events (p=0.08) 
Death due to hyper/hypoglycemia: 1 event (p=0.32) 
Nonfatal MI: 17 events (p=1.0) 
Any stroke: 67 events (p=0.29) 

SANDS152,153 
3 years 
n=499 

BP: 
≤115/75 
mm Hg 
LDL-C: 
<70 
mg/dL 
Non-HDL-
C: <100 
mg/dL 

BP: 
<130/85 
mm Hg 
LDL-C: 
<100 
mg/dL 
Non-HDL-
C: <130 
mg/dL 

BP: 
128/74 
mm Hg 
LDL-C: 
104 
mg/dL 
Non-HDL-
C: 138 
mg/dL 

BP: 133/76 
mm Hg 
LDL-C: 
104 mg/dL 
Non-HDL-
C: 
140mg/dL 

BP: 
117/67b m
m Hg 
LDL-C: 72 
mg/dL 
Non-HDL-
C: 102 
mg/dL 

BP: 
129/73b m
m Hg 
LDL-C: 
104 
mg/dL 
Non-HDL-
C: 138 
mg/dL 

Non-CV death: 0.8% (2/252) vs. 2% (4/247); RR 0.49 (95% CI 
0.09 to 2.65) 

Steno-2131 
13 years  
n=160 

HbA1c: 
<6.5% 
BP: 
<130/80 
mm Hg 
TC: <150 
mg/dL 

Usual care 
targets 

HbA1c: 
8.4%  
BP: 
146/85 
mm Hg 
TC: 210 
mg/dL 

HbA1c: 
8.8% 
BP: 149/86 
mm Hg 
TC: 233 
mg/dL 

HbA1c: 
7.7% 
BP: 
140/74b 
mm Hg 
TC: 147b 
mg/dL 

HbA1c: 
8.0% 
BP: 
146/73b 
mm Hg 
TC: 155 
mg/dL 

All-cause mortality: 30% (24/80) vs. 50% (40/80); RR 0.60 (95% 
CI 0.40 to 0.90) 
CV mortality: 11% (9/80) vs. 24% (19/80); RR 0.47 (95% CI 0.23 
to 0.98) 
MI: 10% (8/80) vs. 26% (21/80); RR 0.38 (95% CI 0.18 to 0.81) 
Stroke: 8% (6/80) vs. 23% (18/80); RR 0.33 (95% CI 0.14 to 
0.80) 
Nephropathy: 25% (20/80) vs. 46% (37/80); RR 0.44 (95% CI 
0.25 to 0.77) 
Retinopathy: 51% (41/80) vs. 68% (54/80); RR 0.57 (95% CI 0.37 
to 0.88) 

aAdditional outcomes reported in Appendix B10. 
bTarget achieved; in some cases values were lower than target levels at baseline. 
 
Abbreviations: BP = blood pressure; CI = confidence interval; CV = cardiovascular; HDL-C = high-density lipoprotein-cholesterol; LDL-C = low-density lipoprotein-cholesterol; MI = 
myocardial infarction NR = not reported; RR = relative risk; TC = total cholesterol
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Table 12. Studies of Interventions to Prevent or Delay Progression to DM 

Author, Year 
Country 
Study Design 
Study Name 
Treatment Duration 
Followup Intervention and Comparison Population Progression to Diabetes Quality 
Lifestyle interventions 
Katula, 2013172 
Community setting, 
United States 
RCT 
Treatment duration: 
2 years 

A. Intensive lifestyle intervention 
(n=151) 
B. Usual care (n=150) 

Overweight or obese patients with IFG 
A vs. B 
Mean age: 57.3 vs. 58.5 years 
Female sex: 58% vs. 57% 
Race: 73.5% White, 25.8% Black, 0.7% 
other vs. 74% White, 23.3% Black, 2.7% 
other 
Mean BMI: 32.8 vs. 32.6 

A vs. B 
Incidence: 2.6% (4/151) vs. 7.3% (11/150); RR 
0.36, 95% CI 0.12 to 1.11 

Fair 

Li, 2008102 and Li 
2014110 
33 centers, 
China 
Cluster RCT 
Da Qing DPS 
Treatment duration: 
6 years 
Followup: 20 years 
(mean 9.4 years) 

A. Interventions - combined lifestyle, 
diet, or lifestyle + diet  
diet intervention: increase vegetable 
intake and lose weight by 
decreasing calories from sugar and 
alcohol; increase leisure time 
physical activity (n=438) 
B. Control (n=138) 

Patients with IGT 
A vs. B 
Mean age: 45 vs. 47 years 
Female sex: 47% vs. 43% 
Race: NR 
Mean BMI: 25.7 vs. 26.2 
 

A vs. B: 20-year results 
Incidence: 6.9 vs. 11.3 cases/100 person-
years per year 
Cumulative incidence: 79.7% vs. 92.8%  
Adjusted hazard rate ratio: 0.57, 95% CI 0.41 
to 0.81 
NNT: 6 
A vs. B: 23-year results 
Incidence: 7.3 vs. 12.3 cases/100 person-
years per year 
Cumulative incidence: 73% (312/430) vs. 90% 
(124/138)  
Adjusted hazard rate ratio: 0.55, 95% CI 0.40 
to 0.76 

Fair 

Lindahl, 2009171 
Single center, 
Sweden 
Vasterbotten 
Intervention 
Programme 
Treatment duration: 
1 year 
Followup: 5 years 

A. Intensive lifestyle intervention, 
including a month-long stay in a 
wellness center and four-day 
followup one year later (n=83) 
B. Usual care (n=85) 

Patients with IGT and BMI >27 
A vs. B 
Mean age: 52 vs. 54 years 
Female sex: 70% vs. 61% 
Race: NR 
Mean BMI: 31.2 vs. 30.2 

A vs. B 
Incidence at one year (end of intervention): 
6% (5/83) vs. 23.5% (20/85); RR 0.26, 95% CI 
0.10 to 0.65 
Incidence at three years: 14.5% (12/83) vs. 
23.5% (20/85); RR 0.61, 95% CI 0.32 to 1.18 
Incidence at five years: 20% (17/83) vs. 27% 
(23/85); RR 0.75, 95% CI 0.44 to 1.31 

Fair 
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Table 12. Studies of Interventions to Prevent or Delay Progression to DM 

Author, Year 
Country 
Study Design 
Study Name 
Treatment Duration 
Followup Intervention and Comparison Population Progression to Diabetes Quality 
Penn, 2009169 
United Kingdom 
RCT 
EDIPS 
Treatment duration: 
Up to 5 years 
Median followup: 3.1 
years 

A. Biweekly sessions for 1 month 
and monthly for 3 months, and 
every 3m for up to 5 years; 
Motivational interview from dietician 
and physiotherapist with quarterly 
newsletter and advice to target 
>50% energy from carbohydrates 
(n=51) 
B. One session of health promotion 
advice (n=51) 

Patients with IGT and BMI>25 
A vs. B 
Mean age: 56.8 vs. 57.4 years  
Female sex: 59% vs. 61%  
Race: NR 

A vs. B 
Incidence: 9.8% (5/51) vs. 21.6% (11/51); RR 
0.45, 95% CI 0.17 to 1.21 
Incidence rate per 1,000 persons: 32.7 vs. 
67.1 

Fair 

Saito, 2011107 
38 centers in Japan 
RCT 
Zensharen Study for 
Prevention of 
Lifestyle Diseases 
Treatment duration: 
5 years and 3 
months 
Mean followup: 2.7 
years 

A. Individual session and goal to 
decrease weight by 5% with follow 
up at 1, 3, 6, 12, 18, 24, 30, and 36 
months (n=330) 
B. One session advise to reduce 
weight by 5% (n=311) 

Patients with IGT and BMI > 24 
A vs. B 
Mean age: 50 vs. 48  
Female sex: 28% vs. 29%  
Race: NR 

A vs. B 
Cumulative incidence: 10.6% (35/330)  vs. 
16.4% (51/311); RR 0.65, 95% CI 0.43 to 0.97 

Fair 

Sakane, 2011170 
32 community clinics 
in Japan 
RCT 
JDPP 
Treatment duration: 
6 years 
Followup: 3 years 

A. Individual and group sessions (4 
group session lasting 2-3 hrs, 
biannual individual session lasting 
20-40 min) (n=146) 
B. One group session (n=150) 

Patients with IGT 
A vs. B 
Mean age: 51 years 
Female sex: 50% vs. 49%  
Race: NR 

A vs. B 
Incidence: 6.1% (9/146) vs. 12% (18/150); 
 RR 0.51, 95% CI 0.24 to 1.11 

Fair 
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Table 12. Studies of Interventions to Prevent or Delay Progression to DM 

Author, Year 
Country 
Study Design 
Study Name 
Treatment Duration 
Followup Intervention and Comparison Population Progression to Diabetes Quality 
Pharmacologic interventions 
Armato, 2012165 
United States 
Prospective Cohort 
Mean followup: 6.9 
vs. 5.5 vs. 8.9 
months 

A. Pioglitazone 15 mg/day and 
metformin 850 mg/day (n=40) 
B. Pioglitazone 15 mg/day, 
metformin 850 mg/day, and 
exenatide 10 mcg/twice daily (n=47) 
C. Lifestyle counseling, including 
weight loss 7% over 3 months, diet 
information, walking 30 minutes per 
day 7 days per week (n=18) 

Patients with IFG or IGT 
A vs. B 
Mean age: 62 vs. 56 vs. 61 years; 
p=0.03 
Female sex: 28% vs. 43% vs. 39% 
Race: 82.5% White, 2.5% Black, 15% 
other vs. 83% White, 2.1% Black, 14.9% 
other vs. 100% White 
Mean BMI: 27.0 vs. 29.7 vs. 27.5 
HbA1c: 5.8 vs. 5.7 vs. 5.6 

A vs. B vs. C 
Incidence: 0 vs. 0 vs. 5.6% (1/18); A vs. C, RR 
0.15, 95% CI 0.01 to 3.62; B vs. C, RR 0.13, 
95% CI 0.01 to 3.10 

Fair 

DeFronzo, 201198 
8 centers in United 
States 
RCT 
Median followup: 2.4 
years 

A. Pioglitazone 30 mg/day for one 
month, increased to 45 mg/day 
(n=303) 
B. Placebo (n=299) 

Patients with IGT, BMI > 25, and >1 
other RF diabetes 
A vs. B 
Mean age: 53 vs. 52 years 
Female sex: 58% vs. 58% 
Race: 51% White, 26% Hispanic, 19% 
Black, 3% other vs. 57% White, 25% 
Hispanic, 15% Black, 3% other 
Mean BMI: 33.0 vs. 34.5 
Mean HbA1c: 5.5 vs. 5.5 

A vs. B 
Incidence: 5.0% (15/303) vs. 16.7% (50/299); 
RR 0.30, 95% CI 0.17 to 0.52 
Annual average incidence: 2.1% vs. 7.6%; 
p<0.001 
HR: 0.28 (95% CI 0.16 to 0.49) 
NNT for duration of trial (2.2 years): 8 
NNT for one year: 18 

Fair 

Kawamori, 2009101 
103 centers in Japan 
RCT 
Treatment duration: 
5 years 
Mean followup: 3 
years 

A. Voglibose 0.2 mg/day (n=897) 
B. Placebo (n=881) 

Patients with IFG 
A vs. B 
Mean age 55.7 
vs. 55.7 years 
Female sex: 40% vs. 40% 
Race: NR 

A vs. B 
Incidence 5.5% (50/897) vs. 12% (106/881); 
RR 0.46, 95% CI 0.34 to 0.64 
HR: 0.595  

Good 

Lindblad, 2011168 
23 centers in 
Sweden 
RCT 
Median followup: 3.7 
years 

A. Glimepiride 1 mg/day (n=136) 
B. Placebo (n=138) 

Patients with IFG 
A vs. B 
Mean age: 60.4 vs. 59.6 years 
Female sex: 35.3% vs. 45.7% 
Race: NR 
Mean BMI: 29.9 vs. 29.6 
Mean HbA1c: 4.9 vs. 4.9 

A vs. B 
Incidence: 30.1% (41/136) vs. 39.9% (55/138); 
RR 0.76, 95% CI 0.55 to 1.05 
Incidence, adjusted for baseline HbA1c, 
proinsulin, and CRP: OR 0.62 (p=0.028) 

Fair 
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Table 12. Studies of Interventions to Prevent or Delay Progression to DM 

Author, Year 
Country 
Study Design 
Study Name 
Treatment Duration 
Followup Intervention and Comparison Population Progression to Diabetes Quality 
NAVIGATOR, 
2010103 
(Nateglinide results) 
806 centers in 40 
countries 
RCT 
Median followup: 5 
years 

A. Nateglinide 60 mg/3 times daily 
(n=4645) 
B. Placebo (n=4661) 
*Patients also randomized in 2x2 
factorial design to receive valsartan 
or placebo 

Patients with IGT and at least one CV 
risk factor or known CVD 
A vs. B 
Mean age: 64 vs. 64 years 
Female sex: 51% vs. 50% 
Race: 83% White, 2.6% Black, 6.7% 
Asian, 7.8% other vs. 83.2% White, 
2.5% Black, 6.5% Asian, 7.8% other 
Mean BMI: 30.5 vs. 30.5 

A vs. B 
Incidence: 36.0% (1647/4645) vs. 33.9% 
(1580/4661); RR 1.05, 95% CI 0.99 to 1.11 
Absolute hazard difference: 6.18 (95% CI 0.47 
to 11.90) 
HR: 1.07 (95% CI 1.00 to 1.15) 

Good 

NAVIGATOR, 
2010104 
(Valsartan results) 
806 centers in 40 
countries 
RCT 
Median followup: 5 
years 

A. Valsartan 160 mg/once daily 
(n=4631) 
B. Placebo (n=4675) 
 
*Patients also randomized in 2x2 
factorial design to receive 
nateglinide or placebo 

Patients with IGT and at least one CV 
risk factor or known CVD  
A vs. B 
Mean age: 64 vs. 64 years 
Female sex: 50% vs. 51% 
Race: 83.1% White, 2.4% Black, 6.4% 
Asian, 8.0% other vs. 83.1% White, 
2.6% Black, 6.7% Asian, 7.5% other 
Mean BMI: 30.4 vs. 30.6 
HbA1c: 5.8 vs. 5.8 

A vs. B 
Incidence: 33.1% (1532/4631) vs. 36.8% 
(1722/4675); RR 0.90, 95% CI 0.85 to 0.95 
Absolute hazard difference: -12.6 (95% CI -
18.4 to -6.9) 
HR: 0.86 (95% CI 0.80 to 0.92) 

Good 

Nijpels, 2008105 
1 center in The 
Netherlands 
RCT 
DAISI 
Treatment duration: 
3 years 

A. Acarbose 50 mg/3 times daily 
(n=60) 
B. Placebo (n=58) 

Patients with IGT 
A vs. B 
Mean age: 59 vs. 57 years 
Female sex: 49% vs. 50% 
Race: NR 
Mean BMI: 28.4 vs. 29.5 
HbA1c: 5.9 vs. 5.6 

A vs. B 
Incidence: 18.3% (11/60) vs. 24.1% (14/58); 
RR 0.76, 95% CI 0.38 to 1.53 
Attributable risk: -0.14 (95% CI -0.46 to 0.21)  
Absolute risk reduction: 6% (95% CI -9% to 
21%) 

Fair 

Ramachandran, 
2009106 
India 
RCT 
IDPP-2 
Mean followup: 3 
years 

A. Pioglitazone (n=181) 
B. Placebo (n=186) 

Patients with IGT 
A vs. B 
Mean age 45.1 vs. 45.5 
Female sex: 13% vs. 14% 
Race: NR 

A vs. B 
Cumulative incidence: 29.8% (54/181) vs. 
31.6% (59/186); RR 0.94, 95% CI 0.69 to 1.28 

Fair 
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Table 12. Studies of Interventions to Prevent or Delay Progression to DM 

Author, Year 
Country 
Study Design 
Study Name 
Treatment Duration 
Followup Intervention and Comparison Population Progression to Diabetes Quality 
Zinman, 2010109 
2 centers in Canada 
RCT 
CANOE 
Treatment duration: 
NR 
Median followup: 3.9 
years 

A. Metformin 500 mg plus 
rosiglitazone 2 mg/twice daily as a 
fixed dose combination (n=103) 
B. Placebo (n=104) 

Patients with IGT and >one risk factor for 
DM  
A vs. B 
Mean age: 50 vs. 55 years 
Female sex: 65% vs. 68% 
Race: 74.8% White, 7.8% South Asian, 
6.8% Latino, 10.7% other vs. 74% White, 
6.8% South Asian, 6.7% Latino, 12.5% 
other 

A vs. B 
Incidence: 13.6% (14/103) vs. 39.4% (41/104); 
RR 0.34, 95% CI 0.20 to 0.59 
RR reduction: 66% (95% CI 41-80%) 
Absolute risk reduction: 26% (95% CI 14-37%) 
NNT over 3.9 years: 4 (95% CI 2.7-7.1) 
Hazard ratio: 0.31 (95% CI 0.17 to 0.58) 

Good 

Multifactorial interventions 
Lu, 2011166 
4 communities in 
China 
RCT 
Treatment duration: 
2 years 

A. IGT - acarbose 50 mg/3 times 
daily; IFG or IGT/IFG - metformin 
250 mg/3 times daily; anti-
hypertensives, antidyslipidemia 
agents, and aspirin (n=95) 
B. Control – health/diabetic 
education once a month (n=86) 

Patients with IGT and BMI>19  
A vs. B 
Mean age: 62 vs. 65 years 
Female sex: 47% vs. 48% 
Race: NR 
Mean BMI: 27.1 vs. 26.9 
HbA1c: 5.9 vs. 6.0 

A vs. B 
Incidence: 0% vs. 5.8% (5/86); RR 0.08, 95% 
CI 0.00 to 1.42 

Fair 

Rasmussen, 2008167 
Multicenter, 
Denmark 
Cluster RCT 
ADDITION 

A. Intensive management, including 
lifestyle advice, aspirin, drug 
treatment of blood glucose, blood 
pressure, and lipids according to 
strict targets (n=865)  Subgroup got 
motivational interviewing 
training 
B. Standard care (n=645) 

Patients with IGT or IFG, high risk based 
on a self-administered questionnaire 
A vs. B 
IFG 
Mean age: 60 vs. 60 years 
Female sex: 43% vs. 43% 
Race: NR 
Mean BMI: 29.1 vs. 29.1 
IGT 
Mean age: 61 vs. 61 years 
Female sex: 53% vs. 60% 
Race: NR 
Mean BMI: 29.5 vs. 29.8 

A vs. B 
Incidence: 14.1 vs. 15.8 cases/100 person-
years; RR 0.89, 95% CI 0.78 to 1.02 
Sub-analyses 
Motivational interviewing + intensive 
intervention: RR 0.83, 95% CI 0.68-1.00 
Intensive treatment alone: RR 0.95, 95% CI 
0.80 to 1.14 
IFG: RR 0.90, 95% CI 0.73 to 1.12 
IGT: RR 0.90, 95% CI 0.77 to 1.07 

Fair 

Abbreviations: ADDITION = Anglo-Dutch-Danish Study of Intensive Treatment in People with Screen Detected Diabetes in Primary Care; BMI = body mass index; CANOE = 
Canadian Normoglycemia Outcomes Evaluation; CI = confidence interval; CV = cardiovascular; CVD = cardiovascular disease; DAISI = Dutch Acarbose Intervention Study in Persons 
With Impaired Glucose Tolerance; DM = diabetes mellitus; DPS = Diabetes Prevention Study; EDIPS = European Diabetes Prevention Study; HR = hazard ratio; IDPP-2 = Indian 
Diabetes Prevention Program-2; IFG = impaired fasting glucose; IGT = impaired glucose tolerance; JDPP = Japanese Diabetes Prevention Program; NNT = number needed to treat; 
RCT = randomized, controlled trial; RR = relative risk. 

Screening for Type 2 Diabetes Mellitus  84 Pacific Northwest EPC 



Table 13. Summary of Evidence 

Main Findings from 
Previous USPSTF Report 

Number and 
Type of Studies 

Identified for 
Update Limitations Consistency Applicability Summary of Findings 

Overall 
Qualitya 

Key Question 1. Is there direct evidence that screening for type 2 diabetes, impaired fasting glucose, or impaired glucose tolerance among 
asymptomatic, nonpregnant adults improves health outcomes? 
No RCTs on the effects of 
screening for DM on clinical 
outcomes.  
One case-control study 
found no association 
between screening and 
improvement in 
microvascular outcomes 

2 RCTs Mortality outcomes 
limited to 10 years  

Consistent Both trials in UK; 
ADDITION in 
high risk 
population; Ely 
trial in average 
risk population 

Two RCTs found no effect on all-cause or 
cardiovascular mortality with screening 
versus no screening after 10 years. 
 

Fair 

Key Question 2. What are the harms of screening nonpregnant adults for type 2 diabetes, impaired fasting glucose, or impaired glucose tolerance? 
No evidence on serious 
psychological or other 
adverse effects associated 
with a new diagnosis of DM 

3 RCTs Small sample size  
in study 
demonstrating 
short-term anxiety 
associated with 
invitation to 
screening 

Consistent All trials in UK; 2 
studies in high 
risk population; 
1 in average risk 
population 

In the short-term (6-14 weeks), being invited 
to screening increased anxiety versus not 
being invited; at 13 years no difference in 
anxiety or depression between those 
screening negative for diabetes and those 
unscreened; at 12 months there was  no 
difference in anxiety or depression in those 
screened positive for diabetes versus those 
who screened negative 

Fair 

Key Question 3. Do interventions for screen-detected or mild type 2 diabetes, impaired fasting glucose, or impaired glucose tolerance provide an 
incremental benefit in health outcomes compared with no interventions or initiating interventions after clinical diagnosis? 
No clear evidence on 
benefit of treatment in 
screen-detected DM 
population or comparing 
treatment effects in people 
with screen- and clinically-
detected DM although one 
trial found acarbose 
associated with reduced 
risk of MI 

13 RCTs (16 
publications) 

Some studies 
underpowered to 
evaluate mortality 
and other CV  
outcomes; most 
studies limited to 
three year followup; 
evidence often 
limited to a single 
study per drug 

Consistent Few studies in a 
non-white 
population 
 
Some studies 
required patients 
to have CV 
disease or risk 
factor for DM or 
CV disease; othe  
studies excluded 
patients with CV 
disease 

Most studies found no benefit on all-cause 
or cardiovascular mortality with glucose-
lowering or antihypertensive medications or 
with lifestyle modification, though one study 
of lifestyle modification found reduced risk of 
all-cause and cardiovascular mortality after 
23 years followup. 
Lifestyle modification improved general 
health scores 

Fair 
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Table 13. Summary of Evidence 

Main Findings from 
Previous USPSTF Report 

Number and 
Type of Studies 

Identified for 
Update Limitations Consistency Applicability Summary of Findings 

Overall 
Qualitya 

Key Question 4. What are the harms of interventions for screen-detected or mild type 2 diabetes, impaired fasting glucose, or impaired glucose 
tolerance? 
No studies reported serious 
harms  
No studies conducted in 
people with screen-detected 
DM reporting harms. 
Studies conducted in people 
with IFG or IGT included in 
the prior report found no 
differences in withdrawal 
rates between lifestyle or 
pharmacologic interventions 
and control. 

9 RCTs (11 
publications) 

Few studies in 
screened-detected 
or early DM, IFG or 
IGT populations 

Consistent Few studies in a 
non-white 
population 
Some studies 
required patients 
to have CV 
disease or risk 
factor for DM or 
CV disease; othe  
studies excluded 
patients with CV 
disease 

Little difference between active medication 
or lifestyle modification versus placebo or 
usual care in risk of harms. 
Acarbose was associated with greater 
withdrawal rates; Single study evidence for: 
increased risk of any adverse event with 
pioglitazone and voglibose, increased 
hypoglycemia with nateglidine and increased 
hypotension with valsartan; No trial of 
metformin reported risk of lactic acidosis 

Fair 
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Table 13. Summary of Evidence 

Main Findings from 
Previous USPSTF Report 

Number and 
Type of Studies 

Identified for 
Update Limitations Consistency Applicability Summary of Findings 

Overall 
Qualitya 

Key Question 5. Is there evidence that more intensive glucose, blood pressure or lipid control interventions improve health outcomes in nonpregnant 
adults with type 2 diabetes, impaired fasting glucose, or impaired glucose tolerance compared to traditional control? Is there evidence that aspirin use 
improves health outcomes in these populations compared to nonuse? 
No evidence in a screen-
detected DM population.  
Studies that enrolled people 
with established DM found n  
clear evidence of a differenti  
effect on individual health 
outcomes with intensive bloo  
pressure or lipid lowering, or 
with aspirin for primary 
prevention of CVD. 
 

People with 
screen-detected 
DM 
3 RCTs (4 
publications) 
People with DM 
not specifically 
screen-detected 
13 systematic 
reviews 
10 RCTs (33 
publications) 

Some studies were 
underpowered as 
event rates were 
lower than 
anticipated 
Limited evidence in 
people with IFG, 
IGT and screen-
detected DM 

People with 
screen-
detected DM 
Consistent 
People with 
DM not 
specifically 
screen-
detected 
Glucose 
control: 
consistent 
Blood 
pressure 
control: 
inconsistent 
Lipid lowering: 
N/A 
Multifactorial 
intervention: 
inconsistent 
Aspirin: 
consistent 

Only 1 fair-quality 
trial enrolled 
people with 
screen-detected 
diabetes; other 
studies enrolled 
people with 
established DM 

People with screen-detected DM 
Use of an intensive multifactorial glucose, 
blood pressure and lipid lowering intervention 
did not significantly reduce risk of all-cause or 
CV mortality, MI, stroke or revascularization 
after 5 years followup. 
People with DM not specifically screen-
detected 
Intensive glucose-lowering did not 
significantly decrease risk of all-cause or CV 
mortality, but was associated with a significan  
reduction in risk of nonfatal MI in systematic 
reviews. 
Intensive BP lowering reduced risk of all-
cause mortality and stoke in a good-quality 
systematic review, but results from recently 
published trials were mixed on the effect on 
health outcomes, though different 
interventions and blood pressure targets were 
used in these studies. 
Intensive lipid lowering did not significantly 
reduce risk of most health outcomes though 
evidence was very limited. 
Evidence for use of an intensive multifactorial 
intervention was mixed; 2 trials found a 
significant benefit on health outcomes while 2 
others did not.  
Aspirin did not reduce incidence of health 
outcomes based on 2 good-quality systematic 
reviews. 

Good 
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Table 13. Summary of Evidence 

Main Findings from 
Previous USPSTF Report 

Number and 
Type of Studies 

Identified for 
Update Limitations Consistency Applicability Summary of Findings 

Overall 
Qualitya 

Key Question 6. What are the harms of more intensive interventions compared to traditional control in people with screen-detected or early type 2 
diabetes, impaired fasting glucose or impaired glucose tolerance? 
Not assessed 5 systematic 

reviews 
6 RCTs 

Trials generally not 
designed to assess 
harms; 
interventions and 
targets varied  

Consistent for 
effects of 
glucose-
lowering 
therapy; 
inconsistent for 
blood pressure 
lowering 
therapy 

Unclear; no 
evidence in 
screen-detected 
population 

Intensive glucose lowering was consistently 
associated with increased risk of severe 
hypoglycemia. Evidence on harms of 
intensive blood pressure lowering was 
mixed. Aspirin use increased risk of bleeding 
in a systematic review of 6 trials.  

Fair 

Key Question 7. Do interventions for impaired fasting glucose or impaired glucose tolerance delay or prevent the progression to type 2 diabetes? 
6 studies of lifestyle 
interventions and 8 studies 
of pharmacologic 
interventions found some 
evidence that intervention 
delays or prevents 
progression 
 

Multifactorial 
interventions: 2 
RCTs 
Lifestyle 
interventions: 6 
RCTs (in 7 
publications) 
Pharmacologic 
interventions: 8 
RCTs (in 9 
publications) 

Some studies 
underpowered, lack 
of blinding in many 
studies, content of 
interventions varied 
widely 

Multifactorial 
interventions: 
Consistent 
Lifestyle 
interventions: 
Consistent 
Pharmacologic 
interventions: 
Consistent 

Few studies 
reported 
race/ethnicity, 
but effects were 
largely 
consistent 
among studies 
in various 
countries 

Two studies of multifactorial interventions 
found no effect on risk of progression to 
diabetes, though the estimate of one study 
was imprecise 
Three of six studies of lifestyle interventions 
found reduced risks of progression to 
diabetes among intervention participants, and 
three other studies had point estimates in 
favor of the interventions that failed to reach 
significance 
Four studies of pharmacologic interventions 
found reduced risk of progression to diabetes 
among intervention groups receiving 
thiazolinediones, alpha-glucosidase inhibitors  
metformin, and valsartan. Nateglinide was 
evaluated in one study that reported no effect  
glimepiride was not found to be effective at 
delaying progression, and exenatide was 
reported in one small study with imprecise 
estimates. 

Good 
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Table 13. Summary of Evidence 

Main Findings from 
Previous USPSTF Report 

Number and 
Type of Studies 

Identified for 
Update Limitations Consistency Applicability Summary of Findings 

Overall 
Qualitya 

Key Question 8. Do the effects of screening or interventions for screen-detected or mild type 2 diabetes, impaired fasting glucose, or impaired glucose 
tolerance vary by subgroups, such as age, sex, or race/ethnicity? 
No evidence on how the 
effects of screening or 
treatment of screen-
detected DM, IFG or IGT 
varies according to 
subgroup 

1 systematic 
review, 4 RCTs 

No study designed 
to assess subgroup 
differences. 
Available evidence 
too limited to draw 
conclusions 

 No evidence in 
screen-detected 
population 

No direct evidence on the effect of screening 
in subgroups though men (but not women) 
who underwent screening and died during 
followup had significantly longer life 
compared to those who were not screened. 
Based on 1 study, intensive glucose 
lowering increased risk of mortality in people 
<age 65 years (but not in older people) and 
in Blacks (but not Whites, Hispanics or 
Asians). Intensive lipid lowering reduced risk 
of CV events in men but not women, and 
aspirin use reduced risk of MI in men. 

Poor 

a“Overall quality” is based on new evidence identified for this update plus previously reviewed evidence. 
 
Abbreviations: ADDITION = Anglo-Dutch-Danish Study of Intensive Treatment in People with Screen Detected Diabetes in Primary Care; BP = blood pressure; CV = cardiovascular; 
CVD = cardiovascular disease; DM = diabetes mellitus; IFG = impaired fasting glucose; IGT = impaired glucose tolerance; MI = myocardial infarction; RCT = randomized, controlled 
trial; UK = United Kingdom. 
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Appendix A1. Search Strategies 
 

KQ 1-2 
Ovid MEDLINE(R) without Revisions 1996 to January Week 1 2013 
1. exp Diabetes Mellitus, Type 2/ 
2. Prediabetic State/ 
3. Glucose Intolerance/ 
4. ("impaired fasting glucose" or "ifg").mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, protocol supplementary concept, rare disease supplementary 
concept, unique identifier] 
5. ("impaired glucose tolerance" or "itg").mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, protocol supplementary concept, rare disease 
supplementary concept, unique identifier] 
6. prediabet$.mp. 
7. or/1-6 
8. Mass Screening/ 
9. screen$.ti. 
10. 8 or 9 
11. 7 and 10 
12. Pregnancy/ 
13. 11 not 12 
14. limit 13 to yr="2007 - 2013" 
15. limit 14 to "all adult (19 plus years)" 
16. limit 15 to english language 
17. limit 15 to abstracts 
18. 16 or 17 
 
Cochrane Central Register of Controlled Trials January 2013 
1. exp Diabetes Mellitus, Type 2/ 
2. Prediabetic State/ 
3. Glucose Intolerance/ 
4. ("impaired fasting glucose" or "ifg").mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, protocol supplementary concept, rare disease supplementary 
concept, unique identifier] 
5. ("impaired glucose tolerance" or "itg").mp. [mp=title, abstract, original title, name of 
substance word, subject heading word, protocol supplementary concept, rare disease 
supplementary concept, unique identifier] 
6. prediabet$.mp. 
7. or/1-6 
8. Mass Screening/ 
9. screen$.ti. 
10. 8 or 9 
11. 7 and 10 
12. Pregnancy/ 
13. 11 not 12 
14. limit 13 to yr="2007 – 2013 
 
KQ 3-6 
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Appendix A1. Search Strategies 
 

Ovid MEDLINE(R) without Revisions 1996 to January Week 1 2013 
1. exp Diabetes Mellitus, Type 2/ 
2. Prediabetic State/ 
3. Glucose Intolerance/ 
4. ("impaired fasting glucose" or "ifg").mp. 
5. ("impaired glucose tolerance" or "itg").mp. 
6. prediabet$.mp. 
7. or/1-6 
8. (de or dt or th).fs. 
9. 7 and 8 
10. exp Hypoglycemic Agents/tu [Therapeutic Use] 
11. 7 and 10 
12. 9 or 11 
13. (200708$ or 200709$ or 20071$ or 2008$ or 2009$ or 2010$ or 2011$ or 2012$ or 
2013$).ed. 
14. 12 and 13 
15. limit 14 to "all adult (19 plus years)" 
16. limit 15 to (english language and humans) 
17. 16 not (case series or case reports or letter or editorial or comment).pt. 
 
