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Purpose: We examined the utility of a three-level familial risk stratification system as a screening tool for diabetes

in a nationally representative sample of the U.S. adult population. Methods: National Health and Nutrition

Examination Survey data were used to assess the prevalence and distribution of familial risk for diabetes, the

association between three levels of familial risk and undiagnosed diabetes, and the use of familial risk as a

screening tool for diabetes, alone and in combination with body mass index and age. Results: The prevalence of

undiagnosed diabetes was 3% and increased with increasing familial risk (average � 2%, moderate � 4%, high �

10%). High familial risk was significantly associated with undiagnosed diabetes (adjusted odds ratio � 4.6; 95%

confidence interval: 1.9–11.3). The use of a three-tiered familial risk stratification for diabetes screening yielded

higher specificity (94%) and positive predictive value (9.9%) for high familial risk than body mass index �25

(specificity � 38%, positive predictive value � 4.2%). High familial risk and body mass index �25 combined had

higher specificity (97%) and positive predictive value (13.4%); the addition of age �45 years further improved

positive predictive value (21.0%) without reducing specificity. Conclusions: There was a strong and proportional

association between familial risk and undiagnosed diabetes, suggesting that a three-tiered assessment of familial

diabetes risk may increase the effectiveness of diabetes screening. Genet Med 2006:8(12):752–759.

Type 2 diabetes mellitus (T2DM) is a common and costly
disease in the United States and worldwide.1–4 According to
estimates based on 1999 to 2000 survey data, 16.7 million U.S.
adults aged 20 years or older (8.3% of the U.S. adult popula-
tion) had diabetes, but only 71% were aware of their disease
status.4 T2DM is an insidious disease with prolonged asymp-
tomatic stages that can be detected through available diagnos-
tic tests.5 However, the frequent presence of characteristic mi-
crovascular changes at the time of diagnosis suggests a 2- to
10-year lag between disease onset and eventual diagnosis in
many cases.1,5 The large number of U.S. adults with undiag-
nosed T2DM demonstrates the need for earlier identification
of the disease, especially givenmounting evidence that diabetes
can be prevented or delayed among high-risk adults with
timely and intensive intervention.6,7 Unfortunately, there is
currently no consensus regarding mass screening for diabetes
among asymptomatic populations.5 Moreover, although most

medical organizations, including the U.S. Preventive Services
Task Force, the American Diabetes Association, and other na-
tional and international societies, recommend opportunistic
diabetes screening in certain high-risk groups, their screening
guidelines are often inconsistent and ambiguous.5 For exam-
ple, although obesity, membership in certain racial/ethnic
groups, and a family history of diabetes are indicators of high
risk in the screening guidelines of most organizations, these
risk factors are often poorly defined, and the definitions vary
by organization. Thus, better characterization of high-risk in-
dividuals remains a clinical and public health priority.
A family history of diabetes is a known risk factor for diabetes

and a criterion for screening in most current guidelines.5,8–10

However, the complexity of family history, which represents a
combination of genetic and environmental risk factors and their
interactions, is often overlooked in defining familial risk of dis-
ease. Typically, most family history-based screening is based on a
crudedefinitionof thepresenceofdiabetes inany familymember,
irrespective of the degree or type of relatedness or number of af-
fected relatives.8,11–14More refined familial risk stratificationmay
have the potential to provide a valid and reliable screening tool
with better resolution of disease risk while remaining simple and
potentially cost-effective. Family history information can be used
to classify individuals or groups of people according to different
levels of familial risk suchas average,moderate, andhigh. Further,
thismorerefinedassessmentof familial riskcanbecombinedwith
assessments of other known risk factors such as obesity and age to
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develop an evenmore robust family history-based screening tool.
Finally, family history can be usedmore broadly as a population-
based screening tool for identifying groups of people at high risk
for the disease that can benefit from a more thorough clinical
evaluation. Such targeted screening could result inmore efficient
allocation of resources and more effective policies and practice
guidelines.
The purpose of this study was to examine the utility of a

three-level familial risk stratification system as a screening tool
for diabetes in a nationally representative sample of the U.S.
adult population. The specific aims were to describe the prev-
alence and distribution of various levels of familial risk for
diabetes, to examine the magnitude of the association between
familial risk categories and diagnosed and undiagnosed diabe-
tes, and to evaluate the utility of family history as a screening
tool, both alone and in combination with two other important
risk factors for the disease: overweight (bodymass index [BMI]
�25) and advanced age (�45 years).

