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Abstract
Background: Conflicting results have been reported from studies evaluating serum uric acid (SUA) levels as an
independent risk factor for cardiovascular mortality in patients with chronic kidney disease (CKD).
Methods: We systematically searched MEDLINE, Web of Science, and bibliographies of retrieved articles to identify
studies reporting on the association between SUA levels and cardiovascular mortality in patients with CKD.
Random-effects models were used to calculate the pooled hazard ratios (HR) and corresponding 95% confidence
intervals (CI).
Results: We included 11 studies with an overall sample of 27,081 patients with CKD in this meta-analysis. By metaanalysis, restricted to 7 studies (n = 11,050), patients with the highest SUA were associated with an increased risk of
cardiovascular mortality (HR 1.47, 95% CI 1.11–1.96) compared with patients with the lowest SUA. There was no
indication of publication bias or significant heterogeneity (I2 = 40.4%; P = 0.109). Meta-analysis of 10 studies (n =
26,660) indicated that every 1 mg/dl increase in SUA levels increased a 12% risk in cardiovascular mortality (HR 1.12,
95% CI 1.02–1.24), with significant heterogeneity (I2 = 79.2%, P < 0.001).
Conclusions: Higher SUA levels are associated with significantly increased risk of cardiovascular mortality in
patients with CKD. More designed studies, especially randomized controlled trials, should be conducted to
determine whether high SUA levels is a potentially modifiable risk factor for cardiovascular mortality in patients
with CKD.
Keywords: Chronic kidney disease, Meta-analysis, Cardiovascular mortality, Serum uric acid

Background
Chronic kidney disease (CKD) has become a major global health burden. The age-standardized global prevalence of CKD stages 1–5 among adults in 2010 was
10.4% in men and 11.8% in women [1]. CKD was ranked
as the 19th highest global cause of life years lost, with an
age-standardized death rate of 15.8 per 100,000 [2]. Patients with CKD have an increased risk of cardiovascular
mortality compared with those with normal kidney function [3]. Cardiovascular disease (CVD) causes most of
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the deaths in individuals with CKD [3, 4]. Many risk factors have been identified for cardiovascular mortality in
patients with CKD, such as smoking, diabetes, systolic
hypertension, high levels of C-reactive protein, and left
ventricular hypertrophy [5–7]. Several studies have suggested that hyperuricemia may be another potential risk
factor for cardiovascular mortality in individuals with
CKD [8–10]. Elevated serum uric acid (SUA) is related
to the development and progression of hypertension
[11], stroke [12], and cardiovascular disease [13]. In the
general population, SUA level is an independent predictor for future cardiovascular mortality [14].
Many [8, 9, 15–18] but not all [19, 20] studies have detected a significant association between SUA levels and cardiovascular mortality in individuals with CKD. Furthermore,
there is still some debate whether SUA levels can be an
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independent risk factor for cardiovascular mortality in patients with CKD. Several studies [8, 9, 16] indicated that
higher SUA is a predictor of increased risk of death from
cardiovascular disease in patients with CKD, while other
studies [15, 17, 18] reported that higher SUA levels are associated with lower risk of cardiovascular mortality. We
hypothesized that SUA levels could be a predictor for cardiovascular mortality in individual with CKD. In this
study, we conduct a meta-analysis of all relevant studies to
evaluate the association of SUA levels with cardiovascular
mortality in patients with CKD.

Methods
Study design and search strategy

The meta-analysis was designed and conducted according
to the consensus guidelines in “Meta-Analysis of Observational Studies in Epidemiology” [21]. A systematic literature search was performed using the PubMed and Web of
Science databases from the time of their inception to May
8, 2017. No restrictions were imposed on the search. The
following search terms and search strings were used: (“uric
acid” OR hyperuricemia OR urate) AND (renal or kidney
or dialysis) AND (mortality or death or survival or cardiovascular or stroke). The key words and abstract were
searched. In addition, we performed a manual survey of
cited references in the retrieved reviews and articles to
capture all relevant studies. Two of the authors independently conducted the literature searches.
Study selection