Cochrane Central Register of Controlled Trials January 2013 
1. exp Diabetes Mellitus, Type 2/ 
2. Prediabetic State/ 
3. Glucose Intolerance/ 
4. ("impaired fasting glucose" or "ifg").mp. 
5. ("impaired glucose tolerance" or "itg").mp. 
6. prediabet$.mp. 
7. or/1-6 
8. (de or dt or th).fs. 
9. 7 and 8 
10. exp Hypoglycemic Agents/tu [Therapeutic Use] 
11. 7 and 10 
12. 9 or 11 
13. Pregnancy/ 
14. 12 not 13 
15. limit 14 to yr="2007 -Current" 
16. limit 15 to medline records 
17. 15 not 16 
 
All KQs 
Cochrane Database of Systematic Reviews 2005 to January 2013 
1. diabetes mellitus.ti. 
2. type 2 diabetes.ti. 
3. (child$ or pediatri$ or adolescen$ or pregnan$).ti. 
4. (1 or 2) not 3 
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Appendix A1. Search Strategies 
 

5. ("impaired fasting glucose" or "impaired glucose tolerance" or "ifg" or "itg" or 
"prediabete$").ti. 
6. 4 or 5 
7. limit 6 to protocols 
8. 6 not 7
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Appendix A2. Inclusion and Exclusion Criteria per Key Question 

 Include Exclude 
Populations KQs 1, 2: Asymptomatic, nonpregnant adults 

KQs 3, 4: Asymptomatic, nonpregnant adults with screen-
detected or early type 2 diabetes (based on untreated A1c 
levels), impaired fasting glucose, or impaired glucose 
tolerance 
KQs 5, 6: Asymptomatic, nonpregnant adults with screen-
detected or early type 2 diabetes (based on untreated A1c 
levels), impaired fasting glucose, or impaired glucose 
tolerance, and also abnormal blood pressure and/or lipid levels 
KQ 7: Asymptomatic, nonpregnant adults with impaired fasting 
glucose or impaired glucose tolerance 
KQ 8: All of the above 

KQs 1–8: Children, adolescents, 
pregnant women; individuals with 
symptomatic type 2 diabetes, 
impaired fasting glucose, or 
impaired glucose tolerance 

Interventions KQs 1, 2: Screening (targeted or universal) for impaired 
fasting glucose, impaired glucose tolerance, or diabetes 
KQs 3, 4, 7: Any intervention for glycemic control; lifestyle 
modification 
KQs 5, 6: Any intervention for more stringent blood pressure 
or lipid control or aspirin; more intensive lifestyle modification 
KQ 8: All of the above 

 

Comparison KQs 1, 2: No screening or alternative screening strategies 
KQs 3, 4: No intervention/usual care or interventions in 
individuals with advanced diabetes 
KQs 5, 6: Conventional intervention 
KQ 7: No intervention or usual care 
KQ 8: All of the above 

 

Outcomes KQs 1, 3, 5: Mortality, cardiovascular morbidity (including 
myocardial infarction, stroke, congestive heart failure), chronic 
kidney disease, amputations, skin ulcers, visual impairment 
including blindness, periodontitis including tooth loss, 
moderate-severe neuropathy, quality of life 
KQ 2: Labeling, anxiety, false-positive results 
KQs 4, 6: Serious side effects from treatments, including 
death, heart attack, stroke, cancer, and hypoglycemic event 
requiring medical attention 
KQ 7: Development of type 2 diabetes 
KQ 8: All of the above 

 

Settings KQs 1–8: Applicable to primary care   
Study 
Designs 

KQs 1, 3, 5, 6, 7: Randomized, controlled trials and controlled 
observational studies, systematic reviews 
KQs 2: Any 
KQ 4: Randomized, controlled trials and controlled 
observational studies, systematic reviews, and large 
longitudinal studies.  
KQ 8: All of the above 

 

Abbreviation: KQ = key question. 
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Appendix A3. Literature Flow Diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
   
 

 
  

 
   
   

  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
a Cochrane databases include the Cochrane Central Register of Controlled Trials and the Cochrane Database of Systematic Reviews. 
b Other sources include prior reports, reference lists of relevant articles, systematic reviews, etc. 
c Some studies have multiple publications and some are included for more than one Key Question. 

Abstracts of potentially relevant articles identified through MEDLINE, 
Cochranea, and other sourcesb (N = 7,746) 

Excluded abstracts and background 
articles (n = 7,175)  

Full text articles reviewed for relevance to 
Key Questions (n = 571)  

Articles excluded:  485 
Wrong population: 34 
Wrong intervention: 15 
Wrong outcomes: 129 
Wrong study design: 70 
Wrong publication type: 39 
Wrong population due to diabetes status: 113 
In systematic reviews, not directly used: 33 
Wrong comparison: 32 
Duplicate data (used another source): 8 
Systematic review, used as a source document only: 12 
 

KQ 1:  
2 studies (in 3 
publications) 

KQ 2:  
3 studies 

 
 

KQ 3:  
13 studies (in 
16 
publications) 

 
 

KQ 4:  
9 studies (in 
11 
publications) 

 
 

KQ 5:  
10 studies (in 33 
publications) + 
13 systematic 
reviews 

 

KQ 6:  
6 studies (in 8 
publications) + 
5 systematic 
reviews 

 

Included publicationsc: 
86 

 

KQ 7:  
16 studies (in 
18 
publications) 

 
 

KQ 8:  
4 studies + 1 
systematic 
review 
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Appendix A4. Excluded Studies 
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Randomized, Controlled Trials and Cohort Studies 
 
Criteria: 
• Initial assembly of comparable groups: 

o For RCTs: adequate randomization, including first concealment and whether 
potential confounders were distributed equally among groups. 

o For cohort studies: consideration of potential confounders with either restriction 
or measurement for adjustment in the analysis; consideration of inception cohorts. 

• Maintenance of comparable groups (includes attrition, cross-overs, adherence, 
contamination). 

• Important differential loss to follow-up or overall high loss to follow-up. 
• Measurements: equal, reliable, and valid (includes masking of outcome assessment). 
• Clear definition of interventions. 
• All important outcomes considered. 
• Analysis: adjustment for potential confounders for cohort studies, or intention to treat 

analysis for RCTs. 
 
Definition of ratings based on above criteria: 
Good: Meets all criteria: Comparable groups are assembled initially and maintained throughout 
the study (follow-up at least 80 percent); reliable and valid measurement instruments are used 
and applied equally to the groups; interventions are spelled out clearly; all important outcomes 
are considered; and appropriate attention to confounders in analysis. In addition, for RCTs, 
intention to treat analysis is used. 
 
Fair: Studies will be graded "fair" if any or all of the following problems occur, without the fatal 
flaws noted in the "poor" category below: Generally comparable groups are assembled initially 
but some question remains whether some (although not major) differences occurred with follow-
up; measurement instruments are acceptable (although not the best) and generally applied 
equally; some but not all important outcomes are considered; and some but not all potential 
confounders are accounted for. Intention to treat analysis is done for RCTs. 
 
Poor: Studies will be graded "poor" if any of the following fatal flaws exists: Groups assembled 
initially are not close to being comparable or maintained throughout the study; unreliable or 
invalid measurement instruments are used or not applied at all equally among groups (including 
not masking outcome assessment); and key confounders are given little or no attention. For 
RCTs, intention to treat analysis is lacking. 
 
Case-Control Studies 
 
Criteria: 
• Accurate ascertainment of cases 
• Nonbiased selection of cases/controls with exclusion criteria applied equally to both. 
• Response rate. 
• Diagnostic testing procedures applied equally to each group. 
• Measurement of exposure accurate and applied equally to each group. 
• Appropriate attention to potential confounding variables. 
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Definition of ratings based on criteria above: 
Good: Appropriate ascertainment of cases and nonbiased selection of case and control 
participants; exclusion criteria applied equally to cases and controls; response rate equal to or 
greater than 80 percent; diagnostic procedures and measurements accurate and applied equally to 
cases and controls; and appropriate attention to confounding variables. 
 
Fair: Recent, relevant, without major apparent selection or diagnostic work-up bias but with 
response rate less than 80 percent or attention to some but not all important confounding 
variables. 
 
Poor: Major selection or diagnostic work-up biases, response rates less than 50 percent, or 
inattention to confounding variables. 
 
Source: U.S. Preventive Services Task Force Procedure Manual. AHRQ Publication No. 08-05118-EF, July 2008. 
Available at: http://www.uspreventiveservicestaskforce.org/uspstf08/methods/procmanual.htm.

Screening for Type 2 Diabetes Mellitus  134 Pacific Northwest EPC 

http://www.uspreventiveservicestaskforce.org/uspstf08/methods/procmanual.htm


Appendix B1. Studies of Screening for DM 

Author, 
Year Study Design 

No. of Centers 
Country 

Screening Groups 
Described 

Prevalence of 
Diabetes, if reported 

Study Duration  
Followup Baseline Demographics 

Park 200891 
ADDITION - 
Cambridge 
(pilot phase) 

RCT Two general practice 
sites 
United Kingdom 

A. Invited to 
screening (n=116) 
 A1. Screen-detected 
 DM (n=6) 
 A2. No DM 
diagnosed 
 as a result of 
 screening (n=89) 
B. Not invited to 
screening (n=238) 

Prevalence in 
screened group at 
initial screening: 
4.0% (5/116) 

Study duration: NR 
Mean followup: 6 
weeks 

A vs. B 
Mean age 58 vs. 59 years 
34% vs. 36% female 
Race not reported 

Rahman, 
201292 
Ely Cohort 

RCT Single center 
United Kingdom 

A. Health 
assessment in 
diabetics who were 
previously screened 
(n=92) 
B. Health 
assessment in 
diabetics who were 
not previously 
screened (n=60) 

Prevalence in 
screened group at 
initial screening: 
3.0% (51/1,705) 

Study duration: 12 
years 
Mean followup: 11.6 
years 

A vs. B 
Mean age: 68 vs. 66 years 
47% vs. 46% female 
Race not reported 

Screening for Type 2 Diabetes Mellitus  135 Pacific Northwest EPC 



Appendix B1. Studies of Screening for DM 

Author, 
Year Study Design 

No. of Centers 
Country 

Screening Groups 
Described 

Prevalence of 
Diabetes, if reported 

Study Duration  
Followup Baseline Demographics 

Simmons, 
201149 
Ely Cohort 

RCT Single center 
United Kingdom 

Phase 1 (1990-1999) 
A. Invited to 
screening with 
OGTT; rescreening at 
5 and 10 years 
(n=1,705) 
A1. Attended 
screening 
(n=1,157/1,705; 68%)  
A2. Did not attend 
screening 
(n=548/1,705; 32%)  
B. No screening 
(n=3,231) 
Phase 2 (2000-2008) 
A. Invited to 
screening 
A1. Attended 
screening 
(n=714/1,577; 45%)  
A2. Did not attend 
screening 
(n=863/1,577; 55%)  
B. No screening 
(n=1,425) 

Prevalence in 
screened group at 
initial screening: 
3.0% (51/1,705) 

Phase 1: Median 
followup 10 years 
Phase 2: Median 
followup 8 years 

Screened vs. unscreened, 
entire cohort 
Mean age, females: 51 vs. 
53 years (p<0.001) 
Mean age, males: 51 vs. 
53 years (p<0.001) 
49% vs. 55% female 
Race not reported 

Simmons, 
201267 
ADDITION-
Cambridge 

RCT (cluster) 54 centers 
United Kingdom 

A. Screening with 
intensive treatment or 
routine care 
(n=15,089) 
B. No screening 
(n=4,137) 

A vs. B 
Unadjusted 
prevalence: 3.0% 
vs. 3.3% 

Study duration: 4.2 
years (January 2002-
March 2006) 
Median followup: 9.6 
years (IQR 8.9-9.9 
years) 

A vs. B 
Mean age 58 vs. 58 years 
36% vs. 36% female 
Race not reported 
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Appendix B1. Studies of Screening for DM 

Author, 
Year Study Design 

No. of Centers 
Country 

Screening Groups 
Described 

Prevalence of 
Diabetes, if reported 

Study Duration  
Followup Baseline Demographics 

Park 200891 
ADDITION - 
Cambridge 
(pilot phase) 

A vs. B 
Mean BMI 31.8 vs. 
31.3 kg/m2 

36% vs. 38% use 
of 
antihypertensives 

Age 40-69 years 
without known diabetes 
identified as being high-
risk 

Screened: 1,280 
Eligible: 355 
Enrolled: 355 
Analyzed: 245 
Withdrawal: unclear 
Loss to followup: 
31% (110/355) 

Not reported A vs. B 
STAI anxiety score 
(scale 20-80; higher 
score=more anxiety): 
37.6 (SD 12.2) vs. 34.1 
(SD 12.1); p=0.015 
Self-perceived health 
score (scale 1-5; 
higher score=better 
perceived health): 2.97 
(SD 0.86) to 2.95 (SD 
0.87); p=0.82 
Illness representation 
subscales: no between 
group difference for 
any measure 
A1 vs. A2 
STAI anxiety score: 
46.7 versus 37.0; 
p=0.03 

Not reported 
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Appendix B1. Studies of Screening for DM 

Author, 
Year Study Design 

No. of Centers 
Country 

Screening Groups 
Described 

Prevalence of 
Diabetes, if reported 

Study Duration  
Followup Baseline Demographics 

Rahman, 
201292 
Ely Cohort 

A vs. B 
Mean BMI 30.4 vs. 
29.7 kg/m2 
Mean HbA1c 7.0% 
vs. 7.4% 

Men and women aged 
40-65 years, free of 
known diabetes, able to 
leave house 

Screened: 4,936 
Eligible: NR 
Enrolled: 3,410 
Analyzed: 152 (only 
those who 
progressed to 
diabetes) 
A vs. B 
Loss to followup: 
21% (24/116) vs. 
28% (23/83) 

A vs. B 
Self-reported MI: 
7/92 vs. 8/60; RR 
0.57, 95% CI 0.22 to 
1.49 
Self-reported stroke: 
3/92 vs. 5/60; RR 
0.39, 95% CI 0.10 to 
1.58 
Ischemic heart 
disease: 30/92 vs. 
28/60; RR 0.70, 
95% CI 0.47 to 1.04 
Nephropathy: 4/92 
vs. 1/60; RR 2.61, 
95% CI 0.30 to 23) 
Peripheral 
neuropathy: 39/92 
vs. 32/60; RR 0.79, 
95% CI 0.57 to 1.11 
Peripheral vascular 
disease: 5/92 vs. 
2/60; RR 1.63, 95% 
CI 0.33 to 8.13 
Mean SF-36 
physical function 
score: 67.2 (SD 
29.4) vs. 69.6 (SD 
30.7); p=0.64 
Mean SF-36 mental 
health score: 77.8 
(SD 16.5) vs. 79.7 
(SD 16.1); p=0.47 

 Medical Research Council; 
National Health Service 
R&D 
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Appendix B1. Studies of Screening for DM 

Author, 
Year Study Design 

No. of Centers 
Country 

Screening Groups 
Described 

Prevalence of 
Diabetes, if reported 

Study Duration  
Followup Baseline Demographics 

Simmons, 
201149 
Ely Cohort 

NR Men and women aged 
40-65 years, free of 
known diabetes, able to 
leave house 

Screened: 4,936 
Eligible: NR 
Enrolled: 4,936 
Analyzed: 4,936 

Phase 1 
A vs. B 
All-cause mortality: 
HR 0.96, 95% CI 
0.77 to 1.20; aHR 
0.79 (95% CI 0.63 to 
1.00) 
A1 vs. B 
All-cause mortality: 
HR 0.64, 95% CI 
0.47 to 0.86; aHR 
0.54, 95% CI 0.40 to 
0.74) 
A2 vs. B 
All-cause mortality: 
HR 1.68, 95% CI 
1.27 to 2.22; aHR 
1.36, 95% CI 1.01 to 
1.82 
Phase 2 
A vs. B 
All-cause mortality: 
HR 1.20, 95% CI 
0.95 to 1.51; aHR 
1.18, 95% CI 0.93 to 
1.51 
A1 vs. B 
All-cause mortality: 
HR 0.46, 95% CI 
0.311 to 0.69; aHR 
0.52, 95% CI 0.35 to 
0.78 
A2 vs. B 
All-cause mortality: 
HR 1.85, 95% CI 
1.45 to 2.36; aHR 
1.73, 95% CI 1.34 to 
2.24 

NR Medical Research Council; 
National Health Service 
R&D 
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Appendix B1. Studies of Screening for DM 

Author, 
Year Study Design 

No. of Centers 
Country 

Screening Groups 
Described 

Prevalence of 
Diabetes, if reported 

Study Duration  
Followup Baseline Demographics 

Simmons, 
201267 
ADDITION-
Cambridge 

A vs. B 
BMI: 30.5 vs. 30.6 
Median risk score: 
0.35 vs. 0.34 

Diabetes risk score of 
0.17 or higher, not known 
to have diabetes 
Exclude: Pregnancy, 
lactation, an illness with 
a likely prognosis of less 
than a year, or a 
psychiatric illness likely 
to restrict study 
involvement or invalidate 
informed consent 

Screened: 151,464  
Eligible: 20,184  
Enrolled: 19,226  
Analyzed: unclear 
3,352 (22%) did not 
participate in 
screening (declined 
or deemed unfit by 
practitioner) 

A vs. B 
All-cause mortality: 
1532/15089 vs. 
377/38126; HR 1.06 
(95% CI 0.90 to 
1.25) 
Cardiovascular 
mortality: 482/15089 
vs. 124/4137; HR 
1.02 (95% CI 0.75 to 
1.38) 
Cancer mortality 
rate: 697/15089 vs. 
169/4137; HR 1.08 
(95% CI 0.90 to 
1.30) 
Other causes of 
death: 353/15089 
vs. 84/4137; HR 
1.10 (95% CI 0.87 to 
1.39) 
Diabetes-related 
mortality: HR 1.26 
(95% CI 0.75 to 
2.10) 

NR Wellcome Trust; Medical 
Research Council; 
National Health Service 
R&D; National Institute for 
Health Research; 
University of Arhus, 
Denmark; Bio-Rad 

Abbreviation: BMI = body mass index; CI = confidence interval; HR = hazard ratio; IQR = interquartile range; MI = myocardial infarction; NR = not relevant; OGTT = oral glucose 
tolerance test; R&D = research and development; RCT = randomized, controlled trial; RR = relative risk; SD = standard deviation 
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Appendix B2. Quality Assessment of Studies on Screening for DM 

Author, 
Year 

Randomization 
Adequate?  

Allocation 
Concealment 

Adequate? 

Groups 
Similar at 
Baseline? 

Eligibility 
Criteria 

Specified? 

Outcome 
Assessors 
Masked? 

Care 
Provider 
Masked? 

Patient 
Masked? 

Attrition 
and 

Withdrawals 
Reported? 

Loss to 
Followup:  

Differential/ 
High? 

Analyze 
Persons in 

the Groups in 
Which They 

Were 
Randomized? 

Quality 
Rating 

Park 200891 
ADDITION- 
Cambridge 
(pilot study) 

Yes Unclear Yes Yes Unclear Unclear Unclear Yes Yes Yes Fair 

Simmons, 
201267 
ADDITION-
Cambridge 

Yes Yes Yes Yes Unclear No No Yes No Yes Good 

Simmons, 
201149; 
Rahman 
201292 
Ely 

Unclear Unclear Differences 
in gender; 
age and 
deprivation; 
adjusted for 
in analysis 

Yes Unclear No No Yes No Yes Fair 
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Appendix B3. Studies of the Effect of Interventions for Screen-Detected and Early DM, IFG, or IGT on Health Outcomes 

Author, 
Year 

Study 
Design 

No. of 
Centers, 
Country Interventions 

Study Duration 
Mean Followup 

Baseline 
Demographics Inclusion/Exclusion Criteria 

Andrews, 201395 RCT 217 centers 
United 
Kingdom 

A. Intensive diet and 
exercise (n=246) 
B. Intensive diet 
(n=248) 
C. Usual care (n=99) 

Total followup: 1 
year 

A vs B vs C 
Mean age: 60 vs 60 vs 
60 years 
Female sex: 36% vs 
34% vs 37% 
Race: 94% vs 96% vs 
97% White; other races 
not reported 
HbA1c: 6.7 vs 6.6 vs 
6.7% 

Age 30 to 80 years with DM diagnosis 5-8 
months prior to study enrollment and HbA1c 
<10%, BP <180/100 

Davies et al. 200896 
and Khunti 201297 
DESMOND Trial 

Cluster 
RCT 

13 primary 
care centers 
England, 
Scotland 

A. Group intervention 
for 6 hrs within 12 
weeks of diagnoses 
aimed at changing 
lifestyle (n=437) 
B. Control group 
(n=387) 

Total followup: 3 
years 

A vs B  
Mean age: 59 vs 60 
53% vs 57% male 
94% vs 94% White 
Mean BMI 32.3 vs 32.4 
kg/m2 

Diagnosis of DM within 4 weeks of study 
entry 
Exclude: Age <18 years, severe mental 
health problems; unable to participate in a 
group program, including due to language 
barrier; participation in another research 
study 
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Appendix B3. Studies of the Effect of Interventions for Screen-Detected and Early DM, IFG, or IGT on Health Outcomes 

Author, 
Year 

Study 
Design 

No. of 
Centers, 
Country Interventions 

Study Duration 
Mean Followup 

Baseline 
Demographics Inclusion/Exclusion Criteria 

DeFronzo, 201198 RCT 8 centers 
United States 

A. Pioglitazone 30 
mg/day for one month, 
increased to 45 mg/day 
(n=303) 
B. Placebo (n=299) 

Median followup: 
2.4 years 

A vs. B 
Mean age: 53 vs. 52 
years 
Female sex: 58% vs. 
58% 
Race: 51% White, 26% 
Hispanic, 19% Black, 3% 
other vs. 57% White, 
25% Hispanic, 15% 
Black, 3% other 
Mean BMI: 33.0 vs. 34.5 
Mean HbA1c: 5.5 vs. 5.5 

Patients 18 years or older with impaired 
glucose tolerance (fasting plasma glucose 
between 95 and 125 mg/dL), BMI >25, and at 
least one other risk factor for diabetes 
Exclude: Diabetes; previous treatment with 
thiazolidinedione (ever), metformin (within 
one year prior to randomization), or 
sulfonylureas, meglitinide, alpha glucosidase 
inhibitors, or insulin for more than one week 
within the prior year or within 3 months prior 
to randomization; cardiovascular disease, 
hospitalization for treatment of heart disease 
or stroke in past 6 months; NYHA class >2; 
left bundle branch block or third degree AV 
block; aortic stenosis; SBP >180 mmHg or 
DBP >105 mmHg; renal disease; anemia; 
hepatitis; gastrointestinal disease; recent or 
significant abdominal surgery; pulmonary 
disease with dependence on oxygen or daily 
use of bronchodilators; chronic infection; 
weight loss >10% of body weight in past 6 
months; currently pregnant or <3 months 
postpartum; currently nursing or >6 weeks of 
having completed nursing; anticipated 
pregnancy; major psychotic disorders; 
excessive alcohol intake; thyroid disease; 
other endocrine disorders; fasting plasma 
triglyceride >400 mg/dL; history of bladder 
cancer; or hematuria at screening 

DREAM Trial 
Investigators 200899 
See also: DREAM 
Trial Investigators, 
2006a14 and 
DREAM Trial 
Investigators, 
2006b15 

RCT 
(2X2 
factorial 
design) 

191 Centers 
21 countries 

A. Ramapril 15 mg/day 
(n=2623) 
B. Placebo (n=2646) 
C. Rosiglitazone 
0.8mg/day (n=2635) 
D. Placebo (n=2634) 
*Patients randomized 
twice, to Ramapril or 
placebo and 
Rosiglitazone or 
placebo 

Mean followup: 3 
years 

A vs. B & C vs. D 
Mean age: 55 vs. 55 
years & 55 vs. 55 years 
Female sex: 59.7% vs. 
58.7% & 58.3% vs. 
60.1% 
Race: NR 

Ages >30 yrs with IFG(6.1-7.0 mmol/L) 
and/or IGT by 2hr OGTT 7.8-11.0 mmol/L 
Exclude: LVEF < 40%, CHF, Documented 
CVD: ischemic heart disease, intermittent 
claudication, stroke, Uncontrolled Htn 
requiring ACE or ARB, Renal artery stenosis, 
Serum creatinine > 2.26 mg/dl, or creatinine 
clearance < 0.6 ml/s, or clinical proteinuria. 
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Appendix B3. Studies of the Effect of Interventions for Screen-Detected and Early DM, IFG, or IGT on Health Outcomes 

Author, 
Year 

Study 
Design 

No. of 
Centers, 
Country Interventions 

Study Duration 
Mean Followup 

Baseline 
Demographics Inclusion/Exclusion Criteria 

Florez, 2012100 
DPP 

RCT 27 centers 
United States 

A. Intensive lifestyle 
intervention, including 
diet and exercise to 
achieve modest weight 
reduction (n=1048) 
B. Metformin 850 
mg/twice daily 
(n=1043) 
C. Placebo (n=1041) 

Study duration: 5 
years 

A vs. B vs. C 
Mean age: 51 vs. 51 vs. 
50 years 
Female sex: 68% vs. 
66% vs. 69% 
Race: 54% White, 19% 
Black, 17% Hispanic, 9% 
Other vs. 56% White, 
21% Black, 15% 
Hispanic, 8% Other vs. 
54% White, 20% Black, 
16% Hispanic, 10% 
Other 
Mean BMI: 33.9 vs. 33.9 
vs. 34.2 

Age >25 years, BMI >24 (>22 in Asian 
Americans), fasting plasma glucose between 
95 and 125 mg/dL, and IGT 
Exclude: Patients taking medication known to 
affect glucose tolerance or having illness 
likely to reduce life expectancy or ability to 
participate 

Kawamori, 
2009101 

RCT 103 Japanese 
institutions 

A. Voglibose 0.2 
mg/day (n=897) 
B. Placebo (n=881) 

Study duration: 5 
years 
Mean followup: 3 
years 

A vs. B 
Mean age 55.7 vs. 55.7 
years 
Female sex: 40% vs. 
40% 
Race: NR 

Ages 30-70, FPG <6.9 mmol/L, 2hr OGTT 
7.8-11.0 mmol/L, hbA1c <6.5, and one RF 
from metabolic syndrome or FHx 
Exclude: diabetes and disease likely to impair 
GT 

Li, 2008102 and Li, 
2014110 
Da Qing 

RCT 
(cluster) 

33 centers 
China 

A. Combined lifestyle, 
diet, or lifestyle + diet  
diet interventions: 
increase vegetable 
intake and lose weight 
by decreasing calories 
from sugar and 
alcohol; increase 
leisure time and 
physical activity 
(n=438) 
B. Control (n=138) 

20 year followup 
of Da Qing study 
Mean followup: 
9.4 years 
intervention 
weekly for 1m, 
monthly for 3 m 
and every 
3months after 
that for remainder 
of the study (6 
years) 

A vs. B 
Mean age: 45 vs. 47 
years 
Female sex: 47% vs. 
43% 
Race: NR 
Mean BMI: 25.7 vs. 26.2 

Patients aged >25 years, with IGT 
Exclude: Not reported 
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Appendix B3. Studies of the Effect of Interventions for Screen-Detected and Early DM, IFG, or IGT on Health Outcomes 

Author, 
Year 

Study 
Design 

No. of 
Centers, 
Country Interventions 

Study Duration 
Mean Followup 

Baseline 
Demographics Inclusion/Exclusion Criteria 

NAVIGATOR, 
2010103 
 

RCT 806 centers 
40 countries 

A. Nateglinide 60 mg/3 
times daily (n=4645) 
B. Placebo (n=4661) 
*Patients also 
randomized in 2x2 
factorial design to 
receive valsartan or 
placebo 

Median followup 
5 years 

A vs. B 
Mean age: 64 vs. 64 
years 
Female sex: 51% vs. 
50% 
Race: 83% White, 2.6% 
Black, 6.7% Asian, 7.8% 
other vs. 83.2% White, 
2.5% Black, 6.5% Asian, 
7.8% other 
Mean BMI: 30.5 vs. 30.5 
HbA1c: 5.8 vs. 5.8 

Patients with IGT, fasting plasma glucose 
between 95 and 126 mg/dL, and one or more 
cardiovascular risk factor or known 
cardiovascular disease (for subjects aged 
>55 years) 
Exclude: Patients who had taken antidiabetic 
medication in the prior 5 years, had abnormal 
laboratory test results, or had concomitant 
conditions that could interfere with 
assessment 

NAVIGATOR, 
2010104 

RCT 806 centers 
40 countries 

A. Valsartan 160 
mg/once daily 
(n=4631) 
B. Placebo (n=4675) 
*Patients also 
randomized in 2x2 
factorial design to 
receive nateglinide or 
placebo 

Median followup 
5 years 

A vs. B 
Mean age: 64 vs. 64 
years 
Female sex: 50% vs. 
51% 
Race: 83.1% White, 
2.4% Black, 6.4% Asian, 
8.0% other vs. 83.1% 
White, 2.6% Black, 6.7% 
Asian, 7.5% other 
Mean BMI: 30.4 vs. 30.6 
HbA1c: 5.8 vs. 5.8 

Patients with IGT, fasting plasma glucose 
between 95 and 126 mg/dL, and one or more 
cardiovascular risk factor or known 
cardiovascular disease (for subjects aged 
>55 years) 
Exclude: Patients who had taken antidiabetic 
medication in the prior 5 years, had abnormal 
laboratory test results, or had concomitant 
conditions that could interfere with 
assessment 

Nijpels, 2008105 
DAISI 

RCT Single center 
The 
Netherlands 

A. Acarbose 50 mg/3 
times daily (n=60) 
B. Placebo (n=58) 

3 years A vs. B 
Mean age: 59 vs. 57 
years 
Female sex: 49% vs. 
50% 
Race: NR 
Mean BMI: 28.4 vs. 29.5 
HbA1c: 5.9 vs. 5.6 

Patients aged 45 to 70 years, with fasting 
plasma glucose >7.8 mmol/L, a 2-hour 
plasma glucose of 8.6-11.1 mmol/L, and 
HbA1c<7.0 
Exclude: Patients who failed to complete the 
6-week qualification period, in which 
acarbose doses were up-titrated over three 
weeks to 50 mg/three times daily and 
maintained for three weeks 

Ramachandran, 
2009106 
IDPP-2 

RCT Clinics in India 
enrolled patient 
from railway 
and electric 
industry 

A. Pioglitazone (n=181) 
B. Placebo (n=186) 

Mean follow up 3 
years 

A vs. B 
Mean age 45.1 vs. 45.5 
Female sex: 13% vs. 
14% 
Race: NR 

Ages 35-55, IGT 7.8-11.1 mmol/L 
Exclude: coronary artery disease, stroke 
history, major Q wave abnormality, liver 
disorders, kidney disorders 
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Appendix B3. Studies of the Effect of Interventions for Screen-Detected and Early DM, IFG, or IGT on Health Outcomes 

Author, 
Year 

Study 
Design 

No. of 
Centers, 
Country Interventions 

Study Duration 
Mean Followup 

Baseline 
Demographics Inclusion/Exclusion Criteria 

Uusitupa, 2009108 
Finnish DPS 

RCT 5 centers 
Finland 

A. Intensive diet and 
counseling group 
(n=257) 
B. Control group 
(n=248) 
C. Normal FINDRISK 
Cohort (n=1570) 
D. IGT FINDRISK 
Cohort (n=183) 
E. Screen-detected 
FINDRISK Cohort 
(n=59) 
F. Previously 
diagnosed FINDRISK 
Cohort (n=69) 

A and B: 10.6 yrs 
C-F: 13.8 yrs 

A vs. B vs. C vs. D vs. 
E vs. F 
Mean age:55.4 vs. 55.0 
vs. 53.7 vs. 55.8 vs. 55.9 
vs. 55.6 
Female sex: 66% vs. 
68% vs. 59% vs. 49% 
vs. 45% vs. 49% 
Race: NR 
BMI: 31.4 vs. 31.2 vs. 
26.8 vs. 29.8 vs. 31.7 vs. 
30.5 

Age 40-64, BMI >25, 2 -2hr OGTT with IGT 
result according to WHO 1985 criteria 
Exclude: Recent within 6 m CVD event 

Zinman, 2010109 
CANOE 

RCT 2 centers 
Canada 

A. Metformin 500 mg 
plus rosiglitazone 2 
mg/twice daily as a 
fixed dose combination 
(n=103) 
B. Placebo (n=104) 

Median followup: 
3.9 years 

A vs. B 
Mean age: 50 vs. 55 
years 
Female sex: 65% vs. 
68% 
Race: 74.8% White, 
7.8% South Asian, 6.8% 
Latino, 10.7% other vs. 
74% White, 6.8% South 
Asian, 6.7% Latino, 
12.5% other 
Mean BMI: 31.3 vs. 32.0 

Residents of Ontario, Canada, aged 30 to 75 
years (18 to 75 years for those of Canadian 
native ancestry), with at least one risk factor  
for diabetes, diagnosed with IGT based on 
fasting plasma glucose test and OGTT 
Exclude: Current use of metformin or 
rosiglitazone, previous use of an anti-
diabetes medication (except to treat 
gestational diabetes), significant hepatic 
disease, or renal dysfunction 
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Appendix B3. Studies of the Effect of Interventions for Screen-Detected and Early DM, IFG, or IGT on Health Outcomes 

 

Author, Year 

Number Screened, 
Eligible, Enrolled, 

and Analyzed; 
Withdrawals; Loss 

to Followup Clinical Health Outcomes Adverse Events 
Quality 
Rating Funding Source 

Andrews, 201395 Screened: 1,634 
Eligible: 712 
Enrolled: 593 
Analyzed: 593 
Withdrawals: 0.3% 
(2/593) 
Loss to followup: 
11% (66/593) 

A vs B vs C 
Mortality: 0% (0/246) vs 0% (0/248) vs 
1%(1/99); A vs C: RR 0.14 (95% CI 
0.01 to 3.31); B vs C: RR 0.14 (95% CI 
0.01 to 3.29) 

NR Good Diabetes UK and UK Department of 
Health 

Davies et al. 200896 
and Khunti 201297 
DESMOND Trial 

Screened: 1,109 
Eligible: 1,053 
Enrolled: 824 
Analyzed: 604 (3 
years) 
Withdrawals: 5% 
(44/824) 

A vs B 
Quality of life, WHOQOL-BREF – 
Overall satisfaction with quality of life: 
4.0 vs. 4.0; p=0.48 
Overall satisfaction with health: 4.0 vs. 
4.0; p=0.94 

A vs B 
All-cause withdrawals: 
21/437 (5%) vs 23/387 
(6%); RR 0.81 (95% CI 
0.45 to 1.44) 

