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ABSTRACT 

 

Background A low body mass index (BMI) has been associated with increased 

mortality in hemodialysis patients. This study investigated whether this association 

between BMI and mortality is because of low fat mass or low muscle mass and 

whether pre-existing comorbidity and loss of weight during hemodialysis may 

explain the high mortality risk that is associated with low BMI. 

 

Methods In a prospective cohort study of incident dialysis patients in The 

Netherlands, BMI and skinfold thickness were assessed at 3 and 6 months after the 

start of dialysis and subsequently at 6-month intervals during 2.5 years of follow-

up. Relative mortality risks (hazard ratios [HR]) were calculated for baseline, time-

dependent and time-dependent changes in anthropometry, and adjusted for age, 

sex, smoking, primary kidney diseases and comorbidity. 

 

Results In total, 958 hemodialysis patients were included (age: 63 ± 14 years, BMI: 

24.6 ± 4.2 kg/m2). BMI <18.5 kg/m2 was associated with an increased mortality risk, 

both at baseline (HR 2.00; 95% CI 1.08 to 3.71) and time-dependently (HR 2.21; 95% 

CI 1.25 to 3.91). Independent of BMI, muscle mass depletion at baseline was 

associated with an increased mortality risk (HR 1.54; 95% CI 1.07 to 2.23), as well 

as time-dependently (HR 1.63; 95% CI 1.12 to 2.38), whereas fat mass was not 

associated with mortality. After adjustment for pre-existing comorbidity the HR that 

was associated with BMI at baseline decreased to 1.46 (95% CI 0.78 to 2.73). The 

HR that was associated with time-dependent BMI decreased to 1.81 (95% CI 0.93 to 

3.51) after adjustment for time-dependent weight change and pre-existing 

comorbidity. In the same analysis, time-dependent weight loss (1-5%: HR 1.52; 95% 

CI 1.06 to 2.16, >5%: HR 2.18; 95% CI 1.44 to 3.29) was associated with increased 

mortality, independent of comorbidity and level of BMI. 

 

Conclusion On the basis of skinfold measurement we conclude that the mortality 

risk of a low BMI at baseline might for a small part be explained by low muscle 

mass and for a larger part by pre-existing comorbidity. Weight loss during time on 

hemodialysis may be a warning signal independent of the BMI of the patient. 
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INTRODUCTION 

 

Mortality in patients with end-stage renal disease who are maintained with chronic 

hemodialysis treatment is extremely high with an annual rate of about 20%.1,2 

Survival studies in hemodialysis patients showed a twofold increased mortality risk 

in patients with a low body mass index (BMI).3-8 

 

A possible explanation for the high mortality risk associated with a low BMI is that 

weight and BMI may change during dialysis treatment. Already two decades ago it 

has been postulated in the general population that early mortality due to illness at 

start of follow-up may induce the high mortality risk associated with low BMI.9 

Weight loss and therefore underweight may be a consequence of the disease that is 

associated with mortality, resulting in an association that is known as reverse 

causation.10 Accordingly, dialysis patients may experience weight loss prior to death 

as a result of decline in health due to for example protein-energy wasting. Few 

studies have examined weight change in relation to mortality in the dialysis 

population, and found that weight loss during dialysis was associated with 

increased mortality.11-13 We hypothesized that the association between BMI and 

subsequent mortality in dialysis patients may in part be explained by pre-existing 

comorbidity and loss of weight during time on dialysis. 

 

A drawback of weight and BMI is that these measures cannot distinguish between 

body fat, muscle mass, or water. Fat mass, an established risk factor for 

cardiovascular disease, may be a better predictor of mortality due to obesity than 

BMI.14 On the other hand, since end-stage renal disease is a wasting disease muscle 

mass depletion may be an important predictor of outcome in dialysis patients.15 

Studies in the dialysis population have questioned whether fat mass or muscle mass 

is a better predictor of outcome than BMI, but results are inconsistent, partly due to 

methodological differences in estimating body composition.3,6,12,17,18 Although not a 

standard reference, skinfold measurement is a simple, inexpensive, rapidly 

obtained measure of anthropometry from which both fat mass and muscle mass 

can be estimated.19-21 
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The objective of the present study was therefore to prospectively investigate 

whether the increased mortality risk of a low BMI is because of low fat mass or low 

muscle mass and whether pre-existing comorbidity and loss of weight during 

dialysis may explain this mortality risk associated with low BMI in a cohort study of 

incident hemodialysis patients in The Netherlands.  

