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Abstract

Background—Anorexia and malnutrition are associated with poor outcomes in children with 

CKD.

Study Design—Observational cohort study.

Setting & Participants—We assessed the changes in body mass index (BMI) as kidney 

function declines and its association with risk of ESRD among 854 participants followed up inn 

2005–2013 in the Chronic Kidney Disease in Children (CKiD) Study.
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Predictors—Repeated measures of estimated glomerular filtration rate by serum creatinine 

(eGFR) in our trajectory analysis using mixed models; change in BMI z score (per year) after 

eGFR fell below 35 mL/min/1.73 m2 in logistic regression models.

Outcomes—Repeated measures of BMI z score (as a reflection of weight status) in our 

trajectory analysis; ESRD in logistic regression models.

Results—During mean longitudinal follow-up of 3.4 years, BMI z scores remained stable until 

eGFR fell below 35 mL/min/1.73 m2. When eGFR fell below 35 mL/min/1.73 m2, a mean decline 

in BMI z score of 0.13 (95% CI, 0.09–0.17) was noted with each 10-mL/min/1.73 m2 further 

decline in eGFR. This was statistically significantly different from the weight trajectory when the 

eGFR was 35 mL/min/1.73m2 or greater (p<0.001). Among children and adolescents with 

significant weight loss (defined as a decline in BMI z score of >0.2 per year) after eGFR fell 

below 35 mL/min/1.73 m2, the odds of ESRD was 3.28 (95% CI 1.53–7.05) times greater 

compared to participants with stable BMI z scores (BMI z-score change per year of 0–0.1).

Limitations—Observational nature of our study, lack of longitudinal assessments of 

inflammatory markers.

Conclusions—In children and adolescents with CKD, weight loss mostly occurs when eGFR 

falls below 35 mL/min/1.73 m2, and this weight loss was associated with a higher risk of ESRD. 

Further studies are needed to define the reasons for the association between weight loss and more 

rapid progression to ESRD in children and adolescents.

Keywords

body mass index (BMI); BMI trajectory; height; chronic kidney disease (CKD); CKD progression; 
children; adolescents; pediatric CKD; malnutrition; weight loss; growth; end-stage renal disease 
(ESRD)

Weight loss is known to occur commonly among adults and children with chronic kidney 

disease (CKD), including end-stage renal disease (ESRD).1–5 A few prior cross-sectional 

studies in adults suggested that weight begins to decrease around an estimated glomerular 

filtration rate (eGFR) of 40 mL/min/1.73 m2.1,2 However, there has been a paucity of data 

on longitudinal assessments of the timing or degree of weight loss that occurs as CKD 

progresses in children. Whether weight slowly declines in linear fashion with advancing 

CKD or remains stable until the late stages of CKD is unclear. Because of the critical 

importance of nutrition in fostering appropriate growth in children, use of feeding tubes or 

nutritional supplementation to foster appropriate weight gain during CKD is a common 

practice.6,7 However, the appropriate timing of such interventions to maintain weight (or 

foster appropriate weight gain) has not been well examined in children with CKD.

The objective of this study was to determine the trajectory of weight change as kidney 

function declines in the Chronic Kidney Disease in Children (CKiD) study, a North 

American observational cohort study of children and adolescents with CKD followed up 

longitudinally since 2005. We hypothesized that weight trajectory would not be linear with 

the progression of CKD, and that weight loss would primarily occur after onset of the 

advanced stages of CKD (stage 4 or beyond). We also aimed to determine the characteristics 
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of CKiD participants who lost significant weight with advancing CKD, and whether such 

weight changes would be associated with a higher risk of ESRD.

Methods

Study Population

Details of the CKiD study have been previously described.8 Briefly, CKiD is a prospective 

cohort study of children and adolescents aged 1–16 years with eGFR of 30–90 mL/min/1.73 

m2 that began in 2005 and is ongoing.8,9 In the present analysis, we included 854 CKiD 

participants who had at least one serum creatinine, BMI and height measurement (by 

stadiometer or measuring table with block and footboard) available for our trajectory 

analysis. All data were derived from the National Institute of Diabetes and Digestive and 

Kidney Diseases (NIDDK) Central Repository in de-identified form, and data were 

administratively censored as of July 2013. The University of California Institutional Review 

Board considers this study exempt human subjects research; no additional informed consent 

was required for this analysis. All data analyses were conducted using Stata 14, and verified 

by a separate statistician using SAS.