Fair Diabetes UK 

DeFronzo, 201198 Screened: 1827 
Eligible: NR 
Enrolled: 602 
Analyzed: 602 
A vs. B  
Withdrawal: 29.7% 
(90/303) vs. 23.7% 
(71/299) 
Loss to followup: 
9.2% (28/303) vs. 
7.4% (22/299) 

A vs. B 
Mortality: 1.0% (3/303) vs. 0.3% 
(1/299); RR 2.96, 95% CI 0.31 to 28.30 
Cardiovascular events: 26 vs. 23  
Nonfatal MI: 2 vs. 1 
TIA: 1 vs. 1 
CAD w/o revascularization: 2 vs. 1 
CABG : 2 vs. 6 

A vs. B 
Any adverse event: 
49.8% (151/303) vs. 
40.5% (121/299); RR 
1.23, 95% CI 1.03 to 
1.47 

Fair Takeda Pharmaceuticals 
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Appendix B3. Studies of the Effect of Interventions for Screen-Detected and Early DM, IFG, or IGT on Health Outcomes 

Author, Year 

Number Screened, 
Eligible, Enrolled, 

and Analyzed; 
Withdrawals; Loss 

to Followup Clinical Health Outcomes Adverse Events 
Quality 
Rating Funding Source 

DREAM Trial 
Investigators 200899 
See also: DREAM Trial 
Investigators, 2006a14 
and DREAM Trial 
Investigators, 2006b15 

Screened: 24872 
Randomized: 5269 

A vs. B & C vs. D  
Cardiovascular composite events 
incidence: 2.6% (69/2623) vs. 2.4% 
(64/2646); HR 1.09, 95% CI 0.78 to 
1.53 & 2.9% (77/2635) vs. 2.1% 
(56/2634); HR 1.38, 95% CI 0.98 to 
1.95 
Cardiovascular death: 0.5% (12/2623) 
vs. 0.4% (10/2646); HR 1.21, 95% CI 
0.52 to 2.80 & 0.5% (12/2635) vs. 0.4% 
(10/2634); HR 1.20, 95% CI 0.52 to 
2.77 
MI: 0.5% (14/2623) vs. 0.4% (11/2646); 
HR 1.29, 95% CI 0.59 to 2.84 & 0.6% 
(16/2635) vs. 0.3% (9/2634); HR 1.78, 
95% CI 0.79 to 4.03 
Stroke: 0.2% (4/2623) vs. 0.3% 
(8/2646); HR 0.50, 95% CI 0.15 to 1.66 
& 0.3% (7/2635) vs. 0.2% (5/2634); HR 
1.40, 95% CI 0.44 to 4.40 
Congestive heart failure: 0.5% 
(12/2623) vs. 0.2% (4/2646); HR 3.06, 
95% CI 0.99 to 9.48 & 0.5% (14/2635) 
vs. 0.1% (2/2634); HR 7.04, 95% CI 
1.60 to 31.0 
Revascularization: 1.1% (28/2623) vs. 
1.4% (38/2646); HR 0.74, 95% CI 0.46 
to 1.21 & 1.4% (37/2635) vs. 1.1% 
(29/2634); HR 1.27, 95% CI 0.78 to 
2.07 
Cardiovascular death, MI, stroke: 1% 
(27/2623) vs. 1.1% (29/2646); HR 0.94, 
95% CI 0.56 to 1.59 & 1.3% (33/2635) 
vs. 0.9% (23/2634); HR 1.43, 95% CI 
0.84 to 2.44 
Total Mortality: 1.2% (31/2623) vs. 
1.2% (32/2646); HR 0.98, 95% CI 0.60 
to 1.61 & 1.1% (30/2635) vs. 1.3% 
(33/2634); HR 0.91, 95% CI 0.56 to 
1.49 

NR Good Canadian Institute of Health Research; 
Aventis Pharma; GalaxoSmithKline; King 
Pharmacuticals; Wyeth Ayerst 
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Appendix B3. Studies of the Effect of Interventions for Screen-Detected and Early DM, IFG, or IGT on Health Outcomes 

Author, Year 

Number Screened, 
Eligible, Enrolled, 

and Analyzed; 
Withdrawals; Loss 

to Followup Clinical Health Outcomes Adverse Events 
Quality 
Rating Funding Source 

Florez, 2012100 
DPP 

Screened: NR 
Eligible: NR 
Enrolled: 3,234 
Analyzed: 3,132 

A vs. C 
Quality of life, SF-36 score changes 
from baseline, mean between-group 
difference: 
 SF-6D: 0.0084 (SD 0.0041; p<0.05) 
 PCS: 1.57 (SD 0.30; p<0.01) 
 MCS: -0.29 (SD 0.32; p=NS) 
 Physical function: 3.58 (SD 0.66; 
p<0.01) 
 Body pain: 1.93 (SD 0.78; p<0.01) 
 General health: 3.23 (SD 0.66; 
p<0.01) 
 Vitality: 2.05 (SD 0.77; p<0.01) 
B vs. C 
Quality of life, SF-36 score changes 
from baseline, mean between-group 
difference: 
 SF-6D: 0.0019 (SD 0.0041; p=NS) 
 PCS: 0.15 (SD 0.30; p=NS) 
 MCS: 0.22 (SD 0.32; p=NS) 
 Physical function: 0.13 (SD 0.71; 
p=NS) 
 Body pain: 0.50 (SD 0.78; p=NS) 
 General health: 0.06 (SD 0.66; p=NS) 
 Vitality: 0.09 (SD 0.76; p=NS) 
No measure in either group reached 
clinically meaningful difference of 3% 

 Good National Institute of Diabetes and 
Digestive and Kidney Diseases; Office of 
Research on Minority Health; National 
Institute of Child Health and Human 
Development; National Institute on 
Aging; Centers for Disease Control and 
Prevention 

Kawamori, 
2009101 

 Screened: 4582 
Eligible: NR 
Enrolled: 1780  
Analyzed: 1778 
 
A vs. B 
Withdrawal: 14.4% 
(129/897) vs. 16.5% 
(146/883)  

A vs. B 
Death 0.7% (6/897) including 1 MI vs. 
0% (0/881); RR 12.77, 95% CI 0.72 to 
226.32 

A vs. B 
Withdrawal due to 
adverse events: 7.4% 
(66/897) vs. 6.2% 
(55/883) 
Any adverse event: 
90% (810/897) vs. 85% 
(750/881 
Serious adverse event: 
0.6% (5/897) vs. 0.2% 
(2/881)  

Good Takeda Pharmaceuticals 
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Author, Year 

Number Screened, 
Eligible, Enrolled, 

and Analyzed; 
Withdrawals; Loss 

to Followup Clinical Health Outcomes Adverse Events 
Quality 
Rating Funding Source 

Li, 2008102 and Li, 
2014110 
Da Qing 

Screened: 110,660 
Eligible: NR 
Enrolled: 577 
Analyzed: 530 
Withdrawal: 7 
Loss to followup: 40 

A vs. B 
20-year followup 
All-cause mortality: 25% vs. 29%; HR 
0.96, 95% CI 0.65 to 1.41 
CVD mortality: 12% vs 17%; HR 0.83, 
95% CI 0.48 to 1.40 
CVD event incidence: 41%  vs 44%; 
HR 0.98, 95% CI 0.71 to 1.37  
23-year followup 
All-cause mortality: 28% (121/430) vs. 
38% (53/138); HR 0.71 (95% CI 0.51 to 
0.99) 
 -Women: 15% (31/205) vs 29% 
(17/59); HR 0.46 (95% CI 0.24 to 0.87) 
 -Men: 40% (93/233) vs 46% (36/79); 
HR 0.97 (95% CI 0.65 to 1.46) 
CVD mortality: 12% (51/430) vs. 20% 
(27/138); HR 0.59 (95% CI 0.36 to 
0.96) 
 -Women: 6% (12/206) vs 17% (10/59); 
HR 0.28 (95% CI 0.11 to 0.71) 
 -Men: 17% (40/233) vs 22% (17/79); 
HR 0.91 (95% CI 0.50 to 1.65) 

NR Fair World Health Organization, Centers for 
Disease Control and Prevention, China-
Japan Friendship Hospital, and Da Qing 
First Hospital 

NAVIGATOR, 2010103 
 

Screened: 43502 
Eligible: 9518 
Enrolled: 9518 
Analyzed: 9306 
A vs. B 
Withdrawal: 3.5% 
(163/4645) vs. 3.1% 
(143/4661) 
Loss to followup: 
9.6% (446/4645) vs. 
9.8% (459/4661) 

A vs. B 
Extended cardiovascular events: 25.6 
vs. 27.5 cases/1000 person-years; HR 
0.93, 95% CI 0.83 to 1.03 
CVD death: 4.4 vs. 4.1 cases/1000 
person-years; HR 1.07, 95% CI 0.83 to 
1.38 
All-cause mortality: 10.9 vs. 11 
cases/1000 person-years; HR 1.00, 
95% CI 0.85 to 1.17 

A vs. B 
Discontinued due to 
adverse event: 11.2% 
(520/4645) vs. 10.4% 
(485/4661); RR 1.08, 
95% CI 0.96 to 1.21 
Hypoglycemia: 19.6% 
(911/4645) vs. 11.3% 
(527/4661); RR 1.73, 
95% CI 1.57 to 1.92 

Good Novartis Pharma 
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Appendix B3. Studies of the Effect of Interventions for Screen-Detected and Early DM, IFG, or IGT on Health Outcomes 

Author, Year 

Number Screened, 
Eligible, Enrolled, 

and Analyzed; 
Withdrawals; Loss 

to Followup Clinical Health Outcomes Adverse Events 
Quality 
Rating Funding Source 

NAVIGATOR, 2010104 Screened: 43502 
Eligible: 9518 
Enrolled: 9518 
Analyzed: 9306 
A vs. B 
Withdrawal: 3.3% 
(151/4631) vs. 3.3% 
(155/4675) 
Loss to followup: 
9.4% (437/4631) vs. 
10.0% (468/4675) 

A vs. B 
Extended cardiovascular events: 26.2 
vs. 26.9 cases/1000 person-years; HR 
0.96, 95% CI 0.86 to 1.07 
CVD death: 4.5 vs. 4.1 cases/1000 
person-years; HR 1.09, 95% CI 0.85 to 
1.40 
All-cause mortality: 10.4 vs. 11.5 
cases/1000 person-years; HR 0.90, 
95% CI 0.77 to 1.05 

A vs. B 
Discontinued due to 
adverse event: 12.0% 
(556/4631) vs. 11.4% 
(531/4675); RR 1.06, 
95% CI 0.95 to 1.18 
Hypoglycemia: 42.4% 
(1936/4631) vs. 35.9% 
(1678/4675); RR 1.16, 
95% CI 1.11 to 1.23  

Good Novartis Pharma 

Nijpels, 2008105 
DAISI 

Screened: 6651 
Eligible: 171 
Enrolled: 118 (53 
failed qualification 
period) 
Analyzed: 118 
A vs. B 
Loss to followup: 0% 
vs. 1.7% (1/58) 

A vs. B 
Death: 1.7% (1/60) vs. 5.2% (3/58); RR 
0.32, 95% CI 0.03 to 3.01 

A vs. B 
Withdrawal due to 
adverse events: 36.7% 
(22/60) vs. 13.8% 
(8/58); RR 2.66, 95% CI 
1.29 to 5.48 

Fair Bayer Healthcare AG 

Ramachandran, 
2009106 
IDPP-2 

Screened: 6589 
Enrolled: 407 
Analyzed: 367 
A vs. B 
Loss to followup: 
11.3% (21/181) 
 vs. 8.4% (16/186) 

A vs. B 
Death: 1% (2/204) due to cardiac 
arrest vs. 0.5% (1/203) due to road 
accident; RR 1.99, 95% CI 0.18 to 
21.78 
Occurrence of heart disease requiring 
admission: 1% (2/204) vs. 0.5% 
(1/203); RR 1.99, 95% CI 0.18 to 21.78 

A vs. B 
Major other adverse 
events: 2% (4/204) 
vs.4.9% (10/203); RR 
0.40, 95% CI 0.13 to 
1.25 

Fair India's Diabetes Research Foundation 
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Author, Year 

Number Screened, 
Eligible, Enrolled, 

and Analyzed; 
Withdrawals; Loss 

to Followup Clinical Health Outcomes Adverse Events 
Quality 
Rating Funding Source 

Uusitupa, 2009108 
Finnish DPS 

522 enrolled 
17 patients not 
analyzed because 
did not consent for 
linkage records 

A vs. B vs. C vs. D vs. E vs. F 
Death: 2.2 vs.3.8 vs. 6.6 vs.16.4 vs. 
21.0 vs. 28.8 cases/1000 person-years 
Total mortality, unadjusted: HR 0.15, 
95% CI 0.06 to 0.35 vs. HR 0.26, 95% 
CI 0.13 to 0.52 vs. HR 0.40, 95% CI 
0.28 to 0.57 vs. HR 1 (reference 
standard) vs. HR 1.29, 95% CI 0.71 to 
0.24 vs. HR 1.77, 95% CI 1.05 to 2.98 
Total mortality, adjusted: HR 0.21, 95% 
CI 0.09 to 0.52 vs. HR 0.39, 95% CI 
0.20 to 0.79 vs. HR 0.52, 95% CI 0.36 
to 0.74 vs. HR 1 (reference standard) 
vs. HR 1.08, 95% CI 0.56 to 2.06 vs. 
HR 1.96, 95% CI 1.15 to 3.34 
CVD event: 22.9 vs. 22.0 vs. 19.3 vs. 
39.9 vs. 62 vs. 67.2 cases/1000 
person-years 
CVD event, unadjusted: HR 0.59, 95% 
CI 0.41 to 0.83 vs. HR 0.56, 95% CI 
0.40 to 0.80 vs. HR 0.48, 95% CI 0.37 
to 0.62 vs. HR 1 (reference standard) 
vs. HR 1.58, 95% CI 1.04 to 2.39 vs. 
HR 1.69, 95% CI 1.11 to 2.39 
CVD event, adjusted: HR 0.89, 95% CI 
0.62 to 1.27 vs. HR 0.87, 95% CI 0.60 
to 1.27 vs. HR 0.67, 95% CI 0.51 to 
0.88 vs. HR 1 (reference standard) vs. 
HR 1.39, 95% CI 0.90 to 2.15 vs. HR 
1.64, 95% CI 1.02 to 2.15 

NR Fair multiple public and private funders 
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Author, Year 

Number Screened, 
Eligible, Enrolled, 

and Analyzed; 
Withdrawals; Loss 

to Followup Clinical Health Outcomes Adverse Events 
Quality 
Rating Funding Source 

Zinman, 2010109 
CANOE 

Screened: 992  
Eligible: 247 
Enrolled: 207 
Analyzed: 207 
A vs. B 
Withdrawal: 12.6% 
(13/103) vs. 9.6% 
(10/104) 
Loss to followup: 
1.9% (2/103) vs. 
1.9% (2/104) 

A vs. B 
MI: 0% (0/103) vs. 1% (1/104), RR 
0.34, 95% CI 0.01 to 8.17 
CHF: 0% (0/103) vs. 1% (1/104), RR 
0.34, 95% CI 0.01 to 8.17 

A vs. B 
Hypoglycemia: 2% 
(2/103) vs. 1% (1/104); 
RR 2.02, 95% CI 0.19 
to 21.93 

Good GlaxoSmithKline 

Abbreviations: AV = atrioventricular; BMI = body mass index; CABG = coronary artery bypass surgery; CAD = coronary artery disease; CHF = congestive heart failure; CI = 
confidence interval; CVD = cardiovascular disease; DBP = diastolic blood pressure; FHx = family history; FPG = fasting plasma glucose; GT = glucose tolerance; HbA = glycated 
hemoglobin; Hg= hemoglobin; 2HPG = 2-hour plasma glucose; HR = hazard ratio; IGT = impaired glucose tolerance; IRR = incident rate ratio; MCS = mental composite score; MI = 
myocardial infarction; NR = not relevant; NYHA = New York Heart Association; OGTT = oral glucose tolerance test; PCS = physical composite score; RCT = randomized, controlled 
trial; RF = risk factor; RR = relative risk; SBP = systolic blood pressure; SF = short form; TIA = transient ischemic attack; WHO = World Health Organization; WHOQOL-BREF = World 
Health Organization Quality of Life Assessment, short version. 
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Appendix B4. Quality Assessment of Studies of Interventions for Screen-Detected and Early DM, IFG, or IGT 

Author, 
Year 

Random-
ization 

Adequate?  

Allocation 
Conceal-

ment 
Adequate? 

Groups 
Similar at 
Baseline? 

Eligibility 
Criteria 

Specified? 

Outcome 
Assessors 
Masked? 

Care 
Provider 
Masked? 

Patient 
Masked? 

Attrition and 
Withdrawals 
Reported? 

Loss to 
Followup:  

Differential/High? 

Analyze 
Persons in 

the Groups in 
Which They 

Were 
Randomized? 

Quality 
Rating 

Andrews, 
201395 

Yes Yes Yes Yes No Yes Yes Yes No/No Yes Good 

Davies, 200896 
DESMOND 

Yes Yes No; not 
HbA1c, sex, 
or use of oral 
hypoglycemic 
agents 

Yes Yes No No Yes No/No Yes Fair 

DeFronzo, 
201198 
ACT NOW 

Unclear; likely 
yes (block 
randomization 
based on a 
'randomization 
code') 

Unclear Yes Yes Unclear Unclear; 
likely yes 

Unclear; 
likely yes 

Yes No/No Yes Fair 

DREAM trial 
investigators, 
200899 

Yes Yes Yes Yes Yes Yes Yes Yes; 
in previous 
paper 

No/No Yes Good 

Florez, 2012100 Unclear; 
Likely Yes 

Unclear; 
Likely Yes 

Yes Yes Yes No; 
Yes for 
pharma-
cologic 
interventions 

No; 
Yes for 
pharma-
cologic 
inter-
ventions 

Yes No/No Yes Good 

Kawamori, 
2009101 

Yes Yes Yes Yes Yes Yes Yes Yes No/No Yes Good 

Li, 2014110 
Da Qing 

Unclear; 
cluster 
randomization 

Unclear Yes Yes Unclear No No Yes No/No Yes Fair 

NAVIGATOR, 
2010103, 104 

Yes Yes Yes Yes Yes Unclear Yes Yes No/No Yes Good 

Nijpels, 2008105 
DAISI 

Yes Yes No; 
not HbA1c 

Yes Unclear Yes Yes Yes No/No Yes Fair 

Ramachandran, 
2009106 
IDPP-2 

Yes No- 
sequential 

Yes Yes Yes Unclear Yes Yes No/No No; ~11% 
randomized 
but not 
analyzed 

Fair 
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Author, 
Year 

Random-
ization 

Adequate?  

Allocation 
Conceal-

ment 
Adequate? 

Groups 
Similar at 
Baseline? 

Eligibility 
Criteria 

Specified? 

Outcome 
Assessors 
Masked? 

Care 
Provider 
Masked? 

Patient 
Masked? 

Attrition and 
Withdrawals 
Reported? 

Loss to 
Followup:  

Differential/High? 

Analyze 
Persons in 

the Groups in 
Which They 

Were 
Randomized? 

Quality 
Rating 

Uusitupa, 
2009108 

Yes for DPS  Yes DPS ( Yes)  
FINRISK had 
different 
baseline 
characteristics 

Yes Yes No No Yes No/No No Fair 

Zinman, 
2010109 
CANOE 

Yes Yes Yes Yes Yes Yes Yes Yes No/No Yes Good 
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Appendix B5. Harms of Interventions for Screen-Detected and Early DM, IFG, or IGT 

Author, 
Year 
Study Name 

Study 
Design 

Setting 
Country 

Population Interventions 
Study Duration 
Mean Followup 

Baseline 
Demographics Adverse Events 

Quality 
Rating Funding Source 

Lifestyle interventions 
Davies et al. 
200896 and 
Khunti 201297 
DESMOND Trial 

Cluster 
RCT 

13 primary 
care centers 
England, 
Scotland 
DM 

A. Group intervention 
for 6 hrs within 12 
weeks of diagnoses 
aimed at changing 
lifestyle (n=437) 
B. Control group 
(n=387) 

Median followup 
12 months 

A vs. B  
Mean age: 59 vs. 60 
53% vs. 57% male 
94% vs. 94% White 
Mean BMI 32.3 vs. 32.4 
kg/m2 

A vs. B 
All-cause 
withdrawals: 21/437 
(5%) vs. 23/387 
(6%); RR 0.81 (95% 
CI 0.45 to 1.44) 

Fair Diabetes UK; 
Novonordisk 
educational grant; 
Hospital Trust from UH 
Leicester 

Saito, 2011107 RCT 38 hospitals 
and clinic 
centers 
Japan 
IFG 

A. Individual session 
and goal to decrease 
BW by 5% with follow 
up at 1, 3, 6, 12, 18, 
24, 30, and 36 
months (n=330) 
B. One session 
advise to reduce BW 
by 5% (n=311) 

Study duration: 3 
years 
Mean followup: 
2.7 years 

A vs. B 
Mean age 50 vs. 48 
years  
72% vs. 71% male 
Race not reported 
Mean BMI 26.9 vs. 27.1 
kg/m2 

Mean HbA1c 5.4% vs. 
5.4% 

A vs. B 
Serious adverse 
events: 0/330 (0%) 
vs. 0/311 (0%); RR 
0.94 (95% CI 0.02 to 
47) 

Fair All Japan Federation of 
Social Insurance 
Associations 

Pharmacologic interventions 
Metformin 
Diabetes 
Prevention 
Program, 2012179 

RCT 27 clinics 
United States 
IGT 

A. Metformin 850 
mg/twice daily 
(n=1,073) 
B. Placebo 
(n=1,082) 

Mean blinded 
treatment 
duration: 3.2 
years 
Open-label 
lifestyle 
intervention: 6 
month lifestyle 
intervention and 
7-8 years 
additional 
followup 

A vs. B 
Mean age: 50.9 vs. 50.3 
years 
Female sex: 66.2 vs. 
69.0% 
Race: 56% White, 21% 
Black, 15% Hispanic, 5% 
American Indian, 3% 
Asian vs. 54% White, 
20% Black, 16% 
Hispanic, 6% American 
Indian, 5% Asian 
Mean BMI: 33.9 vs. 34.2 
Mean HbA1c: 5.9% vs. 
5.9% 

A vs. B 
Non-serious 
hypoglycemia: 0.7% 
(7/1,073) vs. 0.7% 
(8/1,082) 
Serious anemia: 
0.2% (2/1,073) vs. 
0.1% (1/1,082) 
Serious lactic 
acidosis: 0% vs. 0% 
Serious 
hypoglycemia: 0% 
vs. 0% 

Good National Institute of 
Diabetes and Digestive 
and Kidney Diseases 
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Author, 
Year 
Study Name 

Study 
Design 

Setting 
Country 

Population Interventions 
Study Duration 
Mean Followup 

Baseline 
Demographics Adverse Events 

Quality 
Rating Funding Source 

TZDs 
DeFronzo, 
201198 

RCT 8 centers 
United States 
IGT 

A. Pioglitazone 30 
mg/day for one 
month, increased to 
45 mg/day (n=303) 
B. Placebo (n=299) 

Median followup 
2.4 years 

A vs. B 
Mean age 53 vs. 52 
years 
42% vvs. 42% male 
51% vs. 57% White,  
26% vs. 25% Hispanic, 
19% vs. 15% Black 
3% vs. 3% other 
Mean BMI 33.0 vs. 34.5 
kg/m2 
Mean HbA1c 5.5% vs. 
5.5% 

A vs. B 
Any adverse event: 
151/303 (50%) vs. 
121/299 (42%); RR 
1.23 (95% CI 1.03 to 
1.47) 
Cancer: 3/303 (1%) 
vs. 8/299 (3%); RR 
0.37 (95% CI 0.10 to 
1.38) 

Fair Takeda 
Pharmaceuticals 

DREAM Trial 
Investigators 
200899 

RCT 191 
Centers21 
countries 

A. Rosiglitazone 
0.8mg/day 
(n=2635)B. Placebo 
(n=2634) 

Mean follow up: 3 
years 

A vs. B & C vs. DMean 
age 55 vs. 55 
years58.3% vs. 60.1% 
femaleRace: NR 

A vs. BCongestive 
heart failure: 0.5% 
(14/2635) vs. 0.1% 
(2/2634); HR 7.04, 
95% CI 1.60 to 31.0 

Good Canadian Institute of 
Health Research; 
Aventis Pharma; 
GalaxoSmithKline; King 
Pharmacuticals; Wyeth 
Ayerst 

Ramachandran, 
2009106 
IDPP-2 

RCT Community 
recruited 
India 
IGT 

A. Pioglitazone 
(n=181) 
B. Placebo (n=186) 

Mean follow up 3 
years  

A vs. B 
Mean age 45 vs. 46 
years 
87% vs. 86% male 
Race not reported 
Mean BMI 26.0 vs. 26.2 
kg/m2 

Mean HbA1c 5.8% vs. 
5.8% 

A vs. B 
Serious adverse 
events: 4/181 (2%) 
vs. 10/186 (5%); RR 
0.41 (95% CI 0.13 to 
1.29) 

Fair India's Diabetes 
Research Foundation 
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Appendix B5. Harms of Interventions for Screen-Detected and Early DM, IFG, or IGT 

Author, 
Year 
Study Name 

Study 
Design 

Setting 
Country 

Population Interventions 
Study Duration 
Mean Followup 

Baseline 
Demographics Adverse Events 

Quality 
Rating Funding Source 

Alpha-glucosidase inhibitors 
Kawamori, 
2009101 

RCT 103 centers 
Japan 
IGT 

A. Voglibose 0.2 
mg/day (n=897) 
B. Placebo (n=881) 

Study duration: 5 
years 
Mean followup: 3 
years 

A vs. B 
Mean age 56 vs. 56 
years 
60% vs. 60% male 
Race not reported 
Mean BMI 25.8 vs. 25.9 
kg/m2 

Mean FPG 5.8 vs. 5.9 
mmol/L 

A vs. B 
Withdrawal due to 
adverse events: 
66/897 (7%) vs. 
55/883 (6%); RR 
1.18 (95% CI 0.84 to 
1.67) 
Serious adverse 
event: 5/897 (0.6%) 
vs. 2/881 (0.2%); 
RR 2.46 (95% CI 
0.48 to 13) 
Any adverse event: 
810/897 (90%) vs. 
750/881 (85%); RR 
1.06 (95% CI 1.02 to 
1.10) 

Good Takeda 
Pharmaceuticals 

Nijpels, 2008105 
DAISI 

RCT Single center 
The 
Netherlands 
IGT 

A. Acarbose 50 
mg/3 times daily 
(n=60) 
B. Placebo (n=58) 

3 years  A vs. B 
Mean age 59 vs. 57 
years 
51% vs. 50% male 
Race not reported 
Mean BMI 28.4 vs. 29.5 
kg/m2 
Mean HbA1c 5.9% vs. 
5.6% 

A vs. B 
Withdrawal due to 
adverse events: 
22/60 (37%) vs. 8/58 
(14%); RR 2.66 
(95% CI 1.29 to 
5.48) 

Fair Bayer Healthcare AG 

Nateglinide and Valsartan 
NAVIGATOR 
Study Group, 
2010103 
NAVIGATOR 

RCT 806 centers 
40 countries 
IGT 

A. Nateglinide 60 
mg/3 times daily 
(n=4645) 
B. Placebo (n=4661) 

Median followup 
5 years 

A vs. B 
Mean age 64 vs. 64 
years 
50% vs. 49% male 
83% vs. 83% White 
2% vs. 3% Black 
6% vs. 7% Asian 
8.0% vs. 8% other  
Mean BMI 30.4 vs. 30.6 
kg/m2 
Mean HbA1c 5.8% vs. 
5.8% 

A vs. B 
Withdrawals due to 
adverse events: 
520/4645 (11%) vs. 
485/4661 (10%); RR 
10.8 (95% CI 0.96 to 
1.21) 
Hypoglycemia: 
911/4645 (20%) vs. 
527/4661 (11%); RR 
1.73 (95% CI 1.57 to 
1.92) 

Good Novartis Pharma 
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Appendix B5. Harms of Interventions for Screen-Detected and Early DM, IFG, or IGT 

Author, 
Year 
Study Name 

Study 
Design 

Setting 
Country 

Population Interventions 
Study Duration 
Mean Followup 

Baseline 
Demographics Adverse Events 

Quality 
Rating Funding Source 

NAVIGATOR, 
2010104 

RCT 806 centers 
40 countries 
IGT 

A. Valsartan 160 
mg/once daily 
(n=4631) 
B. Placebo (n=4675) 

Median followup 
5 years 

A vs. B 
Mean age 64 vs. 64 
years 
50% vs. 49% male 
83% vs. 83% White 
2% vs. 3% Black 
6% vs. 7% Asian 
8.0% vs. 8% other  
Mean BMI 30.4 vs. 30.6 
kg/m2 
Mean HbA1c 5.8% vs. 
5.8% 

A vs. B 
Withdrawals due to 
adverse events: 
556/4631 (12%) vs. 
531/4675 (11%); RR 
1.06 (95% CI 0.95 to 
1.18) 
Hypotension-related 
adverse events: 
1936/4631 (42%) vs. 
1678/4675 (36%); RR 
1.16 (95% CI 1.11 to 
1.23) 

Good Novartis Pharma 

Combination pharmacologic interventions 
Zinman 2010109 
CANOE 

RCT 2 centers 
Canada 
IGT 

A. Metformin 500 
mg plus 
rosiglitazone 2 
mg/twice daily as a 
fixed dose 
combination (n=103) 
B. Placebo (n=104) 

Median followup 
3.9 years 

A vs. B 
Mean age 50 vs. 55 
years 
35% vs. 32% male 
75% vs. 74% White 
8% vs. 7% South Asian 
7% vs. 7% Latino 
11% vs. 13% other 
Mean BMI 31.3 vs. 32.0 
kg/m2 

A vs. B 
Withdrawals due to 
adverse events: 
4/103 (4%) vs. 7/104 
(7%); RR 0.58 (95% 
CI 0.17 to 1.91) 
Cancer: 2/103 (2%) 
vs. 1/104 (1%); RR 
2.02 (95% CI 0.19 to 
22) 
Hypoglycemia: 
1/103 (1%) vs. 1/104 
(1%); RR 1.01 (95% 
CI 0.06 to 16) 

Good GlaxoSmithKline 

Abbreviations: AG = alpha-glucosidase; BMI = body mass index; BW = body weight; CANOE = Canadian Normoglycemia Outcomes Evaluation; CI = confidence interval; CVD = 
cardiovascular disease; DAISI = Diabetes Autoimmunity Study; DESMOND = diabetes education and self management for ongoing and newly diagnosed; DM = diabetes mellitus; 
FPG = fasting plasma glucose; HbA = glycated hemoglobin; Hg= hemoglobin; IDPP = Indian Diabetes Prevention Program; IGT = impaired glucose tolerance; MMOL = blood glucose 
meters; RCT = randomized, controlled trial; RR = relative risk 
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Appendix B6. Study Characteristics of Systematic Reviews of Intensive Glucose, Blood Pressure Control, or Aspirin Use 

Author, Year Purpose of Study Databases Searched, Date of Last Search 

Number 
of 

Studies Types of Studies Included 
Intensive glucose control  
Buehler, 
2013114 
Good 

Examine the effect of tight versus 
conventional glucose control in people 
with DM 

Cochrane library, MEDLINE, EMBASE, ISI 
Web of Knowledge through May 2011 

6 
RCTs 

Trials comparing tight versus conventional 
glucose control conducting in people age ≥18 
years with DM and followup ≥1 year 

Hemmingsen, 
2012115 
Good 

Assess the effects of targeting 
intensive versus standard glycemic 
control in people with DM 

Cochrane Library, MEDLINE, EMBASE, 
Science Citation Index Expanded, LILACS, 
CINAHL through December 2010 

20 
RCTs  

Trials that prespecified different targets of 
glycemic control in adults with DM. 

Coca, 2012116 
Good 

Compare the effects of intensive 
glucose control and standard glucose 
control on renal events in people with 
DM 

MEDLINE, EMBASE, CCRCT through 
December 2010 

7 
RTCs 

Trials comparing surrogate renal end points 
and clinical renal end points in patients with 
DM receiving intensive glucose control vs 
those receiving standard glucose control. 

Hemmingsen, 
2011117  

Assess the effect of intensive versus 
standard glycemic control on all-cause 
and CV mortality, non-fatal MI, 
microvascular complications and 
severe hypoglycemia 

Cochrane Library, MEDLINE, EMBASE, 
Science Citation Expanded Index, LILACS, 
CINAHL through December 2010. Hand 
searches of reference lists, conference 
proceedings, pharmaceutical companies, FDA 

14 
RCTs 

Trials comparing targeted intensive glycemic 
control with standard glycemic control in 
patients with DM. Published and unpublished 
trials in all languages were included, 
irrespective of predefined outcomes. 

Boussageon, 
2011118 
Good 

To determine all-cause mortality and 
deaths from cardiovascular events 
related to intensive glucose lowering 
treatment in people with DM 

MEDLINE, EMBASE, CDSR through July 2010 13 
RCTs 

Trials that assessed the effect of intensive 
glucose lowering treatment on CV and 
microvascular events  

Castagno, 
2011119 
Good 

To determine whether improved 
glycemic control reduces the risk of 
heart failure.  

PubMed, CCRCT, metaRegister, pre-
MEDLINE, and CINAHL through October 2010 

8 
RCTs 

Trials comparing strategies of more versus 
less intensive glucose-lowering reporting HF 
events. 

Wu, 2010120 
Good 

To evaluate the efficacy of intensive 
glucose control in the prevention of 
cardiovascular events when compared 
with standard glucose controls 

MEDLINE, EMBASE, the Cochrane Library, 
and Science Citation Index through January 
2009 

6 
RCTs 

Trials comparing intensive glucose control 
strategies and standard glucose control 
strategies in populations with DM reporting 
all-cause and CV mortality and 
macrovascular events  

Kelly, 2009121 
Good 

To summarize clinical benefits and 
harms of intensive versus standard 
glucose control for people with DM 

MEDLINE database through April 2009 with no 
language restrictions. 

