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Abstract
Diabetes affects American Indians disproportionately compared with other racial/ethnic groups in
the United States and is almost exclusively type 2 diabetes. Much of our knowledge about diabetes
in American Indians comes from studies in a few tribes. The most extensively studied American
Indians are the Pima Indians from the Gila River Indian Community in Arizona, who participated
in a longitudinal study of diabetes and its complications between 1965 and 2007. They have one of
the highest reported incidence and prevalence of type 2 diabetes in the world, and kidney disease
attributable to diabetes is a major cause of morbidity and mortality. In this article, we examine the
course, determinants, and trends of diabetic kidney disease in American Indians, with special
emphasis on studies conducted in the Pima Indians. We also review therapeutic strategies for
managing diabetic kidney disease.

Introduction
American Indians are a diverse group of over 3 million people from 561 federally
recognized tribes in the United States. They often live on reservations and in rural
communities, mostly in the western United States and in Alaska. In general, American
Indians face widespread economic, educational, and social disadvantage.

Diabetes affects American Indians disproportionately compared with other racial/ethnic
populations and is almost exclusively type 2 diabetes. Because diabetes often develops at a
younger age in American Indians than in other populations [1•], the major complications of
diabetes also appear at a younger age, further exacerbating socioeconomic disparities and
leading to increased levels of disability and reduced longevity. Most of the information
about the impact of diabetes in American Indian communities comes from longitudinal
studies in the Pima Indians who live in the Gila River Indian Community in south central
Arizona. Systematic testing for diabetes and its complications in the Pima Indians over the
past 43 years permits the onset and duration of type 2 diabetes and diabetic kidney disease to
be known with greater certainty than in other populations. In this article, we examine the
course and determinants of diabetic kidney disease in American Indians, with a special
emphasis on findings in the Pima Indians.
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Clinical Course
Albuminuria

The earliest indicator of diabetic nephropathy (DN) is the appearance of elevated urinary
albumin excretion, which is divided arbitrarily into microalbuminuria (albumin-to-creatinine
ratio [ACR] between 30 and 300 mg/g or an albumin excretion rate of 30–300 mg/24 hours)
and macro-albuminuria (ACR ≥ 300 mg/g or an albumin excretion rate of ≥ 300 mg/24
hours). Microalbuminuria is characterized by stable kidney function and a greater risk for
developing progressive DN than ACR less than 30 mg/g. Elevated albuminuria is also an
established marker of more generalized endothelial cell dysfunction associated with fatal
and nonfatal cardiovascular events independently of other cardiovascular risk factors [2].
Although the mechanism of this association remains largely unknown, elevated albuminuria
is independently associated with left ventricular systolic and diastolic dysfunction in
American Indians with type 2 diabetes [3], suggesting that the vascular changes that lead to
kidney disease may also be present in the systemic and coronary vasculature.

In diabetic American Indians 45 to 74 years old from Arizona, Oklahoma, the Dakotas [4],
or northern Minnesota [5], the prevalence of microalbuminuria and macroalbuminuria varies
between 35% and 65%. Eighteen percent develop elevated albuminuria (ACR ≥ 30 mg/g)
within 4 years of diabetes onset [6]. Higher American Indian heritage (ie, low genetic
admixture with other populations), age, duration of diabetes, and fasting plasma glucose
concentrations are positively associated with albuminuria in these tribes. The prevalence of
elevated albuminuria among Zuni Indians is higher than among American Indians from
Oklahoma and the Dakotas but lower than in those from Arizona [7]. In contrast with
diabetic Pima Indians, in whom intercapillary glomerulosclerosis is by far the predominant
form of kidney disease, in some tribes, such as the Navajo and Zuni Indians, diabetic
individuals have a high frequency of hematuria, reflecting the high frequency of diabetes
and its common association with nondiabetic pathologies that occur with greater frequency
in these tribes (ie, IgA-positive mesangiopathic glomerulonephritis, focal sclerosing
glomerulonephritis, and membranous glomerulopathy) [7].

