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Abstract

Background

In 2015, the United States Preventive Services Task Force (USPSTF) recommended tar-

geted screening for prediabetes and diabetes (dysglycemia) in adults who are aged 40 to

70 y old and overweight or obese. Given increasing prevalence of dysglycemia at younger

ages and lower body weight, particularly among racial/ethnic minorities, we sought to deter-

mine whether the current screening criteria may fail to identify some high-risk population

subgroups.

Methods and Findings

We investigated the performance of the 2015 USPSTF screening recommendation in

detecting dysglycemia among US community health center patients. A retrospective analy-

sis of electronic health record (EHR) data from 50,515 adult primary care patients was con-

ducted. Longitudinal EHR data were collected in six health centers in the Midwest and

Southwest. Patients with a first office visit between 2008 and 2010 were identified and fol-

lowed for up to 3 y through 2013. We excluded patients who had dysglycemia at baseline

and those with fewer than two office visits during the follow-up period. The exposure of inter-

est was eligibility for screening according to the 2015 USPSTF criteria. The primary out-

come was development of dysglycemia during follow-up, determined by: (1) laboratory

results (fasting/2-h postload/random glucose� 100/140/200 mg/dL [5.55/7.77/11.10 mmol/
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L] or hemoglobin A1C� 5.7% [39 mmol/mol]); (2) diagnosis codes for prediabetes or type 2

diabetes; or (3) antidiabetic medication order. At baseline, 18,846 (37.3%) participants were

aged�40 y, 33,537 (66.4%) were overweight or obese, and 39,061 (77.3%) were racial/eth-

nic minorities (34.6% Black, 33.9% Hispanic/Latino, and 8.7% Other). Overall, 29,946

(59.3%) patients had a glycemic test within 3 y of follow-up, and 8,478 of them developed

dysglycemia. Only 12,679 (25.1%) patients were eligible for screening according to the

2015 USPSTF criteria, which demonstrated the following sensitivity and specificity (95%

CI): 45.0% (43.9%–46.1%) and 71.9% (71.3%–72.5%), respectively. Racial/ethnic minori-

ties were significantly less likely to be eligible for screening yet had higher odds of develop-

ing dysglycemia than whites (odds ratio [95% CI]: Blacks 1.24 [1.09–1.40]; Hispanics 1.46

[1.30–1.64]; and Other 1.33 [1.16–1.54]). In addition, the screening criteria had lower sensi-

tivity in all racial/ethnic minority groups compared to whites. Limitations of this study include

the ascertainment of dysglycemia only among patients with available test results and find-

ings that may not be generalizable at the population level.

Conclusions

Targeted diabetes screening based on new USPSTF criteria may detect approximately half

of adult community health center patients with undiagnosed dysglycemia and proportion-

ately fewer racial/ethnic minorities than whites. Future research is needed to estimate the

performance of these screening criteria in population-based samples.

Author Summary

WhyWas This Study Done?

• In October 2015, the United States Preventive Services Task Force (USPSTF) issued a
new diabetes screening recommendation for adults who are aged 40–70 y and over-
weight or obese.

• These screening criteria may miss high-risk groups who develop prediabetes and diabe-
tes (together called dysglycemia) at younger ages or at a normal weight.

What Did the Researchers Do and Find?

• We conducted a study of electronic health record data from adult primary care patients
at US community health centers between 2008 through 2013.

• The goal of the study was to determine patient characteristics associated with being eligi-
ble for diabetes screening, receiving a screening test, and developing dysglycemia over a
3-y period.

• The USPSTF screening criteria identified approximately half of patients who developed
dysglycemia and proportionately fewer cases of dysglycemia among racial/ethnic minor-
ities than whites.
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What Do These Findings Mean?

• Primary care providers may miss a substantial proportion of patients with dysglycemia
by following the current USPSTF screening recommendation.

• Providers may consider screening patients from racial/ethnic minority groups before the
age and weight ranges recommended by the USPSTF.

• However, patients may incur out-of-pocket costs when their doctors obtain a diabetes
screening test that does not follow the USPSTF recommendation.

Introduction
Diabetes affects over 410 million adults worldwide, with a growing global burden that is pro-
jected to increase [1,2]. In the US, 14% of adults have diabetes [3], which results in significant
associated morbidity, mortality, and health care expenditures [4]. An estimated 38% of US
adults have prediabetes [3], which comprises impaired glucose tolerance and impaired fasting
glucose. These two high-risk states are characterized by elevations of plasma glucose above the
normal range but below the diagnostic threshold for diabetes. Large randomized trials on three
continents have demonstrated that structured, intensive lifestyle interventions can prevent or
delay the onset of diabetes in adults with impaired glucose tolerance [5–8]. Of the many medi-
cation trials to prevent diabetes among those at high risk, metformin has been most widely
studied and has found to be safe and effective at achieving this outcome [5,9,10]. The standards
of care for treating diagnosed diabetes have been informed by an even larger evidence base
[11]. The availability of effective treatments to prevent and treat diabetes underscores the
importance of population-based strategies for identifying those at high risk.

Screening for prediabetes and diabetes (collectively referred to here as dysglycemia) has
been recommended by many expert groups to improve evidence-based diabetes prevention
and treatment efforts. In the US, the US Preventive Services Task Force (USPSTF) is an inde-
pendent group of experts that reviews the evidence supporting screening tests and other clinical
preventive services, and develops recommendations for their use in practice [12]. Federal law
in the US requires that health insurance plans cover services recommended by the USPSTF
without cost sharing [13]. In October 2015, this group issued a new recommendation to screen
asymptomatic adults who are 40 to 70 y old and overweight or obese for dysglycemia using one
of the following tests: hemoglobin A1C (A1C), fasting plasma glucose, or 2-h postload glucose
during a 75-g oral glucose tolerance test [14].

Previous studies have investigated the effectiveness of various diabetes screening guidelines,
but to our knowledge, none has yet examined the 2015 USPSTF criteria. Detecting dysglycemia
is an increasingly important public health imperative, given rising rates of diabetes across all
population subgroups. Recent research demonstrating a higher prevalence of diabetes at youn-
ger ages and lower body weight [15], particularly among racial/ethnic minorities [16–18], sug-
gests that the USPSTF criteria may identify proportionately fewer cases of dysglycemia among
certain high-risk groups. The objective of our study was to evaluate the performance of the
2015 USPSTF screening criteria among US community health center patients. We hypothe-
sized that racial/ethnic minorities would be less likely to be detected by these screening criteria
yet more likely to develop dysglycemia over time.

2015 USPSTF Diabetes Screening Criteria
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Methods

Ethics Statement
The research protocol was approved by each of the participating community health centers’
research evaluation boards and was deemed exempt from review by the Northwestern Univer-
sity Institutional Review Board.

Data Source and Participants
In this retrospective cohort study, we analyzed longitudinal electronic health record (EHR)
data from a US network of publicly funded community health centers between 2008 and 2013.
This study is reported as per STROBE guidelines (S1 STROBE Checklist). EHR data from rou-
tine primary care encounters were collected retrospectively by Alliance of Chicago Commu-
nity Health Services (Alliance), a Health Center Controlled Network and member of the
Community Health Applied Research Network (CHARN). The affiliated clinics offer compre-
hensive clinical services to vulnerable populations including large proportions of women and
racial/ethnic minorities [19]. Six community health centers in the CHARN network serving
patients in the American Midwest and Southwest participated in this study [20]. We used
structured query language to extract from a centralized data warehouse the following EHR
data on patients receiving primary care in these centers: age, sex, self-reported race/ethnicity,
insurance type, laboratory testing results, physical measurements (height, weight, and blood
pressure), medications ordered, comorbidities (coded according to the International Classifi-
cation of Diseases, Ninth Revision [ICD-9]) [21], and the date on which these data elements
were collected.

