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Background

Ankylosing spondylitis (AS) is a chronic systemic inflam-
matory disease that primarily affects the axial skeleton, 
including the spine and sacroiliac joints.1 The etiology of AS 
is unknown, and there is still a lack of effective treatment.2 
The previous studies have primarily focused on the impact of 
AS on the skeletal system, whereas recent research indicates 
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Objective: Previous observational studies reported that ankylosing spondylitis is closely related to hypertension. However, 
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also performed. The heterogeneity, horizontal pleiotropy, and possible outliers were examined in the MR analysis results.
Results: The inverse variance weighted results showed that ankylosing spondylitis has no genetic causal relationship with 
hypertension (p = 0.441, OR = 1.001, 95% CI: 0.999–1.002). The inverse variance weighted results showed that ankylosing 
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The inverse variance weighted results showed that ankylosing spondylitis has no genetic causal relationship with diastolic 
blood pressure (p = 0.778, OR = 1.002, 95% CI: 0.988–1.016). The reverse Mendelian randomization between exposures and 
outcomes is negative. Another new validation cohort also confirmed the results. No heterogeneity was observed by the 
MR-pleiotropy residual sum and outlier test. The “leave-one-out” analysis indicated that the results of MR analysis were not 
affected by a single nucleotide polymorphism.
Conclusion: This study represents the first two-sample Mendelian randomization analysis aimed at investigating the causal 
genetic relationship between ankylosing spondylitis and blood pressure. Our Mendelian randomization analysis results 
revealed a lack of causal association between ankylosing spondylitis and hypertension, diastolic blood pressure, as well as 
systolic blood pressure.
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that this disorder also exerts significant effects on the cardio-
vascular system. Studies have reported that patients with AS 
have an approximately 40% higher risk of cardiovascular 
disease.3 Patients with AS may develop complications such 
as arteriosclerosis, arrhythmia, and aortic hypertrophy. In the 
study of Lin et al.,4 the incidence of acute coronary syndrome 
in AS was 1.787 times higher than that in the normal 
population.

Previous studies have reported an increased risk of ele-
vated blood pressure in AS. Chen et al.5 found a positive cor-
relation between systolic blood pressure and Bath AS 
Metrology Index in AS through a cohort study. Candemir 
et al.6 found that the systolic blood pressure in AS patients at 
night was significantly higher (108 ± 10 vs 101 ± 10 mmHg, 
p = 0.044). Haroon et  al.7 performed a population-based 
study and found that hypertension were more common in AS 
(23.2% vs 17.8%). The inflammatory environment of AS 
may cause vascular endothelial cell damage and reduce vas-
cular elasticity, which may lead to hypertension.8,9 However, 
some studies suggest that there is no correlation between AS 
and hypertension.10,11

Traditional observational studies often cause bias due to 
the limited sample size, and the experimental results are dif-
ficult to avoid the interference of confounding factors.12 
Single nucleotide polymorphisms (SNPs) were used as 
instrumental variables (IVs) in the Mendelian randomization 
analysis to detect the causal relationships between exposure 
factors and outcomes, which can effectively reduce the inter-
ference of confounding factors.13 To the best of our knowl-
edge, Mendelian randomization has not been used to detect 
the association between AS and blood pressure. In this study, 
we applied bidirectional two-sample Mendelian randomiza-
tion to investigate whether there is a causal relationship 
between the AS and blood pressure.

Material and methods

Study design

In this study, SNPs were defined as IVs and SNPs were 
selected from the genomewide association study (GWAS) 
database. The three basic principles of two-sample Mendelian 
randomization were strictly followed during this study: (1) 
All the selected IVs were closely correlated with exposure, 
and the relevant statistical parameters were set as p < 5 × 10−8 
and F-statistic > 10; (2) All the selected IVs were independ-
ent between exposure and outcome factors; (3) All selected 
IVs effect outcome through exposure, the interaction 
between the two factors is direct and does not go through 
other pathways. F-statistics were calculated using the for-
mula: F = R2(N − K − 1)/[K(1 − R2)]. K is the number of SNP-
exposure association, and N is the sample size of the GWAS 
for the SNP-exposure association.13 All the data in this arti-
cle can be found in online repositories. The GWAS studies 
had previously gained ethical approval, and the present anal-
ysis was based on publicly available data, which did not need 

additional approval of the ethics committee. In this study the 
threshold of p < 5 × 10−8 for selection of IVs is robust and 
only 13 SNPs were available. Therefore, we choose 
p < 5 × 10−6 as the selection of IVs.