Early kidney disease is particularly common in the Pima, Maricopa, and Tohono O’odham
Indians of central Arizona, and its prevalence increases with increasing duration of diabetes.
Elevated albumin excretion, defined by a urine ACR ≥ 30 mg/g, was found in 8% of Pima
Indians with normal glucose tolerance, in 15% with impaired glucose tolerance, and in 47%
of those with diabetes [8]. Similarly, in the Inter-Tribal Heart Project, which includes
American Indians residing on the Menominee reservation in central Wisconsin and the Red
Lake and White Earth Chippewa reservations in Minnesota, impaired fasting glucose and
hypertension were associated with a twofold higher prevalence of microalbuminuria than
among individuals without these traits [9]. The presence of abnormal albuminuria in those
with impaired glucose regulation suggests that in some individuals hyperglycemia is
associated with kidney abnormalities even at levels below those diagnostic of diabetes.

Once macroalbuminuria develops, progression to kidney failure is common in diabetic Pima
Indians; half of those with macroalbuminuria progress to end-stage kidney disease (ESKD)
within 10 years. Whereas Caucasians with diabetes and proteinuria tend to die of
cardiovascular disease (CVD) before they develop kidney failure [10], Pima Indians often
progress to kidney failure before dying from CVD [11]. Pima Indians are also on average
younger at onset of diabetes and less likely to have fatal CVD than Caucasians. Thus, the
lower rate of kidney failure in Caucasians than in Pima Indians with type 2 diabetes is due in
part to CVD morbidity and mortality outweighing the risk for kidney disease progression. A
study in the Veterans Administration health care system confirmed that American Indians
are less likely to have CVD, hypertension, stroke, depression, and chronic obstructive
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pulmonary disease, and more likely to have early DN (adjusted OR, 1.5; 95% CI, 1.1–2.1)
and diabetic ESKD (adjusted OR, 1.9; 95% CI, 1.5–2.3) than Caucasians [12].

Glomerular hemodynamics
Changes in kidney function during the DN course have been studied extensively in the Pima
Indians, in whom the onset and duration of diabetes are known with greater certainty than in
other populations with type 2 diabetes, and in whom nearly all kidney disease is attributable
to diabetes. During a 4-year follow-up, the glomerular filtration rate (GFR) increased on
average by 14% in individuals with impaired glucose tolerance, and continued to increase
after onset of diabetes, reaching a plateau in individuals with microalbuminuria. GFR
remained high but stable in diabetic individuals with normoalbuminuria or
microalbuminuria, even with longstanding diabetes [13]. Higher GFR is also described in
Caucasians with type 1 diabetes, particularly in the presence of uncontrolled hyperglycemia,
but elevated GFR is less well documented in Caucasians with type 2 diabetes, possibly
because of their older age and associated renovascular disease. Insulin treatment
significantly depresses elevated GFR in both types of diabetes, suggesting that some of the
early hemodynamic changes may be related to the level of glycemic control.

Hyperfiltration declines progressively in Pima Indians after onset of macroalbuminuria. The
rate of GFR loss in the Pima Indians is 13.8 mL/min/1.73 m2 per year compared with 3 to
5.3 mL/min/1.73 m2 per year in European populations with type 2 diabetes [14]. Given that
Pima Indians have larger glomeruli than Caucasians, a greater filtration surface area is lost
for each glomerulus that is lost to fibrosis, leading to a more rapid GFR decline [14]. Higher
baseline albuminuria predicts the change in GFR, whereas baseline GFR in those with
normoalbuminuria or microalbuminuria does not predict higher albumin excretion,
suggesting that enhanced transglomerular passage of protein, and not hyperfiltration,
progressively injures the glomeruli and determines DN progression [13]. Enhanced
transglomerular trafficking of protein may contribute to a progressive decline in GFR by
stimulating glomerular cells to produce extracellular matrix, which eventually obliterates the
glomerular capillaries [13]. Alternatively, exposure to high concentrations of proteins may
induce the production of proinflammatory and profibrotic factors by tubular cells, leading to
tubular atrophy and interstitial fibrosis [15]. Perhaps both mechanisms are involved in
progressive glomerular injury.

