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Abstract

Background—We examined the effect of kidney disease (KD) on mortality in nondiabetic and
diabetic Pima Indians aged >45 years old.

Methods—Deaths and person-years of follow-up were stratified in a time-dependent fashion into
categories of (1) no proteinuria and normal serum creatinine (SCr); (2) proteinuria and normal SCr;
(3) high SCr [SCr >133 pumol/L (1.5 mg/dL) in men, >124 umol/L (1.4 mg/dL) in women] but not
on renal replacement therapy (RRT); or (4) RRT.

Results—Among 1993 subjects, 55.8% had type 2 diabetes at baseline. Overall death rates
increased with declining kidney function in both the nondiabetic and diabetic subjects (P < 0.0001).
Death rates were similar in nondiabetic and diabetic subjects with comparable levels of kidney
function, although the number of deaths among nondiabetic subjects with advanced KD was small.
Infections and malignancy were the leading causes of death in nondiabetic subjects with KD. Among
diabetic subjects, overall mortality increased with diabetes duration (P = 0.0001) and was highest in
those on RRT (P < 0.0001). High SCr was associated with higher death rates from cardiovascular
disease (CVD), diabetic nephropathy (DN), infections, and malignancy.

Conclusion—Death rates increased comparably with worsening kidney function in both
nondiabetic and diabetic subjects and were similar in nondiabetic and diabetic subjects without KD.
KD was associated with excess mortality from DN, CVD, infections, and malignancy in diabetic
subjects, and from infections in those without diabetes.
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Chronic kidney disease, defined as kidney damage or decreased kidney function for 3 or more
months, affects 11% of the United States (US) population [1], and it is associated with increased
mortality from cardiovascular disease (CVD) and end-stage renal disease. Chronic kidney
disease is twice as frequent in persons with diabetes, and those with diabetes also have the
highest burden of comorbidities and the lowest survival [2]. Native Americans, African
Americans, and Hispanics with diabetes are at particularly high risk of developing kidney
failure [3], a factor that may influence mortality patterns in these populations.
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In this study we examined the impact of kidney disease (KD), defined by proteinuria, elevated
serum creatinine concentration, or onset of renal replacement therapy (RRT), on overall and
cause-specific mortality in nondiabetic and diabetic Pima Indians from the Gila River Indian
Community in Arizona. This population has a high incidence of type 2 diabetes [4], and the
incidence of kidney failure attributable to type 2 diabetes is 14 times that of the US diabetic
population aged 45 to 64 years [5].

Patients and study design

The Pima Indians and the closely related Tohono O’odham (Papago) Indians who live in the
Gila River Indian Community in the desert of central Arizona participate in a comprehensive
longitudinal study of diabetes and its complications. Since 1965, each member of this
community who is >5 years of age is invited to have a research examination approximately
every 2 years, regardless of health. These biennial examinations include measurements of
venous plasma glucose, obtained 2 hours after a 75 g oral glucose load, and assessment of the
complications of diabetes. Protein and creatinine concentrations are measured in urine
specimens collected at the end of the 2-hour glucose tolerance test. Among those with at least
a trace of protein in the urine by dip-stick, urine protein concentration is determined
quantitatively by the Shevky-Stafford acid/alcohol precipitation method [6]. The urine protein
forms precipitates upon the addition of Tsuchiya’s reagent. The resulting precipitate is
centrifuged (Forma Scientific, Inc., Marietta, GA, USA) at a speed of 1900 to 2000 rpm
(relative centrifugal force of 990) for 10 minutes and then measured. Serum and urine creatinine
concentrations are measured by a modification of the Jaffé reaction [7]. Proteinuria was defined
by a protein-to-creatinine ratio >0.5 g protein/g creatinine, reflecting an approximate protein
excretion rate of at least 0.5 g/day. Diabetes was diagnosed by World Health Organization
criteria [8] and the date of diagnosis was determined from these research examinations or from
review of clinical records if diabetes was diagnosed in the course of routine medical care. The
onset of RRT was defined as the date of beginning chronic dialysis and was ascertained
independently of the research examinations. The study population included subjects who were
at least half-Pima or Tohono O’odham heritage, resided in the community between January 1,
1965 and December 31, 2001 and had 1 or more research examinations after 45 years of age.
Each subject’s vital status as of December 31, 2001 was determined. For all deaths, the accuracy
and completeness of the underlying cause was determined by review of clinical records,
autopsy reports, and death certificates.

