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Background: Comorbidity is a common problem among elderly people, significantly damaging individuals’ health and healthcare 
systems. However, observational studies may be susceptible to residual confounding factors and bias. The present study aimed to 
assess the causal effect of common chronic disease comorbidity using the Mendelian randomization (MR) approach.
Methods: Data for the present study were obtained from a community survey conducted between 2018 and 2020 in four counties in 
Ganzhou City, southern China. A cross-sectional survey was conducted using a multi-stage stratified random sampling method. A total 
of 1756 valid questionnaires were collected to analyze common chronic disease comorbidities. Genetic variants associated with 
hypertension, diabetes, stroke, and hyperlipidemia-related factors were selected as instrumental variables for univariate and multi-
variate MR analyses.
Results: The self-reported prevalence of chronic disease in the older adult population in Southern China was 68.1%, with hyperten-
sion (46.1%), diabetes (10.5%), and hyperlipidemia (8.5%) being the three most common conditions. The prevalence of chronic 
disease comorbidity was 20.7% among the 12 chronic diseases studied. Hypertension was identified as a predictor of diabetes (OR 
[95% CI]: 1.114 [1.049, 1.184], p < 0.001), and diabetes mellitus was equally identified as a risk factor for hypertension (OR [95% 
CI]: 1.118 [1.069, 1.187], p < 0.001). Furthermore, high triglyceride levels were identified as a risk factor for hypertension (OR [95% 
CI]: 1.262 [1.129, 1.411], p < 0.001). In contrast to intracranial hemorrhages, hypertension had a significant impact on ischemic stroke 
(OR [95% CI]: 1.299 [1.161, 1.454], p < 0.001).
Conclusion: The causal association between multiple cardiovascular and metabolism-related diseases is mediated by hypertension, 
with a bidirectional cause-and-effect relationship between hypertension and diabetes. Hypertension is a risk factor for ischemic stroke, 
and the hyperlipidemia-related factor triglycerides (TG) influence hypertension. Therefore, prioritizing hypertension prevention and 
control in the elderly is critical for effective chronic disease management.
Keywords: hypertension, diabetes, hyperlipidemia, stroke, causal, mendelian randomization

Introduction
Chronic diseases, also known as non-communicable chronic diseases (NCDs), are a group of diseases caused by 
a combination of genetic, physiological, environmental, and behavioral factors. They have an insidious onset, a long 
course, and no clear etiology. Chronic diseases are major killers in the modern era, accounting for most healthcare 
expenditures. They are also increasingly becoming a health burden in lower- and middle-income countries, putting 
pressure on public health efforts to scale up interventions.1,2

Multimorbidity or comorbidities, the coexistence of two or more chronic diseases, is a common problem in the elderly 
and is significantly associated with increased mortality, disability, and functional decline.3,4 Information on chronic 
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disease interactions can help diagnose and prevent.5 The link between these diseases is complex and is mediated by 
common risk factors, notably smoking and physical inactivity.6 A cross-sectional study revealed that having one 
cardiovascular disease (CVD) increased the risk of co-occurring CVD and many other chronic diseases. However, the 
etiology of chronic disease comorbidities remains unknown. Given the high incidence and prevalence of chronic disease 
comorbidity, the assumption that chronic diseases are mutually causal appears acceptable However, because of the 
difficulty in designing such longitudinal studies, such causal relationships have rarely been investigated. Despite the 
rigorous design and analysis of traditional observational epidemiological studies, it remains challenging to exclude 
confounding factors, and there are shortcomings in clarifying causality when arguing for causality in complex diseases 
such as chronic diseases.7 Randomized controlled trials (RCTs) are the most effective method for proving the etiological 
hypothesis in epidemiological studies because they can minimize potential biases in clinical trial design and implementa-
tion, balance confounding factors, and improve statistical test validity.8 Nevertheless, it is not easy to implement widely 
because of ethical concerns, high costs, and time required.8 Therefore, this study used Mendelian randomization (MR) to 
overcome the limitations of traditional studies.

