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OBJECTIVE — Although diabetes is a major source of morbidity and mortality in
the United States, only recently has a unified national surveillance system begun to
monitor trends in diabetes and diabetic complications.
RESEARCH DESIGN AND METHODS — We established a diabetes surveil-
lance system using data for 1980-1987 from vital records, the National Health
Interview Survey, the National Hospital Discharge Survey, and the Health Care
Financing Administration's records to examine trends in the prevalence and inci-
dence of diabetes, diabetes mortality, hospitalizations, and diabetic complications.
RESULTS— From 1980 through 1987, the number of individuals known to have
diabetes increased by 1 million—to 6.82 million. Age-standardized prevalence for dia-
betes increased 9% during this period, from 25.4 to 27.6/1000 U.S. residents (P = 0.03).
The incidence of diabetes increased among women (P = 0.003), particularly among
those >65 yr old (P = 0.02). Age-standardized mortality rates (for diabetes as either an
underlying or contributing cause) per 100,000 individuals with diabetes declined 12%,
from 2350 to 2066. Annual mortality rates from stroke (as an underlying cause and
diabetes as a contributing cause) and diabetic ketoacidosis declined 29% (P = 0.003)
and 22% (P < 0.001), respectively. During these 8 yr, hospitalization rates for major
CVD and stroke (as the primary diagnoses and diabetes as a secondary diagnosis)
increased 34% (P = 0.006) and 38% (P = 0.01), respectively. Also during this period,
hospitalization rates increased 21% for diabetic ketoacidosis (P = 0.01) and 29% for
lower-extremity amputations (P = 0.06). From 1982 through 1986, treatment for end-
stage renal disease related to diabetes increased >10% each year (P < 0.001). The
prevalence of diagnosed diabetes was nearly twice as high in blacks as in whites
(P = 0.04). Blacks also had increased rates of lower-extremity amputation (P = 0.02),
diabetic ketoacidosis (P < 0.001), and end-stage renal disease (P = 0.01).

CONCLUSIONS — Diabetes surveillance data will be useful in planning, targeting,
and evaluating public health efforts designed to prevent and control diabetes and its
complications.
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D iabetes has been diagnosed for
—6.8 million people in the United
States, and a similar number may

have the disease unknowingly (1). Each
year, > 700,000 new cases of diabetes are
identified (1). In terms of human suffer-
ing, individuals with diabetes face not
only a shortened life span but also an
increased probability of incurring acute
and chronic complications (2). In 1987,
patients with diabetes spent —27 million
days in the hospital. The total cost (direct
costs and lost productivity) of diabetes
has been estimated at $20.4 billion for
1987 (3).

Current public health programs
at the local, state, and federal levels are
directed toward reducing morbidity, dis-
ability, cost, and mortality from diabetes.
Health officials need to be able to mea-
sure accurately the magnitude of the di-
abetic disease burden in order to estab-
lish priorities, develop policy, target
high-risk groups, plan programs, and
evaluate the impact of programs. Public
health surveillance—the ongoing and
systematic collection, analysis, and dis-
semination of health data—can provide
these measurements.

Until now, there was no unified
national surveillance system for monitor-
ing trends in diabetes and complications
due to diabetes. In 1989, the Division of
Diabetes Translation at the Centers for
Disease Control (CDC) began to estab-
lish an ongoing surveillance system that
would systematically compile national
data on diabetes and its complications.
In April 1990, the Division published its
first surveillance report, which includes
data from 1980 through 1987 (4). The
report provides information on the prev-
alence and incidence of diabetes, hospi-
talizations and deaths due to diabetes,
and several diabetic complications, in-
cluding CVD, lower-extremity amputa-
tions, ketoacidosis, and ESRD. In this
study, we describe the components of
this surveillance system and summarize
the temporal trends in diabetes and dia-
betic complications in the U.S. from
1980 through 1987.