Terminology and codes of the International Classification of Disease, Ninth Revision (ICD-9)
were used for recording causes of death. Deaths were considered natural if they were due to
disease (ICD-9 codes 001.0-799.9) and external if they were due to injury or poisoning (ICD-9
codes 800.0-999.9). The underlying cause of death was coded as diabetic nephropathy (ICD-9
code 250.4) in subjects who had kidney failure attributable to diabetes if they (1) did not receive
RRT, (2) received RRT inconsistently or discontinued RRT, or (3) had dialysis-related
complications as an immediate or contributory cause of death (e.g., malnutrition, shock, heart
failure, septicemia, pericarditis, hypokalemia).

Statistical analysis

Death rates were calculated as the number of subjects who died per 1000 person-years of
follow-up. The period of risk began at the first research examination after attaining the age of
45 years and extended until death or December 31, 2001, whichever came earlier. In subjects
who did not have diabetes at the beginning of follow-up and developed diabetes during the
course of the study, their person-time at risk was computed separately for each status. Follow-
up within the nondiabetic and diabetic person-time strata was stratified in a time-dependent
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fashion according to decades of age and the following kidney function categories: normal SCr
and no proteinuria; proteinuria (protein-to-creatinine ratio >0.5 g protein/g creatinine) with
normal SCr; high SCr [serum creatinine >133 umol/L (1.5 mg/dL) in men, >124 pmol/L (1.4
mg/dL) in women], with or without proteinuria, but not receiving RRT; receiving RRT.

Age- and sex-adjusted death rates and death rate ratios (DRR) were examined according to
these categories and were standardized to the 1985 Pima Indian population aged 45 years and
over. Tests for general association were computed by the Mantel-Haenszel test [9] and for
linear association by the Mantel extension test [10].

During a median follow-up of 11.0 years (range 0.06-36.8), 332 deaths occurred among the
634 subjects who were nondiabetic throughout follow-up, and 709 deaths occurred among
1359 subjects who were diabetic at baseline (N = 1113) or developed diabetes during the study
period (N = 246). Baseline characteristics of the study population at the first nondiabetic and
diabetic examinations are presented in Table 1. At baseline, 848 nondiabetic subjects had
normal kidney function and 32 had KD (proteinuria, high SCr, or RRT). At the end of
nondiabetic follow-up, 841 (95.6%) of these subjects remained in the same category of kidney
function, 31 (3.5%) worsened to more severe kidney disease and 8 (0.9%) improved their
kidney function (Table 2). Among diabetic subjects, 1094 had normal kidney function and 265
had KD at baseline. Of these, 936 (68.9%) remained in the same kidney function category at
the end of the study period, whereas 412 (30.4%) subjects progressed to more severe kidney
disease and 11 (0.8%) improved.

The age- and sex-adjusted death rates from natural causes in nondiabetic subjects ranged from
23.8/1000 person-years (95% CI 20.8-26.8) in those without kidney disease to 84.5/1000
person-years (95% CI 1.6-167.4) in subjects with high SCr (P < 0.0001) (Table 3). The range
among diabetic subjects with comparable degrees of kidney disease was similar, rising from
25.3/1000 person-years (95%Cl 22.3-28.2) in subjects with normal kidney function, to
105.1/1000 person-years (95% CI 75.7-134.5) in those with high SCr (Table 3). With
progression to RRT, the death rate increased further to 208.7/1000 person-years (95%CI 171.1-
246.3) in those with diabetes (P < 0.0001). With only 9 nondiabetic subjects on RRT during
28.4 person-years of follow-up, insufficient data were available to compute an age- and sex-
adjusted death rate in this category. Although the number of deaths in nondiabetic subjects
with KD was small, the excess mortality was due primarily to higher death rates from infections.
On the other hand, diabetic subjects with proteinuria had higher age- and sex-adjusted death
rates from DN, infections, and CVD. Those with high SCr also had increased mortality due to
malignant neoplasms. In both nondiabetic and diabetic subjects, age- and sex-adjusted death
rates for other underlying causes did not differ significantly across the kidney function groups.