The selection of GWAS summary data for AS

GWAS summary data of AS were obtained from FINNGEN 
(r11.finngen.fi). The GWAS ID is “finn-b-M13_
ANKYLOSPON” and the dataset comprised 166,324 
European participants and 16,380,022 SNPs.14 The validation 
cohort of AS was summarized from the UKbiobank (www.
nealelab.is/uk-biobank). The GWAS ID is “ukb-b-18194” 
and the dataset comprised 462,933 subjects of European 
ancestry.14 In order to reduce the impact of linkage disequilib-
rium (LD), the LD of SNPs that are highly associated with 
AS, and r2 has to meet the condition that lower than 0.001.

The selection of GWAS summary data for 
hypertension

GWAS summary data of hypertension were obtained from 
the UKbiobank (www.nealelab.is/uk-biobank). The GWAS 
ID is “ukb-b-14057,” and the dataset comprised 119,731 
cases and 343,202 controls from 462,933 subjects of 
European ancestry. This dataset contained 9,851,867 SNPs.14 
The validation cohort of hypertension was summarized from 
European Molecular Biology Laboratory (EMBL, www.ebi.
ac.uk/). The GWAS ID is “ebi-a-GCST90038604,” and the 
dataset comprised 484,598 subjects of European ancestry.14 
The M13 code in the International Classification of Diseases-
10th Revision was used to define the included cases. Detailed 
information can be found on the UKbiobank website.

The selection of GWAS summary data for 
diastolic blood pressure

GWAS summary data of diastolic blood pressure was obtained 
from the UKbiobank (www.nealelab.is/uk-biobank). The 
GWAS ID is “ebi-a-GCST90000062” and the dataset com-
prised 810,865 subjects of European ancestry. This dataset 
contained 236,549 SNPs.14 The validation cohort of diastolic 
blood pressure was summarized from EMBL (www.ebi.
ac.uk/). The GWAS ID is “ieu-b-39,”and the dataset com-
prised 757,601 subjects of European ancestry.14

The selection of GWAS summary data for systolic 
blood pressure

GWAS summary data of systolic blood pressure was obtained 
from the UKbiobank (www.nealelab.is/uk-biobank). The 
GWAS ID is “ebi-a-GCST90000059,” and the dataset com-
prised 810,865 subjects of European ancestry. This dataset 
contained 236,550 SNPs.14 The validation cohort of systolic 
blood pressure was summarized from EMBL (www.ebi.

www.nealelab.is/uk-biobank
www.nealelab.is/uk-biobank
www.nealelab.is/uk-biobank
www.ebi.ac.uk/
www.ebi.ac.uk/
www.nealelab.is/uk-biobank
www.ebi.ac.uk/
www.ebi.ac.uk/
www.nealelab.is/uk-biobank
www.ebi.ac.uk/


Hu et al.	 3

ac.uk/). The GWAS ID is “ieu-b-4818,” and the dataset com-
prised 97,656 subjects of European ancestry.14

The protocol for conducting MR analysis

First, we explored the genetic association between AS and 
hypertension. To further explore the effect of AS on blood 
pressure, we explored the genetic association between AS 
and systolic blood pressure, AS and diastolic blood pressure, 
respectively. In order to verify the reliability of our conclu-
sions, we used another set of GWAS summary dates for vali-
dation. Finally, reverse Mendelian randomization was 
conducted to investigate the upstream and downstream regu-
latory mechanisms between the two groups. Figure 1 shows 
the protocol of Mendelian randomization.

