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ABSTRACT
Objectives To analyse the relationship between serum 
uric acid (SUA), all- cause and cardiovascular (CV) mortality 
in peritoneal dialysis (PD) patients to inform clinical 
practice and future research.
Design A systematic review of observational studies.
Data sources PubMed, Embase, Web of Science, the 
Cochrane Library, China National Knowledge Infrastructure 
(CNKI), SinoMed, Chinese Science and Technology Journal 
Database (VIP) and Wan Fang databases were searched 
from their inception to January 2021 for cohort and case–
control studies reporting SUA and mortality in patients with 
PD.
Methods The Newcastle- Ottawa Quality Assessment 
Scale was used to appraise quality of cohort and 
case–control studies. Effect estimates were presented 
as HRs with 95% CIs in a meta- analysis using STATA 
V.16.0. Data not suitable for pooling were synthesised 
qualitatively.
Results Fourteen cohort studies with 24 022 patients 
were included. No case–control studies were identified. 
For prospective cohort studies, pooled results for the 
highest SUA category were significantly greater than the 
lowest for all- cause (one study; 1278participants; HR 1.79; 
95% CI 1.17 to 2.75) and CV mortality (one study; 1278 
participants; HR 2.63; 1.62–4.27). An increase of 1 mg/
dL in SUA level was associated with a 16% increased risk 
of all- cause mortality (one study; 1278 participants; HR 
1.16; 1.03–1.32) and 34% increased CV mortality risk 
(one study; 1278 participants; HR 1.34; 1.16–1.55). For 
retrospective cohort studies, the highest SUA category did 
not demonstrate an elevated all- cause (five studies; 4570 
participants; HR 1.09; 0.70–1.70) or CV mortality (three 
studies; 3748 participants; HR 1.00; 0.44–2.31) compared 
with the lowest SUA category. Additionally, there was no 
increase in all- cause (eight studies; 11 541 participants; 
HR 0.94; 0.88–1.02) or CV mortality (three studies; 7427 
participants; HR 0.90; 0.76–1.06) for every 1 mg/dL 
increase in SUA level.
Conclusions Results of prospective and retrospective 
cohort studies were inconsistent. Consequently, 
prospective, multicentre, long- term follow- up studies are 

required to confirm the relationship between SUA and 
mortality in patients with PD.

INTRODUCTION
End- stage renal disease (ESRD) is one of the 
major diseases affecting human health and 
causes enormous pressure and burden on 
medical care and society. One of the effec-
tive treatments for ESRD is peritoneal dial-
ysis (PD), which is characterised by enabling 
stable haemodynamics, protecting residual 
renal function (RRF) and demonstrates good 
removal of middle molecular toxins and is 
associated with a low risk of infection and can 
be delivered at home.1 Currently, PD is widely 
used globally. The total number of people 
receiving PD worldwide in 2013 reached 
approximately 220 000.2 Of concern is that 
patients with ESRD treated with dialysis still 
have high mortality.3 The identification of 
potential risk factors has great significance if 
patients’ prognosis and quality of life are to 
be improved.

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is the first systematic review of observational 
studies, which has explored the relationship be-
tween serum uric acid level and mortality in patients 
with peritoneal dialysis.

 ⇒ We used critical appraisal of included studies and 
subgroup analysis to present the results and pro-
posed future research directions based on the 
results.

 ⇒ Of the included studies, 11 were conducted in China, 
2 in other Asian countries and 1 in Europe, this limits 
the generalisability of our results.

 ⇒ Dose–response relationship could not be deter-
mined from these data.
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Uric acid (UA) is the final product of purine nucleotide 
metabolism in humans. Previous studies have demon-
strated that elevated serum UA (SUA) is closely related 
to the increased risk of hypertension, peripheral arterial 
disease, cardiovascular (CV) event and chronic kidney 
disease (CKD) in the general population.4–7 Higher SUA 
levels also appear to be an independent risk factor for 
all- cause and CV mortality in CKD subjects.8 9 However, 
there have been conflicting results about the relation-
ship between SUA level and risk of death among dialysis 
patients. In the haemodialysis population, hypouricemia 
significantly increased mortality.10–12 Nevertheless, the 
role of SUA in all- cause and CV mortality in patients with 
PD has been controversial. An elevated SUA level has 
been shown to be an independent risk factor for all- cause 
and CV mortality in men treated with PD.13 Another study 
showed that the prognostic value of SUA in all- cause and 
CV mortality was weak in patients with PD.14 Hyperuri-
cemia has also been found to predict lower risk of all- cause 
mortality in patients with PD with lower relative appendic-
ular skeletal muscle.15 In short, the effect of SUA on the 
prognosis of PD patients appears to be inconsistent.

Currently, systematic reviews on the relationship 
between SUA, all- cause and CV mortality in the PD popu-
lation are lacking. We hypothesised that there may be 
an independent correlation between elevated SUA level 
and mortality in participants with PD. Thus, we systemati-
cally analysed available studies to determine whether this 
hypothesis could be confirmed.

