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Background and object: Heart failure is one of the common complications

in patients with end-stage renal disease (ESRD) and a major cause of death

in these patients. The choice of dialysis modality for ESRD patients with

congestive heart failure (CHF) is still inconclusive. The purpose of this study

was to compare the prognosis of hemodialysis (HD) and peritoneal dialysis

(PD) among ESRD patients with CHF and provide a basis for clinical decision-

making.

Materials and methods: This was a retrospective study conducted at

Guangdong Provincial Hospital of Traditional Chinese Medicine that included

patients with CHF requiring long-term renal replacement therapy between

January 1, 2012 and December 31, 2017. The end of follow-up was

December 31, 2020. All patients were divided into HD and PD groups

and sub grouped by age, and we used univariate and multifactorial Cox

regression analyses to calculate the relative hazard ratios (HR) of the different

dialysis types and adjusted for differences in baseline data using propensity

score matching (PSM).

Result: A total of 121 patients with PD and 156 patients with HD were

included in this study. Among younger ESRD patients (≤65 years of age)

with CHF, the prognosis of HD was worse than that of PD [HR = 1.84,

95% confidence interval (CI) = 1.01–3.34], and this disadvantage remained

significant in the fully adjusted model [sex, age at dialysis initiation, Charlson
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comorbidities index, body mass index, prealbumin, hemoglobin, and left

ventricular ejection fraction (LVEF)] and after PSM. In the older group

(>65 years of age), the prognosis of HD was better than that of PD (HR = 0.46,

95% CI = 0.25–0.85), and the protective effect remained in the fully adjusted

model and after PSM. The aforementioned survival differences across the

cohort were maintained in patients with preserved LVEF (>55%), but could

not be reproduced in patients with reduced LVEF (≤55%).

Conclusion: In southern China, PD is a better choice for younger patients with

ESRD, CHF and preserved LVEF, and HD is the better option for older patients.

KEYWORDS

all-cause mortality, hemodialysis, peritoneal dialysis (PD), end-stage renal disease
(ESRD), congestive heart failure (CHF)

Introduction

Previous studies have shown that 14.7–33% of patients have
congestive heart failure (CHF) when they start dialysis (1–5)
and are repeatedly hospitalized for CHF during subsequent
treatments (6). Heart failure is widespread in maintenance
dialysis patients, and dialysis patients with CHF have a higher
risk of death than those without CHF (7–9). The most common
reason for heart failure in these patients is volume overload with
or without heart diseases (10).

Both hemodialysis (HD) and peritoneal dialysis (PD) are
believed to reduce volume overload and improve heart failure
through ultrafiltration. After PD was developed, it was often
used to treat heart failure in non-ESRD patients. A number
of reports have shown that PD has a good effect on refractory
heart failure (11, 12). However, it is unclear which dialysis
method has the better prognosis among ESRD dialysis patients
with CHF. Only a small number of studies have investigated
the prognostic differences in patients with CHF after receiving
PD or HD. These studies have found that at the beginning
of dialysis, patients with CHF may have different prognoses
for different dialysis treatments. All of them are retrospective
cohort studies (1–3, 5, 13). PD is generally considered to
have a poor prognosis (1–3, 6). However, some recent studies
have suggested that HD and PD may be equally effective
(5, 13).

The many factors that affect the choice of dialysis methods
make it almost impossible to conduct randomized controlled
trials to evaluate the pros and cons of the two dialysis methods
(14). In different regions and at different times, ESRD patients
with heart failure choose different dialysis methods, and their
prognoses are different. China is a country with a large
population, and a large number of patients receiving renal
replacement therapy also have CHF. However, there is currently
a lack of clinical studies evaluating the impact of HD and PD on

the prognosis of these patients. Thus, clinicians and patients lack
clinical evidence to support the choice of dialysis methods.

China has been conducting nationwide registration of HD
and PD patient information in recent years, but the accuracy
of the registration information needs to be improved. We have
established a relatively complete follow-up system to monitor
the prognosis of renal replacement therapy patients.

Previous studies at our center have shown that the prognoses
of PD and HD are different for end-stage renal patients at
different ages (15). We hypothesize that the prognosis of ESRD
patients with CHF receiving different dialysis methods may
be different. Therefore, a subgroup analysis of the original
data was carried out to compare the all-cause mortality of
dialysis patients with CHF and to evaluate the impact of the
two dialysis methods on the prognosis of such patients. Our
findings will provide a reference for clinicians and patients
to make decisions.

Materials and methods

Populations

A retrospective cohort study was conducted from January
1, 2012 to December 31, 2017, in the Nephrology Department
of Guangdong Provincial Hospital of Chinese Medicine.
The inclusion criteria were ESRD patients with CHF aged
older than 18 years at dialysis start in need of long-term
maintenance of renal replacement therapy as judged by
clinicians. The patients’ CHF diagnosis was determined by
the diagnosis code at the time of initiation of dialysis. The
exclusion criteria were a lack of baseline data, combined renal
replacement therapy (both HD and PD), and malignant disease.
The outcome events were assessed from previous follow-
up records.
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Covariates

Baseline demographics, comorbid conditions, laboratory
test results, echocardiographic measurement results, and
hospitalization events were obtained by reviewing the electronic
medical records. The demographic data included the date of
birth, sex, start of dialysis, primary onset of kidney disease,
height, and weight at dialysis start. The comorbidities and
the New York Heart Association (NYHA) heart functional
classification were identified at baseline medical records
according to the International Classification of Diseases, 9th
and 10th Revision (ICD-9 and ICD-10) codes, and the
Charlson comorbidity index (CCI) score was calculated based
on Quan et al.’s method (16). Cardiovascular diseases included
asymptomatic myocardial ischemia (occult coronary heart
disease), angina pectoris, myocardial infarction, and ischemic
heart failure (ischemic heart disease). Heart failure with reduced
left ventricular ejection fraction (HFrEF) was defined as left
ventricular ejection fraction (LVEF) less than or equal to
55%. Heart failure with preserved LVEF (HFpEF) was defined
as LVEF over 55%.

Outcomes

The main outcome was all-cause mortality of the patient.
The censor event included the patient switching to another
dialysis mode, undergoing a kidney transplant, transferring
to another dialysis center to continue treatment, or reaching
the end of follow-up (December 31, 2020). We checked
and registered the patient’s cause of death through the
death registration system of the Chinese Center for Disease
Control and Prevention.

Statistical methods

Furthermore, medical records were collected to deduce
the statistical significance of the results. According to Hsieh
and Lavori’s method (17), α was set to 0.05 and p to 0.95,
the estimated hazard ratio was 0.5, the proportion of the
event was 0.34, the proportion of withdrawals was 0.24, the
standard deviation of interest covariate was 0.5, the correlation
of covariates was 0, the estimated cohort size was 240, and the
number of events was 62.

Baseline characteristics and laboratory tests of HD patients
were compared to those of PD patients. Normally distributed
continuous variables are presented as the mean ± standard
deviation (SD), and t-tests were used for comparison. Skewed
data are presented as the median and rank, and the Mann–
Whitney U test was used for comparisons between groups.
Missing data were filled in using a multiple imputation by
chained equations algorithm by using R’s MICE package.

The filling method was “mean”. Categorical variables are
presented as percentages and were analyzed by the chi-
square test.

The Kaplan-Meier survival curve was used to compare the
overall survival between the initial dialysis modalities, and the
significance of the difference was tested by the log-rank method.
Previous studies (18, 19) have shown that PD has an advantage
in the first 2 years of dialysis. Therefore, we used 2 years as the
boundary to observe short-term and long-term prognosis.

A Cox regression model was used to perform multivariate
analysis. The covariates of the multivariate regression were also
selected based on univariate regression result, clinical experience
and previous studies and included sex, age at dialysis initiation,
CCI score, LVEF, prealbumin (PA), and hemoglobin (HB).
Using too many variables could lead to overfitting bias in the
Cox regression model due to insufficient end-point events. We
therefore used a stepwise process by using R’s My.stepwise
package for variable selection for each model. The final variables
selected for each model will be displayed in the results.

We also used propensity score matching (PSM) to reduce
the effect of selection bias. We used the MatchIt package in R
for PSM at a ratio of 1:1. The matching method was nearest
neighbor matching. The characteristics used in PSM were sex,
age at dialysis initiation and CCI score for the all groups.
Subgroup analyses were performed with respect to age. Previous
studies (15) suggested that patients undergoing HD and PD have
different prognoses in different age subgroups. Therefore, we
used a Cox regression model to confirm the interactive effect
of age and dialysis type. Further analysis of the interaction
effects suggested that 65 years old may be the cut-off point for
the difference in the prognosis of different dialysis methods.
We found that in the subgroups of patients ≤ 65 years old
and >65 years old, the type of dialysis had a significant effect
on the prognosis. Patients were grouped by age. Then, single-
factor and multivariate Cox regression analyses were performed
to calculate the relative hazard ratio (HR) of the dialysis types,
followed by PSM and multivariate Cox regression analyses to
confirm the relative HR of the dialysis types.

