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OBJECTIVE — Although the number of elders with diabetes has increased dramatically,
there are few data on rates of mortality and serious complications in older populations with
diabetes. To determine such rates, we conducted a population-based, nonconcurrent cohort
study using claims data from the 1994–1996 Medicare 5% Standard Analytical File.

RESEARCH DESIGN AND METHODS — Codes from the ICD-9 were used to identify
diabetes and the following complications: amputation, lower extremity infection, gangrene,
blindness, acute myocardial infarction, ischemic heart disease, stroke, and metabolic disorders.
Using these codes, we assembled a cohort of 148,562 Medicare Part A and B beneficiaries who
were �65 years of age, who were alive on 1 January 1995, who were not in managed care in
1994, and who had a diabetes-related claim in 1994. Age-specific rates of death and complica-
tions were then calculated.

RESULTS — During 24 months of follow-up, 22,044 (14.8%) elders with diabetes died.
Death rates in men and women increased significantly with age. Compared with their counter-
parts in the general U.S. population, elders with diabetes suffered excess mortality at every age
group, corresponding to an overall standardized mortality ratio of 1.41 (95% CI 1.39,1.43). The
incidence of ischemic heart disease and stroke was 181.5 and 126.2 per 1,000 person-years,
respectively, which was higher than the incidence of all other diabetes-related complications.

CONCLUSIONS — In every age group, elders with diabetes have significantly higher all-
cause mortality rates than the general population. Medicare data may be useful in monitoring
trends in diabetes-related morbidity and total mortality in U.S. elders with diabetes.
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D iabetes is an increasingly common
disease in U.S. elders. During the
1970s and 1980s, the percentage of

adults aged �65 years diagnosed with di-
abetes increased from 8 to 10% (1). The
Centers for Disease Control and Preven-
tion estimated that in 1996 there were 3.8
million elders (up from 2.3 million in
1980) with diagnosed diabetes (2), which

is consistent with estimates from the
1990s that up to 13% of elders have diag-
nosed diabetes (3). The true prevalence of
diabetes is probably higher, after account-
ing for those who are undiagnosed (4).
Although prevalence of diabetes in the
elderly is high, data on mortality and
serious complication rates in older popu-
lations with diabetes are limited. Morbid-

ity surveillance in the elderly has
generally relied on death certificate data
and hospital discharge surveys, but these
methods are prone to undercoding of di-
abetes, sampling biases, and difficulties in
determining the population at risk. Use of
cohort studies remedies these problems,
but at the expense of small numbers, par-
ticularly of ages older than 75 years (5).
Several population-based studies have
suggested that the excess mortality asso-
ciated with diabetes in younger popula-
tions is attenuated in the elderly (6–8).
However, the precise magnitude of the
excess risk in the oldest age groups with
diabetes remains uncertain. Also, the ex-
tent of diabetes-related morbidity (in-
cluding lower extremity disease,
metabolic disorders, and blindness) in
diabetic elders is unclear. Better under-
standing of the burden of diabetes in the
elderly might guide decisions about treat-
ment and prevention at the individual
level and about allocation of public health
resources at the national level. Therefore,
we sought to determine all-cause mortal-
ity rates and the incidence of serious
diabetes-related complications in a na-
tionally representative cohort of U.S. el-
ders with diabetes.

RESEARCH DESIGN AND
METHODS

Study sample
We conducted a national nonconcurrent
cohort study of U.S. elders with diabetes
by using data from the 5% Standard An-
alytical File, which contained Medicare
claims for 1,941,453 individuals in 1994.
Details regarding inclusion/exclusion cri-
teria and data collection have been pub-
lished (9,10). We selected 1,284,653
beneficiaries aged �65 years from the
1994 Medicare Denominator file (con-
taining demographic and eligibility data)
who lived in the U.S., who were enrolled
in both Medicare Part A (inpatient) and
Part B (outpatient), who did not die in
1994, and who were not enrolled in a
health maintenance organization (HMO)
at any time in 1994 because individual
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claims for disease episodes would not
have been generated in this setting. Indi-
viduals were classified as having diabetes
if, in 1994, there were at least two Medi-
care Part B claims with a diabetes-related
ICD-9 diagnosis code (250.xx) or at least
one hospitalization claim with a diabetes-
related diagnosis code; this yielded
178,792 patients with diabetes. Merging
the claims-identified diabetes patients
with the postexclusion denominator file
yielded a final sample of 148,562 elders
with diabetes alive as of 1 January 1995.

