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OBJECTIVE — Diabetic nephropathy (DN) became the leading cause of death in diabetic
Pima Indians in the 1970s, but was superseded by ischemic heart disease (IHD) in the 1980s.
This study tests the hypothesis that the rise in the IHD death rate between 1965 and 1998 is
attributable to access to renal replacement therapy (RRT).

RESEARCH DESIGN AND METHODS — Underlying causes of death were determined
among 2,095 diabetic Pima Indians =35 years old during four 8.5-year time intervals. To assess
the effect of access to RRT on IHD death rates, trends were reexamined after subjects receiving
RRT were classified as if they had died of DN.

RESULTS — During a median follow-up of 11.1 years (range 0.01-34), 818 subjects died.
The age- and sex-adjusted DN death rate decreased over the 34-year study (P = 0.05), whereas
the THD death rate increased from 3.3 deaths/1,000 person-years (95% CI 1.4-5.2) to 6.3
deaths/1,000 person-years (95% CI 4.5-8.0; P = 0.03). After 151 subjects on RRT were reclas-
sified as if they had died of DN, the death rate for DN increased from 4.8 deaths/1,000 person-
years (95% CI2.6-7) to 11.3 deaths/1,000 person-years (95% C1 9-13.6; P = 0.0007), whereas
the increase in the IHD death rate disappeared (P = 0.57).

CONCLUSIONS — The incidence rate of renal failure attributable to diabetes has increased
rapidly over the past 34 years in Pima Indians. IHD has emerged as the leading cause of death due
largely to the availability of RRT and to changes in the pattern of death among those with DN.
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iabetes is the leading cause of end-

stage renal disease (ESRD) in the

U.S., accounting for 43% of new
cases (1). Rapid increases in the incidence
rates of both diabetes and kidney failure
attributable to diabetes have led to the
prediction that diabetes may soon ac-
count for half of the new cases of ESRD in
developed countries (2). Diabetic ESRD is
also increasing rapidly in developing
countries, where the public health infra-
structure to care for this disease is limited

(3). In the U.S. there is considerable ra-
cial/ethnic variability in the incidence rate
of ESRD in diabetic populations, with
much higher rates in American Indians,
Hispanics, and African Americans than in
non-Hispanic whites (3,4). The highest
rates are found in American Indians, in
whom the incidence of diabetes has risen
dramatically over the past 50 years, prob-
ably as a consequence of dietary and life-
style changes (5,6).

As recently as the 1970s, standard

From the Phoenix Epidemiology and Clinical Research Branch, National Institute of Diabetes and Digestive
and Kidney Diseases, National Institutes of Health, Phoenix, Arizona.

Address correspondence and reprint requests to Dr. Meda E. Pavkov, National Institutes of Health, 1550
East Indian School Rd., Phoenix, AZ 85014-4972. E-mail: mpavkov@phx.niddk.nih.gov.

Received for publication 8 December 2003 and accepted in revised form 7 February 2004.

Abbreviations: DN, diabetic nephropathy; ESRD, end-stage renal disease; IHD, ischemic heart disease;

RRT, renal replacement therapy.
© 2004 by the American Diabetes Association.

clinical practice in the U.S. typically ex-
cluded most persons with diabetes from
dialysis and transplantation, in part be-
cause their poorer prognosis relative to
other causes of ESRD made it difficult to
justify expending limited resources on
those with diabetes. Now, because of bet-
ter control of diabetes, advances in the
technology and delivery of renal replace-
ment therapy (RRT), and widespread
availability of federally funded RRT, crite-
ria for initiation of RRT have changed so
that diabetic patients make up the single
largest group of RRT recipients. This
change in clinical practice and in the
availability of RRT may have altered the
causes of death among diabetic patients,
particularly in populations at high risk for
diabetic kidney disease, since RRT per-
mits those with diabetic ESRD to survive
for long periods after the loss of kidney
function.