The following inclusion criteria were used to select studies for
this meta-analysis: (1) studies had baseline information about
SUA concentration; (2) studies exploring cardiovascular mortality as a study outcome; (3) studies recruiting adult patients
with CKD and CKD defined according to the Kidney Disease
Outcomes Quality Initiative (KDOQI) guideline [22]; and (4)
studies that compared the highest SUA levels with the lowest
SUA levels, or performed controlled comparison of 1 mg/dl
increase in SUA levels, and provided statistical data on hazard
ratio (HR) and 95% confidence interval (CI), or included sufficient data to enable the calculation of HR and 95% CI. In the
case of multiple studies based on the same population or subpopulation, only the most informative report or the most recent publication was included. Two authors independently
reviewed the retrieved articles and determined whether the
article satisfied the inclusion criteria. Disagreement was resolved by discussion with the senior author. We requested
additional data from corresponding authors for two articles (n
= 2) to enable statistical calculation of HR and 95% CI. However, the corresponding authors in both cases did not respond
to our requests. A total of 44 articles were selected by the inclusion criteria, and these were then subjected to the exclusion
criteria listed in Additional file 1: Table S1. Finally, a total of
11 articles were selected for this meta-analysis.
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Data extraction and quality assessment

Two authors independently extracted data from full-text articles. The data included author, publication year, study design,
population, number of participants, mean age of participants,
percentage of men, diabetes, mean SUA levels, median duration of follow-up, number of deaths due to cardiovascular
events, definition of cardiovascular mortality, and adjusted
factors. The most fully adjusted HR and 95% CI were extracted from all included studies. The quality of observational cohort studies was evaluated according to the
Newcastle-Ottawa quality assessment scale [23]. Study quality was categorized as poor (score 1–3), fair (score 4–6), or
good (score 7–9) depending on the quality of study participant selection, comparability, and outcome. The quality of
randomized controlled trials was evaluated using the Jadad
scale; a high-quality trial should have a Jadad score ≥ 3 [24].
Statistical analysis

HRs were adjusted for the maximum number of confounding variables. Every HR was transformed into the
natural logarithm (log HR), and the standard error obtained from its corresponding 95% CI. Since multivariable Cox proportional hazards regression analyses were
used to obtain the adjusted HRs of SUA levels for cardiovascular mortality, random-effects analyses were performed to calculate the pooled log HR values. Then, we
obtained the overall HR and its corresponding 95% CI
through exponentiation of the pooled log HR [25].
We analyzed SUA as a continuous variable to test the
possibility of a nonlinear dose-response relationship between SUA levels and cardiovascular mortality [26]. For
this analysis, we used the restricted cubic splines method
with three knots at the 25th, 50th, and 75th percentiles
of serum uric levels. In some cases, SUA was analyzed
as a categorical variable to evaluate the trends between
SUA levels and cardiovascular mortality using two different methods. Generalized least-squares regression analysis was used when data for the cases and person-years
or participants and HRs were available for each category.
Variance-weighted least-squares regression analysis was
used when information for the cases or participants was
not available for each category [27, 28].
The I2 index, Q statistic, and P value were used to describe
the heterogeneity of effect size estimates across studies. We
performed meta-regression analyses to evaluate the influence
of prespecified covariates on between-study heterogeneity.
Funnel plots were computed and Egger’s tests were performed to assess the potential publication bias [29]. Sensitivity analyses were performed to evaluate the influence of a
single study on the overall risk estimate by removing one
study at a time. All analyses were performed with STATA
statistical software version 12.0 (Stata Corp, College Station,
TX, USA). A P value < 0.05 was regarded as statistically
significant.
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Results
Study selection and study characteristics