Statistical analysis

The “TwoSample MR” package in the R software (version 
4.2.3, it is supported by the R Foundation for Statistical 
Computing, which is a non-profit organization based in Vienna, 
Austria.) was used to perform the two-sample MR analysis. The 
inverse variance weighted (IVW) was used as the main method, 
and the MR Egger, weighted median, simple mode, and 
weighted modes were used as supplementary methods. The 
IVW presupposes that all single-nucleotide polymorphisms are 

valid IVs, which can get the most accurate experimental 
results.15 MR-Egger regression was used to evaluate the bias. 
When the intercept term has no statistically significance, the 
slope of MR-Egger’s regression represents the estimated value 
of the causal effect of the exposure on the outcome.16 If half of 
the single-nucleotide polymorphisms were valid IVs, weighted 
median and weighted modes were used to predict the possible 
experimental results.17 We accounted for multiple testing by 
applying a Bonferroni correction for the number of outcomes, 
resulting in p < 0.05/6 = 0.008 when blood pressure were con-
sidered as outcomes, and p < 0.05/2 = 0.025 when considering 
the AS as outcomes.

Heterogeneity and sensitivity test

The Cochran’s Q statistic for IVW analysis and Rucker’s Q for 
MR Egger were used to detect the heterogeneity of the MR 
results, with p > 0.05 indicating that there was no heterogene-
ity.18,19 Significant heterogeneity was indicated if p < 0.05, and 
a random-effect model would be adopted in the subsequent 
analyses, otherwise, a fixed-effect model would be adopted. 
When the intercept term has no statistically significance, the 
slope of MR-Egger’s regression represents the prediction of 
the possible experimental results.18,19 When the p-value in the 
MR-Egger regression is less than 0.05, the MR pleiotropy 
residual sum and outlier (MR-PRESSO) method was used to 

Figure 1.  The flow chart depicting the analysis of Mendelian randomization.

www.ebi.ac.uk/
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predict outlier single-nucleotide polymorphisms and potential 
horizontal pleiotropy.20 The MR-PRESSO analysis can detect 
outliers, and the global test can detect horizontal pleiotropy, 
and p > 0.05 indicating that there is no horizontal pleiotropy.21 
A “leave-one-out” analysis was performed to indicate whether 
the causal relationship was affected by a SNP.22 Figure 1 shows 
the flowchart of Mendelian randomization.

Results

MR analysis of AS and hypertension

We performed the MR analysis between AS and hyperten-
sion. Significant heterogeneity (Q = 67.493, p < 0.05) was 
found via the Cochran’s Q test, a random-effect model would 
be adopted in the analysis. The IVW (multiplicative random 
effects) results showed that AS had no genetic causal relation-
ship with hypertension (p = 0.441, OR = 1.001, 95% CI: 
(0.999–1.002). In the reverse MR analysis, the heterogeneity 
was also significant. The IVW (multiplicative random effects) 

results showed no genetic causal between hypertension 
(p = 0.791, OR = 1.098, 95% CI: 0.549–2.199) (Table 1).

After conducting the validation cohort analysis, we 
observed no significant correlation between AS and hyper-
tension. The IVW (multiplicative random effects) results 
showed no genetic causal between AS and hypertension 
(p = 0.056, OR = 2.749, 95% CI: 0.973–7.769). The IVW 
(multiplicative random effects) results showed no genetic 
causal between hypertension and AS (p = 0.531, OR = 0.999, 
95% CI: 0.997–1.002) (Table 2).

No directional pleiotropy was found in the MR-Egger 
regression between AS and hypertension (intercept = 0.000, 
se = 0.001, p = 0.529) and MR-PRESSO Global test 
(p = 0.628). In the same way no directional pleiotropy was 
found in the MR-Egger regression between hypertension and 
AS (intercept = 0.013, se = 0.008, p = 0.054) and MR-PRESSO 
Global test (p = 0.128). In the validation cohort analysis, no 
directional pleiotropy was found in the MR-Egger regression 
and MR-PRESSO Global test (Figures 2–5).

Table 1.  Causal estimates for the bidirectional Mendelian randomization between AS and blood pressure.