In this study, we examined the impact
of RRT on underlying causes of death
from 1965 through 1998 in diabetic Pima
Indians of the Gila River Indian Commu-
nity, an American Indian population with
an incidence rate of diabetic ESRD 14
times that of the U.S. diabetic population
aged 45— 64 years (7). RRT became avail-
able on a limited basis in the community
in the 1970s and was widely available by
the early 1980s. During this time interval
ischemic heart disease emerged as the
leading underlying cause of death among
those with diabetes (8).

RESEARCH DESIGN AND

METHODS — Pima Indians and the
closely related Tohono O’odham (Pa-
pago) Indians, who live in the Gila River
Indian Community in the desert of central
Arizona, participate in a comprehensive
longitudinal diabetes study. Since 1965,
each member of the population =5-
years-old is invited to have a research ex-
amination approximately every 2 years.
These biennial examinations include
measurements of venous plasma glucose,
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Table 1—Number of deaths and death rates* for leading underlying causes, all natural and external causes, and all causes of death in diabetic
Pima Indians in four time intervals from 1965 through 1998

March 1965 to July 1973 to

January 1982 to

July 1990 to

. June 1973 December 1981 June 1990 December 1998

Underlying cause

of death ICD-9 codes Deaths Rate Deaths Rate Deaths Rate Deaths Rate P
HD 410.0-414.9 13 3.3 23 42 41 6.4 62 6.3 0.03
DN 250.4 20 48 36 6.1 35 4.2 34 3.6 0.05
Stroke 431.0-434.9; 436 6 2.1 12 1.9 12 1.3 16 2.0 0.90
Infections See below T 26 7.3 24 4.2 25 3.4 45 5.0 0.04
Malignant neoplasms 140.0-208.9 7 2.0 17 29 29 43 30 32 0.29
Alcoholic liver disease 571.0-571.3 9 2.6 13 2.6 19 2.7 20 2.0 0.92
Other natural causes 32 9.4 28 5.5 40 6.8 56 6.9 0.07
All natural causes 113 31.6 153 274 201 29.1 263 28.9 0.59
All external causes 13 3.9 20 3.9 23 3.7 32 3.4 0.96
All causes 126 355 173 31.3 224 32.8 295 32.3 0.57

*Death rates are age- and sex-adjusted and reported per 1,000 person-years; TICD-9 codes for infections: 001.0-139.8, 320.0-326.9, 460.0—-466.1, 480.0—-487.8,
540.0-543.9, 572.0, 590.0-590.9, 599.0, 680.0-686.9, and 729.4.

obtained 2 h aftera 75-g oral glucose load,
and an assessment of complications of di-
abetes. Diabetes is diagnosed by World
Health Organization criteria (9), and the
date of diagnosis is determined from the
biennial examinations or from review of
clinical records if diabetes is diagnosed
between research examinations in the
course of routine medical care.

The study population of 2,095 sub-
jects included all persons with type 2 di-
abetes who resided in the community at
any time between 1 January 1965 and
31 December 1998 and had one or more
research examinations after 35 years of
age. Each subject’s vital status as of 31
December 1998 was determined. The un-
derlying cause for the 818 deaths was
determined by review of clinical records,
reports of autopsy findings, and death
certificates as described previously (10).
Terminology and codes of the Inter-
national Classification of Disease, Ninth
Revision (ICD-9), were used to record un-
derlying causes of death.

Statistical analysis

Death rates were calculated as the number
of subjects who died per 1,000 person-
years of follow-up. The period of risk ex-
tended from the date of the first biennial
research examination after the age of 35
years in those with diabetes to death or
31 December 1998, whichever came ear-
lier. Changes in death rates for diabetic
nephropathy (DN) and ischemic heart
disease (IHD) were examined during four
8.5-year time intervals (March 1965
through June 1973, July 1973 through

December 1981, January 1982 through
June 1990, and July 1990 through De-
cember 1998). Age-adjusted and age- and
sex-adjusted death rates were calculated
by direct standardization to the 1980
Pima Indian population. Tests for gen-
eral association were computed by the
Mantel-Haenszel test (11) adapted for
person-year denominators (12) and for
linear association by the Mantel extension
test (13).

