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Abstract
Background  A comprehensive assessment of combined modifiable risk factors in relation to infectious diseases 
among individuals with hypertension is lacking, and the potential mechanisms of these associations remain unclear. 
To investigate the prospective associations of a combination of lifestyle behaviors and cardiometabolic factors with 
the risk of infectious diseases among individuals with hypertension and to estimate whether and to what extent 
blood biomarkers mediate these associations.

Methods  This cohort study included 147,188 participants with hypertension and complete data on modifiable risk 
factors from the UK Biobank. Health score was constructed from eight modifiable risk factors, including four lifestyle 
behaviors (diet, physical activity, smoking, and sleep duration) and four cardiometabolic factors (body mass index, 
blood lipids, blood glucose, and blood pressure). Cox proportional hazards regression analysis was used to estimate 
hazard ratios (HRs) and 95% confidence intervals (CIs) for the health score and infectious diseases. The mediation 
analysis was performed to assess the potential intermediation effects of blood biomarkers.

Results  Over a median follow-up of 12.5 years, 27,398 participants with infectious diseases were documented, with 
960 respiratory infectious diseases and 7940 digestive infectious diseases. After adjusting for potential confounders, 
the HR (95% CI) for the highest versus the lowest quartile of health score was 0.64 (0.62, 0.66) for infectious diseases, 
0.72 (0.60, 0.86) for respiratory infectious diseases, and 0.66 (0.62, 0.71) for digestive infectious diseases. Stratified 
factors including duration of hypertension did not modify the associations between the health score and infectious 
diseases. In addition, biomarkers including inflammation and renal function collectively explained 46.60% of the 
associations between the combined lifestyle factors and infectious disease risk among individuals with hypertension.

Conclusions and relevance  Ideal management of combined modifiable risk factors was associated with lower 
risks of infectious diseases and might produce profound changes in blood biomarkers among individuals with 
hypertension. Additionally, specific biomarkers appeared to serve as an intermediate between combined lifestyle 
factors and infectious diseases. These insights highlighted the important role of a combination of healthy lifestyle 
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Introduction
The growing pandemic of hypertension poses an enor-
mous public health issue for almost every country [1–3]. 
In addition to well-established increased risks of pre-
mature death and cardiovascular diseases (CVD) [1], 
hypertension may contribute to the burden of infec-
tious diseases [4–6]. Hypertension has been associ-
ated with a greater risk of infection death in the cohort 
study [4]. Although single factors have been association 
with outcomes regarding hypertension [7], evidence for 
cost-effective strategies to prevent infectious diseases in 
individuals with hypertension is sparse.

Beyond taking medications properly, the American 
Heart Association has emphasized the integral roles of 
adhering to a healthy lifestyle and maintaining a healthy 
weight in preventing and managing hypertension [8]. 
However, the combined beneficial effect of these modi-
fiable factors on infectious diseases are not comprehen-
sively quantified [9–11]. Therefore, a large longitudinal 
study is warranted to investigate the combined effect of 
lifestyle and cardiometabolic risk factors on infectious 
diseases among people with hypertension, which may 
facilitate impactful translation of epidemiology findings 
into public health practice. In addition, the mechanisms 
underlying the above associations remain undiscovered, 
leaving practical obstacles to capturing the complex-
ity of modifiable risk factors with diseases [8]. Explor-
ing whether, and to what extent, these blood biomarkers 
link modifiable risk factors to infectious diseases could 
enhance our understanding of the mechanisms underly-
ing these associations.

To narrow these knowledge gaps, we aim to investigate 
the associations between combined modifiable risk fac-
tors and the risk of infectious diseases (e.g., respiratory 
and digestive infectious diseases) among individuals with 
hypertension, while also assessing the possible mediating 
effects of blood biomarkers on these associations.

Methods
Study population
The UK Biobank is a large population-based cohort 
study, which recruited around half a million partici-
pants aged 40–69 years in 2006–2010 across England, 
Scotland, and Wales. Each participant completed touch-
screen questionnaires, underwent physical examina-
tions, and provided biological samples. The study design 
and methods have been described in detail previously 
[12]. The UK Biobank received ethical approval from the 
North West Multi-Centre Research Ethical Committee 

and all participants provided written informed consent. 
The data were accessed for research purposes on June 3, 
2023. The authors did not have access to information that 
could identify individual participants during or after data 
collection.