MR is a statistical approach that uses single-nucleotide polymorphisms (SNPs) as instrumental variables (IVs) to 
determine the relationship between risk factors and disease outcomes. MR can significantly reduce the risk of confound-
ing and reverse causation, which are shortcomings of conventional epidemiological studies.9 The present study aims to 
investigate the causal relationship between common chronic disease comorbidities. To achieve this objective, we 
obtained data from a community survey of chronic diseases among older adults in southern China to identify common 
disease comorbidities. Subsequently, we used public summary data from a genome-wide association study (GWAS) to 
conduct an MR study to investigate causal associations among chronic diseases. The findings of the present study may 
contribute to improving the understanding of the development and causal relationships of chronic disease comorbidity, 
thereby increasing the value of chronic disease prevention and management.

Materials and Methods
Participants
A multistage stratified random sampling method was used to conduct cross-sectional community surveys between 2018 
and 2020 in Ganzhou City, southern China, to collect self-reported data on chronic diseases of the elderly through 
questionnaires.

The investigation area for this study comprised four county-level districts, namely Zhanggong, Ganxian, Nankang, 
and Xinfeng districts in Ganzhou City, as illustrated in Figure S1. The study targeted permanent residents aged 18 years 
and above who had resided in the area for at least six months. The survey was conducted in collaboration with the 
township health center under the guidance of the related county Health Commission and was organized by the Centers for 
Disease Control and Prevention (CDC). The program design, on-site investigation, and residents’ health examinations 
were all conducted under the auspices of these entities. After eliminating questionnaires with significant errors, such as 
duplicate and unreliable questionnaires, 1756 valid questionnaires were collected from older respondents.

Definitions
The present study includes twelve types of chronic diseases, and respondents were defined as chronic disease comorbid-
ities if they had been diagnosed with two or more.

The risk ratios (RR) and observed-to-expected ratios (O/E) of comorbidity indicators between diseases were used to 
calculate the correlation.10 The RR value for a chronic disease indicates the likelihood of a comorbid person suffering 
from a specific chronic disease compared with non-comorbid persons. This is equal to the prevalence of comorbid 
patients divided by the prevalence of non-comorbid patients. A higher RR value indicates that there are more 
comorbidities than non-comorbidities and that the disease is more likely to coexist with other diseases. However, there 
is no direct relationship between comorbidity risk and prevalence.
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The O/E ratio was calculated to estimate conditional probabilities of combinations of two chronic conditions and is 
equal to the ratio of observed and expected prevalence of co-modality. The predicted prevalence of co-modality is the 
product of the respective prevalence of chronic diseases included in the co-modality.

MR Study
GWAS Summary Data
All GWAS summary statistics used in the current MR study were obtained from the IEU Open GWAS Project summary 
datasets (https://gwas.mrcieu.ac.uk/). Because we only analyzed publicly available summary-level GWAS data, the MR 
study was exempt from ethical review. Table 1 presents the detailed information.

IVs Selection
The extracted genetic variants were selected as IVs to estimate causal effects in chronic diseases based on the following 
assumptions: (1) predictive of exposure variables, (2) independent of confounders, and (3) no change in outcome variables 
via an independent pathway other than exposure. We first used the SNPs associated with exposure variables at genome-wide 
significance (p < 5×10−8), then pruned for linkage disequilibrium (LD) (r2 < 0.001, distance < 10,000 kb) to obtain 
independent SNPs. The F statistic (F = beta2/se2) was used to evaluate the potency of the instrumental variable (IV) to 
avoid potentially weak instrumental bias. A value of F greater than ten indicates a strong correlation between IV and 
exposure, protecting the MR analysis results from the effects of weak instrumental bias.11,12 Each exposure-associated SNP 
was then examined for potential Assumptions 2 and 3 violations using GWAS database. SNPs associated with known risk 
factors for the outcome variables were excluded from further investigation. A PhenoScanner V2 search was performed to 
identify confounding phenotypes related to the selected IVs.13,14 The remaining SNPs were aggregated with GWAS outcome 
variable database, removing those not included in the outcome variable database. Palindromic SNPs with intermediate allele 

