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The metabolic syndrome is a risk factor for the development of diabetes and cardiovascular disease; however, no prospective
studies have examined the metabolic syndrome as a risk factor for chronic kidney disease (CKD). A total of 10,096 nondiabetic
participants who were in the Atherosclerosis Risk in Communities study and had normal baseline kidney function composed
the study cohort. The metabolic syndrome was defined according to recent guidelines from the National Cholesterol Education
Program. Incident CKD was defined as an estimated GFR (eGFR) <60 ml/min per 1.73 m2 at study year 9 among those with
an eGFR >60 ml/min per 1.73 m2 at baseline. After 9 yr of follow-up, 691 (7%) participants developed CKD. The multivariable
adjusted odds ratio (OR) of developing CKD in participants with the metabolic syndrome was 1.43 (95% confidence interval
[CI], 1.18 to 1.73). Compared with participants with no traits of the metabolic syndrome, those with one, two, three, four, or
five traits of the metabolic syndrome had OR of CKD of 1.13 (95% CI, 0.89 to 1.45), 1.53 (95% CI, 1.18 to 1.98), 1.75 (95% CI, 1.32
to 2.33), 1.84 (95% CI, 1.27 to 2.67), and 2.45 (95% CI, 1.32 to 4.54), respectively. After adjusting for the subsequent development
of diabetes and hypertension during the 9 yr of follow-up, the OR of incident CKD among participants with the metabolic
syndrome was 1.24 (95% CI, 1.01 to 1.51). The metabolic syndrome is independently associated with an increased risk for
incident CKD in nondiabetic adults.
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T he metabolic syndrome, also known as the insulin re-
sistance syndrome, is characterized by abdominal obe-
sity, dyslipidemia, hypertension, and hyperglycemia

and is present in approximately 20% of US adults (1). Individ-
uals with the metabolic syndrome are at increased risk for
diabetes and cardiovascular disease (2), as well as cardiovas-
cular and all-cause mortality (3,4). The prevalence of chronic
kidney disease (CKD) is also rising, affecting approximately 8
million adults in the United States (5). Cross-sectional studies
have demonstrated a link between the metabolic syndrome and
CKD (6,7). However, whether the metabolic syndrome contrib-
utes to the development of CKD is unknown.

Diabetes is a major risk factor for the initiation and progres-
sion of CKD (8,9), and individuals with evidence of the meta-
bolic syndrome have a substantial risk for developing type 2
diabetes over time (2). Epidemiologic studies have linked the
metabolic syndrome with an increased risk for microalbumin-
uria, an early marker of kidney injury (7,10–13); few studies
have evaluated the relation between the metabolic syndrome
and CKD (6,7). These studies have been limited by cross-sec-
tional design, the inclusion of subjects with diabetes, and the

use of proxies of insulin resistance, rather than recently pro-
posed clinical criteria defining the metabolic syndrome (14). To
date, no prospective longitudinal studies have examined the
risk for CKD among individuals with the metabolic syndrome.
It remains unclear whether the syndrome is a cause or a con-
sequence of reduced kidney function and whether the associa-
tions are independent of diabetes.

To determine whether the metabolic syndrome was associ-
ated with the development of CKD, we examined data from a
large, community-based, prospective cohort of adults. We hy-
pothesized that among individuals with normal or near-normal
kidney function at baseline, the metabolic syndrome would be
associated with the development of CKD over time. Moreover,
we hypothesized that this association would be independent of
diabetes and hypertension, the leading causes of CKD in the
United States.

Materials and Methods
Study Population

The Atherosclerosis Risk in Communities (ARIC) Study is a prospec-
tive longitudinal study of cardiovascular disease risk factors (15). The
ARIC cohort consists of �15,000 black and white individuals aged 45 to
64 at study entry, sampled at random from four US communities:
Forsyth County, NC; Jackson, MS; Minneapolis, MN; and Washington
County, MD. Only black individuals were sampled in Jackson, MS.
Study participants were enrolled from 1987 to 1989 and then returned
for three follow-up visits at 3-yr intervals. The serum creatinine con-
centration was measured at visit 1 (baseline) and visit 4 (9 yr after
baseline). To better estimate kidney function, we calculated the esti-
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mated GFR (eGFR) using the abbreviated Modification of Diet in Renal
Disease (MDRD) study equation: 186 � serum creatinine (mg/dl)�1.154

� age�0.203 � (0.742 if female) � (1.212 if black) (16). We defined CKD
as an eGFR �60 ml/min per 1.73 m2. For the analyses described here,
we excluded participants with baseline CKD (n � 614) and baseline
diabetes (n � 1745), the latter defined as a fasting plasma glucose �126
mg/dl, self-reported diabetes, or the use of medications for diabetes.
We also excluded participants with missing data for components of the
metabolic syndrome (n � 224) and those without 9-yr follow-up serum
creatinine measurements (n � 3203), yielding an analytic cohort of
10,096 individuals.