5 
RCTs  

Trials comparing intensive glucose control 
with standard glucose control with 
prespecified glucose targets, reporting CVD 
as the primary outcome and n>500 

Ma, 2009123 
Good 

To assess the relationship between 
major vascular events and intensive 
glycemic control 

MEDLINE, EMBASE through December 2008, 
and the Cochrane Library, Issue 4, 2008 

8 
RCTs 

Trials comparing intensive and standard 
glycemic control reporting vascular events, 
with target HbA1c levels 

Mannucci, 
2009124 
Good 

To assess of the effects of 
improvement of glycemic control on 
the incidence CVD  

MEDLINE, EMBASE, and the Cochrane library 
through December 2008, restricted to 
randomized clinical trials, published in English 

5 
RCTs  

Trials reporting the between-group difference 
in mean HbA1c during the trial was at least 
0.5%, planned duration of treatment of at 
least 3 years, CV outcomes. 
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Appendix B6. Study Characteristics of Systematic Reviews of Intensive Glucose, Blood Pressure Control, or Aspirin Use 

Author, Year Purpose of Study Databases Searched, Date of Last Search 

Number 
of 

Studies Types of Studies Included 
Ray, 2009122 
Good 

To assess the effect of an intensive 
glucose-lowering regimen on mortality 
and CV outcomes 

MEDLINE, the Cochrane Library, and 
EMBASE through January 2009 

5 
RCTs  

Trials of intensive vs standard glucose 
lowering reporting CV events 

Intensive blood pressure control  
Bangalore, 
2011125 

To evaluate target BP goals for 
patients with type 2 diabetes, impaired 
fasting glucose or glucose intolerance 

PUBMED, EMBASE, Cochrane, through 
October 2010 

13 
RCTs 

Trials with achieved SBP ≤140 mm Hg in 
both groups with at least 3 mm Hg 
difference between groups 

Reboldi, 
2011134 

To define the relation between the 
magnitude of BP reduction and the 
risk of stroke and MI in patients with 
diabetes 

MEDLINE, EMBASE, Cochrane through March 
2010 

5 
RCTs  

Trials of more versus less intensive BP 
control, though criteria for inclusion not 
clearly defined 

Aspirin  
De Berardis, 
2009132 

To assess the benefits and harms of 
low-dose aspiring in people with DM 
but without CVD 

MEDLINE, Cochrane through November 2008 6 
RCTs 

Trials (blinded or open) of aspirin vs no 
aspirin reporting mortality, nonfatal MI or 
nonfatal stroke 

Stavrakis, 
2011133 

To assess the effect of low-dose 
aspirin for primary prevention of CV 
events in people with diabetes 

MEDLINE, EMBASE through November 2009 7 
RCTs 

Trials (blinded or open) conducted in people 
with no prior CVD reporting mortality, MI or 
stroke 

 

Author, Year 
Methods for Rating Methodological Quality of 

Primary Studies Methods for Synthesizing Results of Primary Studies Interventions 
Intensive glucose control  
Buehler, 
2013114 
Good 

Assessment of allocation concealment, blinding of study 
participants, outcome assessors and investigators, 
intention to treat analysis and completeness of followup. 

Random effects meta-analysis, included assessment of 
heterogeneity 

A. Intensive glucose 
control (n=14,792)  
B. Standard glucose 
control (n=12,862) 

Hemmingsen, 
2012115 
Good 

Assessment of sequence generation, allocation 
concealment, blinding or participants and study 
personnel, presence of incomplete outcome data, 
selective outcome reporting and other sources of bias. 

Cochrane Handbook for Systematic Reviews methods; 
heterogeneity examined by meta-regression; Sensitivity 
analysis performed. 

A. Intensive glucose 
control (n=16,106)  
 B. Standard 
glucose control 
(n=13,880)  

Coca, 2012116 
Good 

Assessment of method of allocation and concealment; 
blinding of participants, staff, and outcome assessors; 
incomplete outcome data; selective outcome reporting; 
and other sources of bias. 

Forest plots were created to determine pooled measures 
using random effects model, heterogeneity was assessed. 

A. Intensive glucose 
control (n=13,644) 
B. Standard glucose 
control (n=12,383) 

Hemmingsen, 
2011117  

Assessment of sequence generation, allocation 
concealment and blinding. 

Random and fixed effects models and heterogeneity 
assessed. Sensitivity analysis including trial sequential 
analysis. 

A. Intensive glucose 
control (n=15 269)  
B. Standard glucose 
control (n=13 345).  
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Appendix B6. Study Characteristics of Systematic Reviews of Intensive Glucose, Blood Pressure Control, or Aspirin Use 

Author, Year 
Methods for Rating Methodological Quality of 

Primary Studies Methods for Synthesizing Results of Primary Studies Interventions 
Boussageon, 
2011118 
Good 

Assessment of sequence generation, allocation 
concealment and blinding. 

Calculation of risk ratios and 99% CIs, meta-analysis using 
used fixed effects model or random effects model if 
heterogeneity was significant. Absolute risk reductions 
calculated using the range risk estimates for each outcome in 
the control group of the three most powerful and recent trials 
(ACCORD, ADVANCE, and VADT) over a five year period. 
Sensitivity analysis was carried out according to the Jadad 
score. 

A. Intensive glucose 
control (n=18,315)  
B. Standard glucose 
control (n= 16,218) 

Castagno, 
2011119 
Good 

Assessment method unclear though authors state 
included studies were quality assessed; dual review was 
undertaken 

Odds ratios (ORs) and 95% CIs, were calculated; 
heterogeneity was assessed. Egger's linear regression test 
was used to ascertain potential funnel plot asymmetry.  

A. Intensive glucose 
control (n=19,562) 
B. Standard glucose 
control (n=17,667) 

Wu, 2010120 
Good 

Assessment of randomization, allocation and blinding. Relative risk and 95% CI calculated and results pooled using 
a random effects model with sensitivity analyses. Publication 
bias was assessed. 

A. Intensive glucose 
control (n=14,792)  
B. Standard glucose 
control (n=13,273) 

Kelly, 2009121 
Good 

Assessment of randomization, blinding, adjudication 
procedures for outcomes, loss to followup. 

Relative risk and CIs calculated and pooled using fixed-effects 
and DerSimonian and Laird random effects models with 
assessment of heterogeneity. 

A. Intensive glucose 
control (n=14,662) 
B. Standard glucose 
control (n=13,410) 

Ma, 2009123 
Good 

Assessment of randomization, allocation concealment, 
blinding, loss to followup/withdrawals, and similarity of 
baseline characteristics 

Relative ratio and 95% CIs were calculated. Results pooled 
using a fixed effects or, if significant heterogeneity was 
present, a random effects model. 

A. Intensive glucose 
control (n=5,544) 
B. Standard glucose 
control (n=3,984) 

Mannucci, 
2009124 
Good 

Assessment using QUOROM methods Expected and observed event rates reported. Heterogeneity 
was assessed. If present both random and a fixed-effects 
models used. Weighted mean differences in BMI at endpoint, 
and Mantel-Henzel Odds Ratio (MH-OR) with 95% CI for all 
categorical endpoints, were calculated. Meta-regression was 
performed.  

A. Intensive glucose 
control (n=17,267 
B. Standard glucose 
control (n=15,362) 

Ray, 2009122 
Good 

Assessment method not reported Meta-analysis using random effects model, heterogeneity was 
assessed. a sensitivity analysis, odds ratios from the main 
analysis were compared with corresponding rate ratios. All p-
values are two-sided (p<0·05). 

A. Intensive glucose 
control (n=17,267) 
B. Standard glucose 
control (n=15,773) 
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Appendix B6. Study Characteristics of Systematic Reviews of Intensive Glucose, Blood Pressure Control, or Aspirin Use 

Author, Year 
Methods for Rating Methodological Quality of 

Primary Studies Methods for Synthesizing Results of Primary Studies Interventions 
Intensive blood pressure control 
Bangalore, 
2011125 

Cochrane Collaboration methods: sequence generation 
of allocation, allocation concealment, blinding of 
participants/personnel/outcomes assessors, incomplete 
outcome data, selective outcome reporting, and other 
sources of bias 

Meta-regression analysis to evaluate SBP and outcomes. 
Sensitivity analyses used Bayesian random-effects model 

A. Intensive BP 
lowering (achieved 
SBP ≤135 mm Hg; 
n=19,042) 
B. Standard BP 
lowering (achieved 
BP ≤140 mm Hg; 
n=18,694) 

Reboldi, 
2011134 

Cochrane Collaboration methods: sequence generation 
of allocation, allocation concealment, blinding of 
participants/personnel/outcomes assessors, incomplete 
outcome data, selective outcome reporting, and other 
sources of bias 

Fixed-effect and random-effect meta-regression A. Intensive BP 
lowering (no specific 
BP targets; 
n=4,093) 
B. Standard BP 
lowering (no specific 
BP targets; 
n=4,239) 

Aspirin  
De Berardis, 
2009132 

Assessment of allocation concealment, blinding, 
intention to treat and completeness of followup 

Random effects meta-analysis, included assessment of 
heterogeneity 

A. Aspirin (n=5,064) 
B. No aspirin 
(n=5,053) 

Stavrakis, 
2011133 

Assessment of method of randomization, blinding and 
withdrawals/dropouts 

Random and fixed effects models using DerSimonian-Laird 
method; included assessment of heterogeneity 

A. Aspirin (n=not 
reported) 
B. No aspirin (n=not 
reported) 

Abbreviations: CI = confidence interval; CV = cardiovascular; CVD = cardiovascular disease; DM = diabetes mellitus; RCT = randomized, controlled trial. 
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Appendix B7. Results of Systematic Reviews of Intensive Glucose, Blood Pressure Control, or Aspirin Use 

Author, Year 
Quality 

Number of 
Studies 

All-Cause 
Mortality 

Cardiovascular 
Mortality 

Myocardial 
Infarction 

Macrovascular 
Events 

Microvascular 
Events Cardiovascular Events 

Intensive vs standard control 
Number of studies; RR, 95% CI; I2(if reported) 
Glucose control 
Buehler, 2013114 
Good 

8 RCTs 6 studies;  
1.03, 0.90 to 
1.17; I2=50% 

6 studies; 
1.04, 0.83 to 
1.29; I2=60% 

Nonfatal MI: 5 
studies 
0.85, 0.76 to 0.95; 
I2=0% 

      

Hemmingsen, 
2012115 
Good 

18 RCTs 18 studies;  
1.01, 0.9 to 1.13; 
I2=40% 

18 studies; 1.06, 
0.9 to 1.26; 
I2=37% 

Nonfatal MI: 12 
studies;  
0.87, 0.76 to 1.00; 
I2=28% 

10 studies;  
0.92, 0.80 to 
1.05; I2=61% 

4 studies;  
0.89, 0.83 to 
0.95; I2=17%a 

  

Coca, 2012116 
Good 

7 RCTs             

Boussageon, 
2011118 
Good 

13 RCTs 9 studies;  
1.04, 0.91 to 
1.19; I2=42% 

10 studies;  
1.11, 0.86 to 
1.43; I2=61% 

Nonfatal MI: 8 
studies;  
0.85, 0.74 to 0.96; 
I2=0% 
Fatal or nonfatal 
MI:  
8 studies; 0.90, 
0.81 to 1.01; I2=0% 

      

Castagno, 
2011119 
Good 

8 RCTs             

Hemmingsen, 
2011117 
Good 

14 RCTs 12 studies;  
1.02, 0.91 to 
1.13; I2=30% 

12 studies;  
1.11, 0.92 to 
1.35; I2=46% 

Nonfatal MI: 8 
studies;  
0.85, 0.76 to 0.95; 
I2=0% 

  3 studies; 0.88, 
0.79 to 0.97; 
I2=45%b 

  

Wu, 2010120 
Good 

6 RCTs 6 studies;  
0.95, 0.80 to 1.12 

5 studies;  
1.10, 0.79 to 
1.53 

  6 studies; 0.92, 
0.87 to 0.98; 
I2=0%c 

    

Kelly, 2009121 
Good 

5 RCTs  5 studies; 
0.98, 0.84 to 
1.15; I2=72% 

5 studies; 
0.97, 0.76 to 
1.24; I2=76% 

Nonfatal MI  
5 studies; 0.84, 
0.75 to 0.94 
Fatal MI 
5 studies; 0.94. -
0.75 to 1.18 

      

Ma, 2009123 
Good 

8 RCTs 3 studies;  
1.02, 0.98 to 1.07 

    3 studies; 0.96, 
0.92 to 1.02; 
I2=0%d 
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Appendix B7. Results of Systematic Reviews of Intensive Glucose, Blood Pressure Control, or Aspirin Use 

Author, Year 
Quality 

Number of 
Studies 

All-Cause 
Mortality 

Cardiovascular 
Mortality 

Myocardial 
Infarction 

Macrovascular 
Events 

Microvascular 
Events Cardiovascular Events 

Mannucci, 
2009124 
Good 

5 RCTs  5 studies;  
OR 1.01, 0.88 to 
1.15 

5 studies;  
OR 1.01, 0.82 to 
1.26 

Fatal or nonfatal 
MI  
5 studies;  
OR 0.85, 0.78 to 
0.93 

    5 studies;  
OR 0.89, 0.83 to 0.96e 

Ray, 2009122 
Good 

5 RCTs  5 studies;  
OR 1.02, 0.87 to 
1.19 

5 studies;  
OR 1.01, 0.82 to 
1.26 

Nonfatal MI 
5 studies;  
OR 0.83, 0.75 to 
0.93 

      

Blood pressure control  
Bangalore, 
2011125 

  12 studies; 
0.90, 0.82 to 
0.98; I2=0% 
Results stratified 
according 
to achieved SBP: 
SBP ≤135 mm 
Hg, 6 studies; 
0.87, 0.79 to 
0.95; I2=0% 
SBP ≤130 mm 
Hg, 6 studies; 
1.04, 0.86 to 
1.25; I2=0% 

7 studies; 
0.93, 0.82 to 
1.06; I2=7% 
Results stratified 
according 
to achieved 
SBP: 
SBP ≤135 mm 
Hg, 4 studies; 
0.90, 0.78 to 
1.03; I2=29% 
SBP ≤130 mm 
Hg, 3 studies; 
1.11, 0.82 to 
1.52; I2=0% 

8 studies; 
0.92, 0.80 to 1.06; 
I2=0% 
Results stratified 
according 
to achieved SBP: 
SBP ≤135 mm Hg, 
4 studies; 
0.92, 0.76 to 1.11; 
I2=13% 
SBP ≤130 mm Hg, 
4 studies; 
0.92, 0.80 to 1.06; 
I2=0% 

      

Reboldi, 2011134       5 studies; 
0.87, 0.74 to 1.02; 
I2=0% 

      

Aspirin 
De Berardis, 
2009132 

6 RCTs 4 studies;  
0.93, 0.82 to 
1.05; I2=0%  

4 studies;  
0.94, 0.72 to 
1.23; I2=57%  

6 studies;  
0.86, 0.61 to 1.21; 
I2=62% 

    5 studies;  
0.90, 0.81 to 1.0; I2=0% 

Stavrakis, 
2011133 

7 RCTs 4 studies; 
HR 0.99, 0.82 to 
1.20; 12=0% 

4 studies; 
HR 0.99, 0.62 to 
1.60; I2=39% 

Fatal or nonfatal MI 
3 studies;  
HR 0.83, 0.40 to 
1.72; I2=64% 

    3 studies; 
HR 0.89, 0.70 to 1.13; 
I2=0%f 
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Appendix B7. Results of Systematic Reviews of Intensive Glucose, Blood Pressure Control, or Aspirin Use 

 
Author, Year 
Quality Heart Failure Stroke Renal Disease Amputation Retinopathy Neuropathy Harms 
Intensive vs standard control 
Number of studies; RR, 95% CI; I2 (if reported) 
Glucose control  
Buehler, 2013114 
Good 

  Nonfatal stroke: 5 
studies; 
1.02, 0.88 to 1.17; 
I2=0% 

Nephropathy: 3 
studies; 
0.69, 0.42 to 1.14; 
I2=73% 

3 studies; 
0.69, 0.44 to 
1.08; I2=0% 

3 studies; 
0.75, 0.37 to 
1.53; I2=65% 

Autonomic: 2 
studies; 
1.15, 0.72 to 
1.86; I2=75% 
Peripheral: 3 
studies; 
0.94, 0.89 to 
0.99; I2=2% 

Severe hypoglycemia 
5 studies;  
2.39, 1.79 to 3.18; I2=62% 

Hemmingsen, 
2012115 
Good 

9 studies; 0.99, 0.88 
to 1.12; I2=0% 

Nonfatal stroke: 11 
studies; 0.96, 0.80 to 
1.16; 12=20% 

End-stage renal 
disease: 7 studies;  
0.87, 0.71 to 1.06; 
I2=0% 

8 studies;  
0.64 to 0.95; 
I2=0% 

8 studies;  
0.79, 0.68 to 
0.92; I2=53% 

9 studies;  
0.78, 0.61 to 
0.99; I2=77% 

Severe hypoglycemia 
12 studies;  
1.76, 1.46 to 2.13; I2=95% 

Coca, 2012116 
Good 

    End-stage renal 
disease: 5 studies;  
0.69, 0.46 to 1.05; 
I2=43% 
Renal disease 
mortality: 3 studies;  
0.99, 0.55 to 1.79; 
I2=0% 

        

Boussageon, 
2011118 
Good 

9 studies; 1.17, 0.91 
to 1.50; I2=59% 

Fatal or nonfatal  
stroke: 8 studies; 
0.96, 0.83 to 1.13; 
I2=0% 

    8 studies;  
0.85, 0.71 to 
1.03; I2=54% 

6 studies;  
0.99, CI 0.95 to 
1.03 

  

Castagno, 2011119 
Good 

7 studies; 1.20, 0.96 
to 1.48; I2=69% 

            

Hemmingsen, 
2011117 
Good 

    Nephropathy: 8 
studies;  
0.83, 0.64 to 1.06; 
I2=75% 

  7 studies;  
0.80, 0.67 to 
0.94; I2=59% 

 Severe hypoglycemia 
9 studies;  
2.39, 1.71 to 3.34; I2=73% 

Wu, 2010120 
Good 
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Appendix B7. Results of Systematic Reviews of Intensive Glucose, Blood Pressure Control, or Aspirin Use 

Author, Year 
Quality Heart Failure Stroke Renal Disease Amputation Retinopathy Neuropathy Harms 
Kelly, 2009121 
Good 

5 studies; 
1.01, 0.89 to 1.14; 
I2=0% 

Fatal or nonfatal 
stroke 
5 studies; 0.98, 0.86 
to 1.11 
Nonfatal stroke 
5 studies; 0.98, 0.82 
to 1.17 
Fatal stroke 
5 studies; 0.87, 0.63 
to 1.20 

        Severe hypoglycemia 
5 studies; 
2.03, 1.46 to 2.81; I2=85% 

Ma, 2009123 
Good 

  3 studies; 0.97, 0.84 
to 1.12 

Nephropathy: 2 
studies;  
1.06, 0.75 to 1.51 

  2 studies;  
1.01, 0.98 to 
1.04 

2 studies;  
1.02, 0.98 to 
1.07 

Severe hypoglycemia 
2 studies;  
2.34, 1.64 to 3.35; I2=89% 

Mannucci, 2009124 
Good 

5 studies;  
OR 1.01, 0.91 to 
1.32 

Fatal or nonfatal 
stroke 
5 studies;  
OR 0.94, 0.83 to 
1.06 

          

Ray, 2009122 
Good 

  Fatal or nonfatal 
stroke 
5 studies;  
OR 0.93, 0.81 to 
1.06 

          

Blood pressure control 
Bangalore, 
2011125 

6 studies; 
0.90, 0.75 to 1.06; 
I2=48% 
Results stratified 
according 
to achieved SBP: 
SBP ≤135 mm Hg, 3 
studies; 
0.82, 0.66 to 1.02; 
I2=45% 
SBP ≤130 mm Hg, 3 
studies; 
1.03, 0.78 to 1.35; 
I2=54% 

9 studies; 
0.83, 0.73 to 0.95; 
I2=27% 
Results stratified 
according 
to achieved SBP: 
SBP ≤135 mm Hg, 5 
studies; 
0.90, 0.78 to 1.03; 
I2=0% 
SBP ≤130 mm Hg, 4 
studies; 
0.53, 0.38 to 0.75; 
I2=0% 

Nephropathy: 5 
studies; 0.73, 0.64 to 
0.84; I2=61% 
Results stratified 
according 
to achieved SBP: 
SBP ≤135 mm Hg, 3 
studies; 
0.83, 0.68 to 1.00; 
I2=0% 
SBP ≤130 mm Hg, 2 
studies; 
0.64, 0.53 to 0.78; 
I2=83% 

        

Reboldi, 2011134   5 studies; 
0.61, 0.48 to 0.79; 
I2=0% 

          

Aspirin 
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Appendix B7. Results of Systematic Reviews of Intensive Glucose, Blood Pressure Control, or Aspirin Use 

Author, Year 
Quality Heart Failure Stroke Renal Disease Amputation Retinopathy Neuropathy Harms 
De Berardis, 
2009132 

  5 studies; 0.83, 0.60 
to 1.14; I2=53%  

          

Stavrakis, 2011133    Fatal or nonfatal 
stroke 
3 studies; 
0.70, 0.44 to 1.11; 
I2=70% 

        Major bleeding (2 studies);  
3.02, 0.48 to 19; I2=66% 
GI bleeding (3 studies); 
2.12, 0.63 to 7.08; I2=72%  

aNephropathy, retinopathy, retinal photocoagulation. 
bNephropathy, end stage renal disease, retinopathy, retinal photocoagulation. 
cNonfatal MI, nonfatal stroke, CV mortality.  
dCardiac events, stroke, peripheral vascular disease. 
eFatal or nonfatal MI, stroke, peripheral artery disease . 
fCardiovascular mortality, fatal and nonfatal MI, nonfatal stroke. 
 
Abbreviations: CI = confidence interval; HR=hazard ratio; MI = myocardial infarction; OR = odds ratio; RCT = randomized, controlled trial; RR = relative risk; SBP = systolic blood 
pressure. 
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Appendix B8. Quality Assessment of Systematic Reviews of More Versus Less Intensive Treatment 

Study, Year 

A priori 
design 

provided? 

Duplicate study 
selection (a) and 
data extraction 

(b)? 

Comprehensive 
literature search 

performed? 

Status of 
publication used as 

an inclusion 
criteria? 

List of studies 
(included and 

excluded) 
provided? 

Characteristics of the included 
studies provided? 

Bangalore, 2011125 Yes a. Yes 
b. Yes 

Yes Unclear Included: Yes 
Excluded: Partial 

Yes 

Buehler, 2013114 Yes a. Yes 
b. Yes 

Yes Unclear Included: Yes 
Excluded: Partial 

Yes 

Boussageon, 2011118 Yes a. Yes 
b. Yes 

Yes Unclear Yes Yes 

Castagno, 2011119 Yes a. Yes 
b. Yes 

Yes No Yes Yes 

Coca, 2012116 Yes a. Yes 
b. Yes 

Yes Unclear Included: Yes; 
Excluded: No 

Yes 

De Berardis, 2009132 Yes a. Yes 
b. Yes 

Yes No Yes Yes 

Hemmingsen, 
2011117 

Yes a. Yes 
b. Yes 

Yes No Yes Yes 

Hemmingsen, 
2012115 

Yes a. Yes 
b. Yes 

Yes No Yes Yes 

Kelly, 2009121 Yes A. Yes 
b. Unclear 

Yes Yes Yes Yes 

Ma, 2009123 Yes a. Yes 
b. Yes 

Yes Unclear Included: Yes; 
Excluded: No 

Yes 

Mannucci, 2009124 Yes a. Unclear 
b. Yes 

Yes Unclear Yes Yes 

Ray, 2009122 Yes a. Unclear 
b. Yes 

Yes No Yes Yes 

Reboldi, 2011134 Yes a. Unclear 
b. Yes 

Yes Yes Included: Yes; 
Excluded: No 

Yes 

Stavrakis, 2011133 Yes a. Unclear 
b. Yes 

Yes Unclear Yes Yes 

Wu, 2010120 Yes a. Yes 
b. Yes 

Yes Unclear Yes Yes 
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Appendix B8. Quality Assessment of Systematic Reviews of More Versus Less Intensive Treatment 

 

Study, Year 

Scientific quality of 
included studies 

assessed and 
documented? 

Scientific quality of the 
included studies used 

appropriately in formulating 
conclusions? 

Methods used to 
synthesize the 

findings of studies 
appropriate? 

Likelihood of 
publication bias 

assessed? 

Conflict of interest 
stated for systematic 

reviews (a) or individual 
studies (b)? 

Quality 
Rating 

Bangalore, 
2011125 

Yes Yes Yes Yes a. Yes 
b. Yes 

Good 

Buehler, 
2013114 

Yes Yes Yes No a. Yes 
b. No 

Good 

Boussageon, 
2011118 

Yes Yes Yes No a. Yes 
b. No 

Good 

Castagno, 
2011119 

Yes Unclear Yes Yes a. Yes 
b. No 

Good 

Coca, 2012116 Yes Yes Yes Yes a. Yes 
b. No 

Good 

De Berardis, 
2009132 

Yes Yes Yes No a. Yes 
b. No 

Good 

Hemmingsen, 
2011117 

Yes Yes Yes Yes a. Yes 
b. Yes 

Good 

Hemmingsen, 
2012115 

Yes Yes Yes Yes a. Yes 
b. Yes 

Good 

Kelly, 2009121 Yes No Yes No a. Yes 
b. No 

Good 

Ma, 2009123 Yes Unclear Yes No a. No 
b. No 

Good 

Mannucci, 
2009124 

Yes yes Yes Yes a. No 
b. No 

Good 

Ray, 2009122 Unclear Unclear Yes Yes a. Yes 
b. No 

Good 

Reboldi, 
2011134 

Yes No Yes Yes a. Yes 
b. No 

Good 

Stavrakis, 
2011133 

Yes Unclear Yes No a. Yes 
b. No 

Good 

Wu, 2010120 Yes Unclear Yes Yes a. No 
b. No 

Good 
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Appendix B9. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Screen-Detected DM 

Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics Inclusion/Exclusion Criteria 

Number 
Screened, 
Eligible, 
Enrolled, 
Analyzed Outcomes Assessed 

ADDITION  
Griffin, 
201168; 
Simmons 
201269; van 
der Donk 
2013138 
ADDITION-
Europe 

RCT 343 general 
practices 
Denmark, 
UK, the 
Netherlands 

Mean 
followup: 
5.3 years 

A. Intensive 
multifactorial treatment 
(n=1678) 
Glucose target: HbA1c 
≤7.0% 
BMI target: ≤27 kg/m2 
Blood pressure target: 
≤135/85 mm Hg 
Cholesterol target: 
≤5.0 mmol/L in 
patients with no 
history of CVD; ≤4.5 
mmol/L in patients 
with history of CVD 
Lifestyle education 
B. Routine care 
(n=1379) 
Standard level of care 
according to each 
center's 
recommendations 

A vs. B 
Mean age 60 vs. 
60 years 
41% vs. 43% 
female 
96% vs. 93% 
white (other 
races/ ethnicities 
not reported) 
Duration of 
diabetes: N/A; 
screen-detected 
HbA1c 6.5 v 
6.6% 
SBP 149 vs. 150 
mmHg 
DBP 86 vs. 87 
mmHg 
TC 5.5 vs. 5.6 
mmol/L 
BMI 31.6 vs. 31.6 
kg/m2 

7% vs. 6% 
history of MI 
28% vs. 27% 
smoker 

Newly diagnosed type 2 
diabetes without: 
contraindications or 
intolerance to study 
medication, conditions likely to 
invalidate ability to give 
informed consent, malignant 
disease with a poor prognosis, 
pregnancy or lactation 

Screened: 
N/A 
Eligible: N/A 
Enrolled: 
3057 
Analyzed: 
3055 

Cardiovascular event 
(composite outcome 
including CV mortality, 
nonfatal MI, nonfatal 
stroke, 
revascularization, 
nontraumatic 
amputation) 
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Appendix B9. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Screen-Detected DM 

Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics Inclusion/Exclusion Criteria 

Number 
Screened, 
Eligible, 
Enrolled, 
Analyzed Outcomes Assessed 

Charles, 
2011135 
ADDITION-
Denmark 

RCT 190 general 
practices 
Denmark 

Duration: 5 
years 
Mean 
followup: 6 
years 

A. Intensive 
multifactorial treatment 
(n=702) 
Glucose target: HbA1c 
≤7.0% 
BMI target: ≤27 kg/m2 
Blood pressure target: 
≤120/80 mmHg 
Cholesterol target: 
≤5.0 mmol/L in 
patients with no 
history of CVD; ≤4.5 
mmol/L in patients 
with history of CVD 
Lifestyle education 
B. Routine care 
(n=459) 
Standard level of care 
in Denmark  

A vs. B 
Mean age 60 vs. 
60 years 
41% vs. 40% 
female 
Race not 
reported 
Duration of 
diabetes: N/A; 
screen-detected 
SBP 149.8 vs. 
147.0 mmHg 
DBP 88.3 vs. 
87.3 mmHg 
Weight (men) 
93.7 vs. 94.2 kg 
Weight (women) 
82.8 vs. 84.6 kg 
BMI (men) 30.4 
vs.  
30.4 
BMI (women) 
31.2 vs. 31.5 
HDL 1.4 vs. 1.4 
mmol/L  
TC 5.8 vs. 5.6 
mmol/L 

Newly diagnosed type 2 
diabetes without: 
contraindications or 
intolerance to study 
medication, conditions likely to 
invalidate ability to give 
informed consent, malignant 
disease with a poor prognosis, 
pregnancy or lactation 

Screened: 
1,533 
Eligible: 
1,278 
Enrolled: 
1,161 
Analyzed: 
Varied by 
outcome 

Neuropathy 
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Appendix B9. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Screen-Detected DM 

Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics Inclusion/Exclusion Criteria 

Number 
Screened, 
Eligible, 
Enrolled, 
Analyzed Outcomes Assessed 

van den 
Donk, 
2010136;  
Janssen, 
2009137 
ADDITION-
Netherlands 

RCT 79 general 
practices 
The 
Netherlands 

Mean 
duration: 
4.7 years 
(for certain 
outcomes) 

A. Intensive 
multifactorial 
treatment: Glucose 
target: HbA1c <7.0% 
Blood pressure target: 
≤120/80 mm Hg 
Cholesterol target: 
<5.0 mmol/L or <4.5 
mmol/L in patients 
with known history of 
CVD+ lifestyle 
education (n=255) 
B. Routine care: 
Glucose target: HbA1c 
<8.5% 
Blood pressure target: 
<150/85 mmHg 
Cholesterol target: 
Any participant with 
CVD risk >25% within 
10 years; patients with 
known CVD <5.0 
mmol/L (n=243) 

A vs. B 
Mean age 60 vs. 
60 years 
44% vs. 48% 
female 
99% vs. 98% 
white 
Duration of 
diabetes: N/A; 
screen-detected 
SBP 163 vs. 166 
mmHg 
DBP 89 vs. 90 
mmHg 
HDL 1.1 vs. 1.1 
mmol/L 
TC 5.6 vs. 5.6 
mmol/L 
BMI 30.4 vs. 31.2 
kg/m2 

Screen-detected diabetes 
without: contraindications or 
intolerance to study 
medication, conditions likely to 
invalidate ability to give 
informed consent, malignant 
disease with a poor prognosis 

Screened: 
NR 
Eligible: 586 
Enrolled: 
498 
Analyzed: 
498 

Quality of life - 
Medical Outcomes 
Study 36-Item Short 
Form Health Survey 
(SF-36; scale 0-100, 
higher score = better 
QoL) 
European Quality of 
Life-5 Dimensions 
(EQ5D; scale -0.5 to 1; 
higher score = better 
QoL) 
Diabetes Treatment 
Satisfaction 
Questionnaire (DTSQ; 
scale 0-36; higher 
score = greater 
treatment satisfaction) 
Problem Areas in 
Diabetes scale (PAID; 
scale 0-100; higher 
score = more 
emotional distress, 
lower QoL) 
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Appendix B9. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Screen-Detected DM 

 
Author Year 
Study Name 

Treatment: Mean Baseline 
and Achieved Values  Clinical Health Outcomes Adverse Events 

Quality 
Rating Funding Source 

ADDITION  
Griffin, 
201168; 
Simmons 
201269, van 
der Donk 
2013138 
ADDITION - 
Europe 

A vs. B 
HbA1c - 
Baseline: 7.0% vs. 7.0% 
Achieved: 6.6% vs. 6.7% 
Blood pressure - 
Baseline: 149/86 vs. 150/87 
mmHg 
Achieved: 135/80 vs. 138/81 
mmHg 
Total cholesterol - 
Baseline: 5.5 vs. 5.6 mmol/L 
Achieved: 4.2 vs. 4.4 mmol/L 
BMI - 
Baseline: 31.6 vs. 31.6 kg/m2 
Achieved: 31.1 vs. 31.0 kg/m2 

A vs. B 
First CV event: 121/1678 (7%) vs. 117/1377 (8%); RR 0.85 (95% 
CI 0.67 to 1.08); HR 0.83 (95% CI 0.65 to 1.05) 
All-cause mortality: 104/1678 (6%) vs. 92/1377 (7%); RR 0.93 
(95% CI 0.71 to 1.22); HR 0.91 (95% CI 0.69 to 1.21) 
CV mortality: 26/1678 (2%) vs. 22/1377 (2%); RR 0.97 (95% CI 
0.55 to 1.70); HR 0.88 (95% CI 0.51 to 1.51) 
MI: 29/1678 (2%) vs. 32/1377 (2%); RR 0.74 (95% CI 0.45 to 
1.22); HR 0.70 (95% CI 0.41 to 1.21) 
Stroke: 22/1678(1%) vs. 19/1377 (1%); RR 0.95 (95% CI 0.52 to 
1.74); HR 0.98 (95% CI 0.57 to 1.71) 
Revascularization: 44/1678 (3%) vs. 44/1377 (3%); RR 0.82 (95% 
CI 0.54 to 1.24); HR 0.79 (95% CI 0.53 to 1.18) 
A vs. B; stratified by country (n/N not reported): 
CV events - 
-Denmark: HR 0.83 (95% CI 0.59 to 1.16) 
-UK: HR 0.80 (95% CI 0.55 to 1.17) 
-The Netherlands: HR 0.96 (95% CI 0.45 to 2.03) 
All-cause mortality - 
-Denmark: HR 1.15 (95% CI 0.80 to 1.66) 
-UK: HR 0.59 (95% CI 0.35 to 0.98) 
-The Netherlands: HR 0.85 (95% CI 0.35 to 2.06) 
CV mortality - 
-Denmark: HR 1.46 (95% CI 0.69 to 3.12) 
-UK: HR 0.45 (95% CI 0.19 to 1.06) 
-The Netherlands: HR 0.97 (95% CI 0.14 to 6.82) 
MI - 
-Denmark: HR 0.55 (95% CI 0.28 to 1.09) 
-UK: HR 1.09 (95% CI 0.40 to 2.94) 
-The Netherlands: HR 0.95 (95% CI 0.14 to 6.52) 
Stroke - 
-Denmark: HR 0.84 (95% CI 0.34 to 2.04) 
-UK: HR 1.11 (95% CI 0.52 to 2.35) 
-The Netherlands: HR 0.95 (95% CI 0.14 to 6.56) 
Revascularization - 
-Denmark: HR 0.81 (95% CI 0.49 to 1.35) 
-UK: HR 0.68 (95% CI 0.32 to 1.46) 
-The Netherlands: HR 0.95 (95% CI 0.30 to 3.00) 

None reported Fair Novo Nordisk; 
GlaxoSmithKline; 
Pfizer 
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Appendix B9. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Screen-Detected DM 

Author Year 
Study Name 

Treatment: Mean Baseline 
and Achieved Values  Clinical Health Outcomes Adverse Events 

Quality 
Rating Funding Source 

Griffin, 
201168; 
Simmons 
201269, van 
der Donk 
2013138 
ADDITION - 
Europe 
(cont.) 

