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Background:
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Results:

Conclusions:

The incidence of self-reported diagnosed diabetes may be increasing because of recent
changes in the diagnostic criteria for diabetes, enhanced case detection, and a true
increase in disease incidence. These factors may also be changing the characteristics of
newly diagnosed cases. Therefore, we examined recent trends in the incidence of
diagnosed diabetes, changes to the characteristics of incident cases, and factors associated
with incidence.

First, National Health Interview Survey data for 1997 to 2003 were used to examine 7-year
trends in the incidence of diagnosed diabetes among U.S. adults aged 18 to 79 years.
Second, among 1997-1998 and 2002—2003 incident cases, differences in sociodemographic
characteristics, risk factors, and indicators of health status were examined. Lastly,
multivariate-adjusted incidence from multiple logistic regression of 2001-2003 survey data
were derived.

From 1997 to 2003, the incidence of diagnosed diabetes increased 41% from 4.9 to 6.9 per
1000 population (p <0.01). Incidence increased among men and women, non-Hispanic
whites, persons with at least a high school education, nonsmokers, active and inactive
persons, and among obese persons (p <0.05). Obesity was more prevalent (p <0.01) and
physical limitation was less prevalent (p =0.03) in 2002-2003 versus 1997-1998 incident
cases. Multivariate-adjusted incidence increased with age and BMI category, and decreased
with education level (p <0.05).

Obesity was a major factor in the recent increase of newly diagnosed diabetes. Lifestyle
interventions that reduce or prevent the prevalence of obesity among persons at risk for

diabetes are needed to halt the increasing incidence of diabetes.
(Am J Prev Med 2006;30(5):371-377) © 2006 American Journal of Preventive Medicine

Introduction

ecent national survey data indicate that the

prevalence and incidence of self-reported diag-

nosed diabetes is increasing in the United
States.! These trends could be a function of several
major factors, including recent changes to the diagnos-
tic criteria for diabetes,” enhanced case detection,
increasing survival among prevalent cases, change in
demographics of the U.S. population, and a true in-
crease in disease incidence. Each of these factors could
change the characteristics of incident cases and even-
tually change the characteristics of the population of
people with diagnosed diabetes. Although the probable
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impact of new diagnostic criteria on the phenotype of
incident cases in the United States has not been well
studied, a recent European study suggested that shift-
ing from oral glucose tolerance tests to fasting glucose
tests to diagnose diabetes may be more likely to diag-
nose diabetes in younger people and those who are
obese.? Similarly, enhanced case detection could yield a
healthier and younger diabetic population by detecting
diabetes among younger people and earlier in the
course of their disease, before complications develop.
In addition, obesity, a major risk factor for diabetes, is
increasing in the United States,*® and could result in a
true increase in diabetes incidence, as well as an
increase in the number of incident cases who are obese.
Further, the prevalence of obesity in incident cases may
have increased if, as a recent study suggests, enhanced
detection of diabetes is occurring in the most obese
individuals (those with a body mass index [BMI] of 35
kg/m? or more).°

Limitations of national surveillance systems prevent
the examination of whether true incidence has
changed, as this would require repeated physiological
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measures on a national representative sample. How-
ever, closer examination of whether the characteristics
of newly diagnosed cases of diabetes have changed
could provide additional clues to the factors most
responsible for the diabetes epidemic, while at the
same time providing information to public health de-
cision makers to help them effectively manage the
growing population with diabetes. Thus, the purpose of
this study was to use nationally representative data to
examine recent trends in the incidence of self-reported
diagnosed diabetes and whether the characteristics of
incident cases have changed. Factors associated with
the incidence of diagnosed diabetes among U.S. adults
were also identified.

Methods

Data from the National Health Interview Survey (NHIS) in
1997 through 2003 of the National Center for Health Statis-
tics, Centers for Disease Control and Prevention, were used to
perform the analyses. Using a multistage cluster sample
design, the NHIS surveys the non-institutionalized, civilian
U.S. population each year to provide health and risk factor
information.” A major redesign of NHIS implemented in
1997 resulted in a sufficient sample size for annual estimates
of diabetes incidence.

