
IMPORTANCE Type 2 diabetes is common and is a leading cause of morbidity and disability.

OBJECTIVE To review the evidence on screening for prediabetes and diabetes to inform the
US Preventive Services Task Force (USPSTF).

DATA SOURCES PubMed/MEDLINE, Cochrane Library, and trial registries through September
2019; references; and experts; literature surveillance through May 21, 2021.

STUDY SELECTION English-language controlled studies evaluating screening or interventions
for prediabetes or diabetes that was screen detected or recently diagnosed.

DATA EXTRACTION AND SYNTHESIS Dual review of abstracts, full-text articles, and study
quality; qualitative synthesis of findings; meta-analyses conducted when at least 3 similar
studies were available.

MAIN OUTCOMES AND MEASURES Mortality, cardiovascular morbidity, diabetes-related
morbidity, development of diabetes, quality of life, and harms.

RESULTS The review included 89 publications (N = 68 882). Two randomized clinical trials
(RCTs) (25 120 participants) found no significant difference between screening and control
groups for all-cause or cause-specific mortality at 10 years. For harms (eg, anxiety or worry), the
trials reported no significant differences between screening and control groups. For recently
diagnosed (not screen-detected) diabetes, 5 RCTs (5138 participants) were included. In the UK
Prospective Diabetes Study, health outcomes were improved with intensive glucose control
with sulfonylureas or insulin. For example, for all-cause mortality the relative risk (RR) was 0.87
(95% CI, 0.79 to 0.96) over 20 years (10-year posttrial assessment). For overweight persons,
intensive glucose control with metformin improved health outcomes at the 10-year follow-up
(eg, all-cause mortality: RR, 0.64 [95% CI, 0.45 to 0.91]), and benefits were maintained longer
term. Lifestyle interventions (most involving >360 minutes) for obese or overweight persons
with prediabetes were associated with reductions in the incidence of diabetes (23 RCTs; pooled
RR, 0.78 [95% CI, 0.69 to 0.88]). Lifestyle interventions were also associated with improved
intermediate outcomes, such as reduced weight, body mass index, systolic blood pressure, and
diastolic blood pressure (pooled weighted mean difference, −1.7 mm Hg [95% CI, −2.6 to −0.8]
and −1.2 mm Hg [95% CI, −2.0 to −0.4], respectively). Metformin was associated with a
significant reduction in diabetes incidence (pooled RR, 0.73 [95% CI, 0.64 to 0.83]) and
reduction in weight and body mass index.

CONCLUSIONS AND RELEVANCE Trials of screening for diabetes found no significant mortality
benefit but had insufficient data to assess other health outcomes; evidence on harms of
screening was limited. For persons with recently diagnosed (not screen-detected) diabetes,
interventions improved health outcomes; for obese or overweight persons with prediabetes,
interventions were associated with reduced incidence of diabetes and improvement in other
intermediate outcomes.

JAMA. 2021;326(8):744-760. doi:10.1001/jama.2021.10403

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Daniel E.
Jonas, MD, MPH, Division of General
Internal Medicine, The Ohio State
University, 2050 Kenny Rd,
Columbus, OH 43221 (Daniel.Jonas@
osumc.edu).

Screening for Prediabetes and Type 2 Diabetes 
Updated Evidence Report and Systematic Review
for the US Preventive Services Task Force
Daniel E. Jonas, MD, MPH; Karen Crotty, PhD, MPH; Jonathan D. Y. Yun, MD, MPH; Jennifer Cook Middleton, PhD; 
Cynthia Feltner, MD, MPH; Sian Taylor-Phillips, PhD, MPhys, MSc; Colleen Barclay, MPH;
Andrea Dotson, MD, MSPH; Claire Baker; Casey P. Balio, PhD; Christiane E. Voisin, MSLS;
Russell P. Harris, MD, MPH

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10403
mailto:Daniel.Jonas@osumc.edu
mailto:Daniel.Jonas@osumc.edu


P rediabetes and type 2 diabetes are common, estimated to
affect about 34% and 13% of all US adults in 2018,
respectively.1 Prevalence of diabetes increased with age and

was higher among American Indian/Alaska Native, Hispanic, non-
Hispanic Asian, and non-Hispanic Black persons than among non-
Hispanic White persons.1 Diabetes was estimated to be the third lead-
ing cause of years lived with disability in 2016 and the seventh leading
cause of death in the US in 2017, accounting for more than 80 000
deaths per year.2,3 Morbidity from diabetes is due to macrovascu-
lar disease (atherosclerosis), microvascular disease (retinopathy, ne-
phropathy, and neuropathy), and acute complications of hypergly-
cemia or hypoglycemia. Diabetes was the leading cause of kidney
failure, lower-limb amputations, and new cases of blindness among
US adults.1,4 Risk factors associated with development of diabetes
in adults include older age, family history, overweight and obesity,
dietary and lifestyle factors, environmental exposures, and others.5

Three tests can be used to identify diabetes or prediabetes: hemo-
globin A1c (HbA1c) concentration, fasting plasma glucose level, or oral
glucose tolerance test6 (Table 1).

In 2015, the US Preventive Services Task Force (USPSTF) rec-
ommended screening for abnormal blood glucose levels as part of
cardiovascular risk assessment in adults aged 40 to 70 years who
are overweight or obese. In addition, it recommended that clini-
cians offer or refer patients with abnormal blood glucose levels to
intensive behavioral counseling interventions to promote a health-
ful diet and physical activity (B recommendation). This updated re-
view evaluates the current evidence on screening for prediabetes
and diabetes for populations and settings relevant to primary care
in the US to inform an updated recommendation by the USPSTF.

Methods
Scope of Review
Figure 1 shows the analytic framework and key questions (KQs) that
guided the review. Detailed methods are available in the full evi-
dence review.8 In addition to addressing the KQs, the full evidence
report also looked for evidence related to 14 contextual and supple-
mental questions that focused on risk assessment tools, agree-
ment among screening tests, screening tests’ prediction of future
adverse health outcomes, yield of rescreening at different inter-
vals in adults with an initial normal screening test result, and re-
cently published modeling studies that assess screening (vs no
screening) and examine health outcomes, metformin for prediabe-
tes, the natural history of prediabetes, overdiagnosis and overtreat-
ment, disutilities, patient-reported health status measures, up-
take, and adherence.

