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Abstract
Background: Previous studies have shown that serum uric acid (SUA) and dyslipidemia are risk factors for stroke. However, it is not clear that whether
dyslipidemia could modify the association between SUA and hemorrhagic stroke.

Methods: We conducted a nested case-control study from “H-type Hypertension and Stroke Prevention and Control Project (HSPCP)” in China. A total of 355
�rst hemorrhagic stroke cases and 355 controls matched for age (± 1 years), sex and study site were included in the �nal data analysis. Logistic regression
analysis were performed to assess the association between SUA and �rst hemorrhagic stroke.

Results: In matched analysis, the risk of hemorrhagic stroke was associated with the increased SUA levels (OR:1.13, 95% CI:0.98 to 1.30). However, multiple
regression analyses showed that per 1 mg/dL in SUA was associated with a 16% decreased risk of hemorrhagic stroke among participants without
dyslipidemia and associated with a 28% increased risk of hemorrhagic stroke among dyslipidemia participants [without dyslipidemia: odds ratio (OR) = 0.84,
95% CI 0.65 to 1.09, with dyslipidemia: OR = 1.28, 95% CI 1.10 to 1.48; P Interaction 0.001]. The results of the subgroup analysis were consistent with the main
results.

Conclusions: Elevated SUA was associated with increased risk of hemorrhagic stroke especially among participants with dyslipidemia. These �ndings suggest
that we need to focus on SUA levels especially among participants with dyslipidemia.

Introduction
Stroke is the main cause of death in China and the second leading cause of death in the world[1]. In 2016, the global lifetime risk of stroke from the age of 25
years onward was approximately 25% among both men and women[2]. A Large number of epidemiological studies indicate that 70% of strokes are caused by
hypertension, which is the most common controllable factor for stroke[3]. Although the control rate of hypertension has increased, the incidence of stroke
remains high. In addition to controlling traditional risk factors, therefore, it is necessary to identify novel, modi�able markers to inform the risk of stroke , with
the goal to achieve primary prevention better.

Serum uric acid (SUA) is a product of human purine metabolism. A large number of studies have shown that SUA was related to hypertension[4], metabolic
syndrome[4] , kidney disease[5], heart failure[5], stroke [5] and other diseases[8, 9], but it was uncertain whether SUA was an independent risk factor for stroke.
Some studies found a positive correlation between SUA and stroke[10, 11], while others not[12, 13]. It is worth mentioning that most studies focused on the
association between SUA and ischemic stroke, and there are few studies on SUA and hemorrhagic stroke. Although hemorrhagic stroke is not as common as
ischemic stroke, it has a higher risk of death than ischemic stroke[14]. To our knowledge, dyslipidemia is also a risk factor for hemorrhagic stroke[15-17] and it
was reported that serum uric acid was positively correlated with cholesterol, triglycerides and low density lipoprotein, while negatively correlated with low
density lipoprotein[18, 19]. However, it is not clear that whether dyslipidemia could modify the association between SUA and hemorrhagic stroke. Hence, our
study aimed to investigate the possible relationships between serum uric acid and hemorrhagic stroke in people with or without dyslipidemia.

Methods
Study design and populations

Our study data came from the "H-type Hypertension and Stroke Prevention and Control Project (HSPCP)” which was a non-intervention, observational, real-
world registry study. It was planed to assess the incidence and control of hypertension in China and the related factors affecting its prognosis, and to build the
risk prediction model of cardio-cerebral and renal vascular diseases �nally. Men or women aged ≥18 years with a sitting systolic blood pressure (SBP) ≥ 140
mmHg and/or a sitting diastolic blood pressure BP (DBP) ≥ 90 mm Hg, or with suspected hypertension at the screening visit were eligible. If Participants were
unable to show informed consent due to psychological or neurological impairment or were unable to follow up according to the study protocol, they would be
excluded. Screening and recruitment and a 5-year observation follow-up period were involved. Blood pressure, heart rate, usage of drugs, adverse events and
study outcome events were recorded during the follow-up of each year as planned. The primary outcome was composite of cardiovascular events consisting
of nonfatal stroke, myocardial infarction, and vascular death and all-cause death.