All sampled adults (approximately 31,000 annually) are
asked whether a health professional had ever told them they
had diabetes. To exclude gestational diabetes, the NHIS asks
women whether they had been told they had diabetes other
than during pregnancy. Respondents reporting a diagnosis of
diabetes (approximately 2000 annually) are asked how old
they were when diabetes was diagnosed. The number of years
each person had diagnosed diabetes was calculated by sub-
tracting their age at diagnosis from their age at the time of the
interview. A value of 0 indicated that the disease was diag-
nosed within the previous year. Using this method, people
who had a birthday during their first year of diabetes would
be misclassified. To account for this, it was assumed that half
of those with a value of 1 also had the disease diagnosed
within the previous year. The incidence of diagnosed diabetes
was calculated using the number of adults who were diag-
nosed with diabetes within the past year as the numerator and
the entire adult population, excluding those who had been
previously diagnosed with diabetes, as the denominator.

Because NHIS does not collect age at diagnosis for people
aged =17 years and because privacy protection concerns
limited the data available for those aged =80, analyses are
restricted to people aged 18 to 79 years. All estimates are
based on self-reports of survey participants and are weighted
to reflect the age, gender, and racial/ethnic distribution of
the adult, non-institutionalized U.S. population. All analyses
were conducted in 2005 with the use of SUDAAN, version
9.0.1 (Research Triangle Institute, Research Triangle Park
NC, 2004), and the 2000 U.S. population was used as the
standard population for age adjustment. Age-adjusted trends
in incidence were examined by gender; race/ethnicity; BMI
category (based on height and weight: normal [BMI <25
kg/m2]; overweight [BMI =25 to <30 kg/m2]; and obese
[BMI =30 kg/m2]); education level (less than high school,
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high school, more than high school); smoking status (current
smokers versus non—current smokers); and physical inactivity
(not active vs active in leisure activity). Annual age-specific
and age-adjusted estimates of incidence for each of the years
were calculated and trends over the 7-year period were tested
using linear regression, weighting the annual estimates by the
inverse of their variances.

To examine changes to the characteristics of incident cases,
the analytic sample was restricted to the earliest 2 years and
the most recent 2 years. T-tests and chi-squared tests were
used to examine differences between 1997-1998 incident
cases and 2002-2003 incident cases by age; gender; race/
ethnicity; BMI category; education; smoking status; physical
inactivity status; and indicators of health status, including
self-assessment of health status (poor to fair versus good to
excellent); self-reported hypertension (had been told they
had hypertension at least twice); coronary heart disease (had
ever been told they had coronary heart disease, angina, or
heart attack); stroke (had ever been told they had a stroke);
and difficulty in performing any of nine physical functions
(i.e., walking a quarter mile, walking up ten steps without rest,
standing for 2 hours, sitting for 2 hours, stooping, reaching
overhead, grasping with fingers, lifting or carrying 10 pounds,
pushing or pulling large objects, and stooping).

Finally, the analytic sample was restricted to the most
recent 3 years (2001-2003) to perform multiple logistic
regression to model incidence by gender, age, race/ethnicity,
BMI category, education level, smoking status, and physical
inactivity status. Before building the final regression model,
the main effects were examined to eliminate nonsignificant
predictors (i.e., gender, smoking status, and physical inactiv-
ity status) and then all two-way interaction terms were added.
Backward selection was used to obtain the best model. Next,
predictive margins were calculated based on the final model,
which consisted of age, race/ethnicity, BMI category, educa-
tion level, and the interaction between age and BMI category.
Predictive margins are a type of direct standardization in
which the predicted values from the logistic regression model
are averaged over the covariate distribution of the
population.®

