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Abstract

Background The optimal choice of dialysis modality for diabetic patients remains controversial. This study aimed to compare
mortality between peritoneal dialysis (PD) and hemodialysis (HD) in end-stage renal disease (ESRD) patients with type 2
diabetes (T2D).

Methods Our observational, longitudinal cohort consisted of all incident ESRD patients with T2D who received either PD
or HD in our center from January 2012 to December 2017 and were followed until December 2019. Propensity scores were
used to select a 1:1 matched cohort. Mortality was compared between dialysis modalities using Kaplan—Meier survival
analysis, and risk factors for mortality were estimated using multivariate Cox regression analyses.

Results The median follow-up times were 35.5 months in the PD group (n=134) and 41.6 months in the HD group (n= 134,
p=0.0381). The 1-, 2-, 3-, 5-, and 7-year patient survival rates were 98%, 91%, 77%, 61%, and 35% for diabetic PD patients
and 96%, 88%, 81%, 60%, and 57% for diabetic HD patients. Kaplan—Meier survival analysis showed that overall mortality
did not significantly differ between modalities (log-rank =0.9473, p =0.6575). Using a multivariate Cox regression model,
advanced age and increased cholesterol at the initiation of PD treatment were independent risk factors associated with mor-
tality, whereas under HD therapy, the risk factors associated with mortality were lower BMI and higher HbAlc.
Conclusions These results suggest that in patients with T2D, mortality is comparable between PD and HD irrespective of
whether there are the first 2 years or over the 2-year period, and that different mortality predictor patterns exist between
patients treated with PD versus HD.

Keywords Type 2 diabetes - Peritoneal dialysis - Hemodialysis - Mortality - Risk factors

Introduction

The incidence and prevalence of diabetes have grown rapidly

worldwide, primarily driven by increases in type 2 diabetes

(T2D). Diabetes is the leading cause of end-stage renal dis-
Hui Liu and Zhiren He contribute to this work equally; both are ease (ESRD), accounting for approximately 50% of cases in
considered to be first authors. most developed countries [1]. In China, the overall preva-
lence of diabetes was recently reported to be 10.9% [2]; that
is, 113.9 million Chinese adults are estimated to have diabe-
tes, making it the world’s largest diabetes epidemic [3]. In
addition, diabetes has become the second leading cause of
ESRD in China. Overall, diabetes is a major public health
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better preservation of residual renal function [6]. However,
compared to HD, the technique failure rate is considerably
higher in PD [7]. The first-choice option of dialysis modal-
ity for ESRD patients remains controversial, especially
in those with diabetes [8, 9]; indeed, modality choice has
additional implications in ESRD patients who have diabe-
tes. For example, when on PD, the constant exposure to the
glucose-based peritoneal dialysate may further worsen gly-
cemic control. Nonetheless, PD may be better tolerated than
HD, mainly because the blood pressure is more stable, and
vascular access is not required [8]. Although many studies
have compared the impact of PD versus HD on mortality in
diabetic patients, the difference in their respective mortali-
ties remains controversial [5, 10, 11].

In China, retrospective studies of survival rates among the
dialysis modalities have been reported [12—15]. However,
comparisons of mortality between PD and HD in diabetic
patients from mainland China have received little attention.
Thus, we used a matched-pair longitudinal cohort design
with matching based on the propensity of initial PD modality
use. Our primary objective was to compare survival rates of
ESRD patients with T2D who were initially treated with PD
or HD in the matched-pair cohort. Our secondary objective
was to evaluate the risk factors associated with mortality
between the two modalities.

Methods
Study population and design

Patient data in this study were derived from the CO_PHD
cohort between 2012 and 2019, which was registered with
the Chinese Clinical Trial Registry (ChiCTR1900024059).
The study protocol was complied with the principles laid
down in the Declaration of Helsinki and approved by the
Institutional Ethics Review Boards of Guangdong Provincial
Hospital of Chinese Medicine, The Second Clinical College
of Guangzhou University of Chinese Medicine, Guangzhou,
China (ZE2019-155-01).