Data Sources and Searches
PubMed/MEDLINE and the Cochrane Library were searched for
English-language articles published through September 2019. Search
strategies are listed in the eMethods in the Supplement. Clinical trial
registries were searched for unpublished studies. To supplement
electronic searches, investigators reviewed reference lists of perti-
nent articles, studies suggested by reviewers, and comments re-
ceived during public commenting periods. Since September 2019,
ongoing surveillance was conducted through article alerts and tar-
geted searches of journals to identify major studies published in the

interim that may affect the conclusions or understanding of the evi-
dence and the related USPSTF recommendation. The last surveil-
lance was conducted on May 21, 2021.

Study Selection
Two investigators independently reviewed titles, abstracts, and full-
text articles to determine eligibility using prespecified criteria
(eTable 1 in the Supplement). Disagreements were resolved by dis-
cussion and consensus. English-language studies of asymptom-
atic, nonpregnant adults 18 years or older conducted in countries
categorized as medium or higher on the Human Development Index9

and rated as fair or good quality were included. For all KQs, random-
ized clinical trials and nonrandomized controlled intervention stud-
ies were eligible. Controlled prospective cohort studies and case-
control studies were also eligible for KQs on harms (KQ2 and KQ6).

Data Extraction and Quality Assessment
For each included study, 1 investigator extracted pertinent informa-
tion about the populations, tests or treatments, comparators, out-
comes, settings, and designs, and a second investigator reviewed
this information for completeness and accuracy. Two independent
investigators assessed the quality of studies as good, fair, or poor,
using predefined criteria (eTables 2-6 in the Supplement) devel-
oped by the USPSTF and adapted for this topic.7 Disagreements were
resolved by discussion.

Data Synthesis and Analysis
Findings for each KQ were summarized in tabular and narrative for-
mat. The overall strength of the evidence for each KQ was assessed
as high, moderate, low, or insufficient based on the overall quality
of the studies, consistency of results between studies, precision of
findings, risk of reporting bias, and limitations of the body of evi-
dence, using methods developed for the USPSTF (and the Evidence-
based Practice Center program).7 Additionally, the applicability of
the findings to US primary care populations and settings was as-
sessed. Discrepancies were resolved through consensus discus-
sion. Assessments of clinical importance were based on minimal clini-
cally important differences, when available.

To determine whether meta-analyses were appropriate, the
clinical and methodological heterogeneity of the studies was
assessed according to established guidance.10 For KQ7 and KQ9,
when at least 3 similar studies were available, quantitative synthe-
sis was conducted with random-effects models using the inverse-
variance weighted method (DerSimonian and Laird) to estimate
pooled effects.11 For binary outcomes (eg, progression to diabetes),
relative risks (RRs) and 95% CIs were calculated. Statistical signifi-
cance was assumed when 95% CIs of pooled results did not cross
the null. All testing was 2-sided. For continuous outcomes (eg,
blood pressure), the weighted mean difference (WMD) between
intervention and control was calculated. Whenever possible, the
number of all randomized patients was used as the denominator to
reflect a true intention-to-treat approach to analysis. For all quanti-
tative syntheses, the I2 statistic was calculated to assess statistical
heterogeneity in effects between studies.12,13 An I2 from 0% to
40% might not be important, from 30% to 60% may represent
moderate heterogeneity, from 50% to 90% may represent sub-
stantial heterogeneity, and 75% or greater represents considerable
heterogeneity.14 Additional analyses were conducted to explore
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heterogeneity or robustness of findings, stratifying by duration of
follow-up (ie, timing of outcome assessment), lifestyle intervention
contact time (ie, dose), and baseline body mass index (BMI) of
study participants. The total hours of interventionist contact time
(ie, dose) was estimated based on the planned number and length
of contacts. An intervention was characterized as low-dose if the
number of minutes was estimated to be 30 or less, medium-dose if
the number of minutes was 31 to 360, and high-dose if the number
of minutes was greater than 360. For KQ7, the number needed to
treat to prevent 1 person from developing diabetes was calculated
for interventions with moderate or high strength of evidence (for
benefit), using the pooled RRs and the control group event rate
from the Diabetes Prevention Program (DPP) (over 3 years) and
the DPP Outcomes Study (DPPOS) (over 15 years). When studies
reported raw numbers of events but did not report hazard ratios
(HRs), RRs, or odds ratios, RRs were calculated.

QuantitativeanalyseswereconductedusingComprehensiveMeta-
Analysis version 3.3 (Biostat Inc) and Stata version 14 (StataCorp).

Diabetes in Primary Care (ADDITION)–Cambridge (n = 20 184
participants)36,49 and the Ely study (n = 4936 participants) (eTable 7
in the Supplement).38,50,51 The trials began screening in 1990 (Ely)
and 2002 (ADDITION-Cambridge). Duration of follow-up ranged
from 7 to 13 years for the outcomes reported.

ADDITION-Cambridge was a cluster RCT of 33 general prac-
tices that evaluated a stepwise screening approach starting with the
result of a random capillary blood glucose measurement. ADDITION-
Cambridge was a screening and intervention study that random-
ized practices 1:3:3 to no screening, screening invitations followed
by intensive treatment of screen-detected diabetes (HbA1c target
<7.0%, blood pressure target �135/85 mm Hg, cholesterol targets,
and low-dose aspirin use unless contraindicated), or screening fol-
lowed by routine care of screen-detected diabetes; analyses com-
bined the screening groups (comparing 5 control practices with 27
screening practices). Participants were aged 40 to 69 years (mean,
58) without known diabetes and at high risk of diabetes (based on
a risk score of �1.7 on a diabetes risk score that included age, sex,
BMI, steroid and antihypertensive medication, family and smoking
history).104 Mean BMI was 30.5 (calculated as weight in kilograms
divided by height in meters squared). Of those invited, 78% were
screened (11 737/15 089) and 466 of those (4% of those screened,
3% of those invited) were diagnosed with diabetes based on 1999
World Health Organization criteria. Number diagnosed with diabe-
tes was not reported for the control group.