Results
Trends from 1997 to 2003

From 1997 to 2003, the incidence of self-reported
diagnosed diabetes increased 41%, from 4.9 to 6.9 per
1000 population (p <0.01 for linear trend) (Figure 1).
This increase was only slightly greater than the 37%
increase in age-adjusted incidence, from 5.2 per 1000
in 1997 to 7.1 per 1000 in 2003 (p <0.01). Throughout
the time period, incidence was strongly associated with
age and tended to increase over time in each age
group. From 1997 to 2003, incidence increased from
2.1 to 2.5 per 1000 (p =0.06) among people aged 18 to
44 years; increased from 8.6 to 11.2 per 1000 (p =0.04)
among those aged 45 to 64 years; and increased from
10.2 to 16.8 per 1000 (p =0.04) among those aged 65 to
79 years.

Age-adjusted incidence was higher in 2003 than in
1997 for all demographic subgroups and risk factors,
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Figure 1. Incidence of self-reported diagnosed diabetes, by
age, United States, 1997-2003.

with linear trends significant among men (p =0.01)
and women (p =0.05), non-Hispanic whites (p <0.01),
people with a high school education (p=0.01) and
more than high school education (p =0.04), nonsmok-
ers (p =0.03), the physically active (p =0.04) and inac-
tive (p<0.01), and among obese people (p =0.02)
(Table 1). In 2003, about 89% of all incident cases were
either overweight or obese (30% and 59%,
respectively).

Characteristics and Health Status of 1997-1998
Versus 2002-2003 Incident Cases

Mean age at diagnosis among incident cases identified
in 1997-1998 (53.7 years) did not significantly differ
from those identified in 2002-2003 (53.4 years), nor
did the distribution of incident cases differ in terms of
gender, race/ethnicity, education level, smoking status,
and physical inactivity status (Figure 2). However, the
prevalence of obesity was higher among 2002-2003
incident cases (59.7%, 95% confidence interval
[CI]1=54.6%-64.8%) than among 1997-1998 incident

Male
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Figure 2. Characteristics of 1997-1998 and 2002-2003 inci-
dent cases of self-reported diagnosed diabetes. *Difference
between 1997-1998 and 2002-2003, p <0.05.
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Figure 3. Health status of 1997-1998 and 2002-2003 incident
cases of self-reported diagnosed diabetes. *Difference be-
tween 1997-1998 and 2002-2003, p <0.05.

cases (51.6%, 95% Cl=46.1%-57.0%) (p<0.01). In
this time period, the prevalence of obesity also in-
creased among those without diabetes, from 18.6%
(95% CI=18.3-19.0) to 22.0% (95% CI=21.6-22.5).

With the exception of physical limitation, there were
no significant differences between the two time periods
in the self-reported prevalence of health status indica-
tors, including hypertension, coronary heart disease,
stroke, or poor or fair health status (Figure 3). The
prevalence of any physical limitation declined from
61.5% (95% CI=56.2%-66.8%) in 1997-1998 to 53.4%
(95% CI=48.1%-58.6%) in 2002-2003 incident cases.
However, the prevalence of any physical limitation also
declined among adults without diabetes (p <0.01),
from 29.2% (95% CI1=28.7%—29.7%) in 1997-1998 to
24.5% (95% CI=24.0%-25.0%) in 2002-2003.

Multivariate-Adjusted Incidence in 2001-2003

In a multivariate analysis of 2001-2003 data using age,
gender, race/ethnicity, BMI category, education level,
income level, current smoking status, and physical
inactivity status to model incidence, gender, smoking
status, and physical inactivity status were not significant
predictors. Age, race/ethnicity, BMI category, and ed-
ucation level were significant predictors in the final
model, and there was a significant interaction between
BMI category and age (Table 2). This interaction
resulted from the BMI category having less of an impact
on incidence among those aged 18 to 44 years com-
pared to those who were older.