BMI Trajectory During CKD Progression

We examined the association between eGFR and repeated measures of age- and sex-specific 

BMI z score during longitudinal follow-up of CKiD participants. Our primary predictor of 

interest was eGFR using the bedside Schwartz equation (eGFRcre),10 given a larger number 

of missing serum cystatin C levels during follow-up visits. However, in sensitivity analysis, 

we repeated these analyses using the 2012 cystatin-C based equation (eGFRcys) to estimate 

kidney function if cystatin C was available.11

Our primary outcome of interest in our trajectory analyses were age- and sex-specific BMI z 
scores (based on the 2000 Centers for Disease Control [CDC] BMI standards for children 

aged 2 years or older and the 2006 World Health Organization [WHO] Child Growth 

Standards for children younger than 2 years of age).12,13 We chose to use BMI z score as our 

primary outcome, because BMI is a better reflection of weight status since it simultaneously 

accounts for height accrual that may occur in children. Our secondary outcome of interest 

was age- and sex-specific weight z score trajectory (also according to 2000 CDC standards).
12,13 For visits with BMI z scores that were missing (121 visits), the most recent BMI z 
score was carried forward.

We first used unadjusted linear mixed models to flexibly model the relationship between 

eGFRcre and BMI (or weight) z score. We modeled eGFRcre as a restricted cubic spline term 

with knots specified a priori at 15, 30, and 45 mL/min/1.73 m2 (standard CKD stages 5, 4, 

and 3b, respectively); this spline term served as our primary predictor of repeated measures 

of BMI (or weight) z score in linear mixed models. Use of splines allows for a large degree 

of flexibility to accommodate non-linear associations and provides additional flexibility at 

the knots. These analyses were unadjusted as our primary interest was changes within the 

same individual over time. Because we noted an inflection point in the BMI z score when 

the eGFR fell below 35 mL/min/1.73 m2, we tested for differences in the coefficient for the 
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slope terms before versus after eGFR of 35 mL/min/1.73 m2. In secondary analysis, we also 

adjusted these segmented mixed models for age, sex, race (black, white, versus other), cause 

of CKD, and proteinuria (as a time-dependent variable, categorized as ≥ or < 2 g/g). We 

confirmed our results using eGFRcys as the primary predictor of BMI (and weight) z score in 

unadjusted and adjusted analyses.11 In sensitivity analysis, we also used the clinically 

relevant cutoff (eGFR of 30 mL/min/1.73 m2 or CKD stage 4) as the inflection point and 

repeated our trajectory analysis.

We tested for the presence of interaction between repeated measures of eGFR and cause of 

CKD, given the known faster rate of CKD progression among those with glomerular causes 

of CKD.14 We performed stratified analysis by cause of CKD (glomerular versus non-

glomerular) after we detected the presence of an interaction.

Because BMI z scores are influenced by changes in height, and because height accrual may 

slow with sexual maturation, we performed a series of additional analyses. First, we used 

unadjusted mixed models to examine how longitudinal declines in eGFRcre and eGFRcys are 

associated with height z score measurements over time (based on age- and sex-specific CDC 

standards).12,13 This analysis provided an assessment of the likelihood that changes in BMI 

z scores would be secondary to changes in height z score, as opposed to weight changes. In 

addition, we repeated our models excluding all visits when participants had a sexual 

maturation rating of Tanner 4 or beyond (for pubic hair, testes, or breasts) in order to isolate 

the analyses to participants with continued growth potential.

Characteristics of Participants by Weight Change Category

After we noted that the decline in BMI z score occurred after eGFR fell below 35 mL/min/

1.73 m2, we classified the children and adolescents by the magnitude of their weight change 

between an eGFR of 35 mL/min/1.73 m2 and their most recent BMI z score value. This 

change in BMI z score was annualized, and categorized into quartiles based on the 

distribution of our data as: 1) stable weight (z score change of 0-<0.1); 2) moderate weight 

loss (z score change < 0 but >= −0.2); 3) significant weight loss (z score change <−0.2); and 

4) weight gain (z score change ≥ 0.1). The −0.2 and 0.1 z score cutoffs were based on the 

approximate 25th and 75th percentile of BMI z score change in our data, respectively. Prior 

studies have also suggested that changes in BMI z score of this magnitude are clinically 

significant.15

Next, we examined the demographic characteristics of participants by weight change 

category and clinical characteristics including cause of CKD, history of feeding tube use 

(nasogastric or gastrostomy tubes), proteinuria (categorized as a protein-creatinine ratio ≥ 2 

or < 2 g/g), self-reported appetite over the last 7 days prior to CKiD study visit, systolic 

blood pressure z score, serum albumin, and hemoglobin measured at the first visit when 

eGFR fell below 35 mL/min/1.73 m2.