 

Patients and methods 

Study design and patients 

The Netherlands Cooperative Study on the Adequacy of Dialysis-II (NECOSAD-II) is 

an observational prospective cohort study that has been performed since 1997 in 

38 dialysis centers in The Netherlands. Patients with ESRD of at least 18 years of 

age and starting with their first renal replacement therapy were eligible for the 

study. Demographic data and clinical data were collected between four weeks prior 

to and two weeks after the start of chronic hemodialysis treatment. Dialysis 

characteristics and measures of health were furthermore determined at study visits 

at three months and at six months after the start of dialysis and subsequently at 

every six months until the end of follow-up. Skinfold measurement had been 

performed in NECOSAD-II at each study visit from 1997 until 2001. Survival time 

was therefore defined as the number of days between three months after the start 

of the dialysis treatment, which was considered as the baseline of the study, and 

the date of death, or the date of censoring as a result of loss to follow-up (kidney 

transplantation or transfer to a non-participating dialysis centre), or at a set 

maximum of 2.5 years after the start of dialysis. Dates and causes of mortality were 

immediately reported during follow-up by the dialysis centers. The medical ethical 

committees of all participating dialysis centers approved NECOSAD-II and all 

participants gave their written informed consent before inclusion. 

 

Data collection 

Demographic data and clinical data included age, sex, ethnicity, smoking habits, 

primary kidney disease and comorbidity. Primary kidney diseases and causes of 

death were classified according to the coding system of the European Renal 

Association – European Dialysis and Transplantation Association Causes of death 

(ERA-EDTA).22 Urine was collected during the interdialytic interval and at the same 
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day a blood sample was taken prior to a dialysis session. Renal function was 

calculated from the mean of creatinine and urea clearance, adjusted for body 

surface area (ml/min/1.73 m2) and expressed as the residual glomerular filtration 

rate (rGFR). Diagnoses of comorbid conditions were reported by the patients’ 

nephrologists. The comorbidity index of Khan was used to classify patients with a 

low, medium or high mortality risk.23 The daily protein intake was estimated from 

the urea excretion in the urine according to Bergström et al. and expressed as 

normalized protein equivalent of nitrogen appearance.24 Serum creatinine and 

serum cholesterol were routinely determined in the dialysis centers. 

 

Anthropometry 

Within each dialysis center, trained research nurses performed all anthropometric 

measures according to a standardized protocol after a dialysis session, at dry 

weight. Height and weight were measured in barefoot subjects wearing light clothes 

only, and BMI was calculated as weight (kg) divided by height (m) squared. The 

biceps skinfold, triceps skinfold (TSF), subscapular skinfold and suprailiac skinfold 

thickness measurements were made in threefold at the site of the body opposite to 

the vascular access using a skinfold caliper. The mean of three measurements was 

used for further calculations. The mid-upper arm circumference (MUAC) was 

measured with a millimetered tape at the midpoint of the same arm, between the 

olecranon and acromion. The sum of the four skinfolds (4SF) was calculated as a 

surrogate measure of fat mass. As a surrogate measure of muscle mass, arm 

muscle area (AMA) was calculated by the following equations for men: [(MUAC - π x 

TSF)2/4π] - 10, and for women: [MUAC - π x TSF) 2/4π] - 6.5.20  

 

Statistical analyses 

Mean values with standard deviations (SD) were calculated for continuous variables 

at baseline, categorical variables were expressed as proportions. Univariate linear 

regression analysis was used to estimate the association of BMI with 4SF and AMA 

at baseline. BMI at baseline and the serial measurements of BMI during follow-up 

were divided into four categories according to the World Health Organization 

classification for obesity: BMI <18.5, 18.5 to 25, 25 to 30, ≥30 kg/m2.25 Because of 

the lack of appropriate reference standards for dialysis patients, we divided the 
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baseline values of 4SF (33rd percentile: 34.67, 66th percentile: 54.67 mm) and AMA 

(33rd: 35.11, 66th: 45.88 cm2) into tertiles, and divided the serial measurements of 

4SF and AMA into three categories based on the cutoff points of the tertiles at 

baseline. Patients in the lowest tertiles were considered to suffer from fat mass or 

muscle mass depletion.  