The Ely study was a parallel-group RCT at a single practice that
evaluated screening every 5 years with an oral glucose tolerance test
along with screening for cardiovascular disease (CVD) risk factors
(cholesterol and blood pressure). The study had no protocol for stan-
dard interventions for those with screen-detected diabetes. The risk
of bias for the trial was rated as medium because of unclear meth-
ods of randomization, unclear allocation concealment, and base-
line differences between groups. Participants were aged 40 to 65
years (mean, 51 years) and required to be free from known diabe-
tes (not selected based on risk). In the initial 10-year phase, 68% of
those invited were screened (1157/1705) and 116 (10% of those
screened, 7% of those invited) were diagnosed with diabetes. Among
a subset of participants who were diagnosed with diabetes and at-
tended a health assessment after 12 years (n = 152 persons), diabe-
tes cases were identified a mean of 3.3 years earlier for those in the
screening group (n = 92) than in the control group (n = 60).50

Table 1. Criteria for the Diagnosis of Type 2 Diabetes and Prediabetesa

Diagnosis HbA1c
b Fasting plasma glucose, mg/dLc OGTT, mg/dLb,d Other

Diabetes ≥6.5% (48 mmol/mol)d ≥126 ≥200 Random plasma glucose ≥200 mg/dL in a patient
with classic symptoms of hyperglycemia or
hyperglycemia crisis

Prediabetese 5.7% to 6.4% (39-47 mmol/mol) IFG: 100-125 IGT: 140-199 NA

Abbreviations: HbA1c, hemoglobin A1c; IFG, impaired fasting glucose;
IGT, impaired glucose tolerance; NA, not applicable; OGTT, oral glucose
tolerance test.

SI conversion factor: To convert glucose values to mmol/L, multiply by 0.0555.
a Adapted from American Diabetes Association (ADA) standards.6 A second test

is required for confirmation unless there is a clear clinical diagnosis (eg, patient
in hyperglycemic crisis).

b The guidelines note this test should be performed in a laboratory using a
method that is National Glycohemoglobin Standardization Program–certified
and standardized to the Diabetes Control and Complications Trial assay.

c Fasting is defined as no caloric intake for at least 8 hours.
d Refers to values measured 2 hours postload on the 75-g OGTT. Per the ADA

recommendations, the test should be performed as described by the World
Health Organization, using a glucose load containing the equivalent of 75 g of
anhydrous glucose dissolved in water.

e Prediabetes is the term used for individuals potentially at increased risk for
diabetes whose glucose levels are considered higher than normal but do not
meet criteria for diabetes. ADA guidelines note that for all 3 tests the risk is
continuous, extending below the lower limit of the range and becoming
disproportionately greater at higher ends of the range.

Results
A total of 89 publications were included (Figure 2).15-103 Two ran-
domized clinical trials (RCTs) addressed whether screening for dia-
betes improves health outcomes.36,38,49-51 This review found no 
trials that assessed screening for prediabetes and no trials that 
assessed KQ3. Most articles assessed interventions for prediabetes. 
Results for KQ8 are reported in the eResults in the Supplement. 
Individual study quality ratings are reported in eTables 2-6 in the 
Supplement.

Benefits of Screening
Key Question 1a. Is there direct evidence that screening for 
type 2 diabetes and prediabetes in asymptomatic adults improves 
health outcomes?
Key Question 1b. Does the effectiveness of screening differ for 
subgroups defined by age, sex, race and ethnicity, socioeconomic 
status, or BMI?

Two RCTs (described in 5 articles) conducted in the UK evalu-
ated invitations to screening for diabetes: the Anglo-Danish-Dutch 
Study of Intensive Treatment In People With Screen Detected

eprinted)
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Neither trial found a reduction in all-cause or type-specific mor-
tality for screening compared with no screening over about 10 years

of follow-up (all-cause mortality in ADDITION-Cambridge: HR, 1.06
[95% CI, 0.90 to 1.25]; Ely study: unadjusted HR, 0.96 [95% CI, 0.77

Figure 1. Analytic Framework: Screening for Prediabetes and Type 2 Diabetes

Asymptomatic,
nonpregnant

adults

Diabetes

1

3

7 8

Other intermediate
outcomes b9

4 5

Key questions

a. Is there direct evidence that screening for type 2 diabetes and prediabetes in asymptomatic adults improves health outcomes?
b. Does the effectiveness of screening differ for subgroups defined by age, sex, race and ethnicity, socioeconomic status, or BMI?

1

a. Do interventions for screen-detected type 2 diabetes and prediabetes provide an incremental benefit in health outcomes when
delivered at the time of detection compared with initiating interventions later, after clinical diagnosis?

b. Does the effectiveness of these interventions differ for subgroups defined by age, sex, race and ethnicity, socioeconomic status, or BMI?

3

What are the harms of interventions for prediabetes, screen-detected type 2 diabetes, or recently diagnosed type 2 diabetes?6

a. Do interventions for screen-detected type 2 diabetes and prediabetes improve health outcomes compared with no intervention,
usual care, or interventions with different treatment targets?

b. Does the effectiveness of these interventions differ for subgroups defined by age, sex, race and ethnicity, socioeconomic status, or BMI?

4

a. Do interventions for recently diagnosed type 2 diabetes improve health outcomes compared with no intervention, usual care,
or interventions with different treatment targets?

b. Does the effectiveness of these interventions differ for subgroups defined by age, sex, race and ethnicity, socioeconomic status, or BMI?

5

a. What are the harms of screening for type 2 diabetes and prediabetes in asymptomatic adults?
b. Do the harms of screening differ for subgroups defined by age, sex, race and ethnicity, socioeconomic status, or BMI?

