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Abstract

Objective—Obesity, defined by body mass index (BMI, kg/m2), is associated with lower 

mortality risk in numerous chronic disease states, a phenomenon termed the obesity paradox. 

Indices of obesity, including BMI and % body fat are confounded by muscle mass, while DXA-

derived fat mass index (kg/m2) is not. We compared the associations between obesity and 

mortality in persons with chronic kidney disease (CKD) using several estimates of obesity, 

including fat mass index, and determined whether muscle mass, inflammation and weight loss 

modify these associations.

Design—Retrospective cohort study

Setting and Subjects—2,852 NHANES participants from 1999–2006, aged 20 years or more 

with body composition measures and CKD defined as estimated glomerular filtration rate <60 

ml/min/1.73m2 or urine albumin:creatinine ratio ≥ 25 mg/g for women and ≥ 17 mg/g for men.

Intervention—Obesity defined using BMI and established DXA fat mass index and % body fat 

cut-offs

Main Outcome Measure—All-cause mortality
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Results—In adjusted proportional hazards (Cox) regression models, obesity based on fat mass 

index was associated with lower mortality (HR 0.82, 95% CI, 0.70–0.97). As continuous variables, 

higher fat mass index, BMI and % body fat were associated with lower mortality. The apparent 

protective association of obesity was less pronounced among persons with higher lean (muscle) 

mass. The prevalence of >10% weight loss was 20% in participants that were obese by fat mass 

index, compared with 40% in the remainder. Prior weight loss was associated with mortality, and 

the protective association of obesity was no longer significant after adjustment for prior weight 

loss. Inflammation did not modify these associations.

Conclusions—An apparent protective association of high fat mass was seen in chronic kidney 

disease, particularly among persons with lower muscle mass. The prevalence of prior weight loss 

was two-fold lower among obese compared to non-obese persons, confounding these associations.
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INTRODUCTION

Studies in end stage renal disease (ESRD)1–6, chronic kidney disease (CKD)7,8 and 

numerous other disease states9,10 demonstrated that obesity, defined by Quételet’s (body 

mass) index (BMI, kg/m2) conferred a survival advantage. This phenomenon has been 

termed the “obesity paradox.” ESRD11–13 and CKD14 are associated with sarcopenia. In this 

context, measures confounded by muscle mass (BMI and % Body Fat (%BF)) may fail to 

reveal the independent association between excess adiposity and mortality. Dual-energy X-

ray absorptiometry (DXA)- derived fat mass index (FMI, kg/m2) overcomes the limitations 

of %BF and BMI.15–18

Further analyses of the obesity paradox in patients on hemodialysis demonstrated that 

inflammation modifies the association between BMI and mortality; the higher mortality rate 

among patients with lower BMI was only observed among patients with evidence of 

inflammation19. A potential explanation for this observation is that patients of excess weight 

have maintained or gained weight throughout their illness, while those with low weight and 

adiposity might have experienced illness-related weight loss due to the severity of their 

illness. Weight loss in excess of 5% of body weight over an average 5.7 years was seen in 

20% of patients with CKD starting dialysis and was associated with mortality.20 It remains 

unclear to what degree inflammation and/or illness-related weight loss modify the 

association between obesity and mortality in CKD.

In the current study, we employed DXA measures of fat mass from the National Health and 

Nutrition Examination Survey (NHANES) 1999–2006 to determine the associations 

between obesity/adiposity and mortality in NHANES participants with CKD. We further 

assessed whether muscle mass, inflammation, and/or weight loss confounded or modified 

these associations. We hypothesized that higher FMI would be associated with lower 

mortality, but that adjustment for weight loss would attenuate the association. That is, the 

apparent protective association is due to the ability to maintain weight, not to adiposity 

itself. Further, persons with evidence of low muscle mass (sarcopenia) and systemic 
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inflammation would be most protected by adiposity. BMI is higher with higher muscle mass, 

while %BF is lower with higher muscle mass; therefore, we expect higher BMI to be 

associated with lower mortality, and higher %BF with higher mortality.

