
Introduction

Peritoneal dialysis (PD) is a widely accepted renal re-
placement therapy for end-stage renal disease (ESRD) 
[1]. The number of patients undergoing PD treatment in 
the world population was estimated as 272,000 at the end 
of 2013. PD is a dialysis modality that permits patients to 
lead a higher quality life [2]. It is well-established that PD 
is stopped due to its technique failure [3,4]. Technique 
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failure is an important metric to track and understand in 
patients with PD [5]. Technique failure can be utilized as an 
indicator of the quality of PD care in dialysis programs [5]. 

After PD technique failure, patients require a switch 
to hemodialysis (HD). Thus, this need must be taken in 
to consideration in patients starting PD. Switching from 
PD to HD is undesirable due to complications from tem-
porary vascular access, disruption of daily routine, and 
higher costs. Since unplanned HD initiation is associated 
with mortality, the transition period between dialysis 
modalities must be predicted and planned [3]. Reasons of 
technique failure include; infectious complications (e.g., 
PD peritonitis), mechanical complications (e.g., primary 
catheter failure), inadequate solute clearance, ultrafiltra-
tion failure, and psychosocial issues [5]. It has also been 
revealed in previous studies that reasons for technique 
failure appear to evolve over time [5]. 

The serum albumin level is usually utilized as an indi-
cator to assess nutritional status [6]. In patients on PD, 
the initial serum albumin levels are closely associated 
with cardiovascular mortality, PD technique survival 
and peritonitis rate [7]. Majority of previous studies have 
examined the effect of initial serum albumin on PD tech-
nique failure. There are few studies examining the effect 
of change and trend in albumin level on PD technique 
failure. It is essential to access the relationship between 
the trajectories of serum albumin and PD technique fail-
ure. Classical models such as the linear mixed model and 
the Cox proportional hazards model for longitudinal and 
time-to-event data respectively, do not consider depen-
dencies between these two different types of data. Joint 
modeling of longitudinal and time to event data is a pow-
erful method that takes into account the dependency and 
association between them. Using joint models, these two 
types of data are analyzed simultaneously [8]. 

The major cause of ESRD worldwide is diabetic ne-
phropathy. The diabetes is frequently associated with 
multiple complications [9]. It is also one of the most es-
sential predictors for PD technique failure [5].

In the present study, we developed the joint model-
ing of longitudinal and time-to-event data in order to 
determine the relationship between the trajectories of 
serum albumin levels and the PD technique failure in 
patients of ESRD according to diabetic status. Death from 
all causes during follow-up was considered as compet-
ing event. Our models also assess covariates effects on 

both outcomes (trajectories of serum albumin and the 
PD technique failure or death) simultaneously. The pa-
rameters were estimated using a Bayesian approach. The 
advantage of a Bayesian analysis is that it provides rea-
sonable results, when compared to maximum likelihood 
approach. Furthermore, specifying a prior distribution 
for the parameters gives the investigator an opportunity 
to incorporate any existing information into the model. 
In addition, it can easily be performed using available 
software [10].

Methods 

This retrospective cohort study comprised 300 ESRD 
patients on continuous ambulatory PD (CAPD; 189 non-
diabetic and 111 diabetic) treated in Al-Zahra Hospital, 
Isfahan, Iran, from May 2005 to March 2015. Patients 
having at least 3 months on PD were selected. During the 
treatment period of PD, patients were evaluated approxi-
mately every three months from starting PD therapy by 
nephrologists and nurses at the PD clinic.

Definition of outcomes

In this study, the longitudinal outcome of interest was 
serum albumin levels (g/dL) measurements at different 
times that correspond to visiting times (approximately 
every 3 months) for each PD patient. Another outcome of 
interest was time to occurrence of the PD failure which 
was calculated as the number of days between dialysis 
initiation and the end date. The PD failure was defined 
as a transfer to HD. Death from all causes during follow-
up on CAPD was considered as competing event. Patients 
were censored at the last information date if they expe-
rienced kidney transplantation during follow-up, or had 
not presented any of these events (death, kidney trans-
plantation and transfer to HD) by March 2015. 

Covariates

Covariates including age at PD initiation (year), gender, 
previous HD, body mass index (BMI, kg/m2), normalized 
protein catabolic ratio (nPCR, g/kg/day) and cardiovas-
cular disease. Data were collected by medical records 
review.
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Statistical analysis

Continuous variables were described by mean and 
standard error while categorical variables were described 
by frequencies and percentages. The differences of con-
tinuous and categorical variables between the two groups 
(diabetic and non-diabetic patients) were analyzed using 
the Student’s t-test and chi-squared test, respectively. 
Survival curves were constructed by the Kaplan-Meier 
method and compared by the log-rank test. The level of 
statistical significance was set at P < 0.05.

