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Abstract
Background—The prevalence of chronic kidney disease is growing most rapidly among older
adults, but determinants of impaired kidney function in this population are not well understood.
Obesity assessed in mid-life has been associated with chronic kidney disease.

Study design—Cohort study.

Setting & Participants—4,295 participants in the community-based Cardiovascular Health
Study, ages >=65 years.
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Predictors—Body mass index, waist circumference, and fat mass measured using bioelectrical
impedance.

Outcome—Change in glomerular filtration rate (GFR) over 7 years of follow-up.

Measurements—Longitudinal estimates of GFR calculated with the 4-variable Modification of
Diet in Renal Disease Study equation.

Results—Estimated GFR declined by an average of 0.4 +/− 3.6 mL/min/1.73m2/year, and rapid
GFR loss (> 3 mL/min/1.73m2/year) occurred in 693 participants (16%). Baseline body mass index,
waist circumference, and fat mass were each associated with increased risk of rapid GFR loss: odds
ratios (95% confidence intervals) 1.19 (1.09, 1.30) per 5 kg/m2, 1.25 (1.16, 1.36) per 12 cm, and 1.14
(1.05, 1.24) per 10 kg, respectively, after adjustment for age, sex, race, and smoking. Magnitude of
increased risk was larger for participants with estimated GFR < 60 mL/min/1.73m2 at baseline (p for
interaction < 0.05). Associations were substantially attenuated by further adjustment for diabetes,
hypertension, and C-reactive protein. Obesity measurements were not associated with change in GFR
estimated using serum cystatin C.

Limitations—Few participants with advanced chronic kidney disease at baseline, no direct GFR
measurements.

Conclusion—Obesity may be a modifiable risk factor for the development and progression of
kidney disease among older adults.

Introduction
The prevalence of chronic kidney disease (CKD) is highest and growing most rapidly among
older adults.1 Even mild impairment of kidney disease is associated with increased risk for
cardiovascular disease and mortality in this population.2, 3 However, determinants of impaired
kidney function and progression of kidney disease in the elderly are not well described.

In middle age, obesity is associated with increased risk of developing CKD.4–11 Renal plasma
flow, renin-angiotensin-aldosterone system activity, and intraglomerular pressure are each
elevated in the setting of obesity and may contribute to kidney damage.12 Adipose tissue has
been associated with impaired kidney function, especially when present in a central
distribution.13 Obesity also increases the risk of diabetes and hypertension, the most common
causes of kidney disease.

However, the relation of obesity with kidney function has not been described among older
adults. Understanding this relationship is particularly important because associations of body
composition measures with health outcomes vary with age.14 Specifically, muscle mass
declines as part of the aging process and as a consequence of diseases that are common in older
adults, so measurements that encompass both muscle and fat mass, including body mass index
(BMI), may not accurately reflect adiposity and its associated health risks. This may explain
why the association of higher BMI with mortality risk is attenuated with older age.15–17 In
contrast, higher waist circumference, a more specific measure of central adiposity, is associated
with adverse cardiovascular outcomes among adults of all ages.18, 19

We examined associations of obesity with longitudinal change in estimated glomerular
filtration rate (GFR) among older adults who participated in the community-based
Cardiovascular Health Study. We hypothesized that measures of obesity, particularly waist
circumference and fat mass, would be associated with more rapid loss of estimated GFR.
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Methods
Study Population

The Cardiovascular Health Study (CHS) is a cohort study of risk factors for development and
progression of cardiovascular disease in people aged 65 years and older. 5,888 participants
were recruited from four communities in the United States: Forsyth County, North Carolina;
Sacramento County, California; Washington County, Maryland; and Pittsburgh, Pennsylvania.
Eligible participants, sampled from Medicare eligibility lists, were not institutionalized and
were expected to remain in the area for at least three years. Persons who were wheelchair-
bound in the home or receiving hospice treatment, radiation therapy, or chemotherapy for
cancer were excluded. The original CHS cohort of 5,201 participants were enrolled in 1989–
90, with an additional 687 predominantly African American participants enrolled in 1992–93.
Participants were followed through 1999 with scheduled visits and telephone interviews. The
current study includes 4,295 CHS participants (73%) who (1) completed anthropometric and
bioelectrical impedance measurements at baseline and (2) underwent measurement of serum
creatinine and cystatin C on at least two occasions. Excluded were 42 participants without
anthropometric data, 142 participants without bioelectrical impedance, and 1,452 participants
with fewer than 2 creatinine/cystatin C measurements.

