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OBJECTIVE — To assess, in an older population, the prevalence of diagnosed and undiag-
nosed diabetes, the number needed to screen (NNTS) to identify one individual with undiag-
nosed diabetes, and factors associated with undiagnosed diabetes.

RESEARCH DESIGN AND METHODS — Socioeconomic and health-related factors
were assessed at the baseline examination of the Health, Aging, and Body Composition (Health
ABC) Study, a cohort of 3,075 well-functioning people aged 70–79 years living in Memphis,
Tennessee and Pittsburgh, Pennsylvania (42% blacks and 48% men). Diabetes was defined
according to the 1985 World Health Organization criteria (fasting glucose �7.8 mmol/l or 2-h
glucose �11.1 mmol/l) and the 1997 American Diabetes Association criteria (fasting glucose
�7.0 mmol/l).

RESULTS — The prevalence of diagnosed and undiagnosed diabetes was 15.6 and 8.0%,
respectively, among all participants (NNTS 10.6), 13.9 and 9.1% among white men (NNTS 9.5),
7.8 and 7.4% among white women (NNTS 12.4), 22.7 and 9.1% among black men (NNTS 8.5),
and 21.6 and 6.2% among black women (NNTS 12.6). In multivariate analyses, compared with
individuals without diabetes, individuals with undiagnosed diabetes were more likely to be men
and were more likely to have a history of hypertension, higher BMI, and larger waist circumfer-
ence. NNTS was lowest in men (9.1), individuals with hypertension (8.7), individuals in the
highest BMI quartile (6.9), and individuals in the largest waist circumference quartile (6.8).

CONCLUSIONS — In approximately one-third of all older people with diabetes, the con-
dition remains undiagnosed. Screening for diabetes may be more efficient among men and
individuals with hypertension, high BMI, and large waist circumference.
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D iabetes and its complications are
significant causes of morbidity and
mortality in the U.S. (1,2). Al-

though the prevalence of hypertension
(3), hypercholesterolemia (4), and inci-
dence of and mortality from heart disease
(5,6) and stroke (7) are markedly declin-
ing, the prevalence of diabetes remains
high and is expected to increase further,
especially in the older population (8). Ac-
cording to the Third National Health and
Nutrition Examination Survey, 1988 –
1994 (NHANES III), the prevalence of
physician-diagnosed and undiagnosed
diabetes (based on the 1985 World
Health Organization [WHO] criteria) in
people aged 60 –74 years is 12.6 and
10.8%, respectively (9), resulting in a to-
tal prevalence of 23.4%.

Many individuals with diabetes re-
main unidentified, untreated, and at risk
for complications. Since the American Di-
abetes Association (ADA) introduced new
diagnostic criteria for type 2 diabetes
(10), the exclusive use of fasting glucose
to define glucose tolerance has been de-
bated. It has been suggested that by ap-
plying the new diagnostic criteria,
diabetes may remain undiagnosed in even
more individuals (11). Undiagnosed dia-
betes may have substantial public health
implications (12–15), but little is known
about the risk factors for undiagnosed di-
abetes. The objectives of this study were
to determine the prevalence of undiag-
nosed diabetes in a large population of
older adults, the number needed to screen
to identify one undiagnosed person, and
the characteristics of the individuals that
might be most effectively targeted with
screening programs.

RESEARCH DESIGN AND
METHODS — Diabetes was assessed
at the baseline examination of the Health,
Aging, and Body Composition (Health
ABC) Study. Health ABC is a 7-year pro-
spective study of changes in body compo-
sition, weight-related health conditions,
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and incident functional limitation. The
study population consists of 3,075 indi-
viduals aged 70–79 years, 42% of whom
are black and 48% of whom are men. Par-
ticipants were identified from the Medi-
care-eligible population residing in the
Memphis, Tennessee and Pittsburgh,
Pennsylvania area. To be eligible, partici-
pants had to report no difficulty in walk-
ing for 0.25 mile (400 m), walking up 10
steps, getting in and out of bed or chairs,
bathing or showering, dressing, or eating
and must report no need of using a cane,
walker, crutches, or other special equip-
ment to get around. All procedures re-
lated to Health ABC received Institutional
Review Board approval from the partici-
pating institutions.