Adult patients who were at least 18 y old were identified in the EHR between January 2008
and December 2010 based on their first office visit during this time period, defined as the index
visit. Patients who had fewer than two subsequent office visits were excluded after examining
all face-to-face encounters with a licensed primary care provider. We also excluded those with
dysglycemia at baseline, determined by the following EHR criteria documented any time before
the end of the calendar year in which patients attended the index visit: (1) ICD-9 diagnosis
code for prediabetes or diabetes; (2) prescription order for any antidiabetic medication; and/or
(3) glycemic testing result consistent with dysglycemia (fasting glucose� 100 mg/dL [5.55
mmol/L], 2-h postload glucose�140 mg/dL [7.77 mmol/L], random glucose� 200 mg/dL
[11.10 mmol/L], or A1C� 5.7% [39 mmol/mol]). These patients were excluded because the
study’s primary outcome was incident dysglycemia during a 3-y follow-up period. In addition,
we excluded five subjects with unknown sex. The final study population included 50,515
patients, who were followed after the index visit for up to 3 y through December 2013. We
chose this duration of follow-up because it is the recommended time interval for dysglycemia
screening [14]. Each patient was observed for a single follow-up period and was analyzed only
once.

Measures and Definitions
Screening eligibility, diabetes risk factors, and other covariates. According to the 2015

USPSTF criteria, we considered all patients who were aged 40 to 70 y old and overweight or
obese to be eligible for screening. In addition to age and body mass index (BMI), we analyzed
baseline data on each of the following diabetes risk factors as defined according to the Ameri-
can Diabetes Association (ADA): nonwhite race/ethnicity, hypertension, dyslipidemia, poly-
cystic ovary syndrome, history of gestational diabetes, and family history of diabetes [22]. The
ADA includes physical inactivity as a diabetes risk factor, which was not routinely collected in
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the EHR data source and therefore was not examined in this study. Race/ethnicity data were
derived from self-reports obtained upon patient registration in the participating community
health centers and used to create mutually exclusive categories. Nonwhite race and ethnicity
categories included in our analysis were Black, Hispanic/Latino, and Other. All patients report-
ing Hispanic/Latino ethnicity were categorized as Hispanic/Latino in the analysis. The Other
category comprised American Indians, Asians, Native Hawaiians or Other Pacific Islanders,
biracial or multiracial individuals, and those with missing data for race/ethnicity. Definitions
for each risk factor were based on a combination of EHR data elements: ICD-9 diagnosis
codes, laboratory results, physical measurements, and medications prescribed (definitions pre-
sented in Table 1). We summed the number of diabetes risk factors, including age� 45 y [22]
and those mentioned above, to create an individual risk score. Sociodemographic variables
including sex and insurance status were also assessed at the index visit and examined as covari-
ates [23,24].

Receipt of diabetes screening and incident dysglycemia. Glycemic testing conducted
during routine clinical encounters is often called opportunistic diabetes screening. This
approach has proven effective for identifying undiagnosed dysglycemia in US practice-based
settings and has also been advocated as a case finding strategy in low- and middle-income
countries [25,26]. Following the current USPSTF guideline [14], we considered receiving at

Table 1. Determination of diabetes, prediabetes, and other diabetes risk factors using electronic health record dataa.

Condition or Risk Factor ICD-9 Codesb Laboratory Values or
Clinical Measurements

Medication Prescriptions Demographic
Characteristics

Diabetes 250.00–250.93c Hemoglobin A1C �6.5%;
glucose: fasting (�126 mg/
dL), random (�200 mg/dL),
and 2-h (�200 mg/dL)

Antidiabetic medication N/A

Prediabetes 790.21, 790.22, 790.29 in
absence of 250.00–250.93

Hemoglobin A1C 5.7%–

6.4%; glucose: fasting (100–
125 mg/dL) and 2-h (140–
199 mg/dL)

No antidiabetic medication N/A

Hypertension 401.0–401.9, 402.00–
402.91, 404.00–404.93

Blood pressure >140/90
mmHg

Antihypertensive medication N/A

Dyslipidemia 272.0–272.4 HDL cholesterol <35 mg/dL,
triglycerides >250 mg/dL

Lipid-lowering medication N/A

Overweight/Obesityd 278.00–278.02, V85.2–85.4 Body mass index �25 kg/m2 N/A N/A

History of Gestational
Diabetes

648.80–648.83, V12.21 N/A N/A N/A

History of Polycystic Ovary
Syndrome

256.4 N/A N/A N/A

Family History of Diabetes V18.0 N/A N/A N/A

Age N/A N/A N/A �45 y old

Race/Ethnicity (Self-
Reported)

N/A N/A N/A White, Black, Hispanic,
Other

HDL, high-density lipoprotein; N/A, not applicable.
a In order to be classified as having any of the listed conditions or risk factors, patients needed evidence of at least one of the criteria presented.
b Diagnostic codes are based on the International Classification of Diseases, Ninth Revision (ICD-9).
c ICD-9 codes for both type 1 and type 2 diabetes were used to exclude participants with dysglycemia at baseline. ICD-9 codes for type 2 diabetes were

used to determine the development of dysglycemia during the follow-up period.
d Body mass index (BMI) was calculated using measured height and weight to determine overweight/obesity status, defined as BMI �25 kg/m2. ICD-9

codes for overweight or obesity were used instead when measured BMI was an implausible value (defined as �15 or �75 kg/m2).

doi:10.1371/journal.pmed.1002074.t001
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least one of the following glycemic tests during follow-up as screening for dysglycemia: fasting
glucose, 2-h postload glucose, and A1C. According to the ADA [22], we also considered the
results of random glucose tests, which may be more effective at detecting dysglycemia than
fasting glucose tests, as receipt of opportunistic screening [27].

The development of dysglycemia was the primary outcome, ascertained using a combina-
tion of screening laboratory results, ICD-9 diagnosis codes, and prescribed medications.
Patients with one of the following glycemic testing results were considered to have dysglycemia:
fasting glucose� 100 mg/dL (5.55 mmol/L), 2-h postload glucose� 140 mg/dL (7.77 mmol/
L), or A1C� 5.7% (39 mmol/mol). Patients with random glucose� 200 mg/dL (11.10 mmol/
L) were classified as having diabetes and therefore included among those who developed dys-
glycemia [22]. A label of “fasting,” “random,” or “2-h postload” for all glucose results in the
EHR enabled laboratory definitions of the outcome, which was based on the first result
observed during the follow-up period. Establishing a diagnosis of diabetes or prediabetes
requires confirmation by repeat testing, which was not assessed here. Dysglycemia was also
defined by documentation of diagnosis codes for prediabetes or type 2 diabetes during follow-
up. Patients with a new antidiabetic medication prescription were also considered to have dys-
glycemia. We classified patients who met any of the criteria described above as screening posi-
tive for dysglycemia.

