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OBJECTIVEdPrevalence of insulin resistance is high in the American Indian population,
likely as a result of the high prevalence of obesity. This condition may be influential for clinical
outcomes such as cardiovascular disease (CVD) and decreased kidney function.

RESEARCHDESIGNANDMETHODSdNormal glucose tolerant (NGT) participants free
of hypertension and CVD at the baseline examination (1989–1992) (N = 964) of the Strong Heart
Study were selected to explore the cross-sectional association between insulin resistance quantified
by homeostasis model assessment (HOMA-IR) and demographic, behavioral, and cardiometabolic
variables. The longitudinal association between baseline HOMA-IR and the development of CVD
was also explored. The longitudinal association between baselineHOMA-IR and the development of
high urinary albumin-to-creatinine ratio was explored among nondiabetic participants (N = 1,401).

RESULTSdCross-sectionally, HOMA-IR was associated with sex, residence location, smok-
ing, and high-risk cardiometabolic profile. Prospectively, insulin resistance is associated with the
development of CVD and decreased kidney function in this population.

CONCLUSIONSdInsulin resistance may have an important role in the pathogenesis of CVD
and chronic kidney disease. Since obesity contributes to the development of insulin resistance,
intervention focusing on modifiable factors such as physical activity and weight control may
reduce the development of these diseases.
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Insulin resistance plays a major role in
the development of type 2 diabetes (1,2).
It has been reported as an indepen-

dent predictor of cardiovascular diseases
(CVDs), hypertension, and dyslipidemia

(3,4). It is also involved in the development
of polycystic ovary syndrome (5), nonalco-
holic fatty liver disease (6), and certain types
of cancer (7,8). The list of clinical condi-
tions associated with insulin resistance/

compensatory hyperinsulinemia is expand-
ing. With the increasing prevalence of in-
sulin resistance in the American population
(9), increased future burdens of associated
clinical conditions are predicted.

The American Indian population has
high prevalence of insulin resistance,
especially among the younger age-groups
compared with the general U.S. popula-
tion (10) (at ages 45–49 years metabolic
syndrome 44 and 57% among Strong
Heart Study [SHS] men and women, re-
spectively, vs. 20 and 23% among all men
and women in the Third National Health
and Nutrition Examination Survey
[NHANES III]). Understanding the clini-
cal outcomes of insulin resistance in this
unique population may assist in reducing
the burden of insulin resistance and re-
lated diseases in all Americans.

To the best of the authors’ knowledge,
there are few reports about the prospec-
tive association of insulin resistance and
the development of kidney dysfunction.
Also, the role of insulin resistance per se in
the development of CVD is less clear. Spe-
cifically, this analysis will study 1) pro-
spective associations between insulin
resistance quantified by homeostasis
model assessment (HOMA-IR) and inci-
dent CVD events and 2) prospective asso-
ciation between insulin resistance and
decreased kidney function measured by
increased urinary albumin-to-creatinine
ratio (UACR).

RESEARCH DESIGN AND
METHODSdThe SHS is a cohort
study of CVD in 13 American Indian
tribes/communities conducted in south-
western Oklahoma, central Arizona, and
North and South Dakota. Participants (n =
4,549) aged 45–74 years underwent base-
line examination from 1989 to 1992. The
design, survey methods, and laboratory
techniques were previously described
(11,12). After excluding those who were
hypertensive; who had diabetes, impaired
glucose tolerance, or impaired fasting
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glucose; and who had previous CVD at
the baseline examination, there was a total
of 964 participants in the analyses for
cross-sectional associations between
HOMA-IR and the baseline characteristics
and the prospective association between
HOMA-IR and incident CVD. The pro-
spective association between baseline
HOMA-IR and the incidence rate of high
UACR was studied among nondiabetic
participants who were free of decreased
kidney function defined by increased
UACR at the baseline exam (n = 1,401).
The Indian Health Service Institutional
Review Board, participating institutions’
institutional review boards, and the par-
ticipating tribes approved the study. In-
formed consent was obtained from all
participants.