Obesity measures
Anthropometric measurements and bioelectrical impedance analysis were completed at each
participant’s baseline visit. These methods technically measure adiposity but are referred to as
obesity measures for simplicity in this presentation. Body mass index (BMI) was calculated
as weight (kg) divided by height (m2) and classified according to World Health Organization
(WHO) guidelines.20 Waist circumference was measured at the level of the umbilicus and
categorized by quartiles within each sex. For analysis as a continuous variable, BMI was
assessed per 5 kg/m2, the difference between WHO BMI categories and approximately 1
standard deviation. To facilitate comparisons, waist circumference and bioelectrical impedance
variables were also scaled to 1 standard deviation for continuous analyses.

Body composition was assessed by bioelectrical impedance as previously described.21

Adhesive electrodes were placed in standard distal positions on the right hand and foot.
Resistance was measured at 50 kHz with a TVI-50 Body Composition Analyzer (Danninger
Medical Technology Inc, Columbus, OH). Fat-free mass was derived using a formula
developed in a population with similar age and body size: fat-free mass (kg) = 6710 × ht2/R +
3.1 × S + 3.9, where ht2 is body height in meters squared, R is resistance in ohms, and S is sex
(0 = women, 1 = men).22 Body fat was calculated as weight minus fat-free mass.
Reproducibility of resistance measurements within healthy individuals is excellent, with a
reliability coefficient for a single R measurement over 5 days of 0.99.23

Estimated GFR
Change in kidney function was estimated using longitudinal measurements of serum creatinine
and cystatin C. Measurements were collected at three CHS visits, in 1989–90, 1992–93, and
1996–97. Serum creatinine was measured using the Kodak Ektachem 700 Analyzer (Eastman
Kodak, Rochester, NY), which employs a colorimetric method. Mean coefficient of variation
was 1.94% (range 1.16–3.60).24 Serum creatinine was calibrated to Cleveland Clinic using
indirect calibration to the NHANES III (Third National Health and Nutrition Examination
Survey) data and then used to estimate GFR using the 4-variable MDRD Study equation.25,
26 Serum cystatin C was measured using a BNII nephelometer (N Latex Cystatin C; Dade
Behring, Deerfield, IL).27 The 1992–93 measurements were conducted in 2003, and the 1989–
90 and 1996–97 measures in 2006. All measurements used the same equipment in the same
laboratory. Coefficients of variation range from 2.0 – 2.8% (intra-assay) and 2.3 – 3.1% (inter-
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assay). Serum cystatin C is stable to multiple freeze-thaw cycles,28 though effects of long-term
storage at −70°C are note known. GFR was estimated from cystatin C using the equation: 76.7
* [cystatin C]−1.18, where [cystatin C] is the concentration of cystatin C.29 Results were
unchanged using the equation: 127.7 * [cystatin C] −1.17 * age−0.13 * (0.91 if female) * (1.06
if African American).29

Covariates
Race (white or African American) and smoking status were defined by self-report. Diabetes
was defined as fasting glucose ≥ 126 mg/dL or use of insulin or oral diabetes medications.
Hypertension was defined as use of antihypertensive medications, systolic blood pressure ≥
140 mmHg, or diastolic blood pressure ≥ 90 mmHg. C-reactive protein was measured with an
enzyme-linked immunosorbent assay developed in the CHS laboratory.30

Statistical analysis
Pearson correlation was used to assess relationships of obesity measurements with estimated
GFR at baseline. For each participant, annualized change in estimated GFR was calculated
using linear regression. Associations of baseline obesity measurements (independent variables)
with annualized change in estimated GFR (continuous outcome) and rapid decline in kidney
function (dichotomous outcome) were assessed using linear and logistic regression,
respectively. Annualized change in estimated GFR < −3 mL/min/1.73m2/year was used to
define rapid decline in kidney function, because this threshold has been associated with an
increased risk of mortality in this population.31 Serial models were adjusted for potential
confounding variables (age, sex, race, and smoking) and adjusting for potential confounding
and/or mediating variables (causal pathway model, additionally includes diabetes,
hypertension, and C-reactive protein). P-values for association were calculated from models
using continuous exposure variables. In parallel interaction models, we included as
independent variables the products of obesity measurements (continuous variables) with sex
or baseline estimated GFR (categorical variables), testing the statistical significance of
interaction using the likelihood ratio test. S-Plus (release 8.0, Insightful Inc, Seattle, WA) and
SPSS statistical software (release 15.0.1, SPSS Inc, Chicago, IL) were used for analyses.