Study Measurements
Demographic, anthropometric, and laboratory data were collected on

all participants at baseline and updated at each follow-up visit. Infor-
mation regarding age, race, gender, education, comorbidity, and life-
style factors was obtained by home interview. Coronary heart disease
was defined as a history of myocardial infarction or coronary revascu-
larization procedure. Regular physical activity was defined as at least
one physical activity for at least 1 hr per week for 10 mo or more per
year (17). BP was measured using a random-zero sphygmomanometer
after the participant had been seated for 5 min, and the average of two
measurements was recorded. Circumferential measurements of the
waist measured at the umbilicus were performed with the participant
standing and rounded to the nearest centimeter. Fasting blood speci-
mens were used for measurement of lipids, glucose, and insulin levels.
Lipids were measured by enzymatic assay (18), and insulin levels were
measured by RIA (125Insulin Kit; Cambridge Medical Diagnostics, Bil-
lerica, MA). Insulin resistance was assessed using the Homeostasis
Model Assessment (HOMA): Fasting serum insulin (�U/ml) � fasting

plasma glucose (mg/dl)/405 (19). Serum creatinine was measured
using a modified kinetic Jaffe method and indirectly calibrated for
variance between ARIC measurements and those of the MDRD clinical
laboratories (20).

Definition of the Metabolic Syndrome and Incident CKD
We defined the metabolic syndrome as three or more of the following

criteria, according to the National Cholesterol Education Program
Third Adult Treatment Panel guidelines (14): (1) waist measurement
�88 cm for women or �102 cm for men, (2) triglycerides �150 mg/dl,
(3) HDL cholesterol �50 mg/dl for women or �40 mg/dl for men, (4)
BP �130/�85 mmHg or the use of BP medications, and (5) fasting
glucose �110 mg/dl. Because some authorities have recently advo-
cated for lowering the threshold used to define impaired fasting glu-
cose to �100 mg/dl (21), we explored this alternate definition of the
metabolic syndrome in secondary analyses.

We defined incident CKD as an eGFR �60 ml/min per 1.73 m2 at
study year 9 after an eGFR �60 ml/min per 1.73 m2 at baseline. In
secondary analyses, we used gender-specific serum creatinine cutoffs
(for men, serum creatinine �1.5 mg/dl; for women, serum creatinine
�1.2 mg/dl) to define incident CKD.

Statistical Analyses
Continuous variables were expressed as mean � SD and compared

using t test. Categorical variables were expressed as a percentage and
compared using the �2 test. We used logistic regression to determine
the odds ratio (OR) of CKD as a function of the metabolic syndrome.
First, we conducted unadjusted analyses using the number of metabolic
syndrome traits or the presence/absence of the metabolic syndrome

Table 1. Baseline characteristics of study participants by presence of the metabolic syndromea

Characteristic Metabolic Syndrome Absent
(n � 7986)

Metabolic Syndrome Present
(n � 2110) P Value

Age (yr) 53.5 � 5.7 54.5 � 5.5 �0.001
Male (%) 44 45 0.66
Black (%) 20 21 0.73
Education �12 yr (%) 83 77 �0.001
Alcohol use, current (%) 62 55 �0.001
Tobacco use, current (%) 22 23 0.50
Coronary heart disease (%) 3 4 0.002
Regular physical activity (%) 15 13 0.002
BMI (kg/m2) 26.2 � 4.5 30.6 � 5.0 �0.001
Waist circumference (cm) 92.8 � 12.1 105.5 � 11.3 �0.001
Systolic BP (mmHg) 116.5 � 16.0 127.0 � 17.9 �0.001
Diastolic BP (mmHg) 71.9 � 10.4 76.9 � 10.7 �0.001
Glucose (mg/dl) 96.9 � 8.4 104.5 � 10.4 �0.001
Insulin (�U/ml) 8.9 � 6.2 16.9 � 10.7 �0.001
HOMA-insulin resistance 1.8 (1.2 to 2.7) 3.7 (2.5 to 5.5) �0.001
Cholesterol (mg/dl) 211.5 � 39.0 221.5 � 43.9 �0.001
Triglycerides (mg/dl) 105.1 � 52.7 192.5 � 100.3 �0.001
HDL (mg/dl) 56.1 � 16.8 40.4 � 10.8 �0.001
LDL (mg/dl) 134.5 � 37.3 144.4 � 39.7 �0.001
Creatinine (mg/dl) 0.8 � 0.2 0.9 � 0.2 0.01
eGFR (ml/min per 1.73 m2) 93.2 � 19.0 91.9 � 19.1 0.006
aResults are expressed as means � SD or, for HOMA-insulin resistance, median (interquartile range). BMI, body mass