960 DIABETES CARE, VOLUME 15, NUMBER 8, AUGUST 1992

 by guest on February 11, 2014http://care.diabetesjournals.org/Downloaded from 

http://care.diabetesjournals.org/
http://care.diabetesjournals.org/


Wetterhall and Associates

RESEARCH DESIGN AND
METHODS — Data related to diabetes
morbidity and mortality are collected in
several national data sources and sur-
veys. We attempted to identify sources
that provide annual representative data
of the disease burden of diabetes at the
national level. Data sources meeting
these criteria were the National Health
Interview Survey (NHIS), vital statistics,
and the National Hospital Discharge Sur-
vey (NHDS) from the National Center for
Health Statistics (NCHS); data on treat-
ment for ESRD came from the Health
Care Financing Administrations (HCFA),
Bureau of Data Management and Strat-
egy. We generated the data in this report
by primary data analysis of public-use
computer data tapes available from the
CDC's NCHS. For primary analysis of
data on ESRD, we made special arrange-
ments to obtain necessary data tapes
from the HCFA.

Incidence and prevalence of self-
reported diabetes was determined from
the NHIS. This survey, which has been
conducted continuously since 1957, col-
lects information on members of
36,000-46,000 households each year,
yielding annual probability samples that
range from 92,000 to 135,000 individu-
als. Responsible adult household mem-
bers may provide information on other
household members, although attempts
are made to interview all adult house-
hold members in person. Methods used
in conducting these surveys have been
described elsewhere (5). Each year, a
subsample ranging from one-sixth to
one-third of survey participants, are
asked the following questions: 1) During
the past 12 months, did anyone in the
family have diabetes? 2) Who was this?
3) During the past 12 months, did any-
one else have diabetes? If a person in the
household has diabetes, it is ascertained
when the diabetes was first noticed.

Diabetes prevalence is calculated
by determining the proportion of indi-
viduals with diabetes, regardless of when
it began. Annual diabetes incidence (the
number of new or incident cases of dia-

betes developing within the survey group
during a 1-yr period) is calculated by
counting only those individuals who re-
port having first noticed that they have
diabetes during the 12 mo before the
survey interview.

To enumerate deaths from diabe-
tes, we used mortality data tapes avail-
able from the CDC's NCHS. Methods
used in collecting and compiling state
vital record data at the national level
have been described previously (6). Vital
statistics data were available for 1980
through 1986. For each record on mor-
tality tapes, a single underlying cause
and a maximum of 19 contributory
causes of death can be coded. We iden-
tified deaths attributable to diabetes (as
either the underlying or a contributory
cause) with code 250 of the ninth revi-
sion of the International Classification of
Disease (ICD9) (7).

We used data from the NHDS to
estimate the number of diabetes-related
hospitalizations in U.S. noninstitutional,
nonfederal hospitals. The NHDS is a
continuous voluntary survey conducted
since 1965. Methods used in conducting
this survey have been described previ-
ously (8). Briefly, a sample of inpatient
medical records are obtained from a na-
tional sample of short-stay general and
specialty hospitals. In 1987, for example,
about 181,000 medical records from 400
hospitals were included in the survey.
Data from hospital records are manually
abstracted onto medical abstract forms or
(beginning in 1987) are obtained from
an automated system of computer tapes
purchased from commercial abstracting
services. A maximum seven diagnoses
and four procedures may be coded for
each medical record in the sample.

For analysis, we selected all dis-
charges for which any of the discharge
diagnoses listed were coded to ICD9
code 250. Diabetes-related lower-ex-
tremity amputations were identified with
ICD9 procedure code 84.1 (amputation
of lower limb) and ICD9 disease code
250 in the same hospitalization. Trau-
matic amputations of the toe, foot, and

leg (ICD9 disease codes 895-897) were
excluded from analysis. For DKA, ICD9
code 250.1 (diabetes with ketoacidosis)
was used to identify hospital discharges
in which DKA was listed as either a pri-
mary or secondary diagnosis. Code
250.1 was also used to identify deaths in
which DKA was listed on vital statistics
data tapes as either an underlying or a
contributory cause.