Results
Baseline characteristics

CHS participants excluded from the current analyses because they had < 2 estimated GFR
measurements were older (mean age 75 versus 72 years) and more likely to be men (48% versus
41%), African American (23% versus 13%), and to have diabetes (24% versus 14%). However,
there were no substantial differences in BMI (26.7 versus 26.7 kg/m2), waist circumference
(96 versus 94 cm), fat mass (41 versus 40 kg), or fat-free mass (33 versus 33 kg).

At baseline, among participants included in the current analyses, mean age was 72 years, 59%
were women, and 13% were African American (Table 1). 43% of participants were overweight
(BMI 25–29 kg/m2), and 19% of participants were obese (BMI ≥ 30 kg/m2). On average, larger
participants were slightly younger, more likely to be African American, more likely to have
diabetes and/or hypertension, less likely to smoke, and more likely to have unfavorable HDL
cholesterol and triglyceride concentrations. Correlation coefficients of BMI with waist
circumference and fat mass were 0.79 and 0.86, respectively, and correlation coefficient of
waist circumference with fat mass was 0.71 (each p<0.001).

Baseline GFR estimated by the MDRD Study equation was < 60 mL/min/1.73m2 for 841
participants (20%; median estimated GFR in this subgroup 53 mL/min/1.73m2, quartile [Q] 1-
Q3, 48–58 mL/min/1.73m2). At baseline, each measure of obesity was negatively correlated

de Boer et al. Page 4

Am J Kidney Dis. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



with GFR estimated from serum cystatin C, but only waist circumference was correlated with
MDRD Study estimated GFR, and this correlation was weak (Table 2). Each GFR estimate
was negatively correlated with fat-free mass.

Change in estimated GFR
Three longitudinal estimates of GFR were available for 2726 participants (64%) and two
estimates for the remainder. Duration of follow-up was seven years for 67% of participants,
four years for 9%, and three years for 24%. Mean annualized change in MDRD Study estimated
GFR over follow-up was −0.4 ± 3.6 mL/min/1.73m2/year, and 693 participants (16%) lost GFR
at a rate greater than 3 mL/min/1.73m2/year (Figure 1).

Obesity and change in estimated GFR
Higher BMI, waist circumference, and fat mass were each associated with loss of MDRD Study
estimated GFR over follow-up in unadjusted analyses and in analyses adjusted for age, sex,
race, and smoking (Table 3). Results were consistent in each sex (Figure 2). Obesity was
associated with a greater magnitude of increased risk when estimated GFR was lower at
baseline (Figure 3, p values for interaction by estimated GFR 0.04 for BMI, 0.04 for waist
circumference, and 0.4 for fat mass). With further adjustment for diabetes, hypertension, and
C-reactive protein, associations of obesity measurements with GFR loss were substantially
attenuated and remained statistically significant only for waist circumference (Table 3, causal
pathway model). Evaluated individually, diabetes, hypertension, and C-reactive protein each
attenuated associations of obesity with GFR loss to a similar degree, with adjustment for
diabetes having a nominally larger effect. Including additional variables for impaired fasting
glucose, systolic and diastolic blood pressure, and/or antihypertensive medications did not
further affect these associations. When the population was restricted to participants without
diabetes or hypertension (n = 1,706, 40%), associations of obesity measures with risk of rapid
GFR loss were reduced: odds ratios (95% confidence intervals) of 1.10 (0.92, 1.32) per 5 kg/
m2 BMI and 1.14 (0.97, 1.34) per 12 cm waist circumference. Fat-free mass was not associated
with loss of MDRD Study estimated GFR (data not shown). BMI, waist circumference, and
fat mass were not associated with loss of GFR calculated from serum cystatin C, regardless of
baseline estimated GFR (Table 4 and Figure 4). All results were similar when analyses were
restricted to participants who maintained body weight within 5% of baseline over follow-up
and did not vary by number of follow-up GFR estimates available for analysis. Baseline BMI
was inversely correlated with change in BMI over follow-up (ρ=−0.13).