The multivariate-adjusted incidence among persons
aged 18 to 44 years (2.9 per 1000) was much lower than
among those older (>11 per 1000). By racial/ethnic
group, adjusted incidence was lowest among non-
Hispanic whites (6.3 per 1000) and highest among
non-Hispanic blacks (8.2 per 1000) and other race/
ethnicities (14.7 per 1000). As educational level in-
creased, multivariate-adjusted incidence decreased
from 9.7 per 1000 among people with less than a high
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Table 1. Age-adjusted incidence of self-reported diagnosed diabetes

1997 incidence

2003 incidence

p value for
Number of new linear trend,
Per 1000 95% CI Per 1000 95% CI cases in 1000s® 1997-2003
Total 5.2 (4.4-6.0) 7.1 (6.0-8.1) 1330 <0.01%*
Gender
Male 4.8 (3.5-6.1) 7.2 (5.6-8.8) 622 0.01%
Female 5.5 (4.5-6.6) 7.1 (5.7-8.4) 707 0.05
Race/ethnicity
NH white 4.5 (3.6-5.4) 6.6 (5.4-7.8) 951 <0.01%*
NH black 9.1 (6.4-11.9) 9.9 (6.4-13.4) 183 0.12
Hispanic 6.6 (4.1-9.2) 9.1 (6.1-12.2) 166 0.09
Other NR NR NR
BMI category b
Normal 1.5 (0.9-2.1) 2.0 (0.9-3.1) 131 0.24
Overweight 4.7 (3.5-5.9) 5.5 (4.1-7.0) 382 0.13
Obese 14.2 (11.2-17.2) 18.3 (14.9-21.6) 751 0.02%*
Education level b
< High school 8.6 (5.8-11.4) 9.8 (7.0-12.6) 295 0.10
High school 4.3 (3.1-5.6) 7.5 (5.6-9.4) 435 0.01%
> High school 4.5 (3.5-5.6) 6.2 (4.7-7.7) 590 0.04*
Current smoking
Smoker 4.6 (2.9-6.2) 9.1 (6.3-12.0) 346 0.09
Nonsmoker 5.3 (4.4-6.3) 6.6 (5.5-7.7) 980 0.03%*
Physical inactivity <
Yes 7.8 (5.2-10.4) 8.8 (6.9-10.7) 563 0.04*
No 34 (2.5-4.3) 6.1 (4.8-7.4) 704 <0.01**

“Subgroups may not sum to total because of missing values.
"Trend test across categories, p < 0.05.

“Yes vs no, p < 0.05.

*p < 0.05.

**p < 0.01 (all bolded).

CI, confidence interval; NH, non-Hispanic; NR, estimate is not reliable.

school education to 5.6 per 1000 among those with
more than a high school education. Multivariate-ad-
justed incidence increased sharply with BMI category,
ranging from 1.9 per 1000 among normal-weight peo-
ple to 17.8 per 1000 among the obese.

Conclusion

Among U.S. adults aged 18 to 79 years, the incidence of
diagnosed diabetes increased 41% from 1997 to 2003.
During this period of rapid change, incidence in-
creased at a greater rate among obese people, resulting
in obesity being more prevalent among incident cases
at the end of the time period than at the beginning. In
a multivariate analysis of 2001-2003 incidence, obese
adults had the highest multivariate-adjusted incidence,
and overweight and obesity had a stronger association
with diabetes among older adults. Altogether, these
data suggest that obesity is a large factor—although not
the sole factor—in the increasing incidence of diag-
nosed diabetes. This finding is consistent with previous
studies which have shown that diabetes incidence is
increasing?™'? and that a high BMI is an important
predictor of diabetes incidence.”'*7'? It is also consis-
tent with a study of Rochester MN residents, which
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showed that the BMI of diabetes patients increased
between 1970 and 1989.2°