Table 1 Detailed Information on GWAS Datasets Used in This MR Study

Datasets GWAS ID Population Author Year Consortium Sample Size Sex Traits

Hypertension finn-b-I9_HYPTENS European NA 2021 NA 55917 cases 

and 162837 

controls

Male and 

Female

Hypertension

Diabetes finn-b-E4_DIABETES European NA 2021 NA 35607 cases 

and 18318 

controls

Male and 

Female

Diabetes mellitus

Hyperlipidemia met-d-Total_C European Borges CM 2020 NA 115078 Male and 

Female

Total cholesterol

ieu-b-111 European Richardson, 

Tom

2020 UK Biobank 441016 Male and 

Female

Triglycerides

ieu-b-110 European Richardson, 

Tom

2020 UK Biobank 440546 Male and 

Female

LDL cholesterol

ieu-b-109 European Richardson, 

Tom

2020 UK Biobank 403943 Male and 

Female

HDL cholesterol

Stroke finn-b-C_STROKE European NA 2021 NA 18661 cases 

and 162201 

controls

Male and 

Female

Stroke

finn-b-I9_STR_EXH European NA 2021 NA 10551 cases 

and 202223 

controls

Male and 

Female

Ischemic Stroke, 

excluding all 

hemorrhages

finn- 

b-I9_OTHINTRACRA

European NA 2021 NA 331 cases and 

203068 

controls

Male and 

Female

Other intracranial 

hemorrhages

Abbreviation: NA, is not applicable.
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frequencies (MAF threshold = 0.3) were removed. The MRORESSO test also removes SNPs with potentially pleiotropic 
outliers.15 Figure 1 depicts the SNPs selection process for the univariate MR study.

Statistical Analysis
As the primary MR method in this two-sample MR analysis, we used the inverse variance weighted (IVW) method 
implemented in the TwoSampleMR R package. If the selected SNPs meet IV assumptions, this method provides the most 
reliable causal assessment and has the highest statistical power.16 We then performed sensitivity analyses using MR-Egger, 
weighted median, weighted mode, simple mode, and maximum likelihood methods to evaluate the robustness of the findings. 
The intercept of the MR-Egger regression method was used to measure the effect size of horizontal pleiotropy. The closer the 
intercept to zero, the smaller the horizontal pleiotropy, and p > 0.05 of the horizontal pleiotropy test was considered to 
indicate no horizontal pleiotropy.17 We also ran a leave-one-out sensitivity analysis to evaluate whether individual IVs drove 
the observed causal associations. Cochran’s Q statistical test was used to assess the presence of heterogeneity between the 
variant-specific estimates. All statistical analyses, including univariate and multivariate MR, were performed in R (version 
4.2.3) using the package “TwoSampleMR” (version 0.5.6).18,19 Statistical significance was set at p < 0.05.

Results
Characteristics of Respondents
The demographic characteristics of the respondents are summarized in Table 2. Among the total sample, 830 (47.3%) 
were male, and 926 (52.7%) were female. Most of the respondents (98.7%) were Han Chinese. The sample had a mean 
age of 68.92 ± 7.41 years, with men having a mean age of 68.72 ± 6.87 years and women having a mean age of 69.10 ± 
7.86 years. Only two (0.1%) respondents had an undergraduate or higher level of education. Most respondents (60.2%) 
were unemployed, jobless or retired. Approximately 38.5% of the respondents reported a monthly average income per 
capita of ≥ 1000 and < 3000 Yuan, while 23.6% reported an income of ≥ 3000 and < 5000 Yuan.

Figure 1 IVs selection flow. 
Abbreviations: MR, Mendelian Randomization; LD, Linkage disequilibrium, SNPs, Single nucleotide polymorphisms.
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Self-Reported Prevalence of Chronic Diseases Among the Elderly in Southern China
Of the 1756 participants, 1195 residents had at least one chronic disease, resulting in a self-reported prevalence of 68.1%. 
The prevalence rates of the 12 common chronic diseases in this survey were arranged in descending order (Figure 2), 
with hypertension having the highest prevalence rate (46.1%), followed by diabetes (10.5%), hyperlipidemia (8.5%), 
coronary artery disease (6.1%), chronic bronchitis (5.4%), osteoporosis (4.4%), stroke (2.8%), prostatic hypertrophy 
(1.9%), cataract (1.5%), malignant tumor (0.6%), mental illness (0.3%), and chronic hepatitis (0.3%).

Chronic Disease Comorbidity in the Elderly
The present study examined the prevalence and pattern of chronic comorbidities in the elderly. The correlation among the 
components of chronic disease comorbidity was estimated by calculating the relative RR and O/E ratio of the 
comorbidity.