During a personal interview, infor-
mation was collected on demographic
factors, medical history, medication use,
and personal health habits (physical
activity, smoking, and alcohol consump-
tion). A physical examination was con-
ducted in the morning, which included
collecting blood samples for laboratory
tests and a 75-g oral glucose tolerance
test. Anthropometric measurements were
performed, and sitting blood pressure
(first and fifth Korotkoff sounds) was
measured three times consecutively
using a standard mercury sphygmoma-
nometer (WA Baum) after a 5-min rest
(13). The average of the second and third
systolic and diastolic blood pressure
measurements was used in the analyses.
A random urine sample was obtained on
arrival to the clinic for measurement of
creatinine and albumin content. Urine
creatinine were measured by the picric
acid method (14). Urine albumin content
was measured by a sensitive, nephelomet-
ric technique (15).

Baseline insulin resistance was as-
sessed by HOMA-IR using the equation
[FI (mU/mL) 3 FG (mmol/L)]/22.5,
where FG is fasting glucose (16). It was
confirmed that in the SHS nondiabetic
population, HOMA-IR correlates well
with insulin sensitivity measured by the
Minimal Model (17).

Information on leisure-time and
occupation-related physical activities was
collected using a questionnaire that has
been validated in numerous populations,
including Pima Indians (18). The question-
naire assesses the combination of reported
leisure and occupational activity during
the past year as an estimate of ‘‘usual’’
activity levels. Total physical activity was
expressed as h/week or MET h/week.

One MET represents the energy expendi-
ture for an individual at rest, whereas
a 10-MET activity requires 10 times the
resting energy expenditure (19).

According to the Seventh Report of
the Joint National Committee on Preven-
tion, Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC 7)
criteria (20), hypertension was defined
as systolic blood pressure $140 mmHg,
diastolic blood pressure $90 mmHg, or
use of antihypertensive medications.

According to the 1998 Provisional
World Health Organization Report (21),
diabetes was defined as use of an oral hy-
poglucose agent or insulin, fasting glu-
cose $7.0 mmol/L, or postchallenge
glucose$11.1 mmol/L (75-g oral glucose
tolerance test). Impaired glucose toler-
ance was defined as fasting glucose
,7.0 mmol/L with postchallenge glucose
between 7.8 and 11.09mmol/L. Impaired
fasting glucose was defined as fasting glu-
cose between 6.1 and 6.9 mmol/L with
postchallenge glucose ,7.8 mmol/L.
Normal glucose tolerance was defined as
fasting glucose ,6.1 mmol/L with post-
challenge glucose ,7.8 mmol/L.

Outcome variables
Cardiovascular events. Incident CVD
events included fatal and nonfatal CVD
events that occurred between the baseline
examination and 31 December 2008.
Fatal CVD events included fatal myocar-
dial infarction, sudden death due to cor-
onary heart disease, other fatal coronary
heart disease, and fatal stroke. Deaths
occurring during this period of time
were confirmed through tribal and
Indian Health Service hospital records
and through direct contact with partici-
pants’ families or other informants by
study personnel, as reported previously
(11,12,22,23). Nonfatal CVD events in-
cluded definite myocardial infarction, cor-
onary heart disease, and stroke either
identified by participant contact and med-
ical record review or at the 2nd SHS ex-
amination in 1993–1995 and the 3rd SHS
examination in 1997–1999 (11,22,23).
During each examination, a 12-lead elec-
trocardiogram and medical history in-
cluding the Rose Questionnaire for
angina pectoris were obtained. The aver-
age follow-up time is 14 years. Mortality
follow-up data were available in 99.8%
of the participants, and morbidity follow-
up data were available in 99.2% of the
participants.
High UACR. High UACR was defined as
UACR $13.3 mg/g. This represents the

fourth quartile of UACR at the baseline
examination (1989–1992). A previous
SHS article indicated that high UACR
within the normal range is related to in-
creased CVD morbidity and mortality in
this population (24). Specifically, partic-
ipants with a UACR in the fourth quartile
had 72% greater risk of incident CVD
events and 199% greater risk of CVD
mortality than those with a UACR in the
lowest quartile. Nondiabetic participants
who were free of CVD and not in the
fourth quartile of UACR at the baseline
visit were in this analysis (n = 1,401).
The development of high UACR was re-
corded at the 2nd (1993–1995) and 3rd
(1997–1999) visits.