NHDS data also were used to de-
termine the number of hospital dis-
charges for CVD among persons with
diabetes. We enumerated hospital dis-
charges for which major CVD (ICD9
390-448), IHD (ICD9 410-414), or
stroke (ICD9 430-434, 436-438) was
listed as the primary diagnosis and dia-
betes (ICD9 250) was listed as a second-
ary diagnosis. We also enumerated
deaths for which major CVD, IHD, or
stroke was listed as an underlying cause
of death and diabetes was listed as a
contributory cause.

We also used data available for
1980-1986 from the ESRD program
management and medical information
system of the HCFA (9). We identified
cases of ESRD for which diabetes was
listed by treatment providers as the pri-
mary diagnosis on the Chronic Renal
Disease Medical Evidence Report.

We used two different denomina-
tors when calculating rates. For preva-
lence and incidence of diabetes, we used
the resident population of the U.S. as the
denominator. We used 1980 census es-
timates for 1980 and intercensal esti-
mates for subsequent years (10). To de-
velop precise estimates of annual
incidence, we pooled 3 yr of data and
used 3-yr moving averages because of the
small sample sizes.

To analyze diabetes-related
deaths, hospitalizations, and ESRD, we
calculated rates using (as the denomina-
tor) an estimate of the number of indi-
viduals in the U.S. known to have diabe-
tes. We estimated that number using
data from the annual NHIS. These rates
indicate the rate for various complica-
tions among individuals with diabetes.
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The rates are not dependent on disease
prevalence but are dependent on disease
severity and health-care utilization
among individuals with diabetes.

We standardized rates according
to the direct method (11) and used the
1980 U.S. resident population to stan-
dardize incidence and prevalence. We
used the 1980 U.S. population of indi-
viduals with diabetes (estimated from the
NHIS) to standardize rates for the dia-
betic population. In all standardizations,
the age groupings used were 0-44, 4 5 -
64,65-74, and >75yrold.

For calculation of SE, we used the
SESUDAAN computer package (12),
which accounts for the complex sam-
pling designs used in conducting the
NHIS and NHDS. A priori, we decided to
conduct the analyses of and report upon
only those subgroups for which point
estimates had relative SE values of
<30%. For statistical analysis of tempo-
ral trends, we used weighted linear re-
gression (13), with the estimated SE of
the observed rates as weights. We used
standard Z tests for analyses comparing
two proportions (11).

RESULTS

Prevalence and incidence
In 1987, 6.82 million people in the U.S.
were known to have diabetes. From
1980 through 1987, the number of indi-
viduals with diabetes increased by >1
million. The relative increase in the num-
ber with diabetes varied by race and sex.
In 1980, 2.08 million white males had
diabetes. In 1987, the number had in-
creased by 33%—to 2.76 million. This
large increase was attributable in part to
the near doubling in cases of diabetes
(from 311,000 to 578,000) in the young-
est age-group (birth to age 45 yr). In
contrast, the number of white females
with diagnosed diabetes was 2.75 million
in 1987, nearly identical to the number
(2.72 million) in 1980. The number of
black males with diabetes increased by
16%—from 350,000 in 1980 to 406,000
in 1987. Among black females, the in-
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Figure 1—Age-standardized prevalence of di-
abetes by race, sex, and year in the United
States, 1980-1987.

crease was from 538,000 to 669,000.
The large increase among black females
was largely due to a doubling in cases in
the >75-yr-old age-group (from 71,000
in 1980 to 146,000 in 1987).

Age-standardized prevalence for
diabetes increased nearly 10% during
this period, from 25.4 to 27.6/1000 U.S.
residents (P = 0.03). Each year, age-
standardized prevalence was higher for
blacks than for whites (Fig. 1). In 1987,
the age-standardized prevalence (per
1000 residents) for black females (50.9)
was more than twice that for white fe-
males (23.4) (P < 0.001). Age-standard-
ized prevalence for males was ~33%
higher for blacks than for whites
(P = 0.04). Age-standardized prevalence
was higher for black females than for
black males (P = 0.07); for whites, how-
ever, the prevalence was similar between
sexes.