MATERIALS AND METHODS
Population

The data used in this study are from the 1999 to 2002National
Health and Nutrition Examination Survey (NHANES), the most
recent 4-year period for which NHANES data are available.
NHANES is an annual survey designed to provide nationally rep-
resentative estimates of the health and nutritional status of the
civilian noninstitutionalized U.S. population.15 A complex prob-
ability sample design is used to produce unbiased estimates that
are representativeof theU.S.population.NHANESdataarebased
on personal interviews and physical examinations of survey par-
ticipants, the latter of which include biologicmeasurements such
as fasting plasma glucose (FPG) levels. As such, NHANES is the
only nationally representative survey that can estimate the preva-
lence of diagnosed diabetes (self-reported) and undiagnosed dia-
betes (measured).During this timeperiod, 83%of all eligible partic-
ipantswere interviewed, and 78%received a physical examination.

Sample

Data from annual surveys conducted during the 4-year pe-
riod from 1999 to 2002 were combined to represent a single
survey as recommended by theNHANES analytic guidelines.16

The study sample consisted of 9696 nonpregnant adult respon-
dents, aged 20 years or more, who were interviewed, 8511 of
whom underwent a physical examination. To estimate the
prevalence of undiagnosed diabetes, we further limited the
sample to 3823 participants who were randomly selected to
receive an FPGmeasurement. This subsample is similar to the
original sample in all characteristics and is weighted to main-
tain representativeness of the U.S. population.

Variable definition

Diabetes statuswas ascertained as follows: Respondents who
reported having been told by a doctor or a health professional
that they had diabetes or “sugar diabetes” other than during
pregnancy were classified as having diagnosed diabetes (n �

991); those with an FPG level 126 mg/dL or greater but no
medical history of diabetes were classified as having undiag-
nosed diabetes (n � 150).
Demographic information was collected at the time of the

interview. Age, income, and education were categorized to fa-
cilitate comparison with U.S. Census data. Race categories
were based onNHANES classifications. Participants’ BMI, cal-
culated as weight in kilograms divided by height in meters
squared (kg/m2), was based onmeasurements recorded during
the physical examination, and participants were divided into
three categories (normal weight or below, overweight, and
obese) on the basis of their BMI.17

Participants’ family history of diabetes was ascertained by
the following questions: “Including living and deceased, were
any of {SP/your} biological, that is, blood relatives including
grandparents, parents, brothers, sisters ever told by a health pro-
fessional that theyhaddiabetes?”For“yes” responses,participants
wereasked tospecifywhichof the followingbiologic relativeswere
affected: mother, father, mother’s mother, mother’s father, fa-
ther’s mother, father’s father, brother, sister, and other.
By using the number and type of affected relatives, we clas-

sified respondents into three familial risk levels according to
the algorithm that follows, adapted from Scheuner et al.9

High: At least . . .

● Two first-degree relatives (parents or siblings) with diabetes
● One first-degree and two second-degree relatives (grand-
parents) with diabetes from same lineage

Moderate: Only . . .

● One first-degree and one second-degree relative with di-
abetes

● One first-degree relative with diabetes
● Two second-degree relatives with diabetes from same lin-
eage

Average:

● Only one second-degree relative with diabetes from one
or both sides of family

● No family history of diabetes

This classification has been proposed by us and others as a
standard for a three-tiered familial risk stratification scheme.9,18,19

In this context, the term “average” risk is used to indicate a base-
line population risk of developing diabetes with minimal or no
familial risk of diabetes.

Statistical analyses

All estimates were weighted using fasting morning sample
weights to obtain unbiased estimates following NHANES an-
alytic guidelines.20 Statistical analyses were performed in SAS
9.1 (SAS Institute Inc., Cary, NC) and SAS-Callable SUDAAN
(Research Triangle Institute, Research Triangle Park, NC) us-
ing procedures that calculate appropriate standard errors on
the basis of the multistage stratified survey sampling design.
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Overall and stratified prevalence estimates and their 95% con-
fidence intervals (CIs) were calculated to examine significant
differences and to highlight the variability in estimates in the
smaller subgroups investigated. Multivariable logistic regres-
sion was used to examine associations between familial risk
and various risk factors and diagnosed and undiagnosed dia-
betes. Because the odds ratio (OR) tends to overestimate, and
thus is not a good approximation of the relative risk when the
outcome of interest is common,21 marginal predicted proba-
bilities from the logistic models were used to obtain relative
risks for comparison with the ORs. The analytic validity of age,
BMI, and family history as screening tools for diabetes was
evaluated.

