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Abstract

measurements.

estimating patients' prognoses.

Background The prevalence of chronic kidney disease (CKD) is increasing, reflecting the rising incidence of chronic
diseases. With the continuous growth of the global geriatric population, a significant portion of individuals with
CKD consists of those aged over 65. Regardless of the chosen treatment method, protein-energy loss in patients
undergoing renal replacement therapy (RRT) has been associated with elevated morbidity and mortality rates.

Methods This is a retrospective, single-center study of incident adult PD patients on peritoneal dialysis (PD)
from 1998 to 2022. We aimed to compare the survival outcomes of geriatric patients on PD with changing BMI

Results In the geriatric patient group exhibiting a reduced BMI after dialysis initiation, BMI significantly and
negatively influenced survival (p=0.01). The negative effect of BMI on survival was independent of known risk
factors such as diabetes mellitus, a history of cardiovascular disease, gender, residual renal function, and history of
hemodialysis before peritoneal dialysis (HD before PD) (p=0.04).

Conclusion Although BMI is easy and extensively measured, it is not considered the perfect monitoring parameter
for dialysis patients. However, regular follow-up of BMI, especially in geriatric cases, can be a guiding tool for
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Background

The increasing prevalence of chronic kidney disease
(CKD), along with the technical improvement in renal
replacement therapies (RRT), led to the prolonged sur-
vival of patients with end-stage renal disease [1-3]. A
substantial proportion of CKD patients comprises those
over 65, termed the geriatric population [4]. Almost
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50% of the patients who undergo RRTs are geriatric
[5-7]. The drawbacks of hemodialysis (HD) in geriatric
patients include the necessity for frequent interventions
due to hemodynamic instability, which leads to ischemic
changes in the brain and heart, and recurrent dialysis
vascular access issues [8, 9]. Conversely, peritoneal dial-
ysis (PD) offers advantages, including performing the
treatment at home, avoiding frequent hospital visits, less
hemodynamic instability, and preserving residual renal
function (RRF) in the long term [10-12].

Increased morbidity and mortality rates are linked to
protein-energy wasting (PEW) in RRT patients, irrespec-
tive of the treatment modality [13]. Age-related muscle
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loss, commonly termed sarcopenia, is more frequent
than anticipated in the dialysis population [14].

Various methods reflect the nutritional status of
patients, including body mass index (BMI), serum albu-
min levels, geriatric nutritional risk index (GNRI), and
dietary scales [15, 16]. Although the value of BMI is
under debate as a marker of PEW, some studies establish
a clear association between low BMI and increased mor-
tality in PD, particularly within the older age [17-19].
Hence, in this study, we aimed to examine the mortal-
ity rates among incident PD patients by analyzing the
changes in BMI, a simple, cheap, and easily achievable
marker, from the baseline, specifically in the geriatric
population.

Methods

Patient population

This retrospective study included 220 incident PD
patients under follow-up at Dokuz Eylul University out-
patient PD clinic between 1998 and 2022. Patients aged
18 years or older and undergoing PD were included in
the study. The exclusion criteria for the study include a
history of malignancy or chronic infections requiring
more than six weeks of treatment, such as osteomyelitis
or tuberculosis. Patient demographic and clinical infor-
mation, age, gender, primary renal disease, dry weight,
body mass index, PD treatment modality, systolic and
diastolic blood pressure, previous RRT, Kt/V, and resid-
ual daily urine were obtained. Laboratory data, includ-
ing hemoglobin, serum sodium, calcium, phosphorus
levels, parathormone (PTH), and serum ferritin levels,
were recorded from the initial and last visits. Continuous
Ambulatory Peritoneal Dialysis (CAPD) and Automated
Peritoneal Dialysis (APD) were utilized. Various PD solu-
tions were used throughout the study period, including
non-biocompatible solutions until 2016. After that, bio-
compatible PD solutions were used. In our center, PD
patients are treated with fluids containing different glu-
cose concentrations to achieve a weekly Kt/V>2 and
maintain euvolemia.

Individuals aged>65 years were categorized as geri-
atric, whereas those aged<65 were classified as non-
geriatric. The study’s primary endpoint is the analysis of
factors influencing all-cause and cardiovascular mortal-
ity. BMI is calculated by dividing weight in kilograms
by the square of height in meters. Dry weight is defined
as the weight at which the patient is noted as normo-
volemic by their nephrologist. The BMI values from the
patients’ last visits were subtracted from their BMI values
at their initial visits after excluding hypervolemia, result-
ing in ABMI Those with a positive ABMI were defined
as increased, while those with a negative ABMI were
defined as decreased.’. BMI values were recorded for PD
patients at each visit. GNRI values were calculated using
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the patients’ serum albumin levels and body weight as
previously published [16].