Weight Change and Risk of ESRD

ESRD (defined as receiving long-term dialysis or having a kidney transplant) was identified 

in CKiD through phone contact or in-person during follow-up. We used unadjusted logistic 

regression models to examine the odds of ESRD by weight change category after eGFRcre 
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fell below 35 mL/min/1.73 m2. We considered these unadjusted models our primary 

analysis, since we were primarily interested in the association between changes in weight 

within the same individual as a predictor of risk of adverse outcomes. In sensitivity analysis, 

we also adjusted these models for age, sex, race, cause of CKD, and proteinuria (≥2 or < 2 

g/g) as a categorical variable (Model 1), and then additionally adjusted for hemoglobin, 

eGFRcre (categorized as < or ≥ 15 mL/min/1.73 m2 on account of non-normality), SBP z 
score, and serum albumin values (categorized as ≥ or < the median of 4.3 g/dL on account of 

non-normality) ascertained at the first CkiD visit when eGFR was below 35 mL/min/1.73 m2 

(Model 2). We then tested for the presence of interaction between weight change category 

and cause of CKD, as well as between weight change category and BMI z score at the time 

when eGFRcre first fell below 35 mL/min/1.73m2. Because of the presence of an interaction 

by BMI z score when eGFRcre first fell below 35 mL/min/1.73 m2, we further stratified our 

logistic regression models by BMI (categorized as above or below the mean z-score) when 

eGFRcre first fell below 35 mL/min/1.73 m2.

Finally, we used linear regression models to explore whether the rate of eGFR decline would 

be associated with annualized weight changes that occurred after eGFR fell below 35 

mL/min/1.73 m2 in unadjusted and adjusted models. We categorized rate of decline in eGFR 

as rapid (defined as eGFR ≥3 mL/min/1.73 m2 per year) versus slow (< 3 mL/min/1.73 m2 

per year) based on prior definitions used in the literature.16

Results

The baseline characteristics of CkiD participants included for analysis are shown in Table 1. 

Mean age was 10.8 years, and 63% were boys. Of the 854 participants included for our 

trajectory analysis, BMI and serum creatinine data from an average of 3.8 visits per 

participant were included.

Prior to an eGFRcre of 35 mL/min/1.73 m2, every 10 mL/min/1.73 m2 decline in eGFRcre 

was associated with a mean decline in BMI z score of 0.008 (95% CI, −0.01 to 0.02). After 

eGFRcre fell below 35 mL/min/1.73 m2, every 10 mL/min/1.73 m2 further decline in 

eGFRcre was associated with a mean decrease in BMI z score of 0.13 (95% CI, 0.09 to 0.17) 

(Figure 1A). Adjustment for demographic characteristics, cause of CKD, and proteinuria did 

not significantly alter results: a decline in BMI z score of 0.14 (95% CI, 0.10 to 0.18) was 

noted with every 10 mL/min/1.73m2 decrease in eGFRcre after eGFRcre fell below 35 

mL/min/1.73 m2. The difference in the association between repeated measures of BMI z 
score and kidney function before and after an eGFRcre threshold of 35 mL/min/1.73 m2 was 

statistically significant (p<0.001). The findings were similar using repeated measures of 

BMI z scores from the 840 participants in whom eGFRcys was available (Figure 1B). Results 

were also similar after exclusion of visits where participants were noted to have a Tanner IV 

or V sexual maturity rating (Figure S1, available as online supplementary material).

In sensitivity analysis when eGFR of 30 mL/min/1.73 m2 was used as the inflection point, 

we found similar results: for every 10 mL/min/1.73 m2 further decline in eGFRcre after 

eGFRcre fell below 30 mL/min/1.73 m2, a mean decrease in BMI z score of 0.16 (95% CI, 

0.10– 0.21) was noted. However, in eGFRcre ranges above 30 mL/min/1.73 m2, every 10 
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mL/min/1.73m2 decline in eGFR was associated with a non-statistically significant decrease 

in BMI z score of 0.014 (95% CI, −0.005 to 0.03).

When we examined the change in weight z score with advancing CKD, the results were 

similar to results from our BMI analysis (Figures 1A-1B). We also found no statistically 

significant associations between repeated measures of declines in eGFRcre or eGFRcys and 

height z scores (Figure 1D-1E).