Discussion
Obesity was associated with a decline in GFR estimated by the MDRD Study equation over 7
years of follow-up in a large, community-based population of older adults. Results were
consistent within each sex and were observed whether obesity was measured as BMI, waist
circumference, or fat mass using bioelectrical impedance. Associations of obesity with GFR
loss were stronger among participants with impaired GFR at baseline and were substantially
attenuated by adjustment for diabetes, hypertension, and C-reactive protein.

These results are consistent with observations in younger cohorts, which have often but not
always observed associations of obesity with impaired kidney function.4–11, 32 Our focus on
older adults is particularly important because: (1) the prevalence of CKD is highest and
increasing most rapidly among older adults; (2) risk factors for kidney disease in older adults
are poorly understood; (3) associations of obesity with non-renal health outcomes have not
been consistently found in older populations; and, (4) kidney disease appears to confer a
particularly poor prognosis for cardiovascular and mortality outcomes among older adults.1–
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3, 14 Our results suggest that obesity may be a modifiable risk factor for the development and
progression of kidney disease among older adults.

In contrast to results assessing MDRD Study estimated GFR as an outcome, obesity
measurements were not associated with change in GFR estimated using serum cystatin C.
Reasons for this discrepancy are not clear and require further investigation. However, our data
raise the possibility that, among participants who were more obese at baseline, loss of renal
cystatin C elimination over follow-up was balanced by simultaneous loss of cystatin C
production (which derives in part from adipose tissue), resulting in no observed net change in
steady-state serum cystatin C concentration. This hypothesis is supported by the observed
inverse correlations of obesity measurements both with baseline GFR estimated from cystatin
C (cross-sectional correlations, Table 2) and with change in BMI over follow-up. In contrast,
serum creatinine is not produced by adipose tissue, so that changes in serum creatinine caused
by loss of renal function are less likely to be obscured by simultaneous loss of adipose tissue.
Supporting this concept is the published observation that the relationship of change in MDRD
Study estimated GFR with change in iothalamate GFR was not biased by baseline BMI in the
MDRD Study, though the MDRD Study contained relatively few obese individuals.33 Thus,
production of endogenous filtration markers is an important consideration when assessing the
relationship of obesity with kidney function,34–36 and this may be a unique circumstance in
which creatinine-based GFR estimates have advantage over GFR estimates based on serum
cystatin C.

Associations of obesity with loss of MDRD Study estimated GFR were strongest when baseline
GFR was less than 60 mL/min/1.73m2. It is possible that obesity places a physiologic strain
on the kidney that is most detrimental in the setting of prior kidney damage and limited renal
reserve. In this setting, obesity may act as a “second hit,” accelerating the progression of CKD.
Alternatively, the detrimental effects of obesity on GFR loss may be equally strong in persons
with normal baseline GFR, but the strength of association in this subgroup may be
underestimated due to imprecise GFR estimation in the normal range.

Associations of obesity with GFR loss were substantially attenuated by adjustment for diabetes,
hypertension, and C-reactive protein (causal pathway model). This is consistent with prior
studies and suggests that obesity may adversely affect kidney function in large part through
established mechanistic pathways: impaired glucose metabolism, blood pressure, and
inflammation. Alternatively, diabetes, hypertension, and elevated C-reactive protein may
reflect underlying poor health which leads to both obesity and GFR loss, thus confounding the
association of obesity with GFR loss.