GNRI=[1,489Xalbumin (g/L)]
+[41,7 x (bodyweight/idealbodyweight)]

A BMI was calculated as the last BMI measurement
minus the first BMI measurement, albumin as the last
albumin level minus the initial albumin level, and GNRI
as the last GNRI minus the initial GNRI.

Statistical analysis

Statistical analyses were performed using SPSS ver-
sion 24 (IBM Corp., Armonk, NY, USA). A two-sided
p-value<0.05 was deemed statistically significant. Con-
tinuous variables were reported as mean+SD or median
with interquartile range (IQR), depending on their distri-
bution. Categorical variables were presented as frequen-
cies and proportions. ANOVA, Kruskal-Wallis, survival
analyses, multinomial logistic regression, and chi-square
tests were performed as appropriate.

Results

The demographic and laboratory characteristics of study
groups are depicted in Table 1. There was a significant
difference between study groups regarding age due to
the study design (p<0.01). However, no difference was
found in gender frequencies (p=0.88). The rate of diabe-
tes mellitus was highest in the geriatric decreased BMI
group. (p=0.03). The baseline Kt/V, hemodialysis his-
tory, and baseline residual urine analyses were all similar
between the study groups (p=0.66, p=0.58, and p=0.45,
respectively).

Regarding the nutritional parameters, there were no
significant differences in initial BMI (p=0.07), base-
line serum albumin (p=0.25), and baseline GNRI lev-
els (p=0.29) in group comparisons (Table 1). However,
significant differences were observed in the last BMI,
albumin, and GNRI values among the groups (p<0.01)
(Table 2).

In the univariate analysis, age significantly increased
the risk of mortality, with a hazard ratio (HR) of 1.04
(95% CI: 1.01-1.07, p<0.05). Additionally, residual renal
function (RRF) was associated with a slightly decreased
risk of mortality, with an HR of 0.99 (95% CI: 0.90-1.00,
p<0.05). Among the groups, the “geriatric decreased
BMI” group demonstrated the highest mortality hazards
(HR 3.11, 95% CI: 1.27-7.60, p=0.01).

In the multivariate analysis, which evaluated age, DM,
HT, CVD, AGNRI RREF, and study groups, the protective
effect of RRF was observed to persist. Among the groups,
the “geriatric decreased BMI” group again demonstrated
significantly highest mortality hazard (HR 3.72, 95% CI:
1.02-13.36, p=0.04).
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Table 1 Comparison of patients'initial demographic and Laboratory Study-Related Data

Page 3 of 7

Non-geriatric Increased BMI Non-geriatric Decreased BMI Geriatric Increased BMI  Geriatric Decreased BMI p