In this study, we consider a class of shared parameter 
models proposed by Follmann and Wu [11] for jointly 
modeling serial data and event time data. Using this ap-
proach, the association between trajectories of serum 
albumin and time to competing risks was considered 
through shared random-effects. Joint models of longitu-
dinal and time to event data comprises of three submod-
els: The first one consists of a linear mixed model for the 
trajectories of serum albumin levels. Suppose that for 
patient i (i = 1, 2, ..., n) at time point tij (j = 1, 2, ..., ni), that 
n and ni are number of patients and visits of patient i, re-
spectively, the linear mixed model has the structure:

Albuminij = intercept1 + β11tij + β21 agei + β31genderi + 

β41HDi + β51BMIij + β61nPcrij + β71cvdi + bi + eij ,

Where β ’s are parameters to reflect the effects of the 
covariates (intercept, time on CAPD, age, gender, previ-
ous HD, BMI, nPCR and cardiovascular disease). The 
quantity eij is a random error term and is assumed to be 
normally distributed. bi, is a patient-specific random ef-
fect that represents between-patient heterogeneity in 
an outcome variable (serum albumin level) that cannot 
be explained by measured covariates. The submodels of 
second and third consist of the parametric survival mod-
els of Weibull. We graphically [12] and based on deviance 
information criteria (DIC) [13] preferred a parametric 
model of Weibull to Cox regression model. In the Weibull 
regression method, coefficients can be interpreted ex-
actly the same way as those of the Cox model. In this 
method, the underlying hazard is more simply expressed 
with assuming Weibull distribution for the time to event 
data [14].

The hazard functions of the survival models at time t 
can be written as:

hi,h(t) = hi0,h(t) exp(intercept2 + β21 agei + β22genderi + 

β22HDi + β42BMIi + β52nPcri +β62cvdi + α1bi),
hi,d(t) = hi0,d(t) exp(intercept3 + β13 agei + β22genderi + 

β33HDi + β43BMIi + β53nPcri + β63cvdi + α2bi),

Where hi,h(t) and hi,d(t) are the hazard of PD failure and 
death from all causes for the patient i at time t, respec-
tively, hi0,h and hi0,d are baseline hazard functions with 
weibull distribution, β ’s are parameters for the effects 
of covariates, α1 and α2 are association parameters of 
serum albumin trajectories with PD failure and death 
from all causes, respectively. The longitudinal and sur-
vival submodels joined through shared random-effect 
of bi with normal distribution. The parameter estima-
tion obtained using Bayesian approach. A parameter is 
significant at 5% only if the 95% Bayesian confidence in-
terval (CI) is not included 0. We used the software pack-
age OpenBUGS (version 3.2.3) [15], was used in deriving 
the posterior distribution of the parameters through the 
Markov Chain Monte Carlo (MCMC) method. We also 
considered standard prior distribution for all parameters. 
R software package (version 3.2.2) was utilized for other 
analyses such as descriptive statistics, plots and tests of 
chi-squared, t-test and log rank. The packages of R and 
OpenBUGS are free software. Joint modeling approach 
was performed on non-diabetic, diabetic and all of CAPD 
patients in the study. In order to get more accurate esti-
mation for association parameter, it was also performed 
on CAPD patients without history of previous HD. 

Results

There were 300 patients on CAPD in the study, 63% 
were non-diabetic. Mean and standard error of age at PD 
initiation, baseline values albumin, BMI, and nPCR, and 
frequency (%) of gender, previous HD and cardiovascular 
disease according to diabetic status are shown in Table 1. 
Means of age and BMI for diabetic CAPD patients were 
higher than mean age for non-diabetics. This increase 
in means were significant using t-test analysis (P < 0.05). 
There were a greater proportion of men and patients with 
history of cardiovascular disease in diabetics group. Us-
ing chi-squared tests, the relationships between diabetic 
with gender and history of cardiovascular disease were 
significant (P < 0.05).