Prevalent hypertension was defined as blood pressure 
results exceeding 90/140  mm Hg for diastolic and sys-
tolic blood pressure, respectively, or self-reported use 
of hypertension medication, along with hospitalization 
records coded (International Classification of Diseases, 
Tenth Revision [ICD‐10]: I10.0–I15.9), and 227,761 par-
ticipants with hypertension were identified at the base-
line. After exclusion of participants who subsequently 
withdrew from the study (n = 117), with cancer (n = 8865) 
and those with incomplete data on modifiable risk factors 
(n = 71,659), 147,118 were included for the association 
analyses (Supplementary Fig. 1).

Definition of health score
The health score was computed based on the Life’s 
Essential 8 (LE8) metrics, as defined by the American 
Heart Association in 2022 [8]. LE8 comprises four health 
behaviors (diet, physical activity, smoking, and sleep 
duration) and four cardiometabolic factors (body mass 
index [BMI], blood lipids, blood glucose, and blood pres-
sure). Self-reported data were collected on diet (validated 
food frequency questionnaire), physical activity (min-
utes of moderate or vigorous physical activity per week), 
smoking (smoking status), sleep duration, and the use of 
antihypertensive and antidiabetic medication. Weight, 
height, and blood pressure were measured during a 
physical examination, with BMI calculated as weight 
in kilograms divided by the square of height in meters. 
Blood biomarkers, such as total cholesterol, high-density 
lipoprotein cholesterol, glucose levels, and glycosylated 
hemoglobin, were obtained from random blood samples 
taken at baseline. These biomarkers have undergone 
external validation in the UK Biobank and are outlined 
in detail within the document [13]. Each component was 
assigned a score from 0 to 100 based on pre-specified 
categories in the LE8 metrics, using the available data. 
For example, five smoking categories including current 
smoker, former smoker (quit < 1 year), former smoker 
(quit 1 to < 5 years), former smoker (quit ≥ 5 years), and 
never smoker, corresponding to 0, 25, 50, 80, and 100 
points, respectively. The details of the assessment of the 
health score are shown in Supplementary Table 1. The 
health score was calculated as the average of all eight 

and favorable cardiometabolic status in reducing disease burden and facilitated the understanding of biological 
mechanisms underlying modifiable risk factors with infectious diseases.
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component metric scores and ranged between 0 and 100, 
with higher scores indicating healthier status.

Assessment of covariates
At baseline, demographic information (age, sex, and eth-
nicity), socioeconomic factors (household income, edu-
cational attainment, employment status, and Townsend 
deprivation index), alcohol consumption, and hyperten-
sion-related details (duration of hypertension and use of 
hypertension medication) were collected through both 
touchscreen questionnaires and interviews conducted 
by nurses. Educational attainment was categorized into 
three groups: high (college or university degree), inter-
mediate (A levels, AS levels, or equivalent; O levels, 
GCSEs, or equivalent; CSEs or equivalent; NVQ, HND, 
HNC, or equivalent; other professional qualifications), 
and low qualification (none of the above). Employment 
status was divided into employed (including those in 
paid employment or self-employed, retired individu-
als, individuals engaged in unpaid or voluntary work, or 
full or part-time students) and unemployed (compris-
ing individuals who were unemployed, caring for their 
home and/or family, or unable to work due to sickness 
or disability). The Townsend Deprivation Index scores, 
derived from national census data based on postcodes of 
residence and considering factors such as car ownership, 
household overcrowding, home ownership, and unem-
ployment, represent the extent of socioeconomic depri-
vation, with higher scores indicating greater area-level 
deprivation. These values range from − 6.26 to 3.41. The 
estimated glomerular filtration rate (eGFR) was deter-
mined using the Chronic Kidney Disease Epidemiology 
Collaboration equation [14].

