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Abstract
Background—Although high body mass index (BMI) is a risk factor for hypertension, diabetes,
and cardiovascular disease, limited data exist on the association of overweight and obesity with
early stages of kidney disease.

Methods—Cross-sectional data for 5083 participants of the nationally representative Third
National Health and Nutrition Examination Survey with an estimated glomerular filtration rate ≥
60 ml/min/1.73m2 without micro- or macro-albuminuria were analyzed to determine the
association between BMI and elevated serum cystatin C. Normal weight, overweight, class I
obesity, and class II–III obesity were defined as a BMI of 18.5 to 24.9 kg/m2, 25.0 to 29.9 kg/m2,
30.0 to 34.9 kg/m2 and ≥ 35.0 kg/m2, respectively. Elevated serum cystatin C was defined as ≥
1.09 mg/L (≥99th percentile for participants 20 to 39 years of age without diabetes, hypertension,
micro- or macro-albuminuria or stage 3–5 chronic kidney disease).

Results—The age-standardized prevalence of elevated serum cystatin C was 9.6%, 12.9%,
17.4%, and 21.5% among adults of normal weight, overweight, class I obesity, and class II–III
obesity, respectively (p-trend<0.001). After multivariate adjustment for demographics, behaviors,
systolic blood pressure and serum biomarkers and compared to normal weight participants, the
odds ratio (95% confidence interval) of elevated serum cystatin C was 1.46 (1.02–2.10) for
overweight, 2.36 (1.56–3.57) for class I obesity, and 2.82 (1.56–5.11) for class II–III obesity.

Conclusion—A graded association exists between higher BMI and elevated serum cystatin C.
Further research is warranted to assess whether reducing BMI favorably impacts elevated serum
cystatin C and the development of chronic kidney disease.

Overweight and obesity affect more than two-thirds of US adults1. Several studies have
reported a direct association between body mass index (BMI) and chronic kidney disease, 2–
4 whereas other studies demonstrate a J-shaped or an inverse association5,6. Interpreting the
results from studies of BMI and advanced chronic kidney disease can be difficult as this
association may be confounded by accompanying wasting and malnutrition.
Epidemiological studies using biomarkers of early kidney disease provide the opportunity to
address the association between BMI and kidney function with less concern for
confounding.
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Shlipak and colleagues have identified an early stage of kidney disease defined as elevated
serum cystatin C in the absence of stage-3 through 5 chronic kidney disease7. This
condition, “pre-clinical kidney disease”, was demonstrated to be associated with an
increased risk of chronic kidney disease progression and cardiovascular disease morbidity
and mortality7. As many interventions to slow the deterioration of kidney function have not
proven effective in randomized trials, identifying the causes of the earliest stages of kidney
disease may have important implications and provide approaches to prevent the initiation of
chronic kidney disease. Overweight and obesity are associated with many chronic kidney
disease risk factors. Therefore, addressing the role of excess BMI in the development of the
early stages of kidney disease seems especially important.

The purpose of the current analysis is to evaluate the cross-sectional association between
overweight and obesity and elevated serum cystatin C, a potential marker of early kidney
disease, in a nationally representative sample of US adults. To do so, we analyzed data on
adults without stage 3 through 5 chronic kidney disease or micro- or macro-albuminuria who
participated in the Third National Health and Nutrition Examination Survey (NHANES III).
Due to higher BMI levels among women, a higher percent body fat for any degree of BMI in
women compared to men, and higher serum cystatin C levels among men, we performed
analyses stratified by sex.

METHODS
NHANES III was conducted by the National Center for Health Statistics of the Centers for
Disease Control and Prevention between 1988 and 19948. The current analysis was limited
to adult NHANES III participants aged 20 years and older. Cystatin C was measured on a
sample of 6951 participants including all NHANES III participants 60 years and older and a
random sample of those 20 to 59 years of age. Additionally, cystatin C was measured in all
men and women with a serum creatinine ≥1.2 and 1.0 mg/dL, respectively. Of these
participants, 21 missing a valid height and/or weight measurement and 136 participants who
were underweight (BMI<18.5 kg/m2) were excluded from the current analyses. In order to
focus on persons without established kidney disease, NHANES participants without valid
serum creatinine or urinary albumin and creatinine measurements (n=266) or with chronic
kidney disease (n=1445) according to the National Kidney Foundation definition were
excluded9. After these exclusions, our main analyses were based on the experience from
5083 participants.