Comparison group
Two national data sets were used for com-
parison purposes. First, to confirm the
national representativeness of the Medi-
care sample, we compared the demo-
graphic characteristics of this study
cohort with the 1990 Census (�65 years
of age). Second, to determine the stan-
dardized mortality ratio (SMR) related to
diabetes, we compared the mortality rates
of this cohort with the 1996 vital statistics
for individuals aged �65 years from the
National Center for Health Statistics.

Outcomes classification
We selected diabetes-related complica-
tions to investigate based on several con-
siderations, including relatedness to
diabetes, typical severity, likelihood of re-
quiring hospitalization or outpatient visit,
and/or potential for prevention. Deaths
were ascertained using the Medicare De-
nominator File, which includes data on
mortality, including date of death (11).
Complications were classified using
claims in the 5% Standard Analytical File
from 1994 to 1996. A complication was
considered to have occurred if at least one
claim was made for the outcome. These
included amputation (ICD-9 codes
84.10 – 84.19 and Current Procedural
Terminology codes 28810, 28820,
28825), gangrene (ICD-9 codes 785.4,
040.0, and 440.24), lower extremity in-
fection (a composite of lymphangitis
[ICD-9 code 457.2] and cellulitis [ICD-9
codes 680.6, 680.7, 682.1, 682.6, and
682.7]), blindness (ICD-9 codes 369.0–
369.9), acute myocardial infarction
(ICD-9 code 410.x), ischemic heart dis-
ease (ICD-9 codes 410 – 414), stroke
(ICD-9 codes 430–438), and the diabe-
tes-related metabolic disorders, i.e., hy-
poglycemia (ICD-9 codes 251.1 and
251.2), hyperosmolar syndrome (ICD-9

code 250.2), and ketoacidosis (ICD-9
code 250.1).

Analysis
We identified the date of death for deaths
occurring in 1995 and 1996. We used
survival analysis to calculate event rates,
assuming person-time accrued from 1
January 1995 to the date of complication,
death, or censoring (12). For determina-
tion of complication rates, censoring oc-
curred due to withdrawal to HMO care in
1995 or 1996 (censoring date 31 Decem-
ber 1994 or 1995) or the end of the ob-
servation period (31 December 1996).
For mortality rates, we did not censor for
withdrawal to HMO because Medicare
records the date of death for all beneficia-
ries. We identified claims for diabetes-
related complications from 1 January
1994 to 31 December 1996. In all com-
plications analyses, we excluded only in-
dividuals with the specific complication
of interest in 1994 in order to calculate
incidence in 1995–1996. Because dis-
crete episodes of care are difficult to de-
termine for events that can plausibly
occur more than once in a year (e.g., ke-
toacidosis) or even more than once in a
hospitalization (e.g., amputation), we
only counted the first appearance of the
diagnostic code in a given year but al-
lowed for up to one occurrence per year in
most analyses. Due to the chronic nature
of blindness, ischemic heart disease, and
stroke, we identified incident cases of
these diagnoses as the first occurring epi-
sode after 1 January 1995. All complica-
tions were deemed to have occurred at
midyear or on the date of death if the pa-
tient died before midyear. Based on the
age in 1994, we created the following age
strata, taking into account aging from
1994 to 1996: 65–69, 70–74, 75–79,
80–84, and �85 years. We used these
strata to calculate rates by dividing the
number of individuals with a complica-
tion by the total number of individuals at
risk in each strata. Mortality rates were
similarly calculated. Where appropriate,
we carried out direct age-adjustment us-
ing the 1990 Census population aged
�65 years as the standard. We compared
death rates for this cohort to mortality
rates drawn from vital statistics for 1996
to calculate a standardized mortality ratio
(SMR; ratio of observed number of deaths
to expected number of deaths). Confi-
dence intervals for rates and SMRs were
calculated assuming that parameters fol-