The survey included 12 chronic diseases, and the results indicated a prevalence of chronic disease comorbidity of 
20.7% (364/1756), with 28 different types of dyad comorbidity (Figure 3). Among the 12 chronic diseases examined, the 
following conditions exhibited a heightened risk of comorbidity: hyperlipidemia (RR = 6.14), prostatic hypertrophy (RR 
= 5.60), stroke (RR = 3.90), coronary artery disease (RR = 3.28), diabetes (RR = 2.78), chronic bronchitis (RR = 1.79), 
osteoporosis (RR = 1.60), cataract (RR = 1.0), hypertension (RR = 0.68), chronic hepatitis (RR = 0.67), malignant tumor 
(RR = 0.57), and mental illness (RR = 0.25). Correlation analysis revealed that the dyad comorbidity with the highest O/E 
(4.837) was a malignant tumor and prostatic hypertrophy. Figure 3 depicts the prevalence and correlations of dyad 
chronic diseases of comorbidities.

Based on the prevalence and association probability (indicated by O/E values) of comorbidity patterns, the dyad 
comorbidity patterns of chronic disease with both prevalence and O/E values ranking in the top eight were selected in the 
subsequent MR study. Finally, three dyad disease comorbidity patterns, namely, hypertension and diabetes, hypertension 
and hyperlipidemia, and hypertension and stroke, were included in the next step.

Table 2 Characteristics of Respondents

Variables Grouping Frequency (Valid Percent [%])

Sex Men 830 (47.3)
Women 926 (52.7)

Ethnic Hans 1733 (98.7)

Others 23 (1.3)
Education No formal school education 332 (18.9)

Did not finish primary school 402 (22.9)

Primary school 432 (24.6)
Junior high school 301 (17.1)

Senior high school and technical secondary school 239 (13.6)
Junior college 31 (1.8)

Undergraduate and above 2 (0.1)

Missing values 17(1.0)
Occupation Institutional and enterprise staff 25 (1.4)

Scientific and technical staff 6 (0.3)

Other workers 660 (37.6)
Not working, such as jobless and retired 1057 (60.2)

Missing values 8 (0.4)

The monthly average income per capita (Yuan) < 500 118 (6.7)
≥ 500 and < 1000 199 (11.3)

≥ 1000 and < 3000 676 (38.5)

≥ 3000 and < 5000 414 (23.6)
≥ 5000 163 (9.3)

Missing values 186 (10.6)
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Causal Relationships Between Chronic Diseases
Hypertension and Diabetes
Hypertension and diabetes are common chronic diseases that affect a large proportion of the adult population. 
Hypertension and diabetes mellitus are “silent killers” with an increasing global prevalence. Hypertension is 
a common diabetes comorbidity and a mortality risk factor.20 High blood pressure (BP) is reported in more than two- 
thirds of patients with type 2 diabetes (T2D), and its onset coincides with hyperglycemia.21 High BP is associated with 
a higher risk of diabetes.22 Hypertension accelerates the progression of diabetic nephropathy through glomerular 
hyperfiltration and causes atherosclerosis in diabetes.23 In the current observational studies, diabetes mellitus was 
associated with an increased risk of hypertension and vice versa, but the causality between these conditions is yet to 
be determined.

A 4-year follow-up study revealed that high BP is a risk factor for T2D in middle-aged and elderly Chinese.24 The 
highest diastolic BP and longest hypertension duration were independently associated with T2D in hypertensive 
subjects.25 A prospective cohort study indicated that diabetes was associated with hypertension and arterial stiffness, 
with arterial stiffness predicting diabetes better than hypertension.26

In contrast, observational evidence revealed that diabetic or obese patients frequently have morning hypertension.27 

A case-control study demonstrated that diabetes was a significant risk factor for hypertension and that diabetes positively 
interacted with hypertension.28 Therefore, we hypothesized that hypertension and diabetes are causally linked. The 
literature was searched, and a few MR studies were found to elaborate on their causal association.29,30 However, the 
results were inconsistent, probably because of the different samples and the use of differentiated IVs. Therefore, by 

Figure 2 Self-reported prevalence of the chronic diseases.
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conducting a bidirectional two-sample MR study, we attempted to exclude the effect of confounding factors to investigate 
the causal associations between hypertension and diabetes.