2

a. Do interventions for prediabetes delay or prevent progression to type 2 diabetes?
b. Does the effectiveness of these interventions differ for subgroups defined by age, sex, race and ethnicity, socioeconomic status, or BMI?

7

After interventions for prediabetes are provided, what is the magnitude of change in health outcomes that results from the
reduction in type 2 diabetes incidence?

8

Do interventions for prediabetes improve other intermediate outcomes (blood pressure, lipid levels, BMI, weight, and calculated
10-year cardiovascular disease risk)?

9

Screening

2

Harms of
screening

6

Harms of
interventions

6

Interventions a

3 4
Interventions a

Mortality, cardiovascular
morbidity (including
myocardial infarction,
stroke, congestive
heart failure)

Quality of life

Chronic kidney disease

Amputations

Skin ulcers

Visual impairment

Neuropathy

Health outcomes

Prediabetes Incidence of
diabetes

Evidence reviews for the US Preventive Services Task Force (USPSTF) use an
analytic framework to visually display the key questions that the review will
address to allow the USPSTF to evaluate the effectiveness and safety of a
preventive service. The questions are depicted by linkages that relate
interventions and outcomes. For additional information see the USPSTF
Procedure Manual.7 BMI indicates body mass index.

a Eligible interventions included pharmacotherapy and primary care–relevant
behavioral counseling focused on healthy diet and nutrition, physical activity,
or both.

b Other intermediate outcomes included blood pressure, lipid levels,
BMI, weight, and calculated 10-year cardiovascular disease risk.
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UK-Leicester), all but 1 (UK-Leicester) found no difference
between groups across a range of quality-of-life outcomes.

For trials of interventions for people with prediabetes, the
duration of follow-up in most trials was insufficient to assess for
effects on mortality, CVD events, and other health outcomes (eRe-
sults in the Supplement). Most trials reporting mortality or CVD
events over a follow-up duration of 6 years or less had few events
with no significant difference between groups. In the 2 trials
reporting outcomes beyond 6 years, 1 (the Finnish DPP) found no
statistically significant difference for all-cause mortality (2.2 vs 3.8
deaths per 1000 person-years; HR, 0.57 [95% CI, 0.21 to 1.58]) or
composite CVD events (22.9 vs 22.0 events per 1000 person-
years; HR, 1.04 [95% CI, 0.72 to 1.51]) over 10 years of follow-up.40

The second trial (the China Da Qing Diabetes Prevention Outcomes
Study) found lower all-cause mortality (28.1% vs 38.4%; HR, 0.71
[95% CI, 0.51 to 0.99]) and CVD-related mortality (11.9% vs 19.6%;
HR, 0.59 [95% CI, 0.36 to 0.96]) for a 6-year combined lifestyle
intervention group compared with controls at 23 years but not at
earl ier follow-ups; differences remained at the 30-year
follow-up.34,98 The trial was rated as having at least medium risk of
bias mainly because of unclear randomization and allocation con-
cealment methods and baseline differences for smoking that could
bias results in favor of intervention. Five trials reporting quality of
life found either no difference between groups,43,44 mixed results
(improvements on some domains but not others),63 or small
improvements in scores that are not likely clinically important (eRe-
sults in the Supplement).16,22 The DPPOS study found no differ-
ence in an aggregate microvascular outcome (nephropathy, reti-
nopathy, and neuropathy) at 15 years (placebo, 12.4%; metformin,
13.0%; intensive lifestyle, 11.3%).30

Key Question 5a. Do interventions for recently diagnosed type 2
diabetes improve health outcomes compared with no intervention,
usual care, or interventions with different treatment targets?
Key Question 5b. Does the effectiveness of these interventions
differ for subgroups defined by age, sex, race and ethnicity, socio-
economic status, or BMI?

This review included 5 RCTs (described in 8 articles) evaluat-
ing interventions for recently diagnosed diabetes (eResults and
eTable 12 in the Supplement).54,55,81-84,93,94 Three were related to
the UK Prospective Diabetes Study (UKPDS), which was a ran-
domized multicenter trial that ran for 20 years (from 1977 to
1997) in 23 sites across the UK. Moderate strength of evidence
from the 5 RCTs found no statistically significant difference in all-
cause mortality, diabetes-related mortality, and cardiovascular
outcomes between intensive glucose control with sulfonylureas
or insulin and conventional care at 10 years’ or shorter follow-up
(Figure 3).54,55,81-84,93,94 However, over longer-term follow-up
(20 years after randomization), intensive glucose control with
sulfonylureas or insulin decreased the risk for all-cause mortality
(RR, 0.87 [95% CI, 0.79 to 0.96]), diabetes-related mortality (RR,
0.83 [95% CI, 0.73 to 0.96]), and myocardial infarction (RR, 0.85
[95% CI, 0.74 to 0.97]) (Figure 3; eResults in the Supplement).
Tighter control of blood pressure compared with less tight control
(<150/85 vs <180/105) resulted in a reduced risk of diabetes-
related mortality and stroke after 9 years of follow-up, but there
was no difference between groups at longer-term follow-up (10
years posttrial) (Figure 3; eResults in the Supplement). Intensive
glucose control with metformin compared with conventional care

to 1.20] and adjusted HR, 0.79 [95% CI, 0.63 to 1.00]). Neither trial 
found statistically significant differences between screening and con-
trol groups for cardiovascular events, quality of life, nephropathy, 
or neuropathy, but data collection was limited to a minority of par-
ticipants from the trials who completed follow-up surveys at 7 years 
(ADDITION-Cambridge) or attended a health assessment at 12 to 13 
years  (Ely),  and  results  were  imprecise  (eTable  8  in  the  
Supplement).36,50,51

Harms of Screening
Key Question 2a. What are the harms of screening for type 2 dia-
betes and prediabetes in asymptomatic adults?
Key Question 2b. Do the harms of screening differ for subgroups 
defined by age, sex, race and ethnicity, socioeconomic status, or BMI?