Our systematic literature search was inclusive from the database inception up to May 8, 2017. We retrieved 2.092 abstracts in PubMed and 5004 abstracts in Web of Science. A
total of 5359 non-duplicate studies were identified. After the
first selection procedure, we evaluated 44 full-text articles
further. Finally, 11 articles representing 27,081 study participants fulfilled all eligibility criteria [8–10, 16–20, 30–32]. A
detailed description of our study selection is presented in
Fig. 1. The characteristics and quality of the individual studies are presented in Table 1. The articles included four prospective cohort studies, six retrospective cohort studies, and
one randomized controlled trial. The number of participants
in individual studies ranged from 261 [30] to 13,059 [16].
The percentage of study participants with diabetes varied
from 5% [8] to 59% [30]. The median duration of follow-up
ranged from 23 months to 10 years. All 11 studies provided
adjusted risk estimates, nine studies adjusted for kidney function [8–10, 16, 18–20, 30, 31], and five studies adjusted for
drugs to lower uric acid levels [8, 10, 17, 18, 31].
The definition of cardiovascular mortality events varied
among the included studies: two studies used the International Classification of Diseases Codes (ICD) [8, 16]; five
studies reported the mortality from cardiovascular disease,
cerebrovascular disease, and peripheral vascular disease [9,
10, 19, 30, 31]; one study reported the mortality from
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cardiovascular disease and cerebrovascular disease [17]; two
studies only reported the mortality from cardiovascular disease [18, 20]; and one study did not provide information regarding the definition of cardiovascular mortality [32]. None
of the included studies reported the risk for cardiovascular
mortality associated with the lowest and median SUA levels.
All cohort studies had fair to good quality according to the
Newcastle-Ottawa Scale. The randomized control trial had
high quality with a Jadad score of 3.
Association of SUA with cardiovascular mortality

1sSeven studies [8, 10, 17–20, 32] reported the association
of SUA as a categorical variable with cardiovascular mortality. A total of 11,050 participants were included in this
meta-analysis. Patients in the group with the highest SUA
levels were associated with an increased risk of cardiovascular mortality compared with patients with the lowest
levels (HR 1.47, 95% CI 1.11–1.96; Fig. 2). There was moderate heterogeneity among these included studies (I2 =
40.4%, P = 0.109). One study also reported the estimated
association between SUA as the categorical variable and
cardiovascular mortality [16]. Those authors reported that
the adjusted HR for cardiovascular mortality was 1.42
(95% CI 1.11–1.81) and 1.65 (95% CI 1.22–2.24) for patients with the second-highest SUA levels (9.0–10.9 mg/
dl) and those with the highest levels (≥11.0 mg/dl) compared with those with medium levels (5.0–6.9 mg/dl) [16].

Fig. 1 Flow chart of study selection of included studies. Abbreviation: CKD, chronic kidney disease
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Table 1 Characteristics of 11 studies included in the meta-analysis
Follow-up

NA

NA

Median
4.6 years

Median
39 months

Mean 6.97 Median
23 months

7.63 ± 1.66 Median
10 years

Uric acid
(mg/dl)

NA
CV mortality was
defined as death
resulting from
cardiovascular
disease (ICD-9 codes:

33
CV mortality was
defined as death
resulting from
coronary heart
disease, sudden
death, stroke and
complicated
peripheral vascular
disease

NA
CV mortality was
defined as death
resulting from acute
myocardial infarction,
atherosclerotic heart
disease,
cardiomyopathy,
cardiac arrhythmia,
cardiac arrest,
congestive heart
failure,
cerebrovascular
accident including
intracranial
hemorrhage,
ischemic brain
damage and anoxic
encephalopathy

127
CV mortality was
defined as death
resulting from CVD
(International
classification of
diseases, ninth
revision [ICD-9] codes
390 to 459)

Cardiovascular
mortality
events and
definition (n)

9.0–10.9 mg/dl vs.
5.0–6.9 mg/dl
≧11.0 mg/dl vs.
5.0–6.9 mg/dl

Per 1 mg/dl
increase

Per 1 mg/dl
increase
≦8.2 mg/dl vs.
> 8.2 mg/dl

Per 1 mg/dl
increase
Tertile 3 vs.
tertile 1
8.4–15.6 mg/dl vs.
1.7–6.9 mg/dl

Comparison

Age, gender, eGFR,
fasting glucose, total
cholesterol and
history of
hypertension, DM,
CHD, stroke, heart

6

6

Age, black race,
5
gender, BMI, years
with ESRD, albumincorrected calcium, albumin, ferritin, creatinine, phosphorus,
allopurinol, 14 comorbid conditions, study
phase and facility
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1.65 (1.22–2.24)

1.42 (1.11–1.81)

Quality
score

Age, gender, blood 3
pressure, protein
diet randomization
assignments, history
of CVD, DM, BMI,
systolic blood
pressure, HDL-C, logtransformed Creactive protein, GFR,
albumin, diuretic,
allopurinol.