The annual number of incident
cases of diabetes increased from 541,000
in 1980 to 731,000 in 1987. The age-
standardized incidence increased signifi-
cantly during this period (P = 0.02).
The age-standardized incidence per
1000 residents was 2.35 in 1980, 2.98 in
1983, and 2.89 in 1987. During this 8-yr
period, incidence for males was fairly
stable—at an average of 2.34/1000 resi-
dents yr. For females, however, annual
incidence steadily increased from 1980
through 1987—from 2.42 to 3.42/1000

residents (P = 0.003). The rising inci-
dence was most evident in women >65
yr old, for whom the annual incidence
per 1000 residents increased from 6.33
to 10.61 (P = 0.02).

Mortality
Diabetes-related deaths include deaths
for which diabetes was listed as either an
underlying or a contributing cause on
the death certificate. In each year, the
number of deaths in which diabetes was
listed as a cause of death was —4 ti nes
the number in which diabetes was se-
lected as the underlying cause of death.
In 1980, the number of deaths for which
diabetes was listed as a cause (underlying
or contributory) was 135,931. The num-
ber of these diabetes-related deaths in-
creased each year and reached 150,120
in 1986 (the latest year for which data
were available). In that year, 37,184
deaths were from diabetes as an under-
lying cause.

Temporal trends in mortality
rates were similar for diabetes as an un-
derlying cause and as any listed cause of
death. The age-standardized mortality
rate for diabetes as any listed cause de-
creased from 2350/100,000 individuals
with diabetes in 1980 to 2066/100,000
in 1986, a 12% decline (P = 0.14).
However, not all age-groups showed
similar temporal trends. Age-specific
mortality rates declined among individ-
uals >45 yr old, but these trends were
not statistically significant. The largest
decline was among individuals >75 yr
old. In this age-group, the annual mor-
tality rate for diabetes-related deaths (per
100,000 individuals with diabetes) de-
creased from 7299 in 1980 to 5620 in
1986, a 23% decline (P = 0.12). In con-
trast, the mortality rate for individuals
< 45 yr old increased significantly during
this period. In 1980, the mortality rate
for this age-group was 320/100,000 in-
dividuals with diabetes; by 1986, the rate
had increased 20% to 384 (P = 0.004).

Age-standardized mortality rates
for diabetes-related deaths decreased in
each race-sex category (Fig. 2). From
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Figure 2—Age-standardized mortality rate
for diabetes as any listed cause of death per
100,000 diabetic population by race, sex, and
year in the United States, 1980-1986.
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Figure 3—Age-standardized mortality rate
for major CVD, 1HD, and stroke as underlying
cause of death per 100,000 diabetic population
by year in the United States, 1980-1986.
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Figure 4—Age-standardized rate of hospital
discharge for major CVD, IHD, and stroke as
primary diagnosis per 1000 diabetic population
by year in the United States, 1980-1987.

1980 through 1986, diabetes-related
mortality rates declined 17% for white
males (P = 0.06), 14% for black females
(P = 0.13), 5% for white females
(P = 0.61), and 4% for black males
(P = 0.23).

Cardiovascular disease
The number of deaths in which major
CVD was the underlying cause and dia-
betes was a contributing cause increased
somewhat during the period—75,594
such deaths were reported for 1980 and
80,129 for 1986. For IHD, a principal
subset of major CVD, the number of
deaths increased from 48,169 in 1980 to
49,793 in 1986. In contrast, the number
of deaths in which stroke was the under-
lying cause declined during these years
from 12,735 to 11,705.

Although the number of deaths
from major CVD and IHD increased be-
tween 1980 and 1986, the mortality rates
for these conditions decreased (Fig. 3).
For major CVD, the annual age-stan-
dardized mortality rate (per 100,000 in-
dividuals with diabetes) decreased from
1307 to 1097, a 16% decline (P = 0.07).
For IHD, the corresponding rate of de-
cline was 18% (from 833 in 1980 to 687
in 1986) (P = 0.06). For stroke, the age-
standardized mortality rate declined
29%, from 220 to 156 (P = 0.003). Mor-
tality rates for major CVD, IHD, and
stroke declined in each race-sex group.