To assess the effect of access to RRT
on underlying causes of death, trends
were reexamined after the 151 subjects
who were on RRT for at least 90 days were
reclassified as if they had died of DN.
Ninety days represents the median sur-
vival after the onset of kidney failure in
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the study subjects not receiving RRT.
Subjects dying <90 days after the initia-
tion of RRT were not reclassified. Median
survival was ascertained by first deter-
mining the median serum creatinine con-
centration at the onset of RRT (6.9 mg/dl)
in subjects who did receive RRT during
the study, and then calculating the me-
dian survival from the date this creatinine
value was reached in those dying without
receiving RRT.

The risk of IHD death attributable to
exposure to RRT, or the population-
attributable risk, was computed as the dif-
ference in IHD death rates between the
total population and those not receiving
RRT divided by the IHD death rate in the
total population (14). Because few sub-
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Figure 1—Actual and reclassified age- and sex-adjusted death rates for DN and IHD in diabetic
Pima Indians =35-years-old during the 34-year study.
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Table 2—Number of deaths and death rates* for natural causes in diabetic Pima Indians in four time intervals from 1965 through 1998 according to the duration of diabetes

July 1990 to
December 1998

July 1973 to January 1982 to

March 1965 to

June 1990

December 1981

June 1973

Person-years Rate

Deaths

Person-years Rate

Deaths

Person-years Rate

Deaths

Person-years Rate

Deaths

Duration of diabetes (years)

2,869.5 17.0 20 3,451.3 10.5
243 3

4,626.1
55.0 = 14.0

2,879.4 16.4 25
176

2,685.8
56.0 = 14.0

35
118

259

2,545.5

67
46

=10 years

10 years
Age (mean * SD)

4.7

6,250.0
54.0 £ 13.0

35.2

38.0

54.9

861.5
56.5*13.8

48 62 64

25

Proportion (%) of total person-time

in each period in subjects with
10 years” duration of diabetes

*Death rates are age- and sex-adjusted and reported per 1,000 person-years.

jects received RRT in the first two study
periods, the population-attributable risk
for IHD in those with renal failure during
these intervals was almost zero. Accord-
ingly, the risk of IHD attributable to RRT by
age-group within the population was com-
puted for only the last two time intervals.

RESULTS — Of the 2,095 diabetic
subjects (880 men and 1,215 women), all
but 91 were American Indians, and 2,004
(96%) were at least 50% Pima, Tohono
O’odham, or a mixture of these two
closely related tribes. During a median
follow-up of 11.1 years (range 0.01-34),
818 subjects died.

The age- and sex-adjusted death rate
from all natural causes in diabetic Pima
Indians was unchanged during the study
(P = 0.59) (Table 1). The death rate from
DN declined throughout the study (P =
0.05). On the other hand, the IHD death
rate increased from 3.3 deaths/1,000 per-
son-years (95% CI 1.4-5.2) in the first
interval to 6.3 deaths/1,000 person-years
(95% CI4.5-8; P = 0.03) in the last in-
terval; the death rate for IHD exceeded
that for DN in the third and fourth inter-
vals (Fig. 1). The proportion of IHD
deaths attributable to RRT, i.e., the risk
attributable to this exposure, was highest
in subjects aged 35-54 years (64%) and
declined with advanced age.

As shown in Table 2, death rates in
diabetic Pima Indians were higher in
those with longer duration of diabetes in
each interval. Moreover, the proportion
of person-time accumulated in the diabe-
tes duration category =10 years increased
with each successive time interval, reflect-
ing an increase in the average duration of
diabetes over time.

