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Abstract
Background—Prior research has yielded conflicting results on the magnitude of the association
between body mass index (BMI) and chronic kidney disease (CKD).

Study Design—Prospective cohort study.

Settings and Participants—Framingham Offspring participants (n=2676; 52% women; mean
age 43 years) free of stage 3 CKD at baseline who participated in examination cycles 2 (1978-1981)
and 7 (1998-2001).

Predictor—Body Mass Index.

Outcome—Stage 3 CKD (estimated glomerular filtration rate<59mL/min/1.73m2 [<0.98 mL/sec/
1.73m2, women] and <64mL/min/1.73m2 [<1.07 mL/sec/1.73m2, men]).

Measurements—Age- sex- and multivariable-adjusted (diabetes, systolic blood pressure,
hypertension treatment, current smoking status, high-density lipoprotein cholesterol) logistic
regression models were used to examine the relationship between BMI at baseline and incident stage
3 CKD and incident dipstick proteinuria (>= trace).

Results—At baseline, 36% of the sample was overweight and 12% was obese; 7.9% (n=212)
developed stage 3 CKD over 18.5 years of follow-up. Relative to participants with normal BMI, there
was no association between overweight individuals and stage 3 CKD incidence in age- and sex-
adjusted models (OR 1.29, 95%CI 0.93-1.81, p=0.13) or multivariable models (OR 1.06, 95%CI
0.75-1.50, p=0.75). Obese individuals had a 68% increased odds of developing stage 3 CKD (OR
1.68, 95%CI 1.10-2.57, p=0.02), which became non-significant in multivariable models (OR 1.09,
95%CI 0.69-1.73, p=0.70). Similar findings were observed when BMI was modeled as a continuous
variable or as quartiles. Incident proteinuria occurred in 14.4%; overweight and obese individuals
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were at increased odds of proteinuria in multivariable models [(OR 1.43, 95% CI 1.09-1.88) and (OR
1.56 1.08-2.26), respectively].

Limitations—BMI is measure of generalized obesity and not abdominal obesity. Participants are
predominantly white, and these findings may not apply to different ethnic groups.

Conclusions—Obesity is associated with increased risk of developing stage 3 CKD, which was
no longer significant after adjustment for known CVD risk factors. The relationship between obesity
and stage 3 CKD may be mediated through CVD risk factors.

Keywords
chronic kidney disease; chronic kidney disease risk factors; Framingham Heart Study; obesity;
epidemiology; cardiovascular disease risk factors

Introduction
Chronic kidney disease (CKD) affects 19 million adults in the United States.1 CKD is a risk
factor for cardiovascular disease (CVD),2; 3 and this association is partly mediated through
the association between CKD and diabetes, hypertension, dyslipidemia, smoking, and obesity.
4-7

Obesity is a major global health concern, and it precedes the development of many CVD risk
factors, including diabetes9; 10 hypertension,11; 12 and dyslipidemia.13; 14 Therefore,
obesity may mediate the association with CKD through these risk factors. In addition, biologic
pathways have been identified as potential mechanisms leading from obesity to kidney damage,
such as hormonal factors, inflammation, oxidative stress, and endothelial dysfunction.15; 16

Prospective observational studies investigating the longitudinal relation of body mass index
(BMI) to end-stage renal disease (ESRD) have yielded conflicting results. Increased risk for
ESRD was associated with increasing BMI in patients from the Kaiser Permanente of Northern
California health care system17 and in a sample of men from Okinawa, Japan,18 but no
association was observed among male veterans in the Hypertension Screening and Treatment
Program.19 Limited data are available on the relation between body weight and moderate CKD
incidence. Higher BMI at baseline was associated with increased CKD risk among men in the
Physician's Health Study,20 but findings were limited due to the inclusion of prevalent CKD
at baseline. We have previously demonstrated a positive association between BMI and the
onset of stage 3 CKD.6 However, these models did not account for measures of blood pressure,
nor did we examine relations between clinically relevant BMI categories and incident stage 3
CKD.