lowed a Poisson distribution (12). Cox
proportional hazards regression was used
to assess the relative hazards associated
with age and sex. All significance tests
were two-tailed.

RESULTS

Comparability to U.S. elders in the
general population
Compared with all U.S. residents aged
�65 years enumerated in the 1990 cen-
sus, elders with diabetes in our cohort
were similar in terms of sex distribution
(39.9 vs. 40% male) and ethnicity (11.9
vs. 9.9% African-American). However,
this cohort was substantially older than
the general elderly population: 22 vs.
33% aged 65–69 years and 48 vs. 42%
aged �75 years.

Event rates
During 24 months of follow-up, 22,044
patients died. The unadjusted all-cause
mortality rate was 79.6 per 1,000 person-
years (95% CI 78.6–80.7). The rate was
69.9 per 1,000 person-years after adjust-
ment to the 1990 census population. Of
note, the mortality rate in the 7,066 per-
sons (4.5% of the 1994 cohort) who en-
rolled in an HMO in 1995 or 1996 was
30.3 per 1,000 person-years, compared
with 82.3 per 1,000 person-years in those
who remained enrolled in fee-for-service
Medicare. The incidence of the selected
diabetes-related complications in 1996 is
presented in Table 1. Ischemic heart dis-
ease was prevalent in 38% of elders with
diabetes in 1994; over the ensuing 2
years, 30% of the remaining cohort re-
corded a diagnosis of ischemic heart dis-
ease. Stroke was the second most
common complication; in those without a
diagnosis of stroke in 1994 (83% of the
1994 cohort), 22% recorded a diagnosis
of stroke in 1996. Infection of the lower
extremity and gangrene occurred more
frequently than amputation of the lower
extremity. The mortality rate was much
higher in individuals with incident isch-
emic heart disease (102 per 1,000 person-
years, 95% CI 100.3–103.8) compared
with those without ischemic heart disease
(59 per 1,000 person-years, 95% CI
57.8–60.4). The highest death rates oc-
curred in individuals with incident acute
myocardial infarction (183 per 1,000 per-
son-years), amputation (190 per 1,000
person-years), and gangrene (216 per
1,000 person-years). Of the metabolic
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complications, hypoglycemia occurred
most frequently, whereas hyperosmolar
syndrome occurred infrequently.

Excess mortality risk
After age-adjustment using the age distri-
bution of the U.S. population aged �65
years in 1990, the mortality rate was 62.3
per 1,000 in women and 81.8 per 1,000
in men. Mortality rates increased with age
similarly in men and women with diabe-
tes (Fig. 1). The overall age-adjusted rel-
ative risk of mortality for men with
diabetes was 1.34 (95% CI 1.31–1.38)
compared with women with diabetes.

At every age, mortality in elders with
diabetes was significantly greater than
mortality in the general population. The
SMR for the entire cohort was 1.41 (95%
CI 1.39–1.43); the SMR was 1.44 (1.41–
1.46) in women and 1.37 (1.34–1.40) in
men. Excess mortality declined with age in
men and women (Fig. 2). Although the
mortality rate was higher in diabetic men
than diabetic women, in individuals aged
�85 years, the excess mortality was greater
in women. Of note, even in individuals aged
�85 years, excess mortality was still signif-
icantly elevated in both men and women
with diabetes (overall SMR 1.15, 95% CI
1.12–1.18).