NHANES III data were collected by administration of a standardized questionnaire during a
home interview followed by conduct of a detailed physical examination with collection of
blood specimens at a mobile examination center or the participant’s home. Questionnaire
data included self-reported age, race-ethnicity, gender, years of education completed,
physical activity, history of cigarette smoking, and use of anti-diabetic and anti-hypertensive
medications.

Body weight and height were measured according to a standard protocol. Height was
measured with participants standing on the floor using a fixed stadiometer with a vertical
backboard and movable headboard. Weight was taken by asking each participant to stand on
the center of the platform of a Toledo digital scale while wearing underwear, a disposable
gown, and foam slippers. BMI was calculated as weight in kilograms divided by height in
meters squared and analyzed as a continuous variable and after categorization using
National Heart Lung and Blood Institute defined cut-points (18.5 to <25 kg/m2 - normal
weight; 25 to <30 kg/m2 – overweight; 30 to <35 kg/m2 – class I obesity; and ≥ 35 kg/m2 –
class II–III obesity). Based on the average of six systolic and diastolic blood pressure
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readings, hypertension was defined as a mean systolic blood pressure ≥ 140 mm Hg and/or
diastolic blood pressure ≥ 90 mm Hg and/or use of antihypertensive medication.

Blood samples were obtained during the clinical examination. Serum cystatin C was
measured using an automated particle-enhanced nephelometric assay on the Dade Behring
Nephelometer II. This assay maintains a range from 0.23 to 7.25 mg/L and intra-assay and
inter-assay coefficients of variation of 2.0% to 3.0% and 3.2% to 4.4%, respectively.
Elevated serum cystatin C was defined as ≥ 1.09 mg/L. This level represents the 99th

percentile of the serum cystatin C distribution for NHANES III participants 20 to 39 years of
age without hypertension, diabetes mellitus, micro- or macro-albuminuria or stages 3–5
chronic kidney disease. Serum creatinine was measured by the modified kinetic Jaffe
reaction and re-calibrated in order to calculate estimated glomerular filtration rate using the
Modification of Diet in Renal Disease Study formula10. During the physical examination, a
random spot urine sample was obtained from all adults by using clean-catch techniques and
sterile containers. Microalbuminuria was defined as a urinary albumin/creatinine ratio of
30–299 mg/g and macroalbuminuria was defined as a urinary albumin/creatinine ratio of ≥
300 mg/g. Diabetes mellitus was defined as a plasma glucose ≥ 126 mg/dL for participants
who fasted 8 hour or longer, ≥ 200 mg/dL for non-fasting individuals, and/or current anti-
diabetes medication use. Total- and high density lipoprotein (HDL)- cholesterol were
measured using the Hitachi 704 Analyzer. Serum C-reactive protein levels were measured
using latex-enhanced nephelometry. C-reactive protein levels were categorized as being
undetectable (<0.22 mg/dl), detectable (0.22–0.99 mg/dl), or clinically elevated (≥1.00 mg/
dl).

The protocol for NHANES III was approved by the National Center for Health Statistics of
the Centers for Disease Control and Prevention Institutional Review Board. Informed
consent was obtained from each NHANES participant.

Statistical Analysis
Participant characteristics were calculated by BMI category and sex. The age-standardized
mean serum cystatin C and prevalence of elevated serum cystatin C was calculated by BMI
category, overall, and, for men and women, separately. Odds ratios of elevated serum
cystatin C associated with BMI category were calculated, adjusted initially for age, race-
ethnicity, and sex with subsequent models including additional adjustment for education,
physical inactivity, current and former smoking, systolic blood pressure, diabetes mellitus,
total to HDL-cholesterol ratio, and detectable and elevated C-reactive protein. To further
explore the relationship between BMI and elevated serum cystatin C, we used a restricted
quadratic spline with knots at the 10th, 50th, and 90th percentiles of the BMI distribution
(20.9, 25.7, and 33.8 kg/m2, respectively). Finally, the association between BMI as a
continuous variable and elevated serum cystatin C was determined overall and for sub-
groups defined by age, race-ethnicity, sex, education, physical inactivity, cigarette smoking,
total-to-HDL cholesterol ≥ 4.0, elevated C-reactive protein, hypertension, and diabetes
mellitus. These variables were selected as potential confounders or effect modifiers in the
association between BMI and serum cystatin C levels. For analyses as a continuous variable,
the odds ratios of elevated serum cystatin C are presented for 5 kg/m2 higher BMI (i.e.,
approximately one standard deviation).