Adjustments

2.819 (1.783–4.458) Age, gender, eGFR,
DM, smoking,
hypertension, LDL,
systolic blood
pressure, hsCRP,
HOMA-IR index,
FMD, NMD

1.54 (1.15–2.07)

0.92 (0.86,0.99)

1.47 (0.90–2.39)

1.16 (1.01–1.33)

Adjust HR
(95%CI)

Luo et al. BMC Nephrology
Page 4 of 12

China, SSOP,
PD

Japan,
CKD2–4

Dong, 2014 RCS
[19]

Miyaoka,
2014 [18]

RCS

China, CKD
undergoing
DES

RCS

Yin, 2013
[20]

Population

Study
design

Author,
year

551

2193

1132

Patients
(n)

59.3

49

71.7

Men
(%)

10

37.7

33.6

Diabetes
(%)

58.5

58.1 ±
15.5

67.7 ±
7.8

Age
(years)

Median
38.5 months

Follow-up

6.57 ± 1.35 6 years

6.41 ± 1.87 Median
26.5 months

7.8 ± 1.9

Uric acid
(mg/dl)

Table 1 Characteristics of 11 studies included in the meta-analysis (Continued)

19
CV mortality was
defined as death
resulting from
myocardial
infarction,
congestive heart
failure.

231
CV mortality was
defined as death
resulting from
myocardial
infarction,
congestive heart
failure, cerebral
bleeding, cerebral
infarction,
arrhythmia,
peripheral arterial
disease and sudden
death

50
CV mortality was
defined as death
resulting from
coronary artery
disease, cardiac
arrhythmia,
congestive heart
failure, sudden death

390.x-459.x)

Cardiovascular
mortality
events and
definition (n)
7

Quality
score

Age, residual renal
7
function, albumin,
hemoglobin,
phosphate, Creactive protein, history of CVD, DM,
BMI, mean arterial
pressure, LDL-C, center size, genderadjusted only SUA as
continuous variable

Age, gender, DM,
eGFR, left ventricular
ejection, proteinuria,
AMI, incomplete
revascularization

failure.

Adjustments

1.042 (0.139–7.831) Gender, smoking
8
status, history of
CVD, systolic blood
pressure, HDL-C,
triglyceride,
hemoglobin, Creactive protein
(log), eGFR, proteinuria (log), etiology of
kidney disease, diuretics, allopurinol

1.35 (0.74,2.46)

1.04 (0.89,1.20)

0.84 (0.37–1.89)

Adjust HR
(95%CI)
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Hyperuricemia vs. 0.274 (0.103–0.731) Gender, smoking
normouricemia
status, CVD, HDL-C,
Hyperuricemia
triglyceride,
(> 7.0 mg/dl or
hemoglobin, Cwith allopurinol)
reactive protein
(log), eGFR, proteinuria (log), etiology of
kidney disease, diuretics, allopurinol

Tertile 3 vs.
tertile 1
7.2–12.4 mg/dl
vs. 3.0–5.8 mg/dl

Per 1 mg/dl
increase
Gender-specific
Tertile 3 vs.
tertile 1
Men: 7.39–16.7
mg/dl women:
6.66–8.08 mg/dl
vs. Men: 2.09–
5.79 mg/dl
women: 1.74–
5.37 mg/dl

Quartile 4 vs.
quartile 1
> 8.98 mg/dl vs.
< 6.46 mg/dl

Comparison

Luo et al. BMC Nephrology
Page 5 of 12

PCS

Xia, 2016
[10]

China, PD

Taiwan
CKD 3–5

RCS

Hsieh, 2015
[31]

Population

Isreael,
MHD

Study
design

Beberashvili, PCS
2015 [30]