METHODS

Study population

We examined data from NHANES, a nationally representative study of the non-

institutionalized, U.S. civilian population using a complex, multistage probability sampling 

method including oversampling of Non-Hispanic Blacks and Hispanics to produce reliable 

race- and ethnicity-specific statistics. The current study was limited to years 1999–2006 as 

these years contained DXA derived body composition data. We included all 2,852 

participants with CKD aged 20 years or more with body composition measures. CKD was 

defined as estimated glomerular filtration rate (eGFR) <60 ml/min/1.73m2 or urine albumin: 

creatinine ratio ≥ 25 mg/g for women and ≥ 17 mg/g for men.21

Measures of Fat and Muscle Mass

Whole body DXA scans were acquired using Hologic QDR 4500A fan-beam densitometers 

(Hologic, Inc, Bedford, MA) in participants 8 years of age and older. DXA exclusion criteria 

included pregnancy, weight >300 pounds (136 kg, due to the weight limit of the scanner), 

height >77 inches (195 cm), recent nuclear medicine scan, or exposure to radioactive 

contrast. To account for potential biases of non-random missing data, multiple imputation 

was performed by the National Center for Health Statistics for all participants with invalid or 

missing data (with the exception of pregnant women) using demographic, socioeconomic, 

and geographic variables, body measurements, health indicators, dietary and medication use 

variables, and blood test results.22,23

DXA-derived body composition measures included total body fat mass indexed to height2 

(FMI, kg/m2) and skeletal muscle mass approximated using appendicular lean mass indexed 

to height2 (ALMI, kg/m2). We used previously published sex- and race/ethnicity-specific 

Lambda, Mu, Sigma (LMS) curves24 to convert ALMI and FMI results to sex- and race/

ethnicity-specific Z-scores relative to age and T-scores based on LMS values in a 25 year 

old. The LMS method25,26 is the standard method for expressing body composition results 

as standard deviation score.

To define obesity based on FMI (obeseFMI) we used sex- and race/ethnicity specific FMI cut 

point values developed by Kelly, et al. that correlate to the same prevalence of obesity as a 

BMI cut point of 30 kg/m2 in 25year-old NHANES participants.24 The values range from an 

FMI of 8.1 kg/m2 in black men to 12.9 kg/m2 in white women. For comparative purposes, 

we also defined obesity as BMI ≥ 30 kg/m2 (ObeseBMI) and %BF > 42.1% in women and > 

29.6% in men (Obese%BF).27,28

The BMI was initially developed in the 19th century; the indexing of weight to height 

squared. However, the correlation of BMI with height could bias its validity when 

comparing populations of variable stature. Therefore, we also calculated Benn’s Index, 

weight/height p, where the exponent p is calculated within sex and race groups, such that 
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index no longer correlated with height, and conducted analyses in parallel with those using 

BMI.29

Kidney Disease and Co-morbidities

Laboratory assays for serum creatinine, C-reactive protein (CRP), and albumin, and urine 

albumin and creatinine were standardized and calibrated in accordance with established 

methods.22 Serum creatinine values from 1999 to 2000 were calibrated to the Cleveland 

Clinic laboratory standard by multiplying by 1.013 and then adding 0.147.22 Estimated GFR 

was calculated using the age-, sex- and race- (Black versus non-Black) specific Chronic 

Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.30,31

We defined a state of heightened Inflammation by serum C-reactive protein (CRP) ≥3.0 

mg/L or albumin < 3.5 g/dL. Percent weight loss was defined as percent difference in weight 

between the maximum self-reported weight and current measured weight.32 The elapsed 

time period of weight loss is not accounted for in this variable.

Smoking status was defined by self-report of smoking >100 cigarettes/lifetime. Diabetes was 

defined by an affirmative response to whether the participant had been told by a doctor that 

he or she had “diabetes or borderline diabetes” while not pregnant, the current use of insulin 

or oral hypoglycemic medications, or a glycohemoglobin >6.5%. Cardiovascular disease 

was defined by self-report of a physician diagnosis of congestive heart failure, coronary 

heart disease, angina, myocardial infarction, or stroke. Cancer was defined by an affirmative 

response to the question has a doctor or medical professional “ever told you had cancer or 

malignancy?” Liver disease was defined by an affirmative response to “Have you ever been 

told that you had any liver condition?”