METHODS
The methods in this review were specified in advance. 
The review was reported according to the ‘Meta- analysis 
of Observational Studies in Epidemiology guidelines’.16

Eligibility criteria
Types of studies
Cohort and case–control studies were identified.

Participants
Participants had to receive PD for more than 3 months. 
There was no restriction on the type of PD, including 
continuous ambulatory PD, intermittent PD, automated 
PD, continuous cyclic PD and tidal PD.

Exposure factor
Hyperuricemia in PD population was the exposure factor 
in this study. Either categorisation according to baseline 
SUA level or time- average SUA concentration was accept-
able. Definition of hyperuricemia and the categorisation 
for the SUA level were based on the definition reported 
in each included article.

Outcome
The primary outcome was all- cause mortality and death 
was determined by the hospital medical record or death 
certificate.

The secondary outcome was CV mortality, defined as 
a ‘CV events’: coronary events (myocardial infarction, 
unstable angina), cardio myopathy, cardiac arrest, cardiac 
dysrhythmia, congestive heart failure, ischaemic brain 
injury, cerebrovascular accident and peripheral vascular 
disease. The cause of death was determined through 
medical history, hospital medical records or death 
certificates.

Exclusion criteria
(1) Unable to obtain the following information from the 
original article. HR and its corresponding 95% CIs (or 
other data required in order perform the calculation) 
for all- cause or CV mortality for 1 mg/dL change in SUA 
level, or for the highest versus lowest SUA category or the 
lowest versus highest category; (2) cohort studies with a 
total sample size of less than 100 participants; (3) studies 
originating from the same cohort sample, or part of a 
cohort sample that had been previously published. Only 
the literature that reported the largest sample size and 
the longest follow- up could be included.

Search strategy
Two authors (XX and HC) searched the following Chinese 
and English databases from their inception to 15 January 
2021. Chinese databases included China National Knowl-
edge Infrastructure (CNKI), SinoMed, Chinese Science 
and Technology Journal Database (VIP) and Wan Fang 
Database. English databases included PubMed, EMBASE, 
the Cochrane Library and Web of Science. Trial registers 
including Clinical Trials. gov and the WHO International 
Clinical Trials Registry Platform were also searched. Addi-
tionally, related reviews, conference papers, reference 
lists and grey literatures were also searched manually. 
No language or publication type was imposed, published 
abstracts were also considered. If the retrieved litera-
ture had missing information, it was necessary to contact 
the author via email to obtain the data to ensure that 
literature could be included. Taking ‘PubMed’ as an 
example, the searching strategy was as follows: (“Uric 
Acid”[Mesh] OR “Uric Acid” [Title/Abstract] OR “serum 
uric acid”[Title/Abstract]) AND (“Mortality”[Mesh] OR 
“Mortality”[Title/Abstract]) AND (“Peritoneal Dialy-
sis”[Mesh] OR “Peritoneal Dialysis”[Title/Abstract] OR 
“PD”[Title/Abstract] OR “continuous ambulatory PD” 
[Title/Abstract] OR “CAPD”[Title/Abstract] OR “inter-
mittent PD”[Title/Abstract] OR “IPD”[Title/Abstract] 
OR “automated PD”[Title/Abstract] OR “APD”[Title/
Abstract] OR “continuous cyclic PD”[Title/Abstract] OR 
“CCPD”[Title/Abstract] OR “tidal PD”[Title/Abstract] 
OR “TPD”[Title/Abstract]). The searching strategies for 
other databases are presented in online supplemental 
eTable 1.

Studies selection and data extraction
The titles and the abstracts were initially screened, then 
the full- text versions were checked according to the inclu-
sion and exclusion criteria. Two authors (XX and QL) 
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examined the full text to identify the eligible studies 
independently. Two authors (XX and HC) extracted 
data independently and entered information into a 
data extraction sheet. Disagreements on study selection 
and data extraction were resolved by consulting corre-
sponding author J- PL. The following information was 
extracted from each included study: first author, publi-
cation year, age, gender, study design, dialysis duration, 
sample size, study location, centre, length of follow- up, 
categories according to SUA, comparison, adjustments 
and adjusted HR (95% CI).

Methodological quality assessment
The Newcastle- Ottawa Quality Assessment Scale (NOS) 
was used to appraise the quality of observational studies.17 
NOS allocates a maximum of 9 points for quality of selec-
tion, comparability and outcome of study population. 
Two authors (XX and X- YJ) appraised the quality of 
included studies independently. Any disagreements were 
resolved by discussion with corresponding author J- PL. 
Overall study quality scores were defined as poor (0–3), 
fair (4–6) or good (7–9).