Author,
year

1278

2408

261

Patients
(n)

58.8

56.9

61.3

Men
(%)

25.7

38.3

59

Diabetes
(%)

47.6 ±
15.0

65.7 ±
12.6

68.6 ±
13.6

Age
(years)

Follow-up

7.2 ± 1.4

Median 30.7
months

7.73 ± 1.78 Median
3.03 years

5.76 ± 1.16 2 years

Uric acid
(mg/dl)

Table 1 Characteristics of 11 studies included in the meta-analysis (Continued)

Per 1 mg/dl
increase

Per 1 mg/dl
increase

Comparison

126
Per 1 mg/dl
CV mortality was
increase
defined as death
resulting from acute
myocardial infarction,
cardiac arrhythmia,
cardiac arrest,
congestive heart
failure,
cerebrovascular
accident, and
peripheral vascular
disease.

143
CV mortality was
defined as death
resulting from
coronary artery
disease,
cerebrovascular or
peripheral vascular
disease

31
CV mortality was
defined as death
resulting from
coronary heart
disease, sudden
death, stroke, or
complicated
peripheral vascular
disease.

Cardiovascular
mortality
events and
definition (n)

1.42 (1.13–1.79)
DM Men
1.12 (0.78–1.61)
DM Women
1.41 (1.09–1.82)
NDM Men
1.24 (0.85–1.82)
NDM Women

1.16 (0.92–1.32)

0.53 (0.33–0.86)

Adjust HR
(95%CI)

Quality
score

Age, BMI,
8
hypertension, CVD,
hemoglobin,
albumin,
phosphorus, serum
creatinine, HDL-C, residual renal function,
log-transformed
high-sensitive Creactive protein, glycated hemoglobin,
use of allopurinol,
and use of ACE inhibitor or angiotensin receptor blocker.

Age, gender, BMI,
7
DM, hypertension,
cardiovascular
disease, gout,
glycated
hemoglobin,
cholesterol,
triglyceride, BUN,
eGFR, GPT, albumin,
Ca × P, white blood
cell count,
hemoglobin,
proteinuria, diuretics,
hypouricemic
agents,
erythropoiesis
stimulating agents,
ACE inhibitor and
angiotensin II
receptor blocker

Age, gender,
7
vintage, Kt/v, DM,
comorbidity index,
smoking, systolic
blood pressure, waist
hip rate, phosphorus,
creatinine, residual
renal function,
malnutrition
inflammation score,
interleukin-6

Adjustments
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Study
design

China, CKD
3–5

Population

421

Patients
(n)

NA

Men
(%)

NA

Diabetes
(%)

NA

Age
(years)

NA

Uric acid
(mg/dl)

Median 3.9
years

Follow-up

NA

Cardiovascular
mortality
events and
definition (n)
Adjust HR
(95%CI)

3.07 (1.54–6.08)
NDM

Tertile 4 vs. tertile 0.72 (0.28,1.81)
1
7.29–18.88 mg/dl
vs ≤ 5.08 mg/dl

NDM Men:
7.1–13.8 mg/dl,
women: 6.9–12.6
mg/dl vs. Men:
1.5–5.6 mg/dl,
women: 1.2–5.4
mgj/dl

Gender-specific
Tertile 3 vs.
2.26 (1.14–4.48)
tertile 1
DM
DM Men:
7.1–13.8 mg/dl,
women: 6.9–12.6
mg/dl vs.
Men: 1.5–5.6 mg/
dl, women: 1.2–
5.4 mg/dl.

Comparison

Quality
score

Age, gender, leisure- 6
time physical activity, smoking, alcohol
drinking, occupation,
BMI, SBP, DBP, LDLC, duration of CAD,
type of CAD, history
of diabetes, history
of heart failure, coronary artery stenosis
degree on coronary
angiography, use of
antidiabetic,
cholesterol-lowering
or antiplatelet drugs,
use of diuretics, βblockers and antihypertensive drugs

Gender-adjusted
only SUA as continuous variable. Glycated hemoglobinadjusted on in DM.