The participants were ESRD patients with T2D who
received either PD or HD as their first renal replacement
therapy modality at our center; they were followed from
January 1, 2012 to December 31, 2017. To be included,
the patients had to have T2D, be between 18 and 80 years,
and initiated dialysis treatment for at least 3 months in our
center. They were excluded if data was lost at baseline, if
they switched dialysis modalities, or if they did not want fol-
low-ups after dialysis was initialized. A total of 301 patients
met the inclusion criteria.

Propensity scores comparing age, sex, body mass index
(BMI), albumin, hemoglobin, and estimated glomerular fil-
tration rate (eGFR) at baseline dialysis were calculated to
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select a 1:1 matched cohort. 33 patients failed screening,
leaving 268 patients in the study: 134 patients in the PD
group and 134 patients in the HD group. The patients were
followed up until either dialysis treatment stopped, death,
transfer to other centers, lost to follow-up, or December 31,
2019, whichever came first. The study design is depicted
in Fig. 1.

Data collection

We collected clinical information from participants by man-
ually reviewing the hospital’s electronic medical databases
and the daily new case registration report. The baseline
demographic and disease characteristics collected included
age, sex, mean artery pressure (MAP), BMI, primary cause
of ESRD, comorbidities, and presence of cardiovascular dis-
ease (CVD). Data collected at the start of dialysis therapy
included serum albumin, hemoglobin, serum glucose, hemo-
globin Alc (HAlc), corrected serum calcium, phosphate,
intact parathyroid hormone (iPTH), total cholesterol, triglyc-
erides, serum creatinine, urea, urea acid, and eGFR. All data
were obtained during the first 90 days of dialysis treatment.

Clinical outcomes

The primary outcome for the analysis of patient survival
rates was death. To calculate patient survival rates, end
events were defined as an all-cause mortality in any situ-
ation. Censored events for patient survival included recov-
ery from renal failure, kidney transplantation, follow-up
loss, transfer to another center, transition from one dialy-
sis modality to another, and still on dialysis therapy as of
December 31, 2019. Exact causes of death in PD and HD
patients were collected.

Statistical analyses

Data are presented as mean + standard deviation (SD) for
normally distributed continuous variables and as the median
(interquartile range) for skewed continuous variables.
Results are expressed as frequencies (percentages) for cat-
egorical variables.

The Student’s ¢ test was used for parametric data, and the
Mann—Whitney U test was used for nonparametric continu-
ous data. Either the Chi-square test or Fisher’s exact test was
used for categorical data, where appropriate. Kaplan—Meier
survival analysis was used to compare cumulative patient
survival between the two dialysis modalities. We used the
Cox proportional hazards model for univariate and mul-
tivariate regression analysis of survival rates. The results
are expressed as the hazard ratio (HR) and 95% confidence
intervals (CI).
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Fig. 1 Study design

Assessed for eligibility (n=355)
(2012.1.1-2017.12.31)

Excluded (n=54)

21 were lost data at baseline
9 were more than 80 year
6 were switched from other RRT

modality more than 3 months
2 were transferred from
transplantation more than 3 months
3 did not want to be followed-up

Enrolled (n=301)
(143 PD,158 HD)

Propensity score-matched(1:1)

at the initiation of dialysis

Screening failure (n=33)

13 were on dialysis treatment less
than 3 months

’ Analyzed (n=268) ‘

Risk factors for mortality in the diabetic PD and HD cohort
were first examined using univariate analysis. The variables
included for the univariate Cox model were sex, age, BMI,
MAP, CVD, 24-h urine output, albumin, hemoglobin, calcium,
phosphorus, total cholesterol, triglyceride, HbAlc, uric acid,
eGFR, ambulatory peritoneal dialysis (CAPD) in PD cohort,
and autogenous arteriovenous fistula (AVF) in HD cohort.
Covariates with p values <0.25 in the univariate analysis, and
demographic variables (for example age, gender, and BMI), as
well as important laboratory indicators including serum albu-
min, hemoglobin, and HbA 1¢, which affects clinical outcome
of diabetic dialysis patients, were used for this study.