Subgroup analyses were also performed with respect to
LVEF. Previous studies (20–22) suggested that patients with
HFrEF had a poorer prognosis. We used Kaplan-Meier survival
curve and Cox regression model to compare the survival
difference between patients ≤ 65 years old and >65 years old.

We used the Fine and Gray competing risk regression model
(23) by using R’s cmprsk package to calculate the hazard ratios
of cardiovascular and cerebrovascular death and death from
infection in different age subgroups of patients with different
dialysis methods.

All statistical tests were evaluated using a two-tailed 95%
confidence interval (CI), and p< 0.05 was considered indicative
of statistical significance. All statistical analyses were performed
using the R language (version 3.6.0) or Python lifelines package
(version 0.26.4).
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Results

The baseline characteristics of the
patients

This study included all patients who began dialysis
treatment in Guangdong Hospital of Traditional Chinese
Medicine from January 1, 2012 to December 31, 2017.
According to the principle of inclusion and exclusion, 277
patients were included and divided into two groups according
to the dialysis method: there were 121 patients in the PD group
and 156 in the HD group (Figure 1).

Demographic and clinical features are shown in Table 1.
The average age at dialysis initiation in the HD group was older
than that in the PD group (54.18 ± 16.06 vs. 61.40 ± 14.44,
p < 0.05), and the average follow-up time of the HD group
was also longer than that of the PD group (30.88 ± 18.29 vs.
36.01 ± 20.94, p = 0.03). There were more female patients in
the HD group (37.19 vs. 53.21% p = 0.01). The rates of diabetes
and cardiovascular disease were similar between the two groups.
This finding was observed in all age groups.

In terms of primary renal disease, the proportions
of polycystic kidney disease, obstructive nephropathy and

glomerulonephritis were similar between the two groups. The
proportion of diabetic nephropathy in the PD group was
significantly higher than that in the HD group (49.59 vs. 36.54%
p = 0.04), but among the age subgroups, this difference was
not significant.

In terms of complications, patients in the HD group were
more likely to have cerebrovascular diseases (9.92 vs. 21.15%
p = 0.02), and the CCI value was also higher (6.42 ± 2.33 vs.
7.24 ± 2.07 p < 0.05). In terms of laboratory examinations,
compared with those in the HD group, serum creatinine and
prealbumin were higher, and plasma albumin and hemoglobin
were lower in the PD group at the beginning of dialysis.
Moreover, plasma albumin was lower in PD group patients
less than 65 years old. In patients older than 65 years old,
hemoglobin in the PD group was still lower.

Survival difference between the
peritoneal dialysis and hemodialysis

The 1-, 3-, and 5-year survival rates were 96.01, 75.92, and
63.17% in the PD group and 96.53, 77.39, and 61.57% in the
HD group, respectively (Table 2). The Kaplan-Meier survival

FIGURE 1

Study flow diagraph.
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TABLE 1 Baseline characteristics.

All patients Patients younger than 65 years old Patients older than 65 years old

PD group (n = 121) HD group (n = 156) P PD group (n = 88) HD group (n = 95) P PD group (n = 33) HD group (n = 61) P

Demographic data
Female (n) 45 (37.19%) 83 (53.21%) 0.01 30 (34.09%) 45 (47.37%) 0.09 15 (45.45%) 38 (62.30%) 0.18
Age of dialysis initiation (years) 54.18 ± 16.06 61.40 ± 14.44 0.00 47.00 ± 12.45 52.66 ± 11.11 0.00 73.33 ± 5.13 75.02 ± 5.99 0.18
Body mass index (kg/m2) 22.67 ± 4.53 24.09 ± 4.06 0.01 22.27 ± 3.19 24.20 ± 4.11 0.00 23.75 ± 6.90 23.93 ± 4.01 0.87
Duration of follow up (months) 41.77 ± 25.07 48.16 ± 27.19 0.05 46.23 ± 26.09 47.61 ± 26.81 0.73 29.88 ± 17.50 49.01 ± 27.96 0.00
Kidney primary disease
Diabetic nephropathy (n) 60 (49.59%) 57 (36.54%) 0.04 42 (47.73%) 36 (37.89%) 0.23 18 (54.55%) 21 (34.43%) 0.09
Glomerulonephritis (n) 35 (28.93%) 29 (18.59%) 0.06 28 (31.82%) 24 (25.26%) 0.41 7 (21.21%) 5 (8.20%) 0.14
Polycystic kidney (n) 1 (0.83%) 3 (1.92%) 0.80 0 (0.00%) 2 (2.11%) 0.51 1 (3.03%) 1 (1.64%) 0.76
Obstructive nephropathy (n) 5 (4.13%) 11 (7.05%) 0.44 3 (3.41%) 6 (6.32%) 0.57 2 (6.06%) 5 (8.20%) 0.97
Other or unknown (n) 20 (16.53%) 56 (35.90%) 0.00 15 (17.05%) 27 (28.42%) 0.10 5 (15.15%) 29 (47.54%) 0.00
Comorbidities
CCI 6.42 ± 2.33 7.24 ± 2.07 0.00 5.58 ± 2.03 6.33 ± 1.97 0.01 8.67 ± 1.41 8.67 ± 1.26 0.98
Diabetes (n) 65 (53.72%) 85 (54.49%) 1.00 43 (48.86%) 50 (52.63%) 0.72 22 (66.67%) 35 (57.38%) 0.51
Cardiovascular disease (n) 30 (24.79%) 46 (29.49%) 0.46 15 (17.05%) 21 (22.11%) 0.50 15 (45.45%) 25 (40.98%) 0.84
Cerebrovascular disease (n) 12 (9.92%) 33 (21.15%) 0.02 5 (5.68%) 11 (11.58%) 0.25 7 (21.21%) 22 (36.07%) 0.21
Chronic pulmonary disease (n) 10 (8.26%) 12 (7.69%) 0.96 6 (6.82%) 7 (7.37%) 0.89 4 (12.12%) 5 (8.20%) 0.80
Cardiac function evaluation
LVEF (%) 60.12 ± 12.17 60.49 ± 10.72 0.79 58.78 ± 12.42 59.87 ± 10.19 0.52 63.70 ± 10.84 61.46 ± 11.52 0.36
NYHA III (n) 62 (51.24%) 64 (41.03%) 0.12 42 (47.73%) 36 (37.89%) 0.23 20 (60.61%) 28 (45.90%) 0.25
NYHA IV (n) 21 (17.36%) 28 (17.95%) 0.98 16 (18.18%) 19 (20.00%) 0.90 5 (15.15%) 9 (14.75%) 0.80
Laboratory tests
Serum urea (mmol/l) 23.35 ± 11.86 21.42 ± 11.46 0.17 22.98 ± 11.32 22.50 ± 12.33 0.78 24.33 ± 13.32 19.74 ± 9.82 0.09
Serum creatinine (µmol/l) 777.72 ± 286.91 697.97 ± 325.94 0.03 805.80 ± 274.55 747.85 ± 337.46 0.20 702.84 ± 309.52 620.30 ± 293.19 0.20
Triglyceride (mmol/L) 1.31 ± 0.71 1.40 ± 1.06 0.47 1.36 ± 0.65 1.48 ± 1.27 0.43 1.20 ± 0.84 1.27 ± 0.59 0.66
Cholesterol (mmol/L) 4.60 ± 1.58 4.40 ± 1.13 0.22 4.69 ± 1.59 4.37 ± 1.18 0.12 4.38 ± 1.54 4.45 ± 1.05 0.82
LDLC (mmol/L) 2.88 ± 1.36 2.66 ± 0.96 0.13 2.95 ± 1.37 2.63 ± 1.01 0.08 2.71 ± 1.32 2.71 ± 0.88 0.99
HDLC (mmol/L) 1.07 ± 0.30 1.08 ± 0.33 0.96 1.07 ± 0.30 1.07 ± 0.33 1.00 1.07 ± 0.29 1.08 ± 0.32 0.94
Plasma albumin (g/L) 33.23 ± 4.67 34.74 ± 5.30 0.01 32.87 ± 4.61 34.70 ± 5.68 0.02 34.20 ± 4.77 34.80 ± 4.71 0.56
Prealbumin (g/L) 286.50 ± 90.70 262.10 ± 88.78 0.03 302.48 ± 91.56 276.73 ± 98.64 0.07 243.89 ± 74.02 239.31 ± 65.21 0.76
Hemoglobin (g/L) 79.68 ± 18.89 85.88 ± 21.59 0.01 81.42 ± 19.59 85.95 ± 20.34 0.13 75.03 ± 16.24 85.77 ± 23.58 0.02
Phosphorus (mmol/L) 1.80 ± 0.64 1.76 ± 0.61 0.52 1.85 ± 0.64 1.89 ± 0.65 0.70 1.68 ± 0.62 1.55 ± 0.50 0.26
Calcium (mmol/L) 2.05 ± 0.30 2.06 ± 0.28 0.65 2.02 ± 0.28 2.04 ± 0.27 0.62 2.13 ± 0.35 2.10 ± 0.28 0.71
Cause of death
Cardiovascular cause (n) 11 (9.09%) 21 (13.46%) 0.35 5 (5.68%) 11 (11.58%) 0.25 6 (18.18%) 10 (16.39%) 0.95
Infectious disease (n) 9 (7.44%) 11 (7.05%) 0.91 3 (3.41%) 2 (2.11%) 0.93 6 (18.18%) 9 (14.75%) 0.89
Intracerebral hemorrhage (n) 1 (0.83%) 9 (5.77%) 0.06 1 (1.14%) 6 (6.32%) 0.15 0 (0.00%) 3 (4.92%) 0.50
Other or unknown (n) 13 (10.74%) 20 (12.82%) 0.73 7 (7.95%) 14 (14.74%) 0.23 6 (18.18%) 6 (9.84%) 0.40