Adjustments

Conversion factors for units: serum uric acid in mg/dl to umol/l, ×59.48
Abbreviations: AMI acute myocardial infarction, BMI body mass index, CAD coronary artery disease, CV cardiovascular, CVD cardiovascular disease, CHD coronary heart disease, CKD chronic kidney disease, DBP diastolic
blood pressure, DM diabetes mellitus, DOPPS The Dialysis Outcome and Practice Patterns Study, DES drug-eluting stent, eGFR estimated glomerular filtration rate, ESRD end-stage renal disease, FMD flow-mediated
dilatation, HD hemodialysis, HDL-C high density lipoprotein cholesterol, HOMA-IR homeostasis model assessment-insulin resistance, hsCRP high sensitivity C reactive protein, LDL-C low density lipoprotein cholesterol,
MHD maintenance hemodialysis, MDRD Modification of Diet In Renal Disease, NDM nondiabetes, NMD nitroglycerine-mediated dilatation, NA not available, PD peritoneal dialysis, SBP systolic blood pressure, SSOP
Socioeconomic Status on the Outcome of Peritoneal Dialysis, SUA serum uric acid, RCT randomized controlled trial, PCS prospective cohort study, RCS retrospective cohort study

Li, 2016 [32] PCS

Author,
year

Table 1 Characteristics of 11 studies included in the meta-analysis (Continued)
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Seven of the included studies [8–10, 17, 19, 30, 31] reported the association of increasing SUA levels (per 1 mg/dl)
with cardiovascular mortality. Three studies only reported
the association of SUA as a categorical variable with cardiovascular mortality [16, 18, 20]; these results were evaluated
using variance-weighted least-squares regression analyses to
obtain the dose-response relationship between SUA levels
and cardiovascular mortality. A total of 26,660 participants
were included in this meta-analysis. Higher SUA levels (per
1 mg/dl increment) were associated with significantly higher
hazard ratios for cardiovascular mortality (HR 1.12, 95% CI
1.02–1.24; Fig. 3). A significant heterogeneity among these
studies was observed (I2 = 79.2%; P < 0.001). The nonlinear
relationship test result suggested that SUA levels had no
nonlinear association with cardiovascular mortality (p for
nonlinearity = 0.109).
Subgroup analyses

Subgroup analyses were performed on the association of
SUA (per 1 mg/dl increase) with cardiovascular mortality
(Fig. 4). A significant and positive association between
SUA levels and increased risk of cardiovascular mortality
was observed in the Asian group, high quality score group,
sample size > 1000 participants group, median follow-up
duration > 3 years group, and adjusted for allopurinol
treatment group. Six studies analyzed CKD populations
that were not undergoing dialysis; each 1 mg/dl increase
in SUA was independently associated with a 16% increase
in cardiovascular mortality risk (HR 1.16, 95% CI 1.02–
1.33). By contrast, for CKD populations that were undergoing dialysis, each 1 mg/dl increase in SUA was not associated with increased cardiovascular mortality risk (HR
1.08, 95% CI 0.90–1.29). Nine studies analyzed the association adjusted for kidney function, each 1 mg/dl increase
in SUA was independently associated with a 16% increase
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in cardiovascular mortality risk (HR 1.16, 95% CI 1.04–
1.28). Two cohort studies focused on patients receiving peritoneal dialysis (PD), and reported a significant association between higher SUA levels and increased cardiovascular
mortality (HR 1.22, 95% CI 1.05–1.43). By contrast, two cohort studies focused on patients receiving hemodialysis (HD)
did not observe any association between higher SUA levels
and cardiovascular mortality (HR 0.74, 95% CI 0.43–1.25).
Sensitivity analyses and publication bias

Sensitivity analyses and Egger’s tests for publication bias were
performed using SUA as both categorical and continuous
variables. The sensitivity analysis of SUA as a categorical
variable indicated that there was moderate influence on the
pooled HR and 95% CI when the study of Latif et al. [17]
was excluded from the analysis. The sensitivity analysis of
SUA as a continuous variable suggested that the results did
not change significantly when one study was omitted at a
time (Additional file 2: Figure S1). There was no statistical
evidence of publication bias among studies of the association
of SUA as a categorical variable and cardiovascular mortality
(p = 0.680) or among studies of the association of SUA (per
1 mg/dl increase) with cardiovascular mortality (p = 0.430).
The funnel plots representing these analyses are presented in
Additional file 3: Figure S2.