During follow-up period per patient, the averages of 
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longitudinal measurements or visits were 7.03 (range, 1 
to 29 visits) and 7.23 (range, 1 to 24 visits) for non-diabet-
ic and diabetic patients, respectively. Fig. 1 show the ob-
served longitudinal measures of albumin plotted against 
time for all of the PD patients (non-diabetic and diabetic) 
that were included in the analysis. For event of PD fail-
ure, the median survival times, using Kaplan-Meier ap-
proach for non-diabetic and diabetic patients were 2,684 
and 2,483 days, respectively. The median survival times 
for event of death from all causes were also 2,442 and 
1,615 for non-diabetic and diabetic patients, respectively. 
There was no significant difference between survival dis-
tributions for two groups of non-diabetic and diabetic 
patients using log rank tests (P = 0.706 for PD failure and 
P = 0.071 for death). Kaplan-Meier survival plots of PD 
failure and death from all causes for CAPD patients are 
shown in Fig. 2. Overall, 18.97% of diabetic PD patients 
were transferred to HD and 37.8% died during the follow 

up; for non-diabetic PD patients 16.4% were transferred 
to HD and 23.8% died, the other patients were still under 
PD at the end of follow-up in each two groups. Major-
ity of deaths were due to cardiovascular disease and the 
main cause of transfer to HD was peritonitis. Table 2 de-
notes causes of transfer to HD for CAPD patients accord-
ing to diabetic.

Table 3 shows the results of joint modeling of albumin 
repeated measurements and time to PD failure. Table 
3 contains estimate and 95% CI of parameters for two 
submodels (longitudinal and survival) on diabetic, non-
diabetic, without previous HD, and all of CAPD patients 
in the study. In Table 3, we considered Weibull regres-
sion for survival submodel. Joint modeling with Cox 
regression for survival submodel was also performed 
(Supplementary table 1). The DIC for Weibull regression 
was lower than Cox regression for survival submodel 
(Supplementary table 2). Therefore, in order to interpret 

Table 1. Baseline characteristics of CAPD patients according to diabetes
Variable Total (n = 300) Diabetes (n = 111) Non-diabetes (n = 189) P

Age (yr) 54.18 ± 0.99 61.01 ± 0.93 50.17 ± 1.40 < 0.0001
Albumin(g/dL) 3.54 ± 0.03 3.47 ± 0.05 3.58 ± 0.04 0.105
Body mass index (kg/m2) 24.50 ± 0.26 25.38 ± 0.34 23.99 ± 0.36 0.010
nPCR (g/kg/d ) 0.826 ± 0.01 0.804 ± 0.01 0.824 ± 0.01 0.265
Gender (male) 156 (52.0) 66 (59.5) 90 (47.6) 0.047
Previous hemodialysis 96 (32.0) 28 (25.2) 68 (36.0) 0.054
Cardiovascular disease 75 (25.0) 41 (36.9) 34 (18.0) < 0.0001

Values are presented as mean ± standard error, number (%), or number only.
P-value was obtained using t-test for continuous variables and chi-squared test for categorical variables. 
CAPD, continuous ambulatory peritoneal dialysis; nPCR, normalized protein catabolic ratio. 
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Figure 1. Trajectory plot for serum albumin levels (g/dL). (A) Non-diabetic peritoneal dialysis (PD) patients, (B) diabetic PD patients.
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of results of the present study, we focused on the more 
precise estimates of the joint models with Weibull regres-
sion for survival submodel.

For diabetic patients, the value of association param-
eter (α), that described the relationship between values 
of trajectories of serum albumin and the hazard for PD 
failure (95% CI) or death was estimated as -0.720 (-0.971, 
-0.472) or -0.279 (-0.469, -0.114), and indicated that 
trajectories of serum albumin and the hazard for PD fail-
ure or death were negatively correlated. Predictor of low 
serum albumin over time was increase in time on CAPD 
for these patients; the hazard of PD failure was associated 
with cardiovascular disease in diabetic patients. The haz-
ard of death from all causes was associated with previous 
HD and cardiovascular disease.

For non-diabetic patients, the value of association 
parameter (95% CI) was estimated as -0.784 (-0.963, 
-0.587) for PD failure and -0.169 (-0.340, -0.032) for 
death from all causes. Predictors of low serum albumin 
over time were increase in time on CAPD and age of PD 
initiation and decrease in BMI for these patients; the haz-
ard of PD failure was associated with age in non-diabetic 

patients. The hazard of death from all causes was associ-
ated with age and cardiovascular disease.

For patients without history of previous HD, the value 
of association parameter (95% CI) was estimated as -0.84 
(-0.978, -0.702) for PD failure and -0.338 (-0.540, 
-0.158) for death from all causes. Predictors of low serum 
albumin over time were increase in time on CAPD and 
age of PD initiation. The hazard of death from all causes 
was associated with age and cardiovascular disease.

