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Abstract
Background—National guidelines disagree on who should be screened for undiagnosed
diabetes. No existing diabetes risk score is highly generalizable or widely followed.
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Objectives—To develop a new diabetes screening score and compare it to other available
screening instruments (Centers for Disease Control and Prevention, American Diabetes
Association (ADA) and U.S. Preventive Services Task Force guidelines; two ADA risk
questionnaires; and Rotterdam model)

Design—Cross-sectional data.

Setting—National Health and Nutrition Examination Survey (NHANES) 1999–2004 for model
development, and NHANES 2005–2006 plus a combined cohort of two community studies,
Atherosclerosis Risk in Communities (ARIC) and Cardiovascular Health Study (CHS), for
validation.

Participants—U.S. adults ≥20 years old.

Measurements—A risk scoring algorithm for undiagnosed diabetes, defined as fasting plasma
glucose ≥7.0 mmol/L(126 mg/dL) without known diabetes, was developed in the development
dataset. Logistic regression was used to determine participant characteristics that were
independently associated with undiagnosed diabetes. The new algorithm and other methods were
evaluated by standard diagnostic and feasibility measures.

Results—Age, sex, family history of diabetes, history of hypertension, obesity, and physical
activity were associated with undiagnosed diabetes. In NHANES (in ARIC/CHS), the cutpoint of
≥5 selected 30(40)% of persons for diabetes screening and yielded sensitivity of 79(72)%,
specificity of 67(62)%, positive predictive value of 10(10)% and likelihood ratio-positive of
2.39(1.89). In contrast, the comparison scores yielded sensitivity of 44–100%, specificity of 10–
73%, positive predictive value of 5–8%, and likelihood ratio-positive of 1.11–1.98.

Limitations—Data during pregnancy were not available.

Conclusions—This new diabetes screening score, simple and easily implemented, seems to
demonstrate improvements upon the existing methods. Future studies are needed to evaluate it in
diverse populations in real world settings.

Primary Funding Source—Clinical and Translational Science Center at Cornell Medical
College.

INTRODUCTION
Diabetes and its complications are major causes of morbidity and mortality worldwide. Over
60 million U.S. adults are estimated to have either diagnosed diabetes, undiagnosed
diabetes, or pre-diabetes, with approximately 30% of diabetes cases estimated to be
undiagnosed. With the steadily rising prevalence of diabetes, prevention of diabetes has
become a major health priority (1–5). Recent clinical trials demonstrate that lifestyle(6–8)
and pharmaceutical(6, 9, 10) interventions in individuals with impaired glucose tolerance
can prevent or delay the development of diabetes, providing a rationale for the identification
of high-risk subjects who may benefit from early lifestyle interventions.

National guidelines for diabetes screening are available to help detect undiagnosed disease,
and various risk assessment tools for prevalent or incident diabetes have been developed to
identify individuals most in need of screening. Yet many of these risk assessment tools were
developed from specific cohorts, often with restrictive age range or race/ethnic groups,
limiting generalizability to the entire population. There are three national guidelines for
diabetes screening in the U.S.: the Centers for Disease Control and Prevention (CDC)(11),
the American Diabetes Association (ADA)(12), and the U.S. Preventive Services Task
Force (USPSTF)(13). Additionally, two risk scoring algorithms for undiagnosed diabetes
have been derived from nationally representative samples: Herman et al.’s model from the
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National Health and Nutrition Examination Survey (NHANES) II (conducted in 1976–1980)
(14), and Heikes et al.’s model from the NHANES III (conducted in 1988–1994)(4). These
two algorithms are also known as the ADA diabetes questionnaires.

In this paper, we have developed a new screening score for undiagnosed diabetes in multi-
ethnic U.S. adults using readily available health information. Our aim was to improve
existing diabetic risk scoring algorithms by using a more contemporary NHANES
(conducted in 1999–2006) and formulating an easy, systematic scoring system that enables
lay persons to assess their own risk of undiagnosed diabetes.