Statistical Analysis
We used summary statistics to characterize the entire study cohort with respect to all covariates
at baseline. Chi-square tests were used to examine the association between diabetes screening
eligibility according to 2015 USPSTF criteria (eligible versus ineligible) and the following indi-
cators: (1) baseline characteristics, (2) receipt of screening during follow-up, and (3) develop-
ment of clinically detected dysglycemia. Using data on USPSTF eligibility and dysglycemia
incidence among patients who were screened during follow-up (n = 29,946), we assessed the
performance characteristics of the USPSTF criteria (sensitivity, specificity, positive predictive
value [PPV], and negative predictive value [NPV]) based on available screening test results.
Estimation of these performance characteristics did not include those who were not screened
during follow-up, in whom the incidence of dysglycemia was unknown. We conducted strati-
fied analyses by race/ethnicity to examine the development of dysglycemia separately in these
groups. Also in the screened population, we estimated the odds of developing clinically
detected dysglycemia during follow-up using logistic regression adjusted for all the covariates,
in addition to community health center site. Participants with missing race/ethnicity data were
included in bivariate and multivariable analyses as part of the Other category. Those with miss-
ing data for insurance status were included in all analyses under a separate Missing category. In
a sensitivity analysis, we estimated the performance characteristics of the USPSTF criteria
including patients who also had undiagnosed dysglycemia at baseline, who would also be eligi-
ble for screening according to the recommendation. A p-value of<0.05 was considered signifi-
cant for all statistical testing. All analyses were conducted using SAS, version 9.4 (SAS Institute,
Cary, North Carolina).

Our team designed the analysis plan for this study before receiving the data and made no
major departures from it. Table 1, presenting the criteria used to define our outcome and other
clinical covariates, was used by our co-authors at Alliance to extract the EHR data used in our
study. The age and insurance categories analyzed here represent the only departures from our
initial analysis plan. The analysis was originally planned using the following categories for age
and insurance status: 18–39, 40–70, and�71 y and Medicaid, Medicare, Private, Uninsured,
and Other, respectively.

2015 USPSTF Diabetes Screening Criteria
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Results

Cohort Characteristics
The Fig 1 flow diagram displays the numbers of the total patient population (n = 112,662), the
patients excluded and reasons for their exclusion (n = 62,147), the participants comprising the
study sample (n = 50,515), and those analyzed (n = 50,515). The mean follow-up time was 1.9
y and the maximum was 3.0 y. At baseline, the patient cohort was predominantly less than 40 y
old (62.7%), overweight/obese (66.4%), nonwhite (77.3%), women (72.5%), and uninsured or
publicly insured (74.3%). There were missing data for race/ethnicity (n = 977, 1.9%) and insur-
ance status (n = 4,103, 8.1%), but not for other variables. Over 95% of the sample had at least
one risk factor for diabetes, and 25.1% met current USPSTF criteria for diabetes screening.
According to these criteria, all patients less than 40 y old or with a normal body weight would
have been ineligible for screening. In addition, the following patient characteristics were signifi-
cantly associated with being ineligible: nonwhite race/ethnicity, female sex, history of gesta-
tional diabetes, and polycystic ovary syndrome (Table 2).

Receipt of Screening and Development of Dysglycemia
Overall, 29,946 patients (59.3% of the total sample) underwent a screening test within 3 y of
the index visit. Screening was completed in 77.8% of patients who were eligible according to

Fig 1. Flow diagram.

doi:10.1371/journal.pmed.1002074.g001
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the 2015 USPSTF criteria and 53.1% of those who were not. Based on available test results, a
total of 8,478 patients developed dysglycemia during the follow-up period (5,960 with predia-
betes [70.3% of dysglycemia cases] and 2,518 with diabetes). The following proportion of dys-
glycemia cases were identified by each glycemic test: A1C (77.9%), fasting glucose (18.2%), 2-h
postload glucose (0.7%), and random glucose (3.1%). Only 45.0% of those who developed dys-
glycemia would have met current USPSTF criteria. Among the dysglycemia cases missed by
the USPSTF criteria, 77.7% were less than 40 y old and 29.3% had a normal body weight. The

Table 2. Baseline characteristics of adult community health center patients without dysglycemia by USPSTF screening eligibility.

Characteristicsa Total Patient Sample n (%) Eligible n (%) Ineligible n (%)

Number of Patients 50,515 (100) 12,657 (25.1) 37,858 (74.9)

Age, y

18–39 31,669 (62.7) 0 (0.0) 31,669 (100)

40–59 15,066 (29.8) 10,719 (71.2) 4,347 (28.9)

�60 3,780 (7.5) 1,938 (51.3) 1,842 (48.7)

Race/Ethnicity

White 11,454 (22.7) 3,547 (31.0) 7,907 (69.0)

Black 17,501 (34.7) 4,980 (28.5) 12,521 (71.5)

Hispanic/Latino 17,147 (33.9) 3,140 (18.3) 14,007 (81.7)

Otherb 4,413 (8.7) 990 (22.4) 3,423 (77.6)

Sex

Male 13,919 (27.6) 4,821 (34.6) 9,098 (65.4)

Female 36,596 (72.5) 7,836 (21.4) 28,760 (78.6)

Insurance Status

Medicaid 16,019 (31.7) 3,093 (19.3) 12,926 (80.7)

Medicare 4,353 (8.6) 2,192 (50.4) 2,161 (49.6)

Private 8,194 (16.2) 2,093 (25.5) 6,101 (74.5)

Uninsured 17,180 (34.0) 4,033 (23.5) 13,147 (76.5)

Other 666 (1.3) 205 (30.8) 461 (69.2)

Missing 4,103 (8.1) 1,041 (25.4) 3,062 (74.6)

Weight

Normal 16,978 (33.6) 0 (0.0) 16,978 (100)

Overweight 15,466 (30.6) 5,731 (37.1) 9,735 (62.9)

Obese 18,071 (35.8) 6,926 (38.3) 11,145 (61.7)

Hypertension 11,376 (22.5) 6,033 (53.0) 5,343 (47.0)

Dyslipidemia 6,868 (13.6) 3,799 (55.3) 3,069 (44.7)

Polycystic Ovary Syndrome 171 (0.3) 4 (2.3) 167 (97.7)

History of Gestational Diabetes 655 (1.3) 38 (5.8) 617 (94.2)

Family History of Diabetes 7,058 (14.0) 1,789 (25.4) 5,269 (74.7)

Number of Diabetes Risk Factors

0 2,352 (4.7) 0 (0.0) 2,352 (100)

1 11,189 (22.2) 342 (3.1) 10,847 (96.9)

2 19,255 (38.1) 2,503 (13.0) 16,752 (87.0)

�3 17,719 (35.1) 9,812 (55.4) 7,907 (44.6)

a All participant characteristics were significantly associated with USPSTF eligibility at a significance level of p < 0.001 except family history of diabetes

(p = 0.55).
b This category comprised American Indians, Asians, Native Hawaiians and Other Pacific Islanders, biracial or multiracial individuals, and those with

missing data for race/ethnicity (n = 977).

doi:10.1371/journal.pmed.1002074.t002
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yield of screening for detecting dysglycemia was 38.8% among those who were eligible and
23.2% among those who were not (Table 3). Using data from all patients who had a screening
test during the follow-up period, the 2015 USPSTF criteria had the following test performance
characteristics (95% CI) for identifying dysglycemia: sensitivity 45.0% (43.9%–46.1%), specific-
ity 71.9% (71.3%–72.5%), PPV 38.8% (37.8%–39.7%), and NPV 76.8% (76.2%–77.4%). A sensi-
tivity analysis including individuals who had undiagnosed dysglycemia at baseline did not
substantively impact the reported USPSTF performance characteristics.

The multivariable model of incident dysglycemia adjusted for all potentially confounding
variables, including community health center site. The following demographic and clinical

Table 3. Receipt of screening and development of clinically detected dysglycemia within 3 y by USPSTF eligibility.