index; HOMA, Homeostasis Model Assessment; eGFR, estimated GFR.
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(three or more traits) as the independent variable. Next, we adjusted for
demographic factors: Age, gender, and race. In multivariable models, we
included variables that might confound the relation between the metabolic
syndrome and CKD: Education, body mass index (BMI), current alcohol
and tobacco use, prevalent coronary heart disease, and physical activity.
We also examined the OR of CKD using as dependent variables the
quintiles of HOMA-insulin resistance or fasting insulin. We checked for
effect modification of the metabolic syndrome–CKD relation by including
interaction terms for age, gender, and race. We used similar procedures to
evaluate the OR of CKD for each component of the metabolic syndrome.
Because hypertension is a risk factor for CKD, we examined whether
exclusion of participants with baseline hypertension changed the effect
estimates. Finally, we fit additional models adjusting for incident diabetes
and hypertension during the 9-yr follow-up to explore whether these
factors fully explained any association that might have been demonstrated
between the metabolic syndrome and CKD. We considered two-tailed P �

0.05 as statistically significant. We used SAS Version 8.2 (Cary, NC) for all
statistical analyses.

Results
Of the 10,096 participants included in the analytic cohort, the

mean age was 53.7 � 5.6 yr, 44% were male, and 20% were
black. Participants who did not have follow-up serum creati-
nine measurements were on average 1 yr older (P � 0.001) and
had an eGFR approximately 3 ml/min per 1.73 m2 higher (P �

0.001) than those who were included in the analytic cohort.
Those who were excluded from the analytic cohort were also
more likely to be male and black and to meet criteria for the
metabolic syndrome (P � 0.001 for all).

Twenty-one percent of participants in the analytic cohort (n �

2110) met criteria for the metabolic syndrome at the initial visit
(Table 1). In contrast to participants without the metabolic syn-
drome, those with the metabolic syndrome were slightly older,
more likely to have coronary heart disease, and less likely to use
alcohol or have regular physical activity. As expected, BP, glucose,
insulin, and lipid measurements were significantly different be-
tween the two groups. In addition, baseline eGFR was slightly
higher for those with the metabolic syndrome.

The frequency of each trait of the metabolic syndrome differed
significantly by gender and race (Figure 1). For example, women
were more likely to have abdominal obesity, whereas men had a
higher frequency of dyslipidemia and hyperglycemia (P � 0.001
for all). Blacks had a higher frequency of abdominal obesity,
hypertension, and hyperglycemia, whereas lipid abnormalities
were more common among whites (P � 0.001 for all).

Seven percent (n � 691) of the analytic cohort developed CKD
after 9 yr of follow-up. In unadjusted analyses, the metabolic
syndrome was associated with a significantly increased risk for
CKD (OR, 1.69; 95% CI, 1.42 to 2.00; Table 2). The risk did not
substantially differ by gender or race (interaction terms NS). The
risk for CKD varied modestly by age (P � 0.04 for interaction),
such that those who were older than 60 yr had a slightly greater
risk for CKD (OR, 1.74; 95% CI, 1.35 to 2.50) than those who were
younger than 60 yr (relative risk [RR], 1.49; 95% CI, 1.17 to 1.89).
After adjustment for demographic factors and additional adjust-
ment for education, BMI, coronary heart disease, and lifestyle
factors, the increased risk for CKD (OR, 1.43; 95% CI, 1.18 to 1.73)
remained significant. The results were not changed after further

adjustment for the use of angiotensin-converting enzyme inhibi-
tors at baseline (OR, 1.41; 95% CI, 1.16 to 1.71). Exclusion of BMI,
which is closely associated with the metabolic syndrome, from the
multivariable models did not appreciably change the effect esti-
mates presented here. Similarly, when we used the lower glucose
cutoff (fasting glucose �100 mg/dl) to define impaired fasting
glucose, the association was not changed (OR, 1.49; 95% CI, 1.28 to
1.74). The increased risk for CKD was observed even among the
372 individuals with the metabolic syndrome and normal BP (RR,
1.46; 95% CI, 1.08 to 1.97). We performed companion analyses
using gender-specific serum creatinine cutoffs to define CKD
rather than eGFR. Using this alternate definition, the results were
effectively unchanged. The metabolic syndrome remained signif-
icantly associated with an increased risk for incident CKD (OR,
1.60; 95% CI, 1.11 to 2.30).