Exposure/outcome Methods SNPs OR 95% CI p-Value

AS/hypertension MR Egger 22 1.001 0.999, 1.003 0.333
Weighted median 1.002 1.000, 1.003 0.003
IVW 1.001 0.999, 1.002 0.441
Simple mode 1.001 0.997, 1.004 0.736
Weighted mode 1.001 1.001, 1.002 0.067

Hypertension/AS MR Egger 383 0.207 0.033, 1.287 0.092
Weighted median 1.040 0.346, 3.120 0.945
IVW 1.098 0.549, 2.199 0.791
Simple mode 1.374 0.068, 27.597 0.836
Weighted mode 1.182 0.136, 10.282 0.880

AS/diastolic blood pressure MR Egger 4 1.008 0.975, 1.043 0.684
Weighted median 1.007 1.001, 1.013 0.023
IVW 1.002 0.988, 1.016 0.778
Simple mode 1.009 1.002, 1.016 0.078
Weighted mode 1.002 0.998, 1.006 0.478

Diastolic blood pressure/AS MR Egger 277 0.752 0.445, 1.270 0.287
Weighted median 0.739 0.501, 1.090 0.127
IVW 0.902 0.711, 1.146 0.400
Simple mode 0.861 0.340, 2.183 0.753
Weighted mode 0.619 0.365, 1.049 0.076

AS/systolic blood pressure MR Egger 4 1.015 0.990, 1.041 0.353
Weighted median 1.007 1.004, 1.011 0.000
IVW 1.006 0.995, 1.018 0.301
Simple mode 1.010 1.006, 1.015 0.022
Weighted mode 1.007 1.004, 1.011 0.026

Systolic blood pressure/AS MR Egger 303 0.368 0.128, 1.054 0.064
Weighted median 0.657 0.463, 0.934 0.019
IVW 0.903 0.564, 1.445 0.671
Simple mode 0.686 0.294, 1.602 0.384
Weighted mode 0.559 0.320, 0.977 0.042
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MR analysis of AS and diastolic blood pressure

We performed the MR analysis between AS and diastolic 
blood pressure. Significant heterogeneity (Q = 53.550, 
p < 0.05) was found via the Cochran’s Q test, a random-
effect model would be adopted in the analysis. The IVW 
(multiplicative random effects) results showed that AS had 
no genetic causal relationship with diastolic blood pressure 
(p = 0.778 OR = 1.002, 95% CI: 0.988–1.016). In the reverse 
MR analysis, the IVW results showed no genetic causal 
between diastolic blood pressure (p = 0.400 OR = 0.903, 95% 
CI: 0.711–1.462). After conducting the validation cohort 
analysis, we observed no significant correlation between AS 
and diastolic blood pressure (Tables 1 and 2).

No directional pleiotropy was found in the MR-Egger 
regression between AS and diastolic blood pressure (inter-
cept = −0.004, se = 0.010, p = 0.724) and MR-PRESSO 
Global test (p = 0.796). In the same way, no directional plei-
otropy was found in the MR-Egger regression between dias-
tolic blood pressure and AS (intercept = 0.024, se = 0.018, 
p = 0.240 and MR-PRESSO Global test (p = 0.124). In the 

validation cohort analysis, no directional pleiotropy was 
found in the MR-Egger regression and MR-PRESSO Global 
test (Figures 2–5).

MR analysis of AS and systolic blood pressure

We performed the MR analysis between AS and systolic 
blood pressure. Significant heterogeneity (Q = 28.703, 
p < 0.05) was found via the Cochran’s Q test, and a random-
effect model would be adopted in the analysis. The IVW 
(multiplicative random effects) results showed that AS had 
no genetic causal relationship with systolic blood pressure 
(p = 0.301, OR = 1.006, 95% CI: 0.995–1.018). In the reverse 
MR analysis, the IVW results showed no genetic causal 
between systolic blood pressure (p = 0.671, OR = 0.903, 95% 
CI: 0.564–1.445). After conducting the validation cohort 
analysis, we observed no significant correlation between AS 
and systolic blood pressure (Tables 1 and 2).

No directional pleiotropy was found in the MR-Egger 
regression between AS and diastolic blood pressure (inter-
cept = −0.006, se = 0.007, p = 0.500) and MR-PRESSO 

Table 2.  Causal estimates for the bidirectional Mendelian randomization between AS and blood pressure using the validation cohort 
date.