 Second CV event - 
CVD mortality: 5/1678 (0.3%) vs. 3/1377 (0.2%); RR 0.82 (95% CI 
0.54 to 1.24) 
MI: 0/1678 (0%) vs. 5/1377 (0.3%); RR 0.07 (95% CI 0.004 to 
1.35) 
Stroke: 1/1678 (0.06%) vs. 1/1377 (0.07%); RR 0.82 (95% CI 0.05 
to 13) 
Revascularization: 27/1678 (2%) vs. 28/1377 (2%); RR 0.79 (95% 
CI 0.47 to 1.34) 
Amputation: 0/1678 (0%) vs. 1/1377 (0.07%); RR 0.27 (95% CI 
0.01 to 6.72) 
Pooled risk second event: HR 0.70 (95% CI 0.43 to 1.12) 
Third CV event - 
CVD mortality: 1/1678 (0.05%) vs. 3/1377 (0.2%); RR 0.27 (95% 
CI 0.03 to 2.63) 
MI: 0/1678 (0%) vs. 3/1377 (0.2%); RR 0.12 (95% CI 0.006 to 
2.27) 
Stroke: 2/1678 (0.01%) vs. 0/1377 (0%); RR 4.10 (95% CI 0.20 to 
85) 
Revascularization: 4/1678 (0.2%) vs. 11/1377 (0.8%); RR 0.30 
(95% CI 0.10 to 0.94) 
Amputation: 1/1678 (0.05%) vs. 0/1377 (0%); RR 2.46 (95% CI 
0.10 to 60) 
Pooled risk third event: HR 0.30 (95% CI 0.10 to 0.97) 
Pooled risk any event: HR 0.77 (95% CI 0.58 to 1.02) 
Individual outcome RRs calculated; pooled HRs reported in text 
Quality of life measures - A (n=1,574) vs. B (n=1,287), mean 
between-group difference at followup 
SF-36 mental component score (scale 0 to 100): -0.01 (95% CI -
0.03 to 0.02) 
SF-36 physical component score (scale 0 to 100): -0.01 (95% CI -
1.2 to 1.0) 
Euroquel Visual Analog Scale score (scale 0 to 100): -1.17 (95% 
CI -4.2 to 1.9) 
Euroquel 5 Dimensions score (scale -0.6 to 1.0): -0.01 (95% CI -
0.03 to 0.02) 
Well-Being Questionnaire - General score (scale 0 to 36): -0.32 
(95% CI -1.31 to 0.66) 
Well-Being Questionnaire - Negative score (scale 0 to 12): 0.01 
(95% CI -.025 to 0.27) 
Well-Being Questionnaire - Positive score (scale 0 to 12): -0.19 
(95% CI -0.53 to 0.15) 

None reported Fair Not reported. 
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Appendix B9. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Screen-Detected DM 

Author Year 
Study Name 

Treatment: Mean Baseline 
and Achieved Values  Clinical Health Outcomes Adverse Events 

Quality 
Rating Funding Source 

Griffin, 
201168; 
Simmons 
201269, van 
der Donk 
2013138 
ADDITION - 
Europe 
(cont.) 

 Well-Being Questionnaire - Energy score (scale 0 to 12): -0.04 
(95% CI -0.38 to 0.31) 
Audit of Diabetes-Dependent Quality of Life score (scale -9 to 3): -
0.04 (95% CI -0.20 to 0.13)  
Diabetes Treatment Satisfaction Questionnaire score (scale 0 to 
36): -0.85 (95% CI -1.76 to 0.07) 

None reported Fair Not reported 

Charles, 
2011135 
ADDITION - 
Denmark 

A vs. B 
HbA1c - 
Baseline: 6.4% vs. 6.4% 
Achieved: No significant 
change in either group (data 
not reported) 
Blood pressure - 
Baseline: 147/87 vs. 150/88 
mmHg 
Achieved: Significant reduction 
in both groups (data not 
reported) 
Total cholesterol - 
Baseline: 5.5 vs. 5.6 mmol/L 
Achieved: Significant reduction 
in both groups (data not 
reported) 
BMI - 
Baseline: 31.5 vs. 31.2 kg/m2 
Achieved: No significant 
change in either group (data 
not reported) 

A vs. B 
Ankle brachial index ≤0.9%: 37/507 (7.3%) vs. 30/329 (9.1%); RR 
0.80 (95% CI 0.50 to 1.27) 
Measures of peripheral diabetic neuropathy: 
-Light touch 1/8: 69/387 (17.8%) vs. 47/231 (20.3%); RR 0.88 
(95% CI 0.63 to 1.22) 
-VDT >95% percentile: 53/235 (22.6%) vs. 35/136 (25.7%); RR 
0.88 (95% CI 0.60 to 1.27) 
-Light touch + VDT: 69/229 (30.1%) vs. 47/135 (34.8%): RR 0.87 
(95% CI 0.64 to 1.17)  
-MNSI Qst, cut ≥7: 57/656 (8.7%) vs. 40/430 (9.3%); RR 0.93 
(95% CI 0.64 to 1.37)  
Pain: 27/581 (4.6%) vs. 18/400 (4.5%); RR 1.03 (95% CI 0.58 to 
1.85)  

None reported Fair NovoNordisk, 
Glaxo Smith 
Kline, Merck 
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Appendix B9. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Screen-Detected DM 

Author Year 
Study Name 

Treatment: Mean Baseline 
and Achieved Values  Clinical Health Outcomes Adverse Events 

Quality 
Rating Funding Source 

van den 
Donk, 
2010136; 
Janssen, 
2009137 
ADDITION - 
Netherlands 

 A vs. B (at 1 year followup) 
HbA1c - 
Baseline: 7.3% vs. 7.4% 
Achieved: 6.5% vs. 7.2% 
Blood pressure - 
Baseline: 166/90 vs. 163/83 
mm Hg 
Achieved: 133/78 vs. 144/82 
mm Hg 
Total cholesterol - 
Baseline: 5.6 vs. 5.6 mmol/L 
Achieved: 4.4 vs. 5.1 mmol/L 

A vs. B 
SF-36 at 1 year: 
-General health: 63.3 (SD 18.4) vs. 64.4 (SD 18.1); p=0.63 
-Vitality: 64.8 (SD 20.4) vs. 67.1 (SD 18.4); p=0.81 
-Mental health: 75.9 (SD 17.9) vs. 79.0 (SD 15.6); p=0.56 
-Physical functioning: 80.1 (SD 21.2) vs. 78.1 (SD 23.2); p=0.22 
-Role physical: 80.3 (SD 35.0) vs. 81.1 (SD 33.5); p=0.93 
-Bodily pain: 79.2 (SD 22.7) vs. 82.2 (22.4); p=0.97 
-Social functioning: 83.0 (SD 22.0) vs. 85.7 (SD 19.2); p=0.37 
-Role emotional: 86.2 (SD 30.9) vs. 89.9 (SD 26.0); p=0.25 
SF-36 at 3 years: 
-General health: 64.2 (SE 1.5) vs. 65.8 (SE 1.5); p=0.45 
-Vitality: 65.6 (SE 1.6) vs. 67.7 (SE 1.6); p=0.35 
-Mental health: 75.9 (SE 1.4) vs. 79.7 (SE 1.2); p=0.04 
-Physical functioning: 77.3 (SE 1.8) vs. 79.1 (SE 1.7); p=0.46 
-Role physical: 76.6 (SE 2.7) vs. 83.4 (SE 2.4); p=0.06 
-Bodily pain: 78.0 (SE 1.8) vs. 81.1 (SE 1.6); p=0.20 
-Social functioning: 83.2 (SE 1.7) vs. 86.2 (SE 1.6); p=0.20 
-Role emotional: 84.8 (SE 2.4) vs. 87.0 (SE 2.4); p=0.52 
EQ5D at 3 years: 0.81 (SE 0.02) vs. 0.82 (SE 0.02); p=0.72 
DTSQ at 5 years: 32.7 (SE 0.3) vs. 32.7 (SE 0.3); p=1.00 
PAID at 5 years: 9.8 (SE 1.0) vs. 8.4 (SE 0.9); p=0.30 

Serious AEs 
(hypoglycemic 
event requiring 
assistance): 1/255 
(0.4%) vs. 0/243 
(0%); RR 2.86 
(95% CI 0.12 to 
70) 

Fair NovoNordisk, 
Glaxo Smith 
Kline, Merck 

Abbreviations: ADDITION = Anglo-Danish-Dutch Study of Intensive Treatment in People With Screen-Detected Diabetes; BMI = body mass index; CI = confidence interval; CV = 
cardiovascular; CVD = cardiovascular disease; DTSQ = Diabetes Treatment Satisfaction Questionnaire; HbA = glycated hemoglobin; HR = heart rate; QoL = quality of life; RR = 
relative risk; SD = standard deviation; UK = United Kingdom 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics 

Inclusion/Exclusion 
Criteria 

Number Screened, 
Eligible, Enrolled, 

Analyzed, 
Withdrawals, Loss 

to Followup 
ACCORD  
ACCORD Study 
Group, 2011128  
ACCORD Study 
Group, 2008127  
Calles-Escandon, 
2010174 

RCT 77 centers 
US, Canada 

Mean 
duration: 3.5 
years 

A. Intensive glucose control 
treatment (n=5128) 
Glucose target: HbA1c < 
6.0% 
B. Standard treatment 
(n=5123) 
Glucose target: HbA1c 7.0-
7.9% 

A vs. B 
Mean age 62 vs. 62 
years 
39% vs. 38% female 
64% vs. 65% White 
20% vs. 19% Black 
7% vs. 7% Hispanic 
Duration of diabetes: 10 
vs. 10 years 
Previous CV event: 36% 
vs. 35% 
HbA1c: 8.3% vs. 8.3% 
SBP: 136.2 vs. 136.5 
mmHg 
DBP: 74.8 vs. 75.0 
mmHg 
TC: 183.3 vs. 183.3 
mg/dL 
BMI: 32.3 vs. 32.2 
kg/m2 

Age 40-79 years, type 2 
diabetes (HbA1c ≥7.5%), 
previous evidence of CVD or 
presence of CVD risk factors  
Excluded: Frequent/recent 
serious hypoglycemic events, 
unwillingness to do home 
glucose monitoring, BMI >45 
kg/m2, serum creatinine >1.5 
mg/dL, other serious illness 

Screened: NR 
Eligible: NR 
Enrolled: 10,251 
Analyzed: 10,251 
Withdrawals: 162 
Loss to followup: 50 

Schwartz, 2012139 
ACCORD - BONE 

RCT 54 centers, 
US, Canada 

Mean 
followup: 
3.8 years 

A. Intensive glucose control 
treatment (n=3655) 
Glucose target: HbA1c 
<6.0% 
B. Standard treatment 
(n=3632) 
Glucose target: HbA1c 7.0-
7.9% 

A vs. B 
Mean age 63 vs. 63 
years 
35% vs. 34% female 
70% vs. 71% White 
21% vs. 21% Black 
9% vs. 9% other 
Duration of diabetes 10 
vs. 10 years 
HbA1c: 8.3% vs. 8.3% 

ACCORD patients with self-
reported nonspinal fractures 

Screened: NA 
Eligible: NR 
Enrolled: 7287 
Analyzed: 6979 
Withdrawals: NA 
Loss to followup: NA 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics 

Inclusion/Exclusion 
Criteria 

Number Screened, 
Eligible, Enrolled, 

Analyzed, 
Withdrawals, Loss 

to Followup 
ACCORD Study 
Group, 201079 
ACCORD - BP 

RCT 77 centers 
US, Canada 

Mean 
followup: 
4.7 years 

A. Intensive BP lowering 
treatment (n=2362) 
Blood pressure target: SBP 
< 120 mm Hg 
B. Standard treatment 
(n=2371) 
Blood pressure target: SBP 
<140 mm Hg 
Study participants also 
randomized to intensive 
(HbA1c <6.0%) or standard 
(HbA1c 7.0-7.9%) glucose 
targets; see ACCORD 
Study Group 2011and 2008 

A. vs. B.  
Mean age 62 vs. 62 
years 
48% vs. 48% female 
62% vs. 60% non-
Hispanic white 
24% vs. 25% Black 
7% vs. 7% Hispanic 
Duration of diabetes 9 
vs. 10 years 
HbA1c 8.4% vs. 8.3% 
SBP 138.9 vs. 139.4 
mmHg 
DBP 77.5 vs. 77.4 
mmHg 
TC 194.1 vs. 191.4 
mg/dL 
BMI 32.3 vs. 32.1 kg/m2 

Adults with type 2 diabetes 
(HbA1c ≥7.5%), age >40 
years with CVD or age ≥55 
years with anatomical 
evidence of substantial 
atherosclerosis, albuminuria, 
LVH or at least two other 
CVD risk factors.  
Excluded: BMI >45, serum 
creatinine >1/5 mg/dL, other 
serious illness  

Screened: NR 
Eligible: NR 
Enrolled: 4733 
Analyzed: 
Withdrawals: unclear 
Loss to followup: 
232/4733 (5%) 

Ismail-Beigi, 
2012140 
ACCORD - BP 

RCT 77 centers 
US, Canada 

Mean 
followup: 
4.7 years 

A. Intensive BP lowering 
treatment (n=2362) 
Blood pressure target: SBP 
<120 mm Hg 
B. Standard treatment 
(n=2371) 
Blood pressure target: SBP 
<140 mm Hg 
Study participants also 
randomized to intensive 
(HbA1c <6.0%) or standard 
(HbA1c 7.0-7.9%) glucose 
targets; see ACCORD Study 
Group 2011and 2008 

A. vs. B.  
Mean age 62 vs. 62 
years 
48% vs. 48% female 
62% vs. 60% non-
Hispanic white 
24% vs. 25% Black 
7% vs. 7% Hispanic 
Duration of diabetes 9 
vs. 10 years 
HbA1c 8.4% vs. 8.3% 
SBP 138.9 vs. 139.4 
mmHg 
DBP 77.5 vs. 77.4 
mmHg 
TC 194.1 vs. 191.4 
mg/dL 
BMI 32.3 vs. 32.1 kg/m2 

Adults with type 2 diabetes 
(HbA1c ≥7.5%), age >40 
years with CVD or age ≥55 
years with anatomical 
evidence of substantial 
atherosclerosis, albuminuria, 
LVH or at least two other 
CVD risk factors. Excluded: 
BMI >45, serum creatinine 
>1/5 mg/dL, other serious 
illness  

Screened: NR 
Eligible: NR 
Enrolled: 4733 
Analyzed: 
Withdrawals: unclear 
Loss to followup: 
232/4733 (5%) 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics 

Inclusion/Exclusion 
Criteria 

Number Screened, 
Eligible, Enrolled, 

Analyzed, 
Withdrawals, Loss 

to Followup 
O'Connor, 2012141 
Sullivan, 2007142 
ACCORD - BP 
HRQOL 

RCT Not reported 
US, Canada 

Mean 
followup 4 
years 

A. Intensive blood pressure 
control 
B. Standard blood pressure 
control 

Not reported  Randomly selected patients 
included in ACCORD Cost 
Effectiveness Analysis 

Screened: NR 
Eligible: NR 
Enrolled: 1028 
Analyzed: Unclear 

ACCORD Study 
Group, 2010143 
ACCORD Eye 

RCT 77 centers 
US, Canada 

 A. Intensive glucose control 
treatment (n=1429) 
B. Standard treatment 
(n=1427) 
C. Fenofibrate (n=806) 
D. Placebo (n=787) 
E. Intensive blood pressure 
control (n=647) 
F. Standard blood pressure 
control (n=616) 

Mean age 62 years 
61% male 
70% white 
30% nonwhite 
Duration of diabetes 10 
years 
HbA1C: 8.2%  
LDL: 100.7 mg/dL 
HDL: 41.9 mg/dL 
SBP: 134.5 mm Hg 
DBP: 74.9 mm Hg 
BMI 32.4  

ACCORD patients without 
history of proliferative 
diabetic retinopathy, lasar 
photocoagulation or 
vitrectomy 

Screened: NR 
Eligible: NR 
Enrolled: 3537 
Analyzed: 2865 
Withdrawals: 65 post 
randomization 
exclusions 
Loss to followup: 
616/3472 (18%) 

Anderson, 2011144 
ACCORD - HRQL 

RCT 77 centers 
US, Canada; 
ACCORD 
HRQL Study 
included 
subset of all 
ACCORD 
participants 

 A. Intensive glucose control 
treatment (n=1,024) 
B. Standard treatment 
(n=1,029) 

Not stratified by 
treatment group 
Mean age 62 years 
40% female 
65% non-Hispanic white 
20% Black 
7% Hispanic 
Duration of diabetes 10 
years 
HbA1c: 8.3% 
SBP: 136.2 mmHg 
DBP: 74.5 mmHg 
BMI 32.4 kg/m 

Randomly selected patients 
enrolled in ACCORD 

Subgroup analysis of 
full ACCORD 
population 
Screened: NR 
Eligible: NR 
Enrolled: 2053 
Analyzed: 1956 
Withdrawals: unclear 
Loss to followup: 
unclear; 97/2053 
(5%) enrolled 
patients excluded 
from analysis 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics 

Inclusion/Exclusion 
Criteria 

Number Screened, 
Eligible, Enrolled, 

Analyzed, 
Withdrawals, Loss 

to Followup 
ACCORD Study 
Group, 2010129 
ACCORD - Lipid 

RCT 77 centers 
US, Canada 

Mean 
followup: 
4.7 years 

A. Intensive lipid control 
(n=2765) 
Lipid target: not reported; 
intervention simvastatin + 
fenofibrate 
B. Standard treatment 
(n=2753) 
Lipid target: not reported; 
intervention simvastatin + 
placebo 

A. vs. B. 
Mean age 62 vs. 62 
years 
31% vs. 31% female 
69% vs. 68% white 
14% vs. 16% Black 
8% vs. 7% Hispanic 
Duration of diabetes 10 
vs. 9 years 
HbA1c 8.3% vs. 8.3% 
SBP 133.8 vs. 134.0 
mm Hg 
DBP 73.9 vs. 74.0 mm 
Hg 
TC 174.7 vs. 175.7 
mg/dL 
BMI 32.2 vs. 32.2 kg/m2  

Adults with type 2 diabetes 
(HbA1c ≥7.5%), age >40 
years with CVD or age ≥55 
years with evidence of 
subclinical CVD or two or 
more CVD risk factors, LDL 
60-180 mg/dL, HDL <55 
mg/dL, HDL <55 mg/dL for 
women or Blacks, HDL <50 
mg/dL for all other groups. 
triglyceride level <750 mg/dL 
if not receiving lipid therapy 
or <400 mg/dL if receiving 
lipid therapy 
 

Screened: NR 
Eligible: NR 
Enrolled: 5518 
Analyzed: 5518 

ADVANCE 
Patel 200780; de 
Galan, 2009145, 
Poulter, 2009126 
ADVANCE 

RCT 215 centers 
Asia, 
Austrailasia, 
Europe, 
North 
America 

Mean 
followup 4.3 
years (BP 
control) and 
5.5 years 
(glucose 
control) 

A. Intensive blood pressure 
control; addition to existing 
regimen of fixed-dose 
combination of perindopril-
indapamide; no target set 
(n=5569) 
B. Standard blood pressure 
control; existing regimen 
with addition of placebo 
(n=5571) 
C. Intensive glucose 
control; target ≤6.5% HbA1c 
(n=5571) 
D. Standard glucose control 
(n=5569) 

A vs. B 
Mean age 66 vs. 66 
years 
43% vs. 43% female 
Race not reported 
Duration of diabetes 8 
vs. 8 years 
HbA1c 7.5% vs. 7.5% 
History of major 
macrovascular disease 
32% vs. 32% 
History of major 
microvascular disease 
10% vs. 10% 
SBP 145 vs. 145 mm 
Hg 
DBP 81 vs. 81 mm Hg 
BMI 28 vs. 28 kg/m2 

Age ≥55 years older with 
type 2 diabetes with history 
of major CV disease and at 
least one other CVD risk 
factor 
Excluded: indication for or 
contraindication to study 
treatments, definite indication 
for long-term insulin therapy, 
participation in another 
clinical trial 

Screened: 12877 
Eligible: 12483 
Enrolled: 11140 
Analyzed: 11140 
Withdrawals: 
2916/11140 (26%) 
Loss to followup: 
15/11140 (0.1%) 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics 

Inclusion/Exclusion 
Criteria 

Number Screened, 
Eligible, Enrolled, 

Analyzed, 
Withdrawals, Loss 

to Followup 
Zoungas, 2009130 
ADVANCE 

RCT 215 centers 
Asia, 
Austrailasia, 
Europe, 
North 
America 

Mean 
followup 4.3 
years 

A. Intensive glucose control 
(A1c ≤6.5%) + intensive 
blood pressure control 
(addition to existing regimen 
of fixed-dose combination of 
perindopril-indapamide; no 
target set) (n=2783) 
B. Standard glucose control 
+ standard blood pressure 
control; existing regimen 
with addition of placebo 
(n=2783) 

A vs. B 
Mean age 66 vs. 66 
years 
33% vs. 33% female 
Race not reported 
Duration of diabetes 8 
vs. 8 years 
HbA1c 7.5% vs. 7.5% 
SBP 145.2 vs. 145.3 
mm Hg 
DBP 80.9 vs. 80.5 mm 
Hg 
BMI 28.4 vs. 28.3 kg/m2 

Age ≥55 years older with 
type 2 diabetes with history 
of major CV disease and at 
least one other CVD risk 
factor 
Excluded: indication for or 
contraindication to study 
treatments, definite indication 
for long-term insulin therapy, 
participation in another 
clinical trial 

Screened: 12877 
Eligible: 12483 
Enrolled: 11140 
Analyzed: 11140 (A 
vs. B: 5566) 
Withdrawals: 
2901/11140 (26%) 
Loss to followup: 
15/11140 (0.1%) 

Stefansdottir 
2011146 
ADVANCE 

RCT 215 centers 
Asia, 
Austrailasia, 
Europe,  
North 
America 

Mean 
followup 5 
years 

A. Intensive glucose control; 
HbA1c target <6.5% 
(n=5571) 
B. Standard glucose control 
(n=5569) 

A vs. B 
Mean age 67 vs. 67 
years 
43% vs. 42% female 
Race not reported 
Duration of diabetes 8 
vs. 8 years 
HbA1c 7.5% vs. 7.5% 
SBP 145.0 mm Hg vs. 
145.0 mm Hg 
DBP 80.8 mm Hg vs. 
80.5 mm Hg 
BMI 28 kg/m2 vs. 28 
kg/m2 

Age ≥55 years older with 
type 2 diabetes with history 
of major CV disease and at 
least one other CVD risk 
factor 
Excluded: indication for or 
contraindication to study 
treatments, definite indication 
for long-term insulin therapy, 
participation in another 
clinical trial 

Screened: 12877 
Eligible: 12483 
Enrolled: 11140 
Analyzed: 11140 
Withdrawals: 
2901/11140 (26%) 
Loss to followup: 
15/11140 (0.1%) 
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Specifically Screen-Detected 

Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics 

Inclusion/Exclusion 
Criteria 

Number Screened, 
Eligible, Enrolled, 

Analyzed, 
Withdrawals, Loss 

to Followup 
Beulens 2009147 
ADVANCE Retinal 
Measurements 
Study 

RCT 39 centers 
Asia, 
Australia, 
Europe, 
North 
America 

Mean 
followup 4.1 
years 

A. Intensive blood pressure 
control; addition to existing 
regimen of fixed-dose 
combination of perindopril-
indapamide; no target set 
B. Standard blood pressure 
control; existing regimen 
with addition of placebo 

A vs. B 
Mean age 66 vs. 66 
years 
37% vs. 40% female 
49% vs. 47% White 
38% vs. 38% Chinese 
9% vs. 10% South 
Asian 
Mean duration of 
diabetes 6 vs. 6 years 
HbA1c 7/3% vs. 7.5% 
SBP 1431. vs. 142.3 
mm Hg 
DBP 79.5 vs. 79.2 mm 
Hg 
BMI 27.7 vs. 27.7 kg/m2 

Age ≥55 years older with 
type 2 diabetes with history 
of major CV disease and at 
least one other CVD risk 
factor 
Excluded: indication for or 
contraindication to study 
treatments, definite indication 
for long-term insulin therapy, 
participation in another 
clinical trial, previous 
ophthalmological intervention 
or unlikely that good quality 
photos could be obtained 
due to cataract or pupils that 
did not adequately dilate 

Screened: NR 
Eligible: 2863 
Enrolled: 2130 
Analyzed: 1241 
Withdrawals: unclear 
Loss to followup: 
unclear 
(528/2130 had no 
usable baseline 
photograph; 
361/2130 had no 
valid followup 
photograph) 

JEDIT 
Araki, 2012148 
JEDIT 

RCT 39 centers 
Japan 

Study 
duration: 6 
years (mean 
or median 
NR) 

A. Intensive treatment: 
targeted HbA1c <6.9%, BMI 
<25, SBP <130 mmHg, DBP 
<85 mmHg, HDL-C >40 
mg/dL, serum triglycerides 
<150 mg/dL, serum total 
cholesterol <180 mg/dL 
(n=585) 
B. Usual care: continued 
baseline treatment for 
diabetes, hypertension, or 
dyslipidemia without a 
specific goal (n=588) 

A vs. B 
Mean age 72 vs. 72 
years 
54% vs. 54% female 
Race not reported 
Duration of diabetes 17 
vs. 18 years 
Mean BMI 24.0 vs. 24.3 
kg/m2 
HbA1c 8.4% vs. 8.5% 

Diabetic outpatients, aged 
65-85 years, HbA1c >7.9%, 
or HbA1c >7.4% with at least 
one of the following: BMI 
>25, blood pressure >130/85 
mmHg, serum total 
cholesterol >200 mg/dL 
Exclude: MI or stroke within 
previous 6 months, acute or 
serious illness, aphasia, or 
severe dementia 

Screened: NR 
Eligible: NR 
Enrolled: 1,173 
Analyzed: 1,173 
Withdrawal over 6 
years: 8.9% 
(104/1,173) 
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Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics 

Inclusion/Exclusion 
Criteria 

Number Screened, 
Eligible, Enrolled, 

Analyzed, 
Withdrawals, Loss 

to Followup 
JPAD 
Ogawa 2008;149 
Okada 2011150 
JPAD 

RCT 163 centers 
Japan 

Median 
follow up 
4.4 years 

A: Aspirin, 81 mg or 100 
mg/day 
B: No aspirin  

A. vs. B.  
Mean age 65 vs. 64 
years  
44% vs. 47% female 
Race not reported  

Type 2 diabetes, age 30-85 
years, ability to provide 
informed consent 
Excluded: EKG changes 
consistent with ischemic 
changes, confirmed history of 
CAD, history of CVD 
including TIA, history of 
atherosclerotic disease, atrial 
fibrillation, pregnancy, use of 
antiplatelet or antithrombotic 
treatments, history of severe 
gastric of duodenal ulcer, 
severe CKD or allergy to 
aspirin 

Screened: 2567 
Eligible: 2454 
Enrolled: 2539 
Analyzed: 2539 
Withdrawals: NR 
Loss to followup: 193 

MEGA 
Tajima 2008;84 
Nakamura 2006151 
MEGA 

RCT 924 centers 
Japan 

Mean 
followup 5 
years 

A. Intensive lipid control 
with diet + pravastatin 10 
mg/day; target total 
cholesterol ≤220 mg/dL 
(n=1093; 853 diabetes, 240 
IFG) 
B. Standard lipid control 
with diet only (n=1117; 893 
diabetes, 224 IFG) 

Not stratified by 
treatment group - 
Persons with diabetes: 
Mean age 59 years 
100% Japanese 
HbA1c 6.9% 
BMI 24.2 
Persons with IFG: 
Mean age 58 years 
100% Japanese 
HbA1c 5.5% 
BMI 24.4 

Age 40-70 years with 
hypercholesterolemia (TC 
220-270 mg/dL) with no 
history of CHD or stroke 

Screened: NA 
Eligible: NA  
Enrolled: 2210 
(subgroup of persons 
with diabetes or IFG) 
Analyzed: 2210 
Withdrawals: unclear 
Loss to followup: 
unclear 
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Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics 

Inclusion/Exclusion 
Criteria 

Number Screened, 
Eligible, Enrolled, 

Analyzed, 
Withdrawals, Loss 

to Followup 
SANDS 
Howard, 2008152 
SANDS 

RCT 4 centers 
United 
States 

36 months 
(mean or 
median NR) 

A. Intensive treatment: SBP 
target <115 mmHg, DBP 
<75 mmHg, LDL-C <70 
mg/dL, non-HDL-C <100 
mg/dL (n=276) 
B. Usual care: SBP target 
<130 mmHg, DBP <85 
mmHg, LDL-C <100 mg/dL, 
non-HDL-C <130 mg/dL 
(n=272) 

A vs. B 
Mean age 55 vs. 57 
years 
66% vs. 65% female 
100% Native American 
Duration of diabetes 9.2 
vs. 8.7 years 
HbA1c 8.2% vs. 7.9% 
BMI 34 vs. 33 kg/m2 

Native Americans aged >40 
years with type 2 diabetes, 
LDL-C >100 mg/dL, and SBP 
>130 mmHg within the 
previous 12 months 
Exclude: New York Heart 
Association class III or IV 
heart failure, SBP >180 
mmHg, liver transaminase 
levels more than twice the 
upper limit of normal, or 
diagnosis of primary 
hyperlipidemia or 
hypercholesterolemia due to 
hyperthyroidism or nephrotic 
syndrome 

Screened: 1,067 
Eligible: NR 
Enrolled: 548 
Analyzed: 499 

STENO-2 
Gaede, 2008153 
Steno-2 

RCT Single center 
Denmark  

Mean 
treatment 
duration: 7.8 
years 
Mean post-
treatment 
followup: 
5.5 years 
Mean total 
followup: 
13.3 years 

A. Intensive multifactorial 
treatment: targets of <6.5% 
HbA1c, <175 mg/dL fasting 
serum total cholesterol, 
<150 mg/dL fasting serum 
triglyceride, <130 mmHg 
SBP, and <80 mmHg DBP. 
Patients received renin-
angiotensin blockers and 
aspirin. (n=80) 
B. Usual care (n=80) 

A vs. B 
Mean age 55 vs. 55 
years 
Sex not reported 
100% vs. 100% White 
Mean BMI, men: 29.3 
vs. 30.3 
Mean BMI, women: 31.1 
vs. 28.9 
HbA1c 8.4% vs. 8.8% 

White Danish patients with 
type 2 diabetes and 
persistent microalbuminuria 

Screened: 315 
Eligible: 160 
Enrolled: 160 
Analyzed: 160 
A vs. B 
Withdrawal: 1.3% 
(1/80) vs. 2.5% 
(2/80) 
Loss to followup: 
21.3% (17/80) vs. 
16.3% (13/80) 
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Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics 

Inclusion/Exclusion 
Criteria 

Number Screened, 
Eligible, Enrolled, 

Analyzed, 
Withdrawals, Loss 

to Followup 
UKPDS 
Holman 2008155 
UKPDS  

RTC 23 centers 
United 
Kingdom 

Initial trial 
mean 
duration 8 
years 
Mean post-
trial 
monitoring 8 
years  

A. Intensive BP control; BP 
target <150/85 mm Hg 
(n=758) 
B. Standard BP control ; 
<180/105 mm Hg(n=390) 

Not stratified by 
treatment group 
Median age 53 years 
41% female 
82% white 
9% Black 
8% Asian 
1% other 
History of retinopathy 
21% 
Prior MI 18% 

Newly diagnosed diabetes 
age 25-65 years referred by 
general practitioner 

Screened: 1544 
Eligible: 1292 
Enrolled: 1148 
Analyzed: 1148 
Withdrawals: NA 
Loss to followup: NA 
(post-trial monitoring) 

Holman 2008155 
UKPDS (cont.) 

