
Original article | artigO Original

267

Authors
Marcia Regina Gianotti 
Franco 1

Fernando Antonio Basile 
Colugnati 1

Abdul Rashid Qureshi 2

José Carolino Divino-
-Filho 2

Natália Maria da Silva 
Fernandes 1

1 Universidade Federal de 
Juiz de Fora.
2 Renal Medicine, CLINTEC, 
Karolinska Institute, 
Stockholm, Sweden.

Submitted on: 6/3/2016.
Approved on: 10/5/2016.

Correspondence to:
Natália Maria Da Silva 
Fernandes.
Universidade Federal de Juiz 
de Fora.
Rua Jamil Altaf, 132, Vale do 
Ipê, Juiz de Fora, MG, Brazil. 
CEP: 36035 380
E-mail: nataliafernandes02@
gmail.com

The impact of body mass index (BMI) variation on mortality 
of incident elderly patients on peritoneal dialysis: a joint 
model analysis

O impacto da variação do índice de massa corporal (IMC) na 
mortalidade de pacientes idosos incidentes em diálise peritoneal

Introdução: Dados sobre o impacto do índice 
de massa corporal (IMC) sobre mortalidade 
de pacientes em diálise peritoneal (DP), espe-
cialmente entre os idosos, são inconsistentes. 
Objetivo: Avaliar o impacto do IMC sobre a 
mortalidade de coorte de pacientes incidentes 
idosos em DP ao longo do tempo. Métodos: 
Estudo de coorte prospectivo multicêntrico 
(dezembro de 2004 a outubro de 2007), com 
674 pacientes. Avaliados dados sociodemo-
gráficos, clínicos e pacientes acompanhados 
até morte, transferência para hemodiálise 
(HD), recuperação da função renal, perda de 
seguimento ou transplante. Pacientes foram 
divididos em incidentes em terapia renal subs-
titutiva por PD (230) e transferidos da hemo-
diálise (444). A análise foi feita comparando 
estes dois grupos usando Qui-Quadrado ou 
Kruskal Wallis. Análise semelhante foi utili-
zada para comparar os pacientes em diálise 
peritoneal automatizada vs. diálise perito-
neal ambulatorial contínua. Os dados foram 
comparados entre pacientes de acordo com o 
IMC por ANOVA, Kruskal Wallis ou Qui-
-Quadrado. Para análise de sobrevivência, 
método de Kaplan Meier foi utilizado e, para 
ajustar variáveis confundidoras, usada regres-
são de Cox. Um modelo conjunto para dados 
longitudinais tempo-dependente foi utilizado, 
avaliando o impacto de variações longitudi-
nais sobre a sobrevida. Resultados: Pacientes 
desnutridos (76,79 ± 7,53 anos), eram mais 
velhos (p < 0,0001) e apresentaram maior 
mortalidade (44,6%, p = 0,001). Diabetes 
mellitus foi mais prevalente em obesos (68%, 
p < 0,0001); níveis mais elevados de pressão 
arterial (p = 0,002) também foram mais fre-
quentes em obesos e com sobrepeso. Conclu-
são: A variação positiva do IMC ao longo do 
tempo provou ser um fator de proteção, com 
uma diminuição de cerca de 1% no risco de 
morte por unidade de elevação do IMC.

Resumo

Palavras-chave: índice de massa corporal; 
idoso; diálise peritoneal.