Strengths of this study include its focus on older adults, multiple measurements of obesity and
adiposity, and longitudinal measurement of estimated GFR to assess change over time. In
addition, we avoided use of a threshold level of GFR to define impaired kidney function. Use
of thresholds may introduce bias when evaluating obesity as a risk factor because the same
estimated GFR may reflect higher true GFR for people with greater body size due to increased
creatinine/cystatin production.9, 37 There are also potential limitations to this study. First,
results are susceptible to survival bias, as with all studies requiring repeated measurements,
because participants with fewer than two kidney function measurements were excluded.
Fortunately, excluded patients did not differ substantially from those included in analyses with
regard to baseline obesity measurements. Second, direct measurements of GFR were not
available. In particular, use of GFR estimates may have underestimated true loss of GFR in
the cohort,33 and differences comparing GFR estimates based on creatinine versus cystatin
cannot be conclusively explained. Third, results may not apply to younger populations, or to
populations with more severe CKD.
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In conclusion, obesity is associated with increased risk of GFR loss in older adults, when GFR
is estimated using serum creatinine. This relationship appears to be strongest among persons
with impaired GFR at baseline and to be largely the result of higher prevalences of diabetes,
hypertension, and inflammation among more obese individuals.
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Figure 1.
Distribution of change in kidney function over follow-up. Change in glomrular filtration rate
(GFR) is calculated from longitudinal measurements of serum creatinine using the 4-variable
MDRD (Modification of Diet in Renal Disease) Study equation. Rapid renal function decline,
defined as loss of estimated glomerular filtration rate exceeding 3 mL/min/1.73m2/year,
occurred in 16% of participants and is shown with black bars.
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Figure 2.
Risk of rapid renal function decline, stratified by sex (women, open circles; men, filled squares)
and adjusted for age, race, and smoking. Change in kidney function is calculated from
longitudinal measurements of serum creatinine using the 4-variable MDRD (Modification of
Diet in Renal Disease) Study equation. Rapid renal function decline is defined as loss of
estimated glomerular filtration rate exceeding 3 mL/min/1.73m2/year.
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Figure 3.
Risk of rapid renal function decline, stratified by baseline estimated glomerular filtration rate
(<60 mL/min/1.73m2, filled diamonds; 60–89 mL/min/1.73m2, filled triangles; ≥ 90 mL/min/
1.73m2, open triangles) and adjusted for age, race, and smoking. Change in kidney function is
calculated from longitudinal measurements of serum creatinine using the 4-variable MDRD
(Modification of Diet in Renal Disease) Study equation. Rapid renal function decline is defined
as loss of estimated glomerular filtration rate exceeding 3 mL/min/1.73m2/year.
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Figure 4.
Risk of rapid renal function decline calculated from longitudinal measurements of serum
cystatin C. Analyses are stratified by baseline estimated glomerular filtration rate (<60 mL/
min/1.73m2, filled diamonds; 60–89 mL/min/1.73m2, filled triangles; ≥ 90 mL/min/1.73m2,
open triangles) and adjusted for age, race, and smoking. Rapid renal function decline is defined
as loss of estimated glomerular filtration rate exceeding 3 mL/min/1.73m2/year.
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Table 1

Participant characteristics at baseline.

BMI (kg/m2)

< 25
n=1633

25–29
n=1830

≥ 30
n=832

Demographic and clinical data
Age (years) 73 (5) 72 (5) 71 (4)
Sex (Men) 617 (38%) 865 (47%) 264 (32%)
Race (African American) 134 (8%) 249 (14%) 180 (22%)
Diabetes (n,%) 140 (9%) 249 (14%) 215 (26%)
Hypertension (n,%) 782 (48%) 1051 (58%) 587 (71%)
Active smoking (n,%) 238 (15%) 167 (9%) 51 (6%)
Physical measurements
Body mass (kg) 62 (9) 75 (9) 90 (12)
Body mass index (kg/m2) 22.5 (1.8) 27.2 (1.4) 33.7 (3.5)
Waist circumference (cm) 84 (9) 96 (8) 109 (11)
Fat mass (kg) 25 (6) 34 (6) 48 (10)
Fat-free mass (kg) 37 (9) 41 (10) 42 (10)
Systolic blood pressure (mmHg) 134 (22) 135 (21) 138 (21)
Diastolic blood pressure (mmHg) 69 (11) 71 (11) 72 (11)
Laboratory data
Total cholesterol (mg/dL) 210 (38) 213 (39) 212 (38)
LDL cholesterol (mg/dL) 127 (35) 132 (35) 131 (34)
HDL cholesterol (mg/dL) 59 (17) 53 (15) 50 (13)
Triglycerides* (mg/dL) 106 [84, 144] 125 [96, 171] 138 [104, 188]
C-reactive protein* (mg/dL) 1.77 [0.85, 3.20] 2.46 [1.35, 4.19] 3.55 [2.26, 7.62]
Creatinine (mg/dL) 0.91 (0.29) 0.96 (0.28) 0.93 (0.35)
MDRD eGFR (mL/min/1.73m2) 81 (23) 78 (21) 80 (23)
Cystatin C (mg/dL) 0.99 (0.24) 1.02 (0.23) 1.07 (0.30)
Cystatin C eGFR (mL/min/1.73m2) 82 (19) 78 (19) 75 (18)