The major underlying infectious cause of death among subjects, regardless of the presence or
absence of kidney disease, was pneumonia, accounting for 62% of deaths from infectious
diseases in those without diabetes and 51% of deaths from infectious diseases in those with
diabetes. Deaths from malignant neoplasms in diabetic subjects with kidney disease were too
few (12 in the proteinuria group, 8 in the high SCr group, 2 in RRT group) to reliably determine
trends by types of neoplasms. Nevertheless, in those receiving RRT, the 2 deaths from
malignancy were attributed to neoplasms of the kidney.

Figure 1 shows a strong effect of kidney function on natural and CVD mortality in all categories
of diabetes duration, but a lesser effect of duration for any category of kidney function. The
higher overall mortality in those with longer duration of diabetes is due primarily to the greater
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proportion of person-years of follow-up falling in the categories of worse kidney function, as
shown in Figure 1C.

DISCUSSION

Overall mortality in Pima Indians was greater with greater severity of kidney disease in both
nondiabetic and diabetic subjects. The death rates in nondiabetic and diabetic subjects without
kidney disease were virtually identical and increased to a similar degree with worsening kidney
function in both groups, suggesting that kidney disease rather than diabetes per se is the major
determinant of increased mortality among the diabetic population.

Cardiovascular disease was the leading cause of death in diabetic Pima Indians without kidney
disease and in those with early kidney disease characterized by proteinuria. With progression
of KD, CVD mortality increased further, but became the second leading cause of death behind
DN. The greatest increase in CVD deaths occurred in subjects receiving RRT, in whom the

death rate was 9 times as high as in those with normal kidney function. Indeed, the introduction
and widespread use of RRT, while prolonging life and reducing deaths that would otherwise
be attributable to DN, is largely responsible for the rise in deaths from cardiovascular disease
in diabetic Pima Indians [11]. These findings extend our previous observation [12] that overall
mortality in diabetic Pima Indians with clinical proteinuria was 3.5 times as high as in those

without proteinuria, with the excess largely attributable to uremia and to cardiovascular disease.

Although SCr is not an ideal measurement of kidney function, the association between SCr
concentration and mortality has been reported in several other studies. The choice of cut points,
although arbitrary, was made to ensure that we identified an advanced stage of kidney disease.
Alternative cut points did not change the overall conclusions of the study (data not shown).

The NHANES I study [13] found that diabetic persons with moderate renal insufficiency [SCr
of 122 to 177 umol/L (1.4 to 2.0 mg/dL) in men and 104 to 146 umol/L (1.2 to 1.7 mg/dL) in
women] had higher total and C\VVD mortality than those without diabetes or renal insufficiency.
There was, however, no significant association between serum creatinine and total or
cardiovascular mortality in this population after adjustment for cardiovascular risk factors such
as sex, age, hypercholesterolemia, hypertension, diabetes, and smoking. Hence, the authors
suggested that the association between renal insufficiency and cardiovascular disease reported
in other studies [14-17], some of which excluded subjects with diabetes, was due to the co-
occurrence of other established cardiovascular risk factors. The authors proposed that elevated
serum creatinine was simply a marker for the presence of these risk factors. Similarly, in the
Framingham community-based study [18], mild renal insufficiency [SCr of 136 to 265 pmol/
L (1.5t03.0mg/dL) inmenand 120 to 265 umol/L (1.4 to 3.0 mg/dL) in women] was associated
with higher total mortality in men, but there was no association of KD with age-adjusted
cardiovascular mortality in either sex. On the other hand, the risk of death in the US Medicare
population aged 65 years and older [19] with chronic KD but no diabetes was 11 times as high
as the risk of progression to RRT, and 6 times as high as the risk of RRT for those with both
diabetes and chronic KD. Likewise, in the ARIC study [20], the higher CVD incidence in
middle-aged nondiabetic and diabetic patients with KD was strongly associated with risk
factors that were more prevalent as GFR declined. The NHANES 11 Mortality Study [21] found
a graded relationship between proteinuria and the risk of total or CVD mortality in diabetic as
well as nondiabetic subjects. In NHANES Il, CVD mortality was highest among those with
glomerular filtration rate (GFR) <70 mL/min. These findings suggest that higher mortality
associated with KD reflects increased rates of CVD.