When we stratified our BMI z score trajectories by glomerular versus non-glomerular causes 

of CKD, we found more profound weight loss with progression of CKD among children and 

adolescents with a glomerular cause of CKD (Figure 1E, p<0.001 for interaction). Every 10 

mL/min/1.73m2 decline in eGFRcre was associated with a decline in BMI z score of 0.22 

(95% CI, 0.15–0.29) after eGFRcre fell below 35 mL/min/1.73 m2 among participants with a 

glomerular cause of CKD (n=244) versus a decline in BMI z score of just 0.10 (95% CI, 

0.06–0.15) among those with non-glomerular causes of CKD (n=610).

Among the 268 children and adolescents who had at least two BMI and serum creatinine 

measurements after eGFRcre fell below 35 mL/min/1.73 m2, 130 cases of ESRD and two 

deaths occurred. Approximately 25% of participants had significant weight loss (Table 2) 

during a median follow-up of 2.7 years. Participants who lost significant weight were more 

likely to have a glomerular cause of CKD (Table 2), whereas those who gained weight were 

most likely to have lower BMI z scores at the visit when eGFR first fell below 35 mL/min.

1.73 m2. There was no evidence of an association between the prevalence of poor appetite 

by self-report and weight change categories (Table 2).

Among the subset of children and adolescents with two or more BMI measurements after 

eGFRcre first fell below 35 mL/min/1.73 m2, we noted a graded association between the 

degree of weight loss and odds of ESRD in unadjusted and adjusted analyses (Table 3). 

Weight gain was also associated with a higher odds of ESRD, although these findings did 

not achieve statistical significance (Table 3).

There was an interaction between significant weight loss and BMI z score starting at the 

time when eGFRcre first fell below 35 mL/min/1.73 m2 (p=0.04). Among children and 

adolescents with a BMI z score above 0.3 (n=122) when the eGFRcre first fell below 35 

mL/min/1.73 m2, the adjusted odds of ESRD was 5.8 (95% CI, 1.61–21.0) times higher 

(Model 2) among patients who had significant weight loss compared to the reference group. 

In contrast, among participants with a BMI z score ≤0.3 (n=125) when eGFRcre first fell 

below 35 mL/min/1.73 m2, the odds of ESRD in those with significant weight loss was not 

statistically significantly different from that in those who maintained weight (odds ratio, 

0.86; 95% CI, 0.18–4.00).

We tested for but did not find presence of interaction between weight change category and 

cause of CKD for the risk of ESRD (all p>0.05). Finally, we did not find any association 

between rates of eGFR loss per year after eGFR fell below 35 mL/min/1.73m2 and change 

in BMI z score per year (p=0.2).
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Discussion

In our study, we found that intensified weight loss (reflected by BMI changes) begins earlier 

than previously reported in the literature,17 specifically after eGFR falls below 35 mL/min/

1.73 m2. This weight loss was, in particular, more pronounced among children and 

adolescents who had glomerular causes of CKD, and was associated with a higher risk of 

ESRD. We believe our study provides clinically useful data on the patterns of weight change 

in children and adolescents with CKD as kidney function declines over time. We also believe 

our study highlights the need for greater attention to weight status and nutrition during the 

course of CKD progression, given that weight changes may serve to identify the subset of 

participants at higher risk for developing ESRD.

The reasons for our finding of a strong association between weight loss during the advanced 

stages of CKD and risk of ESRD are not entirely clear. Because anorexia and weight loss are 

commonly considered symptoms of uremia,2,20 children and adolescents who lose 

significant weight may be started on renal replacement therapy earlier to improve their 

weight status and treat uremia, which could explain our observations. This is consistent with 

observations within a large randomized controlled trial in adults of early versus late dialysis 

initiation, where anorexia was cited as one of the reasons that providers started RRT early.21 

In a recent survey of pediatric nephrologists, weight loss was also cited as a factor that 

prompted earlier initiation of dialysis.22 It is also possible that the weight loss observed in 

our study serves as marker of illness severity or greater inflammation, which may predispose 

to more rapid progression to ESRD.23 Finally, non- adherence to nutritional interventions 

(such as nutritional supplementation)24 or late presentation for nephrology care25,26 may 

explain the association between greater weight loss and a higher risk of ESRD. We believe it 

is less likely that nutritional supplementation would slow the progression of CKD, although 

our study is observational in nature and was not designed to answer this question.