Multivariate Cox proportional hazards regression was
used to analyze risk factors for mortality in the combined
and separate diabetic cohorts. The results were expressed
as the hazard ratio (HR) and 95% confidence intervals (CI).
Subgroup analyses for dialysis modality and mortality based
on a Cox regression model were repeated in strata, accord-
ing to dialysis duration time (<24 months or > 24 months).

Prism5 (GraphPad Software Inc., La Jolla, CA) and SPSS
version 16 (SPSS Inc., Chicago, IL, USA) software pack-
ages were used for statistical analyses. A value of p <0.05
was considered statistically significant, and all tests were
performed two-tailed.

Results
Baseline patient characteristics

The demographic and clinical characteristics of the patients
at the start of dialysis therapy are shown in Table 1. To adjust

Followed-up until
December31,2019

for baseline variables, propensity scores were calculated,
resulting in 268 patients (134 in each group). As a result,
no other variables differed at baseline dialysis between the
treatment groups.

The change of laboratory indexes at the 1-year
and 2-year follow-up

We further analyzed the change of important labora-
tory indexes at the 1 year and 2 years during routine follow-
up visits. As shown in Table 2, serum albumin, hemoglobin,
potassium, phosphate, and eGFR were significantly lower,
and serum creatinine and urea were significantly higher in
the PD group compared to the HD group, whether after the
first 1-year or the 2-year follow-up period. Besides, patients
in the PD group tended to have a higher total cholesterol
and a lower HbA 1c by the completion of the 1-year period,
and a lower glucose after the 2 years of treatment compared
to those in the HD group. In contrast, corrected calcium,
iPTH, triglyceride, and uric acid were similar between the
two groups.

Clinical outcomes

The total follow-up period was 10,334 patient-months,
with a mean follow-up duration of 35.5 + 18.3 months
(range 3.1-85.9 months) for diabetic PD patients and
41.6+21.8 months (range 3.0-96.2 months) for diabetic HD
patients. The mean duration of follow-up in the PD group
was significantly shorter than the HD group (p =0.0381).
Table 3 shows the clinical outcomes between the two
groups. By the end of the study, two patients (1.5%) from
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Table 1 Demographic and
clinical characteristics of
patients at baseline, segregated
by dialysis modality

@ Springer

Characteristics Matched PD Match HD p value
(n=134) (n=134)
Age (years) 59.4+8.7 59.3+10.4 0.6468
Male (%) 86 (64.2%) 83 (61.9%) 0.8002
BMI (kg/m?) 24.0+3.2 249+42 0.0703
MAP (mmHg) 108.2+14.7 109.2+15.0 0.5709
Smoker (%) 43 (32.1%) 48 (35.8%) 0.6060
Alcohol user (%) 21 (15.7%) 22 (16.4%) 1.0000
24 h urine output (mL) 1211+596 1311+765 0.7213
Follow-up time (months) 35.5+18.3 41.6+21.8 0.0381
Primary disease
CGN (%) 10 (7.5%) 11 (8.2%) -
DKD (%) 113 (84.3%) 112 (83.6%) -
Obstructive nephropathy (%) 4 (3.0%) 6 (4.5%) —
Other or unknown (%) 7(5.2%) 5(3.7%) -
CVD (%) 61 (45.5%) 70 (52.2%) 0.3283
Laboratory values
Serum albumin (g/L) 343+5.1 33.2+5.6 0.0619
Hemoglobin (g/L) 823+17.7 79.1+16.3 0.1896
Glucose (mmol/L) 8.1+4.4 7.8+4.2 0.5893
HbAlc (%) 62+1.2 63+14 0.6977
Potassium (mmol/L) 49+0.9 49+0.9 0.2591
Corrected calcium (mmol/L) 2.0+0.2 1.9+0.2 0.0543
Phosphate (mmol/L) 1.9+0.6 1.9+0.6 0.5758
iPTH (pg/mL) 276 (143—431) 320 (162—471) 0.2085
Total cholesterol (mmol/L) 49+1.9 49+1.6 0.8680
Triglyceride (mmol/L) 1.8+1.3 1.6+£1.0 0.4001
Creatinine (umol/L) 914.7+£286.3 899.3+324.9 0.6329
Urea (mmol/L) 31.7+13.4 30.0+11.3 0.4066
Uric acid (umol/L) 485.7+130.7 485.7+129.9 0.7673
eGFR (ml/min/1.73 m?) 49+1.8 53+28 0.5898
Dialysis modes
CAPD (%) 131 (97.8%) - -
APD (%) 3(2.2%) - -
CHD (%) - 134 (100%) -
Vascular access types
AVF (%) - 131 (97.8%) -
AVG (%) - 2 (1.5%) -
Long-term catheter (%) - 1(0.7%) -
Adequacy of dialysis methods
Total Kt/V urea 2.08 +£0.60 1.32+0.44 -
D/P Cr (4 h) 0.67+0.19 - -