Statistical methods
Baseline behavioral, demographic, and
cardiometabolic variables including age,
sex, study location, physical activity dura-
tion per week, physical activity energy cost
per week measured by MET h, smoking,
waist circumference, systolic blood pres-
sure, diastolic blood pressure, LDL cho-
lesterol, HDL cholesterol, triglyceride, and
2-h glucose were presented by the quar-
tiles of baseline HOMA-IR. Generalized
linear model was used to test trends for
continuous variables, andMantel-Haenszel
x2 test was used to do trend analyses for
categorical variables. If the distribution of a
continuous variable was skewed (median
and lower and upper quartiles are presen-
ted), natural log-transformed values were
used in the generalized linear model. Two-
tailed P , 0.05 was considered to be sta-
tistically significant.

The incidence of CVD was calculated
by dividing the number of participants
who had CVD events by the end of 2008
by the total number of person-years of
follow-up for all eligible participants. In-
cidence of high UACR was calculated by
dividing the number of participants who
had high UACR by the end of the third
exam by the total number of person-years
of follow-up for all eligible participants
who were free of high UACR at the first
examination. The Cox proportional haz-
ards model was used to compute the
hazard ratios of respective events for
participants with different HOMA-IR lev-
els. All possible risk factors of CVD or
decreased kidney function reported from
previous studies were included in initial
models of these two outcomes. Then, a
stepwise elimination method with signif-
icant entry and stay level of 0.05 was
used to select factors that were signifi-
cantly associated with incident CVD or
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decreased kidney function. The results of
the initial models are described in the
text. The results of stepwise selected Cox
proportional hazards models are reported
in the Tables. For the association between
HOMA-IR and incident CVD events,
baseline age, sex, systolic and diastolic
blood pressure, LDL cholesterol, HDL
cholesterol, smoking, and micro- and
macroalbuminuria were included in the
initial Cox model as covariates (25,26).
For the association between HOMA-IR
and the development of decreased kidney
function, baseline UACR, age, sex, BMI,
smoking, and systolic and diastolic blood
pressure were included in the initial Cox
model as covariates (27,28).

RESULTS

Cross-sectional associations
At baseline exam, more women than men
had high HOMA-IR. HOMA-IR was
higher among participants residing in
Arizona than participants in Oklahoma
or the Dakotas. There are more past
smokers but fewer current smokers who
had high HOMA-IR. Physical activity

levels measured by duration or MET h
were not significantly different among
participants in different quartiles of
HOMA-IR. Except LDL cholesterol, all car-
diometabolic variables including waist cir-
cumference, systolic and diastolic blood
pressure, HDL cholesterol, triglyceride, and
2-h glucose became unfavorable with in-
creases of HOMA-IR (Table 1).

Incident CVD
In the Cox proportional hazards model
that included all possible risk factors, only
age, sex, LDL cholesterol, and smoking
were significantly associated with inci-
dent CVD events. After stepwise selection
of covariates, HOMA-IR level, sex, age,
LDL cholesterol, smoking, and albumin-
uria remained in the Cox proportional
hazardsmodel. The hazard ratio of incident
CVD increased as baseline HOMA-IR in-
creased and reached statistical significance
at the fourth quartile of HOMA-IR (1.8
[95% CI 1.2–2.8]) (Table 2).

Incident high UACR
In the initial model that included all
possible risk factors of decreased kidney

function, compared with participants in
the first quartile of HOMA-IR, those in the
fourth quartile of HOMA-IR had 1.4 times
higher risk of decreased kidney function
(hazard ratio 1.43 [95% CI 1.03–1.98],
P = 0.031). The other significant factors
are age, sex, and baseline UACR levels.
Baseline blood pressure levels, BMI, and
smoking status were not significantly re-
lated to the development of decreased
kidney function in this initial model. After
stepwise selection, baseline HOMA-IR,
UACR, age, and sex remained significant,
and no other factors were selected in the
model. Comparedwith participants in the
first quartile of HOMA-IR, those in the
fourth quartile of HOMA-IR have 1.5
times higher risk of decreased kidney
function (1.5 [1.19–2.02], P = 0.001)
(Table 3).

