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controversial. Therefore, we conducted a meta�analysis based on

the cohort study to explore the relationship between serum uric

acid and risk of stroke, and further illuminate whether there is a

linear or non�linear relationship between them. We manually

searched the database including Cochrane, PubMed, Embase, Web

of Science, and selected cohort studies focusing on the relation�

ship between serum uric acid and stroke risk. Random effect

model was used for statistical analysis. Twenty�one cohort studies

involving 818,098 participants were included. The pooled relative

risk for the high�vs�low categories was 1.22 (95% CI: 1.15–1.30).

In addition, there was a non�linear dose�response relationship

between uric acid and stroke risk. Serum uric acid was in the

range of 3–5 mg/dl, with the lowest risk of stroke. In conclusion,

high serum uric acid level increases the risk of stroke, with a non�

linear dose�response relationship.
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IntroductionStroke is the fifth leading cause of death in the United States
and the second leading cause of death in the world.(1)

Although there are many advanced methods to treat stroke at
present, the complications and sequelae are rarely improved.
Therefore, we should focus on secondary prevention to reduce
the common risk factors of stroke, such as hypertension, hyper-
lipidemia, and diabetes.(2) In addition, some studies have focused
on other biomarkers, such as serum uric acid. Uric acid is a
product of purine metabolism and is considered to be the main
cause of gout. In addition, the increase of uric acid is also related
to the occurrence of stroke, which is confirmed by the meta-
analysis published in 2018, but it only proves that stroke is
positively related to uric acid.(3) It does not conduct dose-response
analysis to discuss whether there is a linear or non-linear relation-
ship between uric acid and stroke risk, and it only discusses the
relationship between hemorrhagic stroke and uric acid, without
assessing the relationship between the risk of ischemic stroke and
uric acid.

Therefore, in order to further explore the relationship between
uric acid levels and stroke risk, we conducted a random effect
dose-response meta-analysis of cohort studies with a view to
potentially finding ways to reduce stroke risk.(4–24)

Materials and Methods

Search strategy. Our meta-analysis was conducted and
reported in line with the standards specified by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) under the registration with the International Prospec-
tive Register of Systematic Reviews (CRD42020172870).(25)

There are four databases searched for this analysis, including

Web of Science, Embase, Cochrane, and PubMed. The terms
used for PubMed search are as follows: (stroke [Mesh] OR
cerebrovascular accident OR Cerebrovascular Apoplexy OR
Acute Stroke OR Brain Vascular Accident OR Cerebral Stroke
OR Acute Cerebrovascular Accident) AND (cohort OR prospec-
tive OR follow-up OR cohort studies [Mesh]) AND (uric acid
[Mesh] OR 2,6,8-Trihydroxypurine OR Potassium Urate OR
Urate OR Ammonium Acid Urate OR Sodium Urate Monohydrate
OR Monosodium Urate Monohydrate OR Monosodium Urate
OR Sodium Acid Urate). Apart from that, the references made in
the literature were also used for manual retrieval. When the data
obtained from the included articles was insufficient for our
meta-analysis, contact was made with the author of the articles
for more information.

Study selection. The inclusion of all studies was performed
independently by two reviewers in line with the predefined
inclusion and exclusion criteria. Any uncertainty was resolved
through discussion with a third reviewer. The study was deemed
qualified for inclusion if the following criteria can be met: (a) the
outcome of the original study was stroke; (b) the exposure of
interest was uric acid; (c) Hazard ratio (HR), relative risk (RR) or
odds ratio (OR) and 95% confidence interval (95% CI) were
provided; (d) cohort studies; (e) human studies. The exclusion
criteria are as follows: (a) letter, review, supplementary article; (b)
case study, cross-sectional study or randomized controlled trial.

Data extraction. The data was extracted by two reviewers.
Any disagreement was addressed through discussion with a third
reviewer. The data extracted from the included studies contains
the name of the first author, location, follow-up years, the baseline
level of uric acid, the number of participants, age, the number of
cases, adjusted confounding factors, and effect size (RR and 95%
CIs). The quality of studies was assessed by two investigators
using the Newcastle-Ottawa scale (NOS).(26) The studies rated
more than 7 stars were treated as being of high quality.