Interestingly, weight loss appeared to be more strongly associated with ESRD if this weight 

loss occurred among children and adolescents who had a BMI z score above the mean at the 

visit when eGFR first fell below 35 mL/min/1.73 m2. The reasons for the effect modification 

by BMI z score when eGFR first dropped below 35 mL/min/1.73 m2 are unclear. One 

possibility is that those who already had a below-average BMI by CKD stage 3b (eGFR <45 

ml/min/1.73 m2) had lower protein intake and thus reduced muscle mass and lower serum 

urea levels, leading to a consistent underestimation of their degree of kidney failure and 

uremic toxicity and therefore lower likelihood of initiating RRT.27 Another possibility is that 

participants with above average BMI z score developed this weight loss rapidly during 

periods of severe illness, which therefore prompted earlier initiation of dialysis or 

transplantation. 21,22

Our data suggest that more frequent monitoring of protein-energy wasting may be especially 

important among children and adolescents with glomerular causes of CKD, in whom weight 

loss was observed to be more profound compared to those with nonglomerular causes of 

CKD. We speculate that genetic and congenital causes of CKD may assume a more indolent 

course, and that greater attention to nutrition (by [naso]gastric feeding or caloric 

supplementation) due to the chronicity of kidney disease and the younger age of onset of 
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CKD may occur in this subset of patients. In contrast, due to the older age of most children 

and adolescents who acquire CKD due to glomerulonephritis, it is possible that less attention 

is paid to nutrition among this subgroup, leading to more profound weight loss with 

advancing CKD. It is also possible that children and adolescents with glomerulonephritis 

have more generalized inflammation, and therefore increased protein-energy wasting and 

weight loss.19

Given the observational nature of our data, it is unclear whether nutritional supplementation 

to maintain weight can reduce the risk of ESRD.7,28 Of note, there was no difference in the 

prevalence of poor appetite by self-report across different weight categories, which is 

consistent with the results of a prior study.29 We speculate that this finding could be related 

to heightened awareness of symptoms such as loss of appetite by participants and their 

families regardless of whether objective weight changes occurred.29 However, there are also 

known limitations to the use of self-report when determining appetite,30 especially among 

children and adolescents with CKD where reduced appetite may become the norm and go 

unnoticed in the setting of a chronic illness. While our study was not designed to determine 

whether nutritional supplementation would improve clinical outcomes and we do not have 

access to repeated measurements of caloric intake, such a study would be warranted, given 

the worse outcomes of children and adolescents who lost weight during their course of 

CKD.

The strengths of our study include the national representativeness of the cohort, the repeated 

and well-characterized anthropometric measurements in CKiD, and the availability of 

repeated measures of kidney function over time. However, there are several limitations to 

our study. First, our study is limited by the likely underestimation of the degree of non-

edematous weight loss that occurred, given the potential for the presence of fluid weight to 

accumulate with advancing CKD. We also have a limited number of longitudinal 

measurements of inflammatory markers such as C-reactive protein and cholesterol to include 

for analysis. Although a number of studies of children with CKD have expressed BMI z 
scores for height-age (the age at which a children’s height would be at the 50th percentile) 

rather than for chronological age, we have chosen to use chronological age because height z 
score did not change substantially during longitudinal follow-up, and because expression of 

BMI z score by height-age is less practical in a busy clinical setting. We also note that there 

may be limitations in the ability for BMI measurements to distinguish between adiposity 

versus fluid weight, although BMI z scores remain the most commonly used marker of body 

size in children with CKD, and we are limited by the lack of availability of other measures 

of body composition, such as bioelectrical impedance, in the CKiD study.34,35 We also 

acknowledge that the threshold of decline in eGFR that was selected for our primary 

analysis (eGFR of 35 mL/min/1.73 m2) was determined post hoc, and should be confirmed 

in additional studies. Finally, given the observational nature of our study, we cannot rule out 

the possibility of residual confounding.

In conclusion, significant weight loss appears to occur primarily after eGFR falls below 35 

mL/min/1.73 m2 in children and adolescents with CKD during longitudinal follow-up. The 

development of significant weight loss in children and adolescents with CKD was associated 

with a higher risk of ESRD. Careful attention to nutritional parameters starting in CKD stage 
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3 may be warranted, with earlier and more frequent assessments than currently 

recommended. Further research is needed to determine reasons behind the association 

between weight loss and risk of ESRD in children and adolescents.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Association between longitudinal repeated measures of body mass index, weight, and height 

z score with repeated measures of kidney function over time in the Chronic Kidney Disease 

in Children study in the overall cohort, and by cause of CKD (glomerular versus non-

glomerular disease).