The independent, inverse association between estimated GFR, computed from a formula
described in the Modification of Diet in Renal Disease study (MDRD formula) [22], and
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mortality rates from CVD was confirmed by recent studies in 2 different populations. In a large,
ethnically diverse outpatient sample of the adult population in the San Francisco Bay Area
[23], independent associations were found between lower estimated GFR and risk of
cardiovascular events and death from CVD. Similarly, among patients with a previous acute
myocardial infarction enrolled in the VALIANT study [24], lower GFR was associated with
higher rates of death or recurrent cardiovascular events. Nonetheless, the MDRD formula has
not been validated in diabetic kidney disease or in ethnic groups other than Caucasian and
African Americans and may be less accurate in persons with normal kidney function [25]. The
MDRD formula was developed from measures of GFR in people with GFR <60 mL/min/
1.73m? so its use is not recommended by the National Kidney Foundation in those with GFR
>60 mL/min/1.73m?2 [26]. Therefore, we chose to define stages of kidney function by SCr
concentration and level of urinary protein excretion and not by the estimated GFR. When we
analyzed the data using the estimated GFR instead of SCr concentration to define kidney
disease, however, the overall conclusions of the study did not change.

By contrast to other populations, Pima Indians have a low incidence of fatal C\VD, particularly
among those without diabetes [27]. The absence of an association between KD and CVD
mortality in nondiabetic Pima Indians may be due in part to the small number of nondiabetic
subjects with KD. Among diabetic Pima Indians, CVD mortality is strongly related to diabetes
duration, and diabetic Pima Indians with KD are more likely to die from CVD after the onset
of kidney failure, when cardiovascular risk factors, including dyslipidemia and hypertension,
become more prevalent or worsen [28].

The increased frequency of infections in subjects with KD is related to comorbidity and to
depressed humoral and cellular immunity that progresses during the development of uremia
[29]. Infectious diseases accounted for 18% of all natural mortality in the nondiabetic subjects,
and 18% of these deaths occurred in those with kidney disease. Pneumonia was the leading
infectious cause of death, accounting for 33% of deaths in nondiabetic subjects with proteinuria
and 67% in those with high SCr. In the diabetic subjects, 15% of all natural mortality was due
to infectious diseases and 53% of these deaths occurred in subjects with kidney disease.
Pneumonia was the leading infectious cause of death in the predialysis patients, followed by
kidney infections and skin infections. In the general US population with chronic kidney disease,
mortality due to infectious diseases is 3.2 times as high as in those without KD [2]. Among
patients with end-stage renal disease, infectious diseases are the second leading cause of death
following CVD. Sepsis accounts nationally for 75% of these infectious deaths, followed by
pulmonary infections and viral infections [2]. In Pima Indians on RRT, infectious disease is
the third leading cause of death following DN and CVD. Pneumonia was the leading infectious
cause of death (34.8%), followed by coccidioidomycosis (17.4%) and urinary tract infections
(13%).

Although some reports suggest that diabetes increases the risk of death from several types of
cancer, a relationship between KD and deaths from malignant neoplasms has not been
described [30,31]. Nevertheless, a 10-fold higher risk of renal cell carcinoma has been reported
[32] in hemodialysis patients than in the nondialysis population. Notably, renal cell carcinoma
was the only cause of death from malignancies among diabetic Pima Indians on RRT in this
study.