N=123 N=44 N=33 N=20
Age (years) 46.02 (£9.90) 4393 (+11.18) 67.61 (£4.71) 68.20 (+6.01) <0.01
Gender (Female) 63 (51%) 21 (48%) 17 (52%) 12 (60%) 0.84
Primary Disease
« Hypertension 34 (27%) 9 (20%) 16 (48%) 5(25%) 0.03
DM 23 (19%) 5(12%) 8 (24%) 7 (35%)
« Chronic GN 18 (15%) 8 (18%) 0 (0%) 1(5%)
- Others 48 (39%) 22 (50%) 9 (28% 7 (35%)
(@YD) 45 (36.6%) 44 (38,6%) 22 (66.7%) 9 (45%) 0.02
BMI (kg/mz) 24.11 (£3.70) 24.07 (£4.82) 24.88 (£4.97) 26.6 (+4.83) 0.07
ABMI (kg/mz) 230(x£1.73) -141 (£1.26) 224 (+1.58) -1.39 (£ 1.68) 0.00
Modality (CAPD) 95 (77%) 31 (70%) 26 (79%) 13 (65%) 0.54
A% 243 (£0.63) 2.33(£0.85) 2.32(+0.79) 224 (£0.54) 0.66
Creatinine clearance 5549 (+ 15.66) 5248 (£ 15.89) 55.19 (£ 15.90) 54.02(x10.7) 0.82
Systolic BP (mmHg) 136.81 (+£24.83) 13740 (£27.51) 144.94 (+28.76) 132.80 (£ 16.01) 0.31
Diastolic BP (mmHg)  85.52 (+16.20) 83.64 (£15.77) 84.67 (£1241) 7570 (+11.03) 0.07
Kt/V residue urine(ml) 0.81 (0, 3.3) 0.70 (0, 3.6) 0.64(0,2.2) 0.55 (0, 2.6) 0.45
HD before PD 43 (35%) 17 (39%) 9 (27%) 9 (45%) 0.58
Initial UF (ml) 450 (82, 950) 620 (36, 850) 500 (185, 875) 300 (0, 642) 0.89
Last UF (ml) 790 (440,1050) 750 (400,1025) 750 (500,1093) 55 (90, 800) 0.73
Initial GNRI 103.86 (£12.51) 101.94 (£18.61) 108.72 (£11.34) 111.35 (£15.80) 0.29
Last GNRI 106.40 (+12.08) 92.71 (£ 16.90) 103.70 (£12.94) 96.53 (+12.87) <0.01
AGNRI 25(x10.7) -92(£13) -5.0 (£13) -14.8 (£10) <0.01
Follow-up years 3(0,23) 2.5(0,19) 4(0,15) 1.5(0,10) 0.09
Hemoglobin (gr/dl) 10.36 (+1.69) 9.94 (+1.44) 10.63 (£1.62) 1049 (£ 1.45) 0.27
Initial albumin (gr/dl)  3.81 (£0.61) 3.70 (£0.81) 3.99 (£045) 3.90 (£0.62) 0.25
Last albumin (gr/dl) 3.66 (+0.50) 3.26 (+0.72) 3.39(+0.67) 3.06 (£0.60) <0.01
A Albumin (gr/dl) -0.14 (£ 0.6) -043 (+0.8) -0.6 (£0.8) -0.8 (£0.7) <0.01
CaxP 50.8+13.8 49.7+£152 458+158 472+124 0.29
Initial PTH (pg/ml) 131 (4.7, 2287) 158(19.3,1389) 151.5(17,685) 219(21,1117) 0.10
Last PTH (pg/ml) 314 (79,523) 227 (78,481) 218(105,329) 216 (75, 400) 0.12
Sodium (mEg/1) 138.70 (£4.01) 139.25 (+4.68) 137.84 (+4.83) 139.25 (+£4.17) 0.51
Initial HOATC (%) 7.25(+1.27) 8.85 (+3.04) 7.13(£1.60) 6.82 (£1.22) 0.39
Last HbA1c (%) 7.87 (£1.79) 7.38(+042) 8.13 (£0.90) 8.18 (£1.40) 0.87
Mortality
Cardiovascular 53 (43.1%) 17 (38.6%) 21(63.6%) 13 (65%) 0.01
All-cause 12(9.7%) 8(18.2%) 8(24.2%) 7 (35%) 0.03

*Values are shown as means with standard deviation, medians with interquartile ranges, or numbers with percentages

Abbreviations: (BMI:body-mass index, GN: glomerulonephritis, CAPD: continuous ambulatory peritoneal dialysis, CVS: Cardiovascular Disease PD: peritoneal dialysis,
HD: hemodialysis, UF: ultrafiltration, GNRI: Geriatric nutrition index, CaxP: calcium-phosphorus product, PTH: parathormone, Hbalc: hemoglobin Alc

Table 2 Post hoc analysis of final BMI, albumin, and GNRI

Groups p

Final BMI Non-geriatric Increased BMI Non-geriatric decreased BMI <0.001
Geriatric Increased BMI 1.00
Geriatric Decreased BMI 0.03

Final albumin Non-geriatric Increased BMI Non-geriatric decreased BMI 0.03
Geriatric Increased BMI 0.16
Geriatric Decreased BMI 0.01

GNRI final Non-geriatric Increased BMI Non-geriatric decreased BMI <0.01
Geriatric Increased BMI 1.00
Geriatric Decreased BMI <001

Abbreviation: BMI: body mass index
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Table 3 Univariate analysis for determining the effects of various
factors on mortality

95% Cl p

Age 1.04 (1.01-1.07) <0.05
Gender 141 (0.79-2.53) 0.25
DM 0.75 (0.40-1.40) 0.36
HT 1.16 (0.59-2.29) 0.66
RRF 0.99 (0.99-1.00) <0.05
ABMI 0.90 (0.80-1.00) 0.05
AGNRI 0.99 (0.97-1.02) 0.58
AAlbumin 1.05 (0.73-1.48) 0.85
[@Yp) 1.26 (0.70-2.27) 044
Non-geriatric increased BMI