Leisure time physical activity information was obtained and given a MET score according to 

the Compendium of Physical Activities33. Participants were categorized as meeting the 

minimum goal (<450 MET/min/week), more than meeting the minimum goal (450 to <750 

MET/min/week) and exceeding the recommended goal (≥750 MET/min/week).34

Mortality

The National Center for Health Statistics has linked mortality data from NHANES to death 

certificate data in the National Death Index (NDI) with follow-up through December 31, 

2011. The NDI matches individuals on personal and demographic criteria, such as social 

security number and date of birth, and provides mortality status and months of follow-up.35

Statistical Analysis

The study population was characterized using descriptive weighted statistics with categorical 

characteristics summarized as counts/percentages and continuous characteristics 

summarized as mean with standard error or median with 25th, 75th percentile range.

We tested the associations between different measures of obesity (FMI, BMI, %BF, Benn’s 

index, obeseFMI, obeseBMI and obese%BF) using unadjusted and adjusted multivariable 

proportional hazards (Cox) regression analyses. Adjusted models included demographics 

(Model 1), demographics, diabetes and cardiovascular disease (Model 2) and all variables 
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determined to be significantly associated with mortality on univariate screen (Model 3). We 

then tested whether weight loss was a confounder in these associations by adding percent 

weight loss as a categorical variable (none or minimal weight loss, 5–10% weight loss, or 

>10% weight loss) to Model 3 to generate Model 4.36 We tested for non-linearity of these 

associations by adding a quadratic term to all adjusted models with continuous exposures 

(i.e., adjusted FMI models additionally for FMI2 term). Finally, we repeated Model 3 with 

additional adjustment for eGFR.

To determine whether the association of FMI with mortality was different among persons 

with lower muscle mass, we evaluated for effect modification by separately testing the 

significance of an FMI x ALMI multiplicative interaction term and stratifying by ALMI T-

score ≥ or < 0 in the multivariable model.

To determine whether the association of FMI with mortality differed by the presence of 

systemic inflammation, we tested the significance of the FMI x inflammatory status (as 

defined above), FMI x continuous serum albumin, and FMI x continuous serum CRP 

interaction terms in the multivariable model. We also stratified by serum albumin ≥ or < 3.5 

g/dL in the multivariable model.

We considered 2-tailed p-values <0.05 statistically significant. We performed all analyses 

using survey procedures with SAS version 9.4 for Unix (SAS Institute, Cary, North 

Carolina) to account for the complex sampling design of NHANES and appropriately 

weighted participants in statistical models.

RESULTS

Participant Characteristics

Participant characteristics organized by obeseFMI, obeseBMI and obese%BF status are shown 

in Table 1. Regardless of the definition, obese patients were older, less physically active, had 

lower serum albumin, and higher serum CRP concentrations, and were more likely to have 

diabetes and cardiovascular disease. Obese%BF participants had the lowest mean FMI and 

ALMI compared to persons with obeseFMI and obeseBMI. Overall, persons with obeseBMI 

had the highest mean ALMI and FMI.

Participants in non-obese groups were more likely to have experienced significant weight 

loss compared to obese groups. For example, > 10% weight loss was observed in 40.4% of 

patient who were not obese by FMI, compared with 20.2% of those who were obese by FMI.

Association Between Obesity and Mortality

Table 2 shows adjusted and unadjusted associations between obesity measures (obeseFMI, 

obeseBMI, obese%BF) and mortality. In unadjusted analyses, relationships between 

definitions of obesity and mortality varied. ObeseFMI and obeseBMI, were associated with 

lower mortality risk, although only obeseBMI reached statistical significance. Obese%BF was 

associated with higher mortality.
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Table 2 shows results of multivariable models. Age, sex, race/ethnicity, diabetes, 

cardiovascular disease, liver disease, cancer, physical activity, income, and education were 

all significantly associated with mortality in univariate analyses and included in models 3 

and 4. After adjustment for demographics, diabetes and cardiovascular disease (Model 2) 

higher FMI, BMI, %BF, Benn’s Index and obeseFMI were significantly associated with 

lower mortality and remained “protective” after additional adjustment for liver disease, 

cancer, physical activity, income, and education (Model 3). ObeseBMI and obese%BF were 

associated with numerically but not significantly lower mortality. Additional testing for non-

linearity of the associations of continuous exposures with mortality by adding a quadratic 

term to model 3 was significant only for BMI suggesting the protective association of higher 

BMI attenuates at higher BMI. The association between obesity based on FMI and mortality 

among individuals with CKD was similar after adding eGFR to Model 3 (HR 0.81, 95% CI, 

0.69–0.95).

