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Abstract
BACKGROUND 
Clinical studies have reported that patients with gastroesophageal reflux disease 
(GERD) have a higher prevalence of hypertension.

AIM 
To performed a bidirectional Mendelian randomization (MR) analysis to investi-
gate the causal link between GERD and essential hypertension.

METHODS 
Eligible single nucleotide polymorphisms (SNPs) were selected, and weighted 
median, inverse variance weighted (IVW) as well as MR egger (MR-Egger) re-
gression were used to examine the potential causal association between GERD 
and hypertension. The MR-Pleiotropy RESidual Sum and Outlier analysis was 
used to detect and attempt to reduce horizontal pleiotropy by removing outliers 
SNPs. The MR-Egger intercept test, Cochran’s Q test and “leave-one-out” sen-
sitivity analysis were performed to evaluate the horizontal pleiotropy, heterogen-
eities, and stability of single instrumental variable.

RESULTS 
IVW analysis exhibited an increased risk of hypertension (OR = 1.46, 95%CI: 1.33-
1.59, P = 2.14E-16) in GERD patients. And the same result was obtained in 
replication practice (OR = 1.002, 95%CI: 1.0008-1.003, P = 0.000498). Meanwhile, 
the IVW analysis showed an increased risk of systolic blood pressure (β = 0.78, 
95%CI: 0.11-1.44, P = 0.021) and hypertensive heart disease (OR = 1.68, 95%CI: 
1.36-2.08, P = 0.0000016) in GERD patients. Moreover, we found an decreased risk 
of Barrett's esophagus (OR = 0.91, 95%CI: 0.83-0.99, P = 0.043) in essential 
hypertension patients.
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CONCLUSION 
We found that GERD would increase the risk of essential hypertension, which provided a novel prevent and 
therapeutic perspectives of essential hypertension.

Key Words: Gastroesophageal reflux disease; Essential hypertension; Hypertensive heart disease; Mendelian randomization 
study
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Core Tip: This study used a method of bidirectional Mendelian randomization, and its results highlighted that gastroeso-
phageal reflux disease (GERD) was positively associated with the risk of essential hypertension, suggesting a new prevent 
strategy and therapeutic perspectives of essential hypertension in patients with GERD.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is a disease in which gastric acid, bile acids and other gastric contents reflux into 
the esophagus for etiologies like hiatal hernia or abnormal movement of the lower esophagus[1,2]. Even in East Asia, 
where the prevalence is relatively low, GERD has an prevalence of 5%-10%, while in Europe and the United States, that 
could be as high as 15%-30%[3-5]. Gastroesophageal reflux can not only lead to esophagitis, Barrett's esophagus (BE), but 
also a risk factor for esophageal cancer. GERD is also closely linked to heart disease[6]. A Mendelian randomized study 
showed that GERD can lead to heart diseases such as myocardial infarction and atrial fibrillation[7]. As another common 
disease, essential hypertension can damage the heart, kidneys, and increase the risk of cerebral hemorrhage, but the cause 
of essential hypertension remains unclear[8].

Previous clinical studies showed that patients with GERD may have a higher prevalence of essential hypertension, but 
the results might be influenced by sample size and potentially confounding factors such as lifestyle, socioeconomic status, 
and underlying medical conditions, and that conclusions may not be accurate[9-11]. There were a few studies on this 
topic and little attention was paid. Mendelian randomization (MR) is an increasingly popular clinical research method 
that applies instrumental variable (IV) techniques to assess causal relationships between risk factors and complex human 
characteristics[12,13]. For exposed IV randomly assigned during conception and was not affected by disease state, MR 
studies can rule out the influence of confounding factors and reverse causation on causation between exposure and 
outcome[14].

Our study used the MR method to investigate the causal role of GERD and BE in the development of essential 
hypertension, and then studied the relationship between GERD and hypertensive heart failure, and further explored the 
protective effect of gastroesophageal reflux treatment on essential hypertension.