The identification of an association between obesity and moderate CKD may help guide
targeted interventions and treatment with the goal of ultimately preventing CKD progression.
Thus, the purpose of this study is to characterize the relation between overweight and obesity
and the development of stage 3 CKD in the Framingham Heart Study.

Methods
Study sample

The Framingham Offspring Study cohort was established in 1971, and includes 5124 men and
women who were children and spouses of children of the original Framingham cohort.
Examinations for participants in the Offspring Cohort occurred approximately every four years,
and the design and methodology of these examinations are described elsewhere.21 Members
of the Offspring Cohort who attended the second (1978-1982) and seventh (1998-2001)
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examination cycles were included in this analysis. The study was approved by the Boston
University Medical Center institutional review boards, and all subjects provided written
informed consent.

Of individuals who attended the second examination cycle (n=3825), 808 individuals were
excluded in this analysis because they did not attend the seventh examination cycle, 159
individuals were excluded due to missing serum creatinine at Exam 7, 127 individuals due to
the presence of stage 3 CKD at Exam 2, 38 individuals due to a BMI less than 18.5 kg/m2, and
17 individuals due to missing covariate data, resulting in a final study sample of 2676
individuals.

Measurements and definitions
Kidney function was estimated using the glomerular filtration rate (GFR), and the 4-variable
Modification of Diet in Renal Disease (MDRD) Study equation was used to estimate the GFR
(eGFR).22-24 According to the National Kidney Foundation Disease Outcome Quality
Initiative working group, stage 3 CKD is defined as the presence of kidney damage or the
presence of a GFR<60 mL/min/1.73m2 (<1.00 mL/s/1.73m2) with or without kidney damage
for three or more months.22 Because the use of this GFR cut point classified 50% more women
than men as having stage 3 CKD, our definition of stage 3 CKD was modified to include sex-
specific GFR cut points for stage 3 CKD (eGFR < 59 mL/min/1.73m2 [<0.98 mL/s/1.73m2]in
women or < 64 mL/min/1.73 m2 in men [<1.07 mL/s/1.73m2]).6

Serum creatinine was measured from a fasting blood sample collected during a participant's
examination at both the second and seventh examination cycles using the modified Jaffe
method. Due to variations that can occur in serum creatinine measurements across laboratories,
a 2-step process was used to calibrate these measurements. The first step involved calibrating
serum creatinine values from the National Health and Nutritional Examination Survey III
(NHANES III) to the Cleveland Clinic Laboratory by utilizing a correction factor of 0.23 mg/
dl (20.3 μmol/L).25 The serum creatinine values from our study sample were calibrated by
aligning our values to the age- and sex- specific means from NHANES III by age and sex. This
process has been described elsewhere.6

Body mass index (BMI) was defined as an individual's weight in kilograms divided by the
square of height in meters (kg/m2). Weight was measured to the nearest pound during the
examination while the participant stood in the middle of the scale (Detecto scale; Worcester
Scale Co Inc, Worcester, Massachusetts). The participant wore a gown and was barefoot during
the measurement. The scale is calibrated with a 22.5-kilogram weight on a monthly basis, and
is calibrated professionally each year. Height was measured to the nearest 0.25 of an inch using
a standardized protocol. Normal weight was defined as a BMI greater or equal to 18.5 kg/m2

and less than 25.0 kg/m2. Overweight was defined as a BMI greater than or equal to 25.0 kg/
m2 and less than 30.0 kg/m2. Obesity was defined as a BMI greater or equal to 30.0 kg/m2.
Class I obesity was defined as a BMI greater or equal to 30.0 kg/m2 and less than 35.0 kg/
m2. Class II obesity was defined as a BMI greater than or equal to 35.0 kg/m2.

The presence of proteinuria at Exams 2 and 7 was determined based on urine dipstick tests
(Ames Labstix, Elkhardt, Indiana) dipped for 1 minute in spot urine samples collected during
the clinic visit.26 Exam 2 protein measurements were classified as none or trace amounts or
above; Exam 7 protein measurements were classified as none, trace, small, moderate, and large
amounts. In the present analysis, proteinuria was defined as a dipstick protein measure of trace
or above.