All stroke endpoints were from the local the Center for Disease Control and Prevention. Stroke and non-stroke were matched according to 1:1 by age ± 1 year,
same gender, and same town. The initial sample consisted of 3771 incident cases and 3771 matched controls. Next, we excluded participants with missing
serum calcium value (n=450). Based on the inclusion and exclusion criteria, 3546 stroke cases and 3546 matched controls with complete were selected for
�nal data analysis Supplementary Figure 1 . In the current study, we explored the relationship between serum uric acid and hemorrhagic stroke. Therefore,
355 patients with hemorrhagic stroke and their matched were eventually analyzed in the exclusion of other types of stroke and people taking lipid-lowering
drugs (Figure 1).

Outcome 

The primary outcome of this study was a �rst nonfatal or fatal hemorrhagic stroke. Information on incidence of stroke for all participants was obtained via the
Center for Disease Control and Prevention of Rongcheng and Lianyungang city and checked against the national health insurance system with electronic
linkage to all hospitalizations, or con�rmed through active follow-up. International Classi�cation of Diseases, 10th Revision (ICD-10) was used to coded all
diseases. The primary outcome (�rst nonfatal or fatal stroke) included �rst hemorrhagic stroke (I60-I62) . In this study, patients with subarachnoid
hemorrhagic (I60) were not in the analysis.
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Local authorities at medical institutions were required to report all new stroke cases to the local centers for Disease Control and prevention. A report card
attached information about demographics, diagnostic basis and date of stroke was required to be submitted on the 28th of each month. Quality control of
case was checked by experienced o�cials. Furthermore, the local CDC was also in charge of deleting repeated cases and discovering logistical errors and
missed cases. Moreover, 5% of all uploaded cases are randomly chosen for further con�rmation on the phone or door-to-door interviews.

Covariates  

At this baseline assessment, participants reported on their lifestyle, medical conditions and demographic information; medical history, health status, and
medication intake were queried by trained health professionals. The anthropometric examinations included weight, height. Body mass index (BMI) was
calculated as the body weight in kilograms divided by the square of the height in meters (kg/m2). Continuous variables included age (years), BMI (kg/m2),
blood pressure (BP, mmHg) and biochemical data [fasting blood glucose (FBG, mmol/L), total cholesterol (TC, mmol/L), triglycerides (TG, mmol/L), high
density lipoprotein cholesterol (HDL-C, mmol/L), homocysteine (Hcy, μmol/L), serum uric acid (SUA, mg/dL) and estimated glomerular �ltration rate (eGFR,
mL·min−1 · 1.73 m−2)]. Categorical variables consisted of sex (male, female), smoking (no, yes), drinking (no, yes). EGFR was estimated using the newly
developed CKD-EPI equation[20].

De�nition of dyslipidemia 

According to Guidelines for Prevention and Treatment of Chinese Adults with Dyslipidemia in 2016 [21], abnormal levels of any of total cholesterol,
triglycerides, low-density lipoprotein, and high-density lipoprotein can be considered as dyslipidemia:1) total cholesterol is greater than or equal to 5.2 mmol/L,
2) low-density lipoprotein is greater than or equal to 3.4 mmol/L, triglyceride is equal to or greater than 1.7 mmol / L, high density lipoprotein is less than 1.0
mmol / L.

Statistical analysis

Data are presented as mean ± SD for continuous variables and as frequency (%) for categorical variables. Differences in baseline characteristics between
cases and controls were compared using generalized paired t-tests for continuous variables and chi-square tests for categorical variables. Taking SUA and
dyslipidemia as independent variables respectively and �rst hemorrhagic stroke as an dependent variable, logistic regression analysis was performed to
assess the odds ratio (OR) and 95% con�dence interval (CI). At the same time, the association between SUA and �rst hemorrhagic stroke was examined
strati�ed by without or with dyslipidemia. Potential confounders included in the logistic regression models, other than the matching criteria, were BMI,
smoking, drinking, SBP, DBP, FBG, eGFR and anti-hypertensive drugs.