RESULTS

Prevalence of family history by risk level, diabetes, and other risk
factors

Only 2%of respondents refused to answer, and less than 1%
indicated a lack of knowledge when asked about the history of
diabetes among their blood relatives, suggesting a high level of
awareness of the disease among family members. Approxi-
mately half (48.3%, 95% CI: 46.3–50.2) of all respondents re-
ported having at least one blood relative with diabetes. This
proportion was higher among those with undiagnosed diabe-
tes (59.3, 95% CI: 51.1–67.5) and highest among those with
diagnosed diabetes (75.8, 95% CI: 72.5–79.2).

Table 1
Distribution of selected characteristics of U.S. adults overall and by familial risk for diabetes, NHANES 1999 to 2002

Familial risk strata

Characteristic Overall % (95% CI) Average % (95% CI) Moderate % (95% CI) High % (95% CI)

Sex

Male 48.8 (47.8–49.7) 50.0 (48.9–51.2) 47.3 (45.0–49.6) 40.4 (35.9–44.9)

Female 51.2 (50.3–52.2) 50.0 (48.8–51.1) 52.7 (50.4–55.0) 59.6 (55.1–64.1)

Age (y)

20–39 38.7 (37.0–40.5) 41.9 (39.7–44.1) 33.8 (31.2–36.5) 22.0 (18.1–26.0)

40–59 38.4 (36.9–40.0) 36.0 (33.9–38.1) 42.5 (40.1–44.9) 49.3 (45.2–53.5)

60� 22.9 (21.6–24.2) 22.1 (20.6–23.6) 23.7 (21.4–25.9) 28.7 (24.0–33.3)

Race

White/non-Hispanic 71.1 (67.5–74.7) 73.0 (69.4–76.7) 69.3 (65.8–72.7) 57.3 (49.3–65.4)

Black/non-Hispanic 10.6 (8.2–13.0) 9.7 (7.6–11.9) 11.7 (8.6–14.8) 16.8 (12.1–21.5)

Mexican 6.9 (5.2–8.6) 6.4 (5.0–7.9) 7.8 (5.6–10.0) 9.0 (5.5–12.6)

Other 11.3 (7.6–15.0) 10.8 (7.1–14.5) 11.2 (7.5–15.0) 16.8 (9.7–24.0)

Income

�25k 27.8 (25.0–30.7) 27.4 (24.5–30.3) 27.1 (22.9–31.3) 35.1 (30.3–39.8)

25–54k 32.2 (30.3–34.2) 30.9 (29.0–32.8) 34.8 (30.4–39.3) 36.7 (31.9–41.6)

�55k 40.0 (36.5–43.4) 41.7 (37.9–45.6) 38.1 (34.0–42.1) 28.2 (22.6–33.9)

Education

�High school 19.5 (17.5–21.6) 18.2 (15.7–20.8) 21.0 (18.3–23.7) 28.3 (19.6–37.1)

High school diploma/GED 25.4 (23.7–27.1) 25.8 (23.7–27.9) 22.6 (18.9–26.3) 31.8 (23.5–40.1)

�High school 55.0 (51.7–58.3) 56.0 (52.5–59.5) 56.4 (51.2–61.6) 39.9 (32.8–47.0)

Insurance

Yes 82.6 (80.8–84.4) 82.4 (80.6–84.1) 82.1 (79.3–84.8) 86.7 (83.0–90.5)

No 17.4 (15.6–19.2) 17.6 (15.8–19.4) 17.9 (15.2–20.7) 13.3 (9.5–17.0)

BMI

0–24 35.2 (33.4–36.8) 38.7 (36.5–40.8) 27.7 (25.4–29.7) 24.6 (19.8–29.3)

25–29 34.7 (33.0–36.4) 34.6 (32.4–36.7) 35.7 (33.4–37.9) 32.8 (27.8–37.8)

�30 30.0 (28.3–32.1) 26.7 (24.8–28.8) 36.7 (33.9–39.7) 42.6 (37.3–48.0)

Total 70.2 (68.8–71.6) 23.0 (22.0–24.1) 6.8 (6.1–7.5)