Statistical analysis. In order to determine the correlation
between plasma uric acid levels and stroke incidence, the reported
RRs and 95% CI were taken as effect size, with ORs and HRs
considered as the equivalent of RRs. In the study of reported
uric acid concentration, the conversion from mmol/L to mg/dl
was obtained after dividing the value by 16.81 (1 mg/dl = 59.48
mmol/L). If the average uric acid value for each category was not
obtained, the midpoint of each uric acid level was extracted. If
the highest or lowest category was not definitive, the width of the
interval was assumed as identical to that in the closest category.(27)

The studies providing less than three categories of uric acid
levels or neither cases nor participants were excluded from the
dose-response meta-analysis. The random-effects model was
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Fig. 1. Flow chart of study selection.

Table 1. Quality assessment

Study
Selection Comparability* Outcome/exposure

1 2 3 4 1 1 2** 3

Sakata, 2001 ☆ ☆ ☆ ☆ ☆☆ ☆ ☆

Jee, 2004 ☆ ☆ ☆ ☆ ☆ ☆

Chien, 2005 ☆ ☆ ☆ ☆ ☆☆ ☆ ☆

Gerber, 2005 ☆ ☆ ☆ ☆ ☆☆ ☆ ☆

Bos, 2006 ☆ ☆ ☆ ☆ ☆☆ ☆ ☆

Hozawa, 2006 ☆ ☆ ☆ ☆ ☆☆ ☆ ☆

Baba, 2007 ☆ ☆ ☆ ☆ ☆ ☆

Strasak, 2008 ☆ ☆ ☆ ☆ ☆ ☆ ☆

Strasak, 2008 ☆ ☆ ☆ ☆☆ ☆ ☆ ☆

Holme, 2009 ☆ ☆ ☆ ☆ ☆☆ ☆

Storhaug, 2013 ☆ ☆ ☆ ☆ ☆☆ ☆ ☆ ☆

Kamei, 2016 ☆ ☆ ☆ ☆ ☆☆ ☆

Zhang, 2016 ☆ ☆ ☆ ☆ ☆☆ ☆ ☆ ☆

Norvik, 2017 ☆ ☆ ☆ ☆☆ ☆ ☆

Lazzeroni, 2017 ☆ ☆ ☆ ☆ ☆ ☆

Tscharre, 2018 ☆ ☆ ☆ ☆☆ ☆ ☆ ☆

Grossman, 2019 ☆ ☆ ☆ ☆ ☆ ☆ ☆

Tu, 2019 ☆ ☆ ☆ ☆☆ ☆

Lim, 2020 ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆

Ninad, 2020 ☆ ☆ ☆ ☆ ☆☆ ☆ ☆

Li, 2020 ☆ ☆ ☆ ☆ ☆☆ ☆ ☆
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Table 2. Characteristics of studies included

Study Location
No. of 

participants
Event

No. of 
cases

Age (mean years 
unless otherwise 

indicated)

Percentage of 
women (%)

Follow�up 
years

Covariates
RR (95% CI) 
high vs low

Sakata,
 2001

Japan 8,172 fatal stroke 174 30 56 14 age, body mass index, systolic blood pressure, 
use of antihypertensive agents, serum total cho�
lesterol level, serum creatinine level, serum glu�
cose level, smoking status, alcohol intake, and 
left ventricular hypertrophy.

Male: 1.71 
(0.92–3.17), 
Female: 1.12 
(0.46–2.74)

Jee, 
2004

Korean 22,698 stroke 192 53.5 0 6.5 age, diabetes, hypertension, hypercholesterol�
aemia and smoking status.

1.10 
(0.71–1.72)

Chien, 
2005

China 3,602 stroke 155 35 52.7 11 age, systolic blood pressure, body mass index, 
diabetes, low density cholesterol, high density 
cholesterol.

Male: 1.13 
(0.88–1.46), 
Female: 1.32 
(1.00–1.73)

Gerber, 
2005

Israel 9,125 fatal stroke 292 40 0 23 age, body mass index, systolic blood pressure, 
diabetes, serum cholesterol, smoking and left 
ventricular function.