METHODS
Study Design and Participants

The NHANES is a cross-sectional study conducted by the National Center for Health
Statistics in the CDC. In order to represent the US population, NHANES utilized complex,
multistage probability sampling of the civilian, non-institutionalized population. To produce
reliable statistics, NHANES over-sampled elderly persons and some racial/ethnic minorities.
We utilized de-identified data from multiple waves of NHANES (i.e., 1999–2006) that are
publicly available.

We included participants who were aged ≥20 years and had fasting plasma glucose (FPG)
results. We excluded pregnant women. We used NHANES 1999–2004 for prediction
modeling and screening score development, and NHANES 2005–6 for validation.
Additionally, we conducted further validation combining the baseline data from two biracial
cohort studies: the Atherosclerosis Risk in Communities (ARIC) study and the
Cardiovascular Health Study (CHS). Detailed descriptions of these two studies have been
published previously(15, 16). Briefly, ARIC enrolled 15,732 participants aged 45 to 64
years between 1987 and 1989 from four communities, and CHS recruited 5,201 participants
65 years and older between 1989 and 1990 from four communities. Between 1992 and 1993,
CHS enrolled an additional 687 blacks to increase minority participation.

Data
For each participant, we retrieved data that were collected through interviews, physical
examinations, and laboratory tests. Specifically, we utilized data regarding participants’
demographic and socioeconomic characteristics, health care utilization, personal and family
medical histories, health habits, physical examinations including anthropometric findings,
and laboratory tests. For the obesity measure, we combined body mass index and waist
circumference. For variable categorization, we used conventional cutoffs or well accepted
clinical guidelines, if available. If information was missing or unknown in categorical
variables, we defined the condition as absent, a convention commonly adopted in the risk
questionnaire setting. We planned to instruct users, “Enter your score (But if you don’t
know the answer, enter 0),” in our questionnaire.

We stratified the participants into four groups by diabetes status: known diabetes, normal
glucose metabolism (fasting plasma glucose (FPG) < 5.5 mmol/L (100 mg/dL)), impaired
fasting glucose or pre-diabetes (FPG 5.6–6.9 mmol/L (100–125 mg/dL)), and undiagnosed
diabetes (FPG ≥ 7.0 mmol/L (126 mg/dL))(4, 17, 18). Specifically, we defined known
diabetes as participants who answered “yes” to the question “Other than during pregnancy,
have you ever been told by a doctor or health professional that you have diabetes or sugar
diabetes?” or reported using insulin or other diabetic medications.

For medical history variables, we considered data from multiple sources. For example, we
classified participants as having hypertension if they reported a history of hypertension,
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reported using prescribed medication for hypertension, had a systolic blood pressure ≥ 140
mmHg, or had a diastolic blood pressure ≥ 90 mmHg. We defined hyperlipidemia if total
cholesterol ≥ 5.17 mmol/L (200 mg/dL) or triglycerides ≥ 1.69 mmol/L (150 mg/dL)(19),
and high cholesterol if a person reported a history of high cholesterol, used cholesterol-
lowering medication, or had a fasting low-density lipoprotein cholesterol ≥ 2.59 mmol/L
(100 mg/dL) with a history of cardiovascular disease(20). Cardiovascular disease was
defined as myocardial infarction or stroke.

When definitions of variables were not identical across the different studies (e.g., physical
activity), we tried to use the best available variables to achieve reasonable consistency
across databases. For example, in NHANES, we defined ‘physically active’ if a person
answered “more active” to the question,“Compare your activity with others of the same
age”. Otherwise, we classified subjects as ‘not physically active’. In ARIC, physical activity
was assessed in a yes vs. no question, while in CHS, we dichotomized the physical activity
question into “no” or “low” vs. “moderate” or “high”. None of the databases we used
collected data during pregnancy. Finally, some ARIC participants (N=521) did not fast. For
those, we used a random blood glucose of 11.1 mmol/L (200 mg/dL) cutpoint to define
diabetes(18, 21, 22). Non-fasting participants were not included in the model development
(using NHANES) but they were included in the external validation to reflect a realistic
scenario.