The boldface indicated that p values <0.05 are considered statistically significant

PD peritoneal dialysis, HD hemodialysis, BMI body mass index, MAP mean artery pressure, CGN chronic
glomerulonephritis, DKD diabetic kidney disease, CVD cardiovascular disease, HbAIc hemoglobin Alc,
iPTH intact parathyroid hormone, eGFR estimated glomerular filtration rate, CAPD continuous ambulatory
peritoneal dialysis, APD automatic peritoneal dialysis, CHD continuous hemodialysis dialysis, AVF autog-
enous arteriovenous fistula, AVG arteriovenous graft replanted by artificial blood vessel, Ccr: creatinine
clearance, D/P Cr: dialysate-to-plasma ratio of creatinine (D/Pcr)
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Table 2 Changes of laboratory Variable PD HD

indexes at the 1-year and 2-year

follow-up period among both 1 year 2 years 1 year 2 years

dialysis modalities
Serum albumin (g/L) 33.5£5.6 32.8+4.7 38.94£3.4%x 39.7+2.7%
Hemoglobin (g/L) 101.8+19.4 96.9+17.4 110.7 £15.2%% 112.5+13.0%
Potassium (mmol/L) 42+0.8 42+0.6 4.54+0.9%* 47+1.3%
Corrected calcium (mmol/L) 2.2+0.2 2.1+£0.2 2.2+0.3 22+0.2
Phosphate(mmol/L) 1.6+0.5 1.8+04 1.9+0.5%* 2.0+0.6*
iPTH (pg/mL) 271 (129-374) 320 (157-463) 286 (131-446) 471 (202-588)
Total cholesterol 45+1.3 43+1.1 4.1+1.1% 42+1.1
(mmol/L)
Triglyceride (mmol/L) 1.8+1.1 19+1.4 21+138 20+£12
Glucose (mmol/L) 9.843.9 9.6+3.3 9.6+3.5 11.5+5.4%
HbAlc (%) 69+1.5 7.1+2.1 7.7+£2.3* 7.6+23
Creatinine (umol/L) 874.9+267.4 996.8 +£281.2 661.5+178.3%%  687.3+204.8"
Urea (mmol/L) 19.9+6.0 20.4+6.3 16.9 +4.1%* 16.3 +4.3%
Uric acid (umol/L) 428.6+91.3 430.8+75.7 447.8+100.7 437.9+90.5
eGFR 5.8+4.8 44+19 9.7+5.5%* 9.6+ 8.2

(mL/min/1.73 m?)