Exposure/outcome Methods SNPs OR 95% CI p-Value

AS/hypertension MR Egger 22 1.001 0.999, 1.003 0.333
Weighted median 1.002 1.000, 1.003 0.003
IVW 1.001 0.999, 1.002 0.441
Simple mode 1.001 0.997, 1.004 0.736
Weighted mode 1.001 1.000, 1.002 0.067

Hypertension/AS MR Egger 383 0.207 0.033, 1.287 0.092
Weighted median 1.040 0.346, 3.120 0.945
IVW 1.098 0.549, 2.199 0.791
Simple mode 1.374 0.068, 27.597 0.836
Weighted mode 1.182 0.136, 10.282 0.880

AS/diastolic blood pressure MR Egger 9 1118971 2.8E-15, 4.5E+26 0.583
Weighted median 1.71E+09 1.8E+03, 1.6E+15 0.002
IVW 4.76E+10 3.9E-02, 5.8E+22 0.083
Simple mode 137132.3 2.5E-13, 7.6E+22 0.586
Weighted mode 40935.41 5.9E-07, 2.8E+15 0.429

Diastolic blood pressure/AS MR Egger 332 1.000 1.000, 1.000 0.227
Weighted median 1.000 1.000, 1.000 0.042
IVW 1.000 1.000, 1.000 0.809
Simple mode 1.000 1.000, 1.000 0.632
Weighted mode 1.000 1.000, 1.000 0.096

AS/systolic blood pressure MR Egger 8 8.7E+22 4.9E-13, 1.6E+58 0.249
Weighted median 8.1E+16 1.3E-05, 5.1E+38 0.128
IVW 1.5E+14 2.1E-08, 9.9E+35 0.204
Simple mode 2.7E+23 1.9E-05, 3.9E+51 0.147
Weighted mode 2.7E+16 1.8E-04, 3.9E+36 0.154

Systolic blood pressure/AS MR Egger 44 1.000 1.000, 1.000 0.622
Weighted median 1.000 1.000, 1.000 0.166
IVW 1.000 1.000, 1.000 0.527
Simple mode 1.000 1.000, 1.000 0.220
Weighted mode 1.000 1.000, 1.000 0.288
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Figure 2.  The scatter plot of the Mendelian randomization results. The slope of each line corresponding to the estimated MR effect in 
different models. (a) AS on hypertension, (b) AS on diastolic blood pressure, and (c) AS on systolic blood pressure.

Figure 3.  Funnel plots of Mendelian randomization results. The funnel plots show the inverse variance weighted MR estimate of 
different models. (a) AS on hypertension, (b) AS on diastolic blood pressure, and (c) AS on systolic blood pressure.
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Figure 4.  The scatter plot of the Mendelian randomization results using the validation cohort date. (a) hypertension on AS, (b) diastolic 
blood pressure on AS, and (c) systolic blood pressure on AS.

Figure 5.  Funnel plots of Mendelian randomization results using the validation cohort date. (a) hypertension on AS, (b) diastolic blood 
pressure on AS, and (c) systolic blood pressure on AS.
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Global test (p = 0.886). In the same way, no directional plei-
otropy was found in the MR-Egger regression between dias-
tolic blood pressure and AS (intercept = 0.015, se = 0.008, 
p = 0.063 and MR-PRESSO Global test (p = 0.457). In the 
validation cohort analysis, no directional pleiotropy was 
found in the MR-Egger regression and MR-PRESSO Global 
test (Figures 2–5).

Discussion

To the best of our knowledge, this is the first study to employ 
Mendelian randomization analysis in investigating a potential 
causal genetic association between AS and blood pressure. No 
causal association was found between AS and blood pressure. 
The two-sample Mendelian randomization results suggested 
no causal genetic association between AS and blood pressure, 
and this is different with previous observational studies. We 
also tested the results for heterogeneity and pleiotropy. 
Therefore, our results were reliable and were conformed to the 
three assumptions of Mendelian randomization.

We found that there is no causal association between AS 
and hypertension, and that MR results between AS and 
diastolic blood pressure and systolic blood pressure were 
negative. This means that AS does not have an effect on 
blood pressure. For the integrity of the study, we conduct a 
reverse Mendelian randomization between blood pressure 
and AS. No causal association was found in hypertension 
and its secondary subtypes. The evidence presented indi-
cates that AS is not influenced by fluctuations in blood 
pressure. The MR results using another validation cohort 
is negative. All these make our conclusions more complete 
and rigorous.