Sensitivity analyses were conducted by defining elevated serum cystatin C as levels ≥ 1.00
mg/L. This cut-point was applied in a previous analysis of serum cystatin C with kidney
disease progression and cardiovascular events in the Cardiovascular Health Study7.

Data were analyzed using SUDAAN (version 9.0; Research Triangle Institute, Research
Triangle Park, NC) to account for the complex NHANES sampling design including unequal
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probabilities of selection, over-sampling, non-response, and measurement of serum cystatin
C in a sub-sample of NHANES participants.

RESULTS
The distribution of characteristics for men and women included in the current study are
presented by BMI category in Table 1. Men and women with higher BMI were younger and
more likely to be non-Hispanic black. Current smoking was less common, and physical
inactivity, hypertension, diabetes mellitus, and elevated C-reactive protein were more
common, at higher BMI. Mean systolic and diastolic blood pressure, and serum cholesterol
levels, were higher at higher BMI levels. In contrast, HDL-cholesterol was lower at higher
BMI levels. Lower estimated glomerular filtration rates were present among men and
women with elevated serum cystatin C. Specifically, mean age-standardized estimated
glomerular filtration rate was 82.4 and 81.0 ml/min/1.73m2 among men and women with
elevated serum cystatin C and 101.9 and 101.5 ml/min/1.73m2 among men and women
without elevated serum cystatin C (each p<0.001). Serum cystatin C levels increased with
higher BMI in the overall population and among men and women, separately (Figure 1; each
p=trend<0.001).

The prevalence of elevated serum cystatin C in the study population was 8.1% (9.2% among
men and 7.0% among women). After age-standardization, a graded association existed
between higher BMI and a higher prevalence of elevated serum cystatin C (Figure 2). This
association was present overall as well as among men and women, separately (each p-
trend<0.001). This association remained present after demographic and multivariate
adjustment (Table 2).

In spline regression models, the increase in elevated serum cystatin C was evident at BMI
levels above 22.5 kg/m2 (Figure 3). After multivariate adjustment, higher BMI was
associated with an increased odds ratio of elevated serum cystatin C, overall, and among
men and women (Table 3). Although some of the 95% confidence intervals crossed the null,
higher BMI levels were associated with increased odds ratios of elevated serum cystatin C in
every sub-group investigated except non-Hispanic black men. Differences in the association
between BMI and elevated serum cystatin C were not statistically significant across sub-
group (all p-interaction>0.05).

Sensitivity Analyses
Results were markedly consistent when elevated serum cystatin C was defined as levels ≥
1.0 mg/L. The multivariate adjusted odds ratios (95% confidence interval) of a serum
cystatin C ≥ 1.0 mg/L were 1.32 (0.86, 2.04), 1.98 (1.24, 3.18), and 3.55 (1.84, 6.86) for
individuals who were overweight, class I, and class II–III obesity, compared to normal
weight. Analogous odds ratios (95% confidence intervals) were 1.21 (0.68, 2.16), 2.32 (1.28,
4.21), and 2.93 (0.89, 9.66) for men and 1.64 (1.11, 2.42), 1.65 (0.91, 2.99), and 5.21 (2.84,
9.56) for women when elevated serum cystatin C was defined as levels ≥ 1.0 mg/L.