All data analysis used R software version 4.0.3 (https://www.R-project.org) and Empower (R) version 3.0 (www.empowerstats.com). A two-sided P < 0.05 was
de�ned as signi�cant differences.

Results
Baseline Characteristics of Study Participants.

As shown in �gure 1, a total of 355 hemorrhagic stroke and their matched individuals were enrolled in this study. Baseline characteristics of study participants
were presented in Table 1. In the general population, patients in cases group were tend to have higher systolic blood pressure (SBP), diastolic blood pressure
(DBP), serum uric acid (SUA), fasting blood glucose (FBG) and total cholesterol (TC) compared with controls group. When the baseline characteristics were
presented by with or without dyslipidemia, the difference of SUA between cases and controls was observed only in those with dyslipidemia (case: 6.0 ± 1.7
mg/dL,control: 5.5 ± 1.4 mg/L, P <0.001).

Association between SUA and hemorrhagic stroke.

Table 2 showed the association of �rst stroke with SUA using conditional logistic regression analyses. After adjustment for confounding factors, for per SD
increment in SUA, the risk of �rst stroke increased by 13% (OR = 1.13, 95% CI: 0.98-1.30). We also converted SUA from a continuous variable to a categorical
variable (tertiles). Compared to SUA < 4.8 mg/dL, the adjusted OR of �rst stroke for participants in T3 ( ≥ 6.1mg/dL) was 1.44 ( 95% CI: 0.88, 2.35). P for trend
in the adjusted models was not signi�cant. For people without dyslipidemia, there was no signi�cant association between SUA and hemorrhagic stroke ,
whether SUA was analyzed as a continuous or categorical variable. For people with dyslipidemia, for per SD incremengt in SUA, the risk of hemorrhagic stroke
increased by 28% (OR=1.28, 95% CI, 1.10-1.48). After SUA tertiles, using low levels of SUA as a reference, we found that the higher the SUA level, the greater the
risk of stroke, especially when the SUA was higher than 6.1 mg/dl, the risk of stroke was increased by 84% (OR=1.84, 95% CI, 1.10-3.09). P for trend in the all
models was signi�cant and consistent with the P value when SUA was used as a continuous variable, suggesting the linear association between SUA and �rst
stroke when patients accompanied with dyslipidemia. What’s more, P value for interaction of with or without dyslipidemia on between SUA (continuous) and
hemorrhagic stroke 0.001. The results of the relationship between dyslipidemia and hemorrhagic stroke was presented in Table S1. Taking people without
dyslipidemia as a reference, people with dyslipidemia had a higher risk of hemorrhagic stroke OR= 1.19, 95% CI (0.83-2.04 ). Although supplementary table 1
revealed the relationship between dyslipidemia and hemorrhagic stroke in our study, it was not statistically signi�cant. Further analyses using restricted cubic
spline con�rmed the dose-relationship between SUA and hemorrhagic stroke presented by with or without dyslipidemia (Figure 2). It could be seen that the
SUA in the dyslipidemia group was positively correlated with hemorrhagic stroke. Although the curve of SUA and hemorrhagic stroke was negatively correlated
in patients without dyslipidemia, it had no statistical signi�cance and might be affected by sample size.