Confounding by Weight Loss

Table 2 (Model 4) shows the associations of mortality with obeseFMI, obeseBMI, obese%BF 

and respective continuous variables with additional adjustment for percent weight loss 

categories. Once percent weight loss was accounted for, none of the obesity measures were 

significantly associated with mortality.

Figure 1 demonstrates the associations of the categorical (Figure 1A) and continuous (Figure 

1B) measures of adiposity with mortality in Model 3, and the impact of adjustment for 

percent weight loss categories (Model 4).

Effect Modification by Muscle Mass and Inflammation Status

Muscle mass (ALMI) modified the association between each measure of adiposity and 

mortality (β=0.28, 0.28, 0.21 for obeseFMI, obeseBMI, and obese%BF, respectively; p for 

obese%BF x ALMI= 0.04; p for all other interactions <0.01). That is, the apparent protective 

association of obesity was more pronounced among persons with lower muscle mass. This 

phenomenon was demonstrated in analyses stratified by ALMI T score < 0 or ≥ 0, 

suggesting a beneficial association of obeseFMI, in the lower ALMI group (HR ALMI T-

score <0= 0.70, 95% CI 0.54 to 0.89; HR ALMI T-score ≥ 0= 1.35, 95% CI 0.96 to 1.90).

Tests for the modification of the FMI – mortality association by inflammation status were 

not significant.

DISCUSSION

Using a direct measure of adiposity independent of muscle mass, higher FMI was associated 

with lower mortality in NHANES participants with CKD, independent of demographics, 

comorbidities, and lifestyle covariates. Participants with the lowest muscle mass 

demonstrated the most pronounced benefit of adiposity. Weight loss, a known poor 

prognostic indicator, was two-fold more prevalent among non-obese compared to obese 

NHANES participants, and was associated with mortality. Accordingly, weight loss 

confounded the association between obesity and mortality, such that the apparent protective 

association between FMI and mortality was eliminated after adjustment for weight loss.
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In the general population, obesity is associated with cardiovascular events and mortality.37 

These associations are attributed to the direct effects of obesity, such as increased cholesterol 

synthesis and insulin resistance as well as the indirect effects of hypertension and 

progression of diabetes.38 However, obesity has been associated with lower mortality risk 

among persons with CKD and other chronic diseases.2,10 Numerous potential explanations 

for the obesity paradox have been proposed. Obesity may represent nutritional reserve and 

adipose tissue may help sequester uremic toxins in persons with CKD.7 However, the 

obesity paradox can be alternatively explained by reverse causality; namely, more severe 

illness results in weight loss, and loss of fat mass confounds these epidemiologic 

relationships.

Previous studies on the association between higher BMI and mortality in CKD have shown 

either no association39 or lower mortality risk7,40. These studies are limited by their use of 

BMI, a measure confounded by muscle mass. Lower muscle mass is associated with 

mortality in CKD and may explain the observed relation between BMI and mortality. Few 

studies have used more direct estimates of adiposity to determine the relation between 

obesity and mortality in CKD. Using NHANES data, two studies explored the relationship 

of %BF with mortality in persons with CKD. Navaneethan et al. assessed mortality risk per 

10% higher%BF, while Androga et al. used sex-specific %BF cutpoints. Neither found an 

association between %BF and mortality in CKD.41,42 Similarly, these studies were limited 

by their use of %BF to assess adiposity, a measure that increases with lower muscle mass. 

Our study similarly found no association of obesity defined by %BF with mortality using 

sex-specific cutpoints. When assessed as a continuous variable, higher %BF was associated 

with a slight reduction in mortality risk.

To our knowledge, our study is the first to use a direct estimate of adiposity to assess the 

association of obesity with mortality in CKD and to assess the impact of weight loss on 

these findings. Weight loss is associated with mortality in the general population43 and 

among persons with ESRD44 and CKD20 and was an important confounder in our analyses. 

