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ABSTRACT

Aim: Renal replacement therapy was primary treatment for end stage kidney (ESRD) patients.
Numbers of studies comparing peritoneal dialysis (PD) and hemodialysis (HD) yielded inconsist-
ent results. The aim of this study was to assess the mortality risk between diabetic PD patients
and those in HD.

Methods: We included cohort studies comparing the risk of death among diabetic ESRD patients
who receiving peritoneal dialysis or hemodialysis by searching Medline and Embase. Overall esti-
mates were calculated using the random-effects model.

Results: Seventeen studies were included in the meta-analyses. Mortality comparison between
PD and HD in the diabetic ESRD patients showed PD significantly increased mortality rate (haz-
ard ratio (HR) 1.20; 95% confidence interval (Cl) 1.10-1.30; /*=89.1%). The overall HR using an
intention-to-treat analysis was 1.23 with 95% Cl (1.13 to 1.34). Meta-regression demonstrated PD
patients from Asian country were associated with increase in mortality risk (coefficient=0.270,
SE=0.112, p=.033).

Limitation: The high heterogeneity in our meta-analyses undermined the robustness of
the findings.

Conclusion: ESRD patients with diabetes may benefit more from HD than PD.
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Introduction

Diabetes has become the most common cause of end-
stage renal disease (ESRD) [1]. Over the past few deca-
des, patients requiring renal replacement therapy have
been rapidly increasing worldwide, which imposed a
tremendous burden on both family and society.
Compared to normal population, ESRD patients have
significant higher mortality rate [2]. Renal transplant-
ation is the optimal therapy for ESRD and limited by
the available organs. The most common treatments for
ESRD are hemodialysis (HD) and peritoneal dialysis (PD).
It is estimated that more than 2.2 million patients
receive dialysis globally in 2020 [3]. However, the com-
parison of survival rates between PD and HD are still
controversial.

One randomized controlled trial (RCT) has been
published so far to compare outcomes in PD or HD

patients [4]. The 3-year mortality rate was comparable
between the two groups. However, the fact that only
38 patients finally recruited in the trial probably gave it
insufficient statistic power to identify the survival differ-
ence for PD versus HD. The recruitment problem
implied the difficulties in conducting such RCT in the
future, as most patients prefer to make their own deci-
sion instead of being randomized to a modality.
Increased risk of cardiovascular events was observed
in patients who had both ESRD and diabetes [5].
Numbers of studies indicated that ESRD patients with
diabetes suffer higher death risk than ESRD patients
without diabetes [6-8]. Vascular access may difficult to
achieve because of diabetes-related atherosclerotic cal-
cification in HD while continuous exposure to high glu-
cose load might contribute to cardiac compromise and
glucose imbalance in PD. It is vital to address which
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modality is better regarding the impact on mortality of
ESRD patients especially in patients with diabetes and
to synthesize existing knowledge to inform clinical
practice and health policy. In the absence of extensive
RCT data to compare survival outcomes associated with
HD versus PD, observational studies of preexisting
cohorts have had to suffice. Therefore, in the present
work, we performed a comprehensive meta-analysis to
compare the mortality of PD and HD in ESRD patients
with diabetes.

Materials and methods
Data source and search strategy

Medline, Embase databases were searched for relevant
articles through search strategies provided by a univer-
sity librarian with retrieval deadline of April 2019.
Keywords and corresponding medical subject headings
were terms describing ‘mortality’ or ‘survival’ or ‘death’,
‘diabetes’, ‘dialysis modality’, ‘hemodialysis’, and
‘peritoneal dialysis’. The reference lists of all eligible
articles and recent reviews on the subject were scanned
to identify further potential studies. No language
restriction was applied in the search. The object was
carried out according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines and the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) [9,10]. The protocol for this
meta-analysis was registered with PROSPERO (Website:
https://www.crd.york.ac.uk/PROSPERO; Registration
number: CRD42018085852).

Study selection and data extraction

We included cohort studies comparing the risk of death
among ESRD patients with diabetes who underwent
peritoneal dialysis or hemodialysis. The outcome we
focused was mortality. Diabetes mellitus was consid-
ered either as being the cause of ESRD or a comorbid-
ity. The outcome of interest was all-cause mortality
after the initiation of dialysis therapy.