CONCLUSIONSdThis study demon-
strated that insulin resistance is related to
the development of decreased kidney
function measured by high UACR among
nondiabetic participants. To the best of
our knowledge, this is the first large
population-based prospective study to

Table 1dBaseline demographic, behavioral, and cardiometabolic variables according to insulin resistance level

Variables

HOMA-IR*

P for trend
analyses†

First quartile
(0–1.34)

Second quartile
(1.35–2.28)

Third quartile
(2.29–3.56)

Fourth quartile
($3.57)

n 241 241 241 241
Demographic variables
Age (years) 53.6 (7.4) 55.2 (8) 53.8 (7.9) 54 (7.2) 0.09
Women 45.6 52.1 60.6 54.4 0.02
Location
Arizona (n = 297) 17 17 28.9 37 ,0.001
Oklahoma (n = 536) 22.6 25.4 24.2 27.9
South Dakota (n = 687) 29.8 27.7 24.2 18.3

Behavioral variables
Physical activity duration (h/week) 19.1 (5.8–37.5) 18.5 (4.1–35) 14.3 (3.7–35.2) 18.5 (3.3–35.3) 0.08
Physical activity energy cost
(MET h/week) 79.5 (21–150.9) 73.8 (16.2–147.7) 58 (14.8–144.2) 74.1 (13.6–147.2) 0.1

Current smoking 63.5 57.4 42.9 36.5 ,0.001
Past smoking 17.7 21.5 30.8 32.4 ,0.001

Cardiometabolic variables
Waist (cm) 86.9 (9.7) 93.8 (10.2) 102 (12.2) 106.8 (12.3) ,0.001
Systolic blood pressure (mmHg) 112.8 (12) 115.4 (10.9) 116 (11.9) 119.8 (9.9) ,0.001
Diastolic blood pressure (mmHg) 71.4 (8.4) 72 (7.8) 73.2 (8.1) 75.7 (7.7) ,0.001
LDL cholesterol (mg/dL) 118 (35.2) 126.1 (35) 123.2 (34.2) 115.6 (27.6) 0.3
HDL cholesterol (mg/dL) 55.9 (16.7) 49.9 (14.9) 46.2 (12.9) 43 (10.8) ,0.001
Triglyceride (mg/dL) 71 (57–102) 102 (68–137) 104 (75–141) 118.5 (83–167.5) ,0.001
2-h glucose (mg/dL) 91.6 (24.3) 96.9 (22.4) 106.7 (21.2) 109.6 (21.1) ,0.001

Data are means (SD), percent, or median (quartile 1–quartile 3) unless otherwise indicated. *[FI (mU/mL) 3 FG (mmol/L)]/22.5. †Generalized linear models for
continuous variables and Mantel-Haenszel x2 test for categorical variables. If the distribution of continuous variables are skewed (median and lower and upper
quartiles are presented), natural log-transformed values are used in the generalized linear model.
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report this association. In this cohort
study, insulin resistance is also associated
with the development of incident CVD
events.

All possible CVD risk factors were
included in the initial Cox proportional
hazards model to explore the association
between HOMA-IR and incident CVD
events. While HOMA-IR remained in
the model after stepwise selection, HDL
cholesterol and blood pressure levels
were not. The prospective association
between insulin resistance and CVD was
only shown when HDL and blood pres-
sure were not included in themodel. HDL
cholesterol and blood pressure levels are
closely related to insulin resistance in this
and other populations (29). Insulin resis-
tance may increase the risk of CVD
through dyslipidemia and high blood
pressure. Similar mechanisms have been
proposed by other studies (30–32). The
success of Stop Atherosclerosis in Native
Patients with diabetes Study (33) pro-
vides some support for this point of
view. Further study in the SHS popula-
tion will give more insight into this topic.

Our findings of longitudinal associa-
tions between HOMA-IR and markers of
renal dysfunction are unique. There is a
small prospective study in 116 nondiabetic
Japanese Americans living in Hawaii dem-
onstrating that insulin resistance preceded
the development of albuminuria (34). An-
other study conducted in a Chinese pop-
ulation (n = 652) indicated that insulin

resistance is related to rapid decline in re-
nal function in the nondiabetic elderly
(35). Reports using NHANES III data
showed a cross-sectional association be-
tween insulin resistance and the presence
of chronic kidney disease (36). The mech-
anisms linking insulin resistance to de-
creased kidney function are not fully
understood. However, oxidative stress
and endothelial dysfunction related to in-
sulin resistance may cause glomeruloscle-
rosis or atherosclerosis-related kidney
damage (35,37). Hypertriglyceridemia
caused by insulin resistance may be a
risk factor for developing proteinuria
(31,38). Our findings from a large pro-
spective population study suggest that a
more aggressive approach to reduce insu-
lin resistance in high-risk individuals may
substantially lower the risk of chronic kid-
ney disease.