Non-geriatric decreased BMI 1.53 (0.69-3.39) 0.30

Geriatric increased BMI 2.00 (0.96-4.16) 0.06

Geriatric decreased BMI 3.11(1.27-7.60) 0.01

Abbreviation: (DM: Diabetes Mellitus, HT: Hypertension, RRF: residual renal
function, ABMI: delta body-mass index, HD: hemodialysis, GNRI: Geriatric
nutrition index, CVD: cardiovascular disease, BMI: delta body-mass index

Table 4 Multivariate analysis for determining the effects of
various factors on mortality

95% Cl P

Age 1.03 (0.99-1.08) 0.12
DM 1.05(0.56-1.99) 0.87
HT 1.16 (0.55-2.45) 0.68
CVvD 1.77 (0.93-3.36) 0.81
AGNRI 1.01(0.99-1.1.04) 0.17
RRF 0.58 (0.38-0.95) 0.03
Non-geriatric increased BMI

Non-geriatric decreased BMI 1.68 (0.69-4.06) 0.25

Geriatric increased BMI 0.97 (0.32-2.94) 0.96

Geriatric decreased BMI 3.72(1.02-13.36) 0.04

Abbreviation: (DM: Diabetes Mellitus, HT: Hypertension, RRF: residual renal
function, HD: hemodialysis, GNRI: Geriatric nutrition index, CVD: cardiovascular
disease, BMI: delta body-mass index

Figures 1 and 2 present the Kaplan-Meier survival anal-
ysis of the four study groups. The analysis revealed dis-
tinct survival outcomes of the groups based on age and
BMI changes. Patients in the “geriatric decreased BMI”
group exhibited the lowest survival rates, while the “non-
geriatric increased BMI” group demonstrated the high-
est survival rates. Survival probabilities at various time
points for all groups were compared using the log-rank
test, which indicated statistically significant differences
(p=0.04 for all-cause mortality and p=0.02 for cardiovas-
cular mortality).

Discussion

Our study identified a decline in BMI over time is associ-
ated with increased mortality, particularly in the geriatric
patient group. All PD patients, as in the geriatric popula-
tion, encounter an elevated risk of frailty, sarcopenia, and
protein-energy malnutrition. All three factors have been
linked to heightened mortality risk in both PD patients
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and the geriatric age group. BMI serves as a straightfor-
ward clinical assessment that can signal protein-energy
malnutrition.

Some studies suggest that geriatric individuals
undergoing PD with lower body mass may experience
increased mortality rates, aligning with the findings of
our research. Hence, closely monitoring nutritional and
metabolic parameters in this demographic is recom-
mended [19, 20]. However, Hung et al. reported contrast-
ing findings in their study involving the Asian population.
They observed no significant difference in technical sur-
vival among PD patients aged 65 and above despite these
patients having a lower BMI compared to Western popu-
lations [18]. Similarly, an Italian study comparing clini-
cal outcomes between younger and geriatric PD patients
over a 24-month period found no significant differences
in survival. Based on these findings, the authors recom-
mended using PD as a suitable intervention for the geri-
atric age group [20]. The data also supports our findings,
indicating that the decline in BMI might be the primary
factor influencing the variability in survival rates among
patients in the geriatric age group, aside from age itself.

In univariate analysis age was linked to a higher risk
of mortality, while RRF had a slight protective effect.
When we performed multivariate analyses, the negative
effect of age was no longer observed. In the multivariable
analysis, a higher mortality risk was noted in the ‘geriat-
ric decreased BMI’ group compared to the ‘non-geriatric
increased BMI’ group. However, the lack of a significant
rise in mortality risk within the ‘geriatric increased BMI’
group indicates that BMI’s effect on mortality is statisti-
cally significant and independent of age.

In their meta-analysis, Liu et al. linked both low and
high BMI to mortality among PD patients in the Asian
population. Another study by Ramkumar et al. revealed
that among overweight PD patients, those with higher
muscle mass exhibited lower mortality compared to
those with lower muscle mass. This implies that, in this
context, muscle mass may carry greater significance than
numerical weight [21, 22]. In our research, although no
significant difference was noted in the initial albumin
values, a significant difference emerged, particularly in
the groups experiencing a decrease in BMI, when exam-
ining the last albumin values. Furthermore, a significant
difference in the GNRI, another nutritional parameter,
was observed in the BMI-decreased groups. Based on
these observations, we deduced that the BMI-decreased
groups are likely underwent a reduction in muscle mass.
Aligning with existing literature, it was observed that
the group facing malnutrition-induced muscle loss also
exhibited higher mortality rates. Although muscle loss
in PD patients has been associated with mortality, there
are conflicting results regarding the increase or decrease
in adipose tissue [23-26]. Therefore, we believe that the
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Fig. 1 Kaplan-Meier curves for all-cause mortality of the study groups

association of BMI reduction over time with mortality,
regardless of the type of tissue lost, is a valuable finding
and an inspiring basis for future studies.