RTC 23 centers 
United 
Kingdom 

Initial trial 
mean 
duration 10 
years 
Mean post-
trial 
monitoring 9 
years 

A. Intensive glucose control 
with sulfonyurea-insulin <6 
mmol/L (n=2729)  
B. Intensive glucose control 
with metformin <6 mmol/L 
(n=342) 
C. Standard glucose control 
(n=1549) 

Not stratified by 
treatment group 
Median age 53 years 
59% male 
82% white 
9% Black 
8% Asian 
1% other 
History of retinopathy 
21% 
Prior MI 18% 

Newly diagnosed diabetes 
age 25-65 years referred by 
general practitioner 

Screened: 5102 
Eligible: NR 
Enrolled: 4209 
Analyzed: 3277 
Withdrawals: NA 
Loss to followup: NA 
(post-trial monitoring) 
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Specifically Screen-Detected 

Author Year 
Study Name 

Study 
Design 

No. of 
Centers, 
Country 

Study 
Duration 

Mean 
Followup Interventions 

Baseline 
Demographics 

Inclusion/Exclusion 
Criteria 

Number Screened, 
Eligible, Enrolled, 

Analyzed, 
Withdrawals, Loss 

to Followup 
VADT 
Duckworth, 
2009156 
VADT 

RCT 20 centers 
United 
States 

Study 
duration: 
accrual over 
2.5 years 
and 
followup for 
5-7.5 years 
Median 
followup: 
5.6 years 

A. Intensive glycemic 
treatment; if obese, 
metformin 2000 mg (if lean, 
glimepiride 8 mg) and 
rosaglitazone 8 mg; then 
insulin (n=892) 
B. Standard care; if obese, 
metformin 1000 mg (if lean, 
glimepiride 2 mg) and 
rosaglitazone 4 mg; then 
insulin 1 U/4 kg; then 
metformin 2000 mg or 
glimepiride 8 mg and 
rosaglitazone 8 mg; then 
insulin increase (n=899) 

A vs. B 
Mean age 61 vs. 60 
years 
3% vs. 3% female 
64% vs. 60% non-
Hispanic White,  
15% vs. 17% Hispanic 
White  
16% vs. 17% non-
Hispanic Black,  
5% vs. 5% other  
Duration of diabetes 12 
vs. 12 years 
Median HbA1c 9.4% vs. 
9.4% 
Mean BMI 31.3 vs. 31.2 
kg/m2 
Previous CV event 41% 
vs. 40% 

Patients with type 2 diabetes 
Exclude: HbA1c <7.5, CV 
events in the prior 6 months, 
advanced congestive heart 
failure, severe angina, life 
expectancy <7 years, BMI 
>40, serum creatinine >1.6 
mg/dL, or transaminase more 
than 3 times normal 

Screened: 17,700 
Eligible: 2,231 
Enrolled: 1,791 
Analyzed: 1,791 
A vs. B 
Withdrawal: 4.8% 
(43/892) vs. 7.5% 
(67/899) 
Loss to followup: 
6.5% (58/892) vs. 
6.3% (57/899) 
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Specifically Screen-Detected 

 
Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

ACCORD  
ACCORD 
Study Group, 
2011128  
ACCORD 
Study Group, 
2008127  
Calles-
Escandon, 
2010174 

Primary outcome - 
Cardiovascular event 
(composite outcome 
including CV mortality, 
nonfatal MI, nonfatal 
stroke ) 
Secondary outcomes - 
Nonfatal MI 
Stroke (any; nonfatal) 
Mortality (all-cause; CV) 
Primary outcomes + 
revascularization or 
nonfatal heart failure 
Major CHD event 

A vs. B 
Pretransition (mean 3.7 
years followup) - 
CV event: 380/5128 (2%) vs. 
414/5123 (2%); RR 0.92 
(95% CI 0.80 to 1.05); HR 
0.9 (95% CI 0.78 to 1.03) 
Nonfatal MI: 207/5128 (1%) 
vs. 257/5123 (1%); RR 0.80 
(95% CI 0.67 to 0.96); HR 
0.79 (95% CI 0.66 to 0.95) 
Nonfatal stroke: 72/5128 
(0.4%) vs. 72/5123 (0.4%); 
RR 1.0 (95% CI 0.72 to 
1.38); HR 0.99 (95% CI 0.72 
to 1.38) 
CV mortality: 140/5128 
(0.7%) vs. 109/5123 (0.6%); 
RR 1.28 (95% CI 1.00 to 
1.64); HR 1.27 (95% CI 0.99 
to 1.63) 
All-cause mortality: 283/5128 
(1%) vs. 232/5123 (1%); RR 
1.22 (95% CI 1.03 to 1.44); 
HR 1.21 (95% CI 1.02 to 
1.44) 
Revascularization or 
hospitalization for CHF: 
931/5128 (5%) vs. 955/5123 
(5%); RR 0.97 (95% CI 0.90 
to 1.06); HR 0.96 (95% CI 
0.88 to 1.06) 
Fatal or nonfatal MI or 
unstable angina: 439/5128 
(2%) vs. 490/5123 (3%); RR 
0.90 (95% CI 0.79 to 1.01); 
HR 0.88 (95% CI 0.77 to 
1.00) 

A vs. B 
All-cause 
mortality: total risk 
estimate HR 1.21 
(95% CI 1.02 to 
1.44) 
Age - 
<65 yrs: 125/3397 
(4%) vs. 87/3382 
(3%); HR 1.39 
(95% CI 1.05 to 
1.82) 
65-69 yrs: 57/938 
(6%) vs. 46/947 
(5%); HR 1.23 
(95% CI 0.84 to 
1.82) 
70-74: 40/516 
(8%) vs. 38/537 
(7%); HR 1.01 
(95% CI 0.65 to 
1.59) 
>75 yrs: 35/277 
(13%) vs. 32/257 
(12%); HR 0.90 
(95% CI 0.55 to 
1.47) 
Gender - 
Male: 182/3145 
(6%) vs. 146/3154 
(5%); HR 1.21 
(95% CI 0.97 to 
1.50) 
Female: 75/1983 
(4%) vs. 57/1969 
(3%); HR 1.23 
(95% CI 0.87 to 
1.74 

A vs. B 
Pretransition - 
Serious AEs - 
hypoglycemia 
requiring medical 
assistance: 
558/5128 (11%) 
vs. 189/5123 
(4%); RR 2.95 
(95% CI 2.51 to 
3.46) 
Other serious 
AEs: 121/5128 
(2%) vs. 84/5123 
(2%); RR 1.44 
(95% CI 1.09 to 
1.90) 
Through final 
endpoint - 
Serious AEs - 
hypoglycemia 
requiring medical 
assistance: 
596/5128 (12%) 
vs. 233/5123 
(5%); RR 2.56 
(95% CI 2.21 to 
2.96) 
Other serious 
AEs: 133/5128 
(3%) vs. 
105/5123 (2%); 
RR 1.27 (95% CI 
0.98 to 1.63) 

Good NHLBI; numerous 
pharmaceutical 
companies (Abbott, 
Amylin, AstraZeneca, 
Bayer, Closer, 
GlaxoSmithKline, King, 
Merck, Novartis, Novo 
Nordisk, Omron, 
Sanofi-Aventis, 
Takeda) 
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Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

ACCORD 
Study Group, 
2011128  
ACCORD 
Study Group, 
2008127  
Calles-
Escandon, 
2010174 
(continued) 

 Fatal or nonfatal stroke: 
78/5128 (0.4%) vs. 80/5123 
(0.4%); RR 0.97 (95% CI 
0.71 to 1.33); HR 0.97 (95% 
CI 0.71 to 1.33) 
Fatal or nonfatal CHF: 
189/5128 (1%) vs. 158/5123 
(0.8%); RR 1.20 (95% CI 
0.97 to 1.47); HR 1.19 (95% 
CI 0.96 to 1.47) 
Through final endpoint (mean 
4.9 years followup) - 
CV event: 503/5128 (2%) vs. 
543/5123 (2%); RR 0.93 
(95% CI 0.82 to 1.04); HR 
0.91 (95% CI 0.81 to 1.03) 
Nonfatal MI: 287/5128 (1%) 
vs. 344/5123 (1%); RR 0.83 
(95% CI 0.72 to 0.97); HR 
0.82 (95% CI 0.70 to 0.96) 
Nonfatal stroke: 82/5128 
(0.3%) vs. 94/5123 (0.4%); 
RR 0.83 (95% CI 0.62 to 
1.11); HR 0.87 (95% CI 0.65 
to 1.17) 
CV mortality: 187/5128 
(0.7%) vs. 144/5123 (0.6%); 
RR 1.30 (95% CI 1.05 to 
1.60); HR 1.29 (95% CI 1.04 
to 1.60) 
All-cause mortality: 391/5128 
(1%) vs. 327/5123 (2%); RR 
1.19 (95% CI 1.04 to 1.38); 
HR 1.19 (95% CI 1.03 to 
1.38) 
Revascularization or 
hospitalization for CHF: 
1159/5128 (5%) vs. 
1229/5123 (6%); RR 0.94 
(95% CI 0.88 to 1.01); HR 
0.93 (95% CI 0.86 to 1.01) 

Race/ethnicity - 
White: 178/3194 
(6%) vs. 141/3199 
(4%); HR 1.21 
(95% CI 0.98 to 
1.52) 
Black: 52/996 
(5%) vs. 29/956 
(3%); HR 1.60 
(95% CI 1.01 to 
2.52) 
Hispanic: 10/358 
(3%) vs. 16/380 
(4%); HR 0.60 
(95% CI 0.27 to 
1.33) 
Asian/other: 
17/580 (3%) vs. 
17/588 (3%); HR 
1.06 (95% CI 0.54 
to 2.07) 
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Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

ACCORD 
Study Group, 
2011128  
ACCORD 
Study Group, 
2008127  
Calles-
Escandon, 
2010174 
(continued) 

 Fatal or nonfatal MI or 
unstable angina: 580/5128 
(2%) vs. 627/5123 (3%); RR 
0.92 (95% CI 0.83 to 1.03); 
HR 0.90 (95% CI 0.81 to 
1.01) 
Fatal or nonfatal stroke: 
91/5128 (0.4%) vs. 106/5123 
(0.4%); RR 0.86 (95% CI 
0.65 to 1.13); HR 0.86 (95% 
CI 0.65 to 1.13) 
Fatal or nonfatal CHF: 
232/5128 (1%) vs. 212/5123 
(0.8%); RR 1.09 (95% CI 
0.91 to 1.31); HR 1.09 (95% 
CI 0.91 to 1.32) 
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Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

Schwartz, 
2012139 
ACCORD - 
BONE 

Fracture 
Falls 

A vs. B 
Nonspinal fracture: 198/3655 
(5%) vs. 189/3632 (5%); RR 
1.04 (95% CI 0.86 to 1.26); 
HR 1.04 (95% CI 0.86 to 
1.27) 
Hip fracture: 11/3655 (0.3%) 
vs. 8/3632 (0.2%); RR 1.37 
(95% CI 0.55 to 3.39); HR 
1.35 (95% CI 0.54 to 3.35) 
Ankle fracture: 44/3655 (1%) 
vs. 40/3632 (1%); RR 1.09 
(95% CI 0.71 to 1.67); HR 
1.09 (95% CI 0.71 to 1.68) 
Foot fracture: 19/3655 (0.5%) 
vs. 26/3632 (0.7%); RR 0.73 
(95% CI 0.40 to 1.30); HR 
0.71 (95% CI 0.39 to 1.28) 
Proximal humerus fracture: 
23/3655 (0.6%) vs. 25/3632 
(0.6%); RR 0.91 (95% CI 
0.52 to 1.60); HR 0.90 (95% 
CI 0.51 to 1.59) 
Distal forearm fracture: 
21/3655 (0.5%) vs. 14/3632 
(0.4%); RR 1.49 (95% CI 
0.76 to 2.93); HR 1.5 (95% 
CI 0.76 to 2.95) 
Falls: 1122/3364 (33%) vs. 
1133/3418 (33%); RR 1.01 
(95% CI 0.94 to 1.08); HR 
not reported 

NR NR Good   
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Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

ACCORD 
Study Group, 
201079 
ACCORD - BP 

Primary outcome - 
Cardiovascular event 
(composite outcome 
including CV mortality, 
nonfatal MI, nonfatal 
stroke ) 
Secondary outcomes - 
All-cause mortality 
CV mortality 
Nonfatal MI 
Nonfatal stroke 
Fatal or nonfatal 
congestive heart failure 

A vs. B 
Any CV event: 208/2363 
(9%) vs. 237/2371 (10%); 
HR* 0.88 (95% CI 0.73 to 
1.06) 
Nonfatal MI: 126/2362 (5%) 
vs. 146/2371 (6%); RR 0.87 
(0.69 to 1.09); HR 0.87 (95% 
CI 0.68 to 1.10) 
Fatal and nonfatal stroke: 
36/2363 (2%) vs. 62/2371 
(3%); RR 0.58 (95% CI 0.39 
to 0.88); HR 0.59 (95% CI 
0.39 to 0.89) 
Nonfatal stroke: 34/2363 
(1%) vs. 55/2371 (2%); HR 
0.63 (95% CI 0.41 to 0.96) 
All-cause mortality: 150/2363 
(6%) vs. 144/2371 (6%); RR 
1.11 (0.89 to 1.38); AHR 1.07 
(95% CI 0.85 to 1.35) 
CV mortality: 60/2363 (3%) 
vs. 58/2372 (2%); RR 1.04 
(95% CI 0.73 to 1.48); HR 
1.06 (95% CI 0.74 to 1.52) 
Any CV event + 
revascularization: 
521/2363(2%) vs. 551/2371 
(2%); HR 0.95 (95% CI 0.84 
to 1.07) 
Major CHD event: 253/2363 
(11%) vs. 270/2371 (11%); 
HR 0.94 (95% CI 0.79 to 
1.12) 
Fatal or nonfatal heart failure: 
83/2363 (4%) vs. 90/2371 
(4%); HR 0.94 (95% CI 0.70 
to 1.26) 

NR A vs. B 
Serious 
treatment-related 
adverse events: 
77/2362 (3%) vs. 
30/2371 (1%); 
RR 2.58 (95% CI 
1.70 to 3.91) 
Other serious 
AEs (end-stage 
renal disease or 
need for 
dialysis): 
59/2362 (2%) vs. 
58/2371 (2%); 
RR 1.02 (95% CI 
0.71 to 1.46) 

Good NHLBI; numerous 
pharmaceutical 
companies (Abbott, 
Amylin, AstraZeneca, 
Bayer, Closer, 
GlaxoSmithKline, King, 
Merck, Novartis, Novo 
Nordisk, Omron, 
Sanofi-Aventis, 
Takeda) 
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Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

ACCORD 
Study Group, 
201079 
ACCORD – BP 
(continued) 

Primary outcome - 
Cardiovascular event 
(composite outcome 
including CV mortality, 
nonfatal MI, nonfatal 
stroke ) 
Secondary outcomes - 
All-cause mortality 
CV mortality 
Nonfatal MI 
Nonfatal stroke 
Fatal or nonfatal 
congestive heart failure 

*AHRs adjusted for: 
assignment to intensive 
glucose lowering arm, clinical 
center network, 
presence/absence of 
previous CV event 

     

Ismail-Beigi, 
2012140 
ACCORD - BP 

Primary outcome- 
Renal failure, retinal 
photocoagulation or 
vitrectomy (to treat 
retinopathy) 
Secondary outcomes–
Nephropathy 
Diabetic eye 
complications 
Neuropathy 

A vs. B 
Primary outcome: 269/2356 
(11%) vs. 258/2370 (11%); 
HR 1.08 (95% CI 0.91 to 
1.28) 
Nephropathy outcomes -
Microalbuminuria: 306/1473 
(21%) vs. 375/1501 (25%); 
HR 0.84 (95% CI 0.72 to 
0.97) 
Macroalbuminuria: 116/2038 
(6%) vs. 146/2059 (7%); HR 
0.81 (95% CI 0.63 to 1.03) 
Renal failure: 61/2356 (3%) 
vs. 64/2370 (3%); HR 1.00 
(95% CI 0.71 to 1.43) 
Eye outcomes – 
Retinal photocoagulation or 
vitrectomy: 217/2262 (10%) 
vs. 208/2282 (9%); HR 1.09 
(95% CI 0.90 to 1.32) 
Cataract surgery: 339/2262 
(15%) vs. 361/2282 (16%); 
HR 0.98 (95% CI 0.85 to 
1.14) 
Loss of visual acuity (3-line 
decrease): 819/2339 (35%) 

NR NR Good NR  
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Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

vs. 849/2352 (36%); RR 0.97 
(0.90 to 1.05); HR 0.98 (95% 
CI 0.89 to 1.08) 
Neuropathy outcomes – 
Score >2 on Michigan 
Neuropathy Screening 
Instrument: 722/1353 (53%) 
vs. 781/1388 (56%); RR 0.95 
(0.89 to 1.02); HR 0.95 (95% 
CI 0.86 to 1.05) 
Loss of vibratory sensation: 
668/1569 (43%) vs. 
737/1582 (47%); HR 0.92 
(95% CI 0.83 to 1.02) 
Loss of light touch: 267/2134 
(13%) vs. 294/2115; HR 0.91 
(95% CI 0.77 to 1.08) 

O'Connor, 
2012141 
Sullivan, 
2007142 
ACCORD - BP 
HRQOL 

Quality of life - 
36-Item Short Form 
Health Survey (SF 36) 
Diabetes Symptoms 
Distress Checklist 
(DSC) 
World Health 
Organization Diabetes 
Treatment Satisfaction 
Questionnaire (WHO-
DTSQ) 
Patient Health 
Questionnaire (PHQ-9) 

A vs. B  
Mean change from baseline 
(SE) 
SF-36 physical component 
score: -0.8 (0.19) vs. -0.2 
(0.19); p=0.02 
SF-36 mental component 
score: 0.5 (0.39) vs. 0.4 
(0.40); p=0.77 
DSC total score: -1.4 (0.34) 
vs. -1.1 (0.35); p=0.48 
DSC symptom distress: -0.04 
(0.02) vs. -0.04 (0.02); 
p=0.98 
DSC treatment satisfaction 
score: 13.3 (0.54) vs. 13.1 
(0.55); p=0.84 
PHQ-9 continuous score: -
1.1 (0.14) vs. -0.9 (0.14); 
p=0.29 

NR NR Good NHLBI, National 
Institute of Diabetes 
and Digestive and 
Kidney Diseases, CDC 
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Rating Funding Source Comments 

ACCORD 
Study Group, 
2010143 
ACCORD Eye 

Progression of diabetic 
retinopathy 
Moderate vision loss 

A vs. B 
Progression of diabetic 
retinopathy: 104/1429 (7%) 
vs. 149/1427 (10%); OR 0.67 
(95% CI 0.51 to 0.87) 
*Moderate vision loss: 
409/1715 (24%) vs. 
457/1737 (26%); OR 0.88 
(95% CI 0.77 to 1.01) 
C vs. D 
Progression of diabetic 
retinopathy: 52/806 (7%) vs. 
80/787 (10%); OR 0.60 (95% 
CI 0.42 to 0.87) 
Moderate vision loss: 
227/965 (24%) vs. 233/950 
(25%); OR 0.95 (95% CI 0.79 
to 1.14) 
E vs. F 
Progression of diabetic 
retinopathy: 67/647 (10%) vs. 
54/616 (9%); OR 1.23 (95% 
CI 0.84 to 10.4) 
Moderate vision loss: 
221/798 (28%) vs. 185/748 
(25%) OR 1.17 (95% CI 0.96 
to 1.42) 
*ORs adjusted for other 
treatments  

NR NR Good NR  

Anderson, 
2011144 
ACCORD - 
HRQL 

Quality of life - 
36-Item Short Form 
Health Survey (SF 36) 
Diabetes Symptoms 
Distress Checklist 
(DSC) 
World Health 
Organization Diabetes 
Treatment Satisfaction 
Questionnaire (WHO-
DTSQ) 

A vs. B 
Least squares mean, 95% 
CI* 
SF-36 physical component 
score: -1.1 (-2.0 to -0.2) vs. -
1.6 (-2.5 to -0.7); p=0.03 
SF-36 mental component 
score: 0.8 (-1.0 to 2.6) vs. 1.4 
(-0.5 to 3.2); p=0.29 
DSC total score: -0.4 (-1.9 to 
1.0) vs. 0.1 (-1.4 to 1.6); 

NR NR Good NR  
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Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 
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Patient Health 
Questionnaire (PHQ-9) 

p=0.19 
DSC symptom distress: -0.1 
(-0.2 to 0.0) vs. 0.0 (-0.1 to 
0.1); p=0.15 
DTSQ treatment satisfaction 
scale: 11.1 (8.6 to 13.5) vs. 
13.5 (11 to 15.9); p<0.001 
DTSQ perceived 
hyperglycemia: -1.2 (-1.5 to -
0.9) vs. -1.7 (-2.0 to -1.5); 
p<0.0001 
DTSQ perceived 
hypoglycemia: 0.4 (0.1 to 
0.6) vs. 0.8 (0.5 to 1.0); 
p<0.0001 
PHQ-9 continuous score: -
1.0 (-1.7 to -0.4) vs. -0.9 (-1.5 
to -0.3); p=0.44 
*Analyses adjusted for the 
following variables: previous 
CVD, secondary trial, 
secondary trial assignment, 
age, race, sex, duration of 
diabetes, smoking, living 
alone, weight, waist 
circumference, BMI, baseline 
HbA1c, fasting blood 
glucose, SBP and DBP, 
heart rate, neuropathy, 
retinal surgery, macro- and 
microalbuminuria, insulin, 
sulfonylureas, 
thiazolidinedione, b-blockers, 
antihypertensive medication, 
and triglycerides 

ACCORD 
Study Group, 
2010129 
ACCORD - 
Lipid 

Primary outcome -
Cardiovascular event 
(composite outcome 
including CV mortality, 
nonfatal MI, nonfatal 

A vs. B 
CV event: 291/2765 (11%) 
vs. 310/2753 (11%); RR 0.93 
(95% CI 0.80 to 1.09); AHR* 
0.92 (95% CI 0.79 to 1.08) 

A vs. B 
CV event (primary 
outcome) -
Women: 77/851 
(9%) vs. 56/843 

A vs. B 
Serious adverse 
events: 96/2765 
(3%) vs. 74/2753 
(3%); RR 1.29 

Good NR Subgroup data 
reported 
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Quality 
Rating Funding Source Comments 

stroke) 
Secondary outcomes -
Nonfatal MI 
Stroke (any; nonfatal) 
Mortality (all-cause; CV) 
Hospitalization or death 
due to heart failure 
Primary outcome, 
revascularization or 
nonfatal heart failure 
Major CHD event (fatal 
coronary event, nonfatal 
MI, unstable angina) 

CV event, revascularization 
or hospitalization for CHF: 
641/2765 (23%) vs. 
667/2753 (24%); RR 0.96 
(95% CI 0.87 to 1.05); AHR 
0.94 (95% CI 0.85 to 1.05) 
Major CHD event: 332/2765 
(12%) vs. 353/2753 (13%); 
RR 0.93 (95% CI 0.81 to 
1.08); AHR 0.92 (95% CI 
0.79 to 1.07) 
Nonfatal MI: 173/2765 (6%) 
vs. 186/2753 (7%); RR 0.93 
(95% CI 0.76 to 1.13); AHR 
0.91 (95% CI 0.74 to 1.12) 
Stroke, fatal or nonfatal: 
51/2765 (2%) vs. 48/2753 
(2%); RR 1.06 (95% CI 0.72 
to 1.56); AHR 1.05 (95% CI 
0.71 to 1.56) 
Stroke, nonfatal: 47/2765 
(2%) vs. 40/2753 (1%); RR 
1.17 (95% CI 0.77 to 1.78); 
AHR 1.17 (95% CI 0.76 to 
1.78) 
All-cause mortality: 203/2765 
(7%) vs. 221/2753 (8%); RR 
0.91 (95% CI 0.76 to 1.10); 
AHR 0.91 (95% CI 0.75 to 
1.10) 
CV mortality: 99/2765 (4%) 
vs. 114/2753 (4%); RR 0.86 
(95% CI 0.66 to 1.13); AHR 
0.86 (95% CI 0.66 to 1.12) 
Fatal or nonfatal CHF: 
120/2765 (4%) vs. 143/2753 
(5%); RR 0.84 (95% CI 0.66 
to 1.06); AHR 0.82 (95% CI 
0.65 to 1.05) 
*Hazard ratios adjusted for 

(7%); RR* 1.36 
(95% CI 0.98 to 
1.9)  
Men: 214/1914 
(11%) vs. 
254/1910 (13%); 
RR 0.84 (95% CI 
0.71 to 0.997) 
Age <65 years: 
149/1838 (8%) vs. 
173/1822 (10%); 
RR 0.85 (0.69 to 
1.05) 
Age >65 years: 
139/927 (15%) vs. 
137/931 (15%); 
RR 1.02 (95% CI 
0.82 to 1.27) 
Nonwhite race: 
83/856 (10%) vs. 
73/888 (8%); RR 
1.18 (95% CI 0.87 
to 1.59) 
White race: 
208/1909 (11%) 
vs. 237/1865 
(13%); RR 0.86 
(95% CI 0.72 to 
1.02) 
*Calculated 
relative risks; 
hazard ratios and 
confidence 
intervals only 
reported 
graphically in text, 
no data shown. 

(95% CI 0.96 to 
1.74) 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

number, timing and results of 
interim monitoring 

ADVANCE 
Patel 200780; 

de Galan, 
2009145, 
Poulter, 
2009126 
ADVANCE 

Composite outcome: 
major macrovascular 
(CV mortality, nonfatal 
MI, nonfatal stroke) and 
microvascular (new or 
worsening nephropathy 
or retinopathy) events  
Macrovascular events 
Microvascular events 
All-cause mortality 
CV mortality 
Major coronary events 
(fatal CHD, nonfatal MI) 
Coronary events (major 
coronary event, silent 
MI, coronary 
revascularization, 
hospital admission for 
unstable angina 
Cerebrovascular events 
(major cerebrovascular 
event, TIA, 
subarachnoid 
hemorrhage) 
Heart failure (death, 
worsening or 
hospitalization) 
Peripheral vascular 
disease 
New or worsening 
nephropathy 
New or worsening 
retinopathy 
Microalbuminuria 
Visual deterioration 
New or worsening 
neuropathy 

A vs. B 
Macro- and microvascular 
outcomes: 861/5569 (16%) 
vs. 938/5571 (17%); RR 0.92 
(95% CI 0.84 to 1.00); 
Relative Risk Reduction 
(RRR) 9% (95% CI 0 to 17) 
Macrovascular outcomes: 
480/5569 (9%) vs. 520/5571 
(9%); RR 0.92 (95% CI 0.82 
to 1.04); RRR 8% (95% CI -4 
to 19) 
Microvascular outcomes: 
439/5569 (8%) vs. 477/5571 
(9%); RR 0.92 (95% CI 0.81 
to 1.04); RRR 9% (95% CI -4 
to 20) 
All-cause mortality: 408/5569 
(7%) vs. 471/5571 (9%); RR 
0.87 (95% CI 0.76 to 0.98); 
RRR 14% (95% CI 2 to 25) 
CV death: 211/5569 (4%) vs. 
257/5571 (5%); RR 0.82 
(95% CI 0.69 to 0.98); RRR 
18% (95% CI 2 to 32) 
Non-CV death: 197/5569 
(7%) vs. 212/5571 (4%); RR 
0.93 (95% CI 0.77 to 1.12); 
RRR 8% (95% CI -12 to 24) 
Any coronary event: 
468/5569 (8%) vs. 535/5571 
(10%); RR 0.84 (95% CI 0.75 
to 0.95); RRR 14% (95% CI 
2 to 24) 
Major coronary events: 
265/5569 (5%) vs. 294/5571 
(5%); RR 0.90 (95% CI 0.77 

A vs. B 
Any major 
macrovascular or 
microvascular 
event 
Age <65 years: 
325/2256 (14%) 
vs. 
346/2276(15%); 
RR 0.95 (95% CI 
0.82 to 1.09); 
RRR 6% (95% CI 
-10 to 19) 
Age >65 years: 
536/3308 (16%) 
vs. 592/3295 
(18%); RR 0.90 
(95% CI 0.81 to 
1.00); RRR 11% 
(95% CI 0 to 21) 
Men: 546/3212 
(17%) vs. 
594/3194 (19%); 
RR 0.91 (95% CI 
0.82 to 1.02); 
RRR 10% (95% 
CI -5 to 23) 
Women: 
315/2368 (13%) 
vs. 344/2392 
(15%); RR 0.93 
(95% CI 0.80 to 
1.07); RRR 8% 
(95% CI -7 to 21) 

Withdrawals due 
to adverse 
events: 320/5569 
(6%) vs. 
160/5571 (3%); 
RR 2.00 (95% CI 
1.66 to 2.41) 
Serious adverse 
events: 67/5569 
(1%) vs. 66/5571 
(1%); RR 1.02 
(95% CI 0.72 to 
1.42) 

Good Servier; National 
Health and Medical 
Research Council of 
Australia 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

Cognitive function 
Dementia 
Hospitalization 

to 1.06); RRR 11% (95% CI -
6 to 24) 
Other coronary events: 
283/5569 (5%) vs. 324/5571 
(6%); RR 0.87 (95% CI 0.75 
to 1.02); RRR 14% (95% CI -
1 to 27) 
Any cerebrovascular event: 
286/5569 (5%) vs. 303/5571 
(5%); RR 0.94 (95% CI 0.81 
to 1.11); RRR 6% (95% CI -
10 to 20) 
Major cerebrovascular 
events: 215/5569 (4%) vs. 
218/5571 (4%); RR 0.99 
(95% CI 0.82 to 1.19); RRR 
2% (95% CI -18 to 19) 
Other cerebrovascular 
events: 79/5569 (1%) vs. 
99/5571 (2%); RR 0.80 (95% 
CI 0.60 to 1.07); RRR 21% 
(95% CI -6 to 410 
Any renal event: 1243/5569 
(22%) vs. 1500/5571 (27%); 
RR 0.83 (95% CI 0.78 to 
0.89); RRR 21% (95% CI 15 
to 27); HR 0.79 (95% CI 0.73 
to 0.85) 
New or worsening 
nephropathy: 181/5569 (3%) 
vs. 216/5571 (4%); RR 0.84 
(95% CI 0.69 to 1.02); RRR 
18% (95% CI -1 to 32) 
New microalbuminuria: 
1094/5569 (20%) vs. 
1317/5571 (24%); RR 0.83 
(95% CI 0.77 to 0.89); RRR 
21% (95% CI 14 to 27) 
Any eye event: 2531/5569 
(45%) vs. 2611/5571 (47%); 
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Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

RR 0.97 (95% CI 0.93 to 
1.01); RRR 5% (95% CI -1 to 
10) 
New or worsening 
retinopathy: 289/5569 (5%) 
vs. 286/5571 (5%); RR 1.01 
(95% CI 0.86 to 1.19); RRR -
1% (95% CI -18 to 15) 
Visual deterioration: 
2246/5569 (44%) vs. 
2514/5571 (45%); RR 0.89 
(95% CI 0.86 to 0.93); RRR 
5% (95% CI -1 to 10) 
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Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

  C vs. D 
Macrovascular events: 
1009/5571 (18%) vs. 
1116/5569 (20%); RR 0.90 
(95% CI 0.84 to 0.98); RRR 
10% (95% CI 2. to 18) 
Microvascular events: 
526/5571 (9%) vs. 605/5569 
(11%); RR 0.87 (95% CI 0.78 
to 0.97); RRR 14% (95% CI 
3 to 23) 
All-cause mortality: 498/5571 
(9%) vs. 533/5569 (11%); RR 
0.93 (95% CI 0.83 to 1.05); 
RRR 7% (95% CI -6 to 17) 
CV mortality: 253/5571 (5%) 
vs. 289/5569 (5%); RR 0.88 
(95% CI 0.74 to 1.03); RRR 
12% (95% CI -4 to 26) 
Major coronary events: 
310/5571 (6%) vs. 337/5569 
(6%); RR 0.92 (95% CI 0.79 
to 1.07); RRR 8% (95% CI -7 
to 21) 
Nephropathy: 230/5571 (4%) 
vs. 292/5569 (5%); RR 0.79 
(95% CI 0.67 to 0.93); RRR 
21% (95% CI 7 to 34) 

     

Zoungas, 
2009130 
ADVANCE 

Composite outcome: 
major macrovascular 
(CV mortality, nonfatal 
MI, nonfatal stroke) and 
microvascular (new or 
worsening nephropathy 
or retinopathy) events  
Macrovascular events 
Microvascular events 
All-cause mortality 
CV mortality 
Major coronary events 

A vs. B 
Major macrovascular and 
microvascular events: 
431/2783 (15%) vs. 
498/2783 (18%); HR 0.85 
(95% CI 0.75 to 0.97)  
Macrovascular events: 
246/2783 (9%) vs. 265/2783 
(9%); HR 0.92 (95% CI 0.77 
to 1.10) 
Microvascular events: 
213/2783 (8%) vs. 260/2783 

NR NR Good Servier; National 
Health and Medical 
Research Council of 
Australia 

 

Screening for Type 2 Diabetes Mellitus  201 Pacific Northwest EPC 



Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

(fatal CHD, nonfatal MI) 
Cerebrovascular events 
(major cerebrovascular 
event, TIA, 
subarachnoid 
hemorrhage) 
Any renal event 
New or worsening 
nephropathy 
New or worsening 
retinopathy 
Microalbuminuria 
Macroalbuminuria 

(9%); HR 0.81 (95% CI 0.68 
to 0.97) 
All-cause mortality: 198/2783 
(7%) vs. 240/2783 (9%); HR 
0.82 (95% CI 0.68 to 0.99) 
CV mortality: 104/2783 (4%) 
vs. 136/2783 (5%); HR 0.76 
(95% CI 0.59 to 0.98) 
Major coronary events: 
133/2783 (5%) vs. 155/2783 
(6%); HR 0.92 (95% CI 0.77 
to 1.10) 
Cerebrovascular events: 
111/2783 (4%) vs. 107/2783 
(4%); HR 1.03 (95% CI 0.79 
to 1.35) 
Any renal event: 590/2783 
(21%) vs. 777/2783 (28%); 
HR 0.72 (95 %CI 0.65 to 
0.81) 
New or worsening 
nephropathy: 81/2783 (3%) 
vs. 120/2783 (4%); RR 0.68 
(95% CI 0.51 to 0.89); HR 
0.67 (95% CI 0.50 to 0.88) 
New or worsening 
retinopathy: 147/2783 (5%) 
vs. 153/2783 (5%); HR 0.96 
(95% CI 0.76 to 1.20) 
Microalbuminuria: 525/2783 
(19%) vs. 673/2783 (24%); 
HR 0.75 (95% CI 0.67 to 
0.84) 
Macroalbuminuria: 44/2783 
(2%) vs. 3% (95/2783): HR 
0.46 (95% CI 0.32 to 0.65) 