We then assessed whether the association between the meta-
bolic syndrome and CKD was related to the number of metabolic
syndrome traits. The prevalence of zero, one, two, three, four, or
five traits of the metabolic syndrome was 26, 30, 23, 15, 5, and 1%,
respectively (Figure 2). Relative to those with no traits of the
metabolic syndrome, there was a significant, stepwise increase in
the risk for CKD with each additional trait. After adjustment for
potential confounding factors, there remained a significant in-
creased risk for CKD for those with two or more traits of the
metabolic syndrome (Table 3). There was a significant step-up in
risk for those who met all five criteria, with an almost 2.5-fold

Figure 1. Frequency of metabolic syndrome traits by gender.
TG, triglycerides; HTN, hypertension. Frequency of metabolic
syndrome traits by race.
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increased risk for CKD (OR, 2.45; 95% CI, 1.32 to 4.54). A similar
pattern was observed between HOMA-insulin resistance and the
risk for CKD (Table 4). After adjustment for demographics and
other confounders, those in the highest quintile of HOMA-insulin
resistance had a 70% increased risk for CKD (OR, 1.70; 95% CI,
1.26 to 2.30). Almost identical results were seen among quintiles of
fasting insulin and the risk for CKD. For example, for those in the
highest quintile of fasting insulin (�14 �U/ml), the OR was 1.86
(95% CI, 1.39 to 2.48).

We also examined the association of individual traits of the
metabolic syndrome and the risk for CKD. With the exception of
impaired fasting glucose, each trait of the metabolic syndrome
was associated with a significantly increased risk for CKD (Table
5). Although the prevalence of several traits differed by gender
and race, these characteristics did not substantially modify the
association between each trait and the risk for CKD. For example,
although obesity was more common in women and hypertension
was more common in blacks, the risk for CKD associated with
these traits was not different by gender and race, respectively.

To explore whether the risk for CKD in individuals with the
metabolic syndrome was mediated by the subsequent develop-
ment of diabetes or hypertension, we fit additional models adjust-
ing for incident diabetes and hypertension at follow-up (note:
individuals with baseline diabetes were excluded from the analy-
sis). Over 9 yr of follow-up, 10% of the cohort developed incident
diabetes and 19% developed hypertension. After inclusion of in-

cident diabetes and hypertension, the association between the
metabolic syndrome and incident CKD remained statistically sig-
nificant (RR, 1.24; 95% CI, 1.01 to 1.51). We also compared baseline
and follow-up BP measurements stratified by the presence of
hypertension to explore whether the difference in CKD incidence
might be explained by differences in BP over time. Among those
without baseline hypertension, baseline mean systolic BP (116
versus 112 mmHg) and mean diastolic BP (71 versus 69 mmHg)
were significantly higher in individuals with the metabolic syn-
drome (P � 0.0001 for both comparisons). After 9 yr of follow-up,
mean systolic BP (125 versus 122 mmHg) was significantly higher
in individuals with the metabolic syndrome (P � 0.001), although
mean diastolic BP (69 versus 70 mmHg) was not (P � 0.47). Among
those with baseline hypertension, baseline and follow-up BP mea-
surements did not differ by the presence or absence of the meta-
bolic syndrome.

Discussion
Although individual components of the metabolic syndrome

have been implicated in the development or progression of
CKD, few studies have examined the joint effect of these com-
monly observed clinical traits. Several cross-sectional studies
have noted an association between the metabolic syndrome,
defined by recent guidelines, or proxy measures of insulin
resistance and microalbuminuria in individuals with and with-
out diabetes (7,10–13). Two studies previously examined the
association between the metabolic syndrome and CKD, both
using data from the Third National Health and Nutrition Ex-
amination Survey (NHANES III). In a cross-sectional analysis
of nondiabetic adults in NHANES III, Chen et al. (6) demon-
strated correlations among insulin resistance, hyperinsulin-
emia, and the prevalence of CKD. These authors also reported
a 2.6-fold increased prevalence of CKD among adults in
NHANES III with the metabolic syndrome using the clinical
definition used here (7).

Using data from participants in the ARIC Study, a large, pro-
spective, community-based cohort, we demonstrated that the met-
abolic syndrome, absent diabetes, is associated with an increased
risk for incident CKD, defined as progression to eGFR �60 ml/min
per 1.73 m2 over a 9-yr period. The risk was independent of
potential confounding factors such as age, gender, race, education,
BMI, alcohol and tobacco use, coronary heart disease, and physical
activity. There were graded relations among the number of clinical

Table 2. OR of developing CKD over 9 years of follow-up by presence or absence of the metabolic syndromea

CKD (n �%�) OR (95% CI)

Metabolic
Syndrome

Absent

Metabolic
Syndrome

Present
Unadjusted Age, Gender, and

Race Adjusted
Multivariable

Adjusted

eGFR �60 ml/min per 1.73 m2 484 (6%) 207 (10%) 1.69 (1.42 to 2.00) 1.53 (1.29 to 1.82) 1.43 (1.18 to 1.73)
Elevated serum creatinine 104 (1%) 52 (3%) 1.92 (1.37 to 2.68) 1.83 (1.30 to 2.57) 1.60 (1.11 to 2.30)

aElevated serum creatinine for men �1.5 mg/dl and for women �1.2 mg/dl. Multivariable models adjusted for age,
gender, race, education, BMI, alcohol and tobacco use, coronary heart disease, and physical activity. For eGFR model, LR �2 �
406.5, P � 0.001. For serum creatinine model, LR �2 � 115.6, P � 0.001. OR, odds ratio; CKD, chronic kidney disease; CI,
confidence interval.