PD, peritoneal dialysis; HD, hemodialysis; LDLC, low-density lipoprotein; HDLC, high-density lipoprotein; CCI, Charlson Comorbidities Index; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
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TABLE 2 Cohort outcomes.

All-cause
mortality

Person-years One year
survival rate

Two years
survival rate

Five years
survival rate

Mortality rate
(dead/1,000 person-years)

Mortality rate ratio
(95% CI)

All-patients

HD (n = 156) 61 617.47 96.05% 75.92% 63.17% 98.79 1.21 (0.78–1.89)

PD (n = 121) 34 415.42 96.53% 77.39% 61.57% 81.84

Age ≤ 65 years old

HD (n = 95) 33 371.72 96.74% 78.24% 66.85% 88.78 1.86 (0.99–3.60)

PD (n = 88) 16 334.38 100.00% 89.82% 73.60% 47.85

Age > 65 years old

HD (n = 61) 28 245.75 94.97% 72.41% 57.71% 113.94 0.51 (0.27–0.98)

PD (n = 33) 18 81.04 87.88% 43.44% 25.34% 222.11

PD, peritoneal dialysis; HD, hemodialysis; 95% CI, 95% confidence interval.

analysis showed that the overall prognosis of the two dialysis
methods varied but not significantly (p = 0.460, Figure 2A).

We found an interaction between the age at dialysis
initiation and dialysis modality. Therefore, we analyzed the
prognosis of patients of different ages at dialysis initiation. We
found that in the multivariate Cox regression model, the HR of
HD vs. PD increased with the age at dialysis initiation (Figure 3).
We finally set 65 years old as the cut-off point for the difference
in the prognosis of different dialysis modalities.

All patients were divided into two groups based on the age
of dialysis initiation (≤65 and >65 years old). In the above
age groups, the all-cause mortality rate ratios of HD vs. PD
were 1.86 (95% CI: 0.99–3.60) and 0.51 (95% CI: 0.27–0.98),
respectively (Table 2). In the ≤65-year-old subgroup, the 1-, 3-,
and 5-year survival rates of the PD group were 100.00, 89.82,
and 73.60%, while those of the HD group were 96.74, 78.24, and
66.85%, respectively. The log-rank test showed that survival in
the PD group was significantly higher than that in the HD group
(p = 0.042, Figure 2B). In the >65-year-old subgroup, the 1-,
3-, and 5-year survival rates in the PD group were 87.88, 43.44,
and 25.34%, and those in the HD group were 94.97, 72.41, and
57.71%, respectively, indicating that HD had a better prognosis
in this age group, which was statistically significant (p = 0.011,
Figure 2C).

Short- and long-term survival
differences between peritoneal dialysis
and hemodialysis

In terms of short-term survival (the first 2 years of follow-
up), PD showed a tendency of a survival advantage in the ≤65-
year-old subgroup, and HD showed a tendency of a survival
advantage in the >65-year-old subgroup; however, neither
reached statistical significance (Figure 4). In terms of long-
term survival (after the first 2 years of followup), PD showed a
survival advantage in the ≤65-year-old subgroup, but it did not
reach statistical significance (p = 0.115). HD showed a significant

survival advantage in the >65-year-old subgroup (p = 0.017,
Figure 5).

Survival differences between
hemodialysis and peritoneal dialysis in
the subgroup of patients with HFrEF
(≤55%) and HFpEF (>55%) at start of
dialysis

In the subgroup with HFrEF, the survival advantage of PD in
younger patients and HD in the elderly subgroup disappeared
(Figure 6). In the subgroup with HFpEF, PD showed better
survival in the ≤65-year-old subgroup (p = 0.003), and HD
showed a significantly higher survival in the >65-year old
subgroup (p = 0.004, Figure 7).

Hazard ratio of factors associated with
all-cause mortality

For the entire follow-up period, in the ≤65-year-old
subgroup, the univariate Cox regression model suggested that
diabetes, the CCI score, cardiovascular disease, triglycerides,
and HD were risk factors for all-cause mortality (Table 3).
The multivariate Cox regression model suggested that
cardiovascular disease, cholesterol, low-density lipoprotein
cholesterol (LDLC), and HD were risk factors, and they were
still risk factors after using PSM to eliminate the differences
in baseline characteristics. The All-cause mortality HR of
HD vs. PD increased from 1.84 (95% CI: 1.01–3.34) to 2.48
(95% CI: 1.23–4.99). And the HR remained significant in
stepwise model (Table 4). In the >65-year-old subgroup,
the univariate and multivariate Cox regression models
suggested that HD was a protective factor for all-cause
mortality. The HR decreased from 0.46 (95% CI: 0.25–0.85)
to 0.28 (95% CI: 0.14–0.57) (Table 4). After using PSM
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FIGURE 2

Comparison of survival rate between hemodialysis and peritoneal dialysis by age subgroups [(A) all patients, (B) ≤65 years old group,
(C) >65 years old group].

FIGURE 3

Hazard ration dialysis methods (HD vs. PD) in age subgroups [(A) four age subgroups, (B) two age subgroups].

to eliminate the differences in baseline characteristics, HD
was still a protective factor for multivariate Cox regression
(Table 4).

For the short-term follow-up, the HR of all-cause mortality
of HD tended to be higher than that of PD in the ≤65-year-old
subgroup; otherwise, the HR of HD tended to be lower than that
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FIGURE 4

Comparison of first 2 years survival rate between hemodialysis and peritoneal dialysis by age subgroups [(A) all patients, (B) ≤65 years old group,
(C) >65 years old group].

FIGURE 5

Comparison of pass 2 years survival rate between hemodialysis and peritoneal dialysis by age subgroups [(A) all patients, (B) ≤65 years old
group, (C) >65 years old group].

FIGURE 6

Comparison of survival rate between HD and PD in the subgroup of patients with reduce LVEF (≤55%) [(A) all patients, (B) ≤65 years old group,
(C) >65 years old group].

of PD in the >65-year-old subgroup but did not reach statistical
significance (Supplementary Tables 1, 2).

For the long-term follow-up, the HR of all-cause mortality
of HD tended to be higher than that of PD in the ≤65-year-
old subgroup, but the HR of HD was lower than that of PD
in the >65-year-old subgroup. In the univariate model, the HR

(95% CI) of mortality for HD vs. PD was 0.41 (95% CI: 0.17–
0.99), and in the fully adjusted multivariate model, it was 0.21
(95% CI: 0.08–0.58) (Supplementary Tables 1, 2).

For the HFrEF subgroup, the differences in mortality in
all age subgroups disappeared (Tables 3, 5). For the HFpEF
subgroup, the disadvantage of HD in the younger subgroup and
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FIGURE 7

Comparison of survival rate between HD and PD in the subgroup of patients with preserved LVEF (>55%) [(A) all patients, (B) ≤65 years old
group, (C) >65 years old group].

its advantage in the elderly subgroup was preserved. The all-
cause mortality HR of HD vs. PD for the younger subgroup
was 3.06 (95% CI: 1.06–8.82) in multivariate model, while for
the older subgroup was 0.32 (95% CI: 0.13–0.81) in multivariate
model, and the HR remained significant both in the stepwise
model and after PSM (Tables 3, 6).

Cause of death

With regard to the cause of death, among all age groups,
the proportions of infection-related deaths and cardiovascular
deaths were basically similar. The proportion of cerebral
hemorrhage was higher in the HD group in all age groups, but
did not reach statistical significance.