Five articles that evaluated participants in the ADDITION-
Cambridge pilot phase, ADDITION-Cambridge trial, or Ely trial were 
included (eTable 7 in the Supplement).39,50-53 All 3 trials reported 
some information on anxiety from screening, 2 reported on depres-
sion, 2 reported on self-reported health, and 1 reported on worry 
about diabetes (eTable 9 in the Supplement). No 2 studies used the 
same outcome measures at similar time points. None of the trials 
reported on labeling, harms from false-positive results, burden, in-
convenience, or unnecessary testing and treatment. Overall, re-
sults of the 3 trials did not find clinically important differences be-
tween the screening and control groups in measures of anxiety, 
depression, worry, or self-reported health, but the results suggest 
possible short-term increases in anxiety (at 6 weeks) among per-
sons screened and diagnosed with diabetes compared with those 
screened and not diagnosed with diabetes (eResults and eTable 9 
in the Supplement).

Benefits of Interventions for Type 2 Diabetes and 
Prediabetes
Key Question 4a. Do interventions for screen-detected type 2 
diabetes and prediabetes improve health outcomes compared 
with no intervention, usual care, or interventions with different 
treatment targets?
Key Question 4b. Does the effectiveness of these interventions 
differ for subgroups defined by age, sex, race and ethnicity, socio-
economic status, or BMI?

One  cluster  RCT  (ADDITION-Europe,  described  in  8  
articles15,75-80,103) that evaluated interventions for individuals 
with screen-detected diabetes and 38 RCTs (described in 56 
articles16-25,27-35,40-48,56-74,85-92,98) that evaluated interventions 
for individuals with prediabetes were included (eResults and 
eTables 10 and 11 in the Supplement).15,75-80,103 For persons 
with diabetes, low strength of evidence from 1 cluster RCT 
(described in 8 articles) found no significant difference over 
a mean of 5.3 years of follow-up between an intensive multifacto-
rial intervention aimed at controlling glucose, blood pressure, 
and cholesterol levels and routine care in the risk of all-cause 
mortality, cardiovascular-related mortality, and the occurrence of 
a first cardiovascular event (myocardial infarction, stroke, revas-
cularization, or amputation).15,75-80,103 Differences remained 
nonsignificant at the 10-year follow-up. There was also no signifi-
cant difference between groups in the risk of outcomes related 
to chronic kidney disease, visual impairment, and neuropathy. 
Of the 4 sites (Denmark, the Netherlands, UK-Cambridge,

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10403
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.10403?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.10403


Fi
gu

re
3.

Al
l-C

au
se

M
or

ta
lit

y,
D

ia
be

te
s-

Re
la

te
d

M
or

ta
lit

y,
M

yo
ca

rd
ia

lI
nf

ar
ct

io
n,

an
d

St
ro

ke
O

ut
co

m
es

in
Tr

ia
ls

of
In

te
rv

en
tio

ns
fo

rP
er

so
ns

W
ith

Re
ce

nt
ly

D
ia

gn
os

ed
D

ia
be

te
s(

KQ
5)

Fa
vo

rs
in

te
rv

en
tio

n
Fa

vo
rs

co
nt

ro
l

Co
nt

ro
l g

ro
up

W
ith

ev
en

t,
 N

o.
W

ith
ou

t
ev

en
t,

 N
o.

In
te

rv
en

tio
n 

gr
ou

p
W

ith
ev

en
t,

 N
o.

W
ith

ou
t

ev
en

t,
 N

o.
So

ur
ce

Al
l-

ca
us

e 
m

or
ta

lit
y

Re
la

tiv
e 

ris
k

(9
5%

 C
I)

5
43

5
2

1
Gr

ou
p 

ed
uc

at
io

n a
38

2
Da

vi
es

 e
t a

l,54
 2

00
8

0.
35

 (0
.0

7-
1.

82
)

11
42

2
15

3
Gr

ou
p 

ed
uc

at
io

n a
37

6
Kh

un
ti 

et
 a

l,55
 2

01
2

1.
21

 (0
.5

6-
2.

60
)

83
62

4
13

4
9

BP
 c

on
tr

ol
 b

30
7

H
ol

m
an

 e
t a

l,83
 2

00
8

0.
82

 (0
.6

3-
1.

08
)

21
3

22
40

48
9

10
Gl

uc
os

e 
co

nt
ro

l c
92

5
UK

PD
S,

84
 1

99
8

0.
94

 (0
.8

0-
1.

10
)

89
29

2
50

10
W

ei
gh

t c
on

tr
ol

 d
32

2
UK

PD
S,

94
 1

99
8

0.
64

 (0
.4

5-
0.

91
)

21
1

38
5

37
3

10
 p

os
tt

ria
l

BP
 c

on
tr

ol
 b

17
9

H
ol

m
an

 e
t a

l,83
 2

00
8

0.
89

 (0
.7

5-
1.

06
)

Di
ab

et
es

 sp
ec

ifi
c 

m
or

ta
lit

y

62
67

6
82

9
BP

 c
on

tr
ol

 b
32

8
H

ol
m

an
 e

t a
l,83

 2
00

8
0.

68
 (0

.4
9-

0.
94

)

12
9

24
44

28
5

10
Gl

uc
os

e 
co

nt
ro

l c
10

09
UK

PD
S,

84
 1

99
8

0.
90

 (0
.7

3-
1.

11
)

55
31

4
28

10
W

ei
gh

t c
on

tr
ol

 d
35

6
UK

PD
S,

94
 1

99
8

0.
58

 (0
.3

7-
0.

91
)

12
2

55
5

20
3

10
 p

os
tt

ria
l

BP
 c

on
tr

ol
 b

26
8

H
ol

m
an

 e
t a

l,83
 2

00
8

0.
84

 (0
.6

7-
1.

05
)

29
7

21
11

61
8

10
 p

os
tt

ria
l

Gl
uc

os
e 

co
nt

ro
l c

84
1

H
ol

m
an

 e
t a

l,82
 2

00
8

0.
83

 (0
.7

3-
0.