Figure 2. Distribution of metabolic syndrome traits in study
participants.
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traits of the metabolic syndrome, HOMA-insulin resistance, and
fasting insulin levels and the risk for CKD, suggesting a patho-
physiologic basis for these findings. Moreover, the increased risk
for CKD was evident even after adjusting for hypertension (a
potential cause and consequence of kidney disease) and incident
diabetes, another known mediator of CKD. In sum, these findings
suggest that the metabolic syndrome directly contributes to the
development of CKD.

The difference in risk reported in our study and a previous
cross-sectional study (7) may reflect several factors, including
confounding by the inclusion of individuals with diabetes and
the degree to which reduced kidney function may be a cause of
insulin resistance. Nevertheless, because the metabolic syn-
drome is present in a considerable fraction of the nondiabetic

adult population (22), this study identifies a large, previously
not well-recognized segment of the population for whom CKD
risk reduction efforts may be beneficial.

The mechanisms of hypertensive and diabetic injury leading
to CKD have been well described (23–25). In this study, the
association between the metabolic syndrome and CKD in non-
diabetic individuals remained robust even after accounting for
the subsequent development of diabetes and hypertension,
suggesting that the risk for CKD is not solely attributable to
these conditions. Obesity is implicated in the development focal
segmental glomerulosclerosis and glomerulomegaly (26,27)
and has also been associated with an increased risk for ESRD in
some but not all studies (28,29). Several lines of evidence sug-
gest that dyslipidemia may be an important factor in the de-

Table 3. OR of developing CKD over 9 years of follow-up by number of metabolic syndrome traitsa

No. of Traits Unadjusted RR
(95% CI)

Age-, Gender-, and
Race-Adjusted RR

(95% CI)

Multivariable-
Adjusted RR

(95% CI)

0 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
1 1.31 (1.03 to 1.65) 1.16 (0.91 to 1.47) 1.13 (0.89 to 1.45)
2 1.75 (1.39 to 2.22) 1.62 (1.28 to 2.06) 1.53 (1.18 to 1.98)
3 2.13 (1.66 to 2.74) 1.83 (1.42 to 2.37) 1.75 (1.32 to 2.33)
4 2.33 (1.67 to 3.25) 1.93 (1.37 to 2.71) 1.84 (1.27 to 2.67)
5 3.36 (1.89 to 5.97) 2.69 (1.49 to 4.85) 2.45 (1.32 to 4.54)

aMultivariable model adjusted for age, gender, race, education, BMI, ethanol and tobacco use, coronary heart disease, and
physical activity. Model LR �2 � 419.1, P � 0.001.

Table 4. OR of developing CKD over 9 years of follow-up by quintile of HOMA-insulin resistancea

HOMA-Insulin Resistance
Quintile

Unadjusted RR
(95% CI)

Age-, Gender-, and
Race-Adjusted RR

(95% CI)

Multivariable-
Adjusted RR

(95% CI)

Quintile 1 (�1.2) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)
Quintile 2 (1.2 to 1.7) 1.25 (0.95 to 1.64) 1.19 (0.90 to 1.57) 1.17 (0.88 to 1.54)
Quintile 3 (1.8 to 2.4) 1.52 (1.17 to 1.97) 1.48 (1.14 to 1.94) 1.42 (1.08 to 1.87)
Quintile 4 (2.5 to 3.6) 1.50 (1.15 to 1.95) 1.44 (1.10 to 1.88) 1.35 (1.02 to 1.80)
Quintile 5 (�3.6) 1.87 (1.45 to 2.41) 1.91 (1.47 to 2.49) 1.70 (1.26 to 2.30)

aMultivariable model adjusted for age, gender, race, education, BMI, ethanol and tobacco use, coronary heart disease, and
physical activity. Model LR �2 � 407.7, P � 0.001.