Stefansdottir 
2011146 
ADVANCE 

Cancer A vs. B 
Cancer mortality: 41/5571 
(0.7%) vs. 35/5569 (0.6%); 
HR 1.17 (95% CI 0.96 to 

NR NR Good NR  
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Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

1.27) 
Any neoplasm: 409/5571 
(7%) vs. 372/5569 (7%); HR 
1.11 (95% CI 0.96 to 1.27) 
Malignant neoplasms: 
363/5571 (7%) vs. 337/5569 
(6%); HR 1.08 (95% CI 0.93 
to 1.26) 
Malignant neoplasms, except 
lymphoid, tissue: 328/5571 
(6%) vs. 303/5569 (5%); HR 
1.09 (95% CI 0.93 to 1.27) 
Lip, oral cavity and pharynx: 
10/5571 (0.2%) vs. 7/5569 
(0.1%); HR 1.43 (95% CI 
0.54 to 3.75) 
Digestive organs: 119/5571 
(2%) vs. 103/5569 (2%); HR 
1.16 (95% CI 0.89 to 1.51) 
Pancreatic cancer: 16/5571 
(0.3%) vs. 16/5569 (0.3%); 
HR 1.00 (95% CI 0.50 to 
2.00) 
Respiratory organs: 55/5571 
(1%) vs. 61/5569 (1%); HR 
0.90 (95% CI 0.63 to 1.30) 
Breast cancer: 33/5571 
(0.6%) vs. 31/5569 (0.6%); 
HR 1.07 (95% CI 0.65 to 
1.74) 
Female genital organs: 
6/5571 (0.1%) vs. 10/5569 
(0.2%); HR 0.60 (95% CI 
0.22 to 1.65) 
Male genital organs: 43/5571 
(0.8%) vs. 43/5569 (0.8%); 
HR 1.00 (95% CI 0.66 to 
1.53) 
Lymphoid, tissue: 21/5571 
(0.4%) vs. 19/5569 (0.3%); 
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Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

HR 1.10 (95% CI 0.59 to 
2.05) 

Beulens 
2009147 
ADVANCE 
Retinal 
Measurements 
Study 

ETDRS progression ≥2 
steps 

A vs. B 
ETDRS progression ≥2 
steps: 103/796 (13%) vs. 
84/806 (10%); adjusted OR 
0.78 (95% CI 0.57 to 1.06) 

NR NR Good Servier; National 
Health and Medical 
Research Council of 
Australia 

Intensive glucose 
outcomes included 
in SR ET 

JEDIT 
Araki, 2012148 
JEDIT 

Cardiovascular 
morbidity and mortality; 
all-cause mortality 

Events and p-values of 
between-group comparisons 
(numbers for groups NR) 
Fatal MI: 12 events (p=0.08) 
Sudden death: 13 events 
(p=0.99) 
Fatal stroke: 6 events 
(p=0.66) 
Death due to renal failure: 3 
events (p=0.08) 
Death due to 
hyper/hypoglycemia: 1 event 
(p=0.32) 
Nonfatal MI: 17 events 
(p=0.998) 
Coronary revascularization: 
18 events (p=0.028) 
Hospitalization for CHF: 15 
events (p=0.19) 
Nonfatal stroke: 63 events 
(p=0.28) 
Diabetic ulcer or gangrene: 
12 events (p=0.56) 
Death due to diabetes: 35 
events (p=0.85) 
Death not related to 
diabetes: 59 events (p=0.30) 
Coronary vascular events: 55 
events (p=0.99) 
Any stroke: 67 events 
(p=0.29) 

NR NR Fair Japanese Ministry of 
Health, Labour, and 
Welfare; Japan 
Foundation for Aging 
and Health 

Reduced 
revascularizations 
only; no proportions 
reported by group 
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Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

JPAD 
Ogawa 
2008;149 Okada 
2011150 
JPAD 

Primary outcome -  
Any atherosclerotic 
event (sudden death, 
death due to coronary, 
cerebrovascular and 
aortic causes, nonfatal 
MI, unstable angina, 
exertional angina, 
nonfatal ischemic or 
hemorrhagic stroke, 
transient ischemic 
attack, nonfatal aortic or 
peripheral vascular 
disease) 
Secondary outcomes - 
Coronary or 
cerebrovascular 
mortality 
Fatal MI 
Nonfatal MI 
Unstable angina 
Stable angina 
Fatal or nonfatal 
cerebrovascular 
disease 
Fatal stroke 
Nonfatal ischemic 
stroke 
Nonfatal hemorrhagic 
stroke 
Transient ischemic 
attack 
Peripheral artery 
disease 

A vs. B 
Primary outcome-  
Any atherosclerotic event: 
68/1262 (5.4%) vs. 8/61277 
(6.7%); HR 0.80 (95% CI 
0.58 to1.10) 
Secondary outcomes - 
Coronary or cerebrovascular 
mortality: 1/1262 (0.08%) vs. 
10/1277 (0.8%); HR 0.10 
(95% CI 0.01 to 0.79) 
Fatal MI: 0/1262 (0%) vs. 
5/1277 (0.4%); RR 0.09 
(95% CI 0.005 to 1.66) HR 
not reported in text, RR 
calculated 
Nonfatal MI: 12/1262 (1%) 
vs. 9/1277 (0.7%); HR 1.34 
(95% CI 0.57 to 3.19) 
Unstable angina: 4/1262 
(0.3%) vs. 10/1277 (0/8%); 
HR 0.40 (95% CI 0.13 to 
1.29) 
Stable angina: 12/1262 (1%) 
vs. 11/1277 (0.9%); HR 1.10 
(95% CI 0.49 to 2.50) 
Fatal or nonfatal 
cerebrovascular disease: 
28/1262 (2%) vs. 32/1277 
(3%); HR 0.84 (95% CI 0.53 
to 1.32) 
Fatal stroke: 1/1262 (0.08%) 
vs. 5/1277 (0.4%); HR 0.20 
(95% CI 0.02 to 1.74) 
Nonfatal ischemic stroke: 
22/1262 (2%) vs. 24/1277 
(2%); HR 0.93 (95% CI 0.52 
to 1.66) 
Nonfatal hemorrhagic stroke: 

NR A vs. B 
Serious AEs (GI 
bleed requiring 
transfusion): 
4/1262 (0.3%) 
vs. 0/1277 (0%); 
RR 9.11 (95% CI 
0.49 to 169) 

Fair Ministry of Health, 
Labour, and Welfare 
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Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

5/1262 (0.4%) vs. 3/1277 
(0.2%); HR 1.68 (95% CI 
0.40 to 7.04) 
Transient ischemic attack: 
5/1262 (0.5%) vs. 8/1277 
(0.6%); HR 0.63 (95% CI 
0.21 to 1.93) 
Peripheral artery disease: 
7/1262 (0.6%) vs. 11/1277 
(0.9%); HR 0.64 (95% CI 
0.25 to 1.65) 

MEGA 
Tajima 2008;84 
Nakamura 
2006151 
MEGA 

All-cause mortality 
CHD (fatal and nonfatal 
MI, cardiac and sudden 
death, coronary 
revascularization, 
angina) 
Stroke 
Cardiovascular disease  
Cerebral infarction 

A vs. B (Diabetes group)* 
All-cause mortality: 16/853 
(2%) vs. 28/893 (3%); RR 
0.60 (95% CI 0.33 to 1.10); 
AHR 0.61 (95% CI 0.33 to 
1.12) 
CHD: 29/853 (3%) vs. 43/893 
(5%); RR 0.71 (95% CI 0.45 
to 1.12); AHR 0.71 (95% CI 
0.44 to 1.13) 
Stroke: 14/853 (2%) vs. 
21/893 (2%); RR 0.70 (95% 
CI 0.36 to 1.36); AHR 0.70 
(95% CI 0.36 to 1.38) 
CVD events: 46/853 (5%) vs. 
68/893 (8%); RR 0.71 (95% 
CI 0.49 to 1.02); AHR 0.71 
(95% CI 0.49 to 1.03) 
Cerebral infarction: 9/853 
(1%) vs. 18/893 (2%); RR 
0.52 (95%CI 0.24 to 1.16); 
AHR 0.52 (95% CI 0.23 to 
1.16) 
A vs. B (IFG group)* 
All-cause mortality: 4/240 
(2%) vs. 1/224 (0.4%); RR 
4.07 (95% CI 0.46 to 36); 
AHR 4.36 (95% CI 0.49 to 

NR NR Fair NR 
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Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

39) 
CHD: 6/240 (3%) vs. 7/224 
(3%); RR 0.87 (95% CI 0.30 
to 2.56); AHR 0.89 (95% CI 
0.30 to 2.66) 
Stroke: 0/240 (0%) vs. 4/224 
(2%); RR 0.10 (95% CI 0.006 
to 1.92); AHR not estimated 
CVD events: 6/240 (3%) vs. 
12/224 (5%); RR 0.47 (95% 
CI 0.18 to 1.22); AHR 0.52 
(95% CI 0.20 to 1.39) 
Cerebral infarction: 0/240 
(0%) vs. 4/224 (2%); RR 0.10 
(95% CI 0.006 to 1.92); AHR 
not estimated 
A vs. B (Normal glucose 
group - Contextual 
Question 2)* 
All-cause mortality: 23/2773 
(0.8%) vs. 37/2849 (1%); RR 
0.64 (95% CI 0.38 to 1.07); 
AHR 0.65 (95% CI 0.39 to 
1.10) 
CHD: 22/2773 (0.8%) vs. 
35/2849 (1%); RR 0.65 (95% 
CI 0.38 to 1.10); AHR 0.65 
(95% CI 0.38 to 1.11) 
Stroke: 24/2773 (0.9%) vs. 
36/2849 (1%); RR 0.68 (95% 
CI 0.41 to 1.15); AHR 0.70 
(95% CI 0.47 to 1.17) 
CVD events: 50/2772 (2%) 
vs. 73/2849 (3%); RR 0.70 
(95% CI 0.49 to 1.01); AHR 
0.71 (95% CI 0.50 to 1.02) 
Cerebral infarction: 16/2773 
(0.6%) vs. 23/2849 (0.8%); 
RR 0.71 (95% CI 0.38 to 
1.35); AHR 0.73 (95% CI 
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0.38 to1.37) 
SANDS 
Howard, 
2008152 
SANDS 

Cardiovascular events 
(fatal and nonfatal CVD 
events, nonfatal MI, 
nonfatal stroke, 
unstable angina, 
revascularization)  

A vs. B 
Incidence of primary CV 
events: 11/252 (4%) vs. 
8/247 (3%); RR 1.35 (95% CI 
0.55 to 3.29) 
Incidence of other CV 
events: 1/252 (0.4%) vs. 
3/247 (1%); RR 0.33 (95% CI 
0.03 to 3.12) 
Non-CV death: 2/252 (0.8%) 
vs. 4/247 (2%); RR 0.49 
(95% CI 0.09 to 2.65) 

NR A vs. B 
Any adverse 
event: 38.5% 
(97/252) vs. 
26.7% (66/247); 
RR 1.44, 95% CI 
1.11 to 1.87 
Any serious 
adverse event: 
26.6% (67/252) 
vs. 15.4% 
(38/247); RR 
1.73, 95% CI 
1.21 to 2.47 

Good National Heart, Lung, 
and Blood Institute; 
National Institutes of 
Health; First Horizon 
Pharmacy; Merck and 
Co; and Prizer 

No benefit on 
clinical health 
outcomes; Adverse 
events more 
common in intensive 
group 

STENO-2 
Gaede, 2008153 
Steno-2 

All-cause mortality, 
cardiovascular 
morbidity and mortality, 
amputation, 
nephropathy, 
retinopathy, autonomic 
neuropathy, peripheral 
neuropathy 

A vs. B 
All-cause mortality: 24/80 
(30%) vs. 40/80 (50%); ARR 
20% (p=0.02); HR 0.54 (95% 
CI 0.32 to 0.89); RR 0.60 
(95% CI 0.40 to 0.90) 
CV mortality: 9/80 (11%) vs. 
19/80 (24%); HR 0.43 (95% 
CI 0.19 to 0.94); Adjusted HR 
0.43 (95% CI 0.19 to 0.95); 
RR 0.47 (95% CI 0.23 to 
0.98) 
Any CV event: 51 events in 
25 patients vs. 158 events in 
48 patients; ARR 29%, HR 
0.41 (95% CI 0.25 to 0.67) 
MI: 8/80 (10%) vs. 21/80 
(26%); RR 0.38 (95% CI 0.18 
to 0.81) 
Stroke: 6/80 (8%) vs. 18/80 
(23%); RR 0.33 (95% CI 0.14 
to 0.80) 
Revascularization: 6/80 (8%) 

NR A vs. B 
Symptomatic 
hypoglycemia: 
80% (64/80) vs. 
70% (56/80); RR 
1.14, 95% CI 
0.95 to 1.37 
Major 
hypoglycemic 
episodes: 13% 
(10/80) vs. 17% 
(14/80); RR 0.71, 
95% CI 0.34 to 
1.51 

Good Danish Health 
Research Council 

Many significant 
benefits; All patients 
counseled at the 
end of the treatment 
period about the 
benefits of intensive 
intervention 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

vs. 10/80 (13%); RR 0.60 
(95% CI 0.23 to 1.57) 
Amputation: 6/80 (8%) vs. 
14/80 (18%); RR 0.43 (95% 
CI 0.17 to 1.06)  
Nephropathy: 20/80 (25%) 
vs. 37/80 (46%); RR 0.44 
(95% CI 0.25 to 0.77) 
Retinopathy: 41/80 (51%) vs. 
54/80 (68%); RR 0.57 (95% 
CI 0.37 to 0.88) 
Blindness in at least one eye: 
2/80 (3%) vs. 7/80 (9%); RR 
0.51 (95% CI 0.17 to 1.53) 
Autonomic neuropathy: 39/80 
(49%) vs. 52/80 (65%); RR 
0.53 (95% CI 0.34 to 0.81) 
Peripheral neuropathy: 44/80 
(55%) vs. 46/80 (58%); RR 
0.97 (95% CI 0.62 to 1.51) 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

UKPDS 
Holman 
2008155 
UKPDS  

All-cause mortality 
Diabetes-related 
endpoint (sudden 
death, death from 
hyperglycemia or 
hypoglycemia, fatal or 
nonfatal MI, angina, 
heart failure, fatal or 
nonfatal stroke, renal 
failure, amputation, 
vitreous hemorrhage, 
retinal 
photocoagulation, 
blindness in one eye, 
cataract extraction) 
Diabetes-related death 
(fatal MI, stroke, 
peripheral vascular 
disease, renal disease, 
hyperglycemia, 
hypoglycemia or 
sudden death) 
Fatal or nonfatal stroke 
Peripheral vascular 
disease (amputation of 
at least one digit or 
death from peripheral 
vascular disease) 
Microvascular disease 
(vitreous hemorrhage, 
retinal 
photocoagulation, renal 
failure) 
All-cause mortality 
Diabetes-related 
endpoint (sudden 
death, death from 
hyperglycemia or 

A vs. B 
All-cause mortality: 373/758 
(49%) vs. 211/390 (54%); RR 
0.89 (95% CI 0.75 to 1.06) 
Diabetes-related death: 
203/758 (27%) vs. 122/390 
(31%); RR 0.84 (95% CI 0.67 
to 1.05) 
Any diabetes-related 
endpoint: 466/758 (61%) vs. 
248/390 (64%); RR 0.93 
(95% CI 0.80 to 1.09) 
MI: 205/758 (27%) vs. 
115/390 (29%); RR 0.90 
(95% CI 0.71 to 1.13) 
Stroke: 90/758 (12%) vs. 
58/390 (15%); RR 0.77 (95% 
CI 0.55 to 1.07) 
Peripheral vascular disease: 
21/758 (3%) vs. 21/390 (5%); 
RR 0.50 (95% CI 0.28 to 
0.92) 
Microvascular disease: 
141/758 (19%) vs. 82/390 
(21%); RR 0.84 (95% CI 0.64 
to 1.10) 
A vs. C 
All-cause mortality: 
1162/2729 (43%) vs. 
537/1138 (47%); Risk Ratio 
0.87 (95% CI 9.79 to 0.96) 
Diabetes-related death: 
618/2729 (23%) vs. 
297/1138 (26%); Risk Ratio 
0.83 (95% CI 0.73 to 0.96) 
Any diabetes-related 
endpoint: 1571/2729 (58%) 
vs. 686/1138 (60%); Risk 

NR NR Good UK Medical Research 
Council, UK 
Department of Health, 
Diabetes UK, British 
Heart Foundation, 
Bristol Meyers Squibb, 
GlaxoSmithKline, 
Merck, Novartis, Novo 
Nordisk, Pfizer 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

hypoglycemia, fatal or 
nonfatal MI, angina, 
heart failure, fatal or 
nonfatal stroke, renal 
failure, amputation, 
vitreous hemorrhage, 
retinal 
photocoagulation, 
blindness in one eye, 
cataract extraction) 
Diabetes-related death 
(fatal MI, stroke, 
peripheral vascular 
disease, renal disease, 
hyperglycemia, 
hypoglycemia or 
sudden death) 
Fatal or nonfatal stroke 
Peripheral vascular 
disease (amputation of 
at least one digit or 
death from peripheral 
vascular disease) 
Microvascular disease 
(vitreous hemorrhage, 
retinal 
photocoagulation, renal 
failure) 

Ratio 0.91 (95% CI 0.83 to 
0.99) 
MI: 678/2729 (25%) vs. 
319/1138 (28%); Risk Ratio 
0.85 (95% CI 0.74 to 0.97) 
Stroke: 260/2729 (10%) vs. 
116/1138 (10%); Risk Ratio 
0.91 (95% CI 0.73 to 1.13) 
Peripheral vascular disease: 
83/2729 (3%) vs. 40/1138 
(4%); Risk Ratio 0.82 (95% 
CI 0.56 to 1.19) 
Microvascular disease: 
429/2729 (16%) vs. 
222/1138 (20%); Risk Ratio 
0.76 (95% CI 0.64 to 0.89) 
B vs. C 
All-cause mortality: 152/342 
(44%) vs. 217/411 (53%); 
Risk Ratio 0.73 (95% CI 0.59 
to 0.89) 
Diabetes-related death: 
81/342 (24%) vs. 120/411 
(29%); Risk Ratio 0.70 (95% 
CI 0.52 to 0.92) 
Any diabetes-related 
endpoint: 209/342 (61%) vs. 
262/411 (64%); Risk Ratio 
0.79 (95% CI 0.66 to 0.95) 
MI: 81/342 (24%) vs. 
126/411 (31%); Risk Ratio 
0.67 (95% CI 0.51 to 0.89) 
Stroke: 34/342 (10%) vs. 
42/411 (10%); Risk Ratio 
0.80 (95% CI 0.50 to 1.27) 
Peripheral vascular disease: 
13/342 (4%) vs. 21/411 (5%); 
Risk Ratio 0.63 (95% CI 0.32 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

to 1.27)    
Microvascular disease: 
66/342 (19%) vs. 78/411 
(19%); Risk Ratio 0.84 (95% 
CI 0.60 to 1.17) 
A and B vs. C 
All-cause mortality: 
1314/3071 (43%) vs. 
754/1549 (49%); RR 0.88 
(95% CI 0.82 to 0.94) 
Diabetes-related death: 
699/3071 (23%) vs. 
417/1549 (27%); RR 0.85 
(95% CI 0.76 to 0.94) 
Any diabetes-related 
endpoint: 1780/3071 (58%) 
vs. 948/1549 (61%); RR 0.95 
(95% CI 0.90 to 0.995) 
MI: 759/3071 (25%) vs. 
445/1549 (29%); RR 0.86 
(95% CI 0.78 to 0.95) 
Stroke: 294/3071 (10%) vs. 
158/1549 (10%); RR 0.94 
(95% CI 0.78 to 1.13) 
Peripheral vascular disease: 
96/3071 (3%) vs. 61/1549 
(4%); RR 0.79 (95% CI 0.58 
to 1.09) 
Microvascular disease: 
495/3071 (16%) vs. 
300/1549 (19%); RR 0.83 
(95% CI 0.73 to 0.95) 
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Appendix B10. Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use in Persons With DM Not 
Specifically Screen-Detected 

Author Year 
Study Name Outcomes Assessed Clinical Health Outcomes Subgroups Adverse Events 

Quality 
Rating Funding Source Comments 

VADT 
Duckworth, 
2009156 
VADT 

Cardiovascular 
morbidity and mortality, 
retinopathy, neuropathy 

A vs. B 
All-cause mortality: 102/892 
(11%) vs. 95/899 (11%); HR 
1.07 (95% CI 0.81 to 1.42) 
CV mortality: 40/892 (5%) vs. 
33/899 (4%); HR 1.32 (95% 
CI 0.81 to 2.14) 
Neoplastic mortality: 24/892 
(3%) vs. 21/899 (2%); RR 
1.15 (95% CI 0.65 to 2.05) 
Non-CV, non-neoplastic 
mortality: 38/892 (4%) vs. 
41/899 (5%); RR 0.93 (95% 
CI 0.61 to 1.44) 
Sudden death: 11/892 (1%) 
vs. 4/899 (0.4%); RR 2.77 
(95% CI 0.89 to 8.67) 
Incident retinopathy: 54/128 
(42%) vs. 66/135 (49%); RR 
0.86 (95% CI 0.66 to 1.13) 
Any increase in albuminuria: 
63/693 (9%) vs. 97/703 
(14%); RR 0.66 (95% CI 0.49 
to 0.89) 
Any incident neuropathy: 
202/464 (44%) vs. 218/498 
(44%); RR 0.99 (95% CI 0.86 
to 1.15) 

NR A vs. B 
Any serious 
adverse event: 
24.1% (215/892) 
vs. 17.6% 
(158/899); RR 
1.37, 95% CI 
1.14 to 1.65 
Hypoglycemia: 
11.0% (98/892) 
vs. 7.2% 
(65/899); RR 
1.52, 95% CI 
1.13 to 2.05 
Withdrawal due 
to adverse event: 
0.8% (7/892) vs. 
0.3% (3/899); RR 
2.35, 95% CI 
0.61 to 9.07 

Good Department of 
Veterans Affairs Office 
of Research and 
Development; National 
Institutes of Health; 
American Diabetes 
Association; Roche 
Pharmaceuticals; 
GlaxoSmithKline; 
sanofi-aventis; Amylin; 
Novo Nordisk; Roche 
Diagnostics; Kos 
Pharmaceuticals; 
Takeda 
Pharmaceuticals 

  

Abbreviations: ACCORD = Action to Control Cardiovascular risk in Diabetes; ADVANCE =The Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release 
Controlled Evaluation; AE=adverse event; AHR = aryl hydrocarbon receptor; BMI = body mass index; BP = blood pressure; CAD = coronary artery disease; CDC = Centers for 
Disease Control and Prevention; CHD = coronary heart disease; CHF = coronary heart failure; CI = confidence interval; CKD = chronic kidney disease; CV = cardiovascular; CVD = 
cardiovascular disease; DBP = diastolic blood pressure; DSC = diabetes self-care; DTSQ = diabetes treatment satisfaction questionnaire; GI = gastrointestinal ; HbA1c = glycated 
hemoglobin; HDL = high density lipoprotein; HR = hazard ratio; HRQL = health-related quality of life; HRQOL = health-related quality of life; IFG = impaired fasting glucose; JEDIT = 
The Japanese elderly Diabetes Intervention Trial; JPAD = Japanese Primary Prevention of Atherosclerosis With Aspirin for Diabetes; LDL = low density lipoprotein; LVH = left 
ventricular hypertrophy; MEGA = Management of Elevated Cholesterol in the Primary Prevention Group of Adult Japanese ;MI = myocardial infraction; mm Hg = millimeters of 
mercury; NHLBI = National Heart, Lung and Blood Institute; OR = odds ratio; RCT = randomized, controlled trial; RR = relative risk; SANDS=Stop Atherosclerosis in Native Diabetics 
Study; SBP = systolic blood pressure; TC = total cholesterol; TIA = transient ischemic attack; UK = United Kingdom; UKPDS = United Kingdom Prospective Diabetes Study; US = 
United States; VADT = Veterans Affairs Diabetes Trial; WHO = World Health Organization. 
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Appendix B11. Quality Assessment of Trials of More Versus Less Intensive Glucose, Blood Pressure, Lipid Control, or Aspirin Use 

Study Name 
Randomization 

Adequate?  

Allocation 
Concealment 

Adequate? 

Groups 
Similar at 
Baseline? 

Eligibility 
Criteria 

Specified? 

Outcome 
Assessors 
Masked? 

Care 
Provider 
Masked? 

Patient 
Masked? 

Attrition and 
Withdrawals 
Reported? 

Loss to 
Followup: 

Differential/ 
High? 

Analyze 
People in the 

Groups in 
Which They 

Were 
Randomized? 

Quality 
Rating 

ADDITION68 Unclear Unclear Yes Yes Unclear No Yes Yes No/No Yes Fair 
ACCORD 2008 
(including 
substudies)79,127-

129,139-144,174 

Yes Yes Yes Yes Yes Yes-lipid 
trial 
No- blood 
pressure 
trial 

Yes-lipid 
trial 
No- blood 
pressure 
trial 

Yes- 
intervention 

period 

No/No Yes Good 

ADVANCE 
200780,126,130,145-

147 

Yes Yes Yes Yes Yes Yes Yes Yes No/No Yes Good 

JEDIT148 Unclear Unclear Yes Yes Unclear No No Yes No/No Yes Fair 
JPAD149,150 Yes No Yes Yes Yes No No Yes No/No Yes Fair 
MEGA 200684,151 Yes Unclear Yes Yes Unclear No No Yes No/No Yes Fair 
SANDS 2008152 Yes Unclear Yes Yes Yes No No Yes No/No Yes Good 
Steno-2 
2008153 

Yes Yes Yes Yes Yes No No Yes No/No Yes Good 

UKPDS 
1998154,155 

Yes Yes Yes Yes Yes No No Yes No/No Yes Good 

VADT 2009156 Yes Yes Yes Yes Yes No No Yes No/No Yes Good 
Abbreviations: ADDITION = The Anglo-Danish-Dutch Study of Intensive Treatment In People With Screen-Detected Diabetes; ACCORD = Action to Control Cardiovascular Risk in 
Diabetes;  ADVANCE = Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation; JEDIT = The Japanese Elderly Diabetes 
Intervention Trial; JPAD = Japanese Primary Prevention of Atherosclerosis With Aspirin for Diabetes;  UKPDS = United Kingdom Prospective Diabetes Study; VADT = Veterans Affairs 
Diabetes Trial. 
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Appendix B12. Summary of Trials of Intensive Glucose Control Included in Systematic Reviews 

Trials 

Systematic Reviews 
Coca 

2012116 
(7 studies)a 

Hemmingsen 
2012115  

(20 studies) 

Boussageon 
2011118 

(11 studies)a 

Castagno 
2011119 

(7 studies) 

Hemmingsen 
2011117 

(14 studies) 
Kelly 2009121 
(5 studies)a 

Ma 2009123  
(8 studies) 

Wu 2010120 
(6 studies)a 

Ray 2009122 
(5 studies) 

Mannucci 2009124 
(5 studies) 

ACCORD 
2008 

x x x x x x x x x x 

ADVANCE 
2008 

x x x x x x x x x x 

Bagg 2001    x     x           
Becker 
2003  

  x     x           

Dargie 
2007 

    x               

DIGAMI 2 
2005 

  x                 

Guo 2008    x                 
IDA 2009   x     x           
HOME 
2009 

    x               

Jaber 
1996 

  x     x           

Kumamoto 
2000 

x x x   x   x x     

Lu 2010    x     x           
Melidonis 
2000 

  x                 

PROActive 
2005 

    x x     x   x x 

RECORD 
2009 

      x             

REMBO 
2008 

  x     x           

Service 
1983 

  x     x           

Stefanidis 
2003 

  x                 

Steno-2 
2008 

  x         x       

UGDP 
1975 

  x x   x           

UKPDS 
1998 

x x x x x x x x x x 

VA CSDM 
1995 

x x x x x   x x     
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Appendix B12. Summary of Trials of Intensive Glucose Control Included in Systematic Reviews 

Trials 

Systematic Reviews 
Coca 

2012116 
(7 studies)a 

Hemmingsen 
2012115  

(20 studies) 

Boussageon 
2011118 

(11 studies)a 

Castagno 
2011119 

(7 studies) 

Hemmingsen 
2011117 

(14 studies) 
Kelly 2009121 
(5 studies)a 

Ma 2009123  
(8 studies) 

Wu 2010120 
(6 studies)a 

Ray 2009122 
(5 studies) 

Mannucci 2009124 
(5 studies) 

VADT 
2009 

x x x x x x x x x x 

Yang 2007   x                 
aResults from multiple publications analyzed separately. 
 
Abbreviations: ACCORD = Action to Control Cardiovascular risk in Diabetes;  ADVANCE = Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release 
Controlled Evaluation;  DIGAMI =The Diabetes and Insulin-Glucose Infusion in Acute Myocardial Infarction;  IDA = International Diabetes Atlas; HOME = Hyperinsulinaema: the 
Outcome of Its Metabolic Effects; ProActive = The Prospective Pioglitazone Clinical Trial in Macrovascular Events;  RECORD = Rosiglitazone Evaluated for Cardiac Outcomes and 
Regulation of Glycaemia in Diabetes; REMBO = rational effective multicomponent therapy; UGDP = University Group Diabetes Program;  UKPDS = United Kingdom Prospective 
Diabetes Study; VA CSDM = Veterans Affairs Cooperative Study in Diabetes Mellitus;  VADT = Veterans Affairs Diabetes Trial. 