DISCUSSION
In this large nationally-representative sample of participants free of micro- and macro-
albuminuria and stage 3–5 chronic kidney disease, overweight and obesity maintained a
strong association with elevated serum cystatin C. This association was strong, graded, and
present in the overall population and among men and women, separately. Furthermore, this
relationship was independent of systolic blood pressure, total to HDL-cholesterol ratio,
elevated C-reactive protein, and diabetes mellitus, suggesting that excess BMI may be an
independent risk factor for early kidney disease.
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A graded relationship between elevated BMI and end-stage renal disease risk was identified
in over 320,252 Kaiser Permanente members followed for up to 21 years2. In this study, the
relative hazards of developing end-stage renal disease, compared to normal weight
individuals, was 1.8, 3.6, 7.3, and 9.4 for overweight, class I, II, and III obesity,
respectively, among men, and 2.2, 3.6, 5.4, and 6.5, respectively, among women. In contrast,
no association was present between BMI and end-stage renal disease among participants of
the Hypertension Detection Follow-up Study5. Among 100,753 members of a screened
Japanese cohort, baseline BMI predicted future risk for end-stage renal disease in men but
not women11.

In the Framingham Heart Study, each standard deviation higher BMI was associated with
23% higher odds of developing incident kidney disease over 18.5 years of follow-up3.
However, sex-specific associations were not presented for this cohort. In the Physician’s
Health Study, a study of male physicians, a graded association existed between higher
baseline BMI and the presence of chronic kidney disease at follow-up12. Additionally, a
graded association was present between higher BMI and higher risk of elevated serum
creatinine, defined as a serum creatinine > 3.4 mg/dL among men and > 2.8 among women,
in a case-control study conducted in Sweden4. The current study extends these previous
findings and demonstrates that a graded association exists between higher BMI and elevated
serum cystatin C, in the context of individuals without chronic kidney disease.

At least one study has assessed the association between body size and serum cystatin C13.
Specifically, serum cystatin C was measured among 8058 community-dwelling adults, aged
31 to 71 years, from Groningen, The Netherlands. A significant correlation (ρ=0.22;
p<0.001) between body weight and serum cystatin C was observed in this study. Our
findings extend this prior work with data on the multivariate-adjusted association between
overweight and obesity and elevated serum cystatin C, gender stratified results, and the
association for participants without stage-3 chronic kidney disease or albuminuria.

The challenges involved in epidemiological studies of chronic kidney disease and end-stage
renal disease have been documented previously14,15. Many of these challenges are relevant
to studying overweight and obesity as a risk factor for kidney disease. Excess BMI is
associated with hypertension and diabetes mellitus, the two leading causes of end-stage renal
disease16. Therefore, understanding the causal relationship between BMI and kidney
disease, independent of these risk factors, is difficult. Nonetheless, lowering BMI reduces
blood pressure, is effective in preventing diabetes mellitus, and, therefore, may reduce the
development and progression of kidney disease17–19. Additional challenges of studying the
relationship between BMI and chronic kidney disease include malnutrition and wasting that
occurs in chronic kidney disease, the slow progression of chronic kidney disease in many
patients, and competing mortality risks15. Studying elevated serum cystatin C, a potential
marker of early kidney disease, may overcome several of these challenges.

The limitations of using mild elevations in serum creatinine and small reductions in
estimated glomerular filtration rate as markers of kidney disease are well documented20.
Many studies, including two meta-analyses, have reported serum cystatin C, compared to
serum creatinine, may be a better marker of kidney function22,23. While elevated serum
cystatin C is demonstrated to be associated with increased chronic kidney disease and
cardiovascular disease risk, there remains a great need for future studies to elucidate the
value of serum cystatin C as a marker of kidney function. There are several lines of evidence
that suggest serum cystatin C may have extra-renal sources, particularly in pathways that
may associate with body weight. Serum cystatin C has been shown to be associated with
thyroid function, corticosteroid administration, and C reactive protein, conditions that are
associated with alterations in body weight24–26. Thus, there may be additional potential
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mechanisms for the association between BMI and serum cystatin C, observed in the current
study, above and beyond kidney function.

Limitations
The data for the current analysis were derived from a cross-sectional study. Although it
seems that higher BMI leads to elevated serum cystatin C levels, caution is recommended
when interpreting the direction of causality in cross-sectional studies. Unfortunately,
longitudinal data on BMI are not available in NHANES III. Additionally, despite the use of
a large study population, a relatively small percentage of these participants were morbidly
obese.