NHANES, National Health and Nutrition Examination Survey; CI, confidence interval; GED, General Equivalency Diploma; BMI, body mass index.
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Table 1 displays the distribution of select demographic char-
acteristics and other diabetes risk factors in the total popula-
tion overall, as well as stratified by familial risk. On the basis of
the familial risk stratification criteria provided above, 7% of
participants were classified as being at high risk for diabetes,
23% as being at moderate risk, and 70% as being at average
risk. The results showed that women were more likely to be in
themoderate- and high-risk groups thanmen, that those in the
40- to 59-year age categoryweremore likely than those in other
age groups to be in the moderate- and high-risk groups, that
those in the 20- to 39-year age categoryweremost likely to be in
the average-risk category, and that the percentage of whites in
the high-risk group (57%) was less than the percentage of
whites in the total survey population (71%). In addition, the

results indicated that people with low income and low educa-
tion were more likely to be in the moderate- and high-risk
groups, and that more than 80% of survey respondents re-
ported having some type of insurance irrespective of familial
risk. The overall prevalence of obesity was high (30%) but was
even higher among those with moderate and high familial risk
of diabetes (37% and 42%, respectively).
The prevalence of diagnosed diabetes (self-reported) was

estimated to be 7% in the total population (Table 2), whereas
3% of nonpregnant respondents without a medical history of
diabetes were found to have an FPG level of 126 mg/dL or
greater, indicating undiagnosed diabetes (Table 3). Also, the
prevalence of both diagnosed and undiagnosed diabetes in-
creased attendant with increasing familial risk. The prevalence

Table 2
Prevalence of diagnosed diabetes among U.S. adults, by selected characteristics and familial risk, NHANES 1999 to 2002

Familial risk strata

Characteristic Overall % (95% CI) Average % (95% CI) Moderate % (95% CI) High % (95% CI)

Sex

Male 6.7 (5.9–7.5) 3.9 (3.3–4.5) 10.6 (8.4–12.8) 27.2 (21.7–32.7)

Female 6.6 (5.7–7.4) 3.0 (2.4–3.6) 11.2 (9.3–13.1) 24.0 (19.3–28.6)

Age (y)

20–39 1.7 (1.1–2.3) 1.0 (0.4–1.5) 3.2 (1.7–4.8) 9.2 (2.3–16.0)

40–59 6.6 (5.6–7.6) 2.8 (2.1–3.5) 10.0 (7.6–12.4) 25.2 (20.4–30.0)

60� 15.1 (13.8–16.4) 9.3 (8.2–10.4) 23.5 (20.0–27.0) 37.8 (32.6–43.0)

Racea

White/non-Hispanic 5.7 (5.0–6.4) 3.2 (2.7–3.7) 9.4 (7.8–11.0) 24.1 (19.7–28.6)

Black/non-Hispanic 10.3 (8.7–11.9) 5.4 (4.2–6.5) 15.2 (12.1–18.4) 27.8 (22.3–33.3)

Mexican 6.7 (5.6–7.8) 3.2 (2.3–4.1) 9.2 (6.6–11.7) 25.6 (19.4–31.9)

Income

�25k 10.2 (8.9–11.6) 6.1 (4.8–7.4) 14.0 (11.1–20.6) 33.8 (28.5–39.1)

25–54k 7.0 (5.6–8.3) 3.1 (2.2–4.1) 11.2 (9.0–13.4) 26.9 (18.1–35.7)

�55k 3.6 (2.9–4.2) 2.0 (1.4–2.6) 6.8 (4.2–9.3) 12.9 (6.7–19.0)

Education

�High school 11.1 (9.2–13.0) 6.2 (4.4–8.1) 16.3 (11.3–21.3) 30.3 (17.5–43.1)

High school diploma/GED 6.9 (5.8–8.0) 3.3 (2.0–4.7) 10.0 (6.4–13.7) 29.0 (22.5–35.5)

�High school 5.5 (4.3–6.7) 2.9 (2.1–3.7) 9.3 (6.4–12.2) 25.0 (14.4–35.7)

Insurance

Yes 7.2 (6.5–7.9) 3.8 (3.3–4.3) 11.7 (9.9–13.4) 26.3 (0.0–82.3)

No 3.9 (2.9–4.9) 2.0 (1.2–2.7) 6.3 (3.9–8.7) 18.9 (12.4–25.5)

BMI

0–24 3.0 (2.2–3.9) 1.6 (1.0–2.2) 6.2 (3.3–9.0) 14.9 (9.8–20.0)

25–29 5.8 (4.7–6.9) 3.4 (2.6–4.3) 8.9 (5.8–12.1) 19.4 (12.7–26.2)

�30 11.0 (9.8–12.2) 5.5 (4.2–6.8) 15.6 (13.0–18.1) 33.2 (28.2–38.1)

Total 6.7 (6.0–7.3) 3.5 (3.0–3.9) 10.9 (9.5–12.3) 25.3 (22.0–28.6)