Introduction: Data on impact of high body 
mass index (BMI) on mortality of patients 
on peritoneal dialysis (PD), especially 
among elderly, are inconsistent. Objective: 
To evaluate impact of BMI on cohort of 
incident elderly PD patients over time. Me-
thods: Prospective multicenter cohort study 
(December / 2004-October/2007) with 674 
patients. Socio-demographic and clinical 
data evaluated with patients followed until 
death, transfer to hemodialysis (HD), reco-
very of renal function, loss of follow-up or 
transplant. Patients were divided into inci-
dent on renal replacement therapy (RRT) 
for PD (PD first: 230) and transferred from 
hemodialysis (HD first: 444). Analysis was 
performed comparing these two groups 
using chi-square or Kruskal Wallis. Simi-
lar analysis was used to compare patients 
on automated peritoneal dialysis (APD) vs. 
continuous ambulatory peritoneal dialysis 
(CAPD). Data were compared between 
patients according to BMI by ANOVA, 
Kruskal Wallis or chi-square. For analy-
sis of survival, Kaplan Meier method was 
used and to adjust confounding variables, 
Cox regression proportional hazard. Joint 
model for longitudinal and time-dependent 
data was conducted, assessing impact that 
a longitudinal variable displays on time 
of survival. Results: Malnourished pa-
tients (76.79 ± 7.53 years) were older (p 
< 0.0001) with higher percentage of dea-
th (44.6%, p = 0.001); diabetes mellitus 
showed high prevalence in obese patients 
(68%, p < 0.0001); higher blood pressu-
re levels (p = 0.002) were present in obese 
and overweight patients. Conclusions: In-
creased BMI variation over time proved to 
be a protective factor, with a decrease of 
about 1% in risk of death for every BMI 
unit earned.
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IntRoductIon

The increase in life expectancy evidenced by the 
world’s population in recent decades has brought as 
a consequence a higher prevalence of diabetes mel-
litus (DM), hypertension and chronic kidney disease 
(CKD), frequent non-transmissible diseases among 
the elderly.1

This is one of the reasons for the significant in-
crease in the incidence of elderly patients (≥ 65 years) 
on renal replacement therapy (RRT) in recent years. 
As evidenced by the last dialysis survey of the Brazilian 
Society of Nephrology, 31.4% of dialysis patients in 
Brazil are elderly.2

Similarly, obesity has reached major proportions 
globally and is one of the greatest public health chal-
lenges in this century, being considered by the World 
Health Organization (WHO), the epidemic of the 21st 

century.3 In Brazil this increase was also dramatic es-
pecially in patients aged 20 years or older.4

Obesity is known to be associated with the two main 
causes of CKD, diabetes and hypertension.5 In other 
words, it can be recognized as a predictor of CKD.6

When considering renal replacement therapy 
(RRT) for obese patients, several studies show that 
in hemodialysis (HD), body mass index (BMI) is as-
sociated solidly with a lower risk of mortality.7-12 
Regarding treatment for peritoneal dialysis (PD), 
studies on obesity are controversial as to the results, 
and there is no consensus on the prognosis for this 
condition.11,13-17

Existing studies in the literature are not longitu-
dinal, evaluated BMI only on admission or are not 
stratified by age being adjusted only in statistical 
models.14,16,18

PD is a good treatment option for elderly patients 
because of the well suited benefits it offers for this 
population.19-22 However, regarding the high BMI 
found in patients with PD, data inconsistency is a re-
ality, particularly in the elderly population.

The aim of this study is to assess the impact of 
BMI in a cohort of incident elderly PD patients over 
a period.

methods

Setting and patientS

Multicenter prospective cohort study, conducted 
from December 2004 to October 2007, with patients 
enrolled in the BRAZPD study.23 

In this study were included incident PD patients 
were recruited from 114 dialysis centers treating more 
than 10 PD patients each and reporting monthly to 
BRAZPD. Details of the study design and characteris-
tics of the cohort are described elsewhere.23 All of the 
patients were 18 years or older, remained on PD for 
at least 90 days and provided complete information 
on body weight and height. This study was conducted 
in accordance with the Declaration of Helsinki, and 
all participants provided written informed consent 
before enrollment.

Of the 3439 incident patients enrolled in the 
BRAZPD, 1.528 patients were excluded (867 for not 
completing 90 days of therapy and 661 with more 
than 90 days of therapy but lacking either weight or 
height data). Of the remaining 1911, 1149 were ex-
cluded (age < 65 years) and of the other 762 patients, 
88 were excluded (less than two BMI measurements), 
leaving 674 for analysis (Figure 1).

Figure 1. Flow chart of the study.

data collection

Data were collected monthly from December 2004 
through October 2007. Sociodemographic and clini-
cal data were evaluated at baseline. Each patient’s 
medical chart was thoroughly reviewed by nephrolo-
gists who extracted data relative to the underlying 
renal disease, history of cardiovascular disease and 
other comorbid conditions. The Davies comorbidity 
score24 was used to assess the severity of comorbid 
conditions and the Karnofsky status scale25 to classify 
the functional impairment. 