Discussion
Our meta-analysis of 11 cohort studies indicates that elevated SUA levels in patients with CKD are associated
with significantly increased risk of cardiovascular mortality. This is the first meta-analysis that analyzed the association of SUA with cardiovascular mortality in
patients with CKD. Our previous meta-analysis showed
that higher SUA levels were associated with higher mortality risk in patients with CKD [33]. These results are

Fig. 2 Forest plot and summary hazard ratio for the association of serum uric acid as a category variable and cardiovascular mortality in patients
with chronic kidney disease. Abbreviations: CI, confidence interval; DM, diabetes mellitus; HR, hazard ratio; NDM, non-diabetes mellitus
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Fig. 3 Forest plot and summary hazard ratio for the association of serum uric acid as a continuous variable (per 1 mg/dl increment) and
cardiovascular mortality in patients with chronic kidney disease. Abbreviations: CI, confidence interval; DM, diabetes mellitus; HR, hazard ratio;
NDM, non-diabetes mellitus

Fig. 4 Forest plot and summary hazard ratio of subgroup analysis for the association of serum uric acid as a continuous variable (per 1 mg/dl
increment) and cardiovascular mortality in patients with chronic kidney disease. Abbreviations: CI, confidence interval; DM, diabetes mellitus; HD,
hemodialysis; HR, hazard ratio; NDM, non-diabetes mellitus; PD, peritoneal dialysis; PCS, prospective cohort study; RCT, randomized controlled trail;
RCS, retrospective cohort study
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consistent with the trends reported in three previous
systematic reviews [12, 14, 34]. A meta-analysis of nine
prospective observational studies with 165,922 participants reported that elevated SUA was associated with a
37% greater risk for cardiovascular mortality in the general population [14]. Two other meta-analyses focused on
the association between hyperuricemia and mortality from
stroke, and reported that hyperuricemia might increase the
risk of stroke mortality [12, 34]. Previous meta-analysis reported that hyperuricemia increased the risk of cardiovascular events such as heart failure [35] and coronary heart
disease [36]. Only one study reported this association separately in men and women [10], so we did not perform subgroup analysis for gender in our meta-analysis.
Two studies captured during our literature search were
not included in this meta-analysis because they did not contain sufficient data to estimate the HR. A study with a cohort
of 2645 patients with systolic heart failure analyzed the association of hyperuricemia with all-cause mortality, cardiovascular mortality, and heart failure hospitalization among all
heart failure patients and those with and without CKD [37],
and suggested that hyperuricemia was not significantly associated with cardiovascular mortality in heart failure patients
with CKD. However, the study did not present detailed data
for the HR of hyperuricemia with cardiovascular mortality.
A single-center prospective study assessed whether SUA and
superoxide dismutase could be predictive factors for cardiovascular mortality in patients undergoing hemodialysis [15],
and found that lower SUA levels could predict cardiovascular
mortality in hemodialysis patients (HR 0.937, 95% CI 0.883–
0.994). However, this study analyzed the association of per
1 μmol/l increase in SUA levels with cardiovascular mortality, and did not provide sufficient data to calculate HR.
Several potential mechanisms support the pathogenic association between higher SUA levels and higher risk of cardiovascular mortality. Hyperuricemia could disturb
mitochondrial function and reduce ATP content, which
would induce oxidative stress [38]. Experimental studies have
shown that uric acid could enhance NALP3 expression,
caspase-1 activation, and IL-1β and ICAM-1 production,
suggesting that uric acid could stimulate inflammatory responses [39, 40]. Uric acid itself also may increase inflammation in patients with CKD [41]. Higher uric acid levels are
related with diminished endothelial function [42–44], and
endothelial dysfunction may contribute to hypertension and
cardiovascular morbidity [45]. Chronically elevated uric acid
levels could cause structural changes in vessel walls [46].
The core aspects of hyperuricemia management were
patient education, lifestyle advice, and pharmacological
therapies such as allopurinol [47]. A prospective, randomized trial found that allopurinol treatment reduced risk of
cardiovascular events in patients with CKD [48]. The results from an observational study suggested that allopurinol lowered cardiovascular-related mortality in Japanese