For all of patients, the value of association parameter 
(95% CI) was estimated as -0.653 (-0.884, -0.411) for 
PD failure and -0.355 (-0.567, -0.228) for death from 
all causes. Predictors of low serum albumin over time 
were increase in time on CAPD and age of PD initiation, 
and decrease in BMI and nPCR; the hazard of PD failure 
was associated with age for all of patients. The hazard of 
death from all causes was associated with age, previous 
HD and cardiovascular disease.

Discussion

Results of this study showed an important relationship 
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Figure 2. Kaplan-Meier survival plots for peritoneal dialysis failure (A) and death from all causes (B). The solid and dashed lines de-
pict the survival curves for non-diabetic and diabetic patients, respectively.  

Table 2. Causes of transfer to hemodialysis
Cause Diabetes (n = 21) Non-diabetes (n = 31) Total (n = 52)

Peritonitis 11 (52.4) 10 (32.3) 21
Catheter dysfunction 4 (19.0) 9 (29.0) 13
Dialysis inadequacy 4 (19.0) 7 (22.6) 11
Miscellaneous reasons unrelated to CAPD 2 (9.5) 5 (16.1) 7

Values are presented as number (%). 
CAPD, continuous ambulatory peritoneal dialysis.
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between trajectories of the serum albumin and hazard of 
PD failure in ESRD patients according to diabetic status 
using a Bayesian joint modeling of longitudinal measure-
ments and survival data. Furthermore, the impact of in-
fluential covariates on the trajectories of serum albumin 
levels and hazard of PD failure was found. In our find-
ings, it was revealed that increase in the serum albumin 
level over time was associated with decrease in hazard 
for PD failure for each two groups of diabetic and non-
diabetic CAPD patients. 

The results of our study showed that diabetes mel-
litus was not significantly associated with survival of 
technique and patient. However, relationship between 
trajectories of the serum albumin and hazard of PD fail-
ure were significant for two groups of diabetic and non-
diabetic CAPD patients and the values of association 
parameter were approximately similar in both groups. It 
was also revealed in several studies, notwithstanding the 
risks involved, that there was no difference in technique 
survival between diabetic and non-diabetic dialysis pa-
tients [16]. 

Several studies indicated that the initial serum albumin 
as a significant predictor related to technique failure and 
death [17,18]. In the present study, using a joint modeling 
of longitudinal and survival data, association between 
the trajectories of serum albumin and technique failure 
were determined. 

In a study carried out by Flanigan et al [19], it was re-
ported that serum albumin values, remained marginal 
and unchanged over the five-year project since 1995 to 
2000. In our study, serum albumin decreased slightly 
over time in CAPD patients.

In most studies on technique failure, similar to the find-
ings of our study, gender was not associated with tech-
nique failure [20-22]. 

In the present study, cardiovascular disease and in-
creasing age were the predictors of death which was simi-
lar to the findings of study by Chidambaram et al [23]. 

In this study, increasing age at PD initiation was associ-
ated with decrease in technical failure. This finding con-
flicts with previous studies on PD failure suggesting that 
relative risk of technique failure increases with increase 
in age [23,24]. This may explain why the older PD patients 
in our study prefer to persist with PD undermining of PD-
related complications. By contrast, a cooperative study 
from the Netherlands revealed that elderly patients had a 

lower risk of death-censored technique failure compared 
with younger patients [25]. Furthermore, According to 
studies of Mujais and Story [21,22], age had a small effect 
on risk of transfer to HD. 

Our findings also revealed that HD before starting PD 
had no impact on technique failure, which was similar 
to the study of Mujais and Story [22], although it was 
revealed in various studies that patients with history of 
HD prior to PD had a higher risk of technique failure 
[21,23,26]. 

There are some limitations associated with this study. 
The study was carried out on PD patients of one center, 
and therefore it may include a center-specific effect. Also, 
sample size was relatively small in each two groups (dia-
betic and non-diabetic). In addition, transfer to HD is a 
medical decision based on patients’ motivation to stay on 
PD or to change their modality of dialysis. The relation-
ship between the nephrologist and patient determined 
these subjective parameters and may even influence the 
medical decision to transfer [27]. This relationship was 
not studied here. 

This study indicated that increase in serum albumin 
values over time was associated with decreased risk of 
the PD technique failure using Bayesian joint models 
for longitudinal and time to event data. In addition, this 
method indicated predictors of serum albumin levels and 
technique failure simultaneously.
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