Sex, age, and complication risk
Rates of selected complications are listed,
by age group, in Fig. 3. All complication
rates increased with age (all P values for
trend �0.01). After adjusting for age,
women had a higher risk of hypoglycemia
(relative hazard [RH] 1.27), hyperosmo-
lar syndrome (RH 1.19, P � 0.001), ke-
toacidosis (RH 1.17), and blindness

(1.22). Women had a lower risk of ampu-
tation (0.70), gangrene (0.78), acute
myocardial infarction (0.80), and isch-
emic heart disease (0.88) (all P � 0.001).
There was no gender difference in the oc-
currence of infection of the lower extrem-
ity and stroke.

CONCLUSIONS — The results of
this study support the following conclu-
sions. First, diabetes is associated with ex-
cess mortality in U.S. elders, even in those
aged �85 years. Second, the leading
causes of diabetes-related morbidity in el-
derly individuals are ischemic heart dis-
ease and stroke. Third, all complications
assessed increase with age. Finally, this
work suggests that it is feasible to use

claims data for national surveillance of di-
abetes-related morbidity and mortality.
Strengths of our study include a large, na-
tionally representative sample of patients
with diabetes, the use of survival time
analysis, and a study design that both al-
lowed for the temporal separation of ex-
posure from outcomes and minimized the
possibility of detecting preexisting com-
plications.

The major limitation of this study is
the exclusive reliance on claims data,
which raises concerns about possible mis-
classification bias. Individuals not identi-
fied as having diabetes in 1994 may lack
Medicare Part B coverage, may be en-
rolled in an HMO, may have undiagnosed
diabetes, or may be nonusers of care. In-
dividuals without Medicare Part B cover-
age may not be able to afford it, thus
rendering our identified cohort healthier
due to a higher socioeconomic status,
whereas those individuals who were en-
rolled in an HMO in 1994 are likely to be
healthier than this cohort. In fact, individ-
uals who were censored due to HMO en-
rollment in 1995 and 1996, after
adjustment for age and sex, were less
likely to have had prevalent ischemic
heart disease, stroke, amputation, or gan-
grene in 1994. Individuals with undiag-
nosed diabetes have an elevated all-cause
and cardiovascular mortality risk, but not
as high as those diagnosed with diabetes
(13). It is also possible that individuals
simply did not list diabetes as one of the
diagnoses supporting a claim. However,

Table 1—Incidence of diabetes-related complications in 148,562 elders with diabetes

Complication n*

Incidence rate per
1,000 person-years

(95% CI)

Ischemic heart disease 26,770 181.5 (179.3–183.6)
Acute myocardial infarction 11,361 31.3 (30.7–31.8)
Cerebrovascular accident 26,178 126.2 (124.7–127.8)
Gangrene 6,406 16.7 (16.3–17.2)
Amputation 2,453 9.8 (9.4–10.2)
Lower extremity infection 8,870 37.8 (37.1–38.6)
Hypoglycemia 6,968 28.3 (27.6–28.9)
Ketoacidosis 5,730 24.3 (23.7–24.9)
Hyperosmolar syndrome 1,907 7.6 (7.3–7.9)
Blindness 2,891 10.2 (9.8–10.6)

*n indicates the number of persons with at least one incident claim for the complication in 1995 or 1996.

Figure 1—Mortality rate in 148,562 U.S. elders with diabetes, by age and gender. Symbols
indicate point estimate and vertical bars indicate 95% CIs.
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our scheme for defining diabetes has been
reported to have a sensitivity of 63% and
a specificity of 98% (14). Furthermore, of
our initial sample (after general exclu-
sions), 14% had diabetes, which is con-
sistent with national estimates of the
prevalence of diabetes in the elderly U.S.
population. Moreover, when clinical and
claims data were compared, high specific-
ity was demonstrated for diagnoses such
as congestive heart failure, hyperlipid-
emia, angina, and stroke (15). Similar
data for many other complications are not
available, although the specificity for
death is likely to be high because it results
in the termination of benefits.