Characteristicsa Received Screening Testb (n = 29,946) Developed Dysglycemiac (n = 8,478)

Eligible n (%) Ineligible n (%) Eligible n (%) Ineligible n (%)

Number of patients 9,844 (32.9) 20,102 (67.1) 3,815 (45.0) 4,663 (55.0)

Age, y

18–39 0 (0.0) 15,781 (100) 0 (0) 3,624 (100)

40–59 8,208 (73.8) 2,916 (26.2) 3,116 (84.8) 557 (15.2)

�60 1,636 (53.8) 1,405 (46.2) 699 (59.2) 482 (40.8)

Sex

Male 3,846 (40.4) 5,680 (59.6) 1,338 (57.2) 1,003 (42.8)

Female 5,998 (29.4) 14,422 (70.6) 2,477 (40.4) 3,660 (59.6)

Insurance Status

Medicaid 2,498 (26.6) 6,907 (73.4) 1,020 (39.8) 1,546 (60.2)

Medicare 1,897 (53.7) 1,638 (46.3) 798 (62.8) 472 (37.2)

Private 1,593 (32.7) 3,273 (67.3) 524 (50.1) 521 (49.9)

Uninsured 3,043 (29.9) 7,145 (70.1) 1,234 (39.9) 1,860 (60.1)

Other 144 (37.8) 237 (62.2) 43 (39.8) 65 (60.2)

Missing 669 (42.6) 902 (57.4) 196 (49.6) 199 (50.4)

Weight

Normal 0 (0.0) 8,725 (100) 0 (0) 1,365 (100)

Overweight 4,337 (46.5) 4,980 (53.5) 1,357 (56.7) 1,037 (43.3)

Obese 5,507 (46.3) 6,397 (53.7) 2,458 (52.1) 2,261 (47.9)

Hypertension 4,955 (57.5) 3,661 (42.5) 1,975 (64.4) 1,093 (35.6)

Dyslipidemia 3,237 (58.0) 2,345 (42.0) 1,267 (65.5) 668 (34.5)

Polycystic Ovary Syndrome 4 (4.3) 90 (95.7) 3 (7.0) 40 (93.0)

History of Gestational
Diabetes

25 (9.3) 244 (90.7) 13 (13.3) 85 (86.7)

Family History of Diabetes 1,439 (33.0) 2,916 (67.0) 589 (45.4) 708 (54.6)

Number of Diabetes Risk
Factors

0 0 998 (100) 0 (0) 71 (100)

1 220 (4.2) 5,071 (95.8) 37 (5.3) 662 (94.7)

2 1,763 (16.6) 8,885 (83.4) 567 (19.9) 2,280 (80.1)

�3 7,861 (60.4) 5,148 (39.6) 3,211 (66.1) 1,650 (33.9)

a All participant characteristics were significantly associated with USPSTF eligibility at a significance level of p < 0.001, both among all patients who

received a screening test and those who developed dysglycemia.
b Patients who had an available result for one of the following glycemic tests were considered to have received a screening test: fasting glucose, random

glucose, 2-h postload glucose during a 75-g oral glucose tolerance test, and hemoglobin A1C.
c The development of dysglycemia was ascertained among all patients who received a screening test (n = 29,946).

doi:10.1371/journal.pmed.1002074.t003
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characteristics were significantly associated with developing dysglycemia during follow-up:
age� 40 y, overweight and obesity, nonwhite race/ethnicity, hypertension, polycystic ovary
syndrome, history of gestational diabetes, and family history of diabetes. The odds of develop-
ing dysglycemia increased with greater numbers of diabetes risk factors (Table 4).

Table 4. Odds of developing clinically detected dysglycemia within 3 y among patients who received
screening (n = 29,946).

Characteristics Odds Ratio (95% CI)a

Age, y

18–39 REF

40–59 1.74 (1.62–1.88)

�60 1.92 (1.70–2.16)

Race/Ethnicity

White REF

Black 1.24 (1.09–1.40)

Hispanic/Latino 1.46 (1.30–1.64)

Otherb 1.33 (1.16–1.54)

Sex

Male REF

Female 0.99 (0.93–1.06)

Insurance Status

Medicaid REF

Medicare 1.17 (1.05–1.30)

Private 0.93 (0.85–1.02)

Uninsured 1.08 (1.01–1.16)

Other 0.89 (0.71–1.13)

Missing 0.70 (0.61–0.80)

Weight

Normal REF

Overweight 1.31 (1.19–1.44)

Obese 2.45 (2.23–2.69)

Hypertension 1.12 (1.04–1.21)

Dyslipidemia 1.00 (0.93–1.08)

Polycystic Ovary Syndrome 2.24 (1.45–3.45)

History of Gestational Diabetes 1.31 (1.01–1.71)

Family History of Diabetes 1.09 (1.01–1.17)

Number of Diabetes Risk Factorsc

0 REF

1 1.98 (1.54–2.56)

2 4.77 (3.73–6.09)

�3 7.79 (6.10–9.94)

REF, reference group.
a Odds ratios (95% confidence intervals [CIs]) are adjusted for age, race/ethnicity, sex, insurance status,

weight, hypertension, dyslipidemia, polycystic ovary syndrome, history of gestational diabetes, family

history of diabetes, and community health center site.
b This category comprised American Indians, Asians, Native Hawaiians and Other Pacific Islanders, biracial

or multiracial individuals, and those with missing data for race/ethnicity (n = 977).
c The odds ratios for number of diabetes risk factors are unadjusted.

doi:10.1371/journal.pmed.1002074.t004
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Screening Eligibility, Receipt, and Development of Dysglycemia by
Race/Ethnicity
Racial/ethnic minorities were significantly less likely to be eligible for screening based on the
USPSTF recommendation than were whites, with the greatest disparity occurring among His-
panics/Latinos (Table 2). A higher proportion of racial/ethnic minorities who were screened
developed clinically detected dysglycemia during the follow-up period (Fig 2). This was sup-
ported by multivariable logistic regression analysis showing higher odds of dysglycemia among
all racial/ethnic minority groups compared to whites (odds ratio [95% CI] for Blacks 1.24 [95%
CI, 1.09–1.40]; Hispanics 1.46 [95% CI, 1.30–1.64]; and Other 1.33 [95% CI, 1.16–1.54])
(Table 4). In addition, dysglycemia cases among minority patients were less likely to be identi-
fied by the USPSTF screening criteria (i.e., lower sensitivity) than were cases among whites.
The sensitivity (95% CI) of the criteria was 54.5% (52.0%–57.1%) in whites, 50.3% (48.4%–

52.1%) in Blacks, 42.0% (37.7%–46.2%) in Other, and 37.7% (36.1%–39.2%) in Hispanics/

Fig 2. Development of clinically detected dysglycemia within 3 y among patients who received screening by race/ethnicity and
USPSTF eligibility (n = 29,946). P-values were derived from pairwise comparisons of USPSTF eligibility among racial/ethnic groups
using Chi-square tests. Numbers displayed within the bars represent the probability of being eligible for screening among those who
developed dysglycemia (i.e., sensitivity). USPSTF, US Preventive Services Task Force.

doi:10.1371/journal.pmed.1002074.g002
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Latinos (Fig 2). The lower sensitivity observed among racial/ethnic minorities reflects the
greater proportion of patients who developed dysglycemia at a normal weight and ages less
than 40 within these groups, relative to whites (Table 5).

Discussion
Using longitudinal data from US community health center patients, we report eligibility for
diabetes screening according to the 2015 USPSTF criteria, as well as receipt of screening and
positive test results within a 3-y follow-up period. Overall, one-quarter of patients were eligible
for screening, and almost 60% received a screening test during follow-up. Less than half of the
patients who developed dysglycemia would have been eligible for screening according to cur-
rent USPSTF criteria. Our findings also suggest that certain population groups that are at high
risk for developing dysglycemia are more likely to be missed when using these criteria, particu-
larly racial/ethnic minorities.