It is interesting to see that more
participants with high HOMA-IR levels
had stopped smoking compared with
those with lowHOMA-IR levels. A similar
situation has been previously reported in
participants with diabetes in this popula-
tion (39). In the previous report (39),
more diabetic participants stopped smok-
ing compared with those who did not
have diabetes. It is likely that participants
with high HOMA-IR had stopped smok-
ing because of their high-risk lipid profile
or other related medical conditions.

The strength of the study is the com-
plete collection of information related to

insulin resistance syndrome, the long
follow-up time, and systematic collection
of clinical outcomes. Limitations include
the lack of a direct measure of insulin
resistance and the fact that participants
were of middle age and older and thus the
earlier effects of insulin resistance could not
be analyzed.

It has been suggested that insulin
resistance is the link between obesity
and clinical outcomes (40). Our study
provides further evidence for this point
of view. Insulin resistance coexists or pre-
cedes many important clinical outcomes
in modern society. Though these clinical
outcomes could develop for reasons not
related to insulin resistance and those
with insulin resistance do not invariably
develop those abnormalities, we cannot
ignore the major contribution of insulin
resistance/compensatory hyperinsuline-
mia to the development of many chronic
diseases. It is reasonable to hypothesize
that insulin resistance/compensatory
hyperinsulinemia is a common patho-
physiological pathway leading to the de-
velopment of many chronic diseases.
Interventions that can ameliorate the cy-
cle of obesity and insulin resistance de-
serve serious effort to prevent CVD and
chronic kidney disease. Physical activity
and weight control, known to reduce
insulin resistance, are likely to bring sig-
nificant health benefits to popula-
tions with rising prevalence of insulin
resistance.

Table 2dCox proportional hazards model for incident CVD according to baseline quartiles of HOMA-IR*

N Person-years N events Events/1,000 person-years (95% CI) Hazard ratio† 95% CI

First quartile (0–1.34) 241 3,447.5 35 10.1 (6.7–13.5) 1.00 (Ref.)
Second quartile (1.35–2.28) 241 3,391.3 40 11.8 (8.1–15.5) 1.2 0.7–1.8
Third quartile (2.29–3.56) 241 3,575.6 32 8.9 (5.8–12.0) 1.2 0.7–1.9
Fourth quartile ($3.57) 241 3,525.2 49 13.9 (10–17.8) 1.8 1.2–2.8

*[FI (mU/mL)3 FG (mmol/L)]/22.5. †Risk factors included in the initial model are baseline HOMA-IR, age, sex, systolic and diastolic blood pressure, LDL cholesterol,
HDL cholesterol, smoking, and micro- and macroalbuminuria. After stepwise selection, HOMA-IR, sex, age, LDL cholesterol, smoking, and albuminuria remained in
the model. The results of the final model are presented here.

Table 3dCox proportional hazards model for incident high UACR (‡13.3 mg/g) according to baseline quartiles of HOMA-IR*

N Person-years N events Events/1,000 person-years (95% CI) Hazard ratio† 95% CI

First quartile (0–1.79) 351 2,407.9 99 41.1 (33.0–49.2) 1 (Ref.)
Second quartile (1.8–2.93) 350 2,342.8 111 47.4 (38.6–56.2) 1.2 0.9–1.6
Third quartile (2.94–4.69) 350 2,362.4 115 48.6 (39.7–57.5) 1.3 1–1.7
Fourth quartile ($4.70) 350 2,285.8 133 58.2 (48.3–68.1) 1.5 1.2–2.0

*[FI (mU/mL) 3 FG (mmol/L)]/22.5. †Risk factors included in the initial model were baseline UACR, age, sex, smoking, systolic and diastolic blood pressure, and
BMI. After stepwise selection, HOMA-IR level, sex, age, and baseline UACR remained in the model. The results of the final model are presented.
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