Foster et al. Page 3

Am J Kidney Dis. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Covariate assessment
Individuals in the Offspring cohort had fasting morning blood samples collected and tested
during each examination. All covariates adjusted for in our models were collected at the
baseline examination. Hypertension was defined as a systolic blood pressure greater than or
equal to 140 mm Hg, a diastolic blood pressure greater than or equal to 90 mm Hg, or as being
prescribed medication for hypertension treatment. Diabetes was defined as a fasting blood
glucose greater than or equal to 126 mg/dL (7.0 mmol/L) or a prescription for hypoglycemic
medications. Current smoking was defined as at least one cigarette per day on average in the
year prior to the examination. Prevalent CVD was identified based on a three-physician
adjudication panel for CVD endpoints; diagnosis criteria for prevalent CVD and coronary heart
disease events have been described previously.27

Statistical Methods
Statistical analyses were performed using SAS Version 9.1.3 for Windows. For comparisons
of covariates among BMI groups, we used age- sex-adjusted analysis of variance (ANCOVA)
for continuous data, and age- sex-adjusted logistic regression for dichotomous variables.
Logistic regression models for the dichotomous stage 3 CKD outcome as a function of BMI
were performed and initially adjusted for age at baseline and sex using BMI in the following
ways: 1) BMI category (normal weight, overweight, obese); 2) BMI by sex-specific quartiles;
3) BMI as a continuous variable. These models were additionally adjusted for diabetes, systolic
blood pressure, hypertension treatment, current smoking status and HDL level at baseline. The
normal weight BMI group was used as the reference for odds ratios in the categorical analyses
and the lowest BMI quartile was used as the reference for odds ratios in the quartile analyses.
The categorical BMI logistic regression models were additionally performed using a cut point
of eGFR <60 mL/min/1.73m2 (<1.00 mL/s/1.73m2). In secondary analyses, logistic regression
models were performed using additional BMI categories for class I and class II obesity. Age-
sex- and multivariable-adjusted models were also secondarily adjusted for baseline eGFR,
weight change during follow-up, or length of follow-up. Additional analyses restricted the
sample to participants free of hypertension, diabetes, or prevalent CVD at baseline. A test for
nonlinearity of BMI was conducted by modeling log-odds of developing stage 3 CKD with
continuous BMI centered on the mean and the square of the centered BMI added to models.
Logistic regression models for the development of proteinuria at Exam 7 as a function of
baseline BMI category were performed excluding individuals with stage 3 CKD. Model
assumptions of linearity and binomial variability were assessed through index plots of the
Pearson residuals and the deviate residuals for all observations were used to check assumption
of linearity between the independent predictors and the log odds of developing stage 3 CKD
and by calculating the Pearson chi-square statistic and the deviance and dividing by their
respective degrees of freedom. A two-tailed p-value of less than 0.05 was considered
statistically significant.

Results
The average follow-up time was 18.5 years (range 15.9-21.9 years), Overall, 7.9% (n=212)
participants developed stage 3 CKD. At baseline 51.8% (n=1387) participants were normal
weight, 36.0% (n=964) were overweight, and 12.1% (n=325) were obese (Table 1). Mean
eGFR at baseline was slightly higher among normal weight and obese individuals than among
overweight individuals (p=0.006).

Clinical BMI Categories
Relative to normal weight individuals, there was no statistically significant association between
overweight individuals and stage 3 CKD in either age- sex- adjusted models (OR 1.29, 95%
CI 0.93-1.81, p=0.1) or multivariable models (OR 1.06, 95% CI 0.75-1.50, p=0.8) (Table 2).
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Obese individuals had a 68% increased odds of developing stage 3 CKD (OR 1.68, 95% CI
1.10-2.57, p=0.02), which was no longer observed in multivariable models (OR 1.09, 95% CI
0.69-1.73, p=0.7). In analyses limited to those free of either HTN or DM, point estimates were
similar, although statistical significance was not achieved (Table 2). The overall multivariable
model indicates that the addition of diabetes, systolic blood pressure, and HDL-cholesterol
were influential in changing the point estimates. Significant trends were observed in age- sex-
adjusted models for the overall (p=0.01) and prevalent CVD-free (p=0.009) groups, but these
trends were no longer observed after multivariable adjustment (p=0.7 and p=0.7, respectively).