Statistical analysis
SUA was analysed not only as a categorical variable but 
also as a continuous variable in the included studies. The 
statistical analysis for the overall relationship between 
SUA level and death risk (all- cause and CV mortality) was 
based on the random effects model and on comparisons 
of the highest versus the lowest category of SUA level, 
or by increase of 1 mg/dL. HR and 95% CI were used as 
effect indicators. HR and corresponding 95% CI of each 
study were transformed to their natural logarithm (lnHR, 
lnlCI and lnUCI), and overall HR and its 95% CI were 
calculated by exponentiation of the pooled lnHR, lnlCI 
and lnUCI.

If data on cases, person- years and HR and 95% CI for 
each category were available in the included studies, then 
a dose–response analysis would be performed to further 
explore the relationship between SUA and mortality. 
The potential non- linearity association was examined by 
modelling SUA levels using restricted cubic splines with 
three knots at 25, 50 and 75% of the distribution. We 
assigned the median or middle point of the upper and 
lower boundaries in each category as the corresponding 
dose to the related HR for each study. In general, if 
there is a dose–response relationship between SUA and 
mortality, and p value for non- linear <0.05, non- linear 
regression model should be considered. When the p value 
was close to the critical value of 0.05, both linear and non- 
linear models needed to be fitted.

The I2 was applied to test the statistical heteroge-
neity among studies (Higgins et al)18 When I2＞85%, we 
believed that the results could not be pooled. Data not 
suitable for statistical pooling were synthesised quali-
tatively. To explore the source of heterogeneity among 
studies, subgroup analyses were conducted according 
to study design, study location, publication years, 

adjustment for sex, adjustment for DM and adjustment 
for albumin. Additionally, the meta- regression analysis 
was also performed to detect potential heterogeneity 
based on the above variables when about 10 studies were 
included. Sensitivity analysis was performed removing 
one study at a time to explore the robustness of results 
if data were available. The possibility of publication bias 
was detected by funnel plots and Egger’s test if there 
were about 10 studies. STATA V.16.0 software (StataCorp, 
College Station, Texas) was used for data analysis.

Patient and public involvement statement
Patients or the public WERE NOT involved in the design, 
or conduct, or reporting or dissemination plans of our 
study.

RESULTS
Search results
Two hundred and forty- two relevant citations were 
retrieved. After scanning the full texts, five articles were 
excluded. Cohort samples from the same study were 
excluded,13 15 19 and only the studies with the largest sample 
size and the longest follow- up time were included.20 21 In 
addition, a published abstract was excluded, because the 
total sample size of the entire cohort was only 60 partic-
ipants.22 Another study was excluded due to its pooled 
effect estimation, which was reported as an OR with 
95% CI.23 Finally, 14 studies were eligible for this review. 
Details of the search and selection process are illustrated 
in figure 1.

Characteristic of included trials
A total of 14 studies consisting of 24 022 participants were 
included.14 20 21 24–34 All were cohort studies, including 
prospective and retrospective studies. The main charac-
teristics of included studies are given in tables 1 and 2.

Figure 1 Flow diagram of study search and selection. 
CNKI, China National Knowledge Infrastructure. VIP, Chinese 
Science and Technology Journal Database.
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Methodological quality of included studies
The overall quality of included studies was good with a 
mean NOS score of 7.57 (range 7–9). All studies scored 
greater than or equal to 7 (online supplemental eTable 
2). In terms of ‘comparability’, the most important 
confounding factors that required adjustment were esti-
mated glomerular filtration rate or serum creatinine or 
urinary volume or RRF. The above indicators can reflect 
the patient’s current residual renal function status. In 
addition, according to the literature and clinical obser-
vations, other confounding factors needing adjustment 
should include gender, age, diabetes history, CV disease 
(CVD) history, Kt/v (urea clearance index, representing 
dialysis adequacy), use of UA- lowering drugs and serum 
albumin (representing nutritional status).

Primary outcome
Relationship between SUA by categories and all-cause mortality
In order to reduce the heterogeneity of methodology, we 
discussed the results according to different study designs. 
For prospective cohort studies, the summary of HR and 
95% CI of all- cause mortality for the highest SUA category 
compared with the lowest category came from one study, 
which included 1278 patients.20 As presented in figure 2, 
the pooled result of the highest SUA category was signifi-
cantly higher than the lowest for all- cause mortality (HR 
1.79; 95% CI 1.17 to 2.75).

In retrospective cohort studies, five studies with 4570 
patients reported HR and 95% CI of all- cause mortality for 
the highest versus the lowest SUA category.14 27 28 32 33 All- 
cause mortality (HR 1.09; 95% CI 0.70 to 1.70; figure 2) 
was not significantly elevated compared with the lowest 
category of patients with PD.

HR and corresponding 95% CI were reported in three 
retrospective cohort studies for the lowest versus the 
highest SUA category.25 26 30 Among them, the data from 
one article26 were supplemented by the corresponding 
author via e- mail. The pooled HR was 1.52 (95% CI 0.79 
to 2.89), with heterogeneity of I2=32.8%.