To our knowledge, this is the first study to examine USPSTF diabetes screening criteria
released in October 2015. Using US population-based data in which all participants received
glycemic testing, previous analyses tested the detection of dysglycemia according to a prior
2008 USPSTF recommendation to screen adults with hypertension. One study reported that
28.2% of US adults aged 18 y or older had hypertension and were therefore eligible to be
screened according to the 2008 recommendation [28]. Screening adults based on hypertension
alone was estimated to identify 53% of individuals with diabetes and 31% of those with predia-
betes [29]. Sensitivity and specificity for detecting dysglycemia by the previous screening crite-
rion (blood pressure>135/80 mmHg) were 40.6%–44.4% and 74.8%–78.0%, respectively
[30,31]. Despite studying different screening criteria in nationally representative populations,
these analyses reported remarkably similar performance characteristics to those we report in a
clinic-based sample. Alternate diabetes screening criteria based on a greater number of risk fac-
tors generally found higher sensitivity and lower specificity than the 2008 USPSTF recommen-
dation [29,31,32].

Our study found comparable rates of opportunistic screening with previous reports from
US primary care settings [32–34]. Studies analyzing US survey data have found a lower preva-
lence of diabetes screening [31,35]. The discrepancy between estimates derived from clinical

Table 5. Receipt of screening and development of clinically detected dysglycemia by race/ethnicity, age < 40 y, and normal weight status.

Race/Ethnicity Total n Received Screening n (%)a Developed Dysglycemia n (%)b

White

Age < 40 y old 5,283 2,543 (48.1) 333 (13.1)

Normal weight 4,945 2,658 (53.8) 359 (13.5)

Black

Age < 40 y old 10,512 4,631 (44.1) 1,165 (25.2)

Normal weight 5,160 2,494 (48.3) 433 (17.4)

Hispanic/Latino

Age < 40 y old 13,016 7,476 (57.4) 2,295 (30.7)

Normal weight 5,085 2,793 (54.9) 553 (19.8)

Other

Age < 40 y old 2,858 1,131 (39.6) 226 (20.0)

Normal weight 1,788 780 (43.6) 133 (17.1)

a The denominator for the reported percentages is the total number of patients within each stratum.
b The denominator for the reported percentages is the number of patients within each stratum who received screening.

doi:10.1371/journal.pmed.1002074.t005
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cohorts and population-based studies likely reflects an increased probability of those receiving
health care to be screened and recall bias from using self-reported data to ascertain this out-
come. We found a higher prevalence of screening in patients who would have been eligible
based on the current USPSTF criteria, compared to those who would not be eligible. Screening
was also more common among patients with other diabetes risk factors, except for gestational
diabetes and polycystic ovary syndrome. Because rare conditions are infrequently captured in
EHR data [36], our screening estimates for these patients may be biased. Opportunistic screen-
ing in patients with hypertension and hyperlipidemia may reflect monitoring of electrolytes,
renal function, and liver function among those taking medication.

While diabetes screening occurred in approximately half of the patients who would not be
eligible according to the 2015 USPSTF recommendation, this practice may change after imple-
mentation of the new screening criteria. Previous studies have reported good adherence to
other USPSTF screening recommendations [37–40], which suggests that dysglycemia screen-
ing may occur less frequently among ineligible patients in the future. The lack of mandated
insurance coverage for screening among ineligible patients in the US may also result in lower
screening rates than those observed here [13]. This may be especially true in safety-net settings
like those we studied, where patients are less able to afford out-of-pocket medical expenses
[41].

Our sample presents a unique opportunity to investigate demographic groups that may be
missed by the 2015 USPSTF screening criteria, given the proportion of young and lean patients
who developed dysglycemia. We found that racial/ethnic minorities were less likely than whites
to be eligible for dysglycemia screening. Similarly, one population-based study found that
screening eligibility based on age�45 y was lower among Blacks and Hispanics/Latinos com-
pared to whites [42]. Nonwhites in our study had a higher risk of developing dysglycemia than
whites, a finding that is well established in the epidemiologic literature. We found that dysgly-
cemia develops at younger ages and lower body weight in racial/ethnic minority groups, which
is supported by a recent body of research [16–18]. In addition, the proportion of incident dys-
glycemia cases detected by the USPSTF criteria was lower among all racial/ethnic groups than
among whites. Taken together, these observations raise concern that the current USPSTF
screening criteria may postpone a diagnosis of dysglycemia in racial/ethnic minorities, which
could potentially delay interventions to prevent or treat diabetes in these groups. Prospective
studies in which all individuals receive screening are needed to further investigate the perfor-
mance of these criteria and to assess whether following them contributes to diabetes-related
disparities [43]. In contrast to the current USPSTF screening criteria, other diabetes screening
guidelines include nonwhite race/ethnicity as a risk factor that warrants screening independent
of age or weight [22,44,45].

Because prediabetes represented the majority of incident dysglycemia cases, our findings
have implications for diabetes prevention among disadvantaged US adults. The low sensitivity
of current USPSTF screening criteria reported here could result in missed opportunities to
offer intensive lifestyle interventions or metformin. Adults with prediabetes who are missed by
these screening criteria will also not learn that they have the condition, which may impact their
efforts to prevent diabetes. One recent study found that adults who were aware of having predi-
abetes were more than twice as likely as those who were not to engage in meeting evidence-
based lifestyle goals [46]. Without receiving any intervention to lower their diabetes risk,
patients with prediabetes who are not detected by the USPSTF screening criteria may develop
diabetes sooner and have a longer period of exposure for developing complications. Future
research should investigate the impact of screening positive for prediabetes on the adoption of
diabetes prevention treatments and resulting metabolic outcomes.
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Strengths of the current study include its timeliness given the recent release of the 2015
USPSTF screening recommendation, large sample size, and use of longitudinal clinical data
from an understudied population in the US. The sociodemographic characteristics of our
cohort were similar to those reported among over 15 million adult patients served in similar
community health centers [19]. While these community health centers are the primary source
of outpatient care for immigrants living in the US [47]—many of whom are racial/ethnic
minorities—the performance of these diabetes screening criteria may differ in their countries
of origin. However, diabetes also develops at young ages and lean body weight among adults in
Latin America, Africa, and Asia [48–52]. This suggests that screening programs targeting mid-
dle-aged and overweight/obese adults may also have low sensitivity for detecting dysglycemia
in these regions [53].

Our analysis has the following limitations. We did not have individual-level data for patients
who were excluded because they had fewer than two follow-up visits, which precluded analysis
of differences between the study sample and the larger patient population from which it was
drawn. We were only able to examine the effectiveness of current USPSTF screening criteria
among patients who had available test results or evidence of a new diagnosis code or treatment,
which were required to ascertain whether patients developed dysglycemia during follow-up.
Therefore, the performance characteristics reported here (i.e., sensitivity, specificity, PPV, and
NPV) may differ from those in the entire patient sample because of unobserved factors associ-
ated with being screened. However, the findings from this sample of tested patients are relevant
to practicing clinicians, who similarly lack data on glycemic status among patients without
available test results. In addition, one main contribution of our study is identifying patient
characteristics associated with screening eligibility, which were derived from the entire study
sample. These findings suggest how the criteria may perform if implemented with fidelity in a
similar patient population. Because of differences between the current sample and patients
who receive primary care in other settings, our findings may have limited generalizability out-
side of safety-net clinics like the ones studied here.

The ascertainment of dysglycemia was based on a single glycemic test result. The intraindi-
vidual variation observed with these tests may have resulted in misclassification of cases. How-
ever, this limitation did not likely have a large impact on our findings because the two tests
with the least variability (A1C [coefficient of variation<1%] and fasting glucose [coefficient of
variation 5.7%]) were used to ascertain the outcome in 96.1% of cases [54]. Two-hour postload
glucose, which has the greatest intraindividual variability (coefficient of variation 16.7%), was
used to define dysglycemia in only 0.7% of cases [54]. Because the current USPSTF criteria
were not recommended during the 2008–2013 study period, we could not investigate how this
guideline influenced providers’ screening behavior.