The data obtained from the patients’ charts in-
cluded the following: sociodemographic information, 
chronic kidney disease etiology, hypertension, and 
comorbidities. During the follow-up period, body 
weight (BW), height, and BMI were evaluated month-
ly. BMI, defined as weight in kilograms divided by the 
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square of the height in meters, was classified according to 
the World Health Organization (WHO): underweight (< 
18.5 kg/m2), normal (18.5 to 24.9 kg/m2), overweight (25 
to 29.9 kg/m2) and obese (≥ 30 kg/m2). 

Body weight was measured monthly without PD fluid 
in the abdominal cavity. Laboratory measurements were 
taken monthly, including creatinine, urea, potassium, cal-
cium, phosphate, alanine amino-transferase (ALT), glu-
cose, hemoglobin, albumin, total cholesterol, and triglyc-
erides, and were determined using routine methods. The 
patients were followed until they received kidney trans-
plants, recovered renal function, were transferred to HD, 
died, or ended their participation in the study.

StatiSticS

Patients were divided into those who were incident on 
renal replacement therapy (RRT) for PD (PD first: 230) 
patients and those who came transferred from hemodi-
alysis (HD first: 444). Data are described as mean ± SD, 
median or percentage depending on the characteristic of 
the variable. An analysis comparing the two groups (PD 
first vs. HD first) was conducted using the chi-square test 
or Kruskal Wallis was conducted. A similar analysis was 
used to compare patients in APD vs. CAPD. 

Demographic and clinical data were compared among 
the patients, who were divided according to BMI (defined 
by WHO), by ANOVA, Kruskal Wallis or chi-square. 
Survival analysis was performed using the Kaplan Meier 
method, and Cox regression proportional hazard analy-
sis was used to adjust for confounding variables. Survival 
was also analyzed according to the evolution of BMI in 
the follow-up period. 

Finally, a joint model for longitudinal data and time 
to event was conducted in order to effectively assess the 
impact that a longitudinal variable presents on time in an 
event of interest, in this case, survival. Joint models as-
sesses both longitudinal and survival data assuming that 
both processes share the same random effects, which can 
reduce the bias and improve accuracy when compared to 
simpler approaches. 

This approach includes separate models for each form 
of data using standard tools for time-dependent covari-
ates in a survival model. It was also adjusted for other 
covariates such as age, gender, Davies score, first ther-
apy and type of therapy. For parameter estimation, the 
Hermmit-Gauss quadrature technique was performed in 
order to evaluate the cumulative risk. Software STATA 
13 was used. A confidence interval of 95% and p < 0.05 
was considered.

Results

The study evaluated 674 incident elderly PD patients 
treated by APD (n = 364) or CAPD (n = 310), who start-
ed dialysis between December 2004 and October 2007 
and were followed until October 2007. Following the 
classification of WHO classification, BMI at baseline was 
used to divide patients into four groups: malnourished (n 
= 56); normal (n = 329); overweight (n = 214) and obese 
(n = 75). 

The mean age was statistically different between 
groups, showing that malnourished patients (76.79 ± 
7.53 years) were older (p = < 0.0001). The female gender 
was significantly prevalent in obese patients (65.3%) (p 
= 0.014) and follow-up time (12.47 ± 7.73 months) was 
also higher (p = 0.017) in the group of obese patients. 
Educational level showed significant statistics (p = 0.002), 
with more illiterate patients (30.4%) in the malnourished 
group and more educated (9.3%) in the obese group 
(Table 1). 

There was no difference among the four groups when 
comparing income, race, distance to dialysis center, pre-
dialysis follow up, choice of method, referral or Davies 
score (Table 1).

Also in Table 1, diabetes mellitus showed a high prev-
alence in the obese group (68%, p < 0.0001). In the group 
of malnourished patients, Karnofsky index greater than 
70 occurred in 66.1% of them, a percentage lower than 
the other groups (p = 0.002). However, this was the group 
with the highest percentage of death (44.6%, p = 0.001).