Previous studies on the association between AS and blood 
pressure remain controversial. However, it is worth noting 
that increased blood pressure is accompanied by arterial 
plaque formation, vascular intima thickening and obesity, 
and other metabolic problems.23,24 Resorlu et al.25 found that 
carotid intima-media thickness was 0.76 ± 0.19 in the AS 
and 0.57 ± 0.12 mm in the control (p < 0.05), and epicardial 
adipose tissue thickness was 4.35 ± 1.56 in the AS and 
3.03 ± 0.94 mm in the control (p < 0.05), respectively. The 
level of triglyceride and blood pressure were correlated with 
the Bath AS Functional Index.25 The blood pressure may be 
affected by confounding factors, whether there is a genetic 
causal association still need to be further studied.

As our results suggest, there is no causal genetic associa-
tion between AS and hypertension. But the results do not 
account for nongenetic influences, such as environmental 
exposures or lifestyle factors. They may interact with each 
other through intermediate factors. Nonsteroidal anti-inflam-
matory drugs (NSAIDs) are recommended as first-line medi-
cations in the treatment of AS.26 However, clinical studies 
shown that NSAIDs can increase blood pressure in people 

with normal blood pressure.27 Continuous NSAID use in AS 
patients was associated with an approximately 12% increased 
risk for hypertension during the follow-up.28 According to 
these studies, it is more likely that the changes in habits and 
the side effects during the drug treatment caused the fluctua-
tion of blood pressure. Al of these are environmental factors 
and do not come from genetic factors.

AS can lead to internal environment disturbance. Related 
studies reported that total cholesterol, low-density lipopro-
tein and uric acid in AS were significantly higher than con-
trol.29 However, all these factors may contribute to the 
increase of cardiovascular risk. Some studies have also 
shown that body fat content is significantly increased in 
AS.30,31 Patients with AS have a higher prevalence of obstruc-
tive sleep apnoea than in control.32 All of the above factors 
may act as confounding factors which may lead to the change 
of blood pressure.

Many studies have conducted Mendelian randomization 
analyses on the correlation between cardiovascular risk 
and AS. Peng et  al.33 demonstrated an increased risk of 
heart failure in individuals with AS (OR: 1.0132, 95% CI: 
1.0043–1.0221, p = 0.003). The MR analysis results did 
not demonstrate a causal relationship between AS and 
other cardiovascular diseases, such as atrial fibrillation, 
coronary artery disease, ischemic stroke, myocardial 
infarction, and valvular heart disease (all p > 0.05). Lu 
et  al.34 found that AS was associated with a high risk of 
heart failure and ischemic stroke, while negatively genetic 
susceptibility was found between AS and peripheral ath-
erosclerosis. Based on the conclusion of this study, 
although AS has no impact on blood pressure, it indeed 
leads to an increase in cardiovascular risk.

Our study also has limitations. First, the GWAS data-
base is always updated and conclusions may be updated as 
more research results obtained. Second, all the hyperten-
sion cases included were patients with self-measured high 
blood pressure, and the categories of hypertension and the 
basic information of the patients were not deeply studied. 
Furthermore, all the enrolled patients were European, and 
the results may not be generalizable to Asians due to racial 
differences. Given the significant difference in variants 
identified by the Finnish GWAS study, there may be the 
genetic risk profile of this group matches that of the remain-
ing European population.

Conclusion

This study represents the first two-sample Mendelian rand-
omization analysis aimed at investigating the causal genetic 
relationship between AS and blood pressure. Our Mendelian 
randomization analysis results revealed a lack of causal asso-
ciation between AS and hypertension, diastolic blood pres-
sure, as well as systolic blood pressure.



Hu et al.	 9

ORCID iD

Weiran Hu  https://orcid.org/0000-0001-7924-7820

Ethical considerations

Ethical approval was not sought for this study because *REASON*. 
All the data in this article can be found in online repositories. The 
GWAS studies had previously gained ethical approval, and the pre-
sent analysis was based on publicly available data, which did not 
need additional approval of the ethics committee.

Consent to participate

Informed consent was not sought for the present study because the 
original research participants provided written informed consent.

