
Obesity, anthropometric measures and chronic kidney disease
complications

Sankar D. Navaneethan, MD, MPH1,2, John P Kirwan, PhD2,3, Susana Arrigain, MA4, Martin
J Schreiber, MD1, Mark J Sarnak, MD, MS5, and Jesse D. Schold, PhD1,4

1Department of Nephrology and Hypertension, Glickman Urological and Kidney Institute,
Cleveland Clinic, Cleveland, OH
2Cleveland Clinic Lerner College of Medicine of CWRU, Cleveland Clinic, Cleveland, OH
3Department of Pathobiology, Lerner Research Institute, Cleveland Clinic, Cleveland, OH
4Department of Quantitative Health Sciences, Cleveland Clinic, Cleveland, OH
5Nephrology, Tufts Medical Center, Boston, MA

Abstract
Background—Anthropometric measures such as body mass index (BMI) and waist
circumference (WC) have differential associations with incident chronic kidney disease (CKD)
and mortality. We examined the associations of BMI and WC with various CKD complications.

Methods—We conducted a cross-sectional analysis of 2853 adult participants with CKD in the
National Health and Nutrition Examination Surveys 1999-2006. The associations of BMI and WC
(both as categorical and continuous variables) with CKD complications such as anemia, secondary
hyperparathyroidism, hyperphosphatemia, metabolic acidosis, hypoalbuminemia, and
hypertension were examined using logistic regression models while adjusting for relevant
confounding variables.

Results—When examined as a continuous variable, an increase in BMI by 2 kg/m2 and WC by 5
cm was associated with higher odds of secondary hyperparathyroidism, hypoalbuminemia, and
hypertension among those with CKD. CKD participants with a BMI ≥30 kg/m2 have higher odds
of hypoalbuminemia and hypertension than CKD participants with BMI <30 kg/m2. CKD
participants with a high WC (>102 cm in men and >88 cm in women) have higher odds of
hypoalbuminemia and hypertension and lower odds of having anemia than CKD participants with
a low WC. CKD participants with BMI <30 kg/m2 and high WC (vs. BMI <30 kg/m2 and low
WC) was not associated with CKD complications.

Conclusions—Anthropometric measures such as BMI and WC are associated with secondary
hyperparathyroidism, hypoalbuminemia, and hypertension among adults with CKD. Higher WC
among those with BMI <30 kg/m2 is not associated with CKD complications.
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Background
Chronic kidney disease (CKD) and obesity are major public health problems (1-3).
Epidemiological investigations have identified obesity as an independent risk factor for the
development of CKD and the progression of CKD to ESRD in the general population (4).
Potential mechanisms that might mediate these associations include insulin resistance,
increased inflammation, higher oxidative stress and endothelial dysfunction seen among
those who are obese (5). While body mass index (BMI), an anthropometric measure of
whole body adiposity has been associated with the development of CKD, previous studies
that examined the association of BMI and mortality showed paradoxica results in dialysis
and renal transplant recipients (6, 7). Even though widely used, a major limitation of the
BMI measure is its inability to differentiate fat mass and muscle mass which may have
opposite associations with mortality (8, 9).

Waist circumference (WC), a measure of visceral or abdominal adiposity is associated with
subclinical inflammation independent of BMI (10). In the general population, while some
studies report that measures of abdominal adiposity are better predictors of cardiovascular
disease and mortality, others claim that central adiposity measures such as WC and WHR do
not provide additional prognostic information than BMI alone (11-13). In those with CKD,
population-based studies suggest that measures of abdominal adiposity such as WC and
waist-to-hip ratio (WHR), rather than BMI, are better predictors of adverse outcomes such
as mortality (14). However, the association between the different measures of adiposity such
as BMI and WC and complications arising from CKD has not been explored in previous
studies. We hypothesized that obesity is associated with different CKD complications and
that anthropometric measures such as BMI and WC have differential associations with CKD
complications. As such, we studied the associations of waist circumference and BMI with
CKD complications such as anemia, secondary hyperparathyroidism, hyperphosphatemia,
metabolic acidosis, hypoalbuminemia, and hypertension among a nationally representative
sample of US adults.