 

The serial measurements of BMI, 4SF and AMA during follow-up were furthermore 

used to calculate the changes that occurred over the first interval of three months 

and subsequent intervals of 6 months during follow-up. Each 6-month change was 

expressed as the percentage of change since the start of the 6-month period and 

considered as 6-month changes and categorized into 5 groups of changes: <-5%, -

5% to -1%, -1% to +1%, +1% to +5%, >+5%. A positive change represents a gain in 

weight whereas a negative change represents weight loss. For changes in BMI we 

calculated absolute time-dependent mortality rates per 100 person-years of follow-

up.   

  

Mortality risks of anthropometry 

First, we studied the effects of baseline anthropometrics on all-cause mortality. 

Univariate and multivariate Cox proportional hazards regression analysis was used 

to calculate hazard ratios (HR, equivalent to relative risks of instantaneous 

mortality) with 95%-confidence intervals. For all analyses, the highest tertile was 

used as the reference category, while for BMI the category of 18.5 to 25 kg/m2 was 

used. Second, we performed extended Cox regression analyses using the serial 

measurements of anthropometrics to calculate time-dependent risks of BMI, 4SF 

and AMA on subsequent mortality. These risks can be considered as short-term 

risks. Third, we performed extended Cox regression analyses to calculate time-

dependent mortality risks of 6-month changes of BMI, 4SF and AMA, using the 

stable group (-1% to +1% change) as the reference in each of these analyses.  

 

All analyses were adjusted for age, sex, smoking, primary kidney diseases and 

comorbidity. We furthermore adjusted the analyses of BMI for the 4SF, AMA and for 

changes in weight. In the time-dependent analyses, the last observation of each 



Body composition and mortality 
 

 
 

86 

 

patient was carried forward in case of missing measurements. We used SPSS 14.0 

for windows (SPSS, Chicago, IL) for all analyses. 

 

RESULTS 

 

Patient characteristics 

Of the 1940 patients with ESRD who were included in NECOSAD, 1228 patients 

started hemodialysis treatment. Of these patients, 1145 were still on dialysis and 

participating in the study after the first three months of dialysis, which is 

considered as the baseline of the study. At this baseline, mid-upper arm 

circumference (MUAC) and triceps skinfold (TSF) had been assessed in 975 patients. 

Arm muscle area (AMA), a surrogate measure of muscle mass, could therefore be 

calculated in 975 patients. The subscapular skinfold was missing in 8 of these 

patients, the suprailiacal skinfold in an additional 8 patients and the biceps skinfold 

was missing in 1 patient. Because of this, the sum of the four skinfolds (4SF), a 

surrogate measure of fat mass, could be calculated in 958 patients. These patients 

(568 men and 390 women) were included in the present analysis. Mean age of the 

patients was 63 ± 14 years, mean BMI was 24.6 ± 4.2 kg/m2. The main causes of 

chronic kidney disease were diabetes (in 16% of the patients), renal vascular disease 

(22%) and glomerulonephritis (10%). 

 

With higher BMI at baseline, more patients had diabetes and fewer patients had 

renal vascular diseases as primary kidney disease (Table 1). In the category of 

BMI<18.5 kg/m2 there were more current smokers and 80% of the patients was 

classified at high risk due to comorbidity (Table 1). BMI at baseline was significantly 

associated with 4SF (ß [95%-CI]= 0.20 [0.19-0.22], R2=0.34) and AMA (ß=0.10 [0.09-

0.11], R2=0.41) at baseline.  
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Table 1.  Patient characteristics at baseline of 958 incident hemodialysis patients per BMI 
category  
 BMI (kg/m2) 