We also explored the detailed impact of lipid components on the association between SUA and hemorrhagic stroke. As shown in supplementary table 2, of the
four components included in the analysis, TC,TG, LDL-C had a modifying effect on the relationship between SUA and hemorrhagic stroke except for the HDL-C
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Subgroup analysis

We further explored the role of other covariables on the association between SUA and hemorrhagic stroke. As shown in Figure 3, the subgroup analysis
revealed a highly consistent pattern in the following subgroups: sex male, female , age (< 65 and ≥ 65 years ), BMI(< 24, ≥ 24 kg/m2), smoking (yes and no),
drinking (yes and no ), eGFR (< 90, ≥ 90 ml/min/1.73m2) and SBP ( < 140,  ≥ 140mmHg ) (all P for interaction > 0.05).

Discussion
This nested case-control study showed that dyslipidemia could modify the association between SUA and hemorrhagic stroke. The results showed a positive
correlation between SUA and hemorrhagic in the patients with dyslipidemia, but there was no statistically signi�cant difference in patients without
dyslipidemia.

Previous studies have reported the relationship between SUA and hemorrhagic stroke, but the results were controversial. The Rotterdam study [22] which was
followed up for 8.4 years found that high serum uric acid levels were associated with hemorrhagic stroke, but it was not statistically signi�cant (HR: 1.68, 95%
CI: 0.68 to 4.15). At the same time, a U-shaped relationship was found between SUA and hemorrhagic stroke in a study, but it was also not statistically
signi�cant[23]. The possible reason might be insu�cient sample size. Moreover, a prospective study[23] based on data of China Stroke Primary Prevention Trial
recruited 20,577 participants with hypertension who had no history of stroke and were followed up for 4.5 years. It found that a statistically signi�cantly
decreased risk of hemorrhagic stroke for the second SUA quartile (Q2) compared to the �rst quartile (Q1) (HR 0.56, 95%CI: 0.32–0.97, P = 0.037). These
contradictory results might be due to different trial designs, populations in different regions, and adjustment factors.

A positive correlation between SUA and hemorrhagic in the patients with dyslipidemia was found in our prestent study, but not in those without dyslipidemia.
This might suggested that different blood lipid levels had an effect on SUA. According to reports, the use of Fino�brate (a drug to lower triglyceride) could
reduce the concentration of SUA by increasing the urinary excretion[24]. Atorvastatin had also been shown to lower the level of SUA[25]. These results might
suggest that elevated cholesterol or triglyceride without timely medication would lead to accumulation of SUA, and resulting in eventually stroke.

To our knowledge, SUA was related to hypertension which was a common cause of cerebral hemorrhage. A study proved that TG could strengthen the effect
of SUA on blood pressure[25]. In addition, the role of SUA in humans has been previously studied . It has been linked to increased levels of in�ammatory
markers such as interleukin-6, interleukin-18, c-reactive protein and tumor necrosis factor-alpha[25], which could damage vascular endothelial function through
oxidative stress. What’s more, SUA could promote lipids oxidation and further damage vascular endothelium[28]. Damaged endothelial cells are more likely to
develop into small aneurysms[29]. These might also explain the reason that people with abnormal lipids levels had a more signi�cant correlation between SUA
and hemorrhagic stroke.

Current study found that dyslipidemia modi�ed the relationship between SUA and hemorrhagic stroke. Of course, several limitations should not be ignored.
First, SUA concentrations and blood lipids level of all participants were only assessed at baseline and and their dynamic changes during follow-up were not
taken into account. Second, we did not have detailed information of food and drugs intake which affected SUA levels at baseline and during the course of
follow-up. Third, this was a nested case-control study with a relatively small samples sizes among a community-based population at coastal areas of China,
further larger-scale cohort studies and randomized trials were need to con�rm the �ndings and assess the applicability of the results for other populations.
Finally, as far as current research was concerned, our �ndings required more accurate pathogenesis to explain.

Conclusion
In sunmary, elevated SUA was associated with increased risk of hemorrhagic stroke especially among participants with dyslipidemia. These �ndings suggest
that we need to focus on SUA levels especially among participants with dyslipidemia.
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Table 1 Baseline characteristics of study population.