We also used a competing risk model to analyse the hazard
ratios for cause-specific death in patients receiving different
dialysis modalities. We found that HD was a protective factor
for infection-related death in the entire HFpEF population.
The infectious mortality HR of HD vs. PD was 0.24 (95% CI:
0.06–0.93) in univariate model and 0.12 (95% CI: 0.03–0.47) in
multivariate model. The protective effect disappeared in young
dialysis patients, but was evident in the elderly. The HR was
0.15 (95% CI: 0.03–0.68) in univariate model and 0.03 (95% CI:
0.00–0.36) in multivariate model (Table 7).

Discussion

We found that among ESRD patients with CHF younger
than 65 years, the prognosis of those receiving PD was better
than that of patients receiving HD. In contrast, among elderly
patients, the prognosis of HD patients was better than that of
PD patients. This difference in prognosis remained stable after
multivariate analysis and PSM, but could not be reproduced in
the subgroup of HFrEF (Figure 6 and Table 5). Compared with
previous studies, our study once again confirmed the survival

advantage of total HD in elderly patients (4). On the other
hand, before our study (18), we did not find any research that
reported a survival advantage of PD over HD for young ESRD
patients with CHF, especially in patients with HFpEF (Figure 7
and Table 6) (14). In other words, both the survival advantage
of PD in young adults and the survival advantage of HD in
older adults are limited to the HFpEF population. These findings
are meaningful for Chinese ESRD patients and clinicians in
choosing a dialysis method.

Previous studies (19, 24) have shown that the survival rate
of PD is higher in the first 2 years of dialysis, and the survival
advantage of PD disappears after 2 years of dialysis. However,
our study did not find such a situation. Our cohort did not find
differences in survival between dialysis modalities in the first
2 years after initiation of dialysis or 2 years later. The hazard
ratios for HD and PD were stable at different periods of follow-
up.

We also observed a trend of differences in the proportions of
cardiovascular deaths and cerebral hemorrhage deaths between
the PD group and the HD group in the different age groups.
However, we consider this to be related to the small scale of
this study. With the extension of follow-up time and an increase
in the number of patients, we have the opportunity to confirm
the difference in the composition of the cause of death in
future observations.

Our research is similar to that of Sens Florence in Sens et al.
(2). Both studies showed that in the elderly subgroup, HD had a
survival advantage over PD. However, in the younger group, the
results of the two studies were opposite. Sens’s study suggested
that the prognosis of HD was also better in the group younger
than 75 years. However, our study found that the prognosis of
PD was better in patients younger than 65 years.

The average age of patients in Sens’ study was significantly
higher than that in our study. Moreover, the proportion of
chronic glomerulonephritis as the primary disease of renal
failure was significantly less than that of our patients (5.3–6.8
vs. 18.59–28.93%). We speculate that this is related to the low
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TABLE 3 Risk factors for all-cause mortality assessed by univariate Cox regression model.

Patients younger than 65 years old
PD (n = 88), HD (n = 95)

Patients older than 65 years old
PD (n = 33), HD (n = 61)

Entire group
HR (95% CI)

HFrEF group
(PD:30,
HD:25)

HR (95% CI)

HFpEF group
(PD:58,
HD:70)

HR (95% CI)

Entire group
HR (95% CI)

HFrEF group
(PD:4, HD:18)
HR (95% CI)

HFpEF group
(PD:29, HD:43)
HR (95% CI)

Age at dialysis initiation (per 10 year) 1.24 (0.96–1.60) 0.98 (0.71–1.37) 1.52 (1.04–2.21) 1.34 (0.85–2.11) 1.16 (0.64–2.10) 1.33 (0.71–2.51)

Sex (female vs. male) 0.74 (0.42–1.32) 0.63 (0.24–1.65) 0.90 (0.43–1.86) 0.88 (0.49–1.57) 1.23 (0.47–3.19) 0.75 (0.35–1.57)

Diabetes (n) 2.49 (1.36–4.54) 1.97 (0.81–4.84) 3.46 (1.47–8.16) 1.12 (0.62–2.03) 0.82 (0.31–2.15) 1.20 (0.56–2.56)

CCI (per 1 point) 1.29 (1.07–1.55) 1.36 (0.99–1.88) 1.31 (1.03–1.67) 0.95 (0.76–1.20) 0.71 (0.41–1.23) 0.95 (0.71–1.25)

Cerebrovascular disease (n) 1.00 (0.36–2.79) 1.73 (0.39–7.62) 0.79 (0.19–3.33) 1.09 (0.59–2.00) 0.84 (0.31–2.29) 1.19 (0.54–2.59)

Chronic pulmonary disease (n) 0.91 (0.28–2.94) 0.86 (0.11–6.56) 0.96 (0.23–4.04) 1.19 (0.47–3.01) 1.38 (0.44–4.27) 0.45 (0.06–3.33)

Cardiovascular disease (n) 3.89 (2.16–6.99) 2.35 (0.97–5.69) 5.20 (2.29–11.80) 1.48 (0.83–2.65) 0.68 (0.25–1.79) 1.64 (0.78–3.45)

BMI (per 1 kg/m2) 1.02 (0.95–1.09) 1.02 (0.92–1.13) 1.03 (0.94–1.12) 0.94 (0.87–1.01) 0.99 (0.94–1.04) 0.85 (0.76–0.95)

LVEF (per 10%) 0.73 (0.59–0.90) 0.79 (0.51–1.22) 0.59 (0.33–1.06) 0.71 (0.57–0.89) 0.88 (0.48–1.59) 0.70 (0.38–1.29)

Hemoglobin (per 10 g/L) 1.06 (0.93–1.22) 1.07 (0.86–1.32) 1.07 (0.89–1.28) 1.03 (0.91–1.16) 1.18 (0.96–1.45) 0.98 (0.84–1.15)

Prealbumin (per 50 g/L) 0.88 (0.76–1.03) 0.86 (0.66–1.12) 0.90 (0.74–1.08) 0.93 (0.73–1.17) 1.28 (0.88–1.86) 0.82 (0.59–1.13)

Plasma albumin (per 5 g/L) 0.86 (0.65–1.12) 0.74 (0.49–1.13) 0.91 (0.65–1.29) 0.92 (0.70–1.22) 0.97 (0.58–1.60) 0.96 (0.68–1.35)

Triglyceride (per 1 mmol/L) 1.17 (1.03–1.32) 2.38 (1.41–4.00) 1.16 (0.99–1.35) 1.08 (0.68–1.72) 2.06 (0.90–4.71) 0.94 (0.50–1.76)

Cholesterol (per 1 mmol/L) 1.17 (0.97–1.42) 1.30 (1.03–1.63) 1.08 (0.82–1.42) 1.07 (0.82–1.40) 1.16 (0.69–1.94) 1.13 (0.81–1.57)

LDLC (per 1 mmol/L) 1.17 (0.94–1.45) 1.32 (1.02–1.72) 1.04 (0.75–1.43) 1.18 (0.85–1.63) 1.16 (0.62–2.15) 1.31 (0.89–1.95)

HDLC (per 1 mmol/L) 0.33 (0.12–0.90) 0.45 (0.09–2.18) 0.31 (0.09–1.12) 0.63 (0.22–1.78) 0.96 (0.23–4.09) 0.32 (0.07–1.40)

Phosphorus (per 1 mmol/L) 0.66 (0.42–1.03) 0.63 (0.34–1.18) 0.73 (0.40–1.36) 0.92 (0.55–1.55) 1.29 (0.53–3.13) 0.85 (0.43–1.67)

Calcium (per 1 mmol/L) 0.87 (0.32–2.38) 0.45 (0.12–1.64) 1.80 (0.42–7.78) 1.36 (0.50–3.65) 2.65 (0.57–12.27) 0.98 (0.26–3.70)

Dialysis Methods (HD vs. PD) 1.84 (1.01–3.34) 1.03 (0.42–2.48) 3.83 (1.46–10.05) 0.46 (0.25–0.85) 0.50 (0.16–1.56) 0.33 (0.15–0.72)

HR, hazard ratio; 95% CI, 95% confidence interval; PD, peritoneal dialysis; HD, hemodialysis; CCI, Charlson Comorbidities Index; BMI, body mass index; LDLC, low-density lipoprotein; HDLC, high-density lipoprotein; LVEF, left ventricular ejection
fraction; HFrEF, heart failure with reduced LVEF (≤55%); HFpEF, Heart failure with preserved LVEF (>55%).
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TABLE 4 Crude and adjusted hazard ratios for all-cause mortality according to dialysis method.