Ascertainment of outcomes
Information on incident infectious diseases were identi-
fied through linkage with hospital inpatient admissions, 
self-reported data, primary care data, and death regis-
tries. The primary outcome was the incidence of all-cause 
infectious diseases, defined using ICD-10 code (A00-B99 
and J00-J22) [15]. The most prevalent conditions among 
these were gastroenteritis and colitis of unspecified ori-
gin (18.5%) and unspecified septicemia (11.6%). Fur-
thermore, we also defined three subtypes of infectious 
diseases as secondary outcomes: respiratory infectious 
diseases (A15, A37, A39, B01, B02, B05, B06, B26, and 
J09-J11), digestive infectious diseases (A00-A09, B15, 
B17.2, B67, B68, B77, B80, and B82), blood or sexually 
transmitted infectious diseases (A50-A64, B16, B17.1, 
B18.0, B18.1, B18.2 and B20-B24). Date of diagnosis was 
defined by the earliest diagnosed date for the outcomes 
during follow-up.

Statistical analysis
Baseline characteristics were examined using chi-squared 
test or t test (Wilcoxon rank-sum test for non-normal 
distributed continuous variables) according to the quar-
tiles of health score. Person-time was computed from the 
date of attending the assessment center until the date of 
outcome diagnosis, death, or the end of follow-up, which-
ever came first. Multivariable Cox proportional hazards 
regression model was used to calculate associated hazard 
ratios (HRs) and 95% confidence intervals (CIs) between 
health score and infectious diseases. Schoenfeld residuals 
were used to test the proportional hazards assumption, 
and no violation was observed. Multivariable mod-
els were adjusted for age (continuous, years), sex (male, 
female), ethnicity (white, non-white), Townsend depri-
vation index (continuous), education attainment (high, 
intermediate, and low qualifications), employment sta-
tus (employed, unemployed), household income (<£18 
000, £18 000–30 999, £31 000–51 999, £52 000-100 000, 
>£100 000), alcohol consumption (yes, no), hypertension 
duration (continuous, years), and use of hypertension 
medication (yes, no). The percentage of missing values 
are present in Supplementary Table 2. The missing values 
of covariates were imputed and analyzed using multiple 
imputations with 5 imputations. In addition, a restricted 
cubic spline model with three knots (10th, 50th, and 90th 
percentiles) was performed to explore the dose-response 
relationship between health score and infectious diseases. 
We performed stratified analyses to examine the associa-
tion of health score with risks of infectious diseases by 
age (< 60 or ≥ 60 years), sex (male or female), education 
(College or university, or others), employment status 
(employed or unemployed), drinking status (non-current 
drinker, or current drinker), Townsend deprivation index 
(< median or ≥ median), duration of hypertension (< 5.0 
or ≥ 5.0 years), and eGFR (< 60 or ≥ 60  ml/min/1.73m2). 
Interactions between health score and stratified factors 
on risk of outcomes were examined using the likelihood 
ratio test by adding multiplicative terms in the multi-
variable-adjusted Cox models. To assess the strength 
of our findings, we replicated the analyses using the 
weighted health score and excluding individuals who 
died or reached endpoints within two years of follow-
up. All analyses were performed using SAS version 9.4 
(SAS Institute, Cary, NC) and R software (version 4.3.1; R 
Foundation for Statistical Computing). P values after the 
Benjamini–Hochberg false discovery rate (FDR) adjust-
ment < 0.05 were considered statistically significant.

Results
Among 147,118 participants with hypertension, 67,501 
(45.9%) were female, with a mean age of 58.6 years. The 
baseline characteristics of participants according to 
health score are shown in Table  1. Overall, participants 
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with higher health score were relatively older, were more 
likely to be female, non-white, employed, and have a 
higher education qualification, better economic status, 
and were current drinkers.

During a median follow up of 12.5 years, we docu-
mented 27,398 incident infectious diseases including 960 
respiratory infectious diseases, 7940 digestive infectious 
diseases, and 160 blood or sexually transmitted infectious 
diseases. Associations of quartiles of the health score 
with incident infectious diseases are shown in Table  2. 
In the fully adjusted model, compared with patients who 
had the lowest quartile of the health score, the multivari-
able-adjusted HRs (95% CI) for patients had the high-
est quartile of the health score were 0.64 (0.62, 0.66) for 
infectious diseases, 0.72 (0.60, 0.86) for respiratory infec-
tious diseases, 0.66 (0.62, 0.71) for digestive infectious 
diseases. After adjusting for confounding factors, the 
association between the health score and blood or sexu-
ally transmitted infectious diseases was not significant. 
The health score was associated with lower risk of inci-
dent infectious diseases in a dose-response manner (Sup-
plementary Fig. 2, Poverall < 0.001, and Pnonlinearity = 0.007).