Studies were excluded if they: (1) reported no hazard
ratio (HR) on mortality; (2) were supplement, abstract,
comments, editorials or letters; (3) reported estimates
on mortality with the same or overlapping data; (4)
included only home HD patients in the HD group; (5)
included only automated peritoneal dialysis (APD)
patients or patients using icodextrin in the PD group.

The suitable studies with the largest number of cases
or latest publication were selected to avoid duplication.
No follow-up duration restrictions were applied. Two
authors independently selected all relevant studies

based on inclusion and exclusion criteria (W.H. Chen
and J. Xue). The articles with discrepancies were
resolved by consensus or reviewed by a third author
(Q.L. Zhou). Afterward, the following data was extracted
independently using standardized data extraction
forms: the first author’s name, year of publication, coun-
try, the source of data or name of cohort, number of
patients in both PD and HD groups, follow up duration,
stratifying factors, survival estimates (hazard ratio).
Discrepancies were solved by discussion.

Quality assessment

The Newcastle-Ottawa scale was used for quality
appraisal of included studies by two authors (W.H. Chen
and J. Xue) independently [11]. The scale had three
main domains with quality score: the selection of the
study groups (0-4 points), the comparability of the
groups (0-2 points), and the ascertainment of outcome
(0-3 points). A ‘high’ or ‘unclear’ risk of bias was scored
‘0" while a ‘low’ risk of bias was scored ‘1. A score
above five points (including 5) was deemed as
high quality.

Statistical analysis

Meta-analyses were conducted using STATA (STATA
version 13.0, StataCorp LP, College Station, TX, USA). All
survival or mortality estimates for stratifications in indi-
vidual studies were collected. A random-effects model
was applied considering the confounding in observa-
tional studies. Overall HRs and 95% confidence intervals
for mortality rates were calculated. For studies that only
provided relevant data of subgroups (i.e., separate esti-
mates for women and men), we combined within-study
survival estimates using random-effects method for fur-
ther meta-analysis. Between-study heterogeneity across
studies was estimated by the / statistic [12]. The esti-
mates corresponding to the longest follow up duration
were selected for meta-analysis of comparison between
HD and PD dialysis. We conducted meta-regression
analyses and subgroup analyses to explore the hetero-
geneity. We performed sensitivity analyses by omitting
one single study from the overall pooled analysis each
time to evaluate the stability of the results. Publication
bias was assessed by Egger’s test [13].

Results

The flow chart of the literature search and study selec-
tion was presented in Figure 1. A total of 3219 potential
relevant studies without duplication were searched
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[32 19 of records screened ]HBO?S of records excluded

144 of full-text articles
assessed for eligibility

(127 of full-text articles excluded,
with reasons:

Reported RR or adopted as-treated
analysis only (n=7)

Reduplicative cohort study (n=4)
Randomised clinical trial (n=1)

17 of studies included in quantitative
synthesis (meta-analysis)

Figure 1. Study flow diagram.

from both Medline and Embase databases. After title
and abstract evaluation, 3075 irrelevant studies were
excluded. The left 144 publications underwent further
review while 127 of them were removed. Among the
studies being removed, seven studies reported RR only
[14-20], four were reduplicative cohort study [21-24],
one was randomized clinical trial [4], the remain were
excluded for other causes, such as no comparison
groups, no relevant outcomes or no results of interest
reported. Finally, a total of 17 studies were included in
our analyses [25-41].

Characteristics of included studies

The characteristics of the studies and basic information
of the subjects were listed in Table 1. Among them,
four studies were from North America [33,35,37,41], six
from Europe [26,27,31,32,36,39], six from Asia
[25,28-30,38,40], and one from Oceania [34]. The stud-
ies were published between 2007 and 2019 and
included a total of 504 304 dialysis patients among
whom 62 462 patients were treated with peritoneal dia-
lysis, 441 842 patients underwent hemodialysis. The
number of patients enrolled in studies ranged from 230
to 340 280. The follow up duration was 15 months to as
long as ten years.