Relationship between SUA per 1 mg/dL increase and all-cause 
mortality
Only one prospective study with 1278 patients with PD 
reported HR and 95% CI of all- cause mortality for every 
1 mg/dL increase in SUA level.20 The pooled result 
showed that for every 1 mg/dL increase in SUA level, risk 
of all- cause death was increased by 16% (HR 1.16; 95% CI 
1.03 to 1.32; figure 3).

For the retrospective cohort studies, eight studies 
with 11541 patients with PD reported HR and 95% CI 
of all- cause mortality for every 1 mg/dL increase in SUA 
level.14 21 26–29 32 34 When the units of SUA concentration 
in the literature were different, 60 µmol/L was approxi-
mately equal to 1 mg/dL. In short, each 1 mg/dL increase 
in SUA level did not appear to significantly increase the 
risk of all- cause mortality in the PD population (HR 0.94; 
95% CI 0.88 to 1.02; figure 3).S
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Dose–response relationship between SUA and all-cause mortality
Most of the included studies14 20 21 25 27 29 30 32–34 reported 
only the number of outcomes for the entire cohort 
population. It was not possible to obtain the number 
of all- cause and CV deaths and person- years for each 
category. We tried our best to contact authors by email 
or phone in order to acquire the necessary data for 
the non- linearity test, only one author responded and 
provided relevant data.26 A dose–response analysis was 
not possible.

Secondary outcome
Relationship between SUA by categories and CV mortality
One prospective cohort study with 1278 patients reported 
HR and 95% CI of CV mortality for the highest SUA cate-
gory compared with the lowest.20 The pooled result of HR 
comparing the highest versus the lowest category was 2.63 
(95% CI 1.62 to 4.27) (figure 4).

Three retrospective cohort studies with 3748 patients 
reported HR and 95% CI of CV mortality for the highest 
versus the lowest SUA category.14 27 28 The highest SUA 
category was no more in terms of elevated CV mortality 
(HR 1.00; 95% CI 0.44 to 2.31) compared with the lowest 
category of patients with PD (figure 4).

Relationship between SUA per 1 mg/dL increase and CV 
mortality
One prospective cohort study with 1278 patients reported 
HR and 95% CI of CV mortality per 1 mg/dL increase in 
SUA level.20 An increase in each 1 mg/dL in SUA level 
was associated with a 34% increased risk of CV mortality 
(HR 1.34; 95% CI 1.16 to 1.55) (figure 5).

Three retrospective cohort studies with 7427 patients 
reported HR and 95% CI of CV mortality per 1 mg/dL 
increase in SUA level.14 28 34 Meta- analysis showed that 
each 1 mg/dL increase in SUA level did not appear to 
significantly increase the risk of CV death in PD popula-
tion (HR 0.90; 95% CI 0.76 to 1.06) (figure 5).

Additional analysis
Subgroup analysis and meta-regression
We explored the source of heterogeneity through 
subgroup analysis and meta- regression. Subgroup anal-
ysis only included literature, which compared the highest 
versus the lowest category of SUA level or explored a 
change of 1 mg/dL increase. The pooled HR (95% CI) 
and I2 of subgroup analysis of the relationship between 
SUA and all- cause and CV mortality are presented in 
tables 3 and 4, respectively.

Figure 2 Forest plot and pooled HR for relationship between SUA by categories (the highest SUA category vs the lowest) 
and all- cause mortality in PD patients. Weights and between- subgroup heterogeneity test are from random- effects model. PD, 
Peritoneal dialysis; SUA, Serum uric acid.
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As mentioned before, whether SUA was a categor-
ical variable or a continuous variable, the results of the 
prospective cohort study differed from those of retro-
spective studies. Besides, combined with the results 
of subgroup analysis, when SUA was estimated as a 

categorical variable, the association of higher SUA level 
with increased all- cause and CV mortality was significant 
in studies from mainland China, but not in other coun-
tries. SUA as a continuous variable showed that the rela-
tionship of higher CV mortality for 1 mg/dL increase in 

Figure 3 Forest plot and pooled HR for relationship between SUA per 1 mg/dL increase and all- cause mortality in PD patients. 
Weights and between- subgroup heterogeneity test from ramdom- effets model. DM, diabetes mellitus; FM, famale; NDM, non- 
diabetes mellitus; PD, peritoneal dialysis; SUA, serum uric acid.

Figure 4 Forest plot and pooled HR for relationship between SUA by categories (the highest SUA category vs the lowest) and 
cardiovascular mortality in PD patients. Weights and between- subgroup hetetrogeneity test and from random- effects model. 
PD, peritoneal dialysis; SUA, serum uric acid.
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SUA level was significant in studies from mainland China, 
but not elsewhere. Furthermore, we analysed the rele-
vant studies published in the past 10 years, and results of 
studies completed during 2011–2016 were different from 
the results during 2017–2021 period.