Adjustment for weight loss eliminated any apparent protective effect of obesity across all 

measures.

Our study had several limitations including the measurement of body composition at a single 

point in time. As such, we cannot infer a causal relation between mortality and altered body 

composition. Further, percent weight loss was determined using self-reported highest weight 

and current measured weight. Therefore, exact weight lost and over what timeframe could 

not be determined. The NHANES study population had a very low prevalence of 

inflammation based on surrogates of elevated CRP or low albumin limiting the power of our 

inflammation analyses. Finally, variation in soft tissue hydration seen in chronic diseases 

states such as CKD may cause errors in DXA fat estimates.45

Strengths of our analysis included the use of FMI and a novel definition to define obesity. 

We also used multiple measures of obesity including the Benn’s Index that relies on a 

measured weight and provides a closer approximation of adiposity relative to BMI, because 

of the correlation between height and BMI which is eliminated when calculating Benn’s 

index.46
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CONCLUSION

In conclusion, patients with CKD and higher fat mass have a better prognosis with regard to 

mortality, particularly among those with lower muscle mass. Weight loss, a known poor 

prognostic indicator in CKD, was two-fold more prevalent among non-obese participants 

compared to obese participants and confounded these associations, suggesting that these 

epidemiologic associations suffer from reverse-causality as opposed to a biologically 

protective effect.

PRACTICAL APPLICATION

Widely used definitions of obesity, %BF and BMI, are confounded by muscle mass, which 

must be considered when interpreting studies using these measures. In clinical practice, 

providers should consider prior weight loss even in obese patients as this may be a sign of 

higher mortality risk.
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Figure 1A. 
Hazard ratios and 95% confidence intervals for mortality in obese vs. non-obese persons 

with chronic kidney disease before and after adjustment for % weight loss.

Chronic kidney disease was defined as eGFR <60 ml/min/1.73m2 or urine albumin: 

creatinine ratio ≥ 25 mg/g for women and ≥ 17 mg/g for men.

Model 3: Adjusted for age, sex, race, physical activity level, smoking status, diabetes, 

cancer, cardiovascular disease, liver disease, income and education. Model 4: Adjusted for 

percent weight loss category, age, sex, race, physical activity level, smoking status, diabetes, 

cancer, cardiovascular disease, and liver disease.
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Figure 1B. 
Hazard ratios and 95% confidence intervals for mortality by continuous measures of 

adiposity in persons with chronic kidney disease before and after adjustment for % weight 

loss.

Chronic kidney disease was defined as eGFR <60 ml/min/1.73m2 or urine albumin: 

creatinine ratio ≥ 25 mg/g for women and ≥ 17 mg/g for men.

Model 3: Adjusted for age, sex, race, physical activity level, smoking status, diabetes, 

cancer, cardiovascular disease, liver disease, income and education. Model 4: Adjusted for 

percent weight loss category, age, sex, race, physical activity level, smoking status, diabetes, 

cancer, cardiovascular disease, and liver disease.
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Table 1.

Characteristics of 2,852 chronic kidney disease participants of the National Health and Nutrition Examination 

Survey 1999–2006

Obese
FMI

Non-Obese
FMI

Obese
BMI

Non-Obese
BMI

Obese
%BF

Non-Obese
%BF

N (Unweighted) 1326 1526 1134 1712 1526 1320

Age (median, 25th, 75th percentile) 59 (47–70) 57 (40–72) 57 (45–68) 61 (42–73) 63 (49–72) 53 (37–69)

Female 47.8% 54.4% 50.2% 52.3% 47.5% 55.7%

Race/ethnicity

 Non-Hispanic White 75.9% 80.8% 74.9% 81.0% 80.2% 76.8%

 Non-Hispanic Black 16.8% 11.2% 16.8% 11.7% 12.5% 15.1%

 Mexican American 7.3% 8.0% 8.2% 7.3% 7.3% 8.1%

Physical Activity
(MET/min/week)