Because the confounding and intermediate effects of blood pressure, body mass index, serum
cholesterol concentration, and plasma glucose concentration could not be distinguished in this
analysis, we chose not to control for them. Models that did control for these variables changed
only the point estimates and confidence intervals, but not the overall conclusions of the study
(data not shown).
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The level of kidney function in this study, with the exception of RRT, was determined at
research examinations. The frequency of these examinations could therefore influence whether
a subject was classified appropriately at the time of death. Among those who died, all available
medical records were reviewed systematically and elevations of serum creatinine concentration
>2.0 mg/dL were noted. These data were not used in this analysis, however, because they were
available only for those who died. Accordingly, mortality rates in the pre-RRT groups could
be underestimated to the extent that subjects who may have developed higher levels of KD
were not identified as such. Nonetheless, only 9% of the subjects classified as having normal
kidney function at all exams had a serum creatinine concentration >2 mg/dL in the medical
record before death, suggesting that the extent of kidney function misclassification was small.

CONCLUSION

Death rates from natural causes in nondiabetic Pima Indians are comparable to those in diabetic
Pima Indians when rates are stratified by the level of kidney disease. RRT occurred almost
exclusively in subjects with diabetes, and mortality was highest in these subjects, with deaths
from diabetic nephropathy, cardiovascular disease, and infections being primarily responsible
for the excess mortality. The impact of cardiovascular disease on mortality was highest after
the onset of RRT. Preventing the onset and progression of diabetic kidney disease would
undoubtedly reduce the frequency of kidney failure, but might also reduce death rates from
cardiovascular disease, infections, and malignancy in diabetic Pima Indians.
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Fig. 1. Trends in age- and sex-adjusted death rates from natural causes (A) and cardiovascular

disease (CVD) (B).

The bars represent mortality rates stratified by diabetes and its duration in the 4 kidney function
categories. The line shows overall death rates by diabetes and its duration. Overall mortality

rates were positively associated with duration of diabetes and were similar in the nondiabetic
subjects and those with diabetes of <10 years’ duration. Panel (C) is a frequency distribution
of person-years stratified by diabetes and its duration in the 4 kidney function categories. The
fraction of person-years of follow-up among persons with normal kidney function ranged from
96% in nondiabetic subjects to 53% in those with 20 to 30 years of diabetes. Conversely, the
fraction of person-years among persons on renal replacement therapy (RRT) ranged from 0.4%
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Table 1
Baseline clinical and demographic features of Pima Indians aged >45 years old

Nondiabetic subjects (N = 880)a Diabetic subjects (N = 1359)61
Mean + SD Centiles” Mean + SD Centiles”

Age years 53.4+10.0 46.3-57.8 532+85 46.6-57.9
Duration of diabetes years — — 70+£7.2 0.4-11.7
Mean arterial pressure mm 96.9+14.1 86.7-105.3 100.3+15.3 90.0-108.7
Hg
BMI kg/m?

Men 29.2+6.1 25.0-32.0 30.7+5.9 26.8-33.6

Women 335+74 28.3-37.3 336+7.2 28.4-37.0
Serum cholesterol mg/dL 182.2+37.2 158.0-204.0 188.5+46.2 159.0-212.0
2-hour plasma glucose mg/ 122.9+315 100.0-145.0 335.9+1237 229.5-428.0
dL
Serum creatinine mg/dL 0.8+0.3 0.7-0.9 0.8+05 0.6-0.9

Baseline data were missing for mean arterial pressure in 19 nondiabetic and 12 diabetic subjects, for 2-hour plasma glucose in 15 nondiabetic and 162
diabetic subjects, for BMI in 15 nondiabetic and 21 diabetic subjects, and for cholesterol in 2 diabetic subjects.

aTwo hundred forty-six of the nondiabetic subjects developed diabetes during the follow-up. The baseline characteristics from their first nondiabetic and
first diabetic examination are included in the table.

bThe 25th and 75th centiles.
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Table 2
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The number of nondiabetic and diabetic subjects according to baseline kidney function and progression or
regression of kidney function at the last examination