MATERIALS AND METHODS
Data sources
In order to examine the causal connection between GERD/BE and essential hypertension, we used data from two 
different genome-wide association studies (GWAS) to perform this MR analysis. Data of GERD and BE were obtained 
from the largest and latest GWAS conducted by Ong et al[15]. They applied multitrait GWAS models combining 129080 
cases and 473524 controls to identify risk loci of GERD and BE. GERD and BE cases were defined through the Interna-
tional Classification of Disease, tenth version code [for GERD Multi-trait Analysis of GWAS (MTAG)] and confirmed BE 
diagnosis pathologically (for BE MTAG).

GWAS of essential hypertension (55917 cases and 162837 controls), hypertensive heart disease (3938 cases and 162837 
controls), and hypertensive heart and/or renal disease (4363 cases and 162837 controls) were obtained from FinnGen R7 
study. Summary statistics for replication practice of essential hypertension (1237 cases and 359957 controls) and diastolic 
blood pressure (436424 individuals) were obtained from the United Kingdom Biobank. Summary statistics for systolic 
blood pressure (97656 individuals) were obtained from the IEU study in 2022.

Procedures of MR analysis
Schematic diagram of the bidirectional MR study on the causal relationship between GERD and hypertension was shown 
in Figure 1. In our study, we firstly performed MR analysis with all eligible single nucleotide polymorphisms (SNPs). The 
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Figure 1 Schematic representation of the bidirectional Mendelian randomization study on the causal relationship between gastro-
esophageal reflux disease and hypertension. A: Schematic diagram showing the design of the bidirectional Mendelian randomization (MR) analysis; B: Flow 
chart of the MR analysis. MR: Mendelian randomization; GERD: Gastroesophageal reflux disease; SNPs: Single nucleotide polymorphism; MR-PRESSO: MR-
Pleiotropy RESidual Sum and Outlier; BE: Barret's esophagus.

outlier variants were eliminated if the MR-Pleiotropy RESidual Sum and Outlier (MR-PRESSO) analysis identified a 
significant horizontal pleiotropy (with a P value smaller than the cutoff in the MR-PRESSO outlier test). After detecting 
heterogeneity with Cochran's Q test, we eliminated all the SNPs whose P value in the MR-PRESSO outlier test was less 
than 1 if the heterogeneity was still significant. At last, we performed MR PRESSO and Cochran's Q test again, MR 
analysis, “leave-one-out” sensitivity analysis and MR-Egger intercept test to draw the conclusion with caution.

IVs
SNPs are used in MR analyses to assess the causal relationship; the SNPs chosen should meet three key assumptions: (1) 
Genetic instruments predict the exposure (P < 5 × 10-8); (2) genetic instruments are not associated with potential 
confounders; and (3) genetic instruments affect the outcome only through the exposure[16]. We undertook a number of 
procedures to choose eligible SNPs.

First, P < 5 × 10-8, linkage disequilibrium (R2 ≤ 0.001), Hardy-Weinberg equilibrium, and genetic distance 10000 kB were 
necessary for SNPs related with GERD/BE. The effect alleles, allele frequencies, P values, SEs, and P values for each SNP 
were then gathered. The exposure SNPs were then retrieved from the selected outcome data, and SNPs that were 
substantially (P < 5 × 10-8) linked with the outcomes were excluded. Thirdly, the palindromic and incompatible SNPs 
were deleted while harmonizing the exposure and result SNPs to maintain the concordance of the effect alleles. The F-
statistic was determined in order to avoid bias brought on by weak proxies, although no IV had a F statistic of less 
than 10[17].

Statistical analysis
In this investigation, various techniques were utilized to determine whether there was a causal relationship between 
GERD/BE and essential hypertension. These techniques included inverse variance weighted (IVW), weighted median 
(WM), and MR-Egger regression. For SNPs, which showed the greatest power but was subject to biases, IVW computed a 
weighted average of the Wald ratio on the premise that all the instruments were valid[18]. Because the random-effect 
model maintains conservative estimates even when heterogeneity is identified, it was used in this work for IVW. When at 
least half of the IVs were valid, WM investigated the median effects of all instrumental SNPs, which made it harder to 
create biases[19]. Independent of the validity of IVs, the MR-Egger regression model yielded a reasonably reliable 
estimate. But the MR-Egger approach was susceptible to being influenced by outliers[20].