Glomerular structure
Podocyte injury appears to play an essential role in the development and progression of DN.
With glomerular hypertrophy that occurs with the onset of diabetes, the podocytes, which
have a limited to absent proliferative potential [16], extend their foot processes to maintain
coverage of the expanded glomerular basement membrane, a compensatory mechanism
believed to influence their functional integrity [17]. Sustained mechanical stress, increased
passage of plasma proteins across the glomerular filtration barrier, and glomerular
hypertension may ultimately lead to podocyte detachment. In Pima Indians,
microalbuminuria is associated with 20% and macroalbuminuria with 40% podocyte loss
relative to normal albuminuria [17]. Moreover, microalbuminuric individuals followed up
for 4 years had a 35% decline in the number of podocytes per glomerulus, and half of them
progressed to macroalbuminuria during follow-up [18]. Because lost podocytes are not
replaced, significant damage to the podocytes is a potential starting point for irreversible
glomerular injury.
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Risk Factors
In addition to elevated albuminuria and changes in hemodynamic function, several other risk
factors contribute to the development and progression of DN. These factors include, but are
not limited to, hyperglycemia, hypertension, diabetes duration, various intrauterine
exposures, and smoking. The greater burden of chronic kidney disease among American
Indians than in other populations may reflect the higher frequency of these risk factors.
Strong familial aggregation of DN suggests that genetic factors may play an important
etiologic role and may also be involved in the ethnic disparities in kidney disease frequency.
Several of the risk factors are particularly relevant to American Indians.

Genetics
Heredity is a major determinant of DN. Among Pima Indians, proteinuria occurred in 14%
of the diabetic offspring of diabetic parents if neither parent had proteinuria, in 23% if one
parent had proteinuria, and in 46% if both parents had proteinuria. Segregation analysis in
this population was consistent with a major genetic effect on DN prevalence after
accounting for duration of diabetes, suggesting that familial aggregation of DN may be
explained largely by the action of a single or a few genes [19]. In addition, DN in parents is
a risk factor for diabetes in the offspring, implying that parents with diabetes and DN may
have greater genetic susceptibility that increases the risk of diabetes in the offspring and the
risk of nephropathy once diabetes has developed [20]. Combining high-density single
nucleotide polymorphism microarrays with a pooled genomic DNA design in Pima Indians
with diabetes provided the first evidence supporting a potential role for variants in the PVT1
gene in susceptibility to ESKD [21•]. Although Pima Indians are not represented in the
HapMap, surveys of linkage disequilibrium in American Indian populations suggest that
they are similar to other non-Africans in this respect [22]. Replication of these results in
other populations will help to clarify the role of PVT1 variants in the development of ESKD
in diabetic patients.

The FIND, the largest DN genetic study to date, collected DNA and cell lines from
European American, African American, American Indian, and Hispanic American families
with ESKD or advanced DN. For all ethnicities combined, the strongest evidence for linkage
to DN was on chromosomes 7q21.3, 10p5.3, 14q23.1, and 18q22.3, to ACR was on
chromosomes 2q14.1, 7q21.1, and 15q26.3, and to GFR was on chromosomes 1q43, 7q36.1,
and 8q13.3. Additionally, the evidence for linkage was different among the different ethnic
groups, suggesting that the relative importance of these loci may differ across ethnic groups.
[23,24].

Intrauterine factors
Exposure to a diabetic intrauterine environment is a strong risk factor for kidney disease,
perhaps as a consequence of damage to the developing nephrons [25]. In Pima Indians, who
have a higher frequency of such exposure than in other populations, offspring of diabetic
mothers had nearly four times the odds of elevated albuminuria later in life than the
offspring of nondiabetic or prediabetic mothers. This association persisted even when
adjusted for the effects of parental hypertension and proteinuria. Evidence of increased
glomerular and tubular apoptosis in the offspring of diabetic mice may provide an
explanation for the reduced nephron mass postulated in the Pima Indians [26]. Tight
glycemic control from mid to late gestational periods may reduce the adverse effects of
maternal diabetes on kidney development [27].