Other causes (n=115)

Study quality

The assessment of risk of bias in the included studies is
summarized in Supporting Information table. The over-
all quality of included studies was high with quality
score from 6 to 9. However, the included studies may
have high risk of allocation bias or selection bias due to
their observational design.

Mortality comparison between HD and PD in
diabetic ESRD patients

A total of 17 studies were included in the analysis.
Figure 2 was the forest plot showed the combined
results. The overall HR was 1.20 with 95% CI (1.10 to
1.30), which indicated hemodialysis had lower mortality
risk than peritoneal dialysis in ESRD patients with dia-
betes. However, the heterogeneity between studies was
high with the estimate for /* equals to 89.1%.

A total of 14 studies using an intention-to-treat
framework  were included in the analysis
[25-32,35,36,38-41]. The comparison showed the over-
all HR was 1.23 with 95% Cl (1.13 to 1.34). The hetero-
geneity between studies was significant with the
estimate for /* equals to 90.1% (Figure 3).

A total of five studies using an as-treated framework
were included in the analysis [33,34,37,39,41]. Figure 4
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Table 1. Characteristics of included studies.

Enroliment Follow-up
Publication PD HD period duration
Author year Location Database patients patients (year) (year)
Chang 2013 Korea Gachon University Gil Hospital 118 112 2000-2009 10
Couchoud 2007 France The French Renal Epidemiology NR NR 2002-2005 2
and Information Network
(REIN) registry
Heaf 2014 Danmark The Danish Nephrology 916 1822 1990-2010 6
Registry (DNR)
Huang 2008 China, Taiwan Taiwan Renal Registry 761 16388 1995-2002 10
Kim 2017 Korea The Korean Health Insurance 3996 12190 2005-2008 2
Review and Asessment
Service (HIRA) database
Lee 2009 China, Taiwan Chang Gung Memorial 79 437 1991-2005 15
Hospital, Keelung, Taiwan
Liem 2007 Netherlands The Dutch End-Stage Renal 928 1615 1987-2002 13
Disease Registry (RENINE)
Luijtgaarden 2016 Europe The European Renal 6769 24594 1993-2007 5
Association—European
Dialysis and Transplant
Association (ERA-EDTA)
Lukowsky 2013 USA The United States Renal Data 747 13863 2001-2006 1.7
System (USRDS), the
DaVita database
Marshall 2014 New Zealand The Australian and New 404 246 1997-2011 3
Zealand Dialysis and
Transplant Registry
(ANZDATA) Registry
Mehrotra 2011 USA The United States Renal Data 30270 310010 1996-2004 5
System (USRDS)
Mircescu 2014 Romania The Romanian Renal Registry 194 1246 2008-2011 3
Nesrallah 2016 USA The United States Renal Data 768 768 2004-2011 1.9
System (USRDS)
Sung Woo Lee 2019 Korea The National Health Insurance 10370 44809 2004-2015 5
Service database (NHIS)
Waldum-Grevbo 2015 Norway The Norwegian Renal Registry 200 209 2005-2012 5
Wang 2016 China, Taiwan The National Health Insurance 327 328 2000-2010 2.6-2.8
Research Database (NHIRD)
of Taiwan
Yeates 2012 Canada The Canadian Organ 5615 13205 1991-2007 5

Replacement
Register (CORR)

NR: Non-reported.

demonstrated the combined results was 0.95 with 95%
Cl (0.71 to 1.25). The estimate for I equals to 75.4%.

Meta-regression and subgroup analyses

The high heterogeneity was presented in our meta-ana-
lysis. Meta-regression analyses were performed.
Comparing with patients from non-Asian countries, PD
patients from Asian countries were associated with
increased mortality risk (coefficient=0.270, SE=0.112,
p=.033). No significant association was observed in
publication year (p=.245), duration of follow up
period (p =.125).

We did the subgroup analyses by regions to explore
the potential sources of heterogeneity. The pooled HR
of PD compared with HD was 1.46 (95% Cl 1.23 to 1.75)
in Asian countries while the HR was 1.11 (95% Cl 1.01
to 1.21) in non-Asian countries. The heterogeneity was
still significant in both two subgroups (Figure 5). The

subgroup analyses by publication year and duration of
follow up were seen in Supporting Information.