NHANES, National Health and Nutrition Examination Survey; CI, confidence interval; GED, General Equivalency Diploma; BMI, body mass index.
a“Other” race category excluded because of small sample sizes.
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of diagnosed diabetes was associated with the level of familial
risk among both men and women and across all age, race,
income, education, and BMI categories (Table 2).
Similar information for undiagnosed diabetes is summa-

rized in Table 3. As shown, the prevalence of undiagnosed
diabetes was associatedwith the level of familial diabetes risk in
both sexes, across all age groups, among non-Hispanic whites
and Mexican Americans, across all income categories, and
among people whowere obese. The prevalence of undiagnosed
diabetes was found to be higher among non-Hispanic blacks in
the moderate-risk category than among those in the average-
risk category, but no significant difference in risk was seen
between those in the moderate- and high-risk categories. Sim-

ilarly, prevalence slightly increased only between average- and
moderate-risk categories in those with less than a high school
education. A slight increasing trend in undiagnosed diabetes
was present in the lowest BMI category, but the prevalence was
almost the same across familial risk in the overweight group.

Family history as a risk factor for diagnosed and undiagnosed
diabetes

The association between familial risk and self-reported and
undiagnosed diabetes was evaluated using separate multivari-
ate logistic regression models selected in accordance with the
purposeful model selection method.22 The presence of multi-
plicative interactions was evaluated for diagnosed diabetes, but

Table 3
Prevalence of undiagnosed diabetesa among U.S. adults, by selected characteristics and familial risk, NHANES 1999 to 2002

Familial risk strata

Characteristic Overall % (95% CI) Average % (95% CI) Moderate % (95% CI) High % (95% CI)

Sex

Male 3.7 (2.7–4.8) 3.0 (2.0–4.1) 4.3 (2.2–6.3) 12.2 (3.8–20.7)

Female 2.4 (1.7–3.1) 1.4 (0.8–2.0) 3.8 (2.3–5.3) 8.3 (3.9–12.8)

Age (y)

20–39 0.7 (0.0–1.5) 0.5 (0.0–1.1) 1.2 (0.3-2.0) 3.4 (2.5–4.3)

40–59 3.5 (2.2–4.9) 2.4 (1.4–3.4) 4.8 (2.2–7.3) 9.2 (2.4–16.0)

60� 6.8 (5.0–8.6) 5.5 (3.5–7.4) 7.5 (4.5–10.4) 18.9 (9.4–28.4)

Raceb

White/non-Hispanic 3.1 (2.3–3.9) 2.5 (1.7–3.2) 3.3 (1.9–4.7) 11.4 (5.2–17.6)

Black/non-Hispanic 3.7 (2.1–5.2) 1.9 (0.3–3.5) 7.7 (3.5–12.0) 7.3 (2.4–12.2)

Mexican 2.0 (1.3–2.8) 0.7 (0.2–1.3) 2.6 (1.4–3.7) 12.2 (4.8–19.6)

Income

�25k 4.8 (2.6–6.9) 4.3 (1.7–6.9) 5.6 (2.6-8.6) 6.7 (2.2–11.3)

25–54k 3.1 (1.6–4.6) 1.3 (0.3–2.3) 4.3 (1.4–7.2) 18.4 (7.3–29.4)

�55k 1.9 (1.2–2.5) 1.3 (0.8–1.9) 2.5 (0.3–4.8) 6.6 (0.0–14.5)

Education

�High school 6.4 (4.3–8.5) 5.9 (3.3–8.5) 7.4 (1.9–12.9) 7.6 (1.4–13.8)

High school diploma/GED 2.7 (0.9–4.5) 1.8 (0.0–3.7) 2.3 (0.0–5.3) 15.8 (0.6–31.0)

�High school 2.6 (1.4–3.8) 2.0 (0.8–3.3) 2.6 (1.1–4.2) 9.5 (0.0–19.7)

Insurance

Yes 3.0 (2.4–3.7) 2.1 (1.5–2.7) 4.3 (2.9–5.7) 8.8 (5.0–12.6)

No 3.0 (1.7–4.3) 2.3 (0.8–3.8) 2.5 (0.0–5.1) 19.3 (1.2–37.3)

BMI

0–24 0.9 (0.4–1.5) 0.7 (0.1–1.4) 1.1 (0.0–2.4) 3.3 (0.0–6.9)

25–29 2.8 (1.8–3.7) 2.6 (1.3–3.9) 3.2 (1.0–5.3) 3.3 (0.0–7.0)