A reduction in maternal fuels manifested by low birth weight is also associated with an
increased DN risk, presumably by reducing nephron formation [28]. Increasing evidence
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exists that individuals with reduced nephron endowment are prone to develop hypertension,
kidney failure, and CVD later in life.

Hyperglycemia
Hyperglycemia is a strong risk factor for the occurrence and progression of
microalbuminuria, but has a lesser impact on progression at more advanced stages of kidney
disease, at which hypertension, hypercholesterolemia, and genetic factors play a greater role
in shaping the outcome. In Pima Indians, 2-hour plasma glucose concentration, fasting
plasma glucose concentration, and hemoglobin A1c each predict elevated albuminuria,
defined as an ACR ≥ 30 mg/g, after adjusting for age, sex, and duration of diabetes [29].

Blood pressure
Hypertension is one of the most common comorbidities in patients with diabetes. The onset
of hypertension and macrovascular disease generally precedes DN in type 2 diabetes and is
often associated with obesity. A family history of hypertension increases the risk for
developing DN. In Pima Indians with type 2 diabetes, the prevalence of proteinuria was
similar if neither parent or only one parent had hypertension (8.9% and 9.4%, respectively),
but was significantly higher if both parents had hypertension (18.8%). When both parents
had hypertension, the odds for proteinuria in the offspring were two times that if only one
parent had hypertension. This association remained even when controlled for age, sex,
duration of diabetes, 2-hour postload plasma glucose concentration, mean arterial pressure,
and its treatment in the offspring and for diabetes in the parents [30]. In addition, higher
blood pressure before the onset of type 2 diabetes is related to a higher prevalence of
elevated albuminuria after the onset of diabetes, suggesting that blood pressure plays a
causal role in DN development [31].

Obesity
Obesity is a major risk factor for diabetes, hypertension, and CVD, which in turn increase
the risk for DN. The increasing prevalence of obesity in Pima Indian youth combined with a
nearly fourfold increase in the frequency of exposure to diabetes in utero has shifted the
onset of diabetes to younger ages [32]. Even though the proportion of youth developing
diabetes among the Pima Indians and in the general US population is small, the current
epidemic of obesity in this age group is already associated with an increasing incidence of
diabetes in childhood and adolescence [33].

Diabetes onset during youth leads to substantially increased ESKD rates in midlife [34•].
Duration-specific incidence rates of proteinuria were similar in Pima Indians with diabetes
onset before and after 20 years of age. By contrast, the frequency of retinopathy was lower
in youth-than adult-onset type 2 diabetes, suggesting that youth does not offer the same
protection from progressive DN as it does from diabetic retinopathy [35]. The age-sex–
adjusted incidence of diabetic ESKD in Pima Indians diagnosed with type 2 diabetes before
20 years of age was nearly five times as high as in those of the same age but with older-
onset diabetes. The longer duration of diabetes by middle age in those diagnosed during
childhood or adolescence largely accounted for the higher ESKD incidence (Fig. 1).
Although susceptibility to DN differs by ethnicity, the rise in childhood type 2 diabetes is
likely to increase the frequency of kidney disease. Furthermore, the higher DN rates in
young and middle-aged adults with youth-onset diabetes may contribute to a rise in
cardiovascular complications in these age groups. These complications have a significant
economic and public health impact because they will affect those with youth-onset diabetes
at the height of their productive years.
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Periodontal disease
Periodontal disease, a chronic infection of the tissue surrounding the teeth, is a frequent
complication of diabetes and is associated with systemic elevation of inflammatory
biomarkers and endothelial dysfunction. Severity of periodontitis and being edentulous
predict macroalbuminuria and ESKD in a dose-dependent manner among diabetic Pima
Indian adults [36]. Although experimental and epidemiologic studies suggest a link between
periodontal disease and chronic kidney disease, the mechanism by which periodontitis
impacts the kidneys remains to be elucidated. Moreover, the effect of periodontal disease
treatment in reducing the risk of kidney disease in persons with diabetes is not known.