Blood pressure levels significantly showed that the 
highest values of both systolic blood pressure (SBP) (p 
= 0.002) and diastolic blood pressure (DBP) (p = 0.002) 
are present in the group of overweight and obese patients 
(Table 1). 

Regarding laboratory data, there was statistical differ-
ence in calcium levels (p = 0.046) and glucose (p = 0.006), 
with the highest values present in obese patients (Table 
2).

The comparison between patients on APD (n = 364) 
vs. on CAPD (n = 310) showed no difference between 
the two groups when comparing age, gender, income or 
pre-dialytic care. Regarding race, there was a higher per-
centage of whites on APD (73.6% vs. 62.9%, p = 0.01). 
Educational level was also significant (p = 0.001), show-
ing more illiterates on CAPD (19.7% vs. 11.3%) and pa-
tients better educated on APD (7.1% vs. 2.9%). 

Distance to dialysis center also proved to be of signifi-
cant importance (p = 0.002) with patients on APD living 
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tAble 1 compariSon between Sociodemographic and clinical variableS according to body maSS index range

Underweight n = 56 Normal n = 329 Overweight n = 214 Obese n = 75 p value
Age (years) 76.79 ± 7.53 75.23 ± 7.04 73.79 ± 6.15 72.36 ± 5.5 < 0.0001
Sex female (%) 58.9 53.8 45.3 65.3 0.014
Race (%) 0.14
White 66.1 67.2 72 68
Black 7.1 9.1 10.3 16
Brown 23.2 20.4 13.6 16
Yellow 3.6 3.3 4.2 0
Income (%): up to two 
income

33.9 31.6 28.5 25.3 0.35

Educational level (%) 0.002
Illiterate 30.4 17.3 8.4 13.3
Elementary School 51.8 56.5 66.8 54.7
High School 16.1 22.2 18.2 22.7
College 1.8 4.0 6.5 9.3
Predialysis follow-up (%) 51.8 55 55.6 62.7 0.66
Follow–up (months) 8.5 ± 6.2 10.66 ± 7.03 10.97 ± 7.2 12.47 ± 7.73 0.017
Choice of method (%) 0.45
Medical information 62.5 59 55.6 64
Personal preference 21.4 25.5 21.5 24
Only option 16.1 15.2 22 12
Referral (%)
Clinical 30.4 31.3 32.2 33.3 0.97
Cardiologist 23.2 24.9 24.3 18.7 0.70
Endocrinologist 8.9 7.6 8.9 14.7 0.34
Emergency Unit 21.4 16.7 13.6 16 0.52
Basic Health Unit 8.9 7.6 9.3 6.7 0.84
Others 21.4 16.7 15.4 18.7 0.73
Distance from the center:
up to 25 kms 55.4 61.7 63.1 58.7 0.82
Comorbidities (%)
Diabetes 32.1 44.7 55.1 68 < 0.0001
LVH 42.9 40.4 42.5 40 0.95
Heart Insufficiency 30.4 35.3 31.3 30.7 0.70
PVD 23.2 28.3 30.8 29.3 0.71
Neoplasia 8.9 4.6 5.6 4.0 0.59
Collagenosis 3.6 1.2 0 0 0.04
PD first(230)/HD first (444) 
(%)

32.1/67.9 32.5/67.5 35 /65 40/60 0.64

APD/CAPD (364/310) 31/25 172/157 120/94 41/34 0.84
Karnofsky > 70 66.1 75 79 77.2 0.002
Patients with vascular 
access (%)

19.6 21.9 20.1 18.7 0.83

Davies score (%) 0.56
0 10.7 13.7 11.2 10.7
1 51.8 42.6 39.3 33.3
2 25 26.1 30.4 34.7
3 12.5 17.6 19.2 21.3
Death (%) 44.6 34 26.2 29.3 0.001
Systolic BP (mmHg) 129.30 ± 18.47 137.55 ± 23.39 142.17 ± 26.09 141.92 ± 27.26 0.002
Diastolic BP (mmHg) 76.94 ± 11.96 79.53 ± 12.62 82.81 ± 12.52 81.97 ± 12.75 0.002
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tAble 2 compariSon between laboratory variableS with the body maSS index range