Methods
Study population

We examined data from the National Health and Nutrition Examination Survey (NHANES),
a nationally representative, complex and multistage probability of the US civilian, non-
institutionalized population conducted by the National Center for Health Statistics. The
National Centers for Health Statistics Ethics Review Board approved the study protocol and
each participant provided written informed consent. Participants in NHANES were
interviewed in their homes and underwent a standardized physical examination in a mobile
examination center. Self-reported information on demographics, socioeconomic status,
health conditions, health behaviors and routine site of healthcare were obtained during the
interview. The examination component consisted of medical, dental, and physiological
measurements, as well as laboratory tests administered by highly trained medical personnel.
The four, 2-year cycles of the continuous NHANES 1999-2000, 2001-2002, 2003-2004 and
2005-2006 were combined for this analysis. Two thousand eight hundred and fifty three
participants who met the following criteria were included: 20 years of age and older who
underwent medical examination, those who were not pregnant, had BMI and WC measured,
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had a BMI ≥ 18.5 kg/m2, had serum creatinine and albumin/creatinine ratio results, and
those who were not on dialysis, and had eGFR ≥15 ml/min/1.73m2.

Measures
Kidney disease and comorbidities—Participants with stage 1-4 CKD who were not on
dialysis were included (Stage 1-2 CKD: those with urinary albumin-to-creatinine ratio of
≥30–299 mg/g [microalbuminuria] and ≥300 mg/g [macroalbuminuria]) with estimated
glomerular filtration rate [eGFR] ≥60 ml/min/1.73 m2 or stage 3-4 CKD: eGFR 15-59 ml/
min/1.73 m2). eGFR was calculated according to the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equations using calibrated creatinine (15, 16). Serum creatinine
levels were corrected for the 1999-2000 and 2005-2006 surveys as suggested in the
NHANES serum creatinine documentation (16). Urine albumin-to-creatinine ratio (UACR)
was calculated from spot urine albumin and creatinine samples obtained. Diabetes was
defined as self-reported if ever told by a doctor that the participant had “diabetes or
borderline diabetes”.

Hypercholesterolemia was defined as the presence of total cholesterol >200 mg/dl and/or
use of cholesterol lowering medications. Liver disease was defined by the answer “yes” to
the question, “Have you ever been told that you had any liver condition”.

Adiposity measures—Height and weight measurements were collected by trained health
technicians using standardized techniques and equipment during the health examination
conducted in each survey period. Waist circumference was measured midway between the
lowest rib and the iliac crest with the participant standing. BMI was calculated as weight in
kilograms divided by the measured height in meters squared and participants were classified
as obese if they had a BMI ≥30 kg/m2. Waist circumference was categorized as high risk for
men with a measured WC >102 cm and women with a measured WC >88 cm. All others
were considered low risk (17). We also considered four different categories based on BMI
and WC data: a) BMI ≥30 kg/m2 and high WC, b) BMI ≥30 kg/m2 and low WC, c) BMI
<30 kg/m2 and high WC and d) BMI <30 kg/m2 and low WC (Figure 1)

CKD complications—Anemia was defined as hemoglobin (Hb) <13.5 g/dl for males and
Hb <12 g/dl for females (18). A serum bicarbonate level <21 meq/L was defined as the
presence of metabolic acidosis and PTH >70 pg/ml was defined as secondary
hyperparathyroidism (19). Hyperphosphatemia was defined as the presence of serum
phosphorus >4.5 mg/dl (19). Hypoalbuminemia was defined as a serum albumin level <4 g/
dl. Hypertension was defined as the presence of systolic blood pressure (SBP) >140 mm Hg
and/or diastolic blood pressure (DBP) >90 mm Hg or the use of an antihypertensive
medication.

Statistical analysis
Demographics, comorbidities, and CKD complications were compared between participants
with BMI ≥30 kg/m2 and <30 kg/m2 and with high and low waist circumference (WC >102
cm in males and >88 cm in females) using t-tests for continuous variables and Rao-Scott
Chi-square tests for categorical variables. Results were reported as mean ± standard error
(SE) for continuous variables and % (95% CI) for categorical variables. We examined the
associations between different anthropometric measures such as BMI (for every 2 kg/m2

increase) and WC (for every 5 cm increase) and CKD complications while adjusting for age,
gender, African American race, diabetes, hypertension, liver disease (for hypoalbuminemia
outcome only), smoking, log UACR, and eGFR.
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Logistic regression analysis was also used to assess the associations between individual
CKD complications and BMI ≥30 kg/m2 while adjusting for above mentioned variables. A
sensitivity analysis that compared BMI ≥30 kg/m2 to BMI 25.0-29.9 kg/m2 was also
conducted. Similarly, logistic regression analysis was used to assess the associations
between individual CKD complications and a high WC (>102 cm in males and >88 cm in
females) while adjusting for the relevant confounding variables mentioned above. BMI and
WC were not included in these models due to collinearity (unweighted correlation = 0.87).