HR of dialysis methods
(HD vs. PD)

Univariate
HR (95% CI)

P Multivariate
model 1a

HR (95% CI)

P Multivariate
model 2b

HR (95% CI)

P Stepwise
model

HR (95% CI)

P

All patients

Entire group (HD:156, PD:121) 1.17 (0.77–1.78) 0.46 0.92 (0.58–1.45) 0.72 0.95 (0.60–1.52) 0.84 1.10 (0.69–1.75) 0.68c

After PSM (HD:121, PD:121) 1.12 (0.72–1.75) 0.62 0.94 (0.59–1.49) 0.78 1.00 (0.62–1.62) 0.99 1.18 (0.73–1.89) 0.51c

Younger than 65 years old patients

Entire group (HD:95, PD:88) 1.84 (1.01–3.34) <0.05 1.79 (0.96–3.33) 0.07 2.35 (1.19–4.65) <0.05 3.03 (1.48–6.20) <0.05d

After PSM (HD:88, PD:88) 1.77 (0.96–3.24) 0.07 1.75 (0.94–3.27) 0.08 2.48 (1.23–4.99) <0.05 3.28 (1.56–6.90) <0.05d

Older than 65 years old patients

Entire group (HD:61, PD:33) 0.46 (0.25–0.85) <0.05 0.40 (0.20–0.78) <0.05 0.28 (0.14–0.57) <0.05 0.36 (0.19–0.69) <0.05e

After PSM
(HD:33, PD:33)

0.58 (0.29–1.15) 0.12 0.53 (0.26–1.10) 0.09 0.39 (0.17–0.87) <0.05 0.37 (0.17–0.78) <0.05e

PSM, propensity score matching; HR, hazard ratio; 95% CI, 95% confidence interval; PD, peritoneal dialysis; HD, hemodialysis; Cox’s multivariate regression model cofounders. aSex,
age at dialysis initiation and Charlson Comorbidities Index (CCI). bSex, age at dialysis initiation, CCI, body mass index (BMI), left ventricular ejection fraction (LVEF), prealbumin
(PA) and hemoglobin (HB). cCardiovascular disease (CAD), LVEF, age at dialysis initiation, low-density lipoprotein cholesterol (LDLC), high-density lipoprotein cholesterol (HDLC),
BMI and diabetes. dCAD, Cholesterol (TC), HDLC, LVEF, diabetes and BMI. eLVEF and BMI.

TABLE 5 Crude and adjusted hazard ratios for all-cause mortality with HFrEF (LVEF ≤ 55%) according to dialysis method.

HR of dialysis methods
(HD vs PD)

Univariate
HR (95% CI)

P Multivariate
model 1a

HR (95% CI)

P Multivariate
model 2b

HR (95% CI)

P Stepwise
model HR
(95% CI)

P

All patients

Entire group
(HD:43, PD:34)

1.16 (0.60–2.23) 0.65 0.98 (0.46–2.07) 0.96 1.08 (0.50–2.31) 0.84 2.08 (0.99–4.36) 0.05c

After PSM
(HD:34, PD:34)

1.12 (0.56–2.24) 0.76 1.20 (0.54–2.64) 0.65 1.54 (0.65–3.65) 0.32 2.04 (0.92–4.53) 0.08c

Younger than 65 years old patients

Entire group
(HD:25, PD:30)

1.03 (0.42–2.48) 0.96 1.45 (0.57–3.66) 0.44 1.43 (0.51–4.02) 0.50 5.68
(1.46–22.08)

<0.05d

After PSM
(HD:25, PD:25)

0.92 (0.37–2.28) 0.86 1.47 (0.56–3.87) 0.44 1.18 (0.38–3.70) 0.78 4.70
(1.26–17.54)

<0.05d

Older than 65 years old patients

Entire group
(HD:18, PD:4)

0.50 (0.16–1.56) 0.23 0.37 (0.10–1.34) 0.13 0.52 (0.11–2.56) 0.43 0.54 (0.17–1.78) 0.31e

After PSM
(HD:4, PD:4)

0.86 (0.19–3.92) 0.84 0.20 (0.02–2.51) 0.21 –f –f 4.52
(0.20–101.47)

0.34e

HFrEF, heart failure with reduced left ventricular ejection fraction; PSM, propensity score matching; HR, hazard ratio; 95% CI, 95% confidence interval; PD, peritoneal dialysis;
HD, hemodialysis. Cox’s multivariate regression model cofounders. aSex, age at dialysis initiation and Charlson Comorbidities Index (CCI). bSex, age at dialysis initiation, CCI, body
mass index (BMI), left ventricular ejection fraction (LVEF), prealbumin (PA) and hemoglobin (HB). cTriglyceride (TG), Phosphorus (P) and plasma albumin (ALB). dTG, P, Calcium
(Ca), sex and LVEF. eTG and HB. fThe confidence interval is too large due to the small sample size.

prevalence of kidney transplantation in China. Age is a strong
factor in the death of dialysis patients. We have reason to believe
that in young PD patients, the differences in the composition of
the primary disease and the age at onset of dialysis is the reason
for the difference in prognosis.

Another reason for the difference in prognosis may be the
difference in the prevalence of cardiovascular disease. From
the baseline characteristics, the proportion of cardiovascular
diseases in the study by Sens fluctuated (41.2–43.4%), but
our overall proportion of cardiovascular diseases was 27.44%.

Moreover, in the ≤65-year-old subgroup, the proportion of
cardiovascular disease in PD patients was particularly low
(5.68%). However, among the >65-year-old subgroup, the
proportion of cardiovascular disease (42.55%) was basically
consistent with studies in France (2) and the United States (3).

Taking into account the problems noted in the previously
mentioned French study (25), our study tried to collect objective
indicators to accurately assess the patient’s cardiac function,
such as the LVEF in echocardiography and the NYHA heart
functional classification. Although retrospective studies do not
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TABLE 6 Crude and adjusted hazard ratios for all-cause mortality with HFpEF (LVEF > 55%) according to dialysis method.

HR of dialysis methods
(HD vs PD)

Univariate
HR (95% CI)

P Multivariate
model 1a

HR (95% CI)

P Multivariate
model 2b

HR (95% CI)

P Stepwise
model HR
(95% CI)

P

All patients

Entire group
(HD:113, PD:87)

1.23 (0.71–2.13) 0.46 0.96 (0.53–1.73) 0.88 0.97 (0.52–1.83) 0.93 0.88 (0.49–1.58) 0.66c

After PSM
(HD:87, PD:87)

1.21 (0.68–2.16) 0.52 1.01 (0.55–1.83) 0.98 1.13 (0.59–2.14) 0.71 1.14 (0.61–2.11) 0.68c

Younger than 65 years old patients

Entire group
(HD:70, PD:58)

3.83 (1.46–10.05) <0.05 3.31 (1.21–9.03) <0.05 3.06 (1.06–8.82) <0.05 2.98 (1.04–8.54) <0.05d

After PSM
(HD:58, PD:58)

3.19 (1.18–8.64) <0.05 3.06 (1.10–8.49) <0.05 3.08 (1.05–9.06) <0.05 3.39
(1.12–10.24)

<0.05d

Older than 65 years old patients

Entire group
(HD:43, PD:29)

0.33 (0.15–0.72) <0.05 0.29 (0.12–0.69) <0.05 0.32 (0.13–0.81) <0.05 0.23 (0.09–0.59) <0.05e

After PSM
(HD:29, PD:29)

0.26 (0.10–0.68) <0.05 0.24 (0.09–0.67) <0.05 0.29 (0.10–0.82) <0.05 0.24 (0.08–0.70) <0.05e

HFpEF, heart failure with preserved left ventricular ejection fraction; PSM, propensity score matching; HR, hazard ratio; 95% CI, 95% confidence interval; PD, peritoneal dialysis;
HD, hemodialysis. Cox’s multivariate regression model cofounders. aSex, age at dialysis initiation and Charlson Comorbidities Index (CCI). bSex, age at dialysis initiation, CCI, body mass
index (BMI), left ventricular ejection fraction (LVEF), prealbumin (PA) and hemoglobin (HB). cCardiovascular disease (CAD), age at dialysis initiation, LVEF, high-density lipoprotein
cholesterol (HDLC), BMI and diabetes, low-density lipoprotein cholesterol (LDLC). dCAD, diabetes, LVEF, BMI and PA. eBMI, HDLC, age at dialysis initiation, HB, TG, and TC.

TABLE 7 Crude and adjusted hazard ratios for specific cause of mortality in competing risk model according to dialysis method.