Methodological issues have impeded
the determination of accurate morbidity
and mortality rates in elders with diabe-
tes, whether based on vital statistics/death
certificate data or cohort studies (8,16).
Previously published mortality rates in el-
derly diabetic individuals range from 51.4
to 89.7 per 1,000 person-years at �65
years of age (7,17,18) and up to 136 per
1,000 person-years at �75 years of age
(16). In comparison, our mortality rates
are somewhat lower. Several possible ex-
planations may account for this differ-
ence. The previously published estimates
are chiefly from the 1980s, and death
rates may have declined in the following
10 years. Alternatively, eliminating from
our population in 1994 individuals with-
out Medicare Part B coverage may have
resulted in a population with diabetes

comprising individuals with a better so-
cioeconomic status and/or better access to
care who are less likely to die. Possibly
counteracting this influence, however, is
the observation that the HMO enrollees in
1995/1996 had lower death rates than
those who remained, suggesting that
those excluded in 1994 would have also
had lower death rates. Finally, there may
be underascertainment of death by Medi-
care, compared with cohort studies, but
without personal identifiers, vital status

cannot be validated against the national
death index.

Because we compared mortality rates
with those of the general population,
which includes individuals with diabetes,
the excess risk of death due to diabetes is
probably underestimated in this study.
However, the inverse association of excess
mortality (as indicated by the SMR) with
age is consistent with previous studies of
mortality related to diabetes, whether re-
porting SMR or relative risk (7,8,19–21).
Similarly, the greater excess of death in
elderly diabetic women than diabetic
men, compared with their nondiabetic
counterparts, has also been reported else-
where (16).

The complication rates we report
may be conservative because for com-
plication-specific analyses, we chose to
exclude elders with that specific com-
plication in 1994. However, we may
have overestimated rates of complica-
tions by excluding Medicare HMO en-
rollees from our cohort, which may
have resulted in a less healthy popula-
tion. Nonetheless, our complication
rates are similar to previous reports us-
ing cohort-derived data or national sur-
v e i l l a n c e d a t a w i t h r e g a r d t o
amputation (6.2–11.9 per 1,000 per-
son-years) (22–24) and hypoglycemia
(18.1 per 1,000 person-years) (25).
Published U.S. surveillance data for
1994 showed a rate of 10.2 fewer ex-
tremity amputations per 1,000 diabetic

Figure 2—Standardized mortality ratio in 131,535 U.S. elders with diabetes versus the general
U.S. population aged �65 years, by age and sex. Symbols indicate point estimates and vertical
bars indicate 95% CIs.

Figure 3—Rates of serious diabetes-related complications in 1996 in 131,595 elders with diabe-
tes. Symbols indicate point estimates and vertical bars indicate 95% CIs. IHD, ischemic heart
disease.
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elders aged 65–74 years and 11.9 per
1,000 in those aged �75 years (26). The
rate of ketoacidosis is higher in this co-
hort than that reported by the Centers
for Disease Control and Prevention in
1994: 4.6 discharges per 1,000 diabetic
patients aged �65 years (27). Data from
the Wisconsin Epidemiologic Study of
Diabetic Retinopathy demonstrated an
incidence of blindness of 4 per 1,000
person-years in insulin users aged
65–74 years (28). Our estimate of 10.2
per 1,000 person-years may be higher
because we were unable to determine
whether the cause of blindness was re-
lated to diabetes or other aging-related
causes, such as macular degeneration.

There are several implications of our
study. First, Medicare data may be useful
as a surveillance tool for monitoring
trends in diabetes-related morbidity and
mortality in elderly individuals over time.
Second, greater efforts to prevent cardio-
vascular disease and lower extremity
complications are needed in elderly indi-
viduals with diabetes. Finally, the obser-
vation that diabetes is associated with
excess mortality across age groups sug-
gests that the treatment of diabetes and
the conditions that commonly accom-
pany it may be desirable even in the oldest
patients.
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