In addition, logistic regression analysis categorized participants as: a) BMI ≥30 kg/m2 and
high WC (obese based on both criteria) vs. participants with BMI <30 kg/m2 and low WC
(non-obese based on both criteria); and b) participants with BMI <30 kg/m2 and high WC
vs. participants with BMI <30 kg/m2 and low WC while adjusting for variables mentioned
above was also conducted. We could not conduct a separate analysis for those with BMI ≥30
kg/m2 and low WC vs. participants with BMI <30 kg/m2 and low WC due to the small
sample size in the former (n=22).

All analyses were performed using survey procedures with SAS version 9.2 for Unix (SAS
Institute, Cary, North Carolina), which account for the sampling design of NHANES and
appropriately weight participants in statistical models. Graphs were produced using R
version 2.12.2 (The R Foundation for Statistical Computing, Vienna, Austria).

Results
Participant characteristics

BMI ≥30 kg/m2 vs. BMI <30 kg/m2—CKD participants with BMI ≥30 kg/m2 were
younger (58.0 [0.7] years vs. 62.7 [0.7] years) and had more Non-Hispanic blacks (14.6%
vs. 9.0%) than CKD participants with BMI <30 kg/m2. A higher proportion of CKD
participants with BMI ≥30 kg/m2 had diabetes (p <0.001) (Table 1). The mean WC of CKD
participants with BMI ≥30 kg/m2 was 115.6 (0.6) cm compared to 92.4 (0.3) cm among
CKD participants with BMI <30 kg/m2 (p <0.001). Mean eGFR was 75.1 ml/min/1.73m2 for
those with BMI ≥30 kg/m2 vs. 71.2(1.0) ml/min/1.73m2 for the BMI <30 kg/m2 group
(p=0.003). UACR was higher among those with BMI ≥30 kg/m2 than among those with
BMI <30 kg/m2 (p =0.03). Table 1 lists additional participant characteristics based on their
BMI.

High vs. low waist circumference (>102 cm in males and >88 cm in females)—
CKD participants with high WC were older (62.2 [0.6] years vs. 58.6[1.0] years) with a
lesser proportion of males (37.9% vs. 52.8%) than CKD participants with a low WC. A
higher proportion of CKD participants with high WC had diabetes, and hyperlipidemia (p
<0.001) (Table 2). The mean BMI of CKD participants with high WC was 32.3 (0.2) kg/m2

compared to 23.9 (0.1) kg/m2 among CKD participants with low WC). Mean eGFR was
71.2 ml/min/1.73m2 for those with high WC vs. 75.7(1.3) ml/min/1.73 m2 for those with
low WC (p=0.004). UACR was similar between those with high and low WC (p=0.21).
Table 2 lists additional participant characteristics based on their WC.

Associations between anthropometric measures and CKD complications
Continuous variable—An increase in BMI by 2 kg/m2 was associated with increased
odds of having secondary hyperparathyroidism, hypoalbuminemia, and hypertension (Table
3). Similarly, an increase in WC by 5 cm was associated with increased odds of having
secondary hyperparathyroidism, hypoalbuminemia, and hypertension but also with lower
odds of having anemia (Table 3).
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Categorical analyses
BMI ≥30 kg/m2 vs. BMI <30 kg/m2: CKD participants with BMI ≥30 kg/m2 have higher
odds of hypoalbuminemia and hypertension than CKD participants with BMI <30 kg/m2

when adjusted for relevant confounding variables (Table 4). There was a non-significant
increase in the odds for secondary hyperparathyroidism among those with BMI ≥30 kg/m2

(Table 4). There were no associations between BMI ≥30 kg/m2 and hyperphosphatemia,
metabolic acidosis and anemia. A sensitivity analysis that compared BMI ≥30 kg/m2 to BMI
25.0-29.9 kg/m2 confirmed these results

High vs. low waist circumference: CKD participants with high WC have higher odds of
hypoalbuminemia and hypertension, and lower odds of having anemia than CKD
participants with low WC when adjusted for relevant confounding variables (Table 4). There
were no associations between high WC and hyperphosphatemia, secondary
hyperparathyroidism, and metabolic acidosis.