Screening for Type 2 Diabetes Mellitus  216 Pacific Northwest EPC 



Appendix B13. Studies of Interventions to Prevent or Delay Progression to DM 

Author, Year 
Study Name Study Design 

No. of Centers, 
Country Interventions 

Study Duration 
Mean Followup Baseline Demographics 

Inclusion and Exclusion 
Criteria 

Armato, 2012165 Prospective 
cohort 

Single center 
United States 

A. Pioglitazone 15 mg/day 
and metformin 850 mg/day 
(n=40) 
B. Pioglitazone 15 mg/day, 
metformin 850 mg/day, and 
exenatide 10 mcg/twice 
daily (n=47) 
C. Lifestyle counseling, 
including weight loss 7% 
over 3 months, diet 
information, walking 30 
minutes per day 7 days per 
week (n=18) 

A vs. B vs. C 
Mean followup: 
6.9 vs. 5.5 vs. 
8.9 months 

A vs. B vs. C 
Mean age: 62 vs. 56 vs. 61 
years; p=0.03 
Female sex: 28% vs. 43% vs. 
39% 
Race: 82.5% white, 2.5% 
black, 15% other vs. 83% 
white, 2.1% black, 14.9% 
other vs. 100% white 
Mean BMI: 27.0 vs. 29.7 vs. 
27.5 
HbA1c: 5.8 vs. 5.7 vs. 5.6 

Patients with IFG or IGT 
Exclude: Patients with 
normal insulin sensitivity 
and normal cell function 
(patients with normal 
insulin sensitivity  plus 
moderate reduction in cell 
function or normal cell 
function plus moderate 
reduction in insulin 
sensitivity were not offered 
pharmacotherapy) 
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Appendix B13. Studies of Interventions to Prevent or Delay Progression to DM 

Author, Year 
Study Name Study Design 

No. of Centers, 
Country Interventions 

Study Duration 
Mean Followup Baseline Demographics 

Inclusion and Exclusion 
Criteria 

DeFronzo, 
201198 

ACT NOW 

RCT 8 centers 
United States 

A. Pioglitazone 30 mg/day 
for one month, increased to 
45 mg/day (n=303) 
B. Placebo (n=299) 

Median followup: 
2.4 years 

A vs. B 
Mean age: 53 vs. 52 years 
Female sex: 58% vs. 58% 
Race: 51% White, 26% 
Hispanic, 19% Black, 3% 
other vs. 57% White, 25% 
Hispanic, 15% Black, 3% 
other 
Mean BMI: 33.0 vs. 34.5 
Mean HbA1c: 5.5 vs. 5.5 

Patients age ≥18 years with 
impaired glucose tolerance 
(fasting plasma glucose 95 
to 125 mg/dL), BMI >25, 
and ≥1 other risk factors for 
diabetes 
Exclude: Diabetes; previous 
treatment with 
thiazolidinedione (ever), 
metformin (within 1 year 
prior to randomization), or 
sulfonylureas, meglitinide, 
alpha glucosidase inhibitors  
or insulin for >1 week within 
prior year or within 3 
months prior to 
randomization; 
cardiovascular disease, 
hospitalization for treatment  
of heart disease or stroke in 
past 6 months; NYHA class 
>2; left bundle branch block 
or 3rd-degree AV block; 
aortic stenosis; SBP >180 
mmHg or DBP >105 mmHg  
renal disease; anemia; 
hepatitis; gastrointestinal 
disease; recent or 
significant abdominal 
surgery; pulmonary disease 
with dependence on oxygen 
or daily use of 
bronchodilators; chronic 
infection; weight loss >10% 
of body weight in past  
6 months; current or 
anticipated pregnancy; 
major psychotic disorders; 
excessive alcohol intake; 
thyroid disease; other 
endocrine disorders; fasting 
plasma triglyceride >400 
mg/dL; history of bladder 
cancer 
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Appendix B13. Studies of Interventions to Prevent or Delay Progression to DM 

Author, Year 
Study Name Study Design 

No. of Centers, 
Country Interventions 

Study Duration 
Mean Followup Baseline Demographics 

Inclusion and Exclusion 
Criteria 

Katula, 2013172 RCT Community setting 
United States 

A. Intensive lifestyle 
intervention (n=151) 
B. Usual care (n=150) 

Treatment 
duration: 24 
months 

A vs. B 
Mean age: 57.3 vs. 58.5 
years 
Female sex: 58% vs. 57% 
Race: 73.5% White, 25.8% 
Black, 0.7% other vs. 74% 
White, 23.3% Black, 2.7% 
other 
Mean BMI: 32.8 vs. 32.6 

Overweight or obese 
patients with impaired 
fasting glucose 
Exclude: diabetes, CVD 
within past 6 months, 
uncontrolled hypertension, 
pregnancy, chronic use of 
medication likely to affect 
glucose metabolism, 
chronic disease likely to 
limit life span to <2-3 years 

Kawamori, 
2009101 

RCT 103 centers 
Japan 

A. Voglibose 0.2 mg/day 
(n=897) 
B. Placebo (n=881) 

Study duration: 
5 years 
Mean followup: 
3 years 

A vs. B 
Mean age 55.7 
vs. 55.7 years 
Female sex: 40% vs. 40% 
Race: NR 

Ages 30-70, FPG <6.9 
mmol/L,  2hr OGTT 7.8-
11.0 mmol/L, hbA1c <6.5, 
and one RF from 
metabolic syndrome or 
FHx 
Exclude: diabetes and 
disease likely to impair GT 

Li, 2008102 
See also: Li, 
2014110 
Da Qing 

RCT (cluster) 33 centers 
China 

A. Combined lifestyle, diet, 
or lifestyle + diet  
diet interventions: increase 
vegetable intake and lose 
weight by decreasing 
calories from sugar and 
alcohol; increase leisure 
time and physical activity 
(n=438) 
B. Control (n=138) 

20 year followup 
of Da Qing study 
Mean followup: 
9.4 years 
intervention 
weekly for 1m, 
monthly for 3 m 
and every 
3months after tha  
for remainder of 
the study (6 
years) 

A vs. B 
Mean age: 45 vs. 47 years 
Female sex: 47% vs. 43% 
Race: NR 
Mean BMI: 25.7 vs. 26.2 

Patients aged >25 years, 
with IGT 
Exclude: NR 

Lindalhl, 2009171 

VIP 
RCT Single center 

Sweden 
A. Intensive lifestyle 
intervention (n=83) 
B. Usual care (n=85) 

Treatment 
duration: 1 year 
Followup: 5 
years 

A vs. B 
Mean age: 52 vs. 54 years 
Female sex: 70% vs. 61% 
Race: NR 
Mean BMI: 31.2 vs. 30.2 

Patients with IGT and BMI 
>27 
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Author, Year 
Study Name Study Design 

No. of Centers, 
Country Interventions 

Study Duration 
Mean Followup Baseline Demographics 

Inclusion and Exclusion 
Criteria 

Lindblad, 
2011168 

RCT 23 centers 
Sweden 

A. Glimepiride 1 mg/day 
(n=136) 
B. Placebo (n=138) 

Mean followup: 
3.7 years 

A vs. B 
Mean age: 60.4 vs. 59.6 
years 
Female sex: 35.3% vs. 
45.7% 
Race: NR 
Mean BMI: 29.9 vs. 29.6 
Mean HbA1c: 4.9 vs. 4.9 

Patients aged 40-70 years 
with IFG 
Exclude: MI or stroke 
during previous 12 
months, heart failure, 
endocrine disease or other 
disease that would hamper 
participation 

Lu, 2011166 RCT 4 communities 
China 

A. IGT - acarbose 50 mg/3 
times daily; IFG or IGT/IFG - 
metformin 250 mg/3 times 
daily; antihypertensive 
agents, antidyslipidemia 
agents, and aspirin  (n=95) 
B. Control - health/diabetic 
education once a month 
(n=86) 

2 years A vs. B 
Mean age: 62 vs. 65 years 
Female sex: 47% vs. 48% 
Race: NR 
Mean BMI: 27.1 vs. 26.9 
HbA1c: 5.9 vs. 6.0 

Patients aged 40 to 80 
years, BMI >19, with 
impaired glucose 
regulation (IFG/IGT) 
Exclude: Pregnant or 
lactating women, women 
of childbearing age not 
using contraception, 
previous diabetes 
diagnosis, major 
debilitating disease, any 
major cardiovascular event 
within the prior 6 months, 
treatment with systemic 
glucocorticoids in the prior 
3 months, emotional 
disorders, or substance 
abuse disorder 

NAVIGATOR, 
2010103 

RCT 806 centers 
40 countries 

A. Nateglinide 60 mg/3 
times daily (n=4645) 
B. Placebo (n=4661) 
 
*Patients also randomized in 
2x2 factorial design to 
receive valsartan or placebo 

Median followup: 
5.0 years 

A vs. B 
Mean age: 64 vs. 64 years 
Female sex: 51% vs. 50% 
Race: 83% White, 2.6% 
Black, 6.7% Asian, 7.8% 
other vs. 83.2% White, 2.5% 
Black, 6.5% Asian, 7.8% 
other 
Mean BMI: 30.5 vs. 30.5 
HbA1c: 5.8 vs. 5.8 

Patients with IGT, fasting 
plasma glucose between 
95 and 126 mg/dL, and 
one or more 
cardiovascular risk factor 
or known cardiovascular 
disease (for subjects aged 
>55 years) 
Exclude: Patients who had 
taken antidiabetic 
medication in the prior 5 
years, had abnormal 
laboratory test results, or 
had concominant 
conditions that could 
interfere with assessment 
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Author, Year 
Study Name Study Design 

No. of Centers, 
Country Interventions 

Study Duration 
Mean Followup Baseline Demographics 

Inclusion and Exclusion 
Criteria 

NAVIGATOR, 
2010104 

RCT 806 centers 
40 countries 

A. Valsartan 160 mg/once 
daily (n=4631) 
B. Placebo (n=4675) 
 
*Patients also randomized in 
2x2 factorial design to 
receive nateglinide or 
placebo 

Median followup: 
5.0 years 

A vs. B 
Mean age: 64 vs. 64 years 
Female sex: 50% vs. 51% 
Race: 83.1% White, 2.4% 
Black, 6.4% Asian, 8.0% 
other vs. 83.1% White, 2.6% 
Black, 6.7% Asian, 7.5% 
other 
Mean BMI: 30.4 vs. 30.6 
HbA1c: 5.8 vs. 5.8 

Patients with IGT, fasting 
plasma glucose between 
95 and 126 mg/dL, and 
one or more 
cardiovascular risk factor 
or known cardiovascular 
disease (for subjects aged 
>55 years) 
Exclude: Patients who had 
taken antidiabetic 
medication in the prior 5 
years, had abnormal 
laboratory test results, or 
had concominant 
conditions that could 
interfere with assessment 

Nijpels, 2008105 
DAISI 

RCT Single center 
The Netherlands 

A. Acarbose 50 mg/3 times 
daily (n=60) 
B. Placebo (n=58) 

3 years and one 
month 

A vs. B 
Mean age: 59 vs. 57 years 
Female sex: 49% vs. 50% 
Race: NR 
Mean BMI: 28.4 vs. 29.5 
HbA1c: 5.9 vs. 5.6 

Patients aged 45 to 70 
years, with fasting plasma 
glucose >7.8 mmol/L, a 2-
hour plasma glucose of 
8.6-11.1 mmol/L, and 
HbA1c <7.0 
Exclude: Patients who 
failed to complete the 6-
week qualification period, 
in which acarbose doses 
were up-titrated over three 
weeks to 50 mg/three 
times daily and maintained 
for three weeks 

Penn, 2009169 
EDIPS 

RCT Single center 
United Kingdom 

A. Biweekly sessions for 1 
month and monthly for 3 
months, and every 3m for 
up to 5 years; Motivational 
interview from dietician and 
physiotherapist with 
quarterly newsletter and 
advice to target >50% 
energy from carbohydrate 
(n=51) 
B. One session of health 
promotion advice (n=51) 

Study duration: 
5 years 
Median followup: 
3.1 yrs 

A vs. B 
Mean age: 56.8 vs. 57.4 
years  
Female sex: 59% vs. 61%  
Race: NR 

IGT 7.8mmol/l-11.1, age 
>40, BMI>25 
Exclude: diabetes, chronic 
illness, and impaired 
physical activity , or 
inability to participate in 
special diet for medical 
reasons 
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Author, Year 
Study Name Study Design 

No. of Centers, 
Country Interventions 

Study Duration 
Mean Followup Baseline Demographics 

Inclusion and Exclusion 
Criteria 

Ramachandran, 
2009106 
IDPP-2 

RCT Community/occupational 
setting 
India 

A. Pioglitazone (n=181) 
B. Placebo (n=186) 

Mean follow up: 
3 years  

A vs. B 
Mean age 45.1 vs. 45.5 
Female sex: 13% vs. 14% 
Race:NR 

Ages 35-55, IGT 7.8-11.1 
mmol/L 
Exclude: coronary artery 
disease, stroke history, 
major Q wave abnormality, 
liver disorders, kidney 
disorders 

Rasmussen,   
2008167 
ADDITION 

RCT (cluster) Multicenter (number NR) 
Denmark 

A. Intensive management, 
including lifestyle advice, 
aspirin, drug treatment of 
blood glucose, blood 
pressure, and lipids 
according to strict targets 
(n=865)   
B. Standard care (n=645) 

3 years A vs. B 
IFG 
Mean age: 60 vs. 60 years 
Female sex: 43% vs. 43% 
Race: NR 
Mean BMI: 29.1 vs. 29.1 
IGT 
Mean age: 61 vs. 61 years 
Female sex: 53% vs. 60% 
Race: NR 
Mean BMI: 29.5 vs. 29.8 

Patients with IGT or IFG, 
aged 40 to 69 years who 
were high risk based on a 
self-administered 
questionnaire 
Exclude: Patients with 
severe concurrent illnesses  
alcohol abuse, or who 
moved to general practices 
not participating in the study 

Saito, 2011107 RCT 38 hospitals and clinic 
centers in Zensharen, 
Japan 

A. Individual session and 
goal to decrease BW by 5% 
with follow up at 1, 3, 6, 12, 
18, 24, 30, and 36 months 
(n=330) 
B. One session advise to 
reduce BW by 5% (n=311) 

Study duration: 
3 years 
Mean followup: 
2.7 years 

A vs. B 
Mean age: 50 vs. 48  
Female sex: 28% vs. 29%  
Race: NR 

FPG 100-125 mg/dL, BMI 
>24, age 30-60 
Exclude: diabetes, ischemic 
heart disease, stroke, 
chronic hepatitis, liver 
cirrhosis, chronic 
pancreatitis, chronic 
nephritis, pituitary disease, 
thyroid disease, adrenal 
gland disease, mental 
illness, gastrectomy, 
advanced malignant tumor 

Sakane, 
2011170 
JDPP 

RCT 32 community health & 
company clinics 
Japan 

A. Individual and group 
sessions: 4 group sessions 
lasting 2-3 hrs, biannual 
individual session lasting 
20-40 min (n=146) 
B. One group session 
(n=150) 

Study duration: 
3 years (mean 
or median 
followup NR) 

A vs. B 
Mean age: 51 years 
Female sex: 50% vs. 49%  
Race: NR 

IGT, age 30-60 
Exclude: Diabetes, 
gastrectomy, ischemic hear  
disease, definitive liver and 
kidney disease, 
autoimmune disease, heavy 
alcohol use, already 
adopting life style 
modification  
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Author, Year 
Study Name Study Design 

No. of Centers, 
Country Interventions 

Study Duration 
Mean Followup Baseline Demographics 

Inclusion and Exclusion 
Criteria 

Zinman, 2010109 
CANOE 

RCT 2 centers 
Canada 

A. Metformin 500 mg plus 
rosiglitazone 2 mg/twice 
daily as a fixed dose 
combination (n=103) 
B. Placebo (n=104) 

Median followup: 
3.9 years 

A vs. B 
Mean age: 50 vs. 55 years 
Female sex: 65% vs. 68% 
Race: 74.8% White, 7.8% 
South Asian, 6.8% Latino, 
10.7% other vs. 74% White, 
6.8% South Asian, 6.7% 
Latino, 12.5% other 
Mean BMI: 31.3 vs. 32.0 

Residents of Ontario, 
Canada, age 30-75 years 
(18-75 years for those of 
Canadian native ancestry), 
with ≥1 risk factor for 
diabetes, diagnosed with 
IGT based on fasting 
plasma glucose test and 
OGTT 
Exclude: Current use of 
metformin or rosiglitazone, 
previous use of an anti-
diabetes medication (excep   
to treat gestational 
diabetes), significant 
hepatic disease, or renal 
dysfunction 
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Author, Year 
Study Name 

Number 
Screened, 

Eligible, Enrolled, 
Analyzed, 

Withdrawals,  
Loss to Followup Definition of Diabetes 

Progression to 
Diabetes Adverse Events 

Quality 
Rating Funding Source 

Armato, 2012165 Screened: 630 
Eligible: 181 
Enrolled: 105 
Analyzed: 105 

OGTT, using ADA criteria A vs. B vs. C 
Incidence: 0 vs. 0 vs. 
5.6% (1/18); A vs. C, 
RR 0.15, 95% CI 0.01 
to 3.62; B vs. C, RR 
0.13, 95% CI 0.01 to 
3.10 

NR Fair Providence Little Company 

DeFronzo, 
201198 

ACT NOW 

Screened: 1827 
Eligible: NR 
Enrolled: 602 
Analyzed:  
A vs. B  
Withdrawal: 29.7% 
(90/303)  vs. 
23.7% (71/299) 
Loss to followup: 
9.2% (28/303) vs. 
7.4% (22/299) 

OGTT confirmation of FPG 
or 2-hour plasma glucose, 
using WHO criteria 

A vs. B 
Incidence: 5.0% 
(15/303) vs. 16.7% 
(50/299); RR 0.30, 95% 
CI 0.17 to 0.52 
Annual average 
incidence: 2.1% vs. 
7.6%; p<0.001 
HR: 0.28 (95% CI 0.16 
to 0.49) 
NNT for duration of trial 
(2.2 years): 8 
NNT for one year: 18 

A vs. B 
Any adverse event: 
49.8% (151/303) vs. 
40.5% (121/299); RR 
1.23, 95% CI 1.03 to 
1.47 
Death: 1.0% (3/303) vs. 
0.3% (1/299); RR 2.96, 
95% CI 0.31 to 28.30 

Fair Takeda Pharmaceuticals 

Katula, 2013172 Screened: 743 
Eligible: 326 
Enrolled: 301 
Analyzed: 301 
A vs. B 
Withdrawal: 1% 
(2/151) vs. 3% 
(5/150) 

HOMA IR (fasting insulin x 
fasting glucose/22.5) 

A vs. B 
Incidence at 12 months: 
1.3% (2/151) vs. 4% 
(6/150); RR 0.33, 95% 
CI 0.07 to 1.61 
Incidence at 24 months: 
2.6% (4/151) vs. 7.3% 
(11/150); RR 0.36, 95% 
CI 0.12 to 1.11 

NR Fair National Institute of Diabetes and 
Digestive and Kidney Diseases 
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Author, Year 
Study Name 

Number 
Screened, 

Eligible, Enrolled, 
Analyzed, 

Withdrawals,  
Loss to Followup Definition of Diabetes 

Progression to 
Diabetes Adverse Events 

Quality 
Rating Funding Source 

Kawamori, 
2009101 

 Screened: 4582 
Eligible: NR 
Enrolled: 1780  
Analyzed: 1778 
A vs. B 
Withdrawal: 14.4% 
(129/897) vs. 
16.5% (146/883)  

HbA1c >6.5% and two 
occasions of one of the 
following: 2-hour glucose 
>11 mmol/L, FPG >7.0 
mmol/L, or random glucose 
>11 mmol/L (same as WHO 
criteria + HbA1c) 

A vs. B 
5.5% (50/897) vs. 12% 
(106/881); RR 0.46, 
95% CI 0.34 to 0.64 
HR: 0.595 (voglibose 
group had 40% lower 
chance of developing 
diabetes compared to 
placebo) 
Progression rate for TG: 
30.2% and 36.2% for 
controls after 144 
weeks 

A vs. B 
Withdrawal due to 
adverse events: 7.4% 
(66/897) vs. 6.2% 
(55/883) 
Any adverse event: 
90% (810/897) vs. 85% 
(750/881) Serious 
adverse event: 0.6% 
(5/897) vs. 0.2% 
(2/881)  
Death 0.7% (6/897) 
including 1 MI vs 0% 
(0/881) 

Good Takeda Pharmaceuticals 
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Study Name 

Number 
Screened, 

Eligible, Enrolled, 
Analyzed, 

Withdrawals,  
Loss to Followup Definition of Diabetes 

Progression to 
Diabetes Adverse Events 

Quality 
Rating Funding Source 

Li, 2008102 
See also: Li, 
2014110 
Da Qing 

Screened: 
110,660 
Eligible: NR 
Enrolled: 577 
Analyzed: 530 
Withdrawal: 7 
Loss to followup: 
40 

Self-reported diagnosis, 
medical records, or FPG or 
OGTT testing, using WHO 
criteria (1985 version) 

A vs. B 
End of treatment 
Incidence: 7.9 vs. 14.1 
cases/100 person-years 
per year 
Cumulative incidence: 
42.8% vs. 65.8% 
Adjusted HR: 0.49 (95% 
CI 0.33 to 0.73) 
20-year followup 
Incidence: 6.9 vs. 11.3 
cases/100 person-years 
per year 
Cumulative incidence: 
79.7% vs. 92.8%  
Adjusted HR: 0.57 (95% 
CI 0.41 to 0.81) 
NNT: 6 
23-year followup 
Incidence: 73% 
(312/430) vs. 90% 
(124/138); 7.3 vs. 12.3 
cases/100 person-years 
per year; Adjusted HR 
0.55 (95% CI 0.40 to 
0.76) 

Active intervention 
period: 
CVD and mortality 
outcomes - see KQ3  

Fair World Health Organization, 
Centers for Disease Control and 
Prevention, China-Japan 
Friendship Hospital, and Da Qing 
First Hospital 
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Withdrawals,  
Loss to Followup Definition of Diabetes 

Progression to 
Diabetes Adverse Events 
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Rating Funding Source 

Lindalhl, 2009171 

VIP 
Screened: 28,000 
Eligible: 650 
Invited: 650 
Enrolled: 301 (101 
enrolled as 
"substitutes") 
Analyzed: 168 
A vs. B 
Withdrawal: 13.2% 
(20/151) vs. 9.3% 
(14/150) 
Loss to followup: 
17% (17/100) vs. 
9.6% (9/94) 

OGTT using WHO criteria A vs. B 
Incidence at one year 
(end of intervention): 
6% (5/83) vs. 23.5% 
(20/85); RR 0.26, 95% 
CI 0.10 to 0.65 
Incidence at three 
years: 14.5% (12/83) 
vs. 23.5% (20/85); RR 
0.61, 95% CI 0.32 to 
1.18 
Incidence at five years: 
20% (17/83) vs. 27% 
(23/85); RR 0.75, 95% 
CI 0.44 to 1.31 

NR Fair Joint Committee of the Northern 
Sweden health Care Region, the 
Swedish Public Health Institute, 
and Vasterbotten County Council 

Lindblad, 
2011168 

Screened: NR 
Eligible: NR 
Enrolled: 288 
Analyzed: 274 
Withdrawal: 4.9% 
(14/288) 

Two consecutive FPG >6.1 
mmol/L 

A vs. B 
Incidence: 30.1% 
(41/136) vs. 39.9% 
(55/138); RR 0.76, 95% 
CI 0.55 to 1.05 
Incidence, adjusted for 
baseline HbA1c, 
proinsulin, and CRP: 
OR 0.62 (p=0.028) 

NR Fair Nepi Foundation, Skaraborg 
Institute, FORSS Foundation 

Lu, 2011166 Screened: 2344 
Eligible: 210 
Enrolled: 210 
Analyzed: 184 
A vs. B 
Loss to followup: 
9.4% (10/106) vs. 
17.3% (18/104) 
Withdrawal due to 
adverse event: 1 
vs. 0 

OGTT using ADA criteria A vs. B 
Incidence: 0% vs. 5.8% 
(5/86); RR 0.08, 95% CI 
0.00 to 1.42 
Incidence, metformin 
group: 0% vs. 12.2% 
(5/41); RR 0.08, 95% CI 
0.00 to 1.42 
Incidence, acarbose 
group: 0% vs. 6.7% 
(3/45); RR 0.13, 95% CI 
0.01 to 2.48 

1 participant 
discontinued 
due to a gastrointestinal 
reaction after taking 
metformin 

Fair NR 
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Study Name 
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Screened, 
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Withdrawals,  
Loss to Followup Definition of Diabetes 

Progression to 
Diabetes Adverse Events 

Quality 
Rating Funding Source 

NAVIGATOR, 
2010103 

Screened: 43502 
Eligible: 9518 
Enrolled: 9518 
Analyzed: 9306 
A vs. B 
Withdrawal: 3.5% 
(163/4645) vs. 
3.1% (143/4661) 
Loss to followup: 
9.6% (446/4645) 
vs. 9.8% 
(459/4661) 

OGTT confirmation of FPG 
or 2-hour glucose levels, 
using WHO criteria 

A vs. B 
Incidence: 36.0% 
(1647/4645) vs. 33.9% 
(1580/4661); RR 1.05, 
95% CI 0.99 to 1.11 
Absolute hazard 
difference: 6.18 (95% CI 
0.47 to 11.90) 
Hazard Ratio: 1.07 
(95% CI 1.00 to 1.15) 

A vs. B 
Discontinued due to 
adverse event: 11.2% 
(520/4645) vs. 10.4% 
(485/4661) 
Hypoglycemia: 19.6% 
(911/4645) vs. 11.3% 
(527/4661) 
CVD and mortality 
outcomes - see KQ3  

Good Novartis Pharma 

NAVIGATOR, 
2010104 

Screened: 43502 
Eligible: 9518 
Enrolled: 9518 
Analyzed: 9306 
A vs. B 
Withdrawal: 3.3% 
(151/4631) vs. 
3.3% (155/4675) 
Loss to followup: 
9.4% (437/4631) 
vs. 10.0% 
(468/4675) 

OGTT confirmation of FPG 
or 2-hour glucose levels, 
using WHO criteria 

A vs. B 
Incidence: 33.1% 
(1532/4631) vs. 36.8% 
(1722/4675); RR 0.90, 
95% CI 0.85 to 0.95 
Absolute hazard 
difference: -12.6 (95% 
CI -18.4 to -6.9) 
Hazard Ratio: 0.86 
(95% CI 0.80 to 0.92) 

A vs. B 
Discontinued due to 
adverse event: 12.0% 
(556/4631) vs. 11.4% 
(531/4675) 
Hypoglycemia: 42.4% 
(1936/4631) vs. 35.9% 
(1678/4675) 
CVD and mortality 
outcomes - see KQ3  

Good Novartis Pharma 

Nijpels, 2008105 
DAISI 

Screened: 6651 
Eligible: 171 
Enrolled: 118 (53 
failed qualification 
period) 
Analyzed: 118 
A vs. B 
Loss to followup: 
0% vs. 1.7% (1/58) 

FPG and 2-hour glucose 
using WHO criteria 

A vs. B 
Incidence: 18.3% 
(11/60) vs. 24.1% 
(14/58); RR 0.76, 95% 
CI 0.38 to 1.53 
Attributable risk: -0.14 
(95% CI -0.46 to 0.21) 
Absolute risk reduction: 
6% (95% CI -9% to 
21%) 

A vs. B 
Withdrawal due to 
adverse events: 36.7% 
(22/60) vs. 13.8% 
(8/58); RR 2.66, 95% CI 
1.29 to 5.48 
Death: 1.7% (1/60) vs 
5.2% (3/58) 

Fair Bayer Healthcare AG 
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Penn, 2009169 
EDIPS 

Screened: 1567 
Eligible: NR 
Enrolled: 102 
Analyzed: 42 
A vs. B 
Loss to followup: 
35% (18/51) vs. 
29% (15/51) 

Two OGTTs, using WHO 
criteria 

A vs. B 
Incidence: 9.8% (5/51) 
vs. 21.6% (11/51); RR 
0.45, 95% CI 0.17 to 
1.21 
Incidence rate per 1,000 
persons: 32.7 vs. 67.1 

NR*  
*1 death in foot note in 
one table not explained 
in the study 

Fair Wellcome Trust 

Ramachandran, 
2009106 
IDPP-2 

Screened: 6589 
Enrolled: 407 
Analyzed: 367 
A vs. B 
Loss to followup: 
11.3% (21/181) 
 vs. 8.4% (16/186) 

OGTT using WHO criteria A vs. B 
Cumulative incidence:  
29.8% (54/181) vs. 
31.6% (59/186); RR 
0.94, 95% CI 0.69 to 
1.28 

A: 2 deaths due to 
cardiac arrest 
B: 1 death due to road 
accident 
A: 2 occurrence of heart 
disease requiring 
admission 
B: 1 occurrence of heart 
disease requiring 
admission 
A: 4 major other 
adverse events 
B: 10 other major 
adverse events 

Fair India's Diabetes Research 
Foundation 
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Rasmussen, 
2008167 
ADDITION 

Screened: NR 
Eligible: 1821 
Enrolled: 1821 
Analyzed: 1821 
Withdrawal: 4.5% 
(77/1722) 
Loss to followup: 
12.3% (212/1722) 

OGTT using WHO criteria A vs. B 
Incidence: 14.1 vs. 15.8 
cases/100 person-
years; RR 0.89, 95% CI 
0.78 to 1.02 
Subanalyses 
Motivational 
interviewing + intensive 
intervention: RR 0.83, 
95% CI 0.68-1.00 
Intensive treatment 
alone: RR 0.95, 95% CI 
0.80 to 1.14 
IFG: RR 0.90, 95% CI 
0.73 to 1.12 
IGT: RR 0.90, 95% CI 
0.77 to 1.07 

During screening 
portion of trial, 1.2% 
(22/1821) died 

Fair Danish Centre for Evaluation and 
Health Technology Assessment; 
Danish Research Foundation for 
General Practice; Danish National 
Board of Health; Danish Medical 
Research Council; Danish Diabetes 
Association 

Saito, 2011107 Enrolled: 641 
Analyzed: 562 
A vs. B 
Post-
randomization 
Loss to followup: 
14.1% (44/311) vs. 
10.6% (35/330) 

OGTT using WHO criteria A vs. B 
Cumulative incidence: 
10.6% (35/330) vs. 
16.4% (51/311); RR 
0.65, 95% CI 0.43 to 
0.97 

No adverse events 
*1 death in LTF in 
intervention group not 
explained 

Fair All Japan Federation of Social 
Insurance Associations 

Sakane, 2011170 
JDPP 

Screened: 1279  
Eligible: 304 
Enrolled: 296 
Analyzed: 213  
A vs. B 
Post-
randomization 
exclusions: 3.9% 
(6/152) vs. 1.3% 
(2/152) 
Withdrawal: 29% 
(43/146) vs. 27% 
(40/150) 

OGTT using WHO criteria A vs. B 
Incidence: 6.1% (9/146) 
vs. 12% (18/150); RR 
0.51, 95% CI 0.24 to 
1.11 

NR Fair The Ministry of Health, Welfare, 
and Labour of Japan 

Screening for Type 2 Diabetes Mellitus  230 Pacific Northwest EPC 



Appendix B13. Studies of Interventions to Prevent or Delay Progression to DM 

Author, Year 
Study Name 

Number 
Screened, 

Eligible, Enrolled, 
Analyzed, 

Withdrawals,  
Loss to Followup Definition of Diabetes 

Progression to 
Diabetes Adverse Events 

Quality 
Rating Funding Source 

Zinman, 2010109 
CANOE 

Screened: 992  
Eligible: 247 
Enrolled: 207 
Analyzed: 207 
A vs. B 
Withdrawal: 12.6% 
(13/103) vs. 9.6% 
(10/104) 
Loss to followup: 
1.9% (2/103) vs. 
1.9% (2/104) 

Two FPG values of >7.0 
mmol/L or one 2-hour 
glucose or OGTT value 
>11.0 mmol/L (same as 
WHO criteria) 

A vs. B 
Incidence: 13.6% 
(14/103) vs. 39.4% 
(41/104); RR 0.34, 95% 
CI 0.20 to 0.59 
Relative risk reduction: 
66% (95% CI 41-80%) 
Absolute risk reduction: 
26% (95% CI 14-37%) 
NNT over 3.9 years: 4 
(95% CI 2.7-7.1) 
Hazard ratio: 0.31 (95% 
CI 0.17 to 0.58) 

A vs. B 
Hypoglycemia: 2% 
(2/103) vs. 1% (1/104); 
p=0.62 
MI 0% (0/103) vs 1% 
(1/104), p=1.00 
CHF 0% (0/103) vs 1% 
(1/104), p=1.00 

Good GlaxoSmithKline 

Abbreviations: ADDITION = The Anglo-Danish-Dutch Study Of Intensive Treatment In People With Screen-Detected Diabetes; BMI = body mass index; BW = body weight; CANOE = 
Canadian Normoglycemia Outcomes Evaluation; CHF = coronary heart failure; CI = confidence interval; CVD = cardiovascular disease;  DAISI = Dutch acarbose intervention study; 
DBP = diastolic blood pressure; EDIPS = European Diabetes Prevention Study; FHx = family history; GT = glucose tolerance; HbA1c = glycated hemoglobin; HR = hazard ratio; IDPP 
= Indian Diabetes Prevention Program; IFG = impaired fasting glucose; IGT = impaired glucose tolerance; JDPP = Japanese diabetes prevention programme; MI = myocardial 
infraction; NNT = number needed to treat; NYHA = New York Heart Association;  NAVIGATOR = Nateglinide and Valsartan in Impaired Glucose Tolerance Outcomes Research; 
OGTT = oral glucose tolerance test;  RCT = randomized controlled trial; RR = relative risk; SBP = systolic blood pressure. 
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Appendix B14. Quality Assessment of Trials of Interventions to Prevent or Delay Progression to DM 

Author, 
Year 

Randomization 
Adequate?  

Allocation 
Concealment 

Adequate? 

Groups 
Similar at 
Baseline? 

Eligibility 
Criteria 

Specified? 

Outcome 
Assessors 
Masked? 

Care 
Provider 
Masked? 

Patient 
Masked? 

Attrition and 
Withdrawals 
Reported? 

Loss to 
Followup:  

Differential/ 
High? 

Analyze 
People in the 

Groups in 
Which They 

Were 
Randomized? 

Quality 
Rating 

DeFronzo, 
201198 
ACT NOW 

Unclear; likely 
yes (block 
randomization 
based on a 
'randomization 
code') 

Unclear Yes Yes Unclear Unclear; 
likely yes 

Unclear; 
likely yes 

Yes No/No Yes Fair 

Katula, 2013172 Unclear Unclear Yes Yes Yes No No Yes No/No Yes Fair 
Kawamori, 
2009101 

Yes Yes Yes Yes Yes Yes Yes Yes No/No Yes Good 

Li, 2014110 
Da Qing 

Unclear; cluster 
randomization 

Unclear Yes Yes Unclear No No Yes No/No Yes Fair 

Lindahl, 2009171 
VIP 

Yes Yes Yes Yes Yes No No Yes No/No No Fair 

Lindblad, 
2011168 
NANSY 

Unclear Unclear Yes Yes Unclear Unclear Yes Yes No/No Yes Fair 

Lu, 2011166 Unclear Unclear Yes Yes Unclear No No Yes No/No Yes Fair 
NAVIGATOR, 
2010104, 104 

Yes Yes Yes Yes Yes Unclear Yes Yes No/No Yes Good 

Nijpels, 2008105 
DAISI 

Yes Yes No; 
not HbA1c 

Yes Unclear Yes Yes Yes No/No Yes Fair 

Penn, 2009169 

EDIPS 
Yes Yes Yes Yes Yes No No Yes No/No Yes Fair 

Ramachandran, 
2009106 
IDPP-2 

Yes No- sequential Yes Yes Yes Unclear Yes Yes No/No No; ~11% 
randomized but 
not analyzed 

Fair 

Rasmussen, 
2008167 
ADDITION 

Unclear; 
Yes for 
Cambridge 

Unclear; 
Yes for 
Cambridge 

Yes Yes Yes No No Yes No/No Yes Fair 

Saito, 2011107 Yes Yes Yes Yes No No No Yes No/No Yes Fair 
Sakane, 
2011170 
JDPP 

Unclear Unclear Yes Yes No No No Yes No/No No; ~30% not 
analyzed 

Fair 

Zinman, 
2010109 
CANOE 

Yes Yes Yes Yes Yes Yes Yes Yes No/No Yes Good 
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Appendix B15. Quality Assessment of Cohort Studies of Interventions to Prevent or Delay Progression to DM 

Author, 
Year 

Did the Study Attempt 
to Enroll All (or a 

Random Sample of) 
Patients Meeting 

Inclusion Criteria, or a 
Random Sample 

(Inception Cohort)? 

Were the Groups 
Comparable at 

Baseline on Key 
Prognostic 

Factors (e.g., by 
restriction or 
matching)? 

Did the Study 
Use Accurate 
Methods for 
Ascertaining 

Exposures and 
Potential 

Confounders? 

Were Outcome 
Assessors 
and/or Data 

Analysts  
Blinded to the 

Exposure Being 
Studied? 

Did the 
Article 

Maintain 
Comparable 

Groups? 

Did the Study 
Perform 

Appropriate 
Statistical 

Analyses on 
Potential  

Confounders? 

Is There 
Important 

Differential 
Loss to 

Followup or 
Overall High 

Loss to 
Followup? 

Were 
Outcomes 

Prespecified 
and Defined, 

and 
Ascertained 

Using 
Accurate 
Methods? 

Quality 
Rating 

Armato, 
2012165 

Yes No; not age Yes Unclear Yes Unclear No Yes Fair 
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