�30 6.0 (4.4–7.6) 3.5 (1.8–5.1) 7.3 (4.7–9.9) 23.2 (11.4–35.0)

Total 3.1 (2.4–3.7) 2.2 (1.5–2.9) 4.0 (2.8–5.3) 9.9 (5.7–14.0)

NHANES, National Health and Nutrition Examination Survey; CI, confidence interval; GED, General Equivalency Diploma; BMI, body mass index.
aAs indicated by an FPG level �126 mg/dL among those who did not report having been diagnosed with diabetes.
b“Other” race category excluded because of small sample sizes.
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there was insufficient power to detect interaction effects for
undiagnosed diabetes.
As shown in Table 4, diagnosed diabetes was strongly associ-

ated with having a high-risk family diabetes history (OR � 7.5,
95%CI: 5.4–10.3), being aged 60 years ormore (OR� 10.5, 95%
CI: 6.4–17.2), and being aged 40 to 59 years (OR � 3.9, 95% CI:
2.2–7.0). Amoderate-risk family history was also significantly as-
sociated with diagnosed diabetes (OR� 2.8, 95%CI: 2.1–3.7), as
weremale sex andnonwhite race.Nosignificant interactionswere
found between family history and other risk factors. The differ-
ence in magnitude between predicted risk ratios obtained from
themarginal probabilities andOR estimates was comparable at a
lower prevalence and increased with increasing prevalence, as ex-
pected.
As shown in Table 5, a high-risk family diabetes history was

also significantly associated with the prevalence of undiag-
nosed diabetes, although the association was not as strong as
with diagnosed diabetes. Risk factors strongly associated with
undiagnosed diabetes were age (OR� 26.4, 95%CI: 5.4–128.9
among those aged 60–85 years; OR � 8.5, 95% CI: 1.8–41.6

among those aged 40–59 years) and obesity (OR � 7.5, 95%
CI: 2.4–23.7). The association between high-risk family his-
tory and undiagnosed diabetes was also significant (OR � 4.6,
95%CI: 1.9–11.3), followed by beingmale (OR� 3.1, 95%CI:
1.7–5.7), as was the association between undiagnosed diabetes
and being overweight (OR � 2.8, 95% CI: 1.0–8.4). Moderate
family history was also associated with undiagnosed diabetes,
although the associationwas not statistically significant (OR�
1.3, 95% CI: 0.7–2.7). The magnitude of the predicted risk
ratios was similar to the OR estimates.

Evaluation of family history as a screening tool for undiagnosed
diabetes

To compare the effectiveness of the three-tier familial risk
stratification system with that of a more blunt approach to
family risk determination, we collapsed the moderate- and
high-risk categories into a single level (“increased familial
risk”) and compared the results from this two-tier risk scheme
with that of the three-tier scheme described above. We simi-
larly examined the effectiveness of usingBMI as a dichotomous
variable (with the cutoff at �25 to correspond with screening
guidelines for overweight) to screen for undiagnosed diabetes
and of using the two risk factors in combination. Finally, we
evaluated the effectiveness of age �45 years as an additional
screening criterion by limiting the analysis to participants aged
45 to 85 years. As shown in Table 6, when screening was based
on a single risk factor, screening for high familial risk had the

Table 4
Adjusteda odds ratios, predicted marginal probabilities, and prevalence
ratios for diagnosed diabetes among U.S. adults, by selected risk factors,

NHANES 1999 to 2002

Risk factor OR (95% CI)

Predicted
marginal

probability (%)
Prevalence

ratiob

Family history

Average Referent 3.6 —

Moderate 2.8 (2.1–3.7) 8.9 2.5

High 7.5 (5.4–10.3) 19.1 5.3

Sex

Female Referent 5.6 —

Male 1.4 (1.2–1.8) 7.4 1.3

Age (y)

20–39 Referent 1.8 —

40–59 3.9 (2.2–7.0) 6.4 3.6

60� 10.5 (6.4–17.2) 13.9 7.7

Race

White/non-Hispanic Referent 5.8 —

Black/non-Hispanic 1.3 (1.0–1.6) 7.0 1.2

Mexican 1.6 (1.3–2.1) 8.6 1.5

Other 1.9 (1.2–2.9) 11.4 2.0

BMI

�25 Referent 4.0 —

25–29 1.4 (0.95–2.1) 5.4 1.4

�30 2.8 (1.9–4.2) 9.6 2.4

NHANES, National Health and Nutrition Examination Survey; OR, odds ra-
tio; CI, confidence interval; BMI, body mass index.
aAdjusted for all demographic variables (in table) and BMI.
bRatio of predicted marginal probabilities.