1.2 
(0.81–1.78)

Bos, 
2006

The 
Netherlands

4,385 ischemic stroke 
and hemorrhagic 

stroke

381 69 64.6 8.4 age and sex, systolic blood pressure, total cho�
lesterol, high�density lipoprotein, ever smoking, 
diuretic use, and waist/hip ratio diabetes melli�
tus.

1.50 
(1.05–2.14)

Hozawa, 
2006

US 13,413 ischemic stroke 267 53.9 57.3 12.6 age, sex, race, education, systolic blood pressure, 
diabetes mellitus, anti�hypertensive medication, 
cigarette smoking status, ethanol intake, serum 
albumin, von Willebrand factor, body mass index, 
and low cholesterol.

1.49 
(1.00–2.23)

Baba, 
2007

Japan 2,024 stroke 84 63 61.7 8 — 1.07 
(0.53–2.16)

Strasak, 
2008

Austrian 83,683 fatal stroke 645 41.6 0 13.6 age, body mass index, systolic and diastolic 
blood pressure, total cholesterol, triglycerides, 
glucose, smoking status.

1.59 
(1.23–2.04)

Strasak, 
2008

Austrian 28,613 fatal stroke 776 62.3 100 15.2 age, mass index, systolic and diastolic blood 
pressure, total cholesterol, triglycerides, gam�
ma�glutamyltransferase glucose.

1.37 
(1.09–1.74)

Holme, 
2009

Sweden 417,734 fatal stroke 162,76 57.5 47 11.8 age, total cholesterol, triglyceride, hyperten�
sion.

Male: 1.26 
(1.19–1.34), 
Female: 1.41 
(1.31–1.53)

Storhaug, 
2013

Norway 5,700 ischemic stroke 1,514 65 52.7 12 age, body mass index (BMI), systolic blood pres�
sure (SBP) and diastolic blood pressure (DBP). 
HDL�cholesterol and total cholesterol. use of di�
uretics and other antihypertensive medication. 
current smoking and physical activity renal fac�
tors added.

1.24 
(1.11–1.38)

Kamei, 
2016

Japan 155,322 stroke 2,081 56.5 61 2 age, obesity, hypertension, diabetes, dyslipid�
emia, smoking, alcohol consumption, glomeru�
lar filtration rate, and proteinuria.

Male: 1.26 
(1.04–1.54), 
Female: 1.21 
(1.00–1.48)

Zhang, 
2016

Japan 36,313 fatal stroke 594 62 57 10 body mass index, smoking status, ethanol in�
take, systolic blood pressure and total cholester�
ol.

Male: 1.19 
(0.84–1.68), 
Female: 1.46 
(0.98–2.19)

Norvik, 
2017

Norway 2,940 stroke 271 59.7 49.6 18 sex, age, body mass index, mean systolic blood 
pressure, mean diastolic blood pressure, total 
cholesterol, triglycerides, estimated glomerular 
filtration rate, haemoglobin A1c, current smok�
ing, physical activity, and use of antihyperten�
sive medication.

1.13 
(1.02–1.25)

Lazzeroni, 
2017

Italy 1,440 stroke 32 67 29 2.9 — 1.1 
(0.30–2.10)

Tscharre, 
2018

Austria 1,215 ischemic stroke 39 62.9 33.6 5.5 age, gender, Cardiogenic shock Glomerular fil�
tration rate, C�reactive protein, per 1 mg/L in�
crease Arterial hypertension hyperlipidaemia, 
peripheral artery disease prior stroke or tia, pri�
or revascularisation heart failure beta blocker 
angiotensin converting enzyme inhibitor diuret�
ics, high�intensity statin, number of affected 
coronary vessels, use of drug eluting stent

1.10 
(0.49–2.06)

Grossman, 
2019

Israel 8,822 fatal stroke 292 40 0 18 age, baseline uric acid, blood pressure, diabetes 
mellitus, ischemic heart disease.

0.97 
(0.71–1.34)

Tu, 
2019

China 3,243 stroke 122 70.8 45 3 age, gender, smoking and drinking habits, 
along with baseline body mass index, systolic 
and diastolic blood pressure and baseline Glo�
merular filtration rate, triglycerides, total cho�
lesterol.

2.32 
(1.56–3.45)

Lim, 
2020

China 3,202 ischemic stroke 64 68.8 16.9 5.4 age, sex, hypertension, diabetes, body mass in�
dex, renal function, statin and diuretics use.