BMI ≥30 kg/m2 and high WC vs. BMI <30 kg/m2and low WC: CKD participants with
BMI ≥30 kg/m2 and high WC (who would meet both the criteria of obesity) have higher
odds of secondary hyperparathyroidism, hypoalbuminemia and hypertension than
participants with BMI <30 kg/m2 and low WC when adjusted for relevant confounding
variables (Figure 2).

BMI <30 kg/m2 and high WC vs. BMI <30 kg/m2and low WC: CKD participants with
BMI <30 kg/m2 and high WC was not associated with any increased likelihood of CKD
complications when compared to participants with BMI <30 kg/m2 and low WC when
adjusted for relevant confounding variables (Figure 2).

Discussion
Our analysis of representative US adults with kidney disease shows that the anthropometric
obesity measures such as BMI and WC are associated with different CKD complications.
These associations are similar when examined as continuous variables. However, when
examined as a categorical variable based on standard definitions of obesity based on BMI
and WC measures, there were differential associations. Participants with BMI ≥30 kg/m2

and high WC (obese based on both criteria) had higher odds of secondary
hyperparathyroidism, hypoalbuminemia and hypertension than participants who have low
WC and BMI <30 kg/m2 (non-obese based on both criteria). In addition, among those with
BMI <30 kg/m2, presence of high WC was not associated with any CKD complications.

Previous studies have explored the associations between various adiposity measures and
incident CKD. Secondary analysis of the Cardiovascular Health Study and Atherosclerosis
Risk in Communities study showed that WHR but not BMI was associated with incident
CKD and mortality (20). In a non-diabetic cohort, WC and BMI but not WHR were
associated with lower eGFR (21). Studies exploring the associations of different
anthropometric measures with kidney disease progression and mortality are limited.
Secondary analysis of the Atherosclerosis Risk in Communities (ARIC) study showed that
the associations of obesity with mortality differed by the presence or absence of CKD
suggesting that kidney disease does not reverse the metabolic effects of obesity (22).
Recently, Kramer et al. reported higher mortality rates for waist circumference >94 cm in
men and >80 cm in women, while no such associations were noted for higher BMI
categories among 5,805 CKD participants (14). Our study adds to this growing body of
evidence regarding the utility of these different adiposity measures in the CKD population.
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In addition, these findings highlight the different results that might be obtained when
examining these anthropometric variables as continuous and categorical variables.

Associations between BMI ≥30 kg/m2 and secondary hyperparathyroidism have been
reported previously, but the associations of BMI and WC with other CKD complications
have not been explored. Kovesdy et al. reported that higher BMI levels were associated with
higher PTH levels among non-dialysis dependent patients (23). Similarly, secondary
analysis of the Kidney Early Evaluation Program data showed that higher BMI was
associated with high PTH levels independent of confounding variables (24). Waist
circumference data was not available in these studies. In addition to the findings from
previous studies, we found higher odds of having PTH >70 pg/ml with both increasing BMI
and WC. Some proposed explanations that may explain these associations include lower
25(OH)D levels and lower physical activity (thus lower sun exposure) noted among those
with higher BMI and WC. In addition, the decreased bioavailability of vitamin D due to its
deposition in adipocytes among those who are obese might also contribute to the higher
rates of secondary hyperparathyroidism (25).

When examined as both continuous and categorical variables, participants with a high BMI
and WC had higher odds of having hypoalbuminemia among CKD participants. Obesity is a
state of inflammation and thus hypoalbuminemia might reflect the higher inflammatory
burden among those who are obese rather than nutritional status alone (26, 27). We also
examined whether presence of BMI ≥30 kg/m2 and high WC were also associated with
highly sensitive C - reactive protein (Hs-CRP) levels. Hs-CRP levels were higher among
those with BMI ≥30 kg/m2 and high WC and this data supports the inflammation hypothesis
(Tables 1 and 2). We planned to conduct a sensitivity analysis by defining hypoalbuminemia
as serum albumin <3.5 g/dl but the relatively small number of participants precluded this
analysis.

As expected, the presence of higher BMI and WC were associated with increased odds of
having hypertension among CKD participants, and this data is similar to that seen in the
general population. However, there was a negative association between high WC and
anemia noted in this analysis. To our knowledge, no studies have reported associations
between anemia and obesity in both CKD and non-CKD population except that a
population-based study reported no significant associations between anemia and obesity in
the absence of CKD (28). The exact mechanisms that might explain these associations are
unclear at present and these associations should be re-examined and confirmed in future
studies.