Statistical Analysis
We used descriptive statistics to characterize the 4 groups according to diabetes status: mean
and standard error were used for continuous variables and percentage was used for
categorical variables. For model fitting, multiple logistic regression was adopted with
undiagnosed diabetes cases as the endpoint, excluding diagnosed diabetes cases. Due to
small proportions of missing data, we used all non-missing observations available in the
relevant analyses. The only exception is that we imputed ‘family history of diabetes’ using a
statistical technique (missing data imputation procedure, Proc MI, in SAS) for handling
missing data in CHS, one of the external validation datasets, as this information was not
collected in CHS(23, 24).

Development of a new screening score—Using the development dataset (NHANES
1999–2004), we included a comprehensive list of predictors known to be potentially
associated with undiagnosed diabetes in an initial model. Specifically, the main effects of all
variables listed in Table 1 and their interaction effects with age were included. Due to a
large number of covariates, we started with continuous variables and later categorized them
in the final model. We employed backward elimination (deleting the covariate with the
largest p-value, one at a time) from the initial model until we reached a final model with
statistically significant covariates. We were guided by statistical significance for the model
building but also used scientific and qualitative judgments as well. For example, although
income and health insurance status were statistically significant, we decided not to keep
these variables in the final model as they were deemed less appropriate or less user-friendly
in risk assessment questionnaires. Physical activity showed borderline significance, p-
value=0.06, in the development dataset but was kept as this is an underlying protective
factor that often fails to reach statistical significance for various reasons (e.g., difficult to
quantify, misclassification, or insufficient statistical power). Moreover, physical activity is
highly modifiable, in contrast to demographic and health history variables which are
not(25).

In the final model, we double-checked that any important covariates were not erroneously
omitted in this sequential process. We intentionally used only categorized variables that
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captured easy but relevant and validated health information in the prediction model, aiming
to develop a user-friendly and educational screening score. We created a weighted scoring
system by rounding up all regression coefficients in the final model to the nearest integer
(when strong monotonicity was observed, we broke the tie accordingly).

Validation and comparison to other methods—We evaluated our scoring system in
NHANES 2005–6. We computed standard validation measures: the proportion of high risk
individuals, sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), Youden index (=1-false positive rate-false negative rate=sensitivity
+specificity-1), likelihood ratios for a positive test (=sensitivity/(1–specificity)) and for a
negative test (=(1–sensitivity)/specificity), and the area under the receiver-operating-
characteristic curve (AUC) as a discrimination statistic(26–28). In addition, our final model
was re-fitted to ARIC/CHS. We estimated the prevalence of undiagnosed diabetes per
individual score in NHANES and ARIC/CHS.

In validation samples using the aforementioned evaluation measures, we compared our new
classification rule with the national screening guidelines and other assessment algorithms for
undiagnosed diabetes: CDC(11), ADA(22), USPSTF(13), two ADA diabetes risk
questionnaires(4, 14), and the Rotterdam model that was derived from a European
sample(29). The last model was included to evaluate the generaliziblity and transferability of
a validated non-U.S. model to the U.S. population.

Ancillary analyses—We performed three ancillary analyses for checking sensitivity/
robustness and testing the utility of the new screening score in broadened practical contexts.
We repeated the NHANES analyses 1) using ‘undiagnosed diabetes and pre-diabetes’ as an
expanded endpoint (with ‘normal glucose’ as the reference group); 2) separately for those
<45 years old vs. those ≥45 years old, as 45 years is the age threshold proposed by the ADA
for universal screening; and 3) using an alternative definition of the endpoint based on
Hemoglobin A1c ≥ 6.5%(12, 30). The first analysis may have particular importance for
predicting pre-diabetes, the condition for which prevention has been shown to be more
beneficial compared to undiagnosed yet manifest disease.