Sensitivity analysis and publication bias

Sensitivity analysis showed the meta-analysis was low
sensitivity and the overall results were stable and reli-
able (Figure 6). Egger test showed no publication bias
(p=.722) (Figure 7).

Discussion

The present systematic review and meta-analyses of 17
cohort studies found that HD dialysis might be superior
to PD dialysis in diabetic ESRD patients. PD patients
from Asian countries were probably associated with
higher mortality risk comparing to PD patients from
non-Asian countries.
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Study %
ID HR (95% CI) Weight
Couchoud (2007) ——:-4— 1.30 (0.90,1.70)  4.18
Liem (2007) —— 1.24 (1.10, 1.39) 8.13
Huang (2008) E —— 1.89 (1.65, 2.17) 7.71
Lee (2009) . 1.39 (0.78, 2.50) 1.80
Mehrotra (2011) - 1.23 (1.18, 1.28) 9.35
Yeates (2012) - 1.15 (1.09, 1.22) 9.18
Chang (2013) E _— 2.86 (1.73, 4.74) 2.26
Lukowsky (2013) > ! 0.34 (0.18, 0.63) 1.60
Heaf (2014) -~ E 0.90(0.80,1.03)  7.94
Mircescu (2014) —_———— 1.31 (0.76, 2.26) 2.00
Marshall (2014) »> : 0.77 (0.33, 1.81) 0.94
Waldum-Grevbo (2015) —— 0.90 (0.65, 1.25) 4.05
Luijlgaarden (2016) - E 1.02 (0.98, 1.07) 9.32
Wang (2016) —— 1.22 (1.05, 1.43) 7.33
Nesrallah (2016) '-'-— 1.16 (0.99, 1.39) 6.99
Kim (2017) - 1.27 (1.19, 1.35) 9.09
Sung Woo Lee (2019) — 1.24 (1.10, 1.39) 8.13
Overall (l-squared = 89.1%, p = 0.000) <> 1.20 (1.10, 1.30) 100.00
i

NOTE: Weights are from random effects analysis E

.1]8 1 5.]56

Figure 2. Comparative mortality of diabetic ESRD patients treated with HD and PD.

NECOSAD study, which is the only RCT to date, failed
to demonstrate a difference in mortality between PD
and HD [4]. Difficulties in recruiting patients impede
researchers to conduct a RCT with enough statistical
power. Considering this, observational studies need to
suffice. A previous meta-analysis by Han et al compared
PD with HD in elderly ESRD patients [42]. The survival
benefit from HD was significant in subgroup with dia-
betes. The pooled estimates comparing PD and HD for
mortality was 1.26 (95% Cl, 1.13-1.40) in elderly diabetic
patients. The result was similar with ours. Furthermore,
our studies indicate that HD showed lower mortality
rate in ESRD patients with diabetes regardless of age. A
review by Couchoud systematically discussed the avail-
able evidence concerning the modality comparison in
diabetic patients with ESRD. The author argued it is not
convincing to support a particular dialysis modality as
first choice treatment in dialysis patients with diabetes
[2]. Even though heterogeneity exists between studies,
the results of meta-analyses could still provide us

evidence to choose between HD and PD in dia-
betic patients.

In the subgroup analyses, we found diabetic PD
patients from Asian countries had increased mortality
risk comparing patients from non-Asian countries,
which were mostly western countries. Studies showed
no significant difference in survival between Asian and
Caucasian PD patients [43,44]. A study by Cheng et al.
compared mortality rate among HD patients in China
and the US. The authors found Chinese HD patients
had a survival benefit compared with patients in the US
[45]. We assumed the higher HR of PD compared with
HD in Asia could be the explained by the better survival
benefit of HD in Asian. However due to the lack of
related data in our analyses, we cannot explore this
subject further.