In stratified analyses, the associations between the 
health score and risk of infectious diseases were con-
sistent across various subgroups, including age, sex, 
education levels, employment status, drinking status, 
deprivation, duration of hypertension, and eGFR, with no 
significant multiplicative interaction observed (Pinteraction 
> 0.05, Fig. 1).

In mediation analysis, all the biomarkers were signifi-
cantly associated with the overall lifestyle score except 
for aspartate aminotransferase and total cholesterol 
(Supplementary Table 3). The associations between the 
selected biomarkers and infectious diseases are shown in 
Supplementary Table 4. Eight significant mediators were 
detected on the associations of lifestyle score with risk of 
infectious diseases. Specifically, the relationship between 
the lifestyle score and risk of infectious diseases was 
mediated by hs-CRP, Cystatin C, GGT, HbA1c, Albumin, 
HDL, ALP, and Apolipoprotein A with the proportion of 
mediation effect ranging from 4.1 to 21.9% (Table 3). Col-
lectively, the mediators explained 46.60% (42.80, 50.40) of 
the associations of the lifestyle score with infectious dis-
eases (Table 3).

In sensitivity analyses, the weighted health score was 
constructed based on the association between individual 
components of the health score and infectious diseases 
(Supplementary Table 5). After adjusting for covariates 
and other components, diet, non-HDL cholesterol, and 
blood pressure were not significantly associated with 
infectious diseases. The results were generally robust 
when using the weighted health score (Supplementary 
Table 6). In addition, the results were largely consis-
tent after excluding patients who developed infectious 
diseases within the first two years of follow-up (Sup-
plementary Table 7), or repeating the analysis among 
participants with complete data on all covariates (Supple-
mentary Table 8).

Table 1  Baseline characteristics of the study population according to quartiles of the health score
The health score P value
Q1 Q2 Q3 Q4

Number of patients 36,586 34,633 38,833 37,066
Age 57.8 (7.5) 58.7 (7.4) 59.0 (7.4) 58.7 (7.6) < 0.001
Male 22,505 (61.5) 19,711 (56.9) 20,430 (52.6) 16,971 (45.8) < 0.001
Ethnic, White† 34,768 (95.3) 33,053 (95.7) 37,068 (95.7) 35,563 (96.2) < 0.001
College or university degree† 8905 (24.6) 9678 (28.2) 12,432 (32.3) 14,092 (38.3) < 0.001
Employed† 32,209 (88.3) 31,758 (92.0) 36,120 (93.2) 34,529 (93.4) < 0.001
TDI† -0.9 (3.3) -1.4 (3.0) -1.7 (2.9) -1.9 (2.7) < 0.001
Current drinkers† 33,748 (92.3) 32,103 (92.7) 36,102 (93.0) 34,463 (93.0) < 0.001
eGFR 90.3 (15.3) 91.8 (14.5) 93.3 (14.2) 95.7 (13.7) < 0.001
Use of blood pressure medication 15,816 (43.2) 13,180 (38.1) 13,038 (33.6) 10,273 (27.7) < 0.001
Diet score 32.4 (27.7) 44.2 (28.5) 53.2 (27.1) 68.8 (22.5) < 0.001
Physical activity score 73.3 (30.8) 85.2 (24.5) 91.4 (18.6) 96.0 (12.0) < 0.001
Smoking score 59.1 (40.0) 79.0 (29.4) 87.6 (21.0) 93.3 (13.5) < 0.001
Sleep score 81.7 (23.6) 88.2 (19.0) 91.7 (15.8) 95.2 (12.0) < 0.001
BMI score 44.7 (27.8) 58.2 (27.1) 69.7 (24.2) 83.8 (19.2) < 0.001
Blood lipid score 34.1 (26.4) 40.5 (26.7) 46.1 (26.3) 60.9 (26.7) < 0.001
Blood glucose score 76.4 (27.2) 86.9 (22.3) 92.2 (18.1) 96.8 (12.0) < 0.001
Blood pressure score 25.6 (18.2) 29.2 (18.3) 32.7 (18.2) 39.0 (18.4) < 0.001
Data are presented as mean (SD) for continuous variable and n (%) for categorical variables. † The missing values of these covariates ranged from 0.1–2.4%. P values 
for differences in baseline characteristics were estimated by ANOVA or chi-squared test

TDI, Townsend deprivation index; eGFR, estimated glomerular filtration rate; BMI, body mass index
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Discussion
In this prospective cohort study, we observed a signifi-
cant inverse association between the combination of 
healthy lifestyles and favorable metabolic status with 
infectious diseases including respiratory infectious dis-
eases and digestive infectious diseases among individuals 
with hypertension. Compared to individuals in the low-
est quartile, those in the highest quartile of health score 
had a 36% lower risk of developing overall infectious dis-
eases. Furthermore, blood biomarkers, including those 
related to inflammation and renal function, collectively 
explained nearly half of the associations between lifestyle 
factors and infectious diseases.