96
)

12
0

26
1

81
10

 p
os

tt
ria

l
W

ei
gh

t c
on

tr
ol

 d
29

1
H

ol
m

an
 e

t a
l,82

 2
00

8
0.

70
 (0

.5
3-

0.
92

)

St
ro

ke

34
72

0
38

9
BP

 c
on

tr
ol

 b
35

6
H

ol
m

an
 e

t a
l,81

 2
00

8
0.

56
 (0

.3
5-

0.
89

)

55
25

81
14

8
10

Gl
uc

os
e 

co
nt

ro
l c

10
83

UK
PD

S,
84

 1
99

8
1.

11
 (0

.8
1-

1.
51

)

23
33

0
12

10
W

ei
gh

t c
on

tr
ol

 d
38

8
UK

PD
S,

94
 1

99
8

0.
59

 (0
.2

9-
1.

18
)

58
66

8
90

10
 p

os
tt

ria
l

BP
 c

on
tr

ol
 b

33
2

H
ol

m
an

 e
t a

l,83
 2

00
8

0.
77

 (0
.5

5-
1.

07
)

11
6

24
69

26
0

10
 p

os
tt

ria
l

Gl
uc

os
e 

co
nt

ro
l c

10
22

H
ol

m
an

 e
t a

l,82
 2

00
8

0.
91

 (0
.7

3-
1.

13
)

42
30

8
34

10
 p

os
tt

ria
l

W
ei

gh
t c

on
tr

ol
 d

36
9

H
ol

m
an

 e
t a

l,82
 2

00
8

0.
80

 (0
.5

0-
1.

27
)

53
7

15
67

11
62

10
 p

os
tt

ria
l

Gl
uc

os
e 

co
nt

ro
l c

60
1

H
ol

m
an

 e
t a

l,82
 2

00
8

0.
87

 (0
.7

9-
0.

96
)

M
yo

ca
rd

ia
l i

nf
ar

ct
io

n

1
74

1
7

M
ul

tif
ac

to
ria

l e
74

Ya
ng

 e
t a

l,93
 2

01
3

1.
00

 (0
.0

6-
15

.7
)

69
65

1
10

7
9

BP
 c

on
tr

ol
 b

32
1

H
ol

m
an

 e
t a

l,81
 2

00
8

0.
79

 (0
.5

9-
1.

07
)

18
6

23
42

38
7

10
Gl

uc
os

e 
co

nt
ro

l c
95

2
UK

PD
S,

84
 1

99
8

0.
84

 (0
.7

1-
1.

00
)

73
30

3
39

10
W

ei
gh

t c
on

tr
ol

 d
33

8
UK

PD
S,

94
 1

99
8

0.
61

 (0
.4

1-
0.

89
)

11
5

55
3

20
5

10
 p

os
tt

ria
l

BP
 c

on
tr

ol
 b

27
5

H
ol

m
an

 e
t a

l,83
 2

00
8

0.
90

 (0
.7

1-
1.

13
)

31
9

20
51

67
8

10
 p

os
tt

ria
l

Gl
uc

os
e 

co
nt

ro
l c

81
9

H
ol

m
an

 e
t a

l,82
 2

00
8

0.
85

 (0
.7

4-
0.

97
)

12
6

26
1

81
10

 p
os

tt
ria

l
W

ei
gh

t c
on

tr
ol

 d
28

5
H

ol
m

an
 e

t a
l,82

 2
00

8
0.

67
 (0

.5
1-

0.
89

)

21
7

19
0

15
2

10
 p

os
tt

ria
l

W
ei

gh
t c

on
tr

ol
 d

29
4

H
ol

m
an

 e
t a

l,82
 2

00
8

0.
73

 (0
.5

9-
0.

89
)

Fo
llo

w
-u

p
du

ra
tio

n,
 y

Tr
ea

tm
en

t

0.
02

10
1

20
0.

1 Re
la

tiv
e 

ris
k 

(9
5%

 C
I)

BP
in

di
ca

te
sb

lo
od

pr
es

su
re

;K
Q

,k
ey

qu
es

tio
n;

U
KP

D
S,

U
K

Pr
os

pe
ct

iv
e

D
ia

be
te

sS
tu

dy
.

a
Gr

ou
p

ed
uc

at
io

n
in

th
e

D
ES

M
O

N
D

tr
ia

l.
b

Ti
gh

te
rb

lo
od

pr
es

su
re

co
nt

ro
l(

<1
50

/8
5

vs
<1

80
/1

0
5)

in
th

e
hy

pe
rt

en
sio

n
in

di
ab

et
es

st
ud

y
em

be
dd

ed
in

U
KP

D
S.

c
In

te
ns

iv
e

th
er

ap
y

w
ith

su
lfo

ny
lu

re
as

or
in

su
lin

in
U

KP
D

S.
d

M
et

fo
rm

in
fo

ro
ve

rw
ei

gh
ts

ub
st

ud
y

U
KP

D
S

gr
ou

p.
e

M
ul

tif
ac

to
ria

lin
te

ns
iv

e
th

er
ap

y.



Key Question 7b. Does the effectiveness of these interventions dif-
fer for subgroups defined by age, sex, race and ethnicity, socioeco-
nomic status, or BMI?