Table 5. OR of developing CKD (eGFR �60 ml/min per 1.73 m2) over 9 years of follow-up by individual
metabolic syndrome traits

Metabolic Syndrome Trait

CKD (n �%�) OR (95% CI)

Trait Absent Trait Present Unadjusted Age, Gender, and
Race Adjusted

Abdominal obesity 336 (6%) 355 (8%) 1.27 (1.09 to 1.48) 1.18 (1.00 to 1.40)
Elevated triglycerides 471 (6%) 220 (9%) 1.48 (1.25 to 1.74) 1.34 (1.12 to 1.59)
Low HDL 421 (6%) 270 (8%) 1.19 (1.02 to 1.40) 1.27 (1.08 to 1.49)
Hypertension 370 (5%) 319 (11%) 2.19 (1.87 to 1.56) 1.99 (1.69 to 2.35)
Impaired fasting glucose 603 (7%) 88 (8%) 1.17 (0.93 to 1.48) 1.11 (0.87 to 1.40)
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velopment and progression of CKD. Observational data and a
recent meta-analysis suggest that elevated triglycerides and
low HDL are independent risk factors for the development or
acceleration of CKD and that the use of statins may slow CKD
progression (30–34). Others have speculated a direct role for
insulin resistance and hyperinsulinemia (35), inflammation re-
sulting from lipotoxicity (36,37), reduced nephron number, and
increased excretory load (38,39).

This study has several strengths, including the large, com-
munity-based biracial sample, long duration of follow-up, ex-
clusion of individuals with diabetes, adjustment for a number
of potential confounding factors, and the use of a clinically
meaningful end point (eGFR � 60 ml/min per 1.73 m2) rather
than a surrogate marker of kidney injury. Nevertheless, several
limitations may affect the interpretation of these results. We
excluded individuals without follow-up serum creatinine mea-
surements. Because these individuals were older and more
likely to have the metabolic syndrome, exclusion of these indi-
viduals would be expected to bias the study results toward the
null. We did not have measurements of urinary protein excre-
tion; thus, some of the individuals who were included in the
analytic cohort may have had incipient kidney disease with
normal kidney function. Early effects of the metabolic syn-
drome may include an increase rather than decrease in GFR,
owing to the effects of insulin and IGF-1, which promote glo-
merular hyperfiltration (40,41). To the degree that proteinuria
leads to CKD independent of the metabolic syndrome, the
results presented here may have overestimated the risks asso-
ciated with the metabolic syndrome. However, as with hyper-
tension (or more so), proteinuria is more likely a consequence
rather than a cause of CKD. We used eGFR rather than directly
measured GFR to define CKD. Differential misclassification of
individuals with borderline CKD also may have resulted in
biased estimates. However, when we used gender-specific se-
rum creatinine cutoffs rather than eGFR to define CKD, the
results were unchanged, suggesting that the findings presented
here are robust. The current definition of the metabolic syn-
drome gives equal weight to each trait, an assumption that may
not necessarily be valid, because each trait may not contribute
equally to the risk for CKD (as suggested in Table 5). Although
we accounted for differences in the prevalence of hypertension
at baseline and follow-up and conducted secondary analyses in
which individuals with baseline and incident hypertension
were excluded, we cannot rule out the possibility that subtle
differences in BP over time may have contributed to CKD risk.
Finally, our findings do not rule out the possibility that the
metabolic syndrome is a marker and not a causative factor in
the development of CKD. Interventional studies that target the
components of the metabolic syndrome are needed to clarify
these putative mechanisms of kidney injury.

In summary, we found that nondiabetic adults with the
metabolic syndrome had an increased risk for developing CKD
over 9 yr of follow-up, independent of baseline confounding
factors and the subsequent development of diabetes and hy-
pertension. Future studies should address whether weight re-
duction, exercise, and other measures to increase insulin sensi-
tivity, as well as interventions that directly target biochemical

components of the metabolic syndrome, may reduce the risk for
CKD in these individuals.

Acknowledgments
M.K. was supported by the ASN-ASP-Junior Development award in

Geriatric Nephrology, funded through Atlantic Philanthropies, the
American Society of Nephrology, and the John A. Hartford Foundation.
J.C.L. was supported by National Institutes of Health–National Insti-
tute of Neurological Disorders and Stroke Grant K12 AR47659. G.M.C.
was supported by National Institutes of Health–National Institute of
Diabetes and Digestive and Kidney Diseases Grants RO1 DK58411,
RO1 DK01005, and Contract DK02450.

The ARIC Study is conducted and supported by the National Heart,
Lung, and Blood Institute (NHLBI) in collaboration with the ARIC
Study Investigators. This manuscript was not prepared in collaboration
with the investigators of the ARIC Study and does not necessarily
reflect the opinions or views of the ARIC Study or the NHLBI.