Trends in DN
Recent data found that American Indians were the only group in the United States with a
significant decline in age-adjusted diabetic ESKD incidence despite their apparent
increasing diabetes prevalence [37]. Efficacious treatments and practices to reduce risk
factors for diabetic ESKD may have contributed to the decline [38]. Other ethnic groups
experienced a slower increase or a plateau in the incidence of diabetic ESKD. Perhaps
differences in access to care or physicians’ awareness of increased risk in minority
populations may, in part, explain this difference. Similarly, the decline in the age-sex–
adjusted incidence of ESKD among diabetic Pima Indians coincided with the introduction
and widespread use within this community of new hypoglycemic medicines and medicines
that block the renin-angiotensin system (RAS) [39]. The decline in diabetic ESKD incidence
in the Pima Indians occurred primarily in those ≥ 45 years old. The lack of decline in ESKD
in younger diabetic Pima Indians may be due to less aggressive management of DN in
younger patients or lower death rates from competing causes of death, such as CVD, or
both. Conversely, despite improvements in blood pressure, glycemic control, and cholesterol
control, the age-sex–adjusted incidence of proteinuria increased from 24.3 cases/1000
person-years in 1967 to 1978 to 38.9 cases/1000 person-years in 1991 to 2002. The
incidence of proteinuria remained largely unchanged, however, when those of similar
duration of diabetes were compared, indicating that the incidence increased because of an
increasing average duration of diabetes in the population [39]. Thus, newer DN treatments
may slow its progression but not its onset.

A substantial proportion of persons with diabetes and microalbuminuria spontaneously
regress to normoalbuminuria, implying that microalbuminuria may represent an initial phase
of dynamic and reversible kidney injury rather than the onset of an inevitable progression to
ESKD. The proportion of diabetic Pima Indians who regressed from microalbuminuria to
normoalbuminuria during a median follow-up of 2.4 years was 24%, whereas 19%
progressed to macroalbuminuria [40]. With more advanced kidney disease, fewer persons
regressed; most individuals with macroalbuminuria remained in this category (85%) at the
second ACR measurement, whereas 15% regressed to microalbuminuria or
normoalbuminuria [40]. Nevertheless, although past measurements predicted progression to
ESKD, they did not add to the predictive power when the current measurement was
considered. A low current ACR value is associated with good prognosis, regardless of
whether earlier values were higher, the same, or lower [40].

Treatment
Studies in the Pima Indians offer insight into the course and determinants of diabetic kidney
disease, but much less is known about the efficacy and safety of various treatments for
kidney disease in Pima Indians and in other American Indian populations, as they are often
not included in clinical trials. In this section, we review the management of diabetic kidney
disease based on studies conducted in other racial and ethnic groups.
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Glycemic control
The UKPDS [41] demonstrated that improved glycemic control significantly reduces the
risk of microvascular complications proportional to the level of control. Intensive treatment
reduced the risk of albuminuria by 35% in patients with newly diagnosed type 2 diabetes,
and was accompanied by a 67% reduction in the proportion of patients who had a doubling
in plasma creatinine, suggesting that treatment of hyperglycemia may slow progression of
established kidney disease.

Thiazolidinediones appear to reduce microalbuminuria and slow the progression of DN [42].
This reduction in albuminuria was associated with improved metabolic control and
decreased circulating adipocytokine levels (tumor necrosis factor-α, adiponectin, and free
fatty acids). However, long-term studies in a large patient population are necessary to
determine thiazolidinediones’ benefit in preventing DN.

ADVANCE, the world’s largest diabetes randomized clinical trial yet reported, enrolling
11,140 patients with type 2 diabetes, confirmed that achieving a mean hemoglobin A1c of
6.5% while not affecting the risk for CVD, significantly reduces the risk of nephropathy
[43]. Intensive treatment most significantly reduced the development of macroalbuminuria,
with no effect on the doubling of serum creatinine level, as reflected by only a slight trend
toward a reduction in kidney failure or death from kidney disease.

Hypoglycemia is a major concern for persons with decreased kidney function (chronic
kidney disease stages 3–5) because of impaired kidney clearance of insulin and some of the
oral hypoglycemic agents. In addition, gluconeogenesis decreases with reduced kidney
mass, potentially increasing the likelihood of hypoglycemia. Intensive glycemic control,
although not preventing further deterioration in kidney function in these patients, may still
prevent or slow the progression of retinopathy, neuropathy, and macrovascular disease and
therefore improve survival.