Twenty-three trials (described in 33 articles16-18,20,21,26,28-31,

33,34,40,4 4,46-48,60-62,65,69,73,74,86-89,92,96,98,101,102) com-
pared lifestyle interventions with controls for delaying or prevent-
ing the onset of diabetes, and 15 trials (reported in 23
articles21,22,24,25,30,41,42,56,58,59,61,62,64,66-68,70,71,73,91,92,95) evalu-
ated pharmacologic interventions to delay or prevent diabetes
(eResults in the Supplement). Lifestyle interventions were signifi-
cantly associated with a reduction in the incidence of diabetes
(pooled RR, 0.78 [95% CI, 0.69 to 0.88]; 23 trials; 12 915 partici-
pants) (Figure 4). Most trials assessed high-contact lifestyle inter-
ventions. Pooled RRs were 0.63 (95% CI, 0.50 to 0.81) for
follow-up less than 1 year, 0.58 (95% CI, 0.41 to 0.82) for
follow-up 1 to 2 years, and 0.81 (95% CI, 0.73 to 0.89) for
follow-up greater than 2 years. For medications, metformin, thia-
zolidinediones , and α-glucosidase inhibitors were all significantly
associated with a reduction in diabetes (pooled RR, 0.73 [95% CI,
0.64 to 0.83] for metformin; 0.50 [95% CI, 0.28 to 0.92] for thia-
zolidinediones; and 0.64 [95% CI, 0.43 to 0.96] for α-glucosidase
inhibitors) (Figure 4), although results for thiazolidinediones and
α-glucosidase inhibitors were limited by imprecision, inconsis-
tency, and risk of bias (for trials of α-glucosidase inhibitors).

The DPP compared an intensive lifestyle modification pro-
gram with metformin and placebo, finding a greater reduction in dia-
betes incidence over about 3 years with a lifestyle program than with
metformin, as compared with placebo (58% vs 31% reduction in dia-
betes incidence).73 The authors estimated that about 7 persons
would need to be treated with the lifestyle intervention or about 14
with metformin to prevent 1 case of diabetes over about 3 years.73

Longer follow-up over a mean of 15 years reported by the DPPOS
also found greater reduction for persons in the lifestyle program than
for those taking metformin, although it found a decline in between-
group difference (27% vs 18% reduction in diabetes incidence).30

Key Question 9. Do interventions for prediabetes improve other in-
termediate outcomes (blood pressure, lipid levels, BMI, weight, and
calculated 10-year CVD risk)?

Thirty-eight RCTs (described in 58 articles) were included (eRe-
sults in the Supplement).16-31,33,35,40-48,56-60,62,63,65-74,86-89,91,92,96-102

Lifestyle interventions were significantly associated with reduced
systolic and diastolic blood pressure (pooled WMD, −1.7 mm hg [95%
CI, −2.6 to −0.8] for systolic and −1.2 mm hg [95% CI, −2.0 to −0.4]
for diastolic), weight (pooled WMD, −1.15 kg [95% CI, −1.56 to −0.74]),
and BMI (pooled WMD, −0.54 [95% CI, −0.76 to −0.33]) (eFigures
2, 3, and 4 in the Supplement). Most trials evaluating hypoglycemic
agents found no statistically significant association with changes in
blood pressure or lipids. Trials of some hypoglycemic agents (met-
formin, acarbose, or liraglutide) reported reductions in weight and
BMI, whereas meta-analysis of trials evaluating thiazolidinediones
found a significant association with weight gain (pooled WMD, 1.9
kg [95% CI, 0.8 to 3.1]) (eResults in the Supplement).

Discussion
This evidence review evaluated benefits and harms of screening
for prediabetes and diabetes and of interventions for prediabetes

in overweight persons reduced the risk of all-cause mortality, 
diabetes-related mortality, and myocardial infarction at both 10 
and 20 years after randomization (Figure 3; eResults in the 
Supplement).

Harms of Interventions
Key Question 6. What are the harms of interventions for predia-
betes, screen-detected type 2 diabetes, or recently diagnosed 
type 2 diabetes?

Harms of interventions for diabetes were sparsely reported, rare, 
and (when reported) not significantly different between interven-
tion and control groups across trials (eResults in the Supplement). Four 
RCTs (described in 6 articles) reported on harms of interventions for 
screen-detected or recently diagnosed diabetes.37,54,55,79,80,84 None 
were specifically designed to investigate harms.

Twenty-one trials reported on harms associated with 
interventions for prediabetes (8 assessing a lifestyle inter-
vention17,18,21,29-31,48,69,73,74,91,92 and 13 assessing a pharmacologic 
intervention22,23,25,32,41,42,56,58,59,64,66-68,70,71,90) (eResults in the 
Supplement). Categories and definitions used for adverse events 
were heterogenous across studies, and few trials (3 trials) 
reported adverse events beyond 5 years of follow-up.65,66,74 Five 
trials reported rates of hypoglycemia (using various definitions), 
each comparing a different medication with placebo (liraglutide, 
sitagliptin, metformin, nateglinide, and rosiglitazone plus metfor-
min); event rates were low, and no trial found a significant differ-
ence between groups over follow-up durations ranging from 8 
weeks to 5 years.22,32,66,70,74

Twelve studies reported withdrawals due to adverse events as-
sociated with a pharmacotherapy intervention. Six trials (2 assess-
ing metformin21,41 and 1 each assessing sitagliptin,32 nateglinide,66 

valsartan,67 acarbose,90 and rosiglitazone plus metformin70) found 
no increased risk of withdrawals among the intervention group com-
pared with placebo or control, and 6 found higher rates of with-
drawals due to adverse effects associated with the pharmacologic 
intervention than the placebo, including 2 studies of acarbose68,71 

and 1 study each assessing pioglitazone,56 ramipril,58 rosiglitazone,59 

voglibose,64 and liraglutide.22

Nine studies of pharmacologic interventions reported on 
gastrointestinal adverse events; compared with placebo or con-
trol, higher rates were seen in studies assessing metformin 
(3 studies),21,70,73 acarbose (2 studies), and liraglutide (1 study),22 

and rates were similar among groups in 1 study each assessing pio-
glitazone, sitagliptin, nateglinide, and valsartan.32,56,66,67 Seven-
teen studies reported other adverse events; types of events re-
ported (and definitions) were heterogeneous and most found no 
difference between groups. Four studies of lifestyle interventions 
reported on musculoskeletal-related adverse events, 2 found no sig-
nificant difference between groups,17,29 and 1 (the DPP) found higher 
rates of musculoskeletal symptoms per 100 person-years in the in-
tensive lifestyle intervention group compared with the control group 
(24.1 vs 21.1 events per 100 person-years; P < .02) at 2.3 years73 but 
no difference between groups for sprains or fractures needing medi-
cal attention at 15 years after randomization.30

Benefits of Interventions for Prediabetes
Key Question 7a. Do interventions for prediabetes delay or pre-
vent progression to type 2 diabetes?
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current standard medical therapy (eg, statins, lower blood pres-
sure targets). The comparison used in the hypertension in diabetes
study embedded in UKPDS exemplifies differences from current
standard therapy because it compared tighter control of blood pres-
sure by targeting pressures less than 150/85 mm Hg vs less tight con-
trol targeting pressures less than 180/105 mm Hg.