From 1980 through 1987, the
number of hospitalizations for major
CVD, IHD, or stroke as the primary di-
agnosis and diabetes as a secondary di-
agnosis increased. In 1980, the number
of hospitalizations for major CVD was
573,000; for IHD, 245,000; and for
stroke, 77,000. In 1987, the correspond-
ing numbers were 902,000 (57% in-
crease), 390,000 (59% increase), and
128,000 (66% increase), respectively.

Age-standardized rates of hospi-
tal discharges also increased during the
period (Fig. 4). In 1987, the age-stan-
dardized hospital discharge rate (per
1000 individuals with diabetes) for ma-
jor CVD (133) was 34% higher than in
1980 (P = 0.006). In 1987, the rate for
IHD (58.4) was 38% higher than in 1980
(P = 0.005). For stroke, the rate in-
creased 40% between 1980 and 1983 (to
18.8/1000 individuals with diabetes),
then leveled off (P = 0.01).

Lower-extremity amputations
In 1980, 36,000 hospital discharges were
made for nontraumatic amputation
among individuals with diabetes. By
1987, the number had increased
>50%—to 56,000 discharges/yr. During
this period, the age-standardized rate in-
creased from 6.3 to 8.1/1000 individuals
with diabetes (P = 0.06). Discharge
rates, on average, were ---20% higher for

males than for females (P = 0.001). In
1987, the age-standardized rate per 1000
individuals with diabetes was 8.8 for
males and 8.1 for females. Discharge
rates were also higher for blacks than for
whites (P = 0.02). In 1987, the age-
standardized rate per 1000 individuals
with diabetes was 9.0 for blacks and 6.3
for whites.

DKA
The number of hospital discharges made
for DKA steadily increased during the
period of surveillance. In 1980, 70,000
such hospital discharges were made; for
59,000 of these discharges, DKA was
listed as the primary diagnosis. In 1987,
110,000 such hospital discharges were
made; for 93,000 of these, DKA was the
primary diagnosis.

In general, the trend in hospital
discharge rates for DKA as any listed
diagnosis was similar to that for DKA as
the primary diagnosis. From 1980
through 1987, the age-standardized rate
of hospital discharge for DKA as a pri-
mary diagnosis showed an overall in-
crease (P = 0.02) (Fig. 5). The age-
standardized rate (per 1000 individuals
with diabetes) was 10.3 discharges in
1980; it peaked at 14.6 in 1984 and then
declined slightly to 12.5 in 1987. During
this period, the rate was consistently
highest for black males, and, with few
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Figure 5—Age-standardized rate of hospital
discharge for DKA per 1000 diabetic population
by type of diagnosis and year in the United
States, 1980-1987.
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Figure 6—Age-standardized mortality rate
per 100,000 diabetic population for DKA as
underlying or any listed cause of death by year in
the United States, 1980-1986.
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Figure 7—Age-standardized incidence rate of
ESRD caused by diabetes per 100,000 diabetic
population by race, sex, and year in the United
States, 1980-1986.

exceptions, it was lowest for white males.
In 1987, the age-standardized rate for
black males, 24.7/1000 individuals with
diabetes, was nearly threefold higher
than the corresponding rate for white
males (8.7) (P < 0.001). In contrast, the
rates for black females and for white fe-
males were nearly identical, 12.4 and
12.0, respectively (P = 0.45).

The number of deaths for which
DKA was the underlying cause declined
slightly, from 1772 in 1980 to 1735 in
1986. For DKA as any listed cause, the
corresponding numbers for these 2 yr
were 2915 and 2969. Among persons
with diabetes, the mortality rate for DKA
as either an underlying or contributing
cause of death declined during the 7-yr
period (Fig. 6). For DKA as an underly-
ing cause, the age-standardized mortality
rate (per 100,000 individuals with dia-
betes) fell from 30.6 in 1980 to 25.0 in
1986—a decrease of 18% (P < 0.001).
Mortality rates declined among all race-
sex groups during this period. For black
males and black females, DKA mortality
rates decreased 26% (P = 0.11 and
P = 0.07, respectively). The correspond-
ing rate decreases for white males and
white females were 21% (P = 0.003)
and 10% (P = 0.16), respectively.