Even though it is acknowledged that mortality tends
to be elevated in patients with particular underlying
renal pathologies, such as those with diabetes mellitus,
our regression analysis did not reveal any substantial
impact on survival for patients in the geriatric and BMI-
decreased groups.

Changes in BMI among PD patients can stem from var-
ious factors. In individuals with end-stage renal disease
(ESRD), irrespective of the type of RRT, a reduction in
BMI may be noticeable due to managing hypervolemia,
particularly in the initial stages of RRT [27]. Evaluating
our patients as euvolemic, considering recorded weights,
maintaining normal serum sodium levels, and the
absence of differences in ultrafiltration amounts between
groups help eliminate confounding factors such as hyper-
volemia. Furthermore, the resolution of uremia-induced
cachexia and potential weight gain resulting from an
increased protein content in the CKD-specific diet after
initiating RRT may contribute to the observed changes in
weight [28].

Reduced hemoglobin levels in patients undergoing PD
have been linked to increased mortality [29, 30]. On the

other hand, in the study conducted by Methora et al,, it
was determined that having a serum albumin level below
3 g/dL resulted in a cardiovascular mortality risk of more
than three times higher [31]. In another study conducted
by Na Hoa et al., it was discovered that PD patients with
higher albumin levels exhibited lower five-year mortal-
ity rates [32]. Since the initial hemoglobin values were
not different among the groups and albumin values con-
sistently remained above 3 g/dL throughout the study
period, we believe these confounding factors have mini-
mal impact on the observed results regarding the survival
of the groups.

In the study conducted by Georginos et al., it was
observed that increased systolic blood pressure was
positively correlated with both morbidity and mortality.
In contrast, no association was identified with diastolic
blood pressure [33]. Another study determined that mor-
tality rates rise when systolic blood pressure falls below
110 mmHg. The International Society for Peritoneal
Dialysis (ISPD) recommends maintaining blood pres-
sure below 140/90 for PD patients, with the safe lower
limit for systolic blood pressure defined as 120 mmHg
[34]. Diastolic blood pressure has not consistently been
associated with mortality in the existing literature. Our
study showed no significant difference among the groups
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regarding blood pressure measurements, suggesting that
blood pressure may not significantly influence the out-
comes observed.

Our survival analysis highlights the interplay between
age and BMI changes, with decreased BMI, particularly
in geriatric patients, associated with higher mortality
risk. These findings align with the broader regression
analyses, emphasizing the importance of monitoring
BMI as a dynamic and clinically significant parameter in
PD patients and the need for careful nutritional and met-
abolic monitoring, especially among geriatric individuals.

Our study stands as the first in the literature to dem-
onstrate elevated mortality, specifically in the geriatric
population and among patients experiencing a decrease
in BMI after PD initiation, in contrast to the other study
groups. The strengths of our study are the large study
cohort and groups comperable basline values, such as
baseline BMI, albiimin, or GNRI. The absence of anthro-
pometric measurements and body fat-water ratios poses
limitations inherent in its retrospective design. Conse-
quently, there is a pressing need for further randomized
controlled trials to delve deeper into this specific topic.

Conclusion

Although BMI is easy and extensively measured, it is not
considered the perfect monitoring parameter for dialysis
patients. However, regular follow-up of BMI, especially

T T T
15,00 20,00 25,00

Years

in geriatric cases, can be a guiding tool for estimating
patients’ mortality risks. Despite the study’s retrospective
design, the results are consistent with existing literature,
affirming the correlation between malnutrition and mor-
tality. Additionally, for the geriatric population, PD seems
to be a viable treatment option; however, the observed
decrease in BMI over time emphasizes the importance of
vigilant monitoring and observation in clinical practice.
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(BMI Body-mass index

GN Glomerulonephritis

CAPD Continuous ambulatory peritoneal dialysis
(@S Cardiovascular Disease PD: peritoneal dialysis
HD Hemodialysis
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PTH Parathormone
Hbalc  Hemoglobin Alc
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