Variable  <18.5 18.5-25 25-30 ≥ 30 

Number at risk (%) 30 (3) 553 (58) 286 (30) 89 (9) 
Sex (% men) 50 62 61 39 
Age (y) 58 ± 18 63 ± 14 63 ± 13 62 ± 11 
Ethnicity (% white) 77 93 93 89 
Primary kidney disease (%)     
  Diabetes mellitus 10 11 20 42 
  Glomerulonephritis 10 11 12 5 
  Renal vascular dis. 27 23 21 12 
rGFR (ml/min/1.73 m2)     6.1 ± 4.9 4.5 ± 3.0 5.2 ± 3.5 5.0 ± 3.2 
BMI (kg/m2) 17.4 ± 1.0 22.3 ± 1.7 27.1 ± 1.4 33.6 ± 3.8 
4SF (mm) 26.2 ± 9.8 39.4 ± 18.5 59.1 ± 21.8 78.5 ± 29.1 
AMA (cm2) 26.3 ± 7.2 37.8 ± 9.8 45.6 ± 10.8 58.1 ± 21.3 
Comorbidity      
  CVD (%)  47 41 43 40 
  Diabetes Mellitus (%) 23 17 29 53 
  Malignancy (%) 20 13 9 12 
  Khan index (% high) 80 34 28 34 
nPNA (g/kg/d) 0.97 ± 0.41 1.00 ± 1.23 1.23 ± 2.51 0.99 ± 0.28 
Plasma creatinine 
(µmol/L) 

292 ± 141 380 ± 137 394 ± 139 394 ± 155 

Plasma cholesterol 
(mmol/L)  

4.4 ± 1.0 4.7 ± 1.23 4.8 ± 1.2 5.0 ± 1.4 

Smoker (%) 48 31 20 15 
Values expressed as n (%) or mean ± SD 
rGFR=residual Glomerular filtration rate corrected for body surface area, BMI=Body mass index, 4SF=Sum of 
four skinfolds, AMA=Arm muscle area, nPNA= normalized Protein nitrogen appearance  

 

 

Baseline anthropometry and mortality 

The median follow-up of patients from three months until a maximum of two and a 

half years after the start of dialysis was 2.25 years (25th, 75th-percentiles: 1.04, 

2.25). During follow-up, 253 patients died, 128 as a result of CVD. Furthermore, 

111 patients left the study because of a kidney transplantation. Other reasons for 

censoring during follow-up included recovery of renal function (n=14), transfer to a 

non-participating dialysis center (n=23), refusal of further participation (n=58) or 

other (n=7).  
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Table 2. Univariate and multivariate hazard ratios (HR, 95%-CI) associated with baseline BMI, 
the sum of four skinfolds and arm muscle area on all-cause mortality in 958 hemodialysis 
patients who were followed from three months until 2.5 year after the start of dialysis. 

 HR (95%-CI) 

Anthropometry Crude Models 1 a Models 2b 

BMI (kg/m2)    <18.5 1.57 (0.85-2.90) 2.00 (1.08-3.71) 1.46 (0.78-2.73) 

18.5-25 1 1 1 

25-30 0.79 (0.59-1.07) 0.90 (0.67-1.22) 0.88 (0.65-1.19) 

≥ 30 1.16 (0.77-1.73) 1.36 (0.90-2.06) 1.11 (0.72-1.70) 

4SF (mm)            T1 1.02 (0.76-1.38) 0.96 (0.70-1.31) 1.12 (0.81-1.54) 

                         T2 0.86 (0.64-1.17) 0.85 (0.62-1.15) 0.99 (0.73-1.36) 

                         T3 1 1 1 

AMA (cm2)           T1 1.85 (1.36-2.53) 1.43 (1.03-1.97) 1.43 (1.04-1.98) 

                          T2 1.33 (0.96-1.85) 1.09 (0.78-1.53) 1.14 (0.82-1.59) 

                          T3 1 1 1 
aAdjusted for age, sex and smoking 
bAdditionally adjusted for primary kidney disease and comorbidity  
BMI=body mass index, 4SF=Sum of four skinfolds, AMA=Arm muscle area, T1=Lowest tertile, T2=Mid tertile 
T3=Highest tertile of anthropometric measure  