Underweight 
n = 56

Normal 
n = 329

Overweight 
n = 214

Obese 
n = 75

p-value
Missing 

data

S- albumin (g/L) 0.77 484

S-creatinine (mg/dL) 5.58 ± 2.85 6.49 ± 3.20 6.87 ± 5.31 6.71 ± 3.11 0.19 44

S-urea (mg/dL) 107.00 ± 46.74 114.30 ± 46.05 113.91 ± 47.50 107.16 ± 46.24 0.48 3

Hemoglobin (g/L) 10.66 ± 2.04 10.54 ± 3.35 11.21 ± 2.68 10.68 ± 1.81 0.07 3

Phosphate (mg/dL) 4.58 ± 1.77 5.42 ± 11.34 4.78 ± 1.77 5.27 ± 5.31 0.78 3

Calcium (mg/dL) 8.55 ± 2.19 8.18 ± 2.61 8.41 ± 2.14 9.00 ± 1.60 0.046 3

Potassium (mEq/L) 4.34 ± 1.16 4.58 ± 1.08 4.80 ± 1.60 4.56 ± 0.76 0.055 3

ALT (mg/dL) 21.01 ± 13.42 16.93 ± 13.36 18.25 ± 11.43 19.78 ± 15.30 0.084 3

Glucose (mg/dL) 101.85 ± 48.85 119.21 ± 63.87 129.94 ± 78.92 142.23 ± 81.65 0.006 63

Tryglicerides (mg/dL) 125.24 ± 72.71 175.34 ± 101.19 215.85 ± 201.01 181.82 ± 87.48 0.39 565

Total cholesterol (mg/dL) 193.26 ± 49.41 194.27 ± 66.05 185.13 ± 68.99 174.18 ± 47.92 0.077 566

closer (67.3% vs. 54.2%). There was a higher number 
of patients on CAPD (63.5% vs. 54.7%) because of a 
medical indication (p < 0.0001) as well as more patients 
on APD (29.4% vs. 17.1%) by personal preference. As 
for referrals, patients previously attended by endocrinolo-
gists used to prefer APD (11.8%) than CAPD (5.5%) (p 
= 0.003). Left ventricular hypertrophy (LVH) was the 
only comorbidity which showed significant difference be-
tween groups (p = 0.011), with patients on CAPD show-
ing higher prevalence (46.5% vs. 36.8%). 

Regarding level of SBP, there was a statistically signifi-
cant difference (p = 0.002), with higher levels for patients 
on CAPD (142.01 ± 24.89 mmHg vs. 136.10±24.04 
mmHg). Regarding DBP, we observed no difference. 
Follow-up was different, showing patients on APD 
with longer periods when compared to those on CAPD 
(11.39 ± 7.55 months vs. 10.6 ± 6.56 months, p = 0.015). 
Karnofsky index greater than 70 was significant (p = 
0.004), showing that patients on APD had poorer perfor-
mance (77.8% vs. 76.8%). Concerning APD and CAPD 
groups, there was no difference in relation to Davies score 
or death.

As for laboratory variables, there was statistical differ-
ence in hemoglobin levels (p = 0.001) and ALT (p = 0.03), 
both higher for patients on APD (11.13 g / dL ± 3.15 vs. 
10.36 g / dL ± 2.57 and 19.01 U /L ± 13.07 vs. 16.84 U / 
L ± 12.97, respectively). 

We divided patients into two groups, PD first (n = 
230) and HD first (n = 444), based on the type of dialysis 
modality used by the patient at the beginning of the RRT. 
In this division, pre-dialytic care and follow-up had statis-
tically significant differences (p = 0.048 and p < 0.0001, 
respectively), showing that a higher number of PD first 
patients had follow-up (61.3% vs. 52.9%) and that this 

occurred for a longer period of time (12.18 months ± 
7.64 vs. 5.10 ± 6.76 months). 