 <450 80.6% 70.8% 80.1% 71.8% 79.6% 70.2%

 450 – 750 8.6% 11.4% 8.6% 11.2% 9.6% 10.7%

 >750 10.8% 17.8% 11.3% 17.0% 10.7% 19.0%

Smoker 53.0% 56.6% 50.9% 57.5% 53.7% 56.1%

Diabetes 35.5% 15.6% 36.0% 16.8% 31.7% 16.7%

Cancer 12.2% 14.1% 11.1% 14.7% 14.2% 12.1%

CVD 22.7% 19.1% 21.4% 20.2% 24.1% 17.0%

Liver Disease 7.3% 5.9% 6.8% 6.4% 7.7% 5.2%

Education

<12 years 30.6% 31.1% 30.2% 31.4% 31.2% 30.5%

12+ years 69.4% 68.9% 69.8% 68.6% 68.8% 69.5%

Income

<$20,000 29.8% 31.0% 28.9% 31.5% 28.8% 32.2%

$20,000–$45,000 33.8% 31.9% 34.5% 31.5% 36.2% 29.0%

$45,000–$75,000 19.2% 21.4% 18.8% 21.6% 20.2% 20.8%

$75,000 + 17.2% 15.7% 17.8% 15.5% 14.8% 18.1%

Vitamin D Deficiency
(<50 nmol/L)

57.5% 45.7% 57.5% 46.6% 54.3% 47.3%

Weight Loss

 No significant loss 57.7% 35.3% 58.8% 36.2% 54.2% 35.6%

 5–10% 22.1% 24.4% 23.5% 23.2% 23.1% 23.7%

 >10% 20.2% 40.4% 17.7% 40.6% 22.8% 40.8%

Laboratory Values

Serum Albumin
(g/dL)

4.16 ± 0.01 4.31 ± 0.01 4.17 ± 0.01 4.30 ± 0.01 4.18 ± 0.01 4.32 ± 0.01

Low Serum Albumin
(<3.5 g/dl)

2.6% 1.9% 2.6% 1.9% 2.5% 1.8%
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Obese
FMI

Non-Obese
FMI

Obese
BMI

Non-Obese
BMI

Obese
%BF

Non-Obese
%BF

Serum CRP
(mg/dL)

0.77 ± 0.04 0.49 ± 0.04 0.79 ± 0.04 0.50 ± 0.04 0.71 ± 0.03 0.51 ± 0.05

Elevated Serum CRP
(≥3.0 mg/L)

2.6% 2.6% 2.7% 2.5% 2.9% 2.3%

Cystatin C eGFR 61 ± 1.1 67 ± 1.3 62 ± 1.2 66 ± 1.2 61 ± 1.0 69 ± 1.3

Creatinine eGFR 76 ± 0.9 78 ± 0.9 78 ± 1.0 77 ± 0.8 74 ± 0.9 80 ± 0.9

Serum Bicarbonate
(mEq/L)

24.10 ± 0.12 24.35 ± 0.14 24.03 ± 0.12 24.38 ± 1.14 24.19 ± 0.12 24.29 ± 0.14

Body Composition

BMI (kg/m2)

 Male 34.61 ± 0.33 25.43 ± 0.17 35.86 ± 0.35 25.60 ± 0.12 33.04 ± 0.36 25.73 ± 0.22

 Female 36.36 ± 0.34 24.20 ± 0.20 36.90 ± 0.32 24.27 ± 0.19 34.48 ± 0.33 24.39 ± 0.25

FMI (kg/m2)

 Male 12.32 ± 0.17 6.66 ± 0.08 12.60 ± 0.20 7.11 ± 0.08 11.66 ± 0.18 6.45 ± 0.10

 Female 17.19 ± 0.22 9.08 ± 0.13 17.33 ± 0.23 9.27 ± 0.14 16.28 ± 0.20 8.90 ± 0.15

FMI T-score 1.35 ± 0.02 −0.07 ± 0.03 1.37 ± 0.02 0.02 ± 0.03 1.22 ± 0.02 −0.15 ± 0.03

FMI Z-score 1.08 ± 0.03 −0.63 ± 0.03 1.12 ± 0.03 −0.54 ± 0.02 0.88 ± 0.03 −0.69 0.03

% Body Fat

 Male 35.23 ± 0.19 25.94 ± 0.23 34.66 ± 0.25 27.40 ± 0.23 34.81 ± 0.17 24.73 ± 0.21