In a secondary analysis, we examined individuals with Stage II obesity (BMI≥35.0kg/m2).
Overall, 80 participants (3.0%) were categorized in this group. Stage II obesity was associated
with a non-significant 64% increase in odds of developing stage 3 CKD (OR 1.64, 95% CI
0.75-3.62, p=0.2) in age- sex-adjusted models, and was not associated with stage 3 CKD in
multivariable models (OR 0.93 95% CI 0.40-2.13, p=0.9).

Age- sex- and multivariable-adjusted models were also adjusted for baseline eGFR and weight
change during follow-up. The odds of developing stage 3 CKD associated with obesity and
overweight were not materially different from the odds observed in the primary analysis when
considering either baseline eGFR or weight change (data not shown).

BMI Quartile Analysis
Relative to participants in the lowest BMI quartile, individuals in the highest BMI quartile had
a 67% increased odds of developing stage 3 CKD (OR 1.67, 95% CI 1.09-2.56, p=0.02); which
was rendered non-significant in multivariable models (OR 1.19, 95% CI 0.75-1.87, p=0.5)
(Table 3). When the sample was limited to those free of either hypertension or diabetes,
significance in either age- sex- or multivariable models was not observed.

BMI as a Continuous Exposure
When analyzed as a continuous exposure, a one-unit increase in BMI was associated with a
5% increase in the odds of stage 3 CKD (p=0.005; Table 4). This association was rendered
non-significant in multivariable models (OR 1.01, 95% CI 0.97-1.05, p-value=0.6). When the
sample was limited to those free of diabetes at baseline, no significance in age- sex- or
multivariable models was observed. In a secondary analysis, the addition of BMI-squared did
not materially change the observed effects (data not shown).

Proteinuria Analysis
Overall, among those without CKD (n=347), 14.4% developed proteinuria. Relative to
individuals with normal weight, both overweight and obese individuals were at a statistically
significant increased odds of developing proteinuria in the age- sex- and multivariable-adjusted
models (Table 5). Associations of similar magnitude were observed among the diabetes-free
and prevalent CVD-free at baseline subgroups.

Secondary Analyses
Similar results were obtained when the categorical BMI models were performed using a cut
point of eGFR <60 mL/min/1.73m2 (<1 mL/s/1.73m2) for stage 3 CKD (data not shown). The
addition of length of follow-up time as an additional covariate to the models with categorical
BMI as the main response did not materially change the observed effect estimates, indicating
that differing follow-up times did not have a significant impact on the BMI and stage 3 CKD
association (data not shown).
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Discussion
Obesity is associated with an increased risk of developing stage 3 CKD over nearly 20 years
of follow-up, which was no longer observed after adjustment for CVD risk factors. These
findings suggest that the association of obesity with stage 3 CKD may be mediated by vascular
disease risk factors. Additionally, overweight and obesity are associated with increased risk of
developing proteinuria.

While our findings highlight the association between obesity and stage 3 CKD, among patients
on dialysis, higher body mass index is associated with less adverse outcomes.28 This “obesity
paradox” has been ascribed to the association between higher BMI and better nutrition, less
inflammation, and less co-morbidities among dialysis patients with higher BMI levels.28 Our
findings are distinctly different from this, as we studied obesity and stage 3 CKD development
among free-living individuals from a community-based population who were free of major co-
morbidities.

Using data from over 300000 individuals in the Kaiser Permanente of Northern California
health care system, Hsu and colleagues17 reported a strong, stepwise increase in the relative
risk of ESRD among overweight (RR 1.72) and obese individuals (Class I Obesity: RR 2.98;
Class II Obesity: RR 4.68; Extreme Obesity: RR 4.99) when compared to normal weight
individuals in multivariable models among patients with varying degrees of kidney dysfunction
at baseline. These results are significantly stronger and in contrast to what were observed in
our study. Factors that may explain the disparate findings include potential ascertainment bias
based on the use of a clinical database, and the use of a different endpoint.