1A. Repeated measures of BMI and weight z scores with repeated measures of eGFR by 

serum creatinine.

1B. Repeated measures of BMI and weight z scores with repeated measures of eGFR by 

cystatin C.

1C. Repeated measures of BMI and height z scores with repeated measures of eGFR by 

serum creatinine.

1D. Repeated measures of BMI and height z scores with repeated measures of eGFR by 

cystatin C.

1E. Repeated measures of BMI with repeated measures of eGFR by serum creatinine by 

glomerular versus non-glomerular causes of CKD.
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Table 1

Baseline characteristics of Chronic Kidney Disease in Children Cohort

Characteristic Value

Age category

  < 5 y 93 (10.9)

  5-<12 y 353 (41.3)

  ≥12 y 408 (47.8)

Race

  White 561 (65.7)

  Black 152 (17.8)

  Other 141 (16.5)

Male sex 535 (62.7)

Cause of CKD

  Glomerular 244 (28.6)

  CAKUT 553 (64.8)

  Other 57 (6.7)

Maternal education

  High school 331 (38.8)

  Some college 233 (27.3)

  College graduate 269 (31.5)

  Unknown or missing 21 (2.5)

Income

  <$24,000/y 223 (26.1)

  $24,000–$75,000/y 116 (13.6)

  >$75,000/y 494 (57.9)

  Unknown or missing 21 (2.5)

z Score

  Age- and sex-adjusted BMI* 0.47 ± 1.2

  Age- and sex-adjusted weight 0.05 ± 1.4

  Age- and sex-adjusted height* −0.56 ± 1.2

Serum albumin (g/dL)* 4.3 ± 0.5

Serum bicarbonate (mmol/L) 21.2 ± 3.2

eGFRcr (mL/min/1.73m2)* 51.7 [38.2–67.2]

Protein-creatinine ratio (g/g)* 0.37 [0.12–1.1]
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Characteristic Value

Corticosteroid use at baseline* 78 (9.1)

Growth hormone use at baseline* 77 (9.0)

Note: N=854. Values for categorical variables are given as number (percentage); for continuous variables, as mean ± standard deviation or median 
[interquartile range].

*
Data for BMI z score missing in n=21; height z score missing in n=16; serum albumin and bicarbonate missing in n=8; eGFR missing in n=2; 

steroid use and growth hormone use missing in n=1; protein-creatinine ratio missing in n=32.

BMI, body mass index; CAKUT, congenital anomalies of the kidney and urinary tract; CKD, chronic kidney disease; eGFRcr, serum-creatinine 

based estimated glomerular filtration rate (calculated using the Schwartz equation)
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Table 3

Odds of ESRD by weight change category between eGFR 35 mL/min/1.73 m2 and last available BMI z score

Weight change categorya Unadjusted OR
(95% CI)

Adjusted OR (95% CI)

Model 1* Model 2**

Significant weight loss (n=66) 3.28 (1.53–7.05) 2.86 (1.20–6.81) 3.01 (1.20–7.54)

Moderate weight loss (n=93) 1.80 (0.88–3.65) 1.93 (0.88–4.24) 1.97 (0.87–4.48)

Maintained weight (n=51) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Weight gain (n=58) 1.87 (0.86–4.06) 2.08 (0.88–4.91) 2.18 (0.90–5.32)

Note: n=268.

BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; OR, odds ratio

*
Adjusted for age, sex, race, cause of chronic kidney disease, and proteinuria category (analysis includes n=257 due to covariates)

**
Adjusted for model 1 covariates + hemoglobin, serum albumin (categorical variable as ≥ 4.3 versus < 4.3 g/dL), systolic blood pressure z score, 

and eGFR ascertained when eGFR first fell below eGFR 35 mL/min/1.73 m2 as a categorical variable (analysis includes n=246 due to missing 
covariates)

a
Stable weight defined as annualized BMI z score change 0–<0.1; moderate weight loss defined if annualized BMI z score change was <0 but ≥

−0.2; significant weight loss defined as annualized BMI z score change < −0.2; weight gain defined as annualized z score change ≥ 0.1.

Am J Kidney Dis. Author manuscript; available in PMC 2019 May 01.


	Abstract
	Methods
	Study Population
	BMI Trajectory During CKD Progression
	Characteristics of Participants by Weight Change Category
	Weight Change and Risk of ESRD

	Results
	Discussion
	References
	Figure 1
	Table 1
	Table 2
	Table 3