For statistical analyses, SAS version 9.1 software (Cary, NC) was used. For NHANES
analyses, survey procedures with options of strata, cluster and weight were used to account
for the complex survey design(24, 26). Two-sided hypotheses and tests were adopted for all
statistical inferences.

Role of the Funding Source
The Clinical and Translational Science Center at Weill Cornell Medical College (UL1-
RR024996) provided partial support for data analyses. This funding source did not have a
role in the design of our analysis, its interpretation, or the decision to submit the manuscript
for publication.

RESULTS
Our sample was comprised of 5,258 participants in the development dataset. Characteristics
of participants according to diabetes status are summarized in Table 1. The crude weighted
prevalence of undiagnosed diabetes based on fasting glucose in adults aged 20 years or older
was 2.8%(2). Diabetic (diagnosed or undiagnosed) participants tended to be older and have
lower education and household income than their non-diabetic counterparts. Diabetics also
tended to be hypertensive, do less exercise, and have family history of diabetes and personal
history of cardiovascular disease. Interestingly, participants with undiagnosed diabetes were
more likely to have higher blood pressure, body mass index, waist circumference, total
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cholesterol, and dyslipidemia than participants with diagnosed diabetes (differences were
not formally tested).

Table 2 presents the final regression model derived from the development dataset. Age, sex,
family history of diabetes, personal history of hypertension, obesity, and physical activity
were statistically significant predictors of undiagnosed diabetes. Age and obesity status
needed multiple categories (with scores 0–3 assigned) to capture the risk gradient, while
other risk factors were binary (with score 0 or 1 assigned). The six risk factors jointly
yielded an AUC of 0.79.

The diagnostic characteristics of different cutpoints for total score were assessed in the
development as well as validation NHANES. We selected the cutpoint ≥ 5 to designate an
individual as having a high risk for undiagnosed diabetes. This cutpoint defined
approximately 35% of the adult population as high risk for undiagnosed diabetes and yielded
a sensitivity of 79%, specificity of 67%, PPV of 10%, and NPV of 99%, with an AUC of
0.83 in the validation NHANES dataset (see Table 3). Based on these results, if we assume
1,000 new persons will go through the risk assessment and use the cutpoint of 5, then we can
estimate 350 persons (35%) would undergo diagnostic testing, 31 new cases of diabetes
would be identified, and 6–7 persons with diabetes would remain untested and
undetected(31). If a lower cutpoint of 4 is used, then approximately 510 persons (51%)
would undergo diagnostic testing, and we can expect 41 cases of diabetes newly identified
and fewer than 3 diabetes cases untested and undetected.

When our final prediction model was re-fitted to ARIC/CHS, consistent results were
obtained: all of the risk factors were significant (with p values ≤ 0.001) and the magnitude of
the associations was comparable, with an AUC of 0.74 (see Appendix Table 1, available at
www.annals.org).

Figure 1 depicts the prevalence of undiagnosed diabetes for individual total scores in
NHANES and ARIC/CHS. A monotonic (quadratic) relationship was clearly observed.
ARIC/CHS showed higher disease prevalence than NHANES, probably due to older ages in
the ARIC/CHS populations (≥ 45 years old). Table 4 summarizes the performance
characteristics of the existing guidelines or scores and our own method. Our screening score
(cutpoint ≥ 5) tended to identify smaller proportions of people being at high risk but resulted
in higher overall test accuracy (reflected in Youden index), PPV, and likelihood ratio for a
positive test, compared to other methods. NPV was high (≥0.96) for all methods. Among
existing methods, the Rotterdam model (developed from a European sample) and the new
ADA questionnaire seemed to perform best.