A recent study of U.S. trends in diabetes prevalence
suggested that enhanced case detection may be occur-
ring among extremely obese people (BMI =35), but
not among those in lower BMI groups.® Although the
current study did not distinguish between obesity and
extreme obesity because of the small number of inci-
dent cases, incidence increased among obese people
but did not increase significantly in lower BMI groups.
Although this finding is consistent with enhanced de-
tection among obese people, the adoption of new
diagnostic criteria for diabetes also could have led to a
differential diagnosis of diabetes among the obese.
Although the impact of new diagnostic criteria on the
phenotype of incident cases has not been well studied,
a recent European study of the impact suggested that
shifting from oral glucose tolerance tests to fasting
glucose tests to diagnose diabetes may preferentially
diagnose younger and obese people.? Consistent with
this suggestion, in the current study, was a significant
increase among obese people but not among people in
other BMI categories. Inconsistent with this suggestion,
the largest relative increase in age-specific incidence (a
65% increase) in the current study was in people aged
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65 to 79 years. However, if oral glucose tolerance tests
were rarely used for diabetes diagnosis before the
recent change in diagnostic criteria, then the new
criteria’s de-emphasis of the use oral glucose tolerance
tests would have less of an impact than lowering the
fasting glucose levels from 140 and higher to 126 and
higher mg/dL. Unfortunately, little is known about
what physicians actually use to diagnose diabetes and
whether this has changed over time.

Age-adjusted and age-specific incidences were higher
in 2003 than in 1997 for most sociodemographic and
risk factor subgroups. Although age-adjusted incidence
increased in all racial/ethnic groups, the increase was
significant only among non-Hispanic whites. The inabil-
ity to detect significant increases among other racial/
ethnic groups may have been due to the small number
of incident cases and the limited number of years
analyzed. Consistent with the known higher prevalence
of diabetes among minority groups, multivariate-
adjusted incidence was lowest among non-Hispanic
whites and generally higher in other racial/ethnic
groups. Because incidence increased in most sub-
groups, the only significant sociodemographic and risk
factor difference among incident cases at the begin-
ning and end of the time period was a significant
increase in the percent obese. Additional years of data
may be needed before other, less dramatic changes to
the phenotype of incident cases can be detected.

When the health status of 1997-1998 incident cases
was compared to the health status of 2002-2003 inci-
dent cases, no significant differences were found in the
prevalence of self-reported hypertension, coronary
heart disease, stroke, or poor or fair health status. The
only significant difference between the two groups was
a lower prevalence of any physical limitation among
incident cases identified in the latter time period. This
suggests that from 1997 to 2003—a period in which
diabetes incidence increased by 41%—incident cases
did not become remarkably healthier or younger,
which one might have expected if the increased inci-
dence were largely the product of improved diabetes
detection. Instead, changes in the profile of incident
cases—greater obesity and less physical limitation—
mirrored the changes in the U.S. population. Further-
more, over the last few decades, the health of the U.S.
population has improved, as evidenced by increases in
life expectancy,?! reductions in cardiovascular risk fac-
tors,??2 and declines in cardiovascular disease death
rates.”” Given that newly diagnosed diabetes patients
arise out of an increasingly healthier population, im-
provements over time in the health status of diabetes
incident cases might be expected.

In the multivariate model of 2001—2003 incidence,
in addition to BMI category and the BMI category—age
interaction, age, race/ethnicity, and education level
were identified as significant predictors of incidence.
These findings are consistent with those of numerous
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other studies finding incidence associated with
age!0:1213:.15:24.25 a5 race/ethnicity.'%2%27 In general,
these studies found incidence to be higher among
older people and members of minority groups. Al-
though the association between educational level and
diabetes incidence has not been well studied, similar to
results reported here, incidence has generally been
shown to be higher among people with less educa-
tion.'>27 In a post-hoc, multivariate analysis that exam-
ined whether a variable for period (2001-2003 vs
1997-1999) interacted with any of the variables used in
the final model, no interactions were found, suggesting
that the associations of these variables with incidence
did not change over time.

Unlike previous studies, however, there was no
association between physical inactivity and diabetes
incidence in the multivariate model. This may be due
to the crude measurement of physical inactivity, which
did not account for differences in activity levels or types
of physical activity, energy expenditure, the slight
change in questions during the first year of the survey,
the nonprospective nature of the current study, or
other methodologic differences.