Initially, 62 SNPs were selected from the hypertension GWAS database (GWAS ID: finn-b-I9_HYPTENS). Then, the 
known underlying confounding factors, such as age, body mass index (BMI),31 obesity, overweight, Vitamin D, and 
sleep, were included in MR analysis to eliminate confounding SNPs, and 12 were identified and removed. Following 
overlap with the diabetes GWAS data (GWAS ID: finn-b-E4_DIABETES), 10 SNPs were removed as palindromic. MR- 
PRESSO test results revealed no individual SNPs with significant pleiotropy. Finally, 40 SNPs were selected as IVs for 
MR analysis (The effect estimates of single SNPs are shown in Figure S2A). The overall F-statistic value of 12.20 is 
significantly higher than the critical value of 10, indicating no weak instrumental bias exists in IVs.

In the present study, three MR analysis methods were used to estimate the effect of hypertension on the development 
of diabetes mellitus: MR Egger, Weighted median, and IVW methods. The random effects model of the IVW method was 
used to investigate the effect of hypertension on diabetes, given heterogeneity (Cochran’s Q = 80.875, p < 0.01). As 
shown in Figure 4A, the findings revealed hypertension as a significant predictor of diabetes (IVW, OR [95% CI]: 1.114 
[1.049, 1.184], p < 0.001). The MR Egger method estimated an intercept of −0.0019 with a p-value of 0.8116, indicating 
a lack of statistical significance and implying that the IVs had no horizontal pleiotropic effects. Leave-one-out analysis 
(Figure S3A) and funnel plot (Figure S4A) demonstrated that the results were sufficiently robust.

We further analyzed the causal associations between diabetes mellitus and hypertension. The diabetes GWAS 
database yielded 58 SNPs. After comparing the results to the hypertension GWAS database, 15 confounding SNPs 
and seven palindromic SNPs were identified and removed. Two SNPs with significant pleiotropy (as determined by the 
MR-PRESSO Outlier Test, p < 0.05) were excluded. Finally, 34 SNPs were selected as IVs (Figure S2B) without 

Figure 3 The prevalence and correlations of dyad chronic diseases comorbidities. The O/E ratio was calculated to estimate conditional probabilities of combinations of two 
conditions and is equal to the ratio of observed and expected prevalence of co-modality.
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Figure 4 Scatter plots of estimated effect sizes among variables. Scatter plot revealing MR effect estimates of exposure over the outcome. Each variant-exposure association 
was plotted against the variant-outcome association, and the corresponding MR estimate for inverse variance weighted, MR Egger, weighted median, simple mode, and 
weighted mode. The slope indicates the size of the estimated effect of the exposure on outcome. The effect of (A) hypertension on diabetes, (B) diabetes on hypertension, 
(C) hypertension on triglycerides, (D) hypertension on stroke, (E) hypertension on ischemic stroke, and (F) hypertension on intracranial hemorrhages. The figure displays 
the correlation effect (β, beta) of the two conditions, with the slopes of the lines serving as indicators. The odds ratios (ORs) were calculated using the odds Ratio() function 
in R (version 4.2.3), where OR is equivalent to exp(β).
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evidence of weak instrumental bias (F = 23.65). Conversely, diabetes mellitus was equally a risk factor for hypertension 
in MR analysis (IVW (random effects), OR [95% CI]: 1.118 [1.069, 1.187], p < 0.001, Figure 4B). There was no 
significant horizontal pleiotropy from IVs to outcome (intercept = −0.0070, p = 0.090), and the results appeared 
sufficiently robust (Figures S3B, and S4B).

Hypertension and Hyperlipidemia
Hyperlipidemia is a common chronic disease in the elderly. A report stated that people with hyperlipidemia have roughly 
twice the risk of developing cardiovascular disease (CVD) compared to those with normal total cholesterol levels in the 
United States.32 Hyperlipidemia is characterized by an imbalance in blood cholesterol levels, including low-density 
lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) levels. Hypertriglyceridemia and 
mixed hyperlipidemia are other types of hyperlipidemia that involve elevated cholesterol and triglyceride levels.32 

Elevated LDL-C levels can cause plaque buildup in arteries and are associated with an increased risk of atherosclerotic 
cardiovascular disease.32 To date, no publication has investigated the causal association between hyperlipidemia and 
hypertension. MR analyses examining the causal association between hypertension and hyperlipidemia are not currently 
being performed because of the possible lack of hyperlipidemia GWAS data. However, many observational studies have 
identified triglycerides (TG), cholesterol, and TG/HDL-C ratio as independent risk factors for hypertension, and the 
causal relationship between lipid-related factors (such as LDL-C, HDL-C, and triacylglycerols) and hypertension has 
been partially validated. Previous MR studies have linked HDL-C and TG levels to causal risk factors for hypertension. 
Nonetheless, hyperlipidemia is a multivariate lipid effect, and previous univariate MR studies appear insufficiently 
convincing. Therefore, we included common hyperlipidemia-related lipid factors, namely, total cholesterol (TC), TG, 
LDL-C, and HDL-C, in a multivariate MR analysis.