When the data was pooled by analysis type
(intention-to-treat’ or ‘as-treated’ analysis), we
observed that HD shows a significant survival benefit
over PD using intention-to-treat analysis while no



526 J. XUE ET AL.

Study %
D HR (95% CI) Weight
i
Couchoud (2007) —+ 1.30 (0.90, 1.70) 4.49
Liem (2007) —tm 1.24(1.10, 1.39) 9.02
Huang (2008) E —— 1.89 (1.65, 2.17) 8.52
Lee (2009) : - 1.39 (0.78, 2.50) 1.90
Mehrotra (2011) 4- 1.23(1.18, 1.28) 10.47
Yeates (2012) ‘-E 1.15(1.09, 1.22) 1026
Chang (2013) : —_———————— 286(1.73,4.74) 239
Heaf (2014) ——t E 0.90 (0.80, 1.03) 8.79
Mircescu (2014) . 1.31(0.76, 2.26) 212
Waldum-Grevbo (2015) —0——E 0.90 (0.65, 1.25) 435
Luijigaarden (2016) - E 1.02 (0.98, 1.07) 10.43
Wang (2016) —4_~— 1.22(1.05, 1.43) 8.07
Kim (2017) -_0- 1.27 (1.19, 1.35) 10.16
Sung Woo Lee (2019) —0— 1.24 (1.10, 1.39) 9.02
Overall (I-squared = 80.1%, p = 0.000) Q 1.23(1.13, 1.34) 100.00
!
NOTE: Weights are from random effects analysis E
.2|n 1 4,1?4

Figure 3. Comparative mortality of diabetic ESRD patients treated with HD and PD by intention-to-treat principle.

Study

Yeates (2012)

Lukowsky (2013) -

Marshall (2014)

Waldum-Grevbo (2015)

Nesrallah (2016)

Overall (l-squared = 75.4%, p = 0.003)

NOTE: Weights are from random effects analysis

HR (95% CI)

1.22 (1.03, 1.44)

0.34 (0.18, 0.63)

0.77 (0.33, 1.81)

0.99 (0.69, 1.42)

1.16 (0.99, 1.39)

0.95 (0.71, 1.25)

Weight

29.19

12.40

B8.14

21.16

100.00

I
18

Figure 4. Comparative mortality of diabetic ESRD patients treated with HD and PD by as-treated principle.

I
5.56
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Study %
ID HR (95% Cl) Weight
Asian countries :
Chang E —&— 286(1.73,4.74) 239
Huang ] = 1.89 (1.65,2.17) 8.52
Kim = 1.27 (1.19,1.35) 10.16
Lee — 1.39 (0.78,2.50) 1.90
Wang —— 1.22 (1.05,1.43) 8.07
Sung Woo Lee - 1.24(1.10,1.39) 9.02
Subtotal (I-squared = 87.1%, p = 0.000) <] 1.46 (1.23,1.75) 40.06
Non-Asian countries |
Couchoud 4- 1.30 (0.90, 1.70)  4.49
Heaf - 0.90 (0.80, 1.03) 8.79
Liem - 1.24 (1.10,1.39) 9.02
Luijtgaarden - | 1.02 (0.98,1.07) 10.43
Mehrotra - 1.23(1.18,1.28) 10.47
Mircescu - 1.31 (0.76,2.26) 2.12
Waldum-Grevbo — 0.90 (0.65,1.25) 4.35
Yeates - 1.15(1.09,1.22) 10.26
Subtotal (I-squared = 87.4%, p = 0.000) <>: 1.11 (1.01, 1.21) 59.94
Overall (I-squared =90.1%, p = 0.000) 02 1.23(1.13,1.34)  100.00
NOTE: Weights are from random effects analysis E
.2I'| 1 1 4.!:'4
Figure 5. The summary estimates of subgroups by regions.
Meta-analysis estimates, given named study is omitted
| Lower C! Limit O Estimate | Upper C1 Limit
Chang (2013) | | e |
Couchoud (2007) }
Heaf (2014) | o |
Huang (2008) o !
Kim (2017) | |
Lee (2009) |
Liem (2007) B |
Luijtgaarden (2016) I © 1
Mehrotra (2011) b o |
Mircescu (2014) g
Waldum-Grevbo (2015) I O |
Wang (2016) l P |
Yeates (2012) | o |
Sung Woo Lee (2019) | P |
1.09 113 123 1.34 1!33

Figure 6. The sensitivity analysis.
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regression line

Figure 7. Publication bias using Egger test.