In addition, in studies of the relationship between 
SUA (as a continuous variable) and all- cause mortality, 
study design, study location, publication years, adjusted 
for sex and DM were heterogeneous by meta- regression 
(table 3).

Test of publication bias
Funnel plots and Egger’s test (t=1.07, p=0.309) indicated 
that there was no obvious publication bias of studies for 
the relationship between all- cause mortality and SUA 
level per 1 mg/dL increase. The funnel plot is presented 
in online supplemental eFigure 1.

Sensitivity analysis
In retrospective cohort studies, results of primary outcome 
showed there was no significant effect on the pooled HR 
values of other studies with one study removed at a time. 
The above indicated that the results were robust.

DISCUSSION
Principal findings and comparison with prior reviews
For PD population, previous original studies indicated 
inconsistent relationship between SUA and mortality. 
After searching systematically, we found that there 
were some meta- analyses investigating the correlation 
between SUA and mortality in different populations,35–38 

however, we have not yet found a review only of patients 
withPD. A systematic review published in 2016 showed 
that elevated SUA level was significantly associated with 
the risk of death in patients with CKD, including dial-
ysis and non- dialysis subjects.39 Subgroup analysis in this 
review demonstrated that hyperuricaemia was an inde-
pendent predictor for mortality in PD population, while, 
this predictive value was not found in the haemodialysis 
(HD) population. As only one prospective cohort study 
and two retrospective cohort studies were included in 
the subgroup analysis, results should be interpreted with 
caution.

In our study, we included a total of 14 cohort studies, 
of which 2 were prospective studies and 12 were retro-
spective studies. There was no obvious publication bias 
of studies according to funnel plots and Egger’s test. 
Researchers can not control the process of data accumu-
lation in retrospective cohort studies, but researchers can 
directly acquire relevant data on exposure and outcome 
according to the study design in prospective studies, so 
the risk of bias is small. Thus, instead of pooling results 
of the two studies, we reported them individually. Only 
one prospective cohort study suggested that regardless of 
whether SUA was estimated as a continuous or a categor-
ical variable, elevated SUA level was significantly associ-
ated with increased risk of all- cause and CV mortality in 
patients with PD, whereas, there was no significant asso-
ciation between them in the retrospective studies. Below, 
we have attempted to discuss the inconsistency of the 
results from the aspects of participants, exposure, compa-
rability and outcomes.

Figure 5 Forest plot and pooled HR for relationship between SUA per 1 mg/dL increase and cardiovascular mortality in PD 
patients. Weights and between- subgroup heterogenelty test are from random- effects model. DM, diabetes mellitus; FM, famale; 
NDM, non- diabetes mellitus; PD, peritoneal dialysis; SUA, serum uric acid.
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First of all, the prospective cohort study clearly indicated 
that participants on PD were consecutively enrolled. It is 
well known that consecutive recruitment is very important 
to reduce selection bias. While, in some retrospective 
studies, the process of enrolment was not detailed. The 
follow- up of the participants was also a prominent issue, 
including the duration and adequacy of follow- up and the 
rate of loss to follow- up. In a prospective study, effective 
measures can be taken to reduce the loss to follow- up rate 
to avoid bias. The rate of loss to follow- up in a prospective 
study by Xia X et al was only 3.5%,20 but in some retrospec-
tive cohorts, the adequacy and lost follow- up rates were 
not reported.

Second, hyperuricaemia in the PD population was the 
exposure factor of this study. Both prospective and retro-
spective cohort studies, the definition of hyperuricaemia 
and the categorisation for the SUA level were based on 
the definition provided in each included article. It should 
be noted that in retrospective multicentre studies, the 
measurement methods of SUA may not be uniform across 
centres. This may lead to measurement bias and have a 
slight impact on results.

Third, control of the most important and other 
confounding factors is very important for the compa-
rability between the groups. The most important 
confounding factors included indicators that can reflect 

the patient’s current residual renal function status. Other 
confounding factors need to be adjusted and should 
include gender, age, diabetes history, CVD history, Kt/V, 
use of UA- lowering drugs and serum albumin. Most of 
the studies did not adjust for all potential risk factors. 
For example, the prospective study of Xia X et al lacked 
adjustment for the confounding factor Kt/V.20 Therefore, 
we can not exclude the potential impact of these uncon-
trolled confounding factors.

Regarding the outcomes, the definition of all- cause and 
CV death was clear. However, the handling of patients 
transferring to haemodialysis therapy, loss to follow- up 
and renal transplantation was different for prospective 
and retrospective studies. The above information from 
patients was used as censoring data for survival analysis 
in the prospective study,20 whereas, in some retrospective 
studies, they were directly excluded from the study.32 This 
may affect the results and lead to inconsistencies between 
the prospective and retrospective studies. Although the 
risk of bias in the design type of prospective study was 
relatively small, the interpretation of the results should 
still be cautious due to the limited quality and quantity of 
prospective study.