A total of 1616 SNPs were selected from the GWAS database to represent four exposure variables: TC (GWAS ID: 
met-d-Total_C), TG (GWAS ID: ieu-b-111), LDL-C (GWAS ID: ieu-b-110), and HDL-C (GWAS ID: ieu-b-109). The 
remaining 396 SNPs were included in the analysis after being removed for duplication, palindromic with intermediate 
allele frequencies, and association with potential confounding factors such as age, BMI, obesity, overweight, sleep, and 
dietary fiber.33 Subsequently, 49 SNPs were removed for being palindromic from GWAS data of hyperlipidemia-related 
factors and hypertension (GWAS ID: finn-b-I9_HYPTENS). Finally, 347 SNPs were selected as IVs for MR analysis.

Multivariate MR revealed that high TG was a risk factor for hypertension (IVW, OR [95% CI]:1.262 [1.129, 1.411], 
p < 0.001) with no weak instrumental bias in IVs (F = 16.70), while the other three factors were not found to be causally 
associated with hypertension (IVW, ORs [95% CI]:0.830 [0.578, 1.191], p = 0.312 for TC; 1.115 [0.822, 1.513], p = 
0.485 for LDL–C; and 0.953 [0.799, 1.136], p = 0.591 for HDL–C).

Subsequently, we used a two-sample MR method to investigate the plausible direct effects of hypertension on TG 
levels. We integrated confounding factors, such as cholesterol, to identify confounding SNPs and mitigate the influence 
of confounding variables. We eliminated four palindromic SNPs after intersection with TG GWAS. We included 22 SNPs 
(Figure S2C) as IVs in MR analysis after eliminating four SNPs due to significant horizontal pleiotropy. It should be 
noted that these IVs may exhibit a weak instrumental variable bias (F = 3.19). The findings indicated the absence of 
horizontal pleiotropy (intercept = −0.0039, p = 0.2328) but the presence of heterogeneity (Cochran’s Q = 48.268, p < 
0.001) in the IVs. Therefore, IVW random model was used to assess the effects of hypertension on TG levels. The results 
indicated that hypertension was not a significant predictor of TG level (OR [95% CI]:0.979 [0.956, 1.002], p = 0.074, 
Figure 4C), and the results appeared sufficiently robust (Figures S3C and S4C).

Hypertension and Stroke
Several studies have demonstrated that hypertension is the most important risk factor for all types of strokes.34–37 High 
BP is the most significant risk factor for stroke and applies to both ischemic stroke and intracerebral hemorrhage. 
Significant risks include smoking, diabetes, hyperlipidemia, and physical inactivity.38

Twenty-seven SNPs associated with confounding factors, such as age, BMI, obesity, overweight, diabetes, choles-
terol, TG, and sleep were excluded. Six palindromic SNPs were eliminated after harmonizing the SNPs between the 
exposure and outcome. The remaining 29 SNPs (Figure S2D) were analyzed as IVs, and there was no weak instrumental 
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variable bias (F = 53.62). The IVs showed no significant horizontal pleiotropy (intercept = −0.0047, p = 0.6627) or 
heterogeneity (Cochran’s Q = 31.374, p = 0.301). Therefore, the effect of hypertension on stroke was estimated using the 
fixed effects IVW method. As shown in Figure 4D, the results revealed that besides the IVW estimates (OR [95% CI]: 
1.334 [1.235, 1.441], p < 0.001), all other methods, such as MR Egger (OR [95% CI]: 1.411 [1.083, 1.839], p < 0.05), 
weighted median (OR [95% CI]: 1.320 [1.182, 1.475], p < 0.001), simple mode (OR [95% CI]: 1.329 [1.067, 1.656], p < 
0.05), and weighted mode (OR [95% CI]: 1.321 [1.073, 1.626], p < 0.05) indicated that hypertension was a notable risk 
factor for stroke.