Author contributions

Weiran Hu and Kai Zhang: analysis of data, drafting and revising 
manuscript, and final approval. Guang Yang: design, acquisition, 
analysis of data, drafting and revising manuscript, and final 
approval. Haoxu Wang: data collection and final approval. 
Yanzheng Gao: conception and design of work, drafting and revis-
ing manuscript, and final approval

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: This 
work was supported by the Science and Technology Research 
Program of Henan Province (242102310107) and the Medical 
Science and Technology Research Program of Henan Province 
(LHGJ20240006).

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Data availability statement

All of the data are described in the manuscript. Data available on 
request from the authors.

References

	 1.	 Taurog J, Chhabra A and Colbert R. Ankylosing spondyli-
tis and axial spondyloarthritis. N Engl J Med 2016; 374(26): 
2563–2574.

	 2.	 Ranganathan V, Gracey E, Brown M, et al. Pathogenesis of 
ankylosing spondylitis—recent advances and future direc-
tions. Nat Rev Rheumatol 2017; 13(6): 359–367.

	 3.	 van der Heijde D, Baraliakos X, Sieper J, et al. Efficacy and safety 
of upadacitinib for active ankylosing spondylitis refractory to 
biological therapy: a double-blind, randomized, placebo-con-
trolled phase 3 trial. Ann Rheum Dis 2022; 81(11): 1515–1523.

	 4.	 Lin T, Lai Y, Chien W, et al. Association between endophthal-
mitis and the incidence of acute coronary syndrome in patients 
with ankylosing spondylitis: a nationwide, population-based 
cohort study. Front Immunol 2022; 13: 843796.

	 5.	 Chen C, Chen H, Liu C, et  al. Association of obesity with 
inflammation, disease severity and cardiovascular risk factors 
among patients with ankylosing spondylitis. Int J Rheum Dis 
2020; 23(9): 1165–1174.

	 6.	 Candemir M, Kiziltunç E, Candemir B, et  al. Analysis of 
ambulatory blood pressure monitoring data in patients with 
ankylosing spondylitis without clinically evident cardiovascu-
lar disease. J Hum Hypertens 2022; 36(6): 531–536.

	 7.	 Haroon N, Paterson J, Li P, et  al. Patients with ankylosing 
spondylitis have increased cardiovascular and cerebrovascular 
mortality: a population-based study. Ann Internal Med 2015; 
163(6): 409–416.

	 8.	 Hamdi W, Chelli Bouaziz M, Zouch I, et  al. Assessment of 
preclinical atherosclerosis in patients with ankylosing spondy-
litis. J Rheumatol 2012; 39(2): 322–326.

	 9.	 Papadakis JA, Sidiropoulos PI, Karvounaris SA, et  al. High 
prevalence of metabolic syndrome and cardiovascular risk 
factors in men with ankylosing spondylitis on anti-TNFal-
pha treatment: correlation with disease activity. Clin Exp 
Rheumatol 2009; 27(2): 292–298.

	10.	 Liew J, Ward M, Reveille J, et al. Nonsteroidal anti-inflam-
matory drug use and association with incident hypertension 
in ankylosing spondylitis. Arthritis Care Res 2020; 72(11): 
1645–1652.

	11.	 Berger M, Fesler P and Roubille C. Arterial stiffness, the hid-
den face of cardiovascular risk in autoimmune and chronic 
inflammatory rheumatic diseases. Autoimmun Rev 2021; 
20(9): 102891.

	12.	 Turner D and Houle T. Observational study designs. Headache 
2019; 59(7): 981–987.

	13.	 Bowden J and Holmes M. Meta-analysis and Mendelian ran-
domization: a review. Res Synth Methods 2019; 10(4): 486–
496.

	14.	 Cortes A, Hadler J, Pointon J, et al. Identification of multiple 
risk variants for ankylosing spondylitis through high-density 
genotyping of immune-related loci. Nat Genet 2013; 45(7): 
730–738.

	15.	 Pierce B and Burgess S. Efficient design for Mendelian rand-
omization studies: subsample and 2-sample instrumental vari-
able estimators. Am J Epidemiol 2013; 178(7): 1177–1184.

	16.	 Bowden J, Del Greco MF, Minelli C, et al. A framework for 
the investigation of pleiotropy in two-sample summary data 
Mendelian randomization. Stat Med 2017; 36(11): 1783–1802.