We performed three ancillary analyses, detailed in the Methods. We again used cutpoint
scores of 5 and 4; results below are for a cutpoint of 5 with values in parentheses reflecting a
cutpoint of 4. In the first ancillary analysis, discrimination ability was somewhat reduced as
anticipated when the endpoint combined undiagnosed diabetes and pre-diabetes together
(AUC=0.72), yielding a sensitivity of 57 (vs. 73)%, specificity of 74 (57)%, PPV of 56
(50)%, and NPV of 74 (78)%. In the second ancillary analysis using only participants ≥ 45
years old, we had a sensitivity of 88 (97)%, specificity of 40 (20)%, PPV of 9 (8)%, and
NPV of 98 (99)% with an AUC=0.73. Using only participants < 45 years old, we had a
sensitivity of 35 (76)%, specificity of 93 (80)%, PPV of 6 (5)%, and NPV of 99 (100)% with
an AUC=0.83; this analysis may be limited due to a small number of diabetes cases. Lastly,
when we used hemoglobin A1c in place of fasting glucose for the diabetes definition, we
obtained a sensitivity of 80 (91)%, specificity of 63 (47)%, PPV of 6 (5)%, and NPV of 99
(99)% with an AUC of 0.78. PPV is directly proportional to the prevalence of the disease/
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condition (26, 32), explaining why our score, like previous methods, yielded lower PPV for
these outcomes.

Finally, a sample questionnaire that can be used for community screening for undiagnosed
diabetes or pre-diabetes is provided in Figure 2.

DISCUSSION
Clinical trials demonstrate that high risk individuals can reduce their risk of diabetes by
more than half when they follow a well-structured, intensive, life style modification
program(6, 8, 18). Therefore, early diagnosis could be crucial to reduce the global burden of
diabetes. Widespread blood glucose testing may not be the best way to identify undiagnosed
diabetes in large community or resource limited settings. Indeed, existing recommendations
for diabetes screening that rely on blood testing are not widely followed, resulting in 30% of
diabetics going undiagnosed(4).

Our goal was to develop a screening score that can be used in a wide variety of community
settings and clinical encounters (including patient waiting rooms or internet) via a simple
pencil-and-paper method. Our new diabetes score appeared to perform better than existing
methods by quantitative criteria. We believe that it also has good feasibility characteristics –
as a simple (with 6 easily answered health-related questions) and efficient (with minimal
time needed for survey and no need for a calculator with the maximum score less than 10)
screening score with which patients and health care providers can assess their or their
patients’ need for formal diabetes testing.

We found that the national guidelines for diabetes screening did not perform very well. The
three diabetes risk assessment scores showed lower overall accuracy and tended to select
larger proportions of people for diabetes screening compared to our new score. Low
specificities of existing methods have been reported previously(33–35). The screening
criteria recommended by different organizations were developed using different frameworks
and purposes, e.g., to enhance efficiency of screening or to target those who could benefit
most from screening. So although they differ in numerical performance characteristics (e.g.,
sensitivity and specificity) based on our analysis, they may be more appropriate for those
purposes.

The primary endpoint in our study was undiagnosed diabetes rather than the composite
outcome of undiagnosed diabetes and pre-diabetes, but the same questionnaire may well be
justified for these closely related outcomes (a disease and its precursor) with different
cutpoints (5 for diabetes and 4 for pre-diabetes) based on the evidence obtained from our
ancillary analyses. In addition, our score is for prediction of currently undiagnosed diabetes
and not for incident diabetes in the future. However, strong consistency in risk factors for
the prediction of prevalent and incident events in diabetes and other chronic diseases has
been reported(36–38), and we expect that the same set of risk factors in our model play
important roles in the prediction of future diabetes or pre-diabetes. Nonetheless, other
laboratory or behavioral/lifestyle variables could be useful in predicting future events rather
than current events(18, 21, 31, 39–41).