References
1. Ford ES, Giles WH, Dietz WH: Prevalence of the metabolic

syndrome among US adults: Findings from the third Na-
tional Health and Nutrition Examination Survey. JAMA
287: 356–359, 2002

2. Laaksonen DE, Lakka HM, Niskanen LK, Kaplan GA, Sa-
lonen JT, Lakka TA: Metabolic syndrome and development
of diabetes mellitus: Application and validation of recently
suggested definitions of the metabolic syndrome in a pro-
spective cohort study. Am J Epidemiol 156: 1070–1077, 2002

3. Trevisan M, Liu J, Bahsas FB, Menotti A: Syndrome X and
mortality: A population-based study. Risk Factor and Life
Expectancy Research Group. Am J Epidemiol 148: 958–966,
1998

4. Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK, Kum-
pusalo E, Tuomilehto J, Salonen JT: The metabolic syn-
drome and total and cardiovascular disease mortality in
middle-aged men. JAMA 288: 2709–2716, 2002

5. Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS:
Prevalence of chronic kidney disease and decreased kidney
function in the adult US population: Third National Health
and Nutrition Examination Survey. Am J Kidney Dis 41:
1–12, 2003

6. Chen J, Muntner P, Hamm LL, Fonseca V, Batuman V,
Whelton PK, He J: Insulin resistance and risk of chronic
kidney disease in nondiabetic US adults. J Am Soc Nephrol
14: 469–477, 2003

7. Chen J, Muntner P, Hamm LL, Jones DW, Batuman V,
Fonseca V, Whelton PK, He J: The metabolic syndrome and
chronic kidney disease in U.S. adults. Ann Intern Med 140:
167–174, 2004

8. Humphrey LL, Ballard DJ, Frohnert PP, Chu CP, O’Fallon
WM, Palumbo PJ: Chronic renal failure in non-insulin-
dependent diabetes mellitus. A population-based study in
Rochester, Minnesota. Ann Intern Med 111: 788–796, 1989

9. Brancati FL, Whelton PK, Randall BL, Neaton JD, Stamler
J, Klag MJ: Risk of end-stage renal disease in diabetes
mellitus: A prospective cohort study of men screened for
MRFIT. Multiple Risk Factor Intervention Trial. JAMA 278:
2069–2074, 1997

10. Mykkanen L, Zaccaro DJ, Wagenknecht LE, Robbins DC,
Gabriel M, Haffner SM: Microalbuminuria is associated

6 Journal of the American Society of Nephrology J Am Soc Nephrol 16: ???–???, 2005



with insulin resistance in nondiabetic subjects: The insulin
resistance atherosclerosis study. Diabetes 47: 793–800, 1998

11. Hoehner CM, Greenlund KJ, Rith-Najarian S, Casper ML,
McClellan WM: Association of the insulin resistance syn-
drome and microalbuminuria among nondiabetic native
Americans. The Inter-Tribal Heart Project. J Am Soc Nephrol
13: 1626–1634, 2002

12. Palaniappan L, Carnethon M, Fortmann SP: Association
between microalbuminuria and the metabolic syndrome:
NHANES III. Am J Hypertens 16: 952–958, 2003

13. Fujikawa R, Okubo M, Egusa G, Kohno N: Insulin resis-
tance precedes the appearance of albuminuria in non-dia-
betic subjects: 6 years follow up study. Diabetes Res Clin
Pract 53: 99–106, 2001

14. Executive Summary of The Third Report of The National
Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cho-
lesterol in Adults (Adult Treatment Panel III). JAMA 285:
2486–2497, 2001

15. The Atherosclerosis Risk in Communities (ARIC) Study:
Design and objectives. The ARIC investigators. Am J Epi-
demiol 129: 687–702, 1989

16. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D:
A more accurate method to estimate glomerular filtration
rate from serum creatinine: A new prediction equation.
Modification of Diet in Renal Disease Study Group. Ann
Intern Med 130: 461–470, 1999

17. Pereira MA, Folsom AR, McGovern PG, Carpenter M,
Arnett DK, Liao D, Szklo M, Hutchinson RG: Physical
activity and incident hypertension in black and white
adults: The Atherosclerosis Risk in Communities Study.
Prev Med 28: 304–312, 1999

18. Papp AC, Hatzakis H, Bracey A, Wu KK: ARIC hemostasis
study—I. Development of a blood collection and process-
ing system suitable for multicenter hemostatic studies.
Thromb Haemost 61: 15–19, 1989

19. Matthews DR, Hosker JP, Rudenski AS, Naylor BA,
Treacher DF, Turner RC: Homeostasis model assessment:
Insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabe-
tologia 28: 412–419, 1985

20. Eckfeldt JH, Chambless LE, Shen YL: Short-term, within-
person variability in clinical chemistry test results. Experi-
ence from the Atherosclerosis Risk in Communities Study.
Arch Pathol Lab Med 118: 496–500, 1994