In an additional study lending support to the concept that body mass index may be an
independent risk factor for CKD, Ejerblad and colleagues observed a significantly increased
odds of CKD among men (OR 3.1) and women (OR 3.0) with a BMI in the overweight or
greater range at age 20 based on self-reported anthropometrics.29 However, the overall
increased odds ratios were not adjusted for hypertension, diabetes, or HDL cholesterol.
Additionally, the CKD observed in this study was more severe than in the present analysis,
with median creatinine clearance among cases of 22 mL/min (0.37 mL/s) among men and 19
mL/min (0.32 mL/s) among women. Lastly, the use of self-reported body mass index may have
been prone to recall bias.

When examining the relation between BMI and stage 3 CKD, Gelber and colleagues reported
an association between higher BMI at baseline and increased risk of stage 3 CKD among 11,104
men in the Physician's Health Study (PHS) after 14 years of follow-up.20 The highest quintile
of BMI (BMI>26.6kg/m2) was associated with a 26% increase in the odds of developing stage
3 CKD (OR 1.26; p-value for trend = 0.007) when compared to the lowest quintile
(BMI<22.7kg/m2). The confidence limits around our estimate include that of Gelber et al,
suggesting that we may have been underpowered to detect a modest effect given our sample
size. However, the use of self-reported diabetes and hypertension in the PHS sample may have
resulted in incomplete adjustment for these covariates and thus may contribute to the disparate
findings. An additional reason for the conflicting results may be the inclusion of participants
with CKD at baseline in the PHS.

In contrast, only one study published to date has failed to document an independent association
between body mass index and ESRD. Iseki and colleagues reported on the relation of BMI and
ESRD in a community-based cohort from a voluntary annual health-screening program in
Okinawa, Japan.18 The study (100753 individuals) found that each increase in BMI quartile
was associated with a significant increase in the odds of developing ESRD in men (OR 1.27,
p-value for trend = 0.0002), but not women. While DM status was only available for about
14% of the sample, additional adjustment for DM in this subgroup completely attenuated the
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relation of BMI and odds of ESRD among men (OR 0.99). Limitations of this study include
the use of a voluntary and potentially healthier screening cohort, inclusion of CKD cases at
baseline, and incomplete ascertainment of kidney disease risk factors. Nonetheless, these
findings are similar to ours, and support the notion that the relation between obesity and CKD
may be mediated by diabetes.

The association between obesity and CKD may be mediated through multiple biologic
mechanisms, including hormonal factors, inflammation, oxidative stress, and endothelial
dysfunction.15; 16 Our results demonstrating the reduction in significance of the odds ratio
for obesity as a stage 3 CKD risk factor with CVD risk factor adjustment suggest that the
relation of obesity to stage 3 CKD may be mediated by the presence of vascular risk factors,
including diabetes, hypertension, and HDL levels.

Excess adipose tissue can lead to the activation of the sympathetic nervous and renin-
angiotensin systems, as well as lipid deposition, hyperfiltration, and increased sodium
absorption in the kidneys, resulting in a feedback loop where obesity-induced declines in
kidney function lead to the development of hypertension, which results in further damage to
the kidneys.33 Pathways leading from obesity to diabetes have also been identified, including
the development of insulin resistance through the disruption of insulin signaling pathways due
to lipolysis, the release of adipokines,9 and inflammation,34 Further research involving these
mechanisms could provide a better understanding of the association between obesity, CKD,
and potential mediating factors.