In this study, the Cochran's Q test P value was utilized to determine whether there was heterogeneity in the MR 
analysis. When P ≥ 0.05, it was decided that there was no heterogeneity in the analysis. A symmetry plot showed that 
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there was no heterogeneity, and the funnel plot was also utilized to find it.
Pleiotropy was discovered using the intercept term in MR-Egger regression and MR-PRESSO[21]. The MR-Egger 

intercept test with P < 0.05 indicated the existence of directional horizontal pleiotropy[22]. The MR-PRESSO analysis 
detected and attempted to reduce horizontal pleiotropy by removing significant outliers. Global test in MR-PRESSO with 
P < 0.05 indicated the existence of horizontal pleiotropy and outlier test P value was used to correct the results, which can 
eliminate horizontal pleiotropy by removing outlier SNPs. The total effect of each remaining SNP was also estimated 
using the leave-one-out method in order to evaluate the impact of each SNP. All statistical tests were performed by the 
“TwoSampleMR” package for the R program (version 4.2.1).

Ethics
We used publicly accessible GWAS summary data or published trial data for our analyses. For this manuscript, no 
original data were gathered, and no ethics committee permission was needed. The institutional ethics review committees 
for each of the included studies gave their approval, and all participants gave their written informed permission.

RESULTS
MR analysis for causal link between GERD and hypertension
As shown in Table 1, the result of IVW demonstrated that the strong causal link of GERD and essential hypertension 
(OR = 1.46, 95%CI: 1.33-1.59, P = 2.14E-16). However, heterogeneity and horizontal pleiotropy were detected 
(Supplementary Figure 1), so we repeated the validation by changing data of hypertension. In replication practice of 
GERD on essential hypertension, after MR-PRESSO test and heterogeneity analysis, there were no outliers SNPs or 
heterogeneity or horizontal pleiotropy (Supplementary Table 1), and the IVW analysis also exhibited an increased risk of 
essential hypertension (OR = 1.002, 95%CI: 1.0008-1.003, P = 0.000498) in GERD patients.

Moreover, we assessed causal relationship of GERD and blood pressure. The IVW analysis exhibited an increased risk 
of systolic blood pressure in GWRD patients (β = 0.78, 95%CI: 0.11-1.44, P = 0.021) and an increased risk of diastolic blood 
pressure in GWRD patients (β = 0.09, 95%CI: 0.08-0.12, P = 1.2E-17), but heterogeneity and horizontal pleiotropy were 
detected in diastolic blood pressure, making the result doubtful. Meanwhile, the IVW analysis exhibited an increased risk 
of hypertensive heart disease (OR = 1.68, 95%CI: 1.36-2.08, P = 0.0000016) in GERD patients and an increased risk of 
hypertensive heart and/or renal disease in GERD patients (OR = 1.61, 95%CI: 1.33-1.94, P = 0.000001), indicating a strong 
causal relationship between GERD and hypertensive heart/renal disease.

As the results mentioned above, we could conclude the causal effect of genetically predicted GERD on hypertension, 
hypertensive heart/renal disease, and systolic blood pressure.

MR analysis for causal link of BE with hypertension
The results of Table 1 showed no causal link of BE and essential hypertension (OR = 1.000058, 95%CI: 0.9993-1.00079, P = 
0.88). However, in replication practice, there was strong causal link of BE and essential hypertension (OR = 1.054, 95%CI: 
1.00035-1.1097, P = 0.048). There were no heterogeneity or horizontal pleiotropy in the MR analysis of BE on essential 
hypertensive in both practices. Therefore, the causal link of BE and essential hypertension need more study to prove.

MR analysis for causal link between hypertension and GERD/BE
Scatter plots were used to display the individual SNP effects and combined effects from each MR approach for each 
outcome database (Figures 2-5).