PD peritoneal dialysis, HD hemodialysis, HbAlc hemoglobin Alc, iPTH intact parathyroid hormone,
eGFR estimated glomerular filtration rate

*p <0.05 and **p <0.01 compared with PD group after the 1-year follow-up time

#p <0.05 and #p <0.01 compared with PD group after the 2-year follow-up time

the PD group recovered spontaneously and ceased dialysis.
11 patients (4.1%) received kidney transplants, of which five
(3.7%) were from the PD group, and six (4.5%) were from
the HD group. One patient in the PD group (0.7%) and 12
patients in the HD group (8.9%) were transferred to other
dialysis centers. One patient (0.7%) in the PD group was
lost to follow-up. During the follow-ups, 19 patients (14.2%)
from the PD group were switched to HD. 76 patients (28.4%)
died, with 35 (26.1%) in the PD group and 41 (30.6%) in the
HD group.

Patient survival

Kaplan—Meier survival curves for the PD and HD groups
are shown in Fig. 2. The survival rates of diabetic patients

were similar between the two groups (log-rank =0.9473,
p=0.6575). The 1-, 2-, 3-, 5-, and 7-year patient survival
rates were 98%, 91%, 77%, 61%, and 35% in the PD group;
and 96%, 88%, 81%, 60%, and 57% in the HD group. The
most common cause of death was from cardiac events (31
patients, 40.8% of all deaths, 15 PD/16 HD), followed by
cerebrovascular events (11 patients, 14.5%, 7 PD/4 HD),
infection (9 patients, 11.8%, 1 PD/8 HD), and other or
unknown reasons (25 patients, 32.9%, 12 PD/13 HD). The
detailed causes of death for the two groups are listed in
Table 4.

Table 3 Clinical outcomes of
PD and HD patients with T2D

at the end of the follow-up
period

Outcomes All patients (n=268) PD (n=134) HD (n=134) p value

Stay on initial dialysis modality 146 (54.5%) 71 (53.0%) 75 (56.0%) 0.7130
Recovery of renal failure 2 (0.7%) 2 (1.5%) 0 (0.0%) 0.4981
Kidney transplantation 11 (4.1%) 5(3.7%) 6 (4.5%) 1.0000
Transfer to other centers 13 (4.9%) 1(0.7%) 12 (8.9%) 0.0027
Lost to follow-up 1 (0.4%) 1(0.7%) 0 (0.0%) 1.0000
Switch to another modality 19 (7.1%) 19 (14.2%) 0 (0.0%) <0.0001
Death 76 (28.4%) 35 (26.1%) 41 (30.6%) 0.4982

The boldface indicated that p values <0.05 are considered statistically significant

T2D type 2 diabetes, PD peritoneal dialysis, HD hemodialysis
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Fig.2 Survival rates for patients with T2D treated with PD or HD.
There were no significant differences in the survival curves between
groups (Hazard Ratio 0.9473; 95% CI of ratio 0.3103-1.584;
p=0.6575). T2D type 2 diabetes, PD peritoneal dialysis, HD hemodi-
alysis, CI confidence intervals

Risk factors for predicting mortality across dialysis
modalities

Baseline variables including age, gender, BMI, MAP,
presence of CVD, serum albumin, hemoglobin, calcium,
phosphate, total cholesterol, triglycerides, and HAlc as
well as dialysis modality (PD versus HD) were included
in the multivariate Cox regression analysis. By adjusting
these covariates, we found that advanced age, total choles-
terol, and HbA 1c at the start of dialysis were independent
risk factors for increased mortality in the entire matched
cohort (Table 5). In subgroup analyses, adjusted hazard ratio
(CI) for mortality with interaction terms between dialysis
modalities (PD versus HD) and therapy duration (<2 years
or>2 years) was 0.341 (0.108-1.074); P value for inter-
action terms was 0.066. These results demonstrated that
no statistically significant interaction was found between
dialysis modalities and the subgroups of the therapy dura-
tion. Correspondingly, the subgroup analysis showed com-
parable survival rates for patients with T2D stratified by
therapy duration irrespective of whether there are the first

2 years or over the 2-year period, as shown in Table 6. With
respect to dialysis modality (Table 7), advanced age and
increased cholesterol were significantly associated with mor-
tality in the PD group, and in the HD group, mortality was
significantly associated with lower BMI and higher HbAlc.