Measures
The baseline home visit questionnaire,
administered between April 1997 and
May 1998, assessed demographic and so-
cioeconomic characteristics, health be-
haviors, and health status, including
medical history. The subsequent baseline
clinic visit, conducted within 2 weeks of
the interview, included a fasting glucose
measurement and a 75-g oral glucose tol-
erance test (OGTT) performed after an
8-h overnight fast.

Diabetic status was defined by self-
reported response to the question “Has a
doctor ever told you that you have diabe-
tes or sugar diabetes?” (excluding diabetes
that only occurred during pregnancy). If
so, participants were asked if they cur-
rently used insulin or hypoglycemic
agents. Except for those who reported
taking insulin or oral hypoglycemic
agents, participants underwent an OGTT.
Participants who did not report prior di-
agnosis of diabetes were classified accord-
ing to the 1985 WHO criteria: fasting
glucose concentration �7.8 mmol/l
(�140 mg/dl) or a 2-h glucose concentra-
tion of �11.1 mmol/l (�200 mg/dl). For
additional analyses, participants who did
not report prior diagnosis of diabetes
were also classified according to the 1997
ADA criteria: fasting glucose concentra-
tion �7.0 mmol/l (�126 mg/dl). Partici-
pants were classified as undiagnosed if
they reported no prior diagnosis of diabe-
tes but met the WHO or ADA criteria for
diabetes.

We used both WHO criteria and
1997 ADA criteria because at the time of
most baseline interviews, the ADA criteria
were just being disseminated. To com-

pare our results with older and current
reports, we applied both WHO and ADA
criteria in analyses. For both classifica-
tions, we included only participants who
had both fasting and 2-h glucose mea-
surements. Of the 3,075 participants in
Health ABC, 125 were missing either fast-
ing glucose or the OGTT and were ex-
cluded from this analysis, leaving an
analysis sample of 2,950 participants
(95.9% of the cohort).

The demographic and socioeconomic
characteristics assessed included partici-
pants’ self-reported age, sex, race, years of
education, and annual family income.
Health behavior included self-reported
current and past smoking and alcohol use
in the past 12 months. Health service use
involved measures of having a usual
source of care (“Do you have a doctor or
place that you usually go to for health care
or advice about your health care?”), hav-
ing a health insurance plan in addition to
Medicare, and hospitalization in the year
before the baseline interview.

Health conditions were assessed
based on self-reported history of cancer,
hypertension, and cardiovascular disease
(myocardial infarction, angina pectoris,
congestive heart failure, intermittent
claudication, transient ischemic attack,
stroke, and rheumatic heart disease) or
any medical procedure in heart, neck, or
blood vessels, such as an angioplasty or
bypass surgery. Height (mm) was mea-
sured twice by a Harpenden stadiometer
(Holtain, Crosswell, U.K.) and weight was
measured by a standard balance-beam
scale to the nearest 0.1 kg. Using the mean
of the two height measurements, BMI (kg/
m2) was calculated as weight divided by
the square of height. Waist circumference
was measured in centimeters.

For the analyses of each potential pre-
dictor, we excluded participants who had
missing information on that particular
variable. Except for annual family income
(410 participants [14%] were missing this
information), 0–20 participants (�1%)
were missing information for all variables.

Analyses
Statistical analyses were performed using
the SPSS version 8.0 for Windows soft-
ware package (SPSS, Chicago, IL) (16).
Analysis of variance for multiple depen-
dent variables by one or more factor vari-
ables was used to assess differences in
fasting glucose and HbA1c between diag-
nosed and undiagnosed diabetic partici-

pants. A �2 test was used to assess
differences in prevalence of diabetes be-
tween different race and sex groups. Lo-
gistic regression analysis was used to
assess associations between potential pre-
dictors and (un)diagnosed diabetes (ver-
sus no diabetes), after adjusting for age,
sex, and race. Risk factors for diagnosed
diabetes are presented so that direct com-
parison with risk factors for undiagnosed
diabetes is possible. To calculate the num-
ber needed to screen (NNTS) to identify
one individual with undiagnosed diabetes
in each individual subgroup, the number
of undiagnosed plus nondiabetic subjects
was divided by the number of undiag-
nosed diabetic subjects.