Note: Data are mean (standard deviation) or n (%).

Abbreviations and definition: MDRD eGFR, estimated glomerular filtration rate calculated using the MDRD (Modification of Diet in Renal Disease)
Study equation; eGFR, estimated glomerular filtration rate; HDL, high density lipoprotein; LDL, low density lipoprotein.

*
Triglycerides and C-reactive protein are presented as median [quartile (Q) 1, Q3].
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Table 2

Correlations of obesity and body composition measurements with eGFR at baseline.
MDRD eGFR Cystatin C eGFR

Body mass index −0.03 −0.15*
Waist circumference −0.05* −0.20*
Fat mass 0.005 −0.11*
Fat-free mass −0.12* −0.13*

Data presented are Pearson correlation coefficients.

*
p<0.01 (all other p-values > 0.05). MDRD eGFR = estimated glomerular filtration rate calculated using the 4-variable MDRD (Modification of Diet in

Renal Disease) Study equation. Cystatin C GFR was calculated using the equation: 76.7 * [cystatin C]−1.18.
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Table 3

Associations of obesity and body composition with change in GFR estimated using the MDRD Study equation

Annualized change in eGFR Rapid decline in eGFR*
(dichotomous outcome)

Measurement Adjusted**
difference ±

SD

Adjusted†
difference ±

SD

Adjusted** odds
ratio (95% CI)

Adjusted† odds
ratio (95% CI)

Body mass index (kg/m2)
    < 25.0 0.00 (Ref) 0.00 (Ref) 1.00 (Ref) 1.00 (Ref)
    25.0–29.9 −0.27 ± 5.22 −0.12 ± 5.22 1.21 (1.00, 1.46) 1.11 (0.92, 1.35)
    ≥ 30.0 −0.39 ± 4.38 −0.08 ± 4.53 1.56 (1.25, 1.95) 1.22 (0.97, 1.54)
    Per 5 kg/m2† −0.16 ± 4.00 −0.03 ± 4.13 1.19 (1.09, 1.30) 1.08 (0.99, 1.18)
    P† 0.01 0.5 0.001 0.2
Waist circumference (cm)
    <82 (w); <92 (m) 0.00 (Ref) 0.00 (Ref) 1.00 (Ref) 1.00 (Ref)
    82–91 (w); 92–96 (m) −0.55 ± 5.02 −0.47 ± 5.02 1.38 (1.08, 1.76) 1.29 (1.01, 1.65)
    92–100 (w); 97–103 (m) −0.34 ± 5.00 −0.22 ± 5.00 1.28 (1.00 (1.64) 1.16 (0.90, 1.49)
    ≥101 (w); ≥103 (m) −0.64 ± 5.01 −0.36 ± 5.14 1.82 (1.44, 2.31) 1.46 (1.14, 1.86)
    Per 12 cm† −0.20 ± 3.53 −0.09 ± 3.67 1.25 (1.16, 1.36) 1.15 (1.06, 1.25)
    P† <0.001 0.09 0.01 0.02
Fat mass (kg)
    <28 (w); <45 (m) 0.00 (Ref) 0.00 (Ref) 1.00 (Ref) 1.00 (Ref)
    28–33 (w); 25–30 (m) 0.03 ± 5.05 0.09 ± 5.01 0.98 (0.77, 1.25) 0.93 (0.73, 1.19)
    34–41 (w); 31–36 (m) −0.39 ± 5.08 −0.28 ± 5.08 1.35 (1.07, 1.71) 1.23 (0.97, 1.56)
    >41 (w); >36 (m) −0.23 ± 5.08 0.05 ± 5.21 1.36 (1.08, 1.72) 1.09 (0.86, 1.40)
    Per 10 kg† −0.11 ± 3.60 −0.01 ± 3.67 1.14 (1.05, 1.24) 1.02 (0.98, 1.06)
    P† 0.04 0.7 0.003 0.3

*
Rapid decline in eGFR defined as loss exceeding 3 mL/min/1.73m2/year.