Discussion

This longitudinal cohort study is the first to compare sur-
vival rates based on initial treatment modality in adult ESRD
patients with T2D receiving PD versus HD in China. To
balance prognostic factors, we matched PD and HD dia-
betic patients based on the propensity of initial PD use. Our
results suggest that PD and HD confer equivalent survival
benefits in patients with T2D, but PD has a marginally worse
mortality than that of HD beyond 2-year dialysis treatment.

Patients undergoing PD and HD differ in many patient
characteristics when initiating treatment, and these initial
characteristics are associated with mortality risk [16]. The
traditional technique for controlling such differences in the
risk-factor distributions between the dialysis modalities is
regression adjustment. However, it only works well when
all interactions between the factors are correctly specified,
which in practice is unlikely due to their complex interrela-
tionships as well as unmeasured predictors. A substitute to
regression adjustment is propensity score analysis, which
can be used for stratification, adjustment, or matching.
Matching by propensity scores is defined here as the pos-
sibility of initial PD use given several key covariates includ-
ing age, sex, BMI, serum albumin, hemoglobin, HAlc, and
eGFR; it alone is sufficient in controlling for measured con-
founding factors and in reducing the chance of introducing
a bias favoring one of the dialysis modalities. In our cohort,
nine diabetic PD patients (6.3%) were unable to be matched
with a diabetic HD patient, and a considerable number of
diabetic HD patients (n =24, 15.2%) were unable to be bal-
anced with a diabetic PD patient. These unmatched patients
may hold unmeasured variables (or contraindications) for
one treatment modality. Although it exists different primary
causes among dialysis patients with T2D, DKD accounts
for most of the primary renal diseases. In our study cohort,

Table 4 Causes of death in PD

. . Causes All patients (n=76) PD (n=35) HD (n=41) p value

and HD patients with T2D at
the end of the follow-up period Infection 9 (11.8%) 1 (2.9%) 8 (19.5%) 0.0332
Cardiac event 31 (40.8%) 15 (42.9%) 16 (39.0%) 0.3432
Cerebrovascular event 11 (14.5%) 7 (20.0%) 4(9.8%) 0.1108
Others 5(6.6%) 2 (5.7%) 3(7.3%) 1.0000
Unknown 20 (26.3%) 10 (28.6%) 10 (24.4%) 0.4280

The boldface indicated that p values <0.05 are considered statistically significant

T2D type 2 diabetes, PD peritoneal dialysis, HD hemodialysis
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Table 5 Risk factors for mortality in the combined diabetic cohorts as
assessed by a multivariate Cox regression analysis

Variable Reference HR (95% CI) p value
PD HD 1.038 (0.626-1.722)  0.886
Male gender Female 1.110 (0.667-1.847)  0.689
Age (per 1 year) - 1.058 (1.026-1.091) <0.001
BMI (per kg/m?) - 0.942 (0.885-1.004)  0.065
MAP (per mmHg) - 0.986 (0.969-1.003)  0.099
CVD No 1.137 (0.692-1.870)  0.611
Albumin (per g/L) - 0.995 (0.944-1.049)  0.864
Hemoglobin (per g/L) - 0.990 (0.974-1.006)  0.224
Calcium (per mmol/L)  — 1.232 (0.367—4.132)  0.736
Phosphate (per mmol/L) - 0.754 (0.453—-1.254)  0.276
Total cholesterol - 1.234 (1.071-1.423)  0.044
(mmol/L)
Triglyceride (mmol/L)  — 1.082 (0.862-1.359)  0.495
HbAlc (%) - 1.226 (1.039-1.447)  0.016
eGFzR (per mL/min/1.73 - 0.979 (0.853-1.123)  0.758
m’)