SUA, known for its detrimental effect, is an endothe-
lial toxin and plays a role in endothelial dysfunction.40 
However, as a powerful free radical scavenger in human 

Table 3 Subgroup analyses of the relationship between serum uric acid and all- cause mortality

Serum uric acid (categorical variable) Serum uric acid (continuous variable)

Number of 
study

Sample 
size HR (95% CI)

Heterogeneity 
(I2)

Number of 
study

Sample 
size HR (95% CI)

Heterogeneity 
(I2)

Meta- 
regression 
(P value)

Study design   P＝0.007

  Prospective cohort 
study

1 1278 1.79 (1.17 to 2.75) 35.8% 1 1278 1.16 (1.03 to 1.32) 25.5%   

  Retrospective cohort 
study

5 4570 1.09 (0.70 to 1.70) 83.1% 8 11 541 0.94 (0.88 to 1.02) 83.7%   

Study location   

  China—mainland 4 4674 1.57 (1.26 to 1.96) 21.1% 7 7585 1.04 (0.97 to 1.11) 73.0%   P＜0.001

  China—Taiwan 1 492 0.40 (0.24 to 0.68) – 1 492 0.70 (0.48 to 1.03) 85.9%   

  Other 1 (Portugal) 682 1.00 (0.74 to 1.35) – 1 (Japan) 4742 1.00 (0.89 to 1.13) –   P＝0.002

Publication years   P＝0.017

  2011—2016 2 3471 1.53 (1.08 to 2.18) 48.9% 2 3471 1.12 (1.01 to 1.24) 37.9%

  2017—2021 4 2377 1.07 (0.59 to 1.93) 87.3% 7 9348 0.92 (0.84 to 1.01) 85.5%

  Number of centre   P＝0.539

  Single centre 5 3655 1.27 (0.82 to 1.98) 83.7% 7 5884 0.97 (0.89 to 1.06) 83.3%

  Multicentre 1 2193 1.21 (0.85 to 1.73) – 2 6935 1.03 (0.96 to 1.11) 0%

Adjusted for sex   P＜0.001

  Yes 4 4103 1.27 (0.72 to 2.26) 84.9% 8 11 756 0.97 (0.90 to 1.04) 76.7%

  No 2 1745 1.25 (0.80 to 1.95) 76.7% 1 1063 1.13 (1.06 to 1.20) _

Adjusted for diabetes mellitus   P＝0.019

  Yes 6 5848 1.26 (0.88 to 1.81) 80.5% 8 12 332 1.00 (0.94 to 1.07) 80.0%

  No 0 0 – – 1 487 0.77 (0.62 to 0.97) –

Adjusted for serum albumin   P＝0.108

  Yes 4 5026 1.22 (0.76 to 1.96) 84.7% 7 12 192 0.99 (0.90 to 1.09) 81.0%

  No 2 822 1.40 (0.62 to 3.14) 74.4% 2 627 0.90 (0.70 to 1.17) 81.6%
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at the same time, SUA may be expected to offer a 
number of benefits within the CV system in patients with 
PD.41 42 Besides, the problem of protein loss and malnu-
trition is prominent in PD population.43 ‘Malnutrition- 
inflammation complex syndrome (MICS)’ is believed 
to be the main cause of the high rate of CV atheroscle-
rotic disease and increased mortality and hospitalisation 
in patients with HD.44 45 The underlying mechanism of 
MICS may also be present in patients with PD. As a nutri-
tional marker, SUA might be involved in the MICS axis. 
Therefore, the relationship between SUA and mortality 
in patients with PD is a complex proposition. Taking into 
account the feature of SUA itself, we hypothesise that 
both extremely low and high SUA level may increase the 
risk of death. In our study, we also would like to explore 
the dose–response relationship between SUA level and 
mortality in PD population, but in the end the analysis to 
explore a dose–response relationship was impossible due 
to insufficient data. Further investigations are warranted 
to clarify this relationship and explore the range of SUA 
concentration associated with the lowest mortality in 
patients with PD.

Moreover, in addition to different study designs, 
different study location was also one of the main sources 
of heterogeneity among studies according to the meta- 
regression test. Subgroup analysis results further 
suggested hyperuricaemia was associated with a high risk 

of CV death in PD population only in mainland China. As 
a result, the relationship between SUA level and the risk 
of death in different regions needs to be explored and 
verified by prospective studies in future.

Implications further research
Since the results of prospective and retrospective cohort 
studies were inconsistent, and the different regions 
seemed to lead to different results, prospective, multi-
centre, long- term follow- up studies are required in future. 
It is important to explore the relationship between SUA 
level and the risk of death in different regions as well as 
to determine the range of SUA concentrations, which can 
reduce mortality and improve prognosis in patients with 
PD.