 Female 47.00 ± 0.21 36.91 ± 0.31 46.59 ± 0.25 37.52 ± 0.32 46.79 ± 0.16 35.81 ± 0.31

Benn’s Index 39.05 ± 0.32 27.59 ± 0.15 40.21 ± 0.33 27.64 ± 0.14 37.30 ± 0.33 27.72 ± 0.20

ALMI (kg/m2)

 Male 9.41 ± 0.09 7.95 ± 0.05 9.93 ± 0.09 7.76 ± 0.05 8.97 ± 0.10 8.26 ± 0.07

 Female 7.86 ± 0.09 6.00 ± 0.04 8.06 ± 0.07 5.94 ± 0.04 7.40 ± 0.08 6.19 ± 0.06

ALMI T-score 0.59 ± 0.04 −0.65 ± 0.03 0.87 ± 0.04 −0.75 ± 0.03 0.26 ± 0.05 −0.48 ± 0.04

ALMI Z-score 0.80 ± 0.04 −0.45 ± 0.04 1.04 ± 0.04 −0.52 ± 0.03 0.51 ± 0.05 −0.32 ± 0.04

Data is presented as weighted mean +/− standard error or weighted % unless otherwise stated.

Group categorization is not exclusive; i.e. there is some overlap between groups. Chronic kidney disease was defined as eGFR <60 ml/min/1.73m2 

or urine albumin: creatinine ratio ≥ 25 mg/g for women and ≥ 17 mg/g for men.
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Table 2.

Hazard Ratios and 95% confidence intervals for the associations of mortality with estimates of adiposity in 

2,852 chronic kidney disease participants of the National Health and Nutrition Examination Survey 1999–

2006

Categorical Indices of Obesity Continuous Measures

ObeseFMI ObeseBMI Obeseo%BF FMI BMI %BF Benn’s
Index

Unadjusted 0.93
(0.77–1.12)

p=0.41

0.76
(0.60–0.95)

p=0.02

1.22
(0.99–1.49)

p=0.05

0.98
(0.96–1.00)

p=0.09

0.98
(0.97–0.99)

p=0.02

0.99
(0.99–1.01)

p=0.69

0.99
(0.97–0.99)

p=0.01

Model 1 0.91
(0.77–1.08)

p=0.28

0.91
(0.73–1.14)

p=0.40

0.92
(0.77–1.10)

p=0.38

0.99
(0.96–1.02)

p=0.39

0.98
(0.97–1.01)

p=0.36

0.99
(0.97–1.00)

p=0.15

0.99
(0.98–1.01)

p=0.26

Model 2 0.85
(0.72–0.99)

p=0.04

0.83
(0.66–1.03)

p=0.09

0.90
(0.75–1.08)

p=0.24

0.97
(0.95–0.99)

p=0.04

0.9
(0.96–0.99)

p=0.03

0.98
(0.97–0.99)

p=0.03

0.98
(0.97–0.99)

p=0.02

Model 3 0.82
(0.70–0.97)

p=0.02

0.81
(0.65–1.01)

p=0.06

0.89
(0.74–1.08)

p=0.23

0.97
(0.95–0.99)

p=0.03

0.98
(0.97–0.99)

p=0.03

0.98
(0.96–0.99)

p=0.03

0.98
(0.97–0.99)

p=0.01

Model 4 1.01
(0.84–1.22)

p=0.92

1.01
(0.79–1.29)

p=0.95

1.09
(0.90–1.33)

p=0.37

1.00
(0.97–1.03)

p=0.87

1.00
(0.98–1.02)

p=0.94

1.00
(0.98–1.02)

p=0.99

0.99
(0.98–1.01)

p=0.75

Chronic kidney disease was defined as eGFR <60 ml/min/1.73m2 or urine albumin: creatinine ratio ≥ 25 mg/g for women and ≥ 17 mg/g for men.

Model 1: Adjusted for age, sex and race/ethnicity. Model 2: Covariates included in Model 1 with further adjustment for diabetes and cardiovascular 
disease. Model 3: Covariates included in Model 2 with further adjustment for cancer, physical activity, income, and education. Model 4: Covariates 
included in Model 3 with further adjustment for weight loss.
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