RESULTS — The prevalence of diabe-
tes, using the 1980–1985 WHO criteria,
was highest in black men (31.8%) com-
pared with white men and women (P �
0.001 versus white men and women) (Ta-
ble 1). White women had the lowest prev-
alence of diabetes (15.3%; P � 0.001
versus other subgroups), which was al-
most half the prevalence in black women
(27.8%). The prevalence of undiagnosed
diabetes was not significantly different in
white women (7.4%) compared with
black women (6.2%). The prevalence of
undiagnosed diabetes was similar among
white and black men (9.1%). Additional
analyses, using the fasting 1997 ADA cri-
teria, revealed that the total prevalence of
diabetes was 4–6% lower than the 1985
WHO criteria (Table 1). The prevalence
of undiagnosed diabetes was again higher
in men (white men 5.1%, black men
5.3%) than in women (white women
1.5%, black women 2.8%).

The association of age, race, sex, and
site with diagnosed and undiagnosed di-
abetes (according to the 1985 WHO cri-
teria) compared with no diabetes was
assessed in a multivariate logistic regres-
sion model. Compared with women, men
had a higher risk of both diagnosed and
undiagnosed diabetes. Black race was
strongly and significantly associated with
a higher risk of diagnosed diabetes, inde-
pendent of age and sex (Table 2). Race
was not significantly associated with un-
diagnosed diabetes.

In subsequent multivariate logistic re-
gression analyses adjusted for age, race,
and sex, the risk of having diagnosed di-
abetes decreased with increasing years of
education, increasing income levels, and
increasing use of alcohol (Table 3). The
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risk of having diagnosed diabetes was
positively associated with access to a doc-
tor for health care, hospitalization during
the last year, history of hypertension, his-
tory of cardiovascular disease, and in-
creasing quartiles of BMI and waist
circumference. The risk of having undiag-
nosed diabetes was positively associated
with a history of hypertension and in-
creasing BMI and waist circumference
quartiles. In a multivariate model includ-
ing age, race, sex, history of hypertension,
BMI, and circumference, only male sex
(odds ratio 1.4, 95% CI 1.1–1.9) and his-
tory of hypertension (1.5, 1.1–2.0) were
significantly associated with undiagnosed
diabetes.

The results were virtually unchanged
when the same multivariate logistic re-
gression analyses were performed using
the 1997 ADA fasting glucose criteria
(data not shown). Applying these criteria,
men were at even higher risk for having

undiagnosed diabetes (odds ratio 2.8,
95% CI 1.8–4.3) than women. In addi-
tion, using the 1985 WHO fasting criteria
(fasting glucose �7.8 mmol/l) without
using the OGTT, the same risk factors for
undiagnosed diabetes were again identi-
fied. The prevalence of diabetes was
17.5%.

Comparing race and sex groups, the
NNTS to identify one person with undi-
agnosed diabetes was lowest in black men
(8.5) and significantly lower than the
NNTS in black women (12.6; P � 0.02)
and white women (12.4; P � 0.03) (Table
1). Furthermore, small NNTS were found
among people with a history of hyperten-
sion (8.7) and those in the highest quar-
tiles of BMI (6.9) or waist circumference
(6.8). Consequently, combinations of
these risk factors result in lower NNTS
(Fig. 1). Because the prevalence of undi-
agnosed diabetes was 4–6% lower using
the 1997 ADA criteria, the calculated

NNTS was significantly higher in all sub-
groups (Table 1).

CONCLUSIONS — The pr e s en t
study shows that diabetes remains undi-
agnosed in approximately one-third of all
older individuals. In this study of health-
ier older adults, men, individuals with a
history of hypertension, and individuals
with high BMI and large waist circumfer-
ence were at highest risk of having undi-
agnosed diabetes. Screening for diabetes
may be more efficient among these sub-
groups, especially among individuals
with combinations of these risk factors, in
which the NNTS to identify one undiag-
nosed diabetic was lowest.