The strong association between adiposity and proteinuria suggests that proteinuria may be an
important mediator in the pathway between overweight, obesity, and stage 3 CKD. This
observation is supported by the previously published finding that weight change is directly
associated with changes in urinary albumin excretion while no association was observed for
changes in eGFR, as measured as creatinine clearance.35

In the present study, the relation between obesity and stage 3 CKD is explained by the presence
of concomitant CVD risk factors Future research is necessary in order to develop a clearer
picture of the relation of obesity and stage 3 CKD. Obesity itself varies greatly, depending on
the distribution of adipose tissue in the body. Different fat depots may be differentially
associated with CKD. Specifically, central adiposity has been associated with increased
metabolic complications.38; 39 Therefore, future research should focus on measures of
abdominal obesity.

Findings from the current study enhance the current literature in several ways. In the present
study, we were able to exclude individuals with stage 3 CKD as defined by estimated GFR at
our baseline examination due to the collection of serum creatinine measurements. We were
also able to assess the association of obesity and overweight with the development of
proteinuria. Strengths associated with this study include the continued follow-up of the
Framingham Offspring cohort and the routine ascertainment of CVD risk factors during each
examination cycle. We did not rely upon self-report of hypertension, diabetes, or obesity, which
results in underestimation of these conditions. Our cohort was not selected specifically for
CKD outcomes, which limits potential referral or selection bias. Additionally, CKD is our
sample is predominately stage 3 CKD, while other studies have published on BMI and CKD
in populations with more severe CKD.

There are limitations associated with the study sample and variable definitions. We only
examined generalized obesity and not abdominal obesity, as measures of central obesity were
not available at the baseline examination. We did not have a reliable measure of proteinuria at
either baseline or follow-up, so stage 3 CKD classification was based on eGFR alone. Our
sample is predominantly white, and these findings may not apply to different ethnic groups.
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Creatinine is derived from muscle and the amount produced is proportional to muscle mass;
41 obese individuals are likely to have more muscle mass. While this may have lead to higher
creatinine values (and lower eGFR values) among obese individuals, it is unlikely to explain
why our findings were significant in age- sex-adjusted models but not multivariable models.
GFR was estimated using the MDRD Study equation instead of a direct measure of GFR. A
recent study has indicated that the MDRD Study equation underestimates GFR in healthy
individuals without CKD.42 This study, however, compared eGFR to GFR measured as a
continuous measure, and it is unclear how this underestimation would affect stage 3 CKD
classification when used as a dichotomous variable. Finally, we may have been underpowered
to detect modest effect sizes.

In conclusion, obesity is associated with significantly increased odds of developing stage 3
CKD, but this association is not observed after adjustment for known CVD risk factors. The
relationship between obesity and stage 3 CKD may be mediated through the presence of known
CVD risk factors, including hypertension, diabetes, and low HDL-cholesterol.
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Table 1
Baseline characteristics of study sample, separated by BMI category, among participants free of kidney disease at
baseline. Data are presented as mean (standard deviation) for continuous variables* and % (n) for dichotomous
variables**.

Normal Weight (N=1387) Overweight (N=964) Obese (N=325) Age- sex-
adjusted p-

value***
Age (years) 41 (9) 44 (9) 44 (9) <0. 001
Sex (% women) 67.4 (935) 32.6 (314) 46.2 (150) <0. 001
BMI (kg/m2) 22.3 (1.7) 27.1 (1.4) 33.5 (3.4) <0. 001
 1979**** 22.3 (1.8) 26.6(1.3) 33.4 (5.4) <0.001
 1980 22.3(1.7) 27.1(1.4) 33.3 (2.9) <0.001
 1981 22.3(1.6) 27.1(1.4) 33.4 (3.1) <0.001
 1982 22.3(1.7) 27.2 (1.3) 33.6 (3.8) <0.001
Serum creatinine (mg/dL) 1.1 (0.22) 1.2 (0.22) 1.1 (0.23) 0.5
eGFR (mL/min/1.73m2) 108 (36) 103 (33) 107 (38) 0.006
Smoking (%) 35.6 (494) 30.0 (289) 34.2 (111) 0.3
Hypertension (%) 10.8 (150) 26.2 (253) 38.8 (126) <0. 001
Hypertension Rx (%) 4.0 (56) 10.0 (96) 14.5 (47) <0. 001
Systolic Blood Pressure (mm Hg) 116 (14) 124 (15) 130 (15) <0. 001
Diabetes (%) 0.6 (9) 2.1 (20) 4.6 (15) <0. 001
HDL cholesterol (mg/dL) 53 (13) 45 (12) 43 (12) <0. 001
Triglycerides (mg/dL) 102 (55) 141 (76) 162 (87) <0. 001
Prevalent CVD (%) 1.6 (22) 2.5 (24) 1.2 (4) 0.4
Abbreviations: BMI = body mass index; eGFR = estimated glomerular filtration rate; HDL = high-density lipoprotein; CVD = cardiovascular disease.