To determine the effect of RRT on
overall and cause-specific mortality, sub-
jects who received RRT for at least 90 days
and whose deaths were not already attrib-
uted to DN were reclassified as dying
from DN. Of the 151 subjects who were
reclassified, 48 were alive and receiving
RRT at the end of the study; the remaining
103 subjects who died during the study
interval were reclassified as “diabetic ne-
phropathy” from other underlying causes
of death, including 37 from IHD and 23
from infectious diseases (Table 3). After
reclassification, the age- and sex-adjusted
death rate from all natural causes did not
increase significantly (P = 0.23) (Table
4). Deaths from DN increased from 4.8
deaths/1,000 person-years (95% CI

Table 3—Extent of reclassification of the un-
derlying cause of death after reclassifying
those receiving RRT as dying of DN

Underlying cause Number of subjects

of death* reclassified to DN
IHD 37
Stroke 8
Infectionst 23
Malignant neoplasms 2
Alcoholic liver disease 3
Other natural causes¥ 21
External causes 9

*Forty-eight subjects who were alive and receiving
RRT at the end of the study were also reclassified as
dying of DN; fdeaths from infectious diseases that
were reclassified as DN included 15 parasitic infec-
tions, 6 influenza and pneumonias, and 2 skin in-
fections; #includes 1 death from cardiovascular
diseases other than THD or stroke, 9 deaths from
other diabetic causes, and 11 deaths from other nat-
ural causes.

2.6-7)to 11.3 deaths/1,000 person-years
(95% CI 9-13.6; P = 0.0007), and the
increase in the IHD death rate disap-
peared (P = 0.57) (Fig. 1).

Deaths from infectious diseases fluc-
tuated widely during the study (P =
0.04), but the large increase in the death
rate from infections in the last interval dis-
appeared after reclassification, since 15 of
the 45 deaths (33%) attributed to infec-
tious diseases in this interval were reclas-
sified as due to DN. The death rates for
leading causes other than ITHD and in-
fections were largely unchanged after
reclassification.

CONCLUSIONS — The emergence
of IHD as a leading underlying cause of
death in diabetic Pima Indians can be at-
tributed largely to the availability of RRT
and the resulting shift from DN to other
underlying causes of death. Since DN and
IHD share many of the same risk factors
(15,16), substantial reductions in deaths
from DN probably made a rise in IHD
death rates inevitable. This finding sug-
gests that a change in clinical practice,
rather than a worsening of cardiovascular
risk per se (17), is responsible for the cur-
rent epidemic of IHD among diabetic pa-
tients in this population.

In the U.S., cardiovascular disease is
the leading underlying cause of death
among diabetic adults, and the Multina-
tional Study of Vascular Disease in Diabe-
tes (18) confirms the importance of IHD
as the major cause of death in people
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Table 4—Number of deaths and death rates* for the six leading underlying causes, all natural and external causes, and all causes of death in
diabetic Pima Indians in four time intervals from 1965 through 1998 after reclassifying those receiving RRT for at least 90 days as dying of DN

March 1965 to July 1973 to

January 1982 to

July 1990 to

) June 1973 December 1981 June 1990 December 1998
Underlying cause
of death ICD-9 codes Deaths Rate Deaths Rate Deaths Rate Deaths Rate P
IHD 410.0-414.9 13 33 23 4.2 35 5.7 31 3.7 0.57
DN 250.4 20 48 46 7.8 99 12.8 111 11.3 0.0007
Stroke 431.0-434.9; 436 6 2.1 11 1.8 11 13 10 1.6 0.70
Infections See below T 26 7.3 20 3.6 21 2.9 30 3.6 0.006
Malignant neoplasms 140.0-208.9 7 2.0 17 2.9 29 4.4 28 3.1 0.26
Alcoholic liver disease 571.0-571.3 9 2.6 13 2.6 18 2.7 18 1.9 0.90
Other natural causes 32 9.4 28 5.5 36 6.3 39 5.7 0.03
All natural causes 113 31.6 158 28.5 249 36.0 267 30.9 0.23
All external causes 13 3.9 20 3.9 23 3.8 23 2.7 0.65
All causes 126 35.5 178 32.4 272 39.7 290 33.6 0.29