BMI data is readily available in clinical settings and whether WC details provide additional
prognostic details relating to CKD complications in this population is unclear. Hence, we
examined the associations between BMI <30 kg/m2 and High WC and CKD complications.
Our results suggest that BMI data alone might be sufficient to predict CKD complications in
those with lower BMI. We could not conduct an analysis among participants with BMI >30
kg/m2 and low WC vs. BMI <30 kg/m2 and low WC to examine the utility of BMI alone
due to the small sample size.

One strength of this study was the inclusion of a nationally representative sample with
adequate representation of various ethnic groups in the United States. This analysis is
subject to limitations that include the cross-sectional study design of NHANES surveys that
precludes the opportunity for studying temporal associations. Also, the use of a single
UACR measurement in the NHANES surveys might lead to misclassification of CKD,
especially among participants with early-stage CKD. Further, the number of participants
with advanced CKD is minimal and whether these associations exist among those with
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advanced kidney disease need to be examined in future studies. We also did not have body
composition measures such as DEXA or computed tomography measures which would
provide more detailed insight into the role of the body composition.

In summary, anthropometric measures such as BMI and WC are associated with secondary
hyperparathyroidism, hypoalbuminemia, and hypertension among those with CKD. Higher
WC among those with BMI <30 kg/m2 is not associated with CKD complications .These
associations suggest the need for closely monitoring the development of complications
relating to CKD among those who are obese.
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Figure 1.
Details of how CKD participants from different NHANES surveys were included in this
study
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Figure 2.
Odds of having CKD complications for participants with different BMI and WC categories
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Table 1

Characteristics of participants who were categorized as obese (BMI ≥30 kg/m2) and non-obese (BMI <30 kg/
m2) based on BMI criteria

Variable BMI ≥30 kg/m2

(n=1079)
BMI <30 kg/m2

(n=1774)
p-value

Age,years(mean ± SE) 58.0(0.7) 62.7(0.7) <0.001

Male gender,%(95% CI) 43.6(39.6, 47.5) 42.6(39.8, 45.3) 0.68

Race,%(95% CI) <0.001

 Non-hispanic White 68.5(63.9, 73.1) 74.7(71.0, 78.5)

 Non-hispanic black 14.6(11.5, 17.7) 9.0(7.0, 11.0)

 Mexican American 6.5(4.5, 8.5) 5.5(3.8, 7.1)

 Other Hispanic 6.2(3.3, 9.1) 4.6(2.2, 7.0)

 Other 4.2(2.0, 6.4) 6.2(4.4, 8.0)

Household Income,%(95% CI)

 < $ 20,000 29.4(25.7, 33.2) 27.1(23.2, 31.0) 0.55

 $20,000 - $44,999 34.4(29.9, 38.9) 34.0(30.8, 37.1)

 $45,000 - $74,999 19.5(15.3, 23.7) 22.7(18.9, 26.5)

 ≥ $75,000 16.7(12.9, 20.6) 16.3(13.2, 19.4)

Diabetes,%(95% CI) 28.1(24.8, 31.3) 16.1(13.8, 18.4) <0.001

Cardiac disease,%(95% CI) 13.1(10.8, 15.5) 16.1(13.6, 18.6) 0.09

Hyperlipidemia,%(95% CI) 68.9(65.0, 72.7) 68.4(65.6, 71.3) 0.83

Smoking,%(95% CI) 16.1(13.5, 18.8) 19.6(17.1, 22.0) 0.052

BMI(kg/m2)(mean ± SE) 35.9(0.3) 25.2(0.1) <0.001

Waist circumference(cm)(mean ± SE) 115.6(0.6) 92.4(0.3) <0.001

eGFR, ml/min/1.73m2(mean ± SE) 75.1(1.1) 71.2(1.0) 0.003

CKD stage(%,95%CI) <0.001

Stages 1-2* 58.8(54.7, 63.0) 49.3(46.0, 52.6)

Stage 3a(eGFR 45-59 ml/min/1.73 m2) 29.1(25.2, 32.9) 36.9(34.1, 39.7)

Stage 3b(eGFR 30-45 ml/min/1.73 m2) 9.4(7.2, 11.6) 11.6(9.9, 13.2)

Stages 4(eGFR 15-29 ml/min/1.73 m2) 2.7(1.7, 3.7) 2.3(1.5, 3.1)