In Table 2, we displayed the relationship between hypertension and GERD/BE and the credibility of results was 
judged using heterogeneity test and pleiotropy test (Supplementary Table 2). There was no causal relationship between 
essential hypertension and GERD (OR = 1.02, 95%CI: 0.98-1.05, P = 0.344) (Figure 6). Similarly, diastolic blood pressure 
and systolic blood pressure are not related to the prevalence rate of GERD, with IVW as (β = 0.04, 95%CI: -0.02-0.1, P = 
0.179) and (β = -0.003, 95%CI: -0.009-0.003, P = 0.311) respectively (Figure 7). However, we found an decreased risk of BE 
(OR = 0.91, 95%CI: 0.83-0.99, P = 0.043) in essential hypertension patients, and there were no heterogeneity or horizontal 
pleiotropy, proving the reliability of this result.

Funnel plots indicated the locations of each outcome's heterogeneity, and leave-one-out plots revealed that the 
relationships were unlikely to be caused by specific extreme SNPs (Supplementary Figures 1-4).

DISCUSSION
Clinical and mendelian randomized studies had shown that gastroesophageal reflux was a risk factor for heart diseases 
such as atrial fibrillation and coronary heart disease[9,23-25]. Proton-pump inhibitors (PPI) used to treat gastroesophageal 
reflux may also relieve pain due to cardiovascular disease[26,27]. The β-blockers used to treat hypertension can also 
reduce the tone of the lower esophageal sphincter while lowering blood pressure, resulting in aggravation of gastroeso-
phageal reflux symptoms in some hypertensive patients at the beginning of medication[28].

The prevalence of GERD in East Asia is low, ranging from 5 to 10 percent[29]. However, after studying some 
populations in central China, Li et al[27] found that 44.2% (38/86) of essential hypertensive patients had gastroesophageal 
reflux. Suyu et al[11] also found that the proportion of patients with hypertension with GERD was as high as 31.4% (137/

https://f6publishing.blob.core.windows.net/ba05499c-0ce8-455c-922b-277731293cca/WJCC-12-880-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/ba05499c-0ce8-455c-922b-277731293cca/WJCC-12-880-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/ba05499c-0ce8-455c-922b-277731293cca/WJCC-12-880-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/ba05499c-0ce8-455c-922b-277731293cca/WJCC-12-880-supplementary-material.pdf


Wei N et al. GERD and essential hypertension

WJCC https://www.wjgnet.com 884 February 16, 2024 Volume 12 Issue 5

Table 1 Mendelian randomization estimates from different methods of assessing the causal effect between gastroesophageal reflux 
disease/Barret's esophagus and essential hypertension