**
Adjusted for age, sex, race, and smoking.

†
Additionally adjusted for diabetes, hypertension and C-reactive protein. Estimated glomerular filtration rate (eGFR) is expressed in mL/min/1.73 m^2

and is calculated from serum creatinine using the 4-variable MDRD (Modification of Diet in Renal Disease) Study equation. SD = standard deviation. CI
= confidence interval. Evaluated as a continuous, linear exposure.

Abbreviation: ref, reference.
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Table 4

Associations of obesity and body composition with change in GFR estimated from serum cystatin C.

Annualized change in eGFR Rapid decline in eGFR*
(dichotomous outcome)

Measurement Adjusted**
difference ±

SD

Adjusted†
difference ±

SD

Adjusted** odds
ratio (95% CI)

Adjusted† odds
ratio (95% CI)

Body mass index (kg/m2)
    < 25.0 0.00 (Ref) 0.00 (Ref) 1.00 (Ref) 1.00 (Ref)
    25.0–29.9 −0.14 ± 3.81 −0.07 ± 3.81 1.07 (0.92, 1.26) 1.01 (0.86, 1.18)
    ≥ 30.0 −0.15 ± 3.20 0.06 ± 3.32 1.00 (0.82, 1.22) 0.84 (0.69, 1.04)
    Per 5 kg/m2 † −0.09 ± 2.88 −0.01 ± 2.95 1.02 (0.94, 1.10) 0.95 (0.87, 1.03)
    P† 0.1 0.8 0.6 0.2
Waist circumference (cm)
    <82 (w); <92 (m) 0.00 (Ref) 0.00 (Ref) 1.00 (Ref) 1.00 (Ref)
    82–91 (w); 92–96 (m) −0.26 ± 3.68 −0.20 ± 3.68 1.12 (0.92, 1.36) 1.07 (0.88, 1.30)
    92–100 (w); 97–103 (m) −0.11 ± 3.66 −0.03 ± 3.66 1.01 (0.82, 1.23) 0.94 (0.77, 1.15)
    ≥101 (w); ≥103 (m) −0.18 ± 3.67 0.01 ± 3.77 1.00 (0.82, 1.22) 0.85 (0.69, 1.04)
    Per 12 cm† −0.03 ± 1.05 −0.00 ± 1.05 1.00 (0.97, 1.03) 0.97 (0.95, 1.01)
    P† 0.3 0.6 0.6 0.1
Fat mass (kg)
    <28 (w); <45 (m) 0.00 (Ref) 0.00 (Ref) 1.00 (Ref) 1.00 (Ref)
    28–33 (w); 25–30 (m) −0.10 ± 3.67 −0.06 ± 3.67 0.99 (0.81, 1.20) 0.95 (0.78, 1.15)
    34–41 (w); 31–36 (m) −0.14 ± 3.70 −0.06 ± 3.70 1.01 (0.83, 1.23) 0.93 (0.76, 1.14)
    >41 (w); >36 (m) −0.06 ± 3.70 0.13 ± 3.80 0.89 (0.72, 1.08) 0.75 (0.61 0.93)
    Per 10 kg† −0.02 ± 1.25 0.01 ± 1.31 1.00 (0.96, 1.03) 0.97 (0.94, 1.01)
    P† 0.6 0.3 0.6 0.1

*
Rapid decline in eGFR defined as loss exceeding 3 mL/min/1.73m2/year.

**
Adjusted for age, sex, race, and smoking.

†
Additionally adjusted for diabetes, hypertension and C-reactive protein. Estimated glomerular filtration rate (eGFR) is expressed in mL/min/1.73s m^2

and is calculated from serum cystatin C using the equation: 76.7 * [cystatin C]−1.18. SD = standard deviation. CI = confidence interval. Evaluated as a
continuous, linear exposure.

Abbreviation: ref, reference.
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