21. Diagnosis and classification of diabetes mellitus. Diabetes
Care 27[Suppl 1]: S5–S10, 2004

22. Ford ES, Giles WH: A comparison of the prevalence of the
metabolic syndrome using two proposed definitions. Dia-
betes Care 26: 575–581, 2003

23. Zatz R, Dunn BR, Meyer TW, Anderson S, Rennke HG,
Brenner BM: Prevention of diabetic glomerulopathy by
pharmacological amelioration of glomerular capillary hy-
pertension. J Clin Invest 77: 1925–1930, 1986

24. Cooper ME: Pathogenesis, prevention, and treatment of
diabetic nephropathy. Lancet 352: 213–219, 1998

25. Whelton PK, Perneger TV, He J, Klag MJ: The role of blood
pressure as a risk factor for renal disease: A review of the
epidemiologic evidence. J Hum Hypertens 10: 683–689, 1996

26. Weisinger JR, Kempson RL, Eldridge FL, Swenson RS: The
nephrotic syndrome: A complication of massive obesity.
Ann Intern Med 81: 440–447, 1974

27. Verani RR: Obesity-associated focal segmental glomerulo-
sclerosis: Pathological features of the lesion and relation-
ship with cardiomegaly and hyperlipidemia. Am J Kidney
Dis 20: 629–634, 1992

28. Iseki K, Ikemiya Y, Kinjo K, Inoue T, Iseki C, Takishita S:
Body mass index and the risk of development of end-stage
renal disease in a screened cohort. Kidney Int 65: 1870–
1876, 2004

29. Kopple JD, Greene T, Chumlea WC, Hollinger D, Maroni
BJ, Merrill D, Scherch LK, Schulman G, Wang SR, Zimmer
GS: Relationship between nutritional status and the glo-
merular filtration rate: Results from the MDRD study.
Kidney Int 57: 1688–1703, 2000

30. Manttari M, Tiula E, Alikoski T, Manninen V: Effects of
hypertension and dyslipidemia on the decline in renal
function. Hypertension 26: 670–675, 1995

31. Hunsicker LG, Adler S, Caggiula A, England BK, Greene T,
Kusek JW, Rogers NL, Teschan PE: Predictors of the pro-
gression of renal disease in the Modification of Diet in
Renal Disease Study. Kidney Int 51: 1908–1919, 1997

32. Muntner P, Coresh J, Smith JC, Eckfeldt J, Klag MJ: Plasma
lipids and risk of developing renal dysfunction: The ath-
erosclerosis risk in communities study. Kidney Int 58: 293–
301, 2000

33. Tonelli M, Moye L, Sacks FM, Cole T, Curhan GC: Effect of
pravastatin on loss of renal function in people with mod-
erate chronic renal insufficiency and cardiovascular dis-
ease. J Am Soc Nephrol 14: 1605–1613, 2003

34. Fried LF, Orchard TJ, Kasiske BL: Effect of lipid reduction
on the progression of renal disease: A meta-analysis. Kid-
ney Int 59: 260–269, 2001

35. Cusumano AM, Bodkin NL, Hansen BC, Iotti R, Owens J,
Klotman PE, Kopp JB: Glomerular hypertrophy is associ-
ated with hyperinsulinemia and precedes overt diabetes in
aging rhesus monkeys. Am J Kidney Dis 40: 1075–1085, 2002

36. Kamijo A, Kimura K, Sugaya T, Yamanouchi M, Hase H,
Kaneko T, Hirata Y, Goto A, Fujita T, Omata M: Urinary
free fatty acids bound to albumin aggravate tubulointer-
stitial damage. Kidney Int 62: 1628–1637, 2002

37. Wisse BE: The inflammatory syndrome: The role of adi-
pose tissue cytokines in metabolic disorders linked to obe-
sity. J Am Soc Nephrol 15: 2792–2800, 2004

38. Hales CN, Ozanne SE: For debate: Fetal and early postnatal
growth restriction lead to diabetes, the metabolic syn-
drome and renal failure. Diabetologia 46: 1013–1019, 2003

39. Bagby SP: Obesity-initiated metabolic syndrome and the
kidney: A recipe for chronic kidney disease? J Am Soc
Nephrol 15: 2775–2791, 2004

40. Miller SB, Moulton M, O’Shea M, Hammerman MR: Effects
of IGF-I on renal function in end-stage chronic renal fail-
ure. Kidney Int 46: 201–207, 1994

41. Vijayan A, Franklin SC, Behrend T, Hammerman MR,
Miller SB: Insulin-like growth factor I improves renal func-
tion in patients with end-stage chronic renal failure. Am J
Physiol 276: R929–R934, 1999

J Am Soc Nephrol 16: ???–???, 2005 Metabolic Syndrome and Risk for CKD 7