PD peritoneal dialysis, HD hemodialysis, BMI body mass index,
MAP mean artery pressure, CVD cardiovascular disease, HbAlc
hemoglobin Alc, eGFR estimated glomerular filtration rate, HR haz-
ard ratio, CI confidence intervals

patients with diabetes as primary renal disease were DKD
(~84%), and patients with diabetes as a comorbid condition
was 26% of the overall diabetic dialysis patients. This per-
centage was similar to the results from other reports [17, 18].
It was speculated that patients with diabetes as a comorbidity
may have a relatively lower risk of microvascular and mac-
rovascular complications, and thus a better clinical outcome
[19, 20].

Due to conflicting results in past observational studies,
it remains equivocal as to whether the dialysis modality
selected as the first treatment affects survival rates in dia-
betic ESRD patients [5, 21, 22]. Some studies suggest better
outcomes under PD treatment [16, 23, 24], whereas others
indicate HD programs are more beneficial [25-27]. How-
ever, among these studies, patient survival rates were incon-
sistent and varied across study designs, follow-up periods,
geographical regions, and subgroups [11]. Even though the
PD group showed a higher mortality rate than the HD group

beyond the 5-year follow-up in our study, this increase was
not statistically significant. In subgroup analyses of therapy
duration, the results showed similar mortality for patients
with T2D between the two groups among stratifications of
the first 2 years and above 2-year period. Overall, PD and
HD show similar survival rates for patients with T2D. It
was reported that 5-year survival rates of diabetics on both
PD and HD are approximately 45% [1, 28]. However, the
S5-year patient survival rates were 61% in the PD group; and
60% in the HD group. The patient survival rates from this
study seem to be better than most other reports, suggesting
that long-term survival had improved for diabetic dialysis
patients in our center.

14.2% (19 patients) switched from PD to HD during the
follow-up period, In contrast, patient conversion from HD
to PD was zero. A previous study reported that a sign of the
diminishing benefit of PD over time was the relatively high
chance (57%) of modality transfer (versus 6% transfer under
HD) [23]. We found that inadequate dialysis and PD-related
peritonitis were two of the most common causes of modality
transfer. If inadequate dialysis is noticed in a PD program,
the dialysis dose and serum albumin should be increased
and decreased, respectively. When dialysis adequacy and
protein energy wasting could not be improved with active

Table 7 Risk factors for mortality in the separate diabetic cohorts as
assessed by a multivariate Cox regression analysis

Variable HR (95% CI) p value
PD group
Age (per 1 year) 1.101 (1.049-1.156) <0.001
Total cholesterol (mmol/L) 1.266 (1.032-1.552) 0.023
HD group
BMI (per kg/m?) 0.912 (0.841-0.989) 0.027
HbAlc (%) 1.328 (1.054-1.674) 0.016

Variables that were adopted in the multivariate Cox regression model
included sex, age, BMI, MAP, CVD, albumin, hemoglobin, calcium,
phosphorus, total cholesterol, triglyceride, albumin, HbAlc, and
eGFR

PD peritoneal dialysis, HD hemodialysis, BMI body mass index,
MAP mean artery pressure, CVD cardiovascular disease, HbAlc
hemoglobin Alc, eGFR estimated glomerular filtration rate, HR haz-
ard ratio, CI confidence intervals

Table 6 Subgroup analysis of
the impact of dialysis modalities
on mortality in the combined
diabetic cohorts as assessed by

a multivariate Cox regression
analysis

Variable PD Events HD Events HR (95% CI) p value p value for
interaction
terms

Therapy duration 0.066

<2 years 32 24 27 15 1.369 (0.452-4.151) 0.578
>2 years 102 11 107 26 2.933 (0.931-9.239) 0.066

PD peritoneal dialysis, HD hemodialysis, HR hazard ratio, CI confidence intervals
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interventions, additional attention should be given to the
timely transfer of diabetic PD patients to the HD program.