Cardiovascular and cerebrovascular mortality Infection mortality

HR of dialysis methods
(HD vs PD)

Univariate
HR (95%

CI)

P Multivariatea
HR (95%

CI)

P Univariate
HR (95%

CI)

P Multivariatea
HR (95%

CI)

P

All patients

Entire group
(HD:156, PD:121)

1.69
(0.87–3.29)

0.12 1.47 (0.65–3.32) 0.35 0.78
(0.32–1.88)

0.58 0.48 (0.18–1.25) 0.13

Reduced LVEF (≤55%)
(HD:43, PD:34)

1.08
(0.42–2.75)

0.88 0.66 (0.21–2.11) 0.48 2.99
(0.64–13.92)

0.16 2.27
(0.37–13.95)

0.38

Preserved LVEF (>55%)
(HD:113, PD:87)

2.61
(0.98–6.94)

0.06 2.68 (0.85–8.49) 0.09 0.24
(0.06–0.93)

<0.05 0.12 (0.03–0.47) <0.05

Younger than 65 years old patients

Entire group
(HD:95, PD:88)

2.41
(0.96–6.06)

0.06 2.18 (0.72–6.60) 0.17 0.53
(0.09–3.35)

0.50 0.48 (0.06–3.65) 0.48

Reduced LVEF (≤ 55%)
(HD:25, PD:30)

1.26
(0.34–4.72)

0.73 2.18 (0.74–6.48) 0.16 1.16
(0.07–18.08)

0.91 1.64
(0.15–18.40)

0.69

Preserved LVEF (> 55%)
(HD:70, PD:58)

4.77
(1.08–21.11)

<0.05 4.43
(0.78–25.20)

0.09 0.34
(0.03–3.95)

0.39 0.19 (0.01–3.30) 0.25

Older than 65 years old patients

Entire group
(HD:61, PD:33)

0.97
(0.37–2.50)

0.94 0.90 (0.28–2.89) 0.86 0.58
(0.21–1.60)

0.29 0.47 (0.14–1.53) 0.21

Reduced LVEF (≤55%)
(HD:18, PD:4)

0.41
(0.13–1.30)

0.13 0.35 (0.09–1.32) 0.12 1.51
(0.15–15.03)

0.73 2.05
(0.13–31.75)

0.61

Preserved LVEF (> 55%)
(HD:43, PD:29)

1.29
(0.34–4.86)

0.70 1.41 (0.25–7.95) 0.69 0.15
(0.03–0.68)

<0.05 0.03 (0.00–0.36) <0.05

HR, hazard ratio; 95% CI, 95% confidence interval; PD, peritoneal dialysis; HD, hemodialysis; LVEF, left ventricular ejection fraction. Competing risk multivariate model cofounders. aSex,
age at dialysis initiation and Charlson Comorbidities Index (CCI).

guarantee timely recording of these data at the start of dialysis,
we used data as close as possible to the start of follow-up. We

compared the reported LVEFs and NYHA classifications of these
patients and found no difference in heart function between
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those receiving HD and PD in each subgroup. Therefore,
we believe that the cardiac function of the patients in each
group was similar when they entered renal replacement therapy.
In addition, according to our clinical experience, the cardiac
function of dialysis patients changes dynamically throughout
the dialysis process. Therefore, a baseline cardiac function
evaluation alone cannot reflect the patient’s exposure to the
central debilitating state during the entire dialysis treatment
process. The time-dependent model needs to be followed up for
further analysis.

Why does PD have an advantage in young CHF and
ESRD patients? PD is recommended for patients with refractory
heart failure who are not sensitive to diuretics (26). Possible
mechanisms by which PD improves the prognosis of patients
with heart failure include providing stable and continuous
ultrafiltration, having minimal hemodynamic impact and
eliminating a larger amount of sodium ions (27). On the
other hand, HD was related to heart failure as a cause
for hospitalization (28, 29). Recent studies have suggested
that the use of icodextrin can improve the prognosis of
patients with heart failure and that the main mechanism
should be to improve the ultrafiltration of patients on PD
(29). However, in this cohort, icodextrin was not yet widely
used. This shows that, other than the better prognosis of
our patients, the reason may not be directly related to the
ultrafiltration advantage provided by icodextrin. Studies had
shown that PD ultrafiltration can improve LVEF in HFrEF
patients (30), thereby improving patient prognosis. We did not
find differences in survival between the two dialysis modalities
across age subgroups in HFrEF. This suggests that the survival
advantage of PD in younger patients may be related to the
survival advantage in HFpEF patients. The reasons for this
phenomenon require further study.

In this study, among all dialysis patients ≤65 years, the
average age of those receiving PD was lower; moreover,
the proportion of patients with cerebrovascular diseases was
lower because the choice of PD mostly relied on the patients
themselves. It is difficult for patients with severe cerebrovascular
diseases to receive PD for a long time. Therefore, the better
prognosis of PD among young people may be related to fewer
cerebrovascular complications at dialysis initiation.

To explore the reasons for the superior prognosis of young
PD patients, we further analyzed the causes of death in the two
groups of patients. The proportion of deaths from infections was
basically the same between young and old patients (Table 1).
However, when we compared the risk of death from infection in
patients receiving the two dialysis modalities using a competing
risk model, we found that patients receiving HD had a lower risk
of death from infection, and HD mainly protected the elderly
(Table 7).

Peritoneal dialysis inherently increases the risk of peritonitis
(31, 32), although HD patients may die from blood access-
related infections. However, pneumonia was responsible for the

majority of infectious deaths. We therefore speculate that this
is related to the treatment patterns of PD and HD. Unlike
maintaining PD at home in elderly patients, elderly patients
receiving HD visit the hospital at least twice a week and
are treated by medical staff. This model enables more timely
detection and intervention of potential infectious diseases,
which may significantly reduce the risk of death from infection.
In the future, we can test our hypothesis by analyzing the
number of hospitalizations for infection and the severity of
inflammation in patients with different dialysis methods.

On the other hand, PD patients are generally less likely to die
from cerebral hemorrhage (Table 1). Due to the low incidence of
events of interest and the large number of competing risk events,
the variance of the hazard ratios of HD compared with PD
patients for intracerebral hemorrhage death calculated by the
competing risk model was very large, so it cannot be confirmed
that HD is a risk factor for death from cerebral hemorrhage.
Therefore, we considered cardiac and cerebrovascular events
together (Table 7). However, we believe that with the extension
of follow-up time and the accumulation of events of interest,
the risk of HD for intracranial hemorrhage can be confirmed
by a competing risk model. The most likely explanation is
that heparin is necessary during HD. In addition, compared
with elderly patients, younger patients have a higher rate
of death from cerebral hemorrhage. The possible reason is
the rapid fluctuation of blood pressure caused by the rapid
change in volume during HD (26), which may also be a
factor that increases the risk of cerebral hemorrhage. In our
clinical experience, it is more feasible in young HD patients to
prescribe high ultrafiltration rates after increased interdialytic
weight gains to solve the volume overload compared to older
patients, which will increase blood pressure fluctuations during
the dialysis interval, more easily inducing cerebral hemorrhage.

The incidence of cardiovascular death among young PD
patients is relatively low, and the incidence of cardiovascular
events in elderly PD patients is significantly higher (Table 3).
First, age is the most important factor influencing cardiovascular
events. Among the subgroups ≤65 years old, the age of PD
patients was significantly lower. A younger age is associated
with less coronary atherosclerosis, which in turn is associated
with less cardiovascular death. However, we understand that,
of course, our research cannot provide relevant evidence. The
quality of volume control is an important factor that affects the
prognosis of dialysis patients (33). According to the mechanism
of PD, the ultrafiltration of PD is relatively gentle, which also
means that it takes a longer time for the volume to reach
a suitable state than with HD. The characteristics of gentle
volume fluctuations may have different effects on patients of
different ages. Young patients with a strong self-management
ability can maintain a reasonable volume for a long time,
thus protecting heart function (34). Elderly patients have a
weaker ability to self-manage and may have an insufficient or
overloaded volume that cannot be corrected in a timely manner;
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therefore, it is detrimental to the protection of cardiac function
(35).

Our previous studies have found that among dialysis-
dependent patients less than or equal to 60 years old, the
prognosis of PD is better than that of HD. We do not know the
reason for the survival advantage of PD. Similarly, this study
found a survival advantage of PD in patients younger than
65 years by analysing the survival of ESRD patients with CHF.
Moreover, the proportion of deaths from cardiovascular diseases
among young people is relatively low. These phenomena
indicate that PD may have certain advantages in reducing
cardiovascular events in young patients. In turn, PD has a
survival advantage in young dialysis-dependent patients.

Advantages

This article compares the prognosis between ESRD patients
with CHF receiving HD and those receiving PD in southern
China for the first time. We have a larger number of follow-
ups, and the follow-up time is longer than that in previous
studies. This research can truly reflect the actual situation of
dialysis patients in our center. Compared with our previous
research, this time, we completed the investigation of the cause
of death and explained to a certain extent the reason for the
difference in survival between the two dialysis methods. We
identified the cause of death of each patient by consulting the
death certificate registration data of the Chinese CDC, which is
a relatively objective and accurate method.