Regarding choice of method, there was also signifi-
cant difference (p = 0.0001), with more PD first patients 
(36.1% vs. 17.3%) as therapy of choice and more HD 
first patients (22.3% vs. 7.0%) chosen PD as the only re-
maining option. As for referrals, only those ones made 
by endocrinologists showed statistically significant differ-
ence (p = 0.001), resulting more frequently in PD first pa-
tients when referred by this specialty (13.9% vs. 6.3%). 
Karnofsky index greater than 70 was also statistically sig-
nificant (p = 0.03), with patients PD first showing higher 
values (79.9% vs. 75.9%). There was no statistical differ-
ence for any other socio-demographic variable. 

We did not observe statistically significant differences 
in the values of laboratory variables, except for a trend (p 
= 0.057) for serum creatinine, with higher values for HD 
first patients (6.81 mg / dL ± 3.9 vs. 9.6 mg / dL ± 5.13). 

In Table 3, we observe in the Cox model that even 
after adjustment, the age and BMI, both the intercept and 
the slope of the curve remained associated with survival, 
with age as a risk factor and BMI as a protective fator. 
In the Figure 2 we show the Kaplan Meier curve based 
in the evolution of BMI. This was confirmed in the joint 
model (Table 4). The joint parameters, individual BMI 
intercept and slopes (random effects), provides the grade 
which body composition affects survival. An increase of 
one unity in the baseline BMI resulted in decrease of 1% 
in the risk of death (HR = 0.99, p = 0.02), and an indi-
vidual BMI slope of one unity over the follow-up, in a de-
crease of 12% in the risk of death (HR = 0.88, p = 0.01).

dIscussIon
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tAble 3 cox regreSSion model adjuSted by   
 age, gender, davieS Score, type of   
 therapy and firSt therapy

Variable Hazard ratio p IC

Age 1.03 < 0.0001 1.01 - 1.05

Gender 0.68 0.008 0.52-0.90

Davies

1 1.22 0.40 0.75 - 1.98

2 0.94 0.84 0.56 - 1.58

3 1.60 0.06 0.96 - 2.67

HD first 1.17 0.27 0.87 - 1.58

APD 0.93 0.66 0.70 - 1.24

tAble 4 joint model of age, gender, body maSS  
 index - intercept and Slope

Variable Hazard ratio p IC

Age 1.03 0.001 1.01 - 1.05

Gender 0.70 0.011 0.53 - 0.92

BMI 0.99 0.021 0.99 - 0.99

Intercept 0.88 0.009 0.80 - 0.96

Slope

in all age groups with similar ability, Santos and Sichieri 
study26 concluded that among the elderly population they 
evaluated (n = 699) when compared to the middle-aged 
population (n = 1306), BMI can be used as indicator of 
adiposity for this age group, particularly for women. 

In addition, a study by Perissinotto et al.27 showed that 
among older men there is greater loss of lean body mass 
when compared to women. Goh et al.28 even suggest that 
BMI should be differentiated by age and ethnicity. A re-
cently published study shows that in Brazil, the prevalence 
of obesity is 12.5% for men and 16.9% for women.29 
This fact was also evidenced in our study, which showed 
more women than men in the group of obese patients.

In developing countries, studies have shown a strong 
relationship between socioeconomic status and obesity in 
both men and women.30 This data showed no relevance 
in a study by de Andrade Bastos et al.31 of the total popu-
lation of BRAZPD incident patients when the impact of 
income and educational level in survival were evaluated. 
In our study, income was not associated with BMI either, 
however, when assessing the level of education, we ob-
served that contrary to recent systematic review,32 among 
the malnourished patients, there were more illiterate peo-
ple and among those obese and overweight, there was a 
greater percentage of patients with elementary and high 
school education.

It is well established that obesity is associated with in-
sulin and hyperinsulinemia resistance,33 as well as with an 
increased risk of type 2 diabetes and cardiovascular diseas-
es.34 In Brazil, in 2013, VIGITEL (Surveillance of Risk and 
Protective Factors for Chronic Diseases Telephone Survey) 
which promotes surveillance of risk and protective factors 
for chronic diseases through telephone survey around the 
country, showed increased rates of diabetes in the group 
of elderly patients (≥ 65 years; 22.1%).35 We found, as ex-
pected, high prevalence of diabetes mellitus in the group of 
obese patients, as well as higher glucose levels.