ESRD
The number of individuals being treated
for ESRD attributed to diabetes increased

more than fourfold—from 5955 in 1980
to 27,919 in 1986. Similarly, the number
of individuals with ESRD attributed to
diabetes for whom treatment was initi-
ated (incident cases) increased from
2202 in 1980 to 8994 in 1986. The age-
standardized incidence per 100,000 in-
dividuals with diabetes increased from
37.9 in 1980 to 138.0 in 1986
(P < 0.001). Incidence was consistently
lowest for white females, but all four
race-sex groups had significant rate in-
creases (P < 0.001) during this 7-yr pe-
riod (Fig. 7). For 1986, with white fe-
males as the reference group, the age-
adjusted incidence ratios were 2.2 for
black females (P < 0.001), 2.1 for black
males (P = 0.003), and 1.3 for white
males (P = 0.03).

CONCLUSIONS— Establishing a na-
tional diabetes surveillance system has
enabled us to analyze available data to
document the disease burden of diabetes
and its complications and to identify
trends and high-risk groups in the
United States. From 1980 through 1987,
the increase in the number of individuals
known to have diabetes resulted from a
rising diabetes prevalence rate and from
growth in the population, particularly in
older age-groups. The incidence of dia-
betes increased among women, particu-
larly those >65 yr old. The prevalence

rate of diabetes, which reflects both in-
creasing incidence and declining diabe-
tes-related mortality, may continue to
rise. Moreover, if the prevalence rate of
diabetes were to level off or even decline,
the number of individuals with diabetes
in the United States could still rise fur-
ther because, with the aging of the pop-
ulation, the pool of individuals at in-
creased risk for this disease will continue
to expand (14).

Several favorable trends were
identified. Mortality rates for stroke and
DKA decreased significantly during the
observed period. Overall mortality rates
showed modest declines, with a decrease
that approached statistical significance
for white males. However, other trends
were less encouraging. Hospitalization
rates for diabetic individuals increased
for major CVD, IHD, stroke, and DKA.
In addition, the incidence of ESRD re-
lated to diabetes increased by >10%/yr
between 1982 and 1986.

Blacks are at increased risk for
diabetes and its complications. The prev-
alence of diagnosed diabetes is nearly
twice as high for blacks as for whites.
The smallest relative decline in overall
mortality rates was for black males.
Blacks had increased rates of lower-
extremity amputations, DKA, and ESRD.

Each of the data sources we used
has limitations. Estimates of incidence
and prevalence rely on potentially inac-
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curate self-reporting of disease status.
However, research indicates good agree-
ment between self-report and medical
records of an individual's diabetes status
(15). Thus, self-reported data adequately
estimate incidence and prevalence of di-
agnosed diabetes.

Incomplete detection of cases of
diabetes may influence estimates of prev-
alence and mortality. For surveillance of
temporal trends, however, incomplete
case detection is unlikely to be a problem
when the degree of underdetection is
constant over time and similar among
population groups. A substantial propor-
tion, perhaps as much as 50%, of indi-
viduals with diabetes are not diagnosed,
according to data from the Second Na-
tional Health and Nutrition Examination
Survey (NHANES II) (16). However, the
proportion of individuals with undiag-
nosed diabetes was similar for males and
females and for blacks and whites. We
do not suspect that diabetes detection
changed from 1980 through 1987, but
we cannot be certain until NHANES III
is completed. Data from NHANES III
will be useful in interpreting the increase
in self-reported diabetes noted from
1980 through 1987.