In the current situation where kidney transplantation has
a low prevalence and is expensive (36), our study provides
a reference for Chinese ESRD patients and nephrologists in
choosing a dialysis method.

Limitations

The limitations of retrospective research need to be clearly
recognized. One is selection bias. There are many factors
that affect patient selection of dialysis methods. Long-term
prognosis is one of them, but medical insurance policies
and personal economic conditions may be larger factors.
With the expansion of the follow-up population and the
extension of the follow-up time, the conclusions of this article
may be overturned.

There were some important baseline data, such as the delay
between the diagnosis of CHF and the start of dialysis or the
volume of residual diuresis, that were incomplete in this study,
which leads to our imperfect evaluation of the patients’ baseline
cardiac and residual kidney function. On the other hand, the
cardiac function of dialysis patients continues to change over
the treatment duration. Regardless of whether multivariate Cox
regression or PSM was used, only the patient’s baseline cardiac

function was considered. Therefore, follow-up studies can use
the time-dependent Cox regression model (37) to evaluate
in detail the impact of changes in cardiac function on the
prognosis of dialysis patients. The survival differences could
not be reproduced in the subgroup of HFrEF (Figure 6). These
results could not be extrapolated to the population of patients
with ESKD and HFrEF.

The investigation of the cause of death in this study
did not originate from autopsy, and the cause of death of
some patients was learned through interviews with patients’
family members after death. Therefore, the speculation of
the cause of death may not be accurate. In particular, the
proportion of cardiovascular deaths and cerebrovascular deaths
may be underestimated. Notably, this underestimation may be
completely randomly distributed, so it should be equivalent for
both dialysis methods.

We found that almost no PD patients died of cerebral
hemorrhage or bleeding disorders. However, due to our small
number of cases, the HR confidence interval derived from the
competing risk model is too large to be show in the article.
We hypothesized that HD patients should be more likely to
die from intracerebral hemorrhage than PD patients, which
requires further study.

Conclusion

This study suggests that PD may have a better prognosis for
young ESRD patients with CHF and preserved LVEF in southern
China. For elderly patients, the prognosis of HD is better.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by Ethics Committee of Guangdong Provincial
Hospital of Chinese Medicine. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

Author contributions

ZH, HH, XL, and LW contributed to conception and design
of the study. ZH, HL, JH, DZ, LZW, FY, and DXZ organized the
database. ZH, HCL, and WQ performed the statistical analysis.
ZH wrote the first draft of the manuscript. HM, JL, YC, and

Frontiers in Medicine 14 frontiersin.org

https://doi.org/10.3389/fmed.2022.898650
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-898650 October 11, 2022 Time: 15:27 # 15

He et al. 10.3389/fmed.2022.898650

TL wrote sections of the manuscript. All authors contributed to
manuscript revision, read, and approved the submitted version.

Funding

This work was supported by the Traditional Chinese
Medicine Bureau of Guangdong Province (grant number:
20201162), State Key Laboratory of Dampness Syndrome
of Chinese Medicine, The Second Affiliated Hospital of
Guangzhou University of Chinese Medicine (grant number:
SZ2021ZZ43), Guangdong Province Key Discipline of
Traditional Chinese Medicine (Clinical) Project - Nephrology
(grant number: 0102023308), and Zhang Daning’s Academic
Experience Inheritance Studio, Guangdong Provincial Hospital
of Traditional Chinese Medicine (E43714).

Acknowledgments

We thank Wu Xiaoting, Su Guobin, Lu Liming, Xia Xiaoyue,
Zeng Lishun, Lin Yongpeng, Zhao Xiying, and Tian Yingzhou
for their help in writing and revising the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fmed.2022.898650/full#supplementary-material

References

1. Wang IK, Kung PT, Kuo WY, Tsai WC, Chang YC, Liang CC, et al. Impact of
dialysis modality on the survival of end-stage renal disease patients with or without
cardiovascular disease. J Nephrol. (2013) 26:331–41. doi: 10.5301/jn.5000149

2. Sens F, Schott-Pethelaz AM, Labeeuw M, Colin C, Villar E. Survival advantage
of hemodialysis relative to peritoneal dialysis in patients with end-stage renal
disease and congestive heart failure. Kidney Int. (2011) 80:970–7. doi: 10.1038/ki.
2011.233

3. Stack AG, Molony DA, Rahman NS, Dosekun A, Murthy B. Impact of dialysis
modality on survival of new ESRD patients with congestive heart failure in the
United States. Kidney Int. (2003) 64:1071–9. doi: 10.1046/j.1523-1755.2003.0
0165.x

4. Kim H, Kim KH, Park K, Kang SW, Yoo TH, Ahn SV, et al. A population-
based approach indicates an overall higher patient mortality with peritoneal dialysis
compared to hemodialysis in Korea. Kidney Int. (2014) 86:991–1000. doi: 10.1038/
ki.2014.163

5. Kunin M, Klempfner R, Beckerman P, Rott D, Dinour D. Congestive heart
failure treated with peritoneal dialysis or hemodialysis: typical patient profile and
outcomes in real-world setting. Int J Clin Pract. (2021) 75:e13727. doi: 10.1111/ijcp.
13727

6. Sun CY, Sung JM, Wang JD, Li CY, Kuo YT, Lee CC, et al. A comparison of
the risk of congestive heart failure-related hospitalizations in patients receiving
hemodialysis and peritoneal dialysis – a retrospective propensity score-matched
study. PLoS One. (2019) 14:e0223336. doi: 10.1371/journal.pone.0223336

7. Masakane I, Nakai S, Ogata S, Kimata N, Hanafusa N, Hamano T, et al. An
overview of regular dialysis treatment in Japan (As of 31 December 2013). Ther
Apher Dial. (2015) 19:540–74. doi: 10.1111/1744-9987.12378

8. Saran R, Robinson B, Abbott KC, Bragg-Gresham J, Chen X, Gipson D, et al.
US renal data system 2019 annual data report: epidemiology of kidney disease in
the United States. Am J Kidney Dis. (2020) 75(Suppl. 1):A6–7. doi: 10.1053/j.ajkd.
2019.09.003

9. Harnett JD, Foley RN, Kent GM, Barre PE, Murray D, Parfrey PS. Congestive
heart failure in dialysis patients: prevalence, incidence, prognosis and risk factors.
Kidney Int. (1995) 47:884–90. doi: 10.1038/ki.1995.132

10. Stack AG, Mohammed A, Hanley A, Mutwali A, Nguyen H. Survival trends of
US dialysis patients with heart failure: 1995 to 2005. Clin J Am Soc Nephrol. (2011)
6:1982–9. doi: 10.2215/CJN.01130211

11. Grossekettler L, Schmack B, Meyer K, Brockmann C, Wanninger R, Kreusser
MM, et al. Peritoneal dialysis as therapeutic option in heart failure patients. ESC
Heart Fail. (2019) 6:271–9. doi: 10.1002/ehf2.12411

12. Querido S, Branco P, Sousa H, Adragao T, Aguiar C, Pereira S, et al. Peritoneal
dialysis as a successful treatment in patients with refractory congestive heart
failure: a one-center experience. Clin Nephrol. (2016) 85:260–5. doi: 10.5414/CN1
08817

13. Refaat H, Sany D, Mohab A, Ezzat H. Comparing dialysis modality and
cardiovascular mortality in patients on hemodialysis and peritoneal dialysis. Adv
Perit Dial. (2016) 32:22–31.

14. Korevaar JC, Feith GW, Dekker FW, van Manen JG, Boeschoten EW, Bossuyt
PM, et al. Effect of starting with hemodialysis compared with peritoneal dialysis in
patients new on dialysis treatment: a randomized controlled trial.Kidney Int. (2003)
64:2222–8. doi: 10.1046/j.1523-1755.2003.00321.x

15. He Z, Hou H, Zhang D, Mo Y, Zhang L, Su G, et al. Effects of dialysis modality
choice on the survival of end-stage renal disease patients in southern China: a
retrospective cohort study. BMC Nephrol. (2020) 21:412. doi: 10.1186/s12882-020-
02070-7

16. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al. Coding
algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative
data. Med Care. (2005) 43:1130–9. doi: 10.1097/01.mlr.0000182534.19832.83

17. Hsieh FY, Lavori PW. Sample-size calculations for the cox proportional
hazards regression model with nonbinary covariates. Control Clin Trials. (2000)
21:552–60. doi: 10.1016/S0197-2456(00)00104-5

18. Vonesh EF, Snyder JJ, Foley RN, Collins AJ. Mortality studies comparing
peritoneal dialysis and hemodialysis: what do they tell us? Kidney Int Suppl. (2006)
103:S3–11. doi: 10.1038/sj.ki.5001910