After adjusting for baseline characteristics, a multivari-
ate Cox regression model found that advanced age, higher
cholesterol, and increased HbA 1c were independent risk fac-
tors for increased mortality in the combined diabetic dialysis
cohort. Advanced age is well established as a risk predictor
for mortality in dialysis patients. A study in Poland reported
that hypercholesterolemia in diabetic PD patients is linked
to atherosclerotic dyslipidemia, whereas in HD patients, it
is likely more related to good nutrition [29]. In this context,
the differential significance of hypercholesterolemia between
diabetic PD and HD patients should be highlighted. Glyce-
mic control, as monitored by HbA lc, is critical in reducing
the risk of cardiovascular complications in diabetic patients
[30, 31]. A report from Korea found that in patients with
T2D who were on PD or HD, pre-dialysis glycemic control
reduced the mortality risk [32], suggesting that proficient
glycemic control might improve survival in PD diabetics.
When we compared risk factors between the dialysis modali-
ties in the multivariate Cox regression analysis, the signifi-
cant mortality predictors in the PD group were advanced age
and increased cholesterol, whereas in the HD group, they
were lower BMI and higher HbAlc. In short, our results
indicate that different mortality predictor patterns exist in
patients with T2D treated with PD versus those treated with
HD.

In the future, dialysis modality choice may become a
more pressing issue, particularly in diabetic patients. The
U.S. dialysis population is projected to exceed 534,000 in
2020 [33]. According to the Chinese Renal Data Registration
System, the overall number of ESRD patients in mainland
China receiving dialysis at the end of 2019 was 736,001
(632,653 HD and 103,348 PD). Globally, the dialysis popu-
lation will continue to grow as the world’s population ages
and as the prevalence of diabetes increases. This growth has
a major impact on the burden of disease, making it necessary
to consider the cost-effectiveness among different dialysis
modalities. In general, in China, PD costs less than HD, and
unique benefits are offered to patients on PD in China’s vast
rural areas [28]. Because of these advantages, PD is highly
valued by the Chinese government.

This study has several limitations. First, dialysis modal-
ities were not randomly assigned; instead, the choice of
modality depended not only on the patient’s clinical sta-
tus but also on the physician’s practice and on govern-
ment policy. Thus, because of selection biases, causality
could not be evaluated, as propensity score matching is
not an alternative for randomization. Second, the study
was observational, longitudinal, and based on registry
data. Biomarkers and predictors covariates were meas-
ured only when dialysis was initiated, so they can’t be
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the only parameters for the outcome. Yet it is worth not-
ing that repetitive infectious episodes and hospitalizations
are determinant of patient survival and clinical outcomes.
Even though peritonitis was independently associated with
higher risk of all-cause mortality in PD patients [34], the
infection-related hospitalization [35] and overall hospi-
talization rates [36] of PD patients are similar to that of
HD patients. Third, transfer to other centers and modal-
ity switches were censored in the survival analysis. The
non-equal distribution of such changes between the PD
and HD groups may have influenced the results. Finally,
whether our results are generalizable to other populations
is uncertain, because our patients were from a single-
center in Southern China, and the number of samples was
relatively limited. Therefore, center-specific effects are
inevitable. Despite these limitations, this study is the first
that compared long-term survival rates between diabetic
PD and HD patients in mainland China. The patients have
been carefully followed up for more than 7 years and the
relatively long-term survival of patients with T2D on PD
versus HD are reported. It may have clinically relevant
features and help advise dialytic modality choices for dia-
betic patients in China.

Conclusions

In summary, this study demonstrated that the modality of
dialysis itself has no effect on the survival rates of patients
with T2D treated with PD or HD, whether there are the
first 2 years or over the 2 years of treatment. It's worth not-
ing that it exists a certain trend towards a higher risk of
mortality in PD versus HD after a period of 2-year dialysis
treatment. Based on our study and on previously published
reports, we believe that dialysis modality selection should
be guided by the patient’s preference following compre-
hensive and unbiased information.
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