 

 

The hazard ratios (HR) for all-cause mortality associated with BMI, 4SF, and AMA at 

baseline are shown in Table 2. Compared with the reference categories and after 

adjustment for age, sex, and smoking the hazard ratios for all-cause mortality were 

significantly increased in patients with a BMI<18.5 kg/m2 and in patients within the 

lowest tertile of AMA, defined as muscle mass depletion. The 4SF at baseline was 

not associated with mortality (Table 2). Additional adjustment for primary kidney 

disease and comorbidity reduced the HR of a BMI<18.5 kg/m2 at baseline to 1.46 

(95% CI 0.78 to 2.73), whereas the HR associated with muscle mass depletion was 

1.43 (95% CI 1.04 to 1.98) (Table 2). Table 3 shows the hazard ratios of models 

including 4SF and AMA. The lowest tertile of AMA remained independently 

associated with mortality, whereas 4SF remained unassociated with mortality (Table 

3). Additional adjustment for primary kidney disease and comorbidity further 

reduced the HR of a BMI<18.5 kg/m2 at baseline to 1.27 (95% CI 0.67 to 2.41), 

whereas the HR associated with muscle mass depletion remained 1.51 (95% CI 1.04 

to 2.20).   
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Table 3. Univariate and multivariate hazard ratios (HR, 95%-CI) associated with baseline BMI 
after adjustment for the sum of four skinfolds and arm muscle area in 958 hemodialysis 
patients who were followed from three months until 2.5 year after the start of dialysis. 
 

 HR (95%-CI) 

Anthropometry Model 4SFa Model AMAb Model 4SF/AMAc Model 4SF/AMAd 

BMI (kg/m2) 
<18.5 

 
2.02 (1.08-3.78) 

 
1.76 (0.94-3.29) 

 
1.78 (0.94-3.36) 

 
1.27 (0.67-2.41) 

18.5-25 1 1 1 1 

25-30 0.88 (0.63-1.22) 1.02 (0.74-1.39) 0.99 (0.70-1.40) 1.01 (0.71-1.44) 

≥ 30 1.27 (0.81-2.01) 1.66 (1.06-2.62) 1.58 (0.96-2.61) 1.41 (0.85-2.36) 

4SF (mm)    T1 0.91 (0.63-1.32) - 0.93 (0.64-1.36) 1.08 (0.74-1.58) 

                 T2 0.86 (0.62-1.20)  0.92 (0.66-1.29) 1.05 (0.75-1.48) 

                 T3 1  1 1 

AMA (cm2)   T1 - 1.54 (1.07-2.23) 1.52 (1.04-2.21) 1.51 (1.04-2.20) 

                 T2  1.20 (0.84-1.71) 1.19 (0.83-1.71) 1.21 (0.85-1.72) 

                 T3  1 1 1 
aAdjusted for age, sex, smoking and 4SF 
bAdjusted for age, sex, smoking and AMA 
cAdjusted for age, sex, smoking and 4SF and AMA 
dAdditionally adjusted for primary kidney disease and comorbidity 
BMI=body mass index, 4SF=Sum of four skinfolds, AMA=Arm muscle area, T1=Lowest tertile, T2=Mid tertile 
T3=Highest tertile of anthropometric measure  

 

Mortality risks of time-dependent anthropometry 

Time-dependent mortality risks showed twofold increased mortality risks for 

BMI<18.5 kg/m2 and muscle mass depletion (Table 4). In the model including time-

dependent BMI, 4SF and AMA, time-dependent AMA remained independently 

associated with mortality, whereas 4SF did not (Table 4). Additional adjustment for 

primary kidney disease and comorbidity attenuated the time-dependent mortality 

risks of a BMI<18.5 kg/m2 to 1.52 (95% CI 0.84 to 2.75), and of the lowest tertile of 

AMA, defined as muscle mass depletion, to 1.49 (95% CI 1.02 to 2.18). 
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Table 4. Univariate and multivariate time-dependent mortality risks (HR, 95%-CI) associated 
with baseline BMI, the sum of four skinfolds and arm muscle area on all-cause mortality in 958 
hemodialysis patients who were followed from three months until 2.5 year after the start of 
dialysis. 