Furthermore, we estimated the risk of hypertension for two types of strokes: ischemic stroke and intracerebral 
hemorrhage.38 Two GWAS databases (ischemic stroke, GWAS ID: finn-b-I9_STR_EXH, and intracranial hemorrhage, 
GWAS ID: finn-b-I9_OTHINTRACRA) derived from the corresponding two stroke types were collected for SNP 
selection of SNPs.

First, we investigated the effects of hypertension on ischemic stroke. 29 SNPs were included as IVs in the MR 
analysis (Figure S2E), with no weak instrumental variable bias (F = 20.78 > 10). No horizontal pleiotropic IVs were 
observed (intercept = 0.0002, p = 0.9906). Because IVs were heterogeneous (Cochran’s Q = 41.493, p < 0.05), the 
random-effects IVW method was used to evaluate the effect of hypertension on ischemic stroke. The findings revealed 
that hypertension had a significant effect on ischemic stroke (OR [95% CI], 1.299 [1.161–1.454], p < 0.001, Figure 4E). 
The effect of hypertension on intracranial hemorrhage was investigated. Similarly, 29 SNPs were selected as IVs in MR 
analysis (Figure S2F) with potentially weak instrumental variable bias (F = 0.41 < 10). Horizontal pleiotropy (intercept = 
0.0361, p = 0.6070) and heterogeneity (Cochran’s Q = 34.73, p = 0.178) of IVs were insignificant. The results of MR 
analysis suggested that hypertension was not a predictor of intracranial hemorrhage (Fixed-effect IVW, OR [95% 
CI]:1.172 [0.723, 1.899], p = 0.520, Figure 4F). Based on the leave-one-out analysis (Figure S3D–S3F) and funnel 
plot (Figure S4D–S4F), all the above results were found to be robust.

The graphical representation depicted in Figure 5A provides a comprehensive overview of the influence of hyperten-
sion on common comorbidities. Similarly, Figure 5B illustrates the effect of other illnesses on hypertension. As 
summarized in Figure 5C, hypertension mediated the causal association between multiple chronic diseases. 
Hypertension and diabetes have a bidirectional cause-and-effect relationship. Hypertension is a risk factor for stroke, 
particularly ischemic stroke. The hyperlipidemia-related factor TG influences hypertension.

Discussion
Comorbidity, defined as multiple chronic diseases in an individual, has emerged as a prevalent global phenomenon, 
particularly among the elderly.3,4 A cross-sectional community survey conducted in the present study revealed that the 
prevalence of comorbidity among the 12 chronic diseases investigated was 20.7% among individuals aged ≥ 60 years, 
indicating a heightened risk of chronic disease comorbidity among the local older adults. Therefore, relevant authorities 
must implement appropriate health management measures to combat the escalating threat of chronic disease.

Various factors such as smoking, alcohol consumption, diet, and exercise contribute to chronic diseases. However, the 
causal relationships between chronic illnesses have not been extensively studied because of the difficulty in designing 
rigorous longitudinal RCT to investigate their causal evidence. Consequently, the present study investigated the 
prevalence of chronic illness comorbidities and their causal associations using MR methods with a public GWAS 
database.

We examined MR evidence supporting a bidirectional relationship between T2D and hypertension. A prospective 
study demonstrated that higher blood pressure (BP) is a risk factor for T2D in middle-aged and elderly individuals.24 