For prediabetes, most trials had insufficient duration of fol-
low-up for long-term health outcomes, reported few events, and
found no differences between groups. One trial of a 6-year lifestyle
intervention for persons with impaired glucose tolerance con-
ducted in China (Da Qing, n = 576) reported lower all-cause mor-
tality and CVD-related mortality at 23 years and at 30 years but not
at earlier follow-up. The trial was limited by at least medium risk of
bias, and the original trial was designed to assess diabetes inci-
dence and not long-term health outcomes. Regarding applicability,
the trial began in 1986, when (like UKPDS) routine care for CVD pre-
vention would not have included treatments now considered to be
current standard medical therapy. Participants had impaired glu-
cose tolerance, and mean baseline BMI was 25.7; applicability to other
categories of prediabetes, US populations, and those in different BMI
categories is uncertain.

High strength of evidence from meta-analyses found that life-
style interventions for obese or overweight persons with prediabe-
tes were significantly associated with a reduction in the incidence
of diabetes in trials ranging from 1 year of follow-up to 30 years of
follow-up (including 13 trials with at least 3 years of follow-up). Life-
style interventions were also significantly associated with reduced
blood pressure, weight, and BMI. The clinical importance of the small
mean reductions is somewhat uncertain. For blood pressure, for ex-
ample, some guidelines suggest that reductions of 2 to 3 mm Hg
could result in significant improvement in cardiovascular
outcomes.105 Regarding applicability, the findings are applicable to
overweight and obese adults, and most trials evaluated high-
contact interventions (>360 minutes). For example, the intensive

Figure 4. Delaying or Preventing Progression to Diabetes: Results of Meta-analyses of Trials
Evaluating Interventions for Persons With Prediabetes (KQ7)

Favors
intervention

Favors
control

210.1
Risk ratio (95% CI)

No. of
studies

Total
No.Category

Lifestyle intervention

Risk ratio
(95% CI) I2, %

23 12 915All (longest follow-up) 0.78 (0.69-0.88) 46.76

Time point, mo

4 3518<12 0.63 (0.50-0.81) 0.00

15 594612-24 0.58 (0.41-0.82) 55.70

Contact dose

5 3579Medium 0.67 (0.37-1.22) 70.70

18 9303High 0.79 (0.71-0.89) 36.62

BMI

4 3803<25 0.46 (0.21-1.02) 82.92

6 357525-29.5 0.86 (0.71-1.05) 44.21

13 5503≥30 0.77 (0.65-0.91) 20.13

Pharmacological intervention

3 2181Metformin 0.73 (0.64-0.83) 0.00

3 3264Acarbose or voglibose 0.64 (0.43-0.96) 76.27

3 6238Pioglitazone or rosiglitazone 0.50 (0.28-0.92) 91.86

13 8947>24 0.81 (0.73-0.89) 40.56

BMI indicates body mass index
(calculated as weight in kilograms
divided by height in meters squared);
KQ, key question.

or diabetes that was screen detected or recently diagnosed for popu-
lations and settings relevant to US primary care; a summary of the 
evidence is provided in Table 2. For benefits of screening, the 
strength of evidence from 2 trials (25 120 total participants) was low 
(for no benefit) for mortality and was insufficient for all other out-
comes. The data for outcomes other than mortality were limited, be-
cause data were missing for most participants, and the duration of 
follow-up in trials may have been too short to detect benefits for 
health outcomes. Neither trial assessed screening for prediabetes,
and neither assessed initial screening with HbA1c or fasting glu-
cose. For harms of screening, the strength of evidence was low from 
2 trials that reported no significant differences between screening 
and control groups for anxiety, depression, worry, or self-reported 
health, but 1 reported short-term increases in anxiety (at 6 weeks) 
among persons screened and diagnosed with diabetes vs those not 
diagnosed with diabetes. No included studies reported on labeling, 
harms from false-positive results, burden, inconvenience, or unnec-
essary testing and treatment.

For screen-detected diabetes, the strength of evidence from the 
ADDITION-Europe trial (3057 participants) was low (for no ben-
efit). Follow-up may have been too short to detect benefits for health 
outcomes, and results were imprecise. For recently diagnosed (not 
screen-detected) diabetes, the strength of evidence from 5 trials 
(5138 participants) was moderate for improved long-term health out-
comes. Regarding applicability, it is uncertain whether results from 
trials of persons with recently diagnosed diabetes are applicable to 
those with screen-detected diabetes. Recently diagnosed diabe-
tes was generally clinically detected (eg, because of symptoms) and 
may represent a different subset of the diabetes spectrum, possi-
bly with greater condition severity. The evidence of benefits for per-
sons with recently diagnosed (not screen-detected) diabetes comes 
primarily from the UKPDS, conducted among predominantly White 
participants from 1977 through 1997, when routine care for CVD pre-
vention would not have included treatments now considered to be

Reprinted)
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betes, studies of persons who had diabetes for more than 1 year or
with more advanced diabetes were excluded, aiming to identify the
studies with good applicability to a screen-detected population.
Third, the review did not evaluate studies of weight loss medica-
tions or bariatric surgery to treat diabetes.

Conclusions
Trials of screening for diabetes found no mortality benefit but had
insufficient data to assess other health outcomes; evidence on harms
of screening was limited. For persons with recently diagnosed (not
screen-detected) diabetes, interventions improved health out-
comes; for obese or overweight persons with prediabetes, inter-
ventions were associated with reduced incidence of diabetes and
improvement in other intermediate outcomes.
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