 HR (95%-CI) HR (95%-CI) 

Anthropometry 
Crude Model 1 a   Model 4SFb Model AMAc Model 

4SF/AMAd 

BMI (kg/m2)        

<18.5 
 

1.83 
(1.04-3.23) 

2.21 
(1.25-3.91) 

 2.16 
(1.22-3.84) 

1.94 
(1.08-3.47) 

1.90 
(1.06-3.41) 

18.5-25 1 1  1 1 1 

25-30 
 

0.67 
(0.50-0.90) 

0.76 
(0.56-1.02) 

 0.78 
(0.56-1.08) 

0.87 
(0.64-1.19) 

0.91 
(0.64-1.28) 

≥ 30 
 

0.80 
(0.49-1.28) 

0.90 
(0.55-1.46) 

 0.93 
(0.55-1.56) 

1.14 
(0.68-1.92) 

1.21 
(0.69-2.11) 

4SF (mm)    T1 
 

1.35 
(1.00-1.83) 

1.30 
(0.94-1.79) 

 1.09 
(0.75-1.59) 

- 1.12 
(0.77-1.62) 

                T2 
 

1.10 
(0.81-1.49) 

1.07 
(0.79-1.47) 

 0.99 
(0.71-1.38) 

 1.04 
(0.74-1.46) 

                T3 1 1  1  1 

AMA (cm2)  T1 
 

2.21 
(1.61-3.05) 

1.76 
(1.26-2.46) 

 - 1.63 
(1.12-2.38) 

1.64 
(1.12-2.39) 

                T2 
 

1.60 
(1.15-2.24) 

1.31 
(0.93-1.83) 

  1.30 
(0.91-1.85) 

1.30 
(0.91-1.85) 

                T3 1 1   1 1 
aAdjusted for age, sex and smoking 
bAdditionally adjusted for 4SF 
cAdditionally adjusted for AMA 
dAdditionally adjusted for 4SF and AMA 
BMI=body mass index, 4SF=Sum of four skinfolds, AMA=Arm muscle area, T1=Lowest tertile, 
T2=Mid tertile T3=Highest tertile of anthropometric measure 

 

Mortality risks associated with time-dependent changes in anthropometry 

Changes in anthropometric measures were calculated over each interval between 

two study visits. Patients who survived at least the first six months of dialysis could 

be included in these analyses. Between three months and six months after the start 

of dialysis, 57 people were lost to follow-up as a result of death (n=29), recovery of 

renal function (n=6), transplantation (n=8) or refusal of further participation (n=14). 

The remaining 901 patients were followed from 6 months until a maximum of two 

and a half years after the start of dialysis, with a median follow-up of 2.00 years 

(25th, 75th-percentiles: 0.99,2.00). 

 

In patients who lost 1 to 5% of their weight in the past 6 months the absolute time-

dependent mortality rate was 20 per 100 person-years (py), this was 35/100 py in 

patients who lost more than 5% of their weight, compared with 10/100 py in stable 
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patients. After adjustment for age, sex and smoking, time-dependent weight loss of 

more than 1% was associated with an increased risk of all-cause mortality, 

compared with a stable weight (Figure 1). Time-dependent 6-month changes in AMA 

and 4SF were not associated with mortality and data are not shown. A 1 to 5% 

weight loss (HR 1.46; 95% CI 1.02 to 2.08) and >5% weight loss (HR 2.12; 95% CI 

1.40 to 3.21) remained associated with increased mortality after additional 

adjustment for primary kidney disease and comorbidity. 

 

In order to investigate to what extent the association of time-dependent BMI with 

mortality was explained by pre-existing comorbidity and loss of weight during 

dialysis, we adjusted this association for primary kidney disease, comorbidity and 

weight change. For this analysis, we used the mean BMI of each interval, since this 

parameter is less related to the change in BMI than BMI at the start of each interval. 

Time-dependent weight change and pre-existing comorbidity explained a small part 

of the increased mortality risk of a low BMI (decreased to 1.81, 0.93-3.51, Figure 2). 