Blood pressure control
RAS inhibitors slow the increase in albumin excretion and delay the progression from
microalbuminuria to macroalbuminuria, thus reducing the incidence of albuminuria and
ESKD. These effects are secondary to blood pressure lowering and may also reflect blood
pressure–independent effects on the kidney [44]. By acting at the receptor level, angiotensin
receptor blockers (ARBs) provide more complete blockade of RAS than angiotensin-
converting enzyme (ACE) inhibitors, without potentiating bradykinins, which are thought to
mediate the ACE inhibitor–induced cough. The superiority of RAS inhibitors over other
antihypertensive agents is less well established in the primary prevention of kidney disease
in patients with type 2 diabetes [45]. A study of kidney biopsies in normotensive,
normoalbuminuric type 1 diabetic patients with normal GFR found no changes in
glomerular mesangial fractional volume or other structural characteristics and a similar
progression of DN with RAS inhibitors compared with placebo [46]. Although RAS
inhibitors reduced progression of retinopathy, the lack of benefit on kidney structural
outcomes suggests that they may not be similarly protective early in kidney disease, or that a
much longer treatment is required to attain measurable effects.

In patients with type 2 diabetes, normal kidney function, and hypertension, ACE inhibitors
decrease the incidence rate of microalbuminuria relative to nondihydropyridine calcium
channel blockers, suggesting that ACE inhibitors are the medication of choice for
controlling blood pressure in these patients [47].

In patients with type 2 diabetes and more advanced kidney disease (ie, macroalbuminuria
and reduced GFR), ARBs are more effective than other antihypertensive classes in reducing
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albuminuria and slowing progression of kidney disease [48]. Although similar studies are
not available for ACE inhibitors in persons with type 2 diabetes, ARBs appeared similar to
ACE inhibitors in their ability to reduce proteinuria [49]. The largest comparative
noninferiority trial to date showed no additional advantage from the combination of full
doses of ARB and ACE inhibitors compared with ACE inhibitors alone [50]. Moreover, the
combination regimen significantly increased the risk of renal dysfunction requiring dialysis.
When RAS inhibitors are used for extended periods of time, a reactive increase in plasma
renin occurs, which limits the benefit of RAS inhibitors on blood pressure and albuminuria.
The first trial of a direct inhibitor of renin found additional benefit in reducing albuminuria;
whether this additional blockade of RAS is superior to currently available agents in terms of
preventing the decline in kidney function and CVD outcomes is unknown [51].

Other interventions to reduce albuminuria include reducing dietary protein intake, cigarette
smoking cessation, and weight loss. Intensive multifactorial interventions, such as the
approach described in the Steno-2 study, should be the goal of therapy because growing
evidence exists for the long-term sustained benefits on microvascular and CVD outcomes of
this approach [52].

Conclusions
Over the past 43 years, the overall incidence of early DN increased in Pima Indians, largely
in response to the increasing duration of diabetes. The widespread use of newer medicines to
control blood pressure, reduce hyperglycemia, hyperlipidemia, and block the RAS has led to
improvements in these risk factors among diabetic Pima Indians and a slower progression to
ESKD. More recently, the same trends were observed in the overall American Indian
population. However, a continued increase in the incidence of type 2 diabetes in youth
threatens to reverse this trend. Given the extraordinary rate of diabetic kidney disease in
American Indians, future clinical trials of potential therapies should include these
populations to ensure that the efficacy of these therapies are assessed directly in the
populations that need them the most.
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Figure 1.
Cumulative incidence of diabetic end-stage kidney disease (ESKD) in Pima Indians with
type 2 diabetes. At any attained age, participants with youth-onset type 2 diabetes, defi ned
as onset of diabetes before 20 years of age, have a longer duration of diabetes, and thus a
higher risk of diabetic ESKD than those with older-onset diabetes mellitus. (Adapted from
Pavkov et al. [34•].)
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