The prevalence of diabetes in this
study was similar to estimates reported in
NHANES III (9). Overall, American mi-
norities were more frequently affected by
diabetes, but the racial difference de-
clined in older age groups. Indeed, 22.7%

Table 1—Prevalence of diagnosed diabetes, undiagnosed diabetes, and NNTS according to 1985 WHO criteria and 1997 ADA criteria,
stratified by race and sex

Total
(n � 2,950)

White (n � 1,732) Black (n � 1,218)

Men (n � 913) Women (n � 819) Men (n � 528) Women (n � 690)

Diagnosed diabetes† 460 (15.6) 127 (13.9) 64 (7.8) 120 (22.7) 149 (21.6)
1985 WHO criteria

Undiagnosed diabetes‡ 235 (8.0) 83 (9.1) 61 (7.4) 48 (9.1) 43 (6.2)
Total diabetes prevalence* 695 (23.6) 210 (23.0) 125 (15.3) 168 (31.8) 192 (27.6)
NNTS§ 10.6 9.5 12.4 8.5� 12.6

1997 ADA criteria
Undiagnosed diabetes‡ 106 (3.6) 47 (5.1) 12 (1.5) 28 (5.3) 19 (2.8)
Total diabetes prevalence* 566 (19.2) 174 (19.1) 76 (9.3) 148 (28.0) 168 (24.3)
NNTS 23.5 16.7 62.9 14.6� 28.5¶

Data are n (%). *Undiagnosed plus diagnosed diabetes; †participants who reported prior diagnosis by a physician; ‡participants who met diabetes criteria but
responded “no” to the question “Has a doctor ever told you that you have diabetes?”; §NNTS smaller in all subgroups compared with ADA criteria; �P � 0.05 versus
white and black women; ¶P � 0.05 versus white women.

Table 2—Risk of having diagnosed or undiagnosed diabetes (according to 1985 WHO criteria) compared with no diabetes

n (%)

Odds ratio (95% CI) of
having diagnosed type

2 diabetes

Odds ratio (95% CI) of
having undiagnosed

type 2 diabetes NNTS

Age
�73 years (median age)* 1,538 (52.1) 1.0 1.0 11.1
�73 years 1,412 (47.9) 1.0 (0.8–1.3) 1.1 (0.8–1.4) 10.1

Sex
Female† 1,509 (51.2) 1.0 1.0 12.5¶
Male 1,441 (48.8) 1.4 (1.2–1.7)§ 1.4 (1.1–1.9)§ 9.1

Race
Black‡ 1,218 (41.3) 1.0 1.0 10.4
White 1,732 (58.7) 0.4 (0.3–0.5)� 0.9 (0.7–1.2) 10.7

*Adjusted for sex and race, †adjusted for age and race. ‡adjusted for age and sex; §P � 0.05; �P � 0.001; ¶P � 0.05 compared with male sex.
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Table 3—Risk of having diagnosed or undiagnosed diabetes (according to 1985 WHO criteria) compared with no diabetes

n (%)

Odds ratio (95% CI) of
having diagnosed type

2 diabetes*

Odds ratio (95% CI) of
having undiagnosed

type 2 diabetes* NNTS

Socioeconomic
Education (years)

0–11 711 (24.1) 1.0 1.0 9.6
12–14 1,000 (33.9) 0.9 (0.7–1.2) 1.1 (0.7–1.5) 9.6
�15 1,232 (41.8) 0.7 (0.5–0.9)† 0.8 (0.5–1.1) 12.4

P trend � 0.01 P trend � 0.08
Annual family Income ($)

�10,000 347 (11.8) 1.0 1.0 11.4
10,000–25,000 1,008 (34.2) 0.7 (0.5–1.0) 1.1 (0.7–1.8) 10.3
25,000–50,000 779 (26.4) 0.7 (0.5–0.9)† 1.1 (0.6–1.9) 10.3
�50,000 406 (13.8) 0.5 (0.3–0.7)† 1.0 (0.6–1.9) 10.4

P trend � 0.002 P trend � 0.99
Health behavior

Smoking
Never 1,294 (43.9) 1.0 1.0 11.7
Ever smoked 1,358 (46.0) 1.1 (0.9–1.4) 1.2 (0.9–1.6) 9.2†
Currently smoking 293 (9.9) 0.7 (0.5–1.1) 0.7 (0.4–1.2) 14.7