Underreporting of diabetes on vi-
tal records has been noted previously.
Several studies have shown that diabetes
is recorded on the death certificate for
only —40% of individuals known to
have diabetes (17-19). This proportion
has been fairly constant from the mid-
1970s to the mid-1980s (17-19). The
proportion has been similar for different
race and sex groups. Thus, for diabetes
prevalence and mortality, the rates re-
ported herein underestimate the actual
U.S. rates. Nonetheless, the temporal
trends and relative differences between
race and sex groups are probably valid
and not the result of differences in re-
porting.

Several limitations are also asso-
ciated with use of NHDS data. First, the
NHDS sample is for hospital discharges,
not individuals. Thus, individuals who
were hospitalized more than once for the

same condition may have been counted
more than once. This is not a serious
problem for public health purposes,
however, because we are primarily con-
cerned with the impact of diabetes on
overall health-care use, and multiple
hospitalizations certainly are a part of
such use. At the same time, the use of
this information could be enhanced if
data collection and reporting procedures
could be modified to allow identification
of risk factors for repeated hospitaliza-
tion, while maintaining appropriate and
necessary levels of confidentiality regard-
ing individual patient and health-care fa-
cility identification.

Second, the NHDS is limited to
the civilian population of the United
States and thus probably underestimates
diabetes-related hospital discharge rates.
Finally, although the reliability of data
from the NHDS is good (20), little is
known about the accuracy with which
diabetes diagnoses are recorded on hos-
pital discharge records. Using data from
the NHANES I Epidemiologic Fol-
low-up Study, we found that 62% of
hospital discharge records among indi-
viduals with self-reported diabetes at
baseline who were hospitalized during
the 10-yr follow-up period had an ICD9
code 250.0-250.9 listed (21). These re-
sults suggest that diabetes hospitaliza-
tions may be underestimated by ~40%.
However, because sensitivity did not
vary over time or by age, race, or sex, this
limitation should not affect the temporal
patterns nor the relative differences
among population groups. Nonetheless,
trends in hospitalizations for DKA, low-
er-extremity amputation, and CVD must
be interpreted with caution because, in
1983, the HCFA instituted diagnosis-
related groups, a prospective reimburse-
ment program that may have influenced
hospitalization practices (22).

Use of HCFA data for surveil-
lance of ESRD poses several problems.
Because ESRD is defined by treatment
with dialysis or transplantation, individ-
uals with advanced renal failure who do
not receive therapy are not detected (23).

In addition, —7% of ESRD among indi-
viduals with diabetes is not reimbursed
by the HCFA, and therefore would not
appear in the data set (23). For these
reasons, the rates reported herein would
underestimate the true rate of ESRD
among individuals with diabetes. At the
same time, diabetes may be imprecisely
classified as the primary cause of renal
failure (24). Furthermore, we cannot dis-
tinguish increased disease incidence
from increased availability and use of
treatment. Nonetheless, the HCFA ESRD
program provides useful indicators of the
morbidity and public health burden of
diabetic ESRD in the United States.

In our analysis of CVD complica-
tions, we restricted our analysis to those
events for which CVD was the primary
cause of death and diabetes was a con-
tributory cause. For hospitalizations,
similarly, we restricted our analysis to
those discharges in which CVD was the
primary diagnosis and diabetes was a
secondary diagnosis. In so doing, we fo-
cused on trends in CVD complications to
which diabetes contributes. Analysis of
deaths in which diabetes is the underly-
ing cause and CVD is a contributory
cause addresses a different issue—the
contribution of CVD to diabetes mortal-
ity. Similarly, an analysis of hospital dis-
charges for which diabetes is the primary
diagnosis and CVD a secondary diagno-
sis would examine the role of this com-
plication in causing hospitalizations for
diabetes.