A risk prediction approach that can capture a continuous risk spectrum is a popular tool that
has been used to identify important risk factors and to estimate average risk; results can be
used in decision making about public health and clinical care. Risk prediction has even been
proposed as an alternative to diagnosis for some diseases(42). We believe that ideal risk
assessment methods or prediction models should be derived from large representative
samples of a target population and consist of fixed and modifiable risk factors together.
Simplicity and user-friendliness (including optimal presentation), in addition to accuracy,
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are keys for successful implementation and utilization, especially for lay persons(25, 39). To
achieve these goals, we 1) adopted a statistical method that yields a systematic scoring
system and accounts for design effects of the study appropriately (i.e., logistic regression
model suited for complex survey data); 2) carefully selected a parsimonious set of predictors
(guided not only by numerical and scientific evidence but also by feasibility perspectives);
3) chose categorized variables in intuitive or well-accepted ways (e.g., using deciles for age
and obesity definition); and 4) emphasized an educational purpose of the screening score,
highlighting the important risk factors to motivate high-risk people to be screened or to
modify health behaviors (e.g., combining body mass index and waist circumference
together, rather than using height, weight and waist separately). This combination of factors
may explain the enhanced properties of our new score.

For this study, we tried to identify all existing screening guidelines or risk assessment scores
for prevalent undiagnosed diabetes available for the U.S. population and one best-suited
score for non-U.S. population for comparisons. We found that there are 3 national guidelines
and 2 scores/questionnaires for diabetes screening in the U.S., whereas many prediction
models exist for incident diabetes. Our search for the best suited non-U.S. model was guided
by recent comparison studies(36, 43); we selected the Rotterdam model as it was developed
for prevalent undiagnosed diabetes, has been externally validated in different samples, and
only requires routinely available demographic or health information in its simple scoring
system.

This study does have some limitations. First, some variables that are parts of existing
methods (e.g., gestational diabetes) were not available in the databases we used. Therefore,
some caution should be exercised in making comparisons between our and others’ methods.
Nonetheless, we believe that the vast majority of key information was available and utilized,
minimizing the unfairness in the comparisons. Second, we could not incorporate oral
glucose tolerance test results because these data were not collected in the newer NHANES
(1999–2006) and in the baseline visits in ARIC and CHS. Thus, we defined the outcome
based solely on the FPG. The FPG is a recommended screening test, however, and the lack
of oral glucose tolerance test data has not been shown previously to affect the stability of
diabetes risk assessment methods(4, 44). Our results seemed to be robust to different
definitions of the endpoint, either based on FPG or Hemoglobin A1c (e.g., AUC=0.79 vs.
0.78).

Although the lay population is increasingly appreciating the danger of diabetes and its
complications, more education is still needed in community and clinical settings. In that
sense, although further validation of our screening score in other samples is important, this
newly developed algorithm could still have immediate applications. In addition to its use in
clinical encounters, targeted screenings, and health education programs, the screening score
can be applied by health plans to existing databases for case-finding. The new algorithm can
also potentially help identify optimal populations for enrollment in clinical trials that test
new strategies to prevent or manage diabetes.

In conclusion, we envision our screening score to serve as a method for identifying
individuals in need of formal diabetes screening and calling for more attention to pre-
diabetes. A self-assessment method that helps people decide whether they should seek
medical care for diabetes testing may serve as one way to address the lack of interaction
with health care facilities/providers that may underlie the high percentage of the population
with undiagnosed diabetes, particularly the underserved. Although a consensus on diabetes
screening has not yet been reached(45, 46), we believe a priority in formal screening for
undiagnosed diabetes should be given to those who are at high risk. This new diabetes
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screening score could help identify these high risk individuals, while patients and caregivers
alike await more definitive evidence-based recommendations(47, 48).
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Appendix Table 1

Final regression model fitted to external validation datasets, ARIC/CHS (N=19,728,
AUC=0.74)

Variable Odds Ratio (95% CI) P-value Log (Odds Ratio)