  Total   Without dyslipidemia   With dyslipidemia  

N Cases(n=355) Controls(n=355) P Cases(n=97) Controls(n=113) P Cases(n=258) Controls(n=242) P

Age, year 67.2 ± 10.2 67.2 ± 10.2 0.911 67.6 ± 10.0 67.0 ± 11.4 0.705 67.1 ± 10.2 67.2 ± 9.6 0.903

Male, n(%) 177 (49.9%) 177 (49.9%) 1.000 45 (46.4%) 45 (39.8%) 0.338 133 (51.6%) 133 (55.0%) 0.445

Current
smoking, n(%)

71 (20.0%) 75 (21.1%) 0.71 16 (16.5%) 24 (21.2%) 0.383 55 (21.3%) 51 (21.1%) 0.947

Current
dringking, n(%)

70 (19.7%) 89 (25.1%) 0.087 13 (13.4%) 30 (26.5%) 0.019 57 (22.1%) 59 (24.4%) 0.545

BMI, kg/m2 26.2 ± 4.5 25.6 ± 3.8 0.058 25.2 ± 5.1 24.5 ± 3.7 0.250 26.6 ± 4.3 26.1 ± 3.8 0.201

SBP, mmHg 157.5 ± 22.0 148.4 ± 21.2 <0.001 158.9 ± 26.1 147.0 ± 20.5 <0.001 156.9 ± 20.3 149.1 ± 21.6 <0.001

DBP, mmHg 93.8 ± 16.0 86.6 ± 12.5 <0.001 94.3 ± 16.0 87.4 ± 12.4 <0.001 93.6 ± 16.1 86.3 ± 12.5 <0.001

SUA, mg/dl 5.8 ± 1.7 5.5 ± 1.4 0.006 5.2 ± 1.5 5.5 ± 1.4 0.208 6.0 ± 1.7 5.5 ± 1.4 <0.001

FBG, mmol/L 6.2 ± 2.4 6.0 ± 1.9 0.172 5.7 ± 1.8 5.7 ± 1.3 0.745 6.4 ± 2.6 6.1 ± 2.1 0.140

TC, mmol/L 5.6 ± 1.2 5.4 ± 1.2 0.041 4.5 ± 0.5 4.4 ± 0.5 0.324 6.0 ± 1.1 5.8 ± 1.2 0.174

TG, mmol/L 1.5 ± 0.8 1.4 ± 0.9 0.349 1.0 ± 0.3 1.0 ± 0.4 0.328 1.7 ± 0.9 1.6 ± 1.0 0.771

HDL-C, mmol/L 1.6 ± 0.4 1.6 ± 0.4 0.205 1.6 ± 0.4 1.5 ± 0.3 0.238 1.7 ± 0.4 1.6 ± 0.5 0.483

LDL-C, mmol/L 3.3 ± 0.8 3.2 ± 0.9 0.115 2.5 ± 0.4 2.5 ± 0.4 0.868 3.6 ± 0.7 3.5 ± 0.8 0.322

eGFR,
ml/min/1.73m2

93.9 ± 16.7 95.8 ± 14.1 0.100 95.1 ± 16.9 95.7 ± 14.9 0.814 93.4 ± 16.6 95.8 ± 13.7 0.074

Hypertension,
n(%)

233 (65.6%) 198 (55.8%) 0.007 61 (62.9%) 66 (58.4%) 0.508 172 (66.7%) 132 (54.5%) 0.006

Diabetes, n(%) 26 (7.3%) 40 (11.3%) 0.070 3 (3.1%) 9 (8.0%) 0.129 23 (8.9%) 31 (12.8%) 0.161

Anti-
hypertensive
drugs, n(%)

176 (49.6%) 125 (35.2%) <0.001 41 (42.3%) 36 (31.9%) 0.119 135 (52.3%) 89 (36.8%) <0.001

Glucose-
lowering drugs,
n(%)

9 (2.5%) 18 (5.1%) 0.077 2 (2.1%) 2 (1.8%) 0.877 7 (2.7%) 16 (6.6%) 0.038

Values of continuous variables are presented as mean ±SD,categorical variables are presented as n(%).