Similar MR studies on the causal association between hypertension and T2D have also been reported, revealing that T2D 
may causally affect hypertension (OR [95% CI], 1.07 [1.04–1.10]), whereas the relationship between hypertension and 
T2D is unlikely (0.96 [0.88–1.04]). There was also a counterargument that BP had BMI-independent causal effects on the 
risk of T2D.30 The present study evaluated the causal relationship between hypertension and diabetes, contradicting 
previous findings. Variations in the sample sources, IVs, and effect estimation methods can cause discrepancies in the 
results of multiple MR studies.
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A minor bidirectional causal relationship between hypertension and diabetes has also been validated. The current 
results are more reliable because we used more rigorous screening of SNPs, specifically by removing potential 
confounding SNPs, and we selected newer, larger samples for analysis. Numerous pathophysiological mechanisms 
have supported this association. Among these mechanisms, insulin resistance in the nitric-oxide pathway, the stimulatory 
effect of hyperinsulinemia on the sympathetic drive, smooth muscle growth, and sodium-fluid retention, pivotal 
involvement of purinergic signaling, and the excitatory effect of hyperglycemia on the renin-angiotensin-aldosterone 
system appear to mediate the causality between them. Moreover, obesity, inflammation, oxidative stress, and insulin 
resistance have been proposed as common pathways that mediate causality.39 A comprehensive review provided evidence 
supporting the notion that insulin resistance is a critical link between hypertension and diabetes. Notably, insulin 
resistance is thought to play a critical role in developing and progressing hypertension-induced target organ damage 
such as left ventricular hypertrophy, atherosclerosis, and chronic kidney disease.

The present study had some limitations. One of the fundamental tenets of MR is that IVs should not be linked to 
potentially confounding variables. Considering the modest effect size (with an OR value of approximately one) observed 

Figure 5 Causal interaction effects among common comorbidities. (A). Estimates of the effect of hypertension on diabetes, hyperlipidemia-related factors (triglycerides), 
and stroke. (B). Estimates of the effects of diabetes mellitus and hyperlipidemia-related factors on hypertension. (C). The schematic diagram of the causal interaction effects 
of comorbidities of common chronic diseases.
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in the present and previous studies, the causal relationship between hypertension and diabetes requires further investiga-
tion owing to the possibility of unidentified confounding factors that could introduce bias. For instance, neuroinflamma-
tion may be a potential confounder because it uses the autonomic nervous system to mediate the development of diabetes 
and hypertension. Despite the efforts to account for all confounding factors, it remains challenging to conduct studies that 
completely exclude the impact of confounding SNPs in IVs. Nevertheless, the current study used the most common 
confounding factors, and the conclusions were considered reliable.

Hypertension and hyperlipidemia are common comorbidities among patients in China. TG and cholesterol levels are 
frequently used as biomarkers for hyperlipidemia detection. Despite the lack of publicly available genetic data on 
hyperlipidemia in MR studies, these biomarkers were used as variables. Consistent with previous observational studies, 
high TG levels were associated with an increased risk of hypertension. Genetic and observational data have highlighted 
the mediating role of pulse rate and lymphocyte count in the causal pathway from TG to BP.40

Nevertheless, the current findings contradict those of previous research and do not support cholesterol as a predictor 
of hypertension. After controlling for other variables, such as TG, the present study discovered that cholesterol levels 
were not predictors of hypertension. This inconsistency can be attributed to two factors. First, the results of observational 
studies provide causal indications rather than conclusive causal evidence. Second, univariate analysis does not account 
for potential underlying variables to the same extent as multivariate analysis.

The present MR analysis validated hypertension as a risk factor for stroke, consistent with previous research 
findings.34–37 Previous MR studies investigated the causal association between BP and stroke (systolic BP, per 10 
mmHg: OR [95% CI], 1.35 [1.24–1.48]; diastolic BP, per 5 mmHg: OR [95% CI], 1.20 [1.12–1.28]).41 However, the 
current study focused on the causal relationship between hypertension and stroke rather than BP, which is more clinically 
relevant. Furthermore, the current findings indicate that hypertension is a predictive factor for ischemic stroke rather than 
for hemorrhagic stroke. This assertion is supported by an MR study that suggested that hypertensive disorders during 
pregnancy are also associated with an increased risk of ischemic stroke (OR, 1.27; 95% CI, 1.12–1.44).42

The present study proposed a causal paradigm for common chronic diseases in the elderly, as depicted in Figure 5C. The 
mediating role of hypertension in the causal association between multiple chronic diseases has been previously highlighted. 
Notably, there was a bidirectional cause-and-effect relationship between hypertension and diabetes. Furthermore, hyperten-
sion is a risk factor for ischemic stroke, with the hyperlipidemia-related factor, TG influencing hypertension. Given these 
findings, prioritizing hypertension prevention and control in the elderly is crucial for effective chronic disease management. 
Besides, unhealthy lifestyle habits often result in obesity, which is considered as the upstream pathophysiology of chronic 
diseases. Therefore, it is also crucial to manage upstream conditions such as abdominal obesity to control chronic diseases.
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