In the same analysis, time-dependent weight loss (1-5%: 1.52 [1.06-2.16], >5%: 2.18 

[1.44-3.29]) was associated with increased mortality, independent of comorbidity 

and level of BMI (Figure 1). 

 

0.1

1
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HR (95%-CI)

Change in BMI (%)
<-

5

-5
 to

 -1

-1
 to

 +
1

+1 
to

 +
5

>+
5

 

Figure 1. Time-dependent risks of 6-month weight change in 901 hemodialysis patients who 
were followed from 6 months until 2.5 year after the start of dialysis adjusted for BMI (■), after 
additional adjustment for age, sex and smoking (▲), and additional adjustment for Khan 
comorbidity index and primary kidney disease (▼). 
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Figure 2. Time-dependent risks of 6-month BMI in 901 hemodialysis patients who were 
followed from 6 months until 2.5 year after the start of dialysis after adjustment for age, sex 
and smoking (■), additional adjustment for 6-month weight change (▲), and additional 
adjustment for Khan comorbidity index and primary kidney disease (▼). 

 

DISCUSSION 

The present prospective longitudinal study in incident hemodialysis patients who 

were followed for 2.5 years after the start of dialysis showed that both muscle mass 

depletion and weight loss were associated with an increased risk of all-cause 

mortality, independent of BMI. Fat mass was not associated with mortality. The 

mortality risk of a low BMI at baseline might for a small part be explained by low 

muscle mass and for a larger part by pre-existing comorbidity. Time-dependently, 

weight loss and comorbidity only explained a minor part of the increased mortality 

risk of a low BMI. 

 

A strength of this study is that time-varying measures of BMI were prospectively 

collected. Because of this, actual changes of weight could be calculated for each 6-

month period, allowing patients to switch weight change categories each 6-month 

period in the time-dependent analyses. Two earlier retrospective studies calculated 

weight change in hemodialysis patients over one and two years of follow-up and 

reported two-fold increased risks of weight loss on subsequent mortality, which is 

consistent with our results.11,13 The second study furthermore reported increased 



Chapter 4 
 

 
 

93 

 

risks of weight loss also within overweight and obese patients13, suggesting that 

weight loss is an important predictor of mortality, even in the presence of 

overweight or obesity. 

 

Another strength of this study is that fat mass and muscle mass were repeatedly 

estimated during the first two and a half year of hemodialysis treatment, using 

skinfold measurements. We showed that muscle mass depletion was associated 

with an increased mortality risk, whereas fat mass was not. Two earlier studies 

investigating the effect of body composition concluded that fat is actually protective 

in dialysis patients.3,12 One study reported that more than 1% of fat loss within 6 

months, estimated with near infrared interactions of the upper arm, was associated 

with an increased mortality risk, also after adjustment for mid-arm muscle 

circumference (MAMC).12 MAMC itself was not associated with mortality. Two 

studies in Japanese prevalent hemodialysis populations showed that both increased 

fat mass and lean mass, estimated by dual-energy x-ray absorptiometry, were 

conditions associated with better outcomes in the dialysis population.17,18 Finally, a 

study in 70,000 hemodialysis patients using 24-hour urinary creatinine excretion as 

a measure of muscle mass showed that the protective effect conferred by a high 

BMI was limited to those patients with a normal or high muscle mass.6 A recent 

study confirmed that protein-energy wasting is common in overweight ESRD 

patients and concluded that the increased mortality in obese patients with a high 

fat mass and low lean body mass was due to the low lean body mass.26 These 

results are in line with our study reporting increased mortality risks of muscle mass 

depletion, independent of the level of BMI. 