Table 5
Adjusted a odds ratios, predicted marginal probabilities, and prevalence

ratios for undiagnosed diabetes among U.S. adults, by selected risk factors,
NHANES 1999 to 2002

Risk factor OR (95% CI)
Predicted marginal

probability
Prevalence

ratiob

Family history

Average Referent 2.3% —

Moderate 1.3 (0.7–2.7) 3.0% 1.3

High 4.6 (1.9–11.3) 8.4% 3.7

Sex

Female Referent 1.7% —

Male 3.1 (1.7–5.7) 4.6% 2.7

Age (y)

20–39 Referent 0.4% —

40–59 8.5 (1.8–41.6) 2.9% 7.3

60� 26.4 (5.4–128.9) 7.9% 19.8

BMI

�24 Referent 0.9% —

25–29 2.8 (1.0–8.4) 2.5% 2.8

�30 7.5 (2.4–23.7) 5.8% 6.4

NHANES, National Health and Nutrition Examination Survey; OR, odds ra-
tio; CI, confidence interval; BMI, body mass index.
aAdjusted for all demographic variables (in table) and BMI.
bRatio of predicted marginal probabilities.
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highest specificity (94%) and positive predictive value (9.9%)
followed by results based on screening for “increased” (mod-
erate or high) familial risk (73% specificity, 5.3% positive pre-
dictive) and screening for a BMI greater than 25.0 (38% spec-
ificity, 4.2% positive predictive value). Conversely, sensitivity
was highest for screening by BMI (88%), followed by screening
by “increased” familial risk (48%) and screening by high famil-
ial risk (19%). The negative predictive values for the three
screeningmethods were 97% for high-risk family history, 98%
for “increased”-risk family history, and 99% for overweight.
Screening by the combination of high family history and over-
weight had a higher specificity (97%) and positive predictive
value (13.4%) than screening by either risk factor separately.
Screening by “increased” family BMI also had a higher positive
predictive value (6.9%) than screening by either alone; how-
ever, the specificity was slightly lower (81%). Adding age to the
screening criteria increased positive predictive values to 14.9%
for screening by high-risk family history, to 7.9% for screening
by “increased”-risk family history, to 7.0% for screening by
overweight status, to 21.0% for screening by high-risk family
history and overweight status, and to 10.4% for screening by
“increased”-risk family history and overweight status without
negatively impacting other measures.

DISCUSSION

This study is the first to estimate the percentage of U.S.
adults in each of three categories of familial risk for diabetes

and to demonstrate the potential value of familial risk stratifi-
cation as a diabetes screening tool on the basis of data from a
nationally representative sample of the U.S. adult population.
We showed not only that a family history of diabetes is a strong
risk factor for both diagnosed and undiagnosed diabetes but
also that diabetes prevalence is directly associated with the ex-
tent of the family history of diabetes, which also illustrates how
the level of risk increases with increasing familial risk. More-
over, these results distinguish family history as a reliable, low-
cost, noninvasive, and easy-to-use screening tool, alone or in
conjunction with other risk factors for detecting undiagnosed
diabetes.
Although having a high-risk family history of diabetes was

associated with the prevalence of undiagnosed and diagnosed
diabetes, the magnitude of association was smaller for undiag-
nosed diabetes. One possible explanation for this is that people
with diagnosed diabetes are more likely to inquire about their
family diabetes history than those who are unaware of their
disease status. If so, enhanced public education about the as-
sociation between one’s family diabetes history and one’s own
diabetes risk could lead more people to assess their family his-
tory and, if they find a significant family history of diabetes, to
seek diagnostic testing on their own.
The inherent tradeoff between sensitivity (true positive rate)