1.61 
(0.84–3.09)

Ninad, 
2020

US 1,854 stroke 903 45 49.4 4 age, gender, hypertension, diabetes mellitus, 
smoking, atrial fibrillation, left ventricular hy�
pertrophy, coronary artery disease, aspirin, lip�
id�lowering medications, warfarin, estimated 
glomerular filtration rate, and high�density lipo�
protein level.

1.06 
(0.78–1.45)

Li, 
2020

Japan 13,420 stroke 1,018 59.5 61 23.1 age, community, body mass index, cigarette 
smoking status, alcohol intake status, systolic 
blood pressure, atrial fibrillation, serum total 
cholesterol, serum triglycerides, estimated glo�
merular filtration rate, diabetes mellitus, antihy�
pertensive medication use, and in women, meno�
pausal status total cholesterol, serum triglycer�
ides, estimated glomerular filtration rate, diabe�
tes mellitus, antihypertensive medication use, 
and in women, menopausal status.

1.45 
(1.07–1.96)
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applied to estimate the correlation between uric acid and stroke
incidence. The Cochran Q test was conducted to detect
heterogeneity, in which p<0.1 was treated as significant, with I2

taken to indicate the size of heterogeneity.(28,29) Sensitivity analysis
was carried out by removing one study at a time, before the
rest of the studies was evaluated. Funnel plots and Egger’s tests
were performed to assess publication bias.(30) Additionally, the
restricted cubic spline models with three knots (10, 50, and
90%) were applied to estimate the potential non-linear trend
between blood uric acid and stroke risk. Finally, a subgroup
analysis was conducted of stroke risk. The analysis was subject
to adjustment depending on the age, sex, female proportion,
number of participants, the number of cases, location, follow-up
time, and the quality of research, as well as adjusted and stroke
subtype.

In our meta-analysis, stata14.0 software was applied to carry
out statistical analysis. The p value less than 0.05 was treated as
statistically significant.

Results

Study characteristics. Our search identified 960 studies, 939
were excluded, and the rest 21 studies were included in our meta-
analysis. The detailed flow chart is shown in Fig. 1. There are
21(4–24) cohort studies with 818,098 participants. One study
included only women,(12) four studies included only men.(5,8,11,22)

Seven studies focused on fatal stroke.(8,11,12,13,15,20,22) All but three
studies were considered of high quality (Table 1 for quality

assessment results). Nine studies were included in the dose-
response,(5,9,8,11,12,13,15,16,25) and the rest eleven were excluded for
providing less than three categories of uric acid level, or lack of a
specific number of stroke patients.

Uric acid level and risk of stroke. Twenty-one cohort studies
with a total of 818,098 participants (Table 2) were included in the
meta-analysis on the relationship between the highest and lowest
uric acid levels and the incidence risk of stroke. The pooled RR
was 1.22 (95% CI: 1.15–1.30) (Fig. 2), with significant heteroge-
neity (I2 = 60.2%, p<0.001). Through a careful review of included
21 studies, we found that the outcome of seven studies only
included fatal stroke. After the removal of these seven articles,
there was no significant change in the pooled results (RR = 1.23,
95% CI: 1.15–1.32), but the heterogeneity no longer existed
(I2 = 19.1%, p = 0.230) (Fig. 3).

Sensitivity analysis showed the pooled RRs (range 1.19–1.24)
were influenced by no single study. In Egger test, no evidence
showed that publication bias existed in this study (p = 0.137).

We excluded thirteen of the twenty-one studies in the dose-
response meta-analysis due to providing less than three categories
of uric acid level, or an insufficient reporting of either cases or
participants. There was a non-linear relationship between plasma
uric acid and stroke risk (p = 0.002). The non-linear trend showed
that when serum uric acid was in the range of 3–5 mg/dl, the
incidence rate of stroke reduced to the lowest (Fig. 3).

Subgroup analysis. We conducted a subgroup analysis of
stroke risk based on age, female proportion, number of partici-
pants, number of cases, location, follow-up time, study quality,

Fig. 2. Forest plot of the meta�analysis of highest vs lowest uric acid level and stroke risk.
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adjustment, stroke subtype, and sex. The results of subgroup
analysis showed that, except for the United States studies and
non adjustment group studies, other parts showed that they had
an impact on stroke risk (Table 3).