Note: To convert serum creatinine in mg/dL to mol/L, multiply by 88.4; eGFR in mL/min/1.73m2 to mL/s/1.73m2, multiply by 0.01667; HDL cholesterol
in mg/dL to mmol/L, multiply by 0.02586; triglycerides in mg/dL to mmol/L, multiply by 0.01129.

*
ANOVA used to test for differences in means of continuous variables across the BMI categories.

**
Logistic regression used to test for differences in categorical variables across the BMI categories.

***
Age is sex-adjusted; sex is age-adjusted.

****
Mean BMI and standard deviation by year of cohort accrual during examination cycle 2.
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Table 3
Age- sex-, multivariable model odds ratio for the development of CKD among individuals free of CKD at baseline in
the overall sample, hypertension-free, diabetes-free, and prevalent CVD-free at baseline subgroups using sex-specific
BMI quartiles.

Model Sample size/# CKD cases BMI Quartile* Odds Ratio (95% CI) p-value
Overall 2676/212
Age- sex-adjusted** Q2 0.94 (0.58, 1.52) 0.8

Q3 1.15 (0.73, 1.81) 0.5
Q4 1.67 (1.09, 2.56) 0.02

Multivariable-adjusted*** Q2 0.91 (0.56, 1.47) 0.7
Q3 1.01 (0.63, 1.60) 0.9
Q4 1.19 (0.75, 1.87) 0.5

Hypertension-free 2147/126
Age- sex-adjusted Q2 1.04 (0.57, 1.92) 0.9

Q3 1.44 (0.81, 2.55) 0.2
Q4 1.66 (0.95, 2.90) 0.08

Multivariable-adjusted Q2 0.90 (0.49, 1.68) 0.8
Q3 1.24 (0.69, 2.22) 0.5
Q4 1.18 (0.66, 2.13) 0.6

Diabetes-free 2632/196
Age- sex-adjusted Q2 0.94 (0.58, 1.53) 0.8

Q3 1.11 (0.70, 1.77) 0.6
Q4 1.48 (0.95, 2.31) 0.08

Multivariable-adjusted Q2 0.91 (0.56, 1.49) 0.7
Q3 1.00 (0.62, 1.60) 0.9
Q4 1.12 (0.70, 1.78) 0.6

Free of prevalent CVD 2626/197
Age- sex-adjusted Q2 0.87 (0.53, 1.45) 0.6

Q3 1.21 (0.76, 1.92) 0.4
Q4 1.70 (1.09, 2.66) 0.02

Multivariable-adjusted Q2 0.82 (0.49, 1.36) 0.4
Q3 1.02 (0.63, 1.64) 0.9
Q4 1.16 (0.72, 1.86) 0.6

BMI = Body mass index; CKD = chronic kidney disease; CVD = cardiovascular disease.

Note: The lowest sex-specific BMI quartile (Q1: 18.50-<21.30 for women and 18.50-<24.10 for men) is the reference group (Odds Ratio=1.0) for these
models.