Additionally, since patients with PD often suffer from 
underlying diseases and complex conditions, adjustment 
is required for confounding factors to explore the rela-
tionship between these factors and prognosis. For the PD 
population, the following confounding factors should 
be considered to make the evidence more compelling, 
such as: traditional independent risk factors of CV events 
(age, gender, total lipoprotein cholesterol, low or high- 
density lipoprotein cholesterol, hypertension, diabetes, 
smoking46), history of CV, emotion status, residual renal 
function, the related parameters of PD, the parameters 

Table 4 Subgroup analyses of the relationship between serum uric acid and cardiovascular mortality

Serum uric acid (categorical variable) Serum uric acid (continuous variable)

Number 
of study

Sample 
size HR (95% CI)

Heterogeneity 
(I2)

Number 
of study

Sample 
size HR (95% CI)

Heterogeneity 
(I2)

Study design

  Prospective cohort study 1 1278 2.63 (1.62 to 4.27) 0.0% 1 1278 1.34 (1.16 to 1.55) 0.0%

  Retrospective cohort study 3 3748 1.00 (0.44 to 2.31) 82.5% 3 7427 0.90 (0.76 to 1.06) 70.2%

Study location

  China—mainland 3 4534 1.93 (1.39 to 2.68) 13.9% 2 3471 1.22 (1.05 to 1.43) 44.6%

  China—Taiwan 1 492 0.40 (0.20 to 0.80) – 1 492 0.71 (0.55 to 0.93) 29.5%

  Other 1 (Japan) 4742 1.00 (0.91 to 1.10) –

Publication years

  2011—2016 2 3471 2.06 (1.27 to 3.34) 38.7% 2 3471 1.22 (1.05 to 1.43) 44.6%

  2017—2021 2 1555 0.85 (0.20 to 3.57) 90.8% 2 5234 0.82 (0.62 to 1.08) 77.7%

Number of centre

  Single centre 3 2833 1.49 (0.66 to 3.38) 84.7% 2 1770 1.06 (0.80 to 1.39) 80.3%

  Multicentre 1 2193 1.35 (0.74 to 2.46) – 2 6935 1.01 (0.93 to 1.09) 0.0%

Adjusted for sex

  Yes 3 3963 1.39 (0.60 to 3.24) 84.4% 4 8705 1.05 (0.90 to 1.23) 74.0%

  No 1 1063 1.73 (1.03 to 2.91) – 0 0 _ _

Adjusted for diabetes mellitus

  Yes 4 5026 1.46 (0.78 to 2.74) 79.7% 4 8705 1.05 (0.90 to 1.23) 74.0%

  No 0 0 – – 0 0 _ –

Adjusted for serum albumin

  Yes 4 5026 1.46 (0.78 to 2.74) 79.7% 4 8705 1.05 (0.90 to 1.23) 74.0%

  No 0 0 – – 0 0 _ –

 on A
pril 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-052274 on 18 O

ctober 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


12 Xue X, et al. BMJ Open 2021;11:e052274. doi:10.1136/bmjopen-2021-052274

Open access 

of nutritional status, use of diuretic and lower UA agents, 
etc.

Comprehensive information should be reported in 
detail in the study report, so that readers can become 
more familiar with the details of the study and can conduct 
secondary research to avoid wasting research resources.

Study limitations
There were several limitations in this review. Systematic 
reviews of observational studies can provide a higher level 
of evidence, but they also have methodological limita-
tions. For example, the included original studies may 
differ in their design, data collection methods and defi-
nitions of exposure, confounding factors and outcomes. 
These differences may have a slight influence on the 
true effect size. Second, in this review, the included 
studies were mainly from Asian populations (only one 
from Europe), and the generalisability of the results was 
limited. Third, in spite of many important confounding 
factors that to be adjusted in the studies, residual and 
unknown confounding factors can not be entirely 
excluded. Fourth, the duration of follow- up in all studies 
was less than 5 years. It is difficult to determine long- term 
impact of elevated SUA level on mortality. Finally, some 
necessary data were not obtained, and the exploration of 
dose–response relationship could not be conducted but 
will need to be determined in future studies.