Strengths
The current results extend the findings from previous studies in several important ways. One
key advantage is the large nationally-representative sample of participants without chronic
kidney disease, as defined by the National Kidney Foundation’s Kidney Disease Outcomes
Quality Initiative guidelines9. Prior to conducting the current analyses, we were able to
exclude study participants with stage 3 through 5 chronic kidney disease and/or micro- or
macro-albuminuria. Furthermore, the large sample size permitted the investigation of the
association of BMI with elevated serum cystatin C in multiple sub-groups. The consistency
of results within these sub-groups is noteworthy. Additionally, all study measures were
collected using standardized protocols with rigorous quality control procedures.

Conclusions
In conclusion, data from the current study demonstrate a strong graded association between
BMI and elevated serum cystatin C. Further research is needed to assess whether reducing
BMI has a favorable impact on the development of elevated serum cystatin C and
prevalence of subsequent chronic kidney disease and end-stage renal disease.
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Figure 1.
Age-standardized mean serum cystatin C by category of body mass index.
Elevated serum cystatin C defined as levels ≥ 1.09 mg/L
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Figure 2.
Age-standardized prevalence of elevated serum cystatin C by category of body mass index.
Elevated serum cystatin C defined as levels ≥ 1.09 mg/L
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Figure 3.
Multivariate adjusted odds ratio of elevated serum cystatin C from a spline analysis
Elevated serum cystatin C defined as levels ≥ 1.09 mg/L
Adjusted for age, race, education physical inactivity, current and former smoking,
hypertension, diabetes, serum total to HDL cholesterol ratio, and detectable and elevated C-
reactive protein.
Knots at 10th, 50th, and 90th percentile (body mass index of 20.9, 25.6, and 33.8 kg/m2,
respectively)
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Table 3

Multivariate adjusted odds ratio of elevated serum cystatin C (≥1.09 mg/L) associated with 5 kg/m2 higher
body mass index, overall and by subgroup.

Men Women

Odds Ratio (95% CI) Odds Ratio (95% CI)

Overall 1.37 (1.09 – 1.73) 1.38 (1.09 –1.74)

Subgroup

< 60 years of age 1.61 (1.27 – 2.03) 1.68 (1.41 – 2.01)

≥60 years of age 1.29 (0.91 – 1.84) 1.05 (0.56 – 1.96)

Non-Hispanic Whites 1.38 (1.05 – 1.82) 1.37 (1.03 – 1.81)

Non-Hispanic Blacks 0.92 (0.60 – 1.41) 1.21 (0.94 – 1.54)

Mexican Americans 1.60 (0.97 – 2.65) 1.28 (0.80 – 2.06)

Less than High School Education 1.49 (1.10 – 2.00) 1.35 (1.00 – 1.81)

High school education 1.36 (1.02 – 1.82) 1.38 (0.97 – 1.97)

Physically Inactive 1.45 (0.95 – 2.23) 1.18 (0.84 – 1.67)

Physically Active 1.38 (1.03 – 1.84) 1.58 (1.21 – 2.06)

Current smoker 1.56 (0.96 – 2.52) 1.13 (0.75 – 1.70)

Former Smoker 1.70 (1.28 – 2.28) 1.38 (1.02 – 1.87)

Never Smoker 1.06 (0.76 – 1.48) 1.60 (1.13 – 2.25)

Total/HDL cholesterol ratio ≥ 4.0

 No 1.44 (1.05 – 1.98) 1.59 (1.29 – 1.95)

 Yes 1.27 (1.02 – 1.58) 1.17 (0.89 – 1.53)

Elevated C-reactive protein

 No 1.29 (1.06 – 1.57) 1.28 (1.10 – 1.48)

 Yes 1.15 (0.86 – 1.54) 1.17 (0.91 – 1.52)

Hypertension

 No 1.41 (1.04 – 1.92) 1.10 (0.76 –1.59)

 Yes 1.58 (1.22 – 2.05) 1.52 (1.19 –1.95)

Diabetes Mellitus

 No 1.38 (1.11 – 1.72) 1.38 (1.07 –1.77)

 Yes 1.82 (0.77 – 4.28) 1.50 (1.05 –2.15)

Multivariate adjusted for age, race, education, physical inactivity, current and former smoking, systolic blood pressure, serum total-to-HDL
cholesterol ratio, diabetes mellitus, and detectable and elevated C-reactive protein. The overall model includes additional adjustment for sex.
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