19. McDonald SP, Marshall MR, Johnson DW, Polkinghorne KR. Relationship
between dialysis modality and mortality. J Am Soc Nephrol. (2009) 20:155–63.
doi: 10.1681/ASN.2007111188

Frontiers in Medicine 15 frontiersin.org

https://doi.org/10.3389/fmed.2022.898650
https://www.frontiersin.org/articles/10.3389/fmed.2022.898650/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2022.898650/full#supplementary-material
https://doi.org/10.5301/jn.5000149
https://doi.org/10.1038/ki.2011.233
https://doi.org/10.1038/ki.2011.233
https://doi.org/10.1046/j.1523-1755.2003.00165.x
https://doi.org/10.1046/j.1523-1755.2003.00165.x
https://doi.org/10.1038/ki.2014.163
https://doi.org/10.1038/ki.2014.163
https://doi.org/10.1111/ijcp.13727
https://doi.org/10.1111/ijcp.13727
https://doi.org/10.1371/journal.pone.0223336
https://doi.org/10.1111/1744-9987.12378
https://doi.org/10.1053/j.ajkd.2019.09.003
https://doi.org/10.1053/j.ajkd.2019.09.003
https://doi.org/10.1038/ki.1995.132
https://doi.org/10.2215/CJN.01130211
https://doi.org/10.1002/ehf2.12411
https://doi.org/10.5414/CN108817
https://doi.org/10.5414/CN108817
https://doi.org/10.1046/j.1523-1755.2003.00321.x
https://doi.org/10.1186/s12882-020-02070-7
https://doi.org/10.1186/s12882-020-02070-7
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.1016/S0197-2456(00)00104-5
https://doi.org/10.1038/sj.ki.5001910
https://doi.org/10.1681/ASN.2007111188
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-898650 October 11, 2022 Time: 15:27 # 16

He et al. 10.3389/fmed.2022.898650

20. Chisavu LA, Apostol A, Pop GN, Ivan V, Schiller O, Bob F, et al. Exploring
the relation between mortality and left ventricular structure and function in stable
hemodialysis treated patients, a longitudinal multicenter cohort study. Sci Rep.
(2021) 11:12694. doi: 10.1038/s41598-021-91431-9

21. Terada K, Sumi Y, Hirama A, Kashiwagi T, Sakai Y. Risk factors for early
peritoneal dialysis discontinuation: importance of heart failure. J Nippon Med Sch.
(2022) 89:72–80. doi: 10.1272/jnms.JNMS.2022_89-201

22. Wang Y, Xiong L, Xu Q, Li W, Peng X, Shen J, et al. Association
of left ventricular systolic dysfunction with mortality in incident peritoneal
dialysis patients. Nephrology (Carlton). (2018) 23:927–32. doi: 10.1111/nep.1
3154

23. Fine JP, Gray RJA. Proportional hazards model for the subdistribution of a
competing risk. J Am Stat Assoc. (1999) 94:496–509. doi: 10.1080/01621459.1999.
10474144

24. Weinhandl ED, Foley RN, Gilbertson DT, Arneson TJ, Snyder JJ, Collins
AJ. Propensity-matched mortality comparison of incident hemodialysis and
peritoneal dialysis patients. J Am Soc Nephrol. (2010) 21:499–506. doi: 10.1681/
ASN.2009060635

25. Pliquett RU, Girndt M. Hemodialysis vs. peritoneal dialysis in chronic heart
failure: getting to the heart of the matter. Kidney Int. (2012) 81:1274–5. doi:
10.1038/ki.2012.44

26. Abdo AS. Diagnosis and management of heart failure in long-term dialysis
patients. Curr Heart Fail Rep. (2017) 14:404–9. doi: 10.1007/s11897-017-0
354-8

27. Kazory A, Bargman JM. Defining the role of peritoneal dialysis in
management of congestive heart failure. Expert Rev Cardiovasc Ther. (2019)
17:533–43. doi: 10.1080/14779072.2019.1637254

28. Trespalacios FC, Taylor AJ, Agodoa LY, Bakris GL, Abbott KC. Heart failure
as a cause for hospitalization in chronic dialysis patients. Am J Kidney Dis. (2003)
41:1267–77. doi: 10.1016/S0272-6386(03)00359-7

29. Wang IK, Lin CL, Sung FC. Lower risk of de novo congestive heart failure
in peritoneal dialysis patients compared with hemodialysis patients. Int J Cardiol.
(2017) 229:123. doi: 10.1016/j.ijcard.2016.10.066

30. Grossekettler L, Schmack B, Brockmann C, Wanninger R, Kreusser MM,
Frankenstein L, et al. Benefits of peritoneal ultrafiltration in HFpEF and HFrEF
patients. BMC Nephrol. (2020) 21:179. doi: 10.1186/s12882-020-01777-x

31. Johnson DW, Dent H, Hawley CM, McDonald SP, Rosman JB, Brown FG,
et al. Associations of dialysis modality and infectious mortality in incident dialysis
patients in Australia and New Zealand. Am J Kidney Dis. (2009) 53:290–7. doi:
10.1053/j.ajkd.2008.06.032

32. Aslam N, Bernardini J, Fried L, Burr R, Piraino B. Comparison of infectious
complications between incident hemodialysis and peritoneal dialysis patients. Clin
J Am Soc Nephrol. (2006) 1:1226–33. doi: 10.2215/CJN.01230406

33. Burton JO, Jefferies HJ, Selby NM, McIntyre CW. Hemodialysis-induced
cardiac injury: determinants and associated outcomes. Clin J Am Soc Nephrol.
(2009) 4:914–20. doi: 10.2215/CJN.03900808

34. Gunal AI, Ilkay E, Kirciman E, Karaca I, Dogukan A, Celiker H. Blood
pressure control and left ventricular hypertrophy in long-term CAPD and
hemodialysis patients: a cross-sectional study. Perit Dial Int. (2003) 23:563–7.
doi: 10.1177/089686080302300608

35. Enia G, Mallamaci F, Benedetto FA, Panuccio V, Parlongo S, Cutrupi S,
et al. Long-term CAPD patients are volume expanded and display more severe
left ventricular hypertrophy than haemodialysis patients. Nephrol Dial Transplant.
(2001) 16:1459–64. doi: 10.1093/ndt/16.7.1459

36. Wang F, Yang C, Long J, Zhao X, Tang W, Zhang D, et al. Executive summary
for the 2015 annual data report of the china kidney disease network (CK-NET).
Kidney Int. (2019) 95:501–5. doi: 10.1016/j.kint.2018.11.011

37. Fisher LD, Lin DY. Time-dependent covariates in the cox proportional-
hazards regression model. Annu Rev Public Health. (1999) 20:145–57. doi: 10.1146/
annurev.publhealth.20.1.145

Frontiers in Medicine 16 frontiersin.org

https://doi.org/10.3389/fmed.2022.898650
https://doi.org/10.1038/s41598-021-91431-9
https://doi.org/10.1272/jnms.JNMS.2022_89-201
https://doi.org/10.1111/nep.13154
https://doi.org/10.1111/nep.13154
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1681/ASN.2009060635
https://doi.org/10.1681/ASN.2009060635
https://doi.org/10.1038/ki.2012.44
https://doi.org/10.1038/ki.2012.44
https://doi.org/10.1007/s11897-017-0354-8
https://doi.org/10.1007/s11897-017-0354-8
https://doi.org/10.1080/14779072.2019.1637254
https://doi.org/10.1016/S0272-6386(03)00359-7
https://doi.org/10.1016/j.ijcard.2016.10.066
https://doi.org/10.1186/s12882-020-01777-x
https://doi.org/10.1053/j.ajkd.2008.06.032
https://doi.org/10.1053/j.ajkd.2008.06.032
https://doi.org/10.2215/CJN.01230406
https://doi.org/10.2215/CJN.03900808
https://doi.org/10.1177/089686080302300608
https://doi.org/10.1093/ndt/16.7.1459
https://doi.org/10.1016/j.kint.2018.11.011
https://doi.org/10.1146/annurev.publhealth.20.1.145
https://doi.org/10.1146/annurev.publhealth.20.1.145
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Impact of dialysis modality choice on the survival of end-stage renal disease patients with congestive heart failure in southern China: A retrospective cohort study
	Introduction
	Materials and methods
	Populations
	Covariates
	Outcomes
	Statistical methods

	Results
	The baseline characteristics of the patients
	Survival difference between the peritoneal dialysis and hemodialysis
	Short- and long-term survival differences between peritoneal dialysis and hemodialysis
	Survival differences between hemodialysis and peritoneal dialysis in the subgroup of patients with HFrEF (≤55%) and HFpEF (>55%) at start of dialysis

	Hazard ratio of factors associated with all-cause mortality
	Cause of death

	Discussion
	Advantages
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