CONCLUSIONS
The results from the prospective and retrospective 
cohort studies were inconsistent. Only one prospective 
cohort study showed that elevated SUA level was signifi-
cantly associated with increased risk of all- cause and CV 
mortality in patients with PD. Nevertheless, the pooled 
result of retrospective cohort studies did not appear to 
indicate a prominent association. So it is necessary to use 
SUA- lowering agents with caution for patients with PD in 
clinics. International prospective, multicentre, long- term 
follow- up studies are needed in the future to investigate 
the relationship between SUA level and the risk of death 
and to explore the range of SUA concentrations associ-
ated with the lowest mortality in patients with PD.
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eTable 1 Searching strategies for electronic databases 

Databases Searching strategies Results (n) 

PubMed #1. Uric Acid [Mesh] OR Uric Acid [Title/Abstract] OR serum uric acid [Title/Abstract] 

#2. Mortality [Mesh] OR Mortality [Title/Abstract] 

#3. Peritoneal Dialysis [Mesh] OR Peritoneal Dialysis [Title/Abstract] OR PD [Title/Abstract] OR continuous ambulatory PD [Title/Abstract] 

OR CAPD [Title/Abstract] OR intermittent PD [Title/Abstract] OR IPD [Title/Abstract] OR automated PD [Title/Abstract] OR APD 

[Title/Abstract] OR continuous cyclic PD [Title/Abstract] OR CCPD [Title/Abstract] OR tidal PD [Title/Abstract] OR TPD [Title/Abstract] 

#4. #1 AND #2 AND # 3 

33 

The Cochrane library #1. Uric Acid [Title/Abstract/Keywords] OR serum uric acid [Title/Abstract/Keywords] 

#2. Mortality [Title/Abstract/Keywords] 

#3. Peritoneal Dialysis [Title/Abstract/Keywords] OR PD [Title/Abstract/Keywords] OR continuous ambulatory PD [Title/Abstract/Keywords] 

OR CAPD [Title/Abstract/Keywords] OR intermittent PD [Title/Abstract/Keywords] OR IPD [Title/Abstract/Keywords] OR automated PD 

[Title/Abstract/Keywords] OR APD [Title/Abstract/Keywords] OR continuous cyclic PD [Title/Abstract/Keywords] OR CCPD 

[Title/Abstract/Keywords] OR tidal PD [Title/Abstract/Keywords] OR TPD [Title/Abstract/Keywords] 

#4. #1 AND #2 AND # 3 

10 

EMBASE #1. (Uric Acid OR serum uric acid).ab,ti 

#2. (Mortality).ab,ti 

#3. (Peritoneal Dialysis OR PD OR continuous ambulatory PD OR CAPD OR intermittent PD OR IPD OR automated PD OR APD OR 

continuous cyclic PD OR CCPD OR tidal PD OR TPD).ab,ti 

#4. #1 AND #2 AND # 3 

105 

Web of Science #1. Uric Acid OR serum uric acid [Topic] 

#2. Mortality [Topic] 

#3. Peritoneal Dialysis OR PD OR continuous ambulatory PD OR CAPD OR intermittent PD OR IPD OR automated PD OR APD OR 

continuous cyclic PD OR CCPD OR tidal PD OR TPD [Topic] 

#4. #1 AND #2 AND # 3 

55 

Chinese databases: #1. niaosuan (uric acid,尿酸) OR xueniaosuan (serum uric acid,血尿酸) CNKI:18 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
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CNKI, SinoMed, 

VIP, Wan Fang 

#2. siwanglv (mortality,死亡率) 

#3. fumotouxi (peritoneal dialysis,腹膜透析) OR lianxuxingfeiwochuangfumotouxi (continuous ambulatory peritoneal dialysis,连续性非卧床

腹膜透析) OR zidonghuafumotouxi (automated peritoneal dialysis,自动化腹膜透析) 

#4. #1 AND #2 AND # 3 

SinoMed:5 

VIP:2 

WanFang:14 
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eTable 2 Methodological quality assessment of the cohort studies utilizing the Newcastle-Ottawa Scale (NOS) 

Study ID Selection Comparability 

Comparability of groups 

on the basis of design or 

analysis 

Outcome Total score 

 Representativeness of 

exposed group 

Representativeness of 

non-exposed group 

Ascertainment of 

exposure 

Demonstration that 

outcome was not 

present at start of 

study 

Assessment 

of outcome 

Follow up long 

enough 

Adequacy of 

follow-up of 

groups 

Sheng F 2013[25] ☆ ☆ ☆ ☆ ☆ ☆ ☆ - 7 

Jie D 2014[14] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8 

Xi X 2016[21] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8 

Eunjin B2016[26] ☆ ☆ ☆ ☆ - ☆ ☆ ☆ 7 

ChangWX2018[27] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8 

ZhangQL2018[28] ☆ ☆ ☆ ☆ ☆ ☆ ☆ - 7 

Lai KJ 2018[29] ☆ ☆ ☆ ☆ ☆☆ ☆ ☆ ☆ 9 

Yang FY 2018 [30] ☆ ☆ ☆ ☆ ☆ ☆ ☆ - 7 

ChangWX2019[31] ☆ ☆ ☆ ☆ ☆ ☆ ☆ - 7 

Xiang SL 2019[32] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8 

Qiu SF 2020[33] ☆ ☆ ☆ ☆ ☆ ☆ ☆ - 7 

Coelho I 2020[34] ☆ ☆ ☆ ☆ ☆ ☆ ☆ - 7 

Naoki S 2020[35] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8 

Xiao X 2020[22] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8 
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