difference in mortality was observed between the two
groups by as-treated analysis. The reason for that
maybe modality changes from PD to HD. A ‘PD first’
approach has been suggested for ESRD patients in
many areas. Numbers of patients who initially went
through PD turned to HD for various causes such as
infections. These patients experienced increased mor-
tality rate. Modality turnover and related increased
death risk would lower the statistical power using as-
treated analysis to detect the difference between the
two groups. Death that ought to be in the PD group
was assign to the HD group in as-treated analysis.
Observing such phenomenon, we prefer the intention-
to-treat analysis principle over as-treated analysis.
Those who need to start renal replacement therapy
opt to consider the advantages, drawbacks and contra-
dictions for each modality. PD needs no vascular access
and provides continuous slow ultrafiltration. Some
reports have suggested that residual renal function and
urine output is better preserved among patients treated
with PD as compared to HD [46,47], but it is still on
debate. From economical view, PD costs approximately
30-40% less than HD and eases the burden on health
care system [48]. As a result, ‘PD-First’ or ‘PD-Favored’
strategy was implemented for the ESRD patients in
many areas [49-51]. However, PD might be associated
with higher prevalence of infection, inadequate dialysis,
inadequate volume control and catheter problems. All
of the PD patients received mainly traditional glucose-
based solutions, high in glucose degradation products
(GDPs). GDPs were thought to induce apoptosis of

peritoneal mesothelial cells [52]. Poor glycemic control
is thought to associate with poor outcomes in dialysis
patients [53,54]. Factors like inflammation, solution bio-
incompatibility, acidosis, or hyperglycemia were also
affected by PD outcomes [55,56]. The diabetic popula-
tion was reported to have higher risk of peritonitis,
ultrafiltration failure, insulin resistance, worse glycemic
control, and lower survival rate compared to non-
diabetic patient on PD [57,58]. Above all, these mecha-
nisms might explain our results, which suggested the
higher mortality risk in diabetic PD patients compared
with those in HD.

Limitations

To the best of our knowledge, this is the first meta-
analysis to assess the effect of dialysis modality on mor-
tality in the diabetic ESRD patients. However, our study
has some limitations. First, the included studies were
observational design instead of randomized clinical tri-
als. Patients were non-randomly assigned to either peri-
toneal dialysis or hemodialysis. Substantial confounders
from selection and attrition bias may have impact on
the outcomes. Even though most studies attempt to
minimize the adverse effects through adjustment,
unknown confounders or unmeasured confounders
may still undermine the robustness of the outcomes.
Second, the between study heterogeneity include
patients’ profile, study year, statistical approach, follow
up duration, and specific dialysis modality. There was
great advance in PD therapy for diabetic patients after



the availability of icodextrins, APD and biocompatible
fluids [59,60]. Intensive hemodialysis or home hemodi-
alysis had also been proposed with potential survival
advantage over conventional hemodialysis [61].
However, most included studies compared all PD
patients with HD patients irrespective of specific dialysis
techniques. As a consequence, no subgroup analysis of
specific dialysis techniques was performed. The majority
of dialysis patients still using dextrose dialysate or
underwent conventional hemodialysis, especially in
developing countries. It is reasonable to believe that
the conclusion we derived from the meta-analysis were
mainly the comparisons between PD using dextrose
dialysate with conventional hemodialysis. Third, medical
and social context changed in the last decade. With the
emergence of new dialysates, such as icodextrins or sol-
utions using amino acid as osmotic agent, ultrafiltration
capacity improved, the cardiovascular risk may be
decreased in PD patients. Due to better patients’ educa-
tion, related technology improved, new type of dialysis
modality introduced (such as short daily hemodialysis),
the mortality rate of either PD or HD may have changed
over time. Considering factors above existed, it is
explainable that some studies shows better survival
benefit of HD while some studies may show oppos-
ite outcome.

In conclusion, HD might have a survival benefit in
diabetic ESRD patients compared with PD. Without a
large scale and well-organized randomized controlled
trial exit, this meta-analysis provided comprehensive
evidence for the patients or health care provider to
choose between peritoneal dialysis and hemodialysis
considering mortality. Further studies should focus on
conducting prospective cohorts minimizing bias to the
best extent possible.
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