Alcohol use in past 12 months
Never 1,482 (50.2) 1.0 1.0 11.3
Occasional 612 (20.7) 0.5 (0.4–0.7)‡ 1.1 (0.8–1.6) 10.2
1–7 drinks/week 632 (21.4) 0.4 (0.3–0.5)‡ 1.0 (0.7–1.5) 10.7
�8 drinks/week 213 (7.2) 0.2 (0.1–0.4)‡ 1.3 (0.8–2.1) 8.4

P trend � 0.001 P trend � 0.46
Health service use

Doctor to usually go to
No 167 (5.7) 1.0 1.0 8.1
Yes 2,775 (94.1) 7.3 (3.0–18.0)‡ 0.7 (0.5–1.2) 10.8

Health insurance plan in addition to Medicare
No 560 (19.0) 1.0 1.0 9.6
Yes 2,370 (80.3) 1.0 (0.8–1.3) 0.9 (0.6–1.3) 10.9

Hospitalization last year
No 2,505 (84.9) 1.0 1.0 10.9
Yes 439 (14.9) 1.5 (1.1–1.9)† 1.2 (0.8–1.7) 9.2

Physical health conditions

History of cancer
No 2,381 (80.7) 1.0 1.0 10.9
Yes 562 (19.1) 0.9 (0.7–1.2) 1.2 (0.8–1.6) 9.4

History of hypertension
No 1,419 (48.1) 1.0 1.0 13.4
Yes 1,508 (51.1) 2.2 (1.8–2.8)‡ 1.7 (1.3–2.2)‡ 8.7§

History of cardiovascular disease/procedures
No 2,023 (68.6) 1.0 1.0 11.4
Yes 927 (31.4) 1.5 (1.2–1.8)‡ 1.2 (0.9–1.7) 9.0

BMI (kg/m2)
�24.1¶ 734 (24.9) 1.0 1.0 15.6
24.1–26.8 738 (25.0) 1.5 (1.0–2.0)† 1.0 (0.7–1.6) 14.6
26.9–30.0 734 (24.9) 2.0 (1.4–2.8)‡ 1.7 (1.1–2.6)† 9.3
�30.1 744 (25.2) 3.2 (2.3–4.3)† 2.6 (1.7–3.8)‡ 6.9�

P trend � 0.001 P trend � 0.001
Waist circumference (cm)

�91.8¶ 736 (24.9) 1.0 1.0 17.3
91.8–99.3 743 (25.2) 1.8 (1.3–2.5)‡ 1.3 (0.8–2.0) 13.4
99.4–107.1 731 (24.8) 2.4 (2.7–3.3)‡ 1.9 (1.2–2.9)† 9.2
�107.2 734 (24.9) 3.8 (2.8–5.2)‡ 2.7 (1.8–4.1)‡ 6.8�

P trend � 0.001 P trend � 0.001

*Adjusted for age, sex, and race; †P � 0.05; ‡P � 0.001; §P � 0.05; �P � 0.05 compared with first and second quartile; ¶quartiles.
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of white men, 22.1% of white women,
26.5% of black men, and 31.7% of black
women aged 60–74 years were diabetic in
NHANES III, using WHO criteria. The
percentage of undiagnosed diabetes in
this older population was 11.8% in white
men, 10.4% in white women, 9.7% in
black men, and 7.8% in black women.

The higher prevalence of diabetes
found when applying WHO compared
with the fasting glucose ADA criteria may
be explained by the higher sensitivity of
the glucose tolerance test in older individ-
uals (11), particularly in women, who
tend to have higher post challenge glu-
cose levels than men (17). Furthermore,
American men generally have higher fast-
ing glucose levels than women (9). Higher
post challenge glucose levels in combina-
tion with lower fasting glucose levels
could also explain our finding that
women, compared with men, were at sig-
nificantly lower risk for undiagnosed dia-
betes when we used the ADA or WHO
fasting criteria. Longitudinal studies
showed that the new fasting ADA criteria
were less predictive than the WHO crite-
ria for the burden of cardiovascular dis-
ease (1) and mortality (2) associated with
abnormal glucose, especially in the el-
derly. Therefore, a screening program
based only on fasting glucose would miss
a large proportion of older people with
important metabolic disorders.