Kidney function at Normal Proteinuria High SCr RRT Total at last
first nondiabetic examination
examination

Normal 823 7 0 0 830
Kidney function at Proteinuria 18 15 1 0 34
last nondiabetic
examination

High SCr 4 0 3 0 7

RRT 3 0 6 0 9

Total 848 22 10 0 880
Kidney function at Normal Proteinuria High SCr RRT Total at last
first diabetic examination
examination
Kidney function at Normal 796 10 0 0 806
end of follow-up

Proteinuria 148 109 1 0 258

High SCr 28 21 28 0 77

RRT 122 68 25 3 218

Total 1094 208 54 3 1359

Subjects with stable kidney function neither worsened nor improved their kidney function (bold numbers). In each column, the numbers below the bold
number represent subjects with worsening kidney function, whereas those above the bold number represent subjects who had improved kidney function.
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Number of deaths, death rates, and death rate ratios (DRR) with 95% CI for leading underlying causes in

nondiabetic and diabetic Pima Indians, according to kidney function category

Normal SCr Proteinuria High serum creatinine
Underlying cause of death Deaths Death rate® Deaths Death rate® DRR (95% CI) Deaths Death rate® DRR (95%
(1CD-9 codes) (N) (N) b (N) b
Nondiabetic subjects
Cardiovascular disease 38 33 2 4.0 1.2 (0.3-5.0) 0 0 0
(410.0-414.9, 431.0-437.9)
Infections 40 35 6 10.2 2.9 (1.2-6.8) 3 20.6 5.8 (1.7-19
Malignant neoplasms (140.0- 44 4.2 4 7.9 1.9 (0.7-5.3) 1 4.8 1.1(0.2-8.
208.9)
Alcoholic liver disease 24 2.7 0 0 0 0 0 0
(571.0-571.3)
Other natural causes® 104 10.0 5 20.7 2.1(0.7-5.9) 3 59.1 5.9 (1.5-22
All natural causes 250 23.8 17 42.8 1.8 (1.0-3.3) 7 84.5 3.6 (1.3-9.
All external causes 50 5.2 2 114 2.2(0.5-9.4) 0 0 0
All causes 300 29.0 19 54.2 1.9(1.1-3.3) 7 84.5 2.9 (1.1-7.
Diabetic subjects
Cardiovascular disease 86 7.0 38 12.7 1.8 (1.2-2.7) 11 22.2 3.2 (1.6-6.
(410.0-414.9, 431.0-437.9)
Diabetic nephropathy (250.4) 5 0.4 12 3.2 8.5 (2.8-25.5) 29 46.8 126.4 (47.

338.5)

Infectionsd 45 33 24 7.1 2.1(1.3-3.7) 4 10.2 3.1(1.1-8.
Malignant neoplasms (140.0— 55 43 12 3.4 0.8 (0.4-1.6) 8 11.7 2.7 (1.2-6.
208.9)
Alcoholic liver disease 36 33 6 2.1 0.6 (0.3-1.5) 1 2.8 0.9 (0.1-6
(571.0-571.3)
Other natural CaUSESC 82 7.0 28 9.0 13 (0.8—2.1) 6 11.4 1.6 (0.7—3
All natural causes 309 253 120 374 15(1.2-1.9) 59 105.1 4.2 (3.1-5
All external causes 44 4.0 9 3.8 1.0 (0.5-2.0) 2 24 0.6 (0.1-2
All causes 353 29.2 129 41.3 14 (1.1-1.8) 61 107.5 3.7(2.7-5

aDeath rate is reported per 1000 person-years, age and sex adjusted.

DRR, death rate ratio relative to normal SCr. Adjusted rates and rate ratios are missing for categories with small number of person-years follow-up.

c . . N
Includes deaths from cardiovascular diseases other than IHD or stroke, from other diabetic causes, and from other natural causes.

dICD—9 codes 001.0-139.8; 320.0-326.9; 460.0-466.1; 480.0-487.8; 540.0-543.9; 572.0; 599.0-590.9; 599.0; 680.0-686.9; 729.4.
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