Discussion

A meta-analysis of 21 cohort studies involving 818,098 partici-
pants confirmed a dose-response relationship between plasma
uric acid and stroke. The results showed obvious heterogeneity.
Through a careful review of 21 studies included, we found that
the results of 7 studies included only fatal strokes. After removing
these seven substances, the combined results did not change
significantly (RR = 1.23, 95% CI: 1.15–1.32), but the heteroge-
neity was no longer present (I2 = 19.1%, p = 0.230) (Fig. 4). We
hypothesized that these seven studies, which included only fatal
stroke as a result, mainly contributed to heterogeneity.

Stroke is considered to be a multifactor disease. Some studies
have shown that uric acid can lead to endothelial dysfunction,(31)

which leads to atherosclerotic endothelial damage and atheroscle-
rotic plaque formation.(32) Lifestyle interventions and many widely
used drugs, such as allopurinol, can be used to effectively treat
hyperuricemia.(33) However, there are no published randomized
controlled trials to determine whether lowering uric acid reduces
the risk of stroke.

Fig. 3. The non�linear trend showed that when serum uric acid was in
the range of 3–5 mg/dl, the incidence rate of stroke is lowest.

Table 3. Subgroup analysis of the risk of stroke

No. of studies RR (95% CI) Heterogeneity p p

Serum UA level

1 Age (mean/median)

>50 19 1.26 (1.17–1.35) 0.001 <0.001

£50 8 1.12 (1.06–1.18) 0.7 <0.001

2 Percentage of women

>45 16 1.24 (1.14–1.34) 0.001 <0.001

£45 11 1.20 (1.08–1.34) 0.006 0.001

3 No. of participants

>15,000 9 1.21 (1.11–1.32) 0.001 <0.001

£15,000 18 1.23 (1.14–1.34) 0.2 <0.001

4 No. of cases

>500 8 1.21 (1.11–1.33) 0.001 <0.001

£500 19 1.22 (1.13–1.32) 0.3 <0.001

5 Location

United States 2 1.23 (0.88–1.71) 0.2 0.226

Europe 12 1.20 (1.11–1.29) 0.001 <0.001

Aisa 13 1.28 (1.16–1.41) 0.4 <0.001

6 Follow�up time

>10 15 1.20 (1.12–1.29) 0.001 <0.001

£10 12 1.29 (1.14–1.44) 0.3 <0.001

7 Quality

>7 20 1.22 (1.14–1.30) 0.001 <0.001

£7 7 1.26 (1.08–1.47) 0.1 0.003

8 Adjusted

Yes 25 1.22 (1.15–1.30) 0.001 <0.001

No 2 1.08 (0.61–1.91) 0.9 0.791

9 Subtype of stroke

Ischemic stroke 16 1.34 (1.24–1.45) 0.2 <0.001

Hemorrhagic stroke 9 1.41 (1.12–1.77) 0.01 0.004

10 Sex

Male 13 1.20 (1.12–1.29) 0.001 <0.001

Female 11 1.27 (1.30–1.47) 0.001 <0.001
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Compared with previous meta-analysis, this meta-analysis has
several outstanding advantages. Firstly, new research is added to
the current meta analysis. Second, we only included cohort
studies, and most of the studies were of high quality. In this way,
selection bias and recall bias will be greatly reduced. Of course,
our meta-analysis has some limitations. First, we found significant
heterogeneity in the studies included in the analysis. After
excluding studies that had only fatal stroke outcomes, the results
did not change significantly and heterogeneity no longer existed.
Secondly, the confounding variables of each study are different,
and there may be risk factors not considered. Therefore, in this
analysis, the most adjusted RR results were included. Finally, the
possible limitation is due to language bias. We tried to minimize
this bias by searching four electronic databases without language
constraints. However, some articles published in non-English

languages may not appear in the International Journal Database.
In conclusion, there was a positive correlation between plasma

uric acid and the risk of stroke, as well as a non-linear dose-
response relationship. Maintaining low plasma uric acid levels
may reduce the risk of stroke.
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