UACR(mg/g)(mean ± SE) 191.2(23.7) 137.7(11.3) 0.033

Hypoalbuminemia (albumin <4g/dl) 27.1(24.0, 30.3) 17.7(15.1, 20.2) <0.001

Anemia (%, 95% CI) 11.0(8.8, 13.1) 12.7(10.4, 15.1) 0.23

Metabolic acidosis(serum bicarbonate <21
mmol/l)(%, 95% CI)

7.3(4.7, 10.0) 5.8(4.0, 7.6) 0.29

SHPT(PTH >70 pg/ml)(%, 95% CI) 22.2(18.0, 26.3) 17.8(14.2, 21.5) 0.11

Hyperphosphatemia(serum phosphorus >4.5
mg/dl)(%, 95% CI)

5.8(3.9, 7.8) 6.1(4.6, 7.6) 0.80

Hypertension(%,95%CI) 70.6(66.8, 74.4) 57.9(54.9, 60.9) 0.11

CRP(mean ± SE) 0.7(0.04) 0.5 (0.04) <0.001

BMI: body mass index, WC: Waist Circumference, SE: standard error, UACR: urine albumin to creatinine ratio, SHPT: secondary
hyperparathyroidism;

*
- Stage 1-2 CKD includes those with eGFR >60 ml/min/1.73 m2 and micro or macroalbuminuria.
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Table 2

Characteristics of participants who were categorized as obese and non-obese based on WC criteria

Variable High WC
(n=1857)

Low WC
(n=996)

p-value

Age, years(mean±SE) 62.2(0.6) 58.6(1.0) 0.002

Male gender,%(95%CI) 37.9(35.0, 40.8) 52.8(48.5, 57.1) <0.001

Race,%(95%CI) 0.33

 Non-hispanic White 72.7(68.7, 76.6) 71.4(67.0, 75.8)

 Non-hispanic black 11.6(9.1, 14.2) 10.4(8.2, 12.5)

 Mexican American 5.8(4.1, 7.5) 6.0(4.1, 8.0)

 Other Hispanic 5.1(3.0, 7.3) 5.5(2.7, 8.4)

 Other 4.7(3.0, 6.5) 6.7(4.1, 9.3)

Household Income,%(95%CI)

 <$20,000 29.9(26.1, 33.6) 24.4(20.6, 28.2) 0.011

 $20,000 - $44,999 34.9(31.7, 38.1) 32.6(28.3, 36.9)

 $45,000 - $74,999 20.4(17.2, 23.6) 23.3(18.7, 27.9)

 ≥$75,000 14.8(11.8, 17.8) 19.7(15.8, 23.5)

Diabetes,%(95%CI) 24.9(22.2, 27.5) 13.1(10.0, 16.1) <0.001

Cardiac disease,%(95%CI) 15.7(13.6, 17.8) 13.5(10.1, 16.7) 0.28

Hyperlipidemia,%(95%CI) 72.3(69.5, 75.2) 61.3(56.9, 65.8) <0.001

Smoking,%(95%CI) 15.7(13.5, 17.9) 22.9(19.5, 26.4) <0.001

BMI(kg/m2)(mean±SE) 32.3(0.2) 23.9(0.1) <0.001

Waist circumference(cm)(mean±SE) 109.2(0.5) 87.0(0.4) <0.001

eGFR,ml/min/1.73m2(mean±SE) 71.2(0.9) 75.7(1.3) 0.004

CKD stage(%,95%CI) 0.05

Stages 1-2* 51.5(48.1, 54.8) 56.2(51.9, 60.5)

Stage 3a(eGFR 45-59 ml/min/1.73 m2) 34.1(31.3, 36.9) 33.2(29.4, 36.9)

Stage 3b(eGFR 30-45 ml/min/1.73 m2) 11.6(9.7, 13.6) 8.9(6.9, 10.9)

Stages 4(eGFR 15-29 ml/min/1.73 m2) 2.8(2.1, 3.6) 1.7(0.9, 2.6)

UACR(mg/g)(mean ± SE) 168.3(16.6) 140.8(15.5) 0.21

Hypoalbuminemia(albumin <4g/dl) 24.5(22.2, 26.9) 15.4(12.6, 18.2) <0.001

Anemia(%, 95% CI) 11.4(9.5, 13.3) 13.2(10.4, 16.0) 0.23

Metabolic acidosis(serum bicarbonate <21
mmol/l)(%, 95% CI)