IVW WM MR-Egger
Exposure Outcome Step Nsnp OR or 

beta 95%CI P 
value

OR or 
beta 95%CI P value OR or 

beta 95%CI P 
value

Essential hypertension 3 69 1.46 1.33, 
1.59

2.14E-
16

1.34 1.19, 
1.50

6.80E-07 2.073 1.23, 
3.50

0.0082

Duplicate essential 
hypertension

1 77 1.002 1.0008, 
1.003

4.98E-
04

1.0013 0.9998, 
1.0028

0.084 1.0018 0.996, 
1.0076

0.54

Diastolic blood 
pressure1

3 58 0.09 0.08, 
0.12

1.2E-
17

0.095 0.066, 
0.12

7.8E-11 0.034 -0.12, 
0.19

0.66

Systolic blood 
pressure1

3 61 0.78 0.11, 
1.44

0.021 0.59 -0.36, 
1.53

0.23 4.42 0.28, 
8.55

0.04

Hypertensive heart 
disease

1 75 1.68 1.36, 
2.08

1.60E-
06

1.82 1.38, 
2.42

2.90E-05 2.99 0.85, 
10.48

0.09

Gastroesophageal 
reflux disease

Hypertensive heart 
and/or renal disease

2 73 1.61 1.33, 
1.94

1.00E-
06

1.72 1.31, 
2.26

8.91772E-
05

2.89 0.96, 
8.75

0.064

Essential hypertension 1 16 1.00006 0.9993, 
1.0008

0.88 1.000033 0.999, 
1.001

0.95 1.002 0.997, 
1.0067

0.4Barret's esophagus

Duplicate essentialhy-
pertension

1 16 1.05 1.0004, 
1.11

0.048 1.078 1.001, 
1.16

0.046 1.1 0.75, 
1.61

0.62

1Except that the results of diastolic blood pressure and diastolic blood pressure were expressed in beta, other results were expressed in OR. Step: (1) 
Mendelian randomization (MR) analysis without removing single nucleotide polymorphisms (SNPs); (2) MR analysis after removing the SNPs [with P 
value less than threshold in MR-Pleiotropy RESidual Sum and Outlier (MR-PRESSO) test]; and (3) MR analysis after removing all the SNPs (with P value 
less than 1 in MR-PRESSO outlier test). N snp: Number of single nucleotide polymorphisms; IVW: Inverse variance weighted; WM: Weighted median; MR-
Egger: Mendelian randomization egger.

Table 2 Mendelian randomization estimates from different methods of assessing the causal effect between essential hypertension and 
gastroesophageal reflux disease/Barret's esophagus

IVW WM MR-Egger
Exposure Outcome Step Nsnp OR or 

beta 95%CI P 
value

OR or 
beta 95%CI P 

value
OR or 
beta 95%CI P 

value

Duplicate essential 
hypertension

3 31 1.015 0.98, 
1.05

0.344 1.027 0.99, 
1.07

0.202 1.038 0.94, 
1.15

0.471

Diastolic blood 
pressure1

3 154 0.042 -0.02, 
0.104

0.179 0.026 -0.05, 
0.103

0.518 -0.194 -0.39, 
0.003

0.056

Systolic blood 
pressure1

Gastroesophageal 
reflux disease

3 11 -0.003 -0.009, 
0.003

0.311 -0.004 -0.01, 
0.003

0.274 -0.031 -0.07, 
0.007

0.148

essentialhypertension Barret's esophagus 3 31 0.911 0.83, 
0.997

0.043 0.929 0.82, 
1.05

0.254 0.869 0.65, 
1.16

0.345

1Except that the results of diastolic blood pressure and diastolic blood pressure were expressed in beta, other results were expressed in OR. Step: (1) 
Mendelian randomization (MR) analysis without removing single nucleotide polymorphisms (SNPs); (2) MR analysis after removing the SNPs [with P 
value less than threshold in MR-Pleiotropy RESidual Sum and Outlier (MR-PRESSO) test]; and (3) MR analysis after removing all the SNPs (with P value 
less than 1 in MR-PRESSO outlier test). N snp: Number of single nucleotide polymorphisms; IVW: Inverse variance weighted; WM: Weighted median; MR-
Egger: Mendelian randomization egger.

436). Our findings clearly suggest that gastroesophageal reflux can lead to elevated blood pressure and essential 
hypertension.

Gudlaugsdottir et al[30] concluded that hypertension was more prevalent in patients with BE (OR = 5.1, P < 0.0001) and 
also had a higher prevalence in patients with reflux esophagitis (OR = 3.8, P < 0.001). But our study did not clarify the role 
of BE in hypertension. PPI therapy, anti-reflux mucosectomy (ARMS), and fundoplication are other treatments for 
gastroesophageal reflux, which may play a protective role against hypertension by relieving gastroesophageal reflux[31]. 
Some clinical studies have found that the hypertension was well controlled in some patients after the treatment of 
gastroesophageal reflux by fundoplication[10]. We were failed to determine the possible protective effects of PPI/ARMS/
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Figure 2 Scatter plots for the causal association between gastroesophageal reflux disease and hypertension. A: Gastroesophageal reflux 
disease (GERD) on essential hypertension; B: Replication practice for GERD on essential hypertension; C: GERD on diastolic blood pressure; D: GERD on systolic 
blood pressure; E: GERD on hypertensive heart disease; F: GERD on hypertensive heart and/or renal disease. MR: Mendelian randomization; SNPs: Single 
nucleotide polymorphism.
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Figure 3 Scatter plots for the causal association between Barret's esophagus and hypertension. A: Barret's esophagus (BE) on essential 
hypertension; B: Replication practice for BE on essential hypertension. MR: Mendelian randomization; SNPs: Single nucleotide polymorphism.