Conclusions and Implications
Our findings suggest that the 2015 USPSTF screening recommendation may identify approxi-
mately half of US community health center patients with undiagnosed prediabetes and diabe-
tes. Future studies are needed to estimate the performance of these screening criteria in
population-based samples in which all individuals are screened. EHR data can enable prag-
matic identification of patients who are eligible for diabetes screening or evidence-based inter-
ventions to prevent or treat diabetes. For those who have undiagnosed dysglycemia and are not
detected by the USPSTF screening criteria, such interventions may be delayed. Also concerning
is the fact that certain high-risk groups who develop dysglycemia at younger ages and lower
body weight may be missed by following this screening recommendation, most notably racial/
ethnic minorities. Our findings suggest that primary care providers should consider screening
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patients from racial/ethnic minority groups before the age and weight ranges recommended by
the USPSTF. Such a practice could enable earlier management of dysglycemia in these high-
risk groups but may impose cost sharing on patients.

Supporting Information
S1 STROBE Checklist. STROBE Checklist.
(RTF)

Acknowledgments
We thank Kenzie Cameron, PhD, MPH, and Fred Rachman, MD, for the critical support they
provided throughout the study’s implementation, as well as staff at the participating commu-
nity health centers who approved the study protocol and manuscript.

Author Contributions
Conceived and designed the experiments: MJO JYL RTA AHam SSR JNP JF. Performed the
experiments: MJO JYL AHam SSR JNP AHas. Analyzed the data: JYL MJO. Contributed
reagents/materials/analysis tools: AHas SSR JNP AHam. Wrote the first draft of the manu-
script: MJO. Contributed to the writing of the manuscript: MJO JYL MRC RTAMCV AHam
NM SSR JNP AHas DRB LL JF. Agree with the manuscript’s results and conclusions: MJO JYL
MRC RTAMCV AHam NM SSR JNP AHas DRB LL JF. All authors have read, and confirm
that they meet, ICMJE criteria for authorship.

References
1. Global Burden of Disease Study 2013 Collaborators. Global, regional, and national incidence, preva-

lence, and years lived with disability for 301 acute and chronic diseases and injuries in 188 countries,
1990–2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet. 2015; 386
(9995):743–800. doi: 10.1016/S0140-6736(15)60692-4 PMID: 26063472

2. Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global estimates of the prevalence of
diabetes for 2011 and 2030. Diabetes Res Clin Pract. 2011; 94(3):311–21. doi: 10.1016/j.diabres.2011.
10.029 PMID: 22079683

3. Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of and Trends in Diabetes Among Adults in
the United States, 1988–2012. JAMA. 2015; 314(10):1021–9. doi: 10.1001/jama.2015.10029 PMID:
26348752

4. American Diabetes Association. Standards of Medical Care in Diabetes—2015 Diabetes Care. 2015;
38(Supplement I):S1–S94.

5. Knowler W, Barrett-Connor E, Fowler S, Hamman RF, Lachin J, Walker E, et al. Reduction in the inci-
dence of type 2 diabetes with lifestyle intervention or metformin. N Engl J Med. 2002; 346(6):393–403.
PMID: 11832527

6. Pan XR, Li G, Hu YH, Wang JX, YangWY, An ZX, et al. Effects of diet and exercise in preventing
NIDDM in people with impaired glucose tolerance: the Da Qing IGT and Diabetes Study. Diabetes
Care. 1997; 20(4):537–44. PMID: 9096977

7. Tuomilehto J, Lindström J, Eriksson JG, Valle TT, Hämäläinen H, Ilanne-Parikka P, et al. Prevention of
type 2 diabetes mellitus by changes in lifestyle among subjects with impaired glucose tolerance. N Engl
J Med. 2001; 344(18):1343–50. PMID: 11333990

8. Ramachandran A, Snehalatha C, Mary S, Mukesh B, Bhaskar A, Vijay V. The Indian Diabetes Preven-
tion Programme shows that lifestyle modification and metformin prevent type 2 diabetes in Asian Indian
subjects with impaired glucose tolerance (IDPP-1). Diabetologia. 2006; 49(2):289–97. PMID:
16391903

9. Salpeter SR, Buckley NS, Kahn JA, Salpeter EE. Meta-analysis: metformin treatment in persons at risk
for diabetes mellitus. Am J Med. 2008; 121(2):149–57 e2. doi: 10.1016/j.amjmed.2007.09.016 PMID:
18261504

2015 USPSTF Diabetes Screening Criteria

PLOSMedicine | DOI:10.1371/journal.pmed.1002074 July 12, 2016 15 / 18

http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002074.s001
http://dx.doi.org/10.1016/S0140-6736(15)60692-4
http://www.ncbi.nlm.nih.gov/pubmed/26063472
http://dx.doi.org/10.1016/j.diabres.2011.10.029
http://dx.doi.org/10.1016/j.diabres.2011.10.029
http://www.ncbi.nlm.nih.gov/pubmed/22079683
http://dx.doi.org/10.1001/jama.2015.10029
http://www.ncbi.nlm.nih.gov/pubmed/26348752
http://www.ncbi.nlm.nih.gov/pubmed/11832527
http://www.ncbi.nlm.nih.gov/pubmed/9096977
http://www.ncbi.nlm.nih.gov/pubmed/11333990
http://www.ncbi.nlm.nih.gov/pubmed/16391903
http://dx.doi.org/10.1016/j.amjmed.2007.09.016
http://www.ncbi.nlm.nih.gov/pubmed/18261504


10. Diabetes Prevention Program Research Group. The 10-Year Cost-Effectiveness of Lifestyle Interven-
tion or Metformin for Diabetes Prevention An intent-to-treat analysis of the DPP/DPPOS. Diabetes
Care. 2012; 35(4):723–30. doi: 10.2337/dc11-1468 PMID: 22442395

11. American Diabetes Association. Standards of medical care in diabetes-2015 abridged for primary care
providers. Clin Diabetes. 2015; 33(2):97–111. doi: 10.2337/diaclin.33.2.97 PMID: 25897193

12. Siu AL, Bibbins-Domingo K, Grossman D. Evidence-Based Clinical Prevention in the Era of the Patient
Protection and Affordable Care Act: The Role of the US Preventive Services Task Force. JAMA. 2015;
314(19):2021–2. doi: 10.1001/jama.2015.13154 PMID: 26421503

13. Bauchner H, Fontanarosa PB, Golub RM. JAMAWelcomes the US Preventive Services Task Force.
JAMA. 2016; 315(4):351–2. doi: 10.1001/jama.2015.18448 PMID: 26813207

14. Siu AL. Screening for Abnormal Blood Glucose and Type 2 Diabetes Mellitus: U.S. Preventive Services
Task Force Recommendation Statement. Ann Intern Med. 2015; 163(11):861–8. doi: 10.7326/M15-
2345 PMID: 26501513

15. Centers for Disease Control and Prevention. National Diabetes Statistics Report: Estimates and Its Bur-
den in the United States. In: The Department of Health and Human Services, editor. Atlanta, GA.2014.