Although national data are avail-
able for monitoring many complications
of diabetes, some gaps in data occur.
According to a 1978 estimate, diabetes is
the leading cause of new cases of blind-
ness among adults in the United States
(25), but recent national data are not
available on eye disease and blindness
related to diabetes (26). Women with
diabetes are at increased risk for adverse
outcomes of pregnancy (27) including
having children with birth defects, al-
though national data are not available for
monitoring pregnancy outcomes among
women with diabetes.
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Many complications of diabetes
are preventable through behavioral
changes and preventive health-care serv-
ices. Examples include prevention of foot
trauma to decrease the risk of lower-
extremity amputation (28) and provision
of annual eye examinations with retinal
photographs to decrease the risk of dia-
betes-related vision loss (29). Public
health interventions aimed at preventing
the complications of diabetes will have to
focus on these behaviors and health-care
practices, even though national data are
not available about trends in such behav-
iors and practices.

Minority groups, such as blacks,
Hispanics, and Native Americans, are at
increased risk for diabetes and its com-
plications (30,31). Use of national survey
data for analyzing minority health prob-
lems has been difficult in the past partly
because, for all minority groups, the
sample size in most national surveys is
too small to provide stable estimates of
rates.

Local-area estimates of diabetes
and its complications, particularly at the
state level, are generally not available,
except for mortality rates and ESRD
treatment. State-specific estimates of the
disease burden from diabetes are avail-
able (32,33). Moreover, several states are
developing the capacity to collect and
analyze their own diabetes-related data.
Such state-level data will be useful for
planning, targeting, and evaluating local-
level public health efforts designed to
prevent and control diabetes.

Information provided by a public
health surveillance system, such as the
one we have established, can be used to
direct research. As we have shown, anal-
ysis of surveillance data can indicate gen-
eral disease trends and differences among
population subgroups. Identifying differ-
ences and trends can be useful for raising
questions and pointing out areas for
more specific and rigorous research. A
few examples of research questions iden-
tified through analysis of these surveil-
lance data that have policy and program-
matic implications are: 1) What accounts

for the increasing incidence of diabetes
among women, particularly among those
>65 yr old? 2) How will secular trends
in the prevalence of physical inactivity
and obesity impact on the prevalence of
diabetes? 3) Why are mortality rates in-
creasing among diabetic individuals who
are <45 yr old but declining in older
age-groups? 4) Why are hospitalization
rates for CVD among individuals with
diabetes increasing at the same time mor-
tality rates are decreasing? 5) Does this
divergence in rates merely reflect
changes in hospital discharge record
coding practices encouraged by adoption
of a prospective payment system, or are
there more fundamental changes taking
place that suggest improvements in
health-care access and treatment? 6)
Why are blacks at increased risk for di-
abetic complications, including lower-
extremity amputation, DKA, and ESRD?
7) How do these differences in race-
specific risk reflect disparities in health-
care access and use?

Answers to the above questions
will impact policy and program develop-
ment and resource allocation at the local,
state, and national level. Thus, a surveil-
lance system can play a useful role in
developing public health strategies for
reducing the morbidity and mortality as-
sociated with diabetes. National health
objectives for the year 2000 have been
formulated for diabetes and its compli-
cations (34). These objectives call for re-
ductions in diabetes incidence and prev-
alence, diabetes-related deaths, and
reductions in the severe complications of
diabetes (ESRD, blindness, lower-ex-
tremity amputation, and—for offspring
of women with diabetes—perinatal mor-
tality, and major congenital anomalies).
A major goal of this formulation is to
improve access to preventive services for
all U.S. residents with diabetes (34).
Achievement of this goal will have im-
pact on the disease burden that diabetes
imposes on society, because many of the
above diabetic complications can be pre-
vented or ameliorated with behavioral

changes by the patient or the health-care
provider or both (2, 28, 29, 34).

As prevention policies are devel-
oped and programs are funded and im-
plemented, a system for monitoring and
evaluating program progress will need to
be in place. Surveillance—the systematic
collection, analysis, and dissemination of
health data—implies an ongoing pro-
cess. The Division of Diabetes Transla-
tion plans to update the information pre-
sented in this report and to explore use
of additional data sources to document
changes in the diabetes disease burden,
including issues of disability and cost. In
this fashion, the national surveillance of
temporal trends in diabetes can play a
role in monitoring the progress toward
meeting U.S. health objectives.
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