Age in years*

  <50 reference --- ---

  50–59 1.4 (1.1–1.8) 0.0014 0.36

  ≥60 2.5 (2.0–3.1) <0.0001 0.91

Sex

  Female reference --- ---

  Male 1.8 (1.6–2.0) <0.0001 0.57

Family history of diabetes

  No reference --- ---

  Yes 1.9 (1.7–2.2) < 0.0001 0.66

History of hypertension

  No reference --- ---

  Yes 2.3 (2.0–2.6) < 0.0001 0.83

Obesity**

 Not overweight or obese reference --- ---

  Overweight 1.8(1.4–2.3) < 0.0001 0.57

  Obese 3.6 (2.9–4.5) < 0.0001 1.28
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Variable Odds Ratio (95% CI) P-value Log (Odds Ratio)

  Extremely obese 8.8 (6.2–12.4) <0.0001 2.18

Physically active?

  No reference --- ---

  Yes 0.8 (0.7–0.9) 0.0004 −0.23

*
Minimum age is 45 in ARIC/CHS.

**
if (BMI≥40 kg/m2) or (waist≥50 inches for male) or (waist≥49 inches for female) then extremely obese;

else if (30≤BMI<40) or (40≤waist<50 for male) or (35≤waist<49 for female) then obese;
else if (25≤BMI<30) or (37≤waist<40 for male) or (31.5≤waist<35 for female) then overweight;
else not overweight or obese.

ARIC = Atherosclerosis Risk in Communities; AUC = area under the receiver-operating-characteristic curve; BMI = body
mass index; CHS = Cardiovascular Health Study.
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Figure 1. The estimated prevalence of undiagnosed diabetes by screening score
NHANES 1999–2006 has N=6,898 and ARIC/CHS has N=19,728.
Proportions of individuals for scores of (−1,0,1,2,3,4,5,6,7,8,9) correspond to (1%,4%,10%,
14%,16%,17%,16%,13%,7%,2%,0.1%) in NHANES and (2%,5%,11%,19%,24%,22%,13%,
4%,0.4%,0.01%) in ARIC/CHS.
ARIC = Atherosclerosis Risk in Communities; CHS = Cardiovascular Health Study;
NHANES = National Health and Nutrition Examination Survey.
Label of Y-axis: Prevalence, %
Label of X-axis: Total Screening Score
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Figure 2. Self-assessment screening score for undiagnosed diabetes or pre-diabetes
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Table 1

Characteristics of participants according to diabetes status in NHANES 1999–2004: Mean (standard error) for
continuous variables and percentage (%) for categorical variables

Normal
glucose

Impaired
glucose

Undiagnosed
diabetes

Known
diabetes

Characteristic (N=3,396) (N=1,652) (N=210) (N=482)

Age, years 42.4 (0.49) 51.8 (0.54) 58.3 (1.65) 57.6 (0.88)

Male 44 60 62 51

White race 72 75 74 61

Education, ≥ high school 83 76 67 70

Annual household income,≥$25K 65 63 47 49

Married 58 64 57 62

Having health insurance 81 83 83 92

Number of health care visits in last year 1.9 (0.03) 2.0 (0.04) 2.1 (0.13) 3.0(0.06)

History of hypertension 28 44 67 69

History of cardiovascular disease 3 7 12 14

Hyperlipidemia 52 67 70 64

High cholesterol 34 50 57 78

Family history of diabetes 46 48 61 75

  Mother or father 20 27 35 47

  Brother or sister 7 11 18 31

Family history of cardiovascular disease 40 35 33 49

Smoking status

  Current smokers 26 21 20 23

  Former smokers 22 32 43 32

Being physically active 36 36 30 29

Systolic blood pressure, mmHg 120 (0.44) 126.7 (0.55) 135.1 (2.23) 129.6 (1.22)