 

At the same time, the use of skinfold measurement is a weakness of the present 

study. Skinfold measurement is based on a two-compartment model which divides 

the composition of the body into fat and fat-free mass and is limited by 

assumptions regarding fat distribution, hydration status and because of inter-

observer error.19,21,27 The calculation of the AMA from the TSF and MUAC is based on 

the assumption that measurement of the subcutaneous fat layer represents a 

constant fraction of total body fat, while hemodialysis patients may have an altered 

fat distribution. Furthermore, fat-free mass may be affected by abnormalities in 
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fluid and electrolyte distribution commonly observed in the renal population.21 In 

our study, decreases in BMI were strongly associated with increased mortality, but 

changes in 4SF and AMA were not. One explanation may be that fat mass or muscle 

mass did not change, but the hydration status of the patients. We tried to prevent 

an influence of hydration status by performing skinfold measurement after a 

dialysis session at dry weight, but changes in fluid management may achieve weight 

reduction. Hence, the increased mortality risk associated with a decreasing BMI may 

be a consequence of excess fluid removal, which has been shown to be strongly 

related to outcome.28 Another plausible explanation, however, is that skinfold 

measurement may not be sufficiently sensitive to detect changes in body 

composition during 6-month intervals, possibly because the changes were too 

small. Thus, although skinfold measurement can be used to evaluate body 

composition by classifying the patients having adequate muscle mass or muscle 

mass depletion, it may not be suitable to evaluate small changes in body 

composition. Reference standards to measure body composition in hemodialysis 

patients may be dual energy X-ray absorptiometry, densitometry, total body 

nitrogen, or total body potassium. However, since epidemiological studies 

investigating survival need to have large sample sizes, these measurements are too 

expensive and time-consuming and surrogate measures are needed. 

 

It was unknown whether the weight loss that occurred in this study was intentional 

or unintentional, which may have opposite effects on health status and survival. A 

healthy weight reduction might improve survival in obesity, whereas especially 

involuntary weight loss may be associated with illness.16 Mixing these two groups 

may have biased our results toward the null. Because we studied a chronically 

diseased dialysis population, the progressive weight loss within 6 months of follow-

up that occurred in this study was most likely involuntary.  

 

The hypothesized mechanism of reverse causation relates to the mortality risk 

associated with low BMI. Reverse causation implies that a low BMI itself does not 

increase mortality risk, but that clinical and subclinical illness reduce body weight, 

thereby increasing the mortality that is attributed to low BMI.9,10 This is supported 

by our study showing that pre-existing comorbidity explained part of the risk 
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associated with a low BMI at baseline. This might especially manifest when short-

term risks like time-dependent risks are studied. In our analyses, we wanted to 

control time-dependent BMI for weight loss as a marker of declined health. 

However, adjustment for weight change only slightly reduced the risk of low BMI. 

Even after additional adjustment for smoking and comorbidity as possible causes of 

weight loss, the time-dependent HR associated with a low BMI remained almost two-

fold, implying that the mortality risk associated with a low BMI may not completely 

be induced by reverse causation. Because we only adjusted for comorbidity at 

baseline and comorbidity may develop during time on dialysis, there may have been 

residual confounding as a result of underlying illnesses inducing the low BMI in 

patients. Furthermore, the effects of a low BMI and weight loss during the 

preceding 6 months remain difficult to disentangle.  

 

It is known that many hemodialysis patients appear to waste over time on dialysis 

treatment.29 The underlying mechanism of unintentional weight loss and muscle 

mass depletion goes beyond malnutrition as a result of an inadequate diet. Factors 

that may interfere with the control of protein turnover in dialysis patients include 

acidosis, inflammation and/or resistance to anabolic hormones.15,30 Each of these 

stimulates muscle protein degradation via proteolytic pathways. Our results imply 

that these wasting processes occur independent of the BMI of the patient. An 

important clinical implication is that unintentional weight loss should not be 

overlooked by health care providers, but should be a warning signal independent of 

the BMI of the patient. Since the observed progressive weight loss was most likely 

to be unintentional, these results have no implications for intentional weight 

reduction in obese patients. 

 

Further research should reveal the relative contributions of muscle mass, fat mass 

and hydration status to the mortality risk in hemodialysis patients. Furthermore, to 

improve survival risk factors of weight loss during dialysis should be investigated. A 

recent randomized controlled trial showed that anabolic steroids and resistance 

exercise increased muscle mass.31 It finally needs to be explored whether 

interventions with nutritional therapy, exercise or other anabolic stimuli can prevent 

weight loss and whether this would lead to improved survival in dialysis patients. 
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