Excessive weight is a good predictor for the develop-
ment of hypertension.36 Indeed, our overweight and obese 
patients had the highest blood pressure levels, both sys-
tolic and diastolic.

When we evaluate Karnofsky index and Davies score, 
we find that obese patients presented more serious prob-
lems although there was no statistical significance. Studies 
published so far show conflicting results regarding the 
impact of BMI on survival of PD patients, what may be 
related in part to the fact that BMI does not distinguish 
muscle from fat tissue.37 

Figure 2. Kaplan-Meier survival curve based on the evolution of body 
mass index.

In this observational study of a cohort of incident el-
derly PD patients held in Brazil, we demonstrated that 
patients vary widely as to the evolution of BMI. Without 
a random-effect model, the conclusion reached is: there 
is no difference in survival between the subgroups evalu-
ated. However, when setting models for the evolution of 
BMI, it is observed that among the elderly who died there 
was no average gain of BMI, the opposite occurring with 
those who survived.

Malnourished patients were older in our study. While 
it is frivolous to state that BMI can measure adiposity 
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It is interesting to observe that factors such as changes 
due to aging, polypharmacy, chronic diseases, psychoso-
cial changes and diet cause a higher risk of malnutrition 
in the elderly.38 This, in turn, increases the risk of mortal-
ity and morbidity.38 Similarly, low BMI and muscle mass 
loss are also associated with morbidity and mortality in 
patients with chronic kidney disease.39 Our study shows 
that most malnourished patients were not only older but 
were also the ones who died more although, paradoxi-
cally, the obese presented more serious problems.

It is noteworthy to observe that patients in APD vs. 
CAPD were compared and it is found that there is a high-
er percentage of arterial hypertension and LVH in those 
patients on CAPD, as well as hemoglobin levels. It is be-
yond the scope of this article to compare these methods 
however, this variable was included as one of the adjust-
ment factors in Cox regression models and joint models, 
with no significant impact on survival. PD first patients 
were also compared with those who were HD first and in 
this case, Karnofsky index was better among the PD first 
patients. Similarly, the dialysis modality PD first vs HD 
first were included in the adjusted models and showed no 
impact on survival.

Most studies show that the association between 
BMI and survival on dialysis is unrelated to age. Indeed, 
Pellicano et al.40 in a longitudinal study evaluated BMI in 
HD and PD, stratifying by age and did not observe differ-
ences between the groups. 

Study done by Hoogeveen et al.14 noted that there 
may be association between age and long-term survival 
on dialysis for patients over 65, suggesting that obesity is 
more associated with mortality for those aged less than 
65 years old. In our study, age appears as a risk factor 
for mortality and BMI does not show worse impact on 
mortality.

The fact that malnourished patients present higher 
mortality is consensus in RRT. Malnutrition is recognized 
as a strong predictor of mortality in patients undergoing 
PD.41 In fact, when we evaluated the effect of low BMI 
on survival of these patients, results seem to be more con-
vincing, with studies showing that incident PD patients 
have mortality risk twice as high16 and that there is higher 
mortality in those who have lower BMI (< 18.5 kg/m2).42 
Our study also showed that malnourished patients were 
the ones who presented higher percentage of death.

Johnson et al.,17 one of the first to examine BMI in 
relation to mortality in PD, followed 43 prevalent PD 
patients for 3 years and showed that BMI greater than 
27.5 kg/m² was a positive predictor of patient survival. A 

recent Brazilian study,42 using the population of BRAZPD, 
showed in an observational study that high BMI has no 
impact on mortality over time.

Considering the risk of death in obese patients under-
going PD, other studies show decrease,11,43 increase13,14 
or no difference.15,16 In our study, despite the limitations 
caused by the absence of residual renal function and 
smoking variables, we consider the analysis of BMI a 
differential since it was shown to be evolutive and time-
dependent in the elderly population. We conclude that in-
creased BMI variation over time proved to be a protective 
factor, with a decrease of about 1% in risk of death for 
every BMI unit in the baseline and 12% for each unity 
earned. 
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