Abbreviations: BMI body mass index, SUA serum uric acid, SBP systolic blood pressure, DBP diastolic blood pressure, FBG fasting blood glucose, TG
triglyceride, TC total cholesterol,  HDL-C high density lipoprotein cholesterol,  LDL-C low density lipoprotein cholesterol, eGFR estimated glomerular �ltration
rate.
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Table 2.Association between SUA and hemorrhagic stroke.

    Model 1   Model 2  

  Cases/Controls OR(95% CI) P-Value   OR(95% CI) P-Value

Total            

Continuous 355/355 1.17 (1.05, 1.29) 0.004   1.13 (0.98, 1.30) 0.086

Tertiles            

T1(<4.80mg/dL) 108/126 Ref.     Ref.  

T2(4.8-6.1mg/dL) 115/122 1.14 (0.79, 1.64) 0.479   1.17 (0.78, 1.78) 0.451

T3(>6.1mg/dL) 132/107 1.52 (1.03, 2.26) 0.036   1.44 (0.88, 2.35) 0.144

P for trend     0.035     0.145

Without dyslipidemia            

Continuous 97/113 0.88 (0.73, 1.07) 0.209   0.84 (0.65, 1.09) 0.199

Tertiles            

T1(<4.8mg/dL) 40/38 Ref.     Ref.  

T2(4.8-6.1mg/dL) 35/44 0.76 (0.40, 1.42) 0.382   0.82 (0.40, 1.67) 0.588

T3(>6.1mg/dL) 22/31 0.67 (0.33, 1.36) 0.272   0.72 (0.31, 1.70) 0.456

P for trend     0.254     0.447

With dyslipidemia            

Continuous 258/242 1.25 (1.11, 1.41) <0.001   1.28 (1.10, 1.48) 0.001

Tertiles            

T1(<4.80mg/dL) 68/88 Ref.     Ref.  

T2(4.8-6.1mg/dL) 80/78 1.33 (0.85, 2.07) 0.2117   1.45 (0.89, 2.36) 0.134

T3(>6.1mg/dL) 110/76 1.87 (1.22, 2.88) 0.0043   1.84 (1.10, 3.09) 0.020

P for trend     0.004     0.021

P for interaction     0.002     <0.001

When analyzing the association of SUA and stroke separately, multivariate conditional regression analysis was used. Model 1:Matched for age, sex, study
site.

Model 2 : Matched for age, sex, study site and adjust for BMI, SBP, DBP, Smoking, Drinking, FBG, eGFR and anti-hypertensive drugs.

When analyzing the association of SUA and stroke strati�ed by without or with dyslipidemia, multivariate regression analysis was used.Model 1:Adjusted
for

none. Model 2:Adjusted for sex, age, SBP, DBP, Smoking, Drinking, FBG, eGFR and anti-hypertensive drugs.

 

Figures
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Figure 1

Flow chart of study population.
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Figure 1

Flow chart of study population.
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Figure 2

The association between SUA and hemorrhagic stroke grouped by with dyslipidemia(dotted line) and Without dyslipidemia (full line). Matched for age, sex,
study site and adjust for BMI, SBP, Smoking, Drinking, FBG, eGFR and anti-hypertensive drugs.

Figure 2

The association between SUA and hemorrhagic stroke grouped by with dyslipidemia(dotted line) and Without dyslipidemia (full line). Matched for age, sex,
study site and adjust for BMI, SBP, Smoking, Drinking, FBG, eGFR and anti-hypertensive drugs.
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Figure 3

The association between SUA and hemorrhagic stroke grouped by with dyslipidemia and Without dyslipidemia in subgroup analysis.



Page 13/13

Figure 3

The association between SUA and hemorrhagic stroke grouped by with dyslipidemia and Without dyslipidemia in subgroup analysis.
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