and specificity (true negative rate) requires careful consider-
ation of the goals of any screening test.21,23 The objective of
using family history and other risk factors for diabetes as a
population-based screening tool would be to identify people at
high risk for the disease who could then be referred for further
diagnostic testing. Therefore, a tool with both a high specificity
(a low false-positive rate) and high positive predictive value
(Bayesian probability that an individual has diabetes given that
they have the risk factor[s]) is most preferred. Our results in-
dicate that restricting screening to people in the highest famil-
ial risk group yieldsmore desirable results than screening those
in both the moderate and high familial risk groups. They also
demonstrate that screening by familial diabetes risk (either for
high risk only or for either moderate or high risk) has both
higher specificity and higher positive predictive value than
screening by BMI, two risk factors recommended by theAmer-
ican Diabetes Association for use to screen for diabetes.5 More
important, our results indicate that the positive predictive
value of family diabetes history in detecting undiagnosed dia-
betes increases when BMI is used in combination with family
history and that it almost doubles (without reducing the test’s
specificity) when age is also used. It is also important to note
the negative predictive value of screening based on a high-risk
family history of diabetes (98%) is almost as high as that of
screening based on a BMI of 25.0 or higher (99%). The results
of this analysis thus suggest that diabetes screening guidelines
may be more effective if familial risk levels are taken into ac-
count. For example, overweight people in the high familial risk
category may benefit more from frequent diagnostic screening
tests than overweight people in the moderate familial risk cat-
egory.Moreover, although the sensitivity (true positive rate) of
screening based on a three-tiered familial risk stratification is

Table 6
Sensitivity, specificity, and positive and negative predictive values of selected

diabetes risk factors in screening for undiagnosed diabetes among U.S.
adults, NHANES 1999 to 2002

Risk factor
Sensitivity

(%)
Specificity

(%)
PVP
(%)

PVN
(%)

All adults (aged 20–85 y)

Increaseda familial risk 47.6 73.2 5.3 97.8

High familial risk 19.4 94.4 9.9 97.4

BMI �25 88.1 38.4 4.2 99.1

Increaseda familial risk
and BMI �25

45.2 81.4 6.9 98.0

High familial risk and
BMI �25

17.6 96.5 13.4 97.5

Adults aged 45–85 y

Increaseda familial risk 46.0 69.6 7.9 95.8

High familial risk 20.5 93.4 14.9 95.4

BMI �25 88.7 34.2 7.0 98.2

Increased familial risk
and BMI �25

42.0 79.7 10.4 96.1

High familial risk and
BMI �25

18.0 96.2 21.0 95.4

NHANES, National Health and Nutrition Examination Survey; PVP, predic-
tive value positive; PVN, predictive value negative; BMI, body mass index.
aIncludes people considered to be at moderate and high familial risk for dia-
betes.
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lower than that of screening based on a two-tiered scheme, it
would only lead to unnecessary testing in a small percentage of
the population targeted for screening (3.9%) relative to the
percentage that would be tested if screening were based on a
two-tier model of family risk (19.3%). Although less rigorous
screening guidelines for people in the moderate-risk group
may seemmore efficient and cost-effective, the benefits of fol-
lowing such guidelines must be carefully weighed against the
costly complications of uncontrolled diabetes among people
whose diabetes may not be detected.
Although the large sample size and use of clinical measure-

ments in NHANES allowed examination of the relationship
between three levels of familial risk and the prevalence of un-
diagnosed diabetes in the U.S. population, the results must be
interpreted in the context of important limitations. First, the
accuracy of self-reported family histories of diabetes has not
been fully investigated in a population-based sample; however,
the results of one recent study suggest that most people have a
high level of knowledge about the diabetes status of their family
members.24 Moreover, the long duration of diabetes, the obvi-
ous nature and progression of its symptoms, and the lack of
stigma associated with the disease are all factors that should
reduce errors in self-reported family diabetes histories. Never-
theless, the possibility of recall bias in general, and a gender
recall bias of family history in particular, remains. A second
potential limitation is that our use of a single FPG value to
ascertain undiagnosed diabetes may have resulted in misclas-
sification bias. However, measuring FPG levels is currently the
standard method for diagnosing diabetes and has been shown
to have higher reliability and lower interindividual variation
than other acceptable diagnostic tests.5 A third limitation is
that because we used data from a cross-sectional survey, we
were unable to determine whether the associations we found
were causal. However, because people with undiagnosed dia-
betes are by definition unaware of their disease status, they are
no more likely than those without diabetes to know the diabe-
tes status of family members. Finally, despite the large overall
sample size, some of the subgroups analyzed contain relatively
small numbers. Therefore, the prevalence estimates must be
interpreted with caution and in the context of the high vari-
ability, as evidenced by the corresponding wide CIs.
Family history is increasingly recognized as a powerful, cost-

effective, and readily available screening tool for detecting
common diseases such as diabetes.9,10,18,25 Nevertheless, de-
spite its inclusion in many screening guidelines, family history
continues to be underused in both clinical and public health
settings, possibly because of a lack of data demonstrating its
effectiveness.25 The results from this analysis of population-
based, nationally representative survey data provide strong ev-
idence that family history can indeed be an effective diabetes
screening tool.
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