16. George AM, Jacob AG, Fogelfeld L. Lean diabetes mellitus: An emerging entity in the era of obesity.
World J Diabetes. 2015; 6(4):613–20. doi: 10.4239/wjd.v6.i4.613 PMID: 25987958

17. Coleman NJ, Miernik J, Philipson L, Fogelfeld L. Lean versus obese diabetes mellitus patients in the
United States minority population. J Diabetes Complications. 2014; 28(4):500–5. doi: 10.1016/j.
jdiacomp.2013.11.010 PMID: 24581791

18. Dabelea D, Mayer-Davis EJ, Saydah S, Imperatore G, Linder B, Divers J, et al. Prevalence of type 1
and type 2 diabetes among children and adolescents from 2001 to 2009. JAMA. 2014; 311(17):1778–
86. doi: 10.1001/jama.2014.3201 PMID: 24794371

19. HRSA Health Center Program. Health Center Data National ProgramGrantee Data Full 2014 National
Report Washington, D.C.: U.S. Department of Health and Human Services 2014 [cited 2016 Feb 4].
http://bphc.hrsa.gov/uds/datacenter.aspx?q=tall&year=2014&state=#main-body.

20. Laws R, Gillespie S, Puro J, Van Rompaey S, Quach T, Carroll J, et al. The Community Health Applied
Research Network (CHARN) DataWarehouse: a Resource for Patient-Centered Outcomes Research
and Quality Improvement in Underserved, Safety Net Populations. EGEMS (Wash DC). 2014; 2(3):1–
9.

21. Centers for Disease Control and Prevention. ICD-9-CM official guidelines for coding and reporting.
Atlanta, GA: Centers for Medicare & Medicaid Services, 2011.

22. American Diabetes Association. Classification and Diagnosis of Diabetes. Diabetes Care. 2016; 39
Suppl 1:S13–22. doi: 10.2337/dc16-S005 PMID: 26696675

23. Narayan KMV, Boyle JP, Thompson TJ, Sorensen SW,Williamson DF. Lifetime risk for diabetes melli-
tus in the United States. JAMA. 2003; 290(14):1884–90. PMID: 14532317

24. Link CL, McKinlay JB. Disparities in the prevalence of diabetes: is it race/ethnicity or socioeconomic
status? Results from the Boston Area Community Health (BACH) survey. Ethn Dis. 2009; 19(3):288–
92. PMID: 19769011

25. Engelgau MM, Narayan KM, HermanWH. Screening for type 2 diabetes. Diabetes Care. 2000; 23
(10):1563–80. PMID: 11023153

26. Beaglehole R, Epping-Jordan J, Patel V, Chopra M, Ebrahim S, Kidd M, et al. Improving the prevention
and management of chronic disease in low-income and middle-income countries: a priority for primary
health care. Lancet. 2008; 372(9642):940–9. doi: 10.1016/S0140-6736(08)61404-X PMID: 18790317

27. Engelgau MM, Thompson TJ, Smith PJ, HermanWH, Aubert RE, Gunter EW, et al. Screening for dia-
betes mellitus in adults: the utility of random capillary blood glucose measurements. Diabetes Care.
1995; 18(4):463–6. PMID: 7497854

28. Chung S, Azar KM, Baek M, Lauderdale DS, Palaniappan LP. Reconsidering the age thresholds for
type II diabetes screening in the U.S. Am J Prev Med. 2014; 47(4):375–81. doi: 10.1016/j.amepre.
2014.05.012 PMID: 25131213

29. Dall TM, Narayan KM, Gillespie KB, Gallo PD, Blanchard TD, Solcan M, et al. Detecting type 2 diabetes
and prediabetes among asymptomatic adults in the United States: modeling American Diabetes Asso-
ciation versus US Preventive Services Task Force diabetes screening guidelines. Popul Health Metr.
2014; 12:1–14.

30. Casagrande SS, Cowie CC, Fradkin JE. Utility of the U.S. Preventive Services Task Force criteria for
diabetes screening. Am J Prev Med. 2013; 45(2):167–74. doi: 10.1016/j.amepre.2013.02.026 PMID:
23867023

2015 USPSTF Diabetes Screening Criteria

PLOSMedicine | DOI:10.1371/journal.pmed.1002074 July 12, 2016 16 / 18

http://dx.doi.org/10.2337/dc11-1468
http://www.ncbi.nlm.nih.gov/pubmed/22442395
http://dx.doi.org/10.2337/diaclin.33.2.97
http://www.ncbi.nlm.nih.gov/pubmed/25897193
http://dx.doi.org/10.1001/jama.2015.13154
http://www.ncbi.nlm.nih.gov/pubmed/26421503
http://dx.doi.org/10.1001/jama.2015.18448
http://www.ncbi.nlm.nih.gov/pubmed/26813207
http://dx.doi.org/10.7326/M15-2345
http://dx.doi.org/10.7326/M15-2345
http://www.ncbi.nlm.nih.gov/pubmed/26501513
http://dx.doi.org/10.4239/wjd.v6.i4.613
http://www.ncbi.nlm.nih.gov/pubmed/25987958
http://dx.doi.org/10.1016/j.jdiacomp.2013.11.010
http://dx.doi.org/10.1016/j.jdiacomp.2013.11.010
http://www.ncbi.nlm.nih.gov/pubmed/24581791
http://dx.doi.org/10.1001/jama.2014.3201
http://www.ncbi.nlm.nih.gov/pubmed/24794371
http://bphc.hrsa.gov/uds/datacenter.aspx?q�=�tall&year=2014&state=#main-body
http://dx.doi.org/10.2337/dc16-S005
http://www.ncbi.nlm.nih.gov/pubmed/26696675
http://www.ncbi.nlm.nih.gov/pubmed/14532317
http://www.ncbi.nlm.nih.gov/pubmed/19769011
http://www.ncbi.nlm.nih.gov/pubmed/11023153
http://dx.doi.org/10.1016/S0140-6736(08)61404-X
http://www.ncbi.nlm.nih.gov/pubmed/18790317
http://www.ncbi.nlm.nih.gov/pubmed/7497854
http://dx.doi.org/10.1016/j.amepre.2014.05.012
http://dx.doi.org/10.1016/j.amepre.2014.05.012
http://www.ncbi.nlm.nih.gov/pubmed/25131213
http://dx.doi.org/10.1016/j.amepre.2013.02.026
http://www.ncbi.nlm.nih.gov/pubmed/23867023


31. Bullard KM, Ali MK, Imperatore G, Geiss LS, Saydah SH, Albu JB, et al. Receipt of Glucose Testing
and Performance of Two US Diabetes Screening Guidelines, 2007–2012. PLoS ONE. 2015; 10(4):
e0125249. doi: 10.1371/journal.pone.0125249 PMID: 25928306

32. Sheehy AM, Flood GE, TuanWJ, Liou JI, Coursin DB, Smith MA. Analysis of guidelines for screening
diabetes mellitus in an ambulatory population. Mayo Clin Proc. 2010; 85(1):27–35. doi: 10.4065/mcp.
2009.0289 PMID: 20042558

33. Ealovega MW, Tabaei BP, Brandle M, Burke R, HermanWH. Opportunistic screening for diabetes in
routine clinical practice. Diabetes Care. 2004; 27(1):9–12. PMID: 14693958

34. Sohler N, Matti-Orozco B, Young E, Li X, Gregg EW, Ali MK, et al. Opportunistic screening for diabetes
and prediabetes using hemoglobin A1C in an urban primary care setting. Endocr Pract. 2016; 22
(2):143–50. doi: 10.4158/EP15866.OR PMID: 26484404

35. Kiefer MM, Silverman JB, Young BA, Nelson KM. National Patterns in Diabetes Screening: Data from
the National Health and Nutrition Examination Survey (NHANES) 2005–2012. J Gen Intern Med. 2014;
30(5):612–8. doi: 10.1007/s11606-014-3147-8 PMID: 25533392

36. Weiskopf NG, Hripcsak G, Swaminathan S, Weng C. Defining and measuring completeness of elec-
tronic health records for secondary use. J Biomed Inform. 2013; 46(5):830–6. doi: 10.1016/j.jbi.2013.
06.010 PMID: 23820016

37. Powell H, O'Connor K, Greenberg D. Adherence to the U.S. Preventive Services Task Force 2002 oste-
oporosis screening guidelines in academic primary care settings. J Womens Health (Larchmt). 2012;
21(1):50–3.