Diastolic blood pressure, mmHg 72.2 (0.26) 73.5 (0.43) 72.9 (1.37) 70.9 (0.86)

Body mass index, kg/m2 26.9 (0.11) 29.5 (0.20) 32.3 (0.83) 31.6 (0.57)

Waist circumference, inches 36.4 (0.12) 39.9 (0.20) 43.1 (0.65) 42.3 (0.57)

Total cholesterol, mmol/L 5.14 (0.03) 5.36 (0.03) 5.41 (0.11) 5.16 (0.07)

  mg/dL 198.6 (1.10) 207.1 (1.22) 209.2 (4.32) 199.6 (2.58)

Triglycerides, mmol/L 1.45 (0.03) 1.91 (0.05) 2.82 (0.37) 2.22 (0.09)

  mg/dL 128.9 (2.90) 169.0 (4.57) 249.4 (33.0) 196.6 (8.38)

High density lipoprotein, mmol/L 1.39 (0.01) 1.27 (0.01) 1.18 (0.03) 1.22 (0.03)

  mg/dL 53.7 (0.38) 49.1 (0.56) 45.6 (1.15) 47.0 (0.99)

Low density lipoprotein, mmol/L 3.09 (0.02) 3.25 (0.03) 3.10 (0.08) 2.98 (0.05)

  mg/dL 119.5 (0.85) 125.7 (1.17) 119.8 (3.07) 115.1 (1.90)

Hemoglobin A1c, % 5.20 (0.01) 5.27 (0.01) 7.06 (0.20) 7.16 (0.07)

Normal glucose = fasting plasma glucose (FPG)<5.5 mmol/L (100 mg/dL); impaired glucose=FPG 5.6–6.9 mmol/L (100–125 mg/dL); and
undiagnosed diabetes = FPG≥7.0 mmol/L (126 mg/dL).

Sample sizes were unweighted, while summary statistics were weighted in fasting subsamples.
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Actual sample sizes are reduced for some variables. For example, income data are missing for 10% participants and other variables had ≤5%
missing data.
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Table 2

Risk factors of undiagnosed diabetes: Final regression model in the development dataset, NHANES 1999–
2004 (N = 5,258, AUC=0.79)

Risk factor Odds Ratio (95% CI) P-value Log (Odds Ratio) Score assigned

Age in years

  <40 reference --- --- 0

  40–49 2.6 (1.3–5.0) 0.004 0.95 1

  50–59 4.8 (2.2–10.6) 0.0001 1.57 2

  ≥60 8.1 (3.9–16.9) <0.0001 2.09 3

Sex

  Female reference --- --- 0

  Male 2.6 (1.8–3.7) <0.0001 0.96 1

Family history of diabetes

  No reference --- --- 0

  Yes 2.0 (1.5–2.6) < 0.0001 0.67 1

History of hypertension

  No reference --- --- 0

  Yes 1.9 (1.2–2.9) 0.004 0.64 1

Obesity*

 Not overweight or obese reference --- --- 0

  Overweight 1.3 (0.6–2.8) 0.47 0.27 1

  Obese 3.1 (1.6–5.8) 0.0006 1.12 2

  Extremely obese 7.3 (4.0–13.4) <0.0001 1.99 3

Physically active?

  No reference --- --- 0

  Yes 0.7 (0.5–1.0) 0.06 −0.34 −1

*
if (BMI≥40 kg/m2) or (waist≥50 inches for male) or (waist≥49 inches for female) then extremely obese;

else if (30≤BMI<40) or (40≤waist<50 for male) or (35≤waist<49 for female) then obese;
else if (25≤BMI<30) or (37≤waist<40 for male) or 31.5≤waist<35 for female) then overweight;
else not overweight or obese.

See Figure 2 for user-friendly questionnaire and BMI chart.

AUC = area under the receiver-operating-characteristic curve; BMI = body mass index; NHANES = National Health and Nutrition Examination
Survey.
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