	17.	 Hartwig F, Davey Smith G and Bowden J. Robust infer-
ence in summary data Mendelian randomization via the zero 
modal pleiotropy assumption. Int J Epidemiol 2017; 46(6):  
1985–1998.

	18.	 Siddaway A, Wood A and Hedges L. How to do a systematic 
review: a best practice guide for conducting and reporting nar-
rative reviews, meta-analyses, and meta-syntheses. Ann Rev 
Psychol 2019; 70: 747–770.

	19.	 Wu F, Huang Y, Hu J, et al. Mendelian randomization study of 
inflammatory bowel disease and bone mineral density. BMC 
Med 2020; 18(1): 312.

	20.	 Li P, Wang H, Guo L, et al. Association between gut micro-
biota and preeclampsia-eclampsia: a two-sample Mendelian 
randomization study. BMC Med 2022; 20(1): 443.

	21.	 Xu J, Zhang X, Tong W, et al. Phenome-wide Mendelian rand-
omization study evaluating the association of circulating vita-
min D with complex diseases. Front Nutr 2023; 10: 1108477.

	22.	 Chen D, Zhang Y, Yidilisi A, et  al. Causal associations 
between circulating adipokines and cardiovascular disease: 
a Mendelian randomization study. J Clin Endocrinol Metab 
2022; 107(6): e2572–e2580.

https://orcid.org/0000-0001-7924-7820


10	 SAGE Open Medicine

	23.	 Verhoeven F, Prati C, Demougeot C, et  al. Cardiovascular 
risk in psoriatic arthritis, a narrative review. Joint Bone Spine 
2020; 87(5): 413–418.

	24.	 Ruiz de Morales J, Puig L, Daudén E, et al. Critical role of 
interleukin (IL)-17 in inflammatory and immune disorders: 
an updated review of the evidence focusing in controversies. 
Autoimmun Rev 2020; 19(1): 102429.

	25.	 Resorlu H, Akbal A, Resorlu M, et al. Epicardial adipose tis-
sue thickness in patients with ankylosing spondylitis. Clin 
Rheum 2015; 34(2): 295–299.

	26.	 Ward M, Deodhar A, Gensler L, et  al. 2019 Update of the 
American College of Rheumatology/Spondylitis Association 
of America/spondyloarthritis research and treatment network 
recommendations for the treatment of ankylosing spondy-
litis and nonradiographic axial spondyloarthritis. Arthritis 
Rheumatol (Hoboken, NJ) 2019; 71(10): 1599–1613.

	27.	 Johnson A, Nguyen T and Day R. Do nonsteroidal anti-
inflammatory drugs affect blood pressure? A meta-analysis. 
Ann Internal Med 1994; 121(4): 289–300.

	28.	 Liew J, Jafarzadeh S, Dubreuil M, et  al. The association of 
tumor necrosis factor inhibitor use with incident hypertension 

in ankylosing spondylitis: data from the PSOAS Cohort. J 
Rheum 2022; 49(3): 274–280.

	29.	 Mathieu S, Motreff P and Soubrier M. Spondyloarthropathies: 
an independent cardiovascular risk factor? Joint Bone Spine 
2010; 77(6): 542–545.

	30.	 Koca T, Göğebakan H, Koçyiğit B, et  al. Foot functions 
in ankylosing spondylitis. Clin Rheumatol 2019; 38(4):  
1083–1088.

	31.	 Zhang H, Zhang X, Hu F, et al. Ankylosing spondylitis kypho-
sis surgical correction postoperative evaluation via SRS-22 
domain investigation. J Orthop Surg Res 2018; 13(1): 5.

	32.	 Wiginder A, Sahlin-Ingridsson C, Geijer M, et al. Prevalence 
and factors related to sleep apnoea in ankylosing spondylitis. 
Clin Rheumatol 2022; 41(2): 491–498.

	33.	 Pengyu L, Juju S, Zhi Q, et  al. Association of ankylosing 
spondylitis with cardiovascular disease: a bidirectional two-
sample mendelian randomization study. Front Genet 2024; 
15: 1260247.

	34.	 Lu X, Shudian L and Feng Z. Effects of ankylosing spondylitis 
on cardiovascular disease: a Mendelian randomization study. 
Front Genet 2024; 15: 1359829.