*Death rates are age- and sex-adjusted and reported per 1,000 person-years; 1ICD-9 codes for infections: 001.0-139.8,320.0-326.9, 460.0-466.1, 480.0-487.8,
540.0-543.9, 572.0, 590.0-590.9, 599.0, 680.0-686.9, and 729.4.

across the world with either type 1 or type
2 diabetes. Marked ethnic variation in
cardiovascular risk among diabetic pa-
tients does occur, however, with lower
IHD mortality in Asian populations from
Japan and Hong Kong than in Caucasian
populations elsewhere (18). Wide varia-
tions in IHD morbidity and mortality
have also been reported among American
Indian tribes, whose remote ancestry is
Asian (19) but whose degree of admixture
with other ethnic groups, especially Cau-
casians, is varied. The overall trend in
IHD mortality in some American Indian
tribes, as in the Pima Indians, is increasing
(17,20), but the impact of RRT on this
trend in other American Indian tribes or
in other populations is not known. The
increasing death rate from IHD in diabetic
American Indians may contrast with that
in the U.S. diabetic population. Data from
the first National Health and Nutrition
Examination Survey (NHANES 1) (21)
suggest that THD mortality, at least in men,
has declined modestly over the last 20
years. Furthermore, in the predominantly
Caucasian population of Rochester, Min-
nesota, mortality rates among diabetic
persons declined by almost 14% over a
25-year period, attributed largely to a re-
duction in cardiovascular deaths (22).
Periodic glucose tolerance testing
permits the onset and duration of diabetes
in Pima Indians to be estimated more pre-
cisely than in other populations. In the
present study, the proportion of subjects
with diabetes =10 years’ duration in-
creased in each successive time interval,
which potentially contributed to a rise in
death rates during the study and also to

the continued rise in rates of DN despite
improvements in plasma glucose and
blood pressure control (23) and the intro-
duction of inhibitors of the renin-
angiotensin system. To ensure this trend
did not reflect a systematic underestima-
tion of diabetes duration in the early part
of the study, the analysis was repeated in
the subset of subjects (n = 858) who had
anondiabetic examination within 5 years
of diabetes diagnosis. In this analysis, the
average duration of diabetes also in-
creased in successive time intervals (data
not shown), indicating that the extent of
underestimation, if present, was likely to
be small. The use of 90 days as the cut
point for reclassifying subjects on RRT as
dying from DN does not account for
changes in clinical practice over the study
period. Nevertheless, the use of different
cut points did not affect the conclusions
of this study.

Infections are also a major cause of
death among Pima Indians receiving RRT,
accounting for 30 (25%) of the deaths in
this group. Twenty-three of these deaths
occurred after 90 days of RRT and were
reclassified as deaths due to DN in our
analysis. The major causes of death from
infections included pneumonia (27%),
disseminated coccidioidomycosis (27%),
and sepsis (13%), reflecting the comorbid
conditions and the immune dysfunction
that characterizes uremia. In the U.S. gen-
eral population, infectious diseases are
the second leading cause of death among
patients with ESRD, following cardiovas-
cular disease (3). Sepsis accounts nation-
ally for 75% of the infectious deaths, and
pulmonary infections account for another

20% (3). Rate of hospitalizations for coc-
cidioidomycosis and other fungal infec-
tions is also higher among dialysis
patients in the U.S., particularly in those
with diabetes (24).

In summary, the incidence rate of
kidney failure attributable to diabetes has
increased rapidly in the Pima Indians over
the past three decades, and the introduc-
tion and widespread use of RRT in this
population has prolonged many lives
among those with diabetes (25). The ini-
tiation of RRT, however, has resulted in a
rise in death rates due to displacing
causes, particularly deaths from IHD and
infectious diseases, and has led to the
emergence of ITHD as the leading cause of
death in those with diabetes. The inci-
dence of DN is high in populations such
as the Pima Indians, in whom type 2 dia-
betes often occurs at young ages, and
much of the fatal IHD develops in those
with nephropathy. Therefore, prevention
or delay of DN and the need for RRT may
ultimately be the most effective way of
preventing the increasing mortality rates
from IHD in such populations.
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