Figure 4 Scatter plots for the causal association between hypertension and Gastroesophageal reflux disease. A: Duplicate essential 
hypertension on Gastroesophageal reflux disease (GERD); B: Diastolic blood pressure and GERD; C: Systolic blood pressure and GERD. MR: Mendelian 
randomization; SNPs: Single nucleotide polymorphism.
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Figure 5 Scatter plots for the causal association between hypertension and Barret's esophagus: Duplicate essential hypertension on 
Barret's esophagus. MR: Mendelian randomization; SNPs: Single nucleotide polymorphism.

Figure 6 Forest plot for the causal association between hypertension and Gastroesophageal reflux disease. GERD: Gastroesophageal reflux 
disease.

Figure 7 Forest plot for the causal association between hypertension and Barret's esophagus. GERD: Gastroesophageal reflux disease.



Wei N et al. GERD and essential hypertension

WJCC https://www.wjgnet.com 888 February 16, 2024 Volume 12 Issue 5

fundoplication on hypertension due to insufficient SNP/databases. In addition, our study suggested that gastroeso-
phageal reflux can also lead to hypertensive heart failure.

The anterior wall of the esophagus is closely adjacent to the posterior wall of the heart, and the autonomic nerves of the 
esophagus and heart also overlap and cross[32,33]. Some studies believe that the presence of gastroesophageal reflux is 
often accompanied by pain, which would stimulate the patient's sympathetic nerve excitation, resulting in increased 
blood pressure[34]. In addition, gastroesophageal reflux can lead to arrhythmias, and arrhythmias such as bradycardia 
can also lead to hypertension[35,36]. Gastroesophageal reflux may also cause hypertension by affecting the level of 
mediators in plasma that regulate hypertension. Some studies found that plasma concentrations of nitric oxide 
metabolites increased significantly after 8 wk of inhibition of gastric acid secretion[37,38].

Several limitations should be considered in our MR analysis. Firstly, the summary GWAS data only concern 
individuals of European, so results may not be representative of the whole population. Secondly, although we took steps 
to exclude outlier SNPs, horizontal pleiotropy and heterogeneity still exited in our analysis. However, we used different 
methods to draw a conclusion to eliminate the impact of pleiotropy and heterogeneity.

CONCLUSION
Gastroesophageal reflux can lead to increased blood pressure, hypertension, and hypertensive heart failure. Patients with 
essential hypertension should be examined and treated for gastroesophageal reflux, and patients with gastroesophageal 
reflux should also be monitored for hypertension.

ARTICLE HIGHLIGHTS
Research background
Some clinical studies have suggested that gastroesophageal reflux disease (GERD) may have a causal relationship with 
essential hypertension, but the relevant conclusions may be affected by confounding factors and small sample sizes.

Research motivation
Determining the causal relationship between GERD and essential hypertension could provide new perspectives for the 
treatment of patients with GERD and hypertension.

Research objectives
We would perform a bidirectional Mendelian randomization (MR) analysis to investigate the causal link between GERD 
and essential hypertension.

Research methods
A series of steps were conducted to select eligible single nucleotide polymorphisms, and inverse variance weighted 
(IVW), weighted median and MR egger regression were used to examine whether there was a causal association between 
GERD and hypertension.

Research results
IVW analysis exhibited an increased risk of hypertension (OR = 1.46, 95%CI: 1.33-1.59, P = 2.14E-16) in GERD patients. 
Meanwhile, the IVW analysis showed an increased risk of systolic blood pressure and hypertensive heart disease in 
GERD patients.

Research conclusions
GERD was positively associated with the risk of essential hypertension, suggesting a new prevent strategy and 
therapeutic perspectives of essential hypertension in patients with GERD.

Research perspectives
The specific mechanisms associated with GERD and essential hypertension need to be further clarified.
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