Prospective population-based studies that include
diagnostic tests for diabetes are able to identify new
cases of both diagnosed and undiagnosed disease.
However, these types of prospective population-based
studies are rare and have been conducted on popula-
tions not representative of the U.S. population, such as
the Pima Indians** and participants in the San Antonio
Heart Study.'®

Most incidence studies use cross-sectional survey
data, medical records, registries, claims data, and
other types of administrative data that can identify
only newly diagnosed cases of disease. For example, if
a case has not been diagnosed, it can not be counted
or identified as a new case. Thus, by not taking into
account undiagnosed disease, the current study un-
derestimates diabetes incidence and can not deter-
mine the extent to which increased detection may be
affecting trends in diabetes incidence. For this rea-
son, it is important for ongoing or future population-
based studies to examine changes in the incidence of
diagnosed and undiagnosed diabetes combined.

There are at least four other limitations to this
study. First, incidence was estimated from age at
diagnosis. However, in the 1999 survey, NHIS respon-
dents with diabetes were asked if they had been
diagnosed with diabetes in the previous year. Inci-
dence derived from this question did not differ
significantly from the estimate calculated from age at
diagnosis. Second, because the health status indica-
tors were based on self-reports rather objective mea-
surements, the prevalence of these indicators may
also be underestimated. Third, although diabetes
incidence was calculated from large, nationally rep-
resentative surveys, diabetes incidence is a rare event,

17,19,25
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Table 2. Multivariate-adjusted incidence of self-reported
diagnosed diabetes

Predictive margins for
2001-2003 incidence

Per 1000 95% CI

Age group®

18-44 2.9 (Ref) (2.4-3.4)

45-64 11.1%* (9.8-12.4)

=65 13.0% (11.0-15.1)
Race/ethnicity

NH white 6.3 (Ref) (5.6-7.0)

NH black 8.2% (6.6-9.9)

Hispanic 7.3 (5.8-8.9)

Other 14.7* (9.1-20.2)
BMI*?

Normal 1.9 (Ref) (1.4-2.5)

Overweight 5.0% (4.3-5.8)

Obese 17.8* (15.9-19.7)
Education level

< High school 9.7 (Ref) (8.1-11.3)

High school 7.3% (6.3-8.4)

> High school 5.6% (4.8-6.3)

“There was an interaction between age group and BMI category with
BMI category having less of an impact on incidence among those
aged 18—-44 years compared to those older.

*Significantly different with reference group at p < 0.05 (bolded).
BMI, body mass index; CI, confidence interval; NH, non-Hispanic;
Ref, reference.

and there may have been insufficient power to detect
some subgroup differences and trends over time. In
addition, the restricted number of years for which
the data are available may have limited the ability to
detect trends. Finally, incidence and factors associ-
ated with incidence could not be examined by type of
diabetes and may vary by type of diabetes. Since the
vast majority of people with diabetes have type 2, the
results presented are more representative of the
incidence of type 2 diabetes. Despite these limita-
tions, the findings of the current study are congruent
with previous research that has shown diabetes inci-
dence to be increasing, identified obesity as a ma-
jor—although not sole—risk factor for diabetes, and
found age, BMI category, race/ethnicity, and educa-
tion level to be associated with diabetes risk.

Public Health Implications

Between 1997 and 2003, the incidence of diagnosed
diabetes among U.S. adults increased at a rapid rate.
This increase was not accompanied by large improve-
ments in the health status of incident cases. The
presented data suggest that obesity is a major factor
in increasing incidence and that incident cases of
diabetes are becoming more obese. Recent clinical
trials have found that lifestyle changes that include
moderate weight loss and exercise can prevent or
delay the onset of diabetes among high-risk
adults.?®7*° The development and delivery of lifestyle
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interventions to people at risk for diabetes are
needed to halt the increasing incidence of diabetes.

The findings and conclusions in this report are those of the
author(s) and do not necessarily represent the views of the
funding agency.

No financial conflict of interest was reported by the authors
of this paper.
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