38. Ross JS, Forsyth BA, Rosenbaum JR. Brief report: Housestaff adherence to cervical cancer screening
recommendations. J Gen Intern Med. 2006; 21(1):68–70. PMID: 16423127

39. NelsonW, Moser RP, Gaffey A, WaldronW. Adherence to cervical cancer screening guidelines for U.
S. women aged 25–64: data from the 2005 Health Information National Trends Survey (HINTS). J
Womens Health (Larchmt). 2009; 18(11):1759–68.

40. Shippee ND, Mullan RJ, Nabhan M, Kermott CA, Hagen PT, Rhodes DJ, et al. Adherence to preventive
recommendations: experience of a cohort presenting for executive health care. Popul Health Manag.
2012; 15(2):65–70. doi: 10.1089/pop.2011.0029 PMID: 22092188

41. GusmanoMK, Fairbrother G, Park H. Exploring the limits of the safety net: community health centers
and care for the uninsured. Health Aff (Millwood). 2002; 21(6):188–94.

42. Dallo FJ, Weller SC. Effectiveness of diabetes mellitus screening recommendations. Proc Natl Acad
Sci USA. 2003; 100(18):10574–9. PMID: 12925739

43. Karter AJ, Ferrara A, Liu JY, Moffet HH, Ackerson LM, Selby JV. Ethnic disparities in diabetic complica-
tions in an insured population. JAMA. 2002; 287(19):2519–27. PMID: 12020332

44. Handelsman Y, Bloomgarden ZT, Grunberger G, Umpierrez G, Zimmerman RS, Bailey TS, et al. Ameri-
can Association of Clinical Endocrinologists and American College of Endocrinology—Clinical Practice
Guidelines for Developing a Diabetes Mellitus Comprehensive Care Plan—2015. Endocr Pract. 2015;
21 Suppl 1:1–87. doi: 10.4158/EP15672.GL PMID: 25869408

45. Diabetes UK. Early identification of people with, and at high risk of Type 2 diabetes and interventions
for those at high risk London, United Kingdom: Diabetes UK.; 2015 [cited 2016 May 2]. https://www.
diabetes.org.uk/early-identification-of-people-with-type-2-diabetes.

46. Gopalan A, Lorincz IS, Wirtalla C, Marcus SC, Long JA. Awareness of Prediabetes and Engagement in
Diabetes Risk-Reducing Behaviors. Am J Prev Med. 2015.

47. Okie S. Immigrants and health care—at the intersection of two broken systems. N Engl J Med. 2007;
357(6):525–9. PMID: 17687126

48. Alberti G, Zimmet P, Shaw J, Bloomgarden Z, Kaufman F, Silink M. Type 2 diabetes in the young: the
evolving epidemic: the international diabetes federation consensus workshop. Diabetes Care. 2004; 27
(7):1798–811. PMID: 15220270

49. Aschner P, Aguilar-Salinas C, Aguirre L, Franco L, Gagliardino JJ, de Lapertosa SG, et al. Diabetes in
South and Central America: an update. Diabetes Res Clin Pract. 2014; 103(2):238–43. doi: 10.1016/j.
diabres.2013.11.010 PMID: 24439209

50. YangW, Lu J, Weng J, Jia W, Ji L, Xiao J, et al. Prevalence of diabetes among men and women in
China. N Engl J Med. 2010; 362(12):1090–101. doi: 10.1056/NEJMoa0908292 PMID: 20335585

51. Gujral UP, Narayan KM, Pradeepa RG, Deepa M, Ali MK, Anjana RM, et al. Comparing Type 2 Diabe-
tes, Prediabetes, and Their Associated Risk Factors in Asian Indians in India and in the U.S.: The
CARRS and MASALA Studies. Diabetes Care. 2015; 38(7):1312–8. doi: 10.2337/dc15-0032 PMID:
25877810

52. Levitt NS. Diabetes in Africa: epidemiology, management and healthcare challenges. Heart. 2008; 94
(11):1376–82. doi: 10.1136/hrt.2008.147306 PMID: 18519551

2015 USPSTF Diabetes Screening Criteria

PLOSMedicine | DOI:10.1371/journal.pmed.1002074 July 12, 2016 17 / 18

http://dx.doi.org/10.1371/journal.pone.0125249
http://www.ncbi.nlm.nih.gov/pubmed/25928306
http://dx.doi.org/10.4065/mcp.2009.0289
http://dx.doi.org/10.4065/mcp.2009.0289
http://www.ncbi.nlm.nih.gov/pubmed/20042558
http://www.ncbi.nlm.nih.gov/pubmed/14693958
http://dx.doi.org/10.4158/EP15866.OR
http://www.ncbi.nlm.nih.gov/pubmed/26484404
http://dx.doi.org/10.1007/s11606-014-3147-8
http://www.ncbi.nlm.nih.gov/pubmed/25533392
http://dx.doi.org/10.1016/j.jbi.2013.06.010
http://dx.doi.org/10.1016/j.jbi.2013.06.010
http://www.ncbi.nlm.nih.gov/pubmed/23820016
http://www.ncbi.nlm.nih.gov/pubmed/16423127
http://dx.doi.org/10.1089/pop.2011.0029
http://www.ncbi.nlm.nih.gov/pubmed/22092188
http://www.ncbi.nlm.nih.gov/pubmed/12925739
http://www.ncbi.nlm.nih.gov/pubmed/12020332
http://dx.doi.org/10.4158/EP15672.GL
http://www.ncbi.nlm.nih.gov/pubmed/25869408
https://www.diabetes.org.uk/early-identification-of-people-with-type-2-diabetes
https://www.diabetes.org.uk/early-identification-of-people-with-type-2-diabetes
http://www.ncbi.nlm.nih.gov/pubmed/17687126
http://www.ncbi.nlm.nih.gov/pubmed/15220270
http://dx.doi.org/10.1016/j.diabres.2013.11.010
http://dx.doi.org/10.1016/j.diabres.2013.11.010
http://www.ncbi.nlm.nih.gov/pubmed/24439209
http://dx.doi.org/10.1056/NEJMoa0908292
http://www.ncbi.nlm.nih.gov/pubmed/20335585
http://dx.doi.org/10.2337/dc15-0032
http://www.ncbi.nlm.nih.gov/pubmed/25877810
http://dx.doi.org/10.1136/hrt.2008.147306
http://www.ncbi.nlm.nih.gov/pubmed/18519551


53. Schiff GD, Bates DW. Can electronic clinical documentation help prevent diagnostic errors? N Engl J
Med. 2010; 362(12):1066–9. doi: 10.1056/NEJMp0911734 PMID: 20335582

54. Sacks DB. A1C versus glucose testing: a comparison. Diabetes Care. 2011; 34(2):518–23. doi: 10.
2337/dc10-1546 PMID: 21270207

2015 USPSTF Diabetes Screening Criteria

PLOSMedicine | DOI:10.1371/journal.pmed.1002074 July 12, 2016 18 / 18

http://dx.doi.org/10.1056/NEJMp0911734
http://www.ncbi.nlm.nih.gov/pubmed/20335582
http://dx.doi.org/10.2337/dc10-1546
http://dx.doi.org/10.2337/dc10-1546
http://www.ncbi.nlm.nih.gov/pubmed/21270207