In contrast with NHANES III (9), we
did not find an association between age
and the risk of undiagnosed or diagnosed
diabetes, probably because of the narrow
age range (70–79 years) in our study. The
higher risk of undiagnosed diabetes in in-
dividuals with hypertension, high BMI,
and large waist circumference probably
point to the common ground of diabetes
and cardiovascular disease (18) and con-
firms the importance of monitoring glu-

cose levels in people with cardiovascular
risk factors.

In subgroups with a low risk of diag-
nosed diabetes, such as whites, those with
higher income, and more years of educa-
tion, the risk of having undiagnosed dia-
betes was not significantly lower
compared with blacks, individuals with
lower income, and individuals with fewer
years of education. These subgroups may
be characterized by “milder” types of dia-
betes and may have a higher probability of
remaining undiagnosed. The severity of
diabetes, as measured by mean fasting
glucose and HbA1c, was less in individu-
als undiagnosed according to the WHO
criteria (125 mg/dl and 6.9%, respec-
tively) compared with individuals with
diagnosed diabetes (155 mg/dl and 8.0%,
respectively; P � 0.001 when comparing
both groups). These people are probably
less likely to develop complications com-
pared with those with higher glucose lev-
els who are aware of their condition.
Another explanation could be that certain
subgroups are considered to be at low risk
of diabetes and, therefore, are less fre-
quently evaluated. Analyses of NHANES
II (1976–1980) showed that screening
rates increased with increasing number of
risk factors for diabetes, but even among
those with three risk factors, only 38.6%
reported to be evaluated in the year before
the study (19). Longitudinal cost-
effectiveness analyses are necessary to
fully assess the benefits of early detection
and treatment in different subgroups
(20).

The fact that the risk of undiagnosed
diabetes was similar in black and white
individuals could also suggest that the
message about increased risk of diabetes
is reaching some parts of the black com-
munity (at least this cohort) and their
health care providers. However, we do
not know from our data whether those
with diagnosed diabetes are getting ade-
quate treatment. In addition, our sample
may not be representative of black people
in general.

Several limitations of our study must
be acknowledged. First, the cross-
sectional study design makes it difficult to
draw inferences about causal pathways.
Second, fasting glucose and 2-h glucose
were only measured once. Because the di-
agnostic criteria of WHO and ADA both
require two independent fasting samples
to diagnose diabetes, this could lead to
misclassification of some individuals.

However, it is unlikely that this would
have changed the set of predictors of un-
diagnosed diabetes that we identified, be-
cause they were virtually the same when
using WHO, ADA, or WHO-exclusive
fasting criteria. Third, because 14% of the
participants were missing information on
annual family income, we must be careful
with the interpretation of income as a risk
factor for (un)diagnosed diabetes. Last,
this study population represents the well-
functioning fraction of the older popula-
tion, in an equally balanced racial design
that may not be a representative sample of
the overall U.S. population aged 70–79
years. The selection of relatively healthier
people might have resulted in a lower
prevalence of diabetes. Unlike NHANES,
Health ABC was not intended to reflect
the Medicare population of the U.S., and
extrapolation of our findings to all elderly
individuals in the U.S. should be done
with caution.

Public health implications
Our findings have potentially relevant
public health implications. It is estimated
that there will be a 42% increase in prev-
alence of diabetes among adults in devel-
oped countries by the year 2025; the U.S.
will be one of the three countries with the
largest number of people with the disease
(8). In the future, this increase could off-
set the benefits of better control of hyper-
tension, hypercholesterolemia, and
reduction of smoking on the risk of car-
diovascular disease in the community, es-
pecially if one-third of the individuals
with the disease remain undiagnosed. In
the clinical recommendations of 2001,
the ADA states that, based on the current
lack of scientific evidence, community
screening for diabetes, even in high-risk
populations, is not recommended. Never-
theless, there is sufficient indirect evi-
dence to justify opportunistic screening
in a clinical setting of individuals at high
risk (21). The NNTS found in our study
suggests that screening for diabetes may
be more efficient among men and individ-
uals with hypertension, high BMI, and
large waist circumference.
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