6.1 (4.3, 7.9) 7.0 (3.9, 10.1) 0.58

SHPT(PTH >70 pg/ml)(%, 95% CI) 20.9(17.8, 24.0) 16.6(11.9, 21.3) 0.12

Hyperphosphatemia(serum phosphorus >4.5
mg/dl)(%, 95% CI)

6.7(4.9, 8.4) 4.7(3.3, 6.1) 0.08

Hypertension(%,95%CI) 69.8(66.8, 72.9) 49.6(45.0, 54.2) <0.001

CRP(mean±SE) 0.6(0.03) 0.5(0.06) 0.02

BMI: body mass index, WC: Waist Circumference, SE: standard error, UACR: urine albumin to creatinine ratio, SHPT: secondary
hyperparathyroidism; High WC: WC >102 cm in men and >88 cm in women

*
- Stage 1-2 CKD includes those with eGFR >60 ml/min/1.73 m2 and micro or macroalbuminuria.
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Table 3

Associations between CKD complications and BMI and WC when examined as a continuous measure

CKD complications* Odds ratio (95%CI) P-value

Anemia

 BMI per 2 kg/m2increase 0.95 (0.90, 1.01) 0.06

 WC per 5cm increase 0.95 (0.90, 0.99) 0.04

Hypoalbuminemia**

 BMI per 2 kg/m2increase 1.13 (1.09, 1.18) <0.001

 WC per 5cm increase 1.14 (1.10, 1.19) <0.001

Metabolic acidosis

 BMI per 2 kg/m2increase 1.02 (0.95, 1.10) 0.57

 WC per 5cm increase 1.00 (0.94, 1.06) 0.94

Secondary hyperparathyroidism

 BMI per 2 kg/m2increase 1.08 (1.02, 1.14) 0.01

 WC per 5cm increase 1.08 (1.02, 1.15) 0.01

Hyperphosphatemia

 BMI per 2 kg/m2increase 0.99 (0.93, 1.06) 0.86

 WC per 5cm increase 1.00 (0.94, 1.04) 0.93

Hypertension***

 BMI per 2 kg/m2 increase 1.17 (1.12, 1.22) <0.001

 WC per 5cm increase 1.17 (1.12, 1.22) <0.001

*
Adjusted for age, African American race, gender, smoking, diabetes, hypertension, log UACR and eGFR.

**
Adjusted for age, African American race, gender, smoking, diabetes, eGFR,log UACR, liver disease and hypertension.

***
Adjusted for age, African American race, gender, smoking, diabetes, log UACR and eGFR.
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Table 4

Odds of having CKD complications among obese participants based on different BMI and WC categories

CKD complications* Odds ratio (95%CI) P-value

Anemia

 BMI ≥30 kg/m2 (vs. BMI <30 kg/m2) 0.77 (0.56, 1.07) 0.12

 High WC vs. Low WC 0.73 (0.55, 0.97) 0.03

Hypoalbuminemiay**

 BMI ≥30 kg/m2 (vs. BMI <30 kg/m2) 1.78 (1.34, 2.36) <0.001

 High WC vs. Low WC 1.54(1.20, 1.98) <0.001

Metabolic acidosis

 BMI ≥30 kg/m2 (vs. BMI <30 kg/m2) 1.17 (0.73, 1.88) 0.51

 High WC vs. Low WC 0.92 (0.53, 1.60) 0.76

Secondary hyperparathyroidism

 BMI ≥30 kg/m2 (vs. BMI <30 kg/m2) 1.38 (0.96, 1.98) 0.08

 High WC vs. Low WC 1.24 (0.82, 1.86) 0.31

Hyperphosphatemia

 BMI ≥30 kg/m2 (vs. BMI <30 kg/m2) 0.86 (0.57, 1.35) 0.56

 High WC vs. Low WC 1.11 (0.74, 1.67) 0.61

Hypertension***

 BMI ≥30 kg/m2 (vs. BMI <30 kg/m2) 2.41 (1.89, 3.07) <0.001

 High WC vs. Low WC 2.19 (1.65, 2.90) <0.001

*
*Adjusted for age, African American race, gender, smoking, diabetes, hypertension, log UACR and eGFR.

**
Adjusted for age, African American race, gender, smoking, diabetes, eGFR, log UACR, liver disease and hypertension.

***
Adjusted for age, African American race, gender, smoking, diabetes, log UACR and eGFR.
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