*
Sex-specific BMI (kg/m2) quartiles used in overall sample as well as for each subgroup analysis. Among women: Q1 18.50-<21.30; Q2: 21.30-<23.26;

Q3: 23.26-<26.06; Q4: >26.06. Among men: Q1: 18.50-<24.10; Q2: 24.10- <26.20; Q3: 26.20-<28.40; Q4: >28.40

**
Age- sex- models adjusted for age at Exam 2 and sex.

***
Multivariable models adjusted for age at Exam 2, sex, diabetes, systolic blood pressure, hypertension treatment, current smoking status and high-

density lipoprotein level at baseline.
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Table 4
Age- sex-, multivariable model odds ratio for the development of CKD among individuals free of CKD at baseline in
the overall sample, hypertension-free, diabetes-free, and prevalent CVD-free at baseline subgroups using BMI as a
continuous variable.

Model Sample size/# CKD cases Odds Ratio (95% CI) p-value
Overall 2676/212
Age- sex-adjusted* 1.05 (1.02, 1.09) 0.005
Multivariable-adjusted** 1.01 (0.97, 1.05) 0.6
Hypertension-free 2147/126
Age- sex-adjusted 1.05 (1.004, 1.10) 0.03
Multivariable-adjusted 1.01 (0.96, 1.07) 0.6
Diabetes-free 2632/196
Age- sex-adjusted 1.03 (0.99, 1.07) 0.1
Multivariable-adjusted 1.00 (0.96, 1.04) 0.9
Free of prevalent CVD 2626/197
Age- sex-adjusted 1.05 (1.02, 1.09) 0.003
Multivariable-adjusted 1.01 (0.97, 1.05) 0.7
Abbreviations: CKD = chronic kidney disease; CVD = cardiovascular disease.

*
Age- sex- models adjusted for age at Exam 2 and sex.

**
Multivariable models adjusted for age at Exam 2, sex, diabetes, systolic blood pressure, hypertension treatment, current smoking status and high-density

lipoprotein level at baseline.

Am J Kidney Dis. Author manuscript; available in PMC 2009 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Foster et al. Page 15

Table 5
Age- sex- and multivariable odds ratios for the development of proteinuria by urinary dipstick test among individuals
free of Stage 3 CKD or proteinuria by dipstick at Exam 2 and Stage 3 CKD at Exam 7 in the overall sample, hypertension-
free, diabetes-free, and prevalent CVD-free at baseline subgroups.

Model Sample Size (Overall/# ≥ trace proteinuria) BMI category Odds Ratio (95% CI) p-value
Overall 2413/347

Age- sex-adjusted* Overweight 1.52 (1.16, 1.98) 0.002
Obese 1.80 (1.27, 2.55) <0.001

Multivariable-adjusted** Overweight 1.43 (1.09, 1.88) 0.01
Obese 1.56 (1.08, 2.26) 0.02

Hypertension-free 1976/243
Age- sex-adjusted Overweight 1.44 (1.07, 1.95) 0.02

Obese 1.14 (0.70, 1.87) 0.6
Multivariable-adjusted Overweight 1.43 (1.05, 1.94) 0.02

Obese 1.10 (0.67, 1.81) 0.7
Diabetes-free 2392/341

Age- sex-adjusted Overweight 1.55 (1.18, 2.02) 0.001
Obese 1.83 (1.29, 2.60) <0.001

Multivariable-adjusted Overweight 1.46 (1.11, 1.92) 0.007
Obese 1.56 (1.07, 2.26) 0.02

Free of prevalent CVD 2378/336
Age- sex-adjusted Overweight 1.52 (1.16, 1.99) 0.002

Obese 1.88 (1.32, 2.66) <0.001
Multivariable-adjusted Overweight 1.44 (1.09, 1.89) 0.01

Obese 1.62 (1.12, 2.36) 0.01
Abbreviations: CKD = chronic kidney disease; BMI = body mass index; CVD = cardiovascular disease.

Note: The normal BMI category (18.5 kg/m2-<25.0kg/m2) is the reference group (OR=1.0) for these models.

*
Age- sex- models adjusted for age at Exam 2 and sex.

**
Multivariable models adjusted for age at Exam 2, sex, diabetes, systolic blood pressure, hypertension treatment, current smoking status and high-density

lipoprotein level at baseline.

Am J Kidney Dis. Author manuscript; available in PMC 2009 July 1.