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patients receiving hemodialysis who had no history of cardiovascular disease [49]. A prospective study reported that
treatment of hyperuricemia with allopurinol could improve endothelial function in patients with CKD [50].
Heterogeneity was significantly high among the 10 studies
that analyzed the association of increasing SUA (per 1 mg/
dl) with cardiovascular mortality. However, the results of
meta-regression analyses indicated that region, study design,
population, study quality, sample size, follow-up time, treatment modality, and adjustment for allopurinol treatment
could not account for the heterogeneity. The high heterogeneity might be related to age and/or other participant characteristics across the analyzed studies. The definitions of
cardiovascular mortality were not exactly the same among
these 10 studies, which may partly explain the heterogeneity.
The included studies all have different definitions of cardiovascular mortality, different entry stages of CKD, different definitions of high versus low uric acid, it seems
pointless quoting HR for increased cardiovascular mortality given that the single number cannot be applied to any
particular situation, but the results of our meta-analysis
showed trend of higher uric acid and cardiovascular mortality in patients with CKD.
Subgroup analysis of the predictive role of SUA on cardiovascular mortality differed with respect to the treatment modality, which may be due to differences in the clearance of
uric acid between hemodialysis and PD. Malnutrition in dialysis patients may lead to low uric acid levels. Higher uric
acid in hemodialysis patients is an indicator of better nutritional status [17, 51], which may partly explain the association of lower uric acid levels with higher cardiovascular
mortality. Few of the included studies explored the association between SUA and cardiovascular mortality with respect
to different CKD stages. Therefore, there was not enough
data to perform the subgroup analysis for CKD stage. Instead
we performed the subgroup analysis for the population of
non-dialysis or dialysis. A near-significantly larger effect (p =
0.054) of treatment modality was observed in subgroup analysis of pooled risk estimates. The heterogeneity among studies that analyzed the association of SUA as a categorical
variable with cardiovascular mortality was quite low. Although
there was no evidence of publication bias, it cannot be completely ruled out due to the unpublished null findings.
Several limitations of our study should be acknowledged.
First, most of the included studies were observational studies
that could not prove a causal relationship, and some potential confounders including declining kidney function, nutritional status, and urate-lowering therapy during follow-up
were difficult to fully adjust. Second, high heterogeneity was
observed among the included studies that analyzed the association of SUA as a continuous variable with cardiovascular
mortality. Individual studies did not adjust for the same potential risk factors. Each study had different cut-off values for
the SUA groups, which might lead to misclassification of
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individuals in each group. Third, although the nonlinear relationship test suggested an approximately linear relationship
between SUA and cardiovascular mortality in patients with
CKD, only three of the included studies provided sufficient
data to perform the nonlinear relationship test. Therefore,
more data is needed to support the exact relationship between SUA and cardiovascular mortality. Fourth, the sensitivity analysis of SUA as a categorical variable indicated that
the results were not significant when the Latif [17] study was
omitted. Fifth, only few of the included studies reported data
for cardiovascular mortality with respect to gender; therefore,
we could not evaluate whether SUA level affected the cardiovascular mortality risk of men and women.
Our study has several strengths. This study is the first systematic review and meta-analysis of the association of baseline SUA levels with cardiovascular mortality in patients with
CKD. The included studies had relatively high quality and
adjusted for other risk factors. Furthermore, we considered
uric acid not only as a categorical variable but also as a continuous variable.

Conclusions
In conclusion, the results of our meta-analysis suggest that
elevated levels of SUA increase the risk of cardiovascular
mortality in patients with CKD. Future studies, preferably
randomized controlled studies, should explore whether hyperuricemia is a potentially modifiable risk factor for cardiovascular mortality in patients with CKD.
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