Our study contributes to the literature regarding the 
influence of the combination of healthy lifestyles and 
favorable metabolic status on the risk of infectious dis-
eases. To date, although many studies have evaluated 
the relationship between individual lifestyle behaviors 
(e.g., smoking) and risk of infectious diseases [7, 16], the 
joint association of multiple lifestyle behaviors and bio-
markers with infectious diseases remains unknown. For 
example, previous cohort study has demonstrated that 
risk of infectious diseases was significantly associated 
with multiple lifestyle behaviors [17, 18]. In addition, the 
associations were consistent across different subgroups 

(e.g., socioeconomic status) [15]. Regarding metabolism, 
elevated adiposity status was causally associated with 
higher risk of infectious diseases [9]. Additionally, there’s 
evidence suggesting an inverse relationship between 
HDL cholesterol (HDL-C) levels and the risk of infec-
tious hospitalizations, while no such association was 
found for LDL cholesterol (LDL-C) or triglyceride levels 
[19]. However, the evidence regarding the combined ben-
eficial effect of these modifiable factors on infectious dis-
eases are not comprehensively quantified. This study also 
added evidence about the consistent protective effect on 
different infection subtypes, including respiratory infec-
tious diseases and digestive infectious diseases. Further 
trials with appropriate designs are necessary to confirm 
the effect of modifiable variables (e.g., dietary patterns) 
and validate our findings in the future.

Associations between hypertension and infectious dis-
ease have been well-described [4, 20]. The hypertension, 
inflammation, and immune system are interconnected 
[21]. As defined by the American Heart Association, 
Life’s Essential 8 serve as crucial benchmarks for enhanc-
ing and sustaining cardiovascular health, with several 
longitudinal studies investigating their relationships with 
adverse outcomes in the general population [22–26]. 
However, prospective studies examining the beneficial 

Table 2  Associations between the health score and infectious diseases among patients with hypertension
The health score Ptrend

Q1 (N = 36586) Q2 (N = 34633) Q3 (N = 38833) Q4 (N = 37066)
Infectious diseases
  Number of events 8773 6626 6531 5468
  Model 1 Reference 0.74 (0.72, 0.77) 0.63 (0.61, 0.65) 0.56 (0.54, 0.57) < 0.001
  Model 2 Reference 0.78 (0.75, 0.80) 0.68 (0.66, 0.71) 0.61 (0.59, 0.64) < 0.001
  Model 3 Reference 0.79 (0.77, 0.82) 0.70 (0.68, 0.73) 0.64 (0.62, 0.66) < 0.001
Respiratory infectious diseases
  Number of events 301 225 219 215
  Model 1 Reference 0.74 (0.62, 0.88) 0.62 (0.52, 0.74) 0.64 (0.54, 0.76) < 0.001
  Model 2 Reference 0.77 (0.65, 0.92) 0.67 (0.56, 0.80) 0.70 (0.58, 0.83) < 0.001
  Model 3 Reference 0.78 (0.66, 0.93) 0.68 (0.57, 0.81) 0.72 (0.60, 0.86) < 0.001
Digestive infectious diseases
  Number of events 2484 1918 1949 1580
  Model 1 Reference 0.77 (0.72, 0.82) 0.68 (0.64, 0.72) 0.57 (0.53, 0.60) < 0.001
  Model 2 Reference 0.81 (0.76, 0.86) 0.73 (0.69, 0.78) 0.63 (0.59, 0.67) < 0.001
  Model 3 Reference 0.82 (0.77, 0.87) 0.76 (0.71, 0.81) 0.66 (0.62, 0.71) < 0.001
Blood or sexually transmitted infectious diseases
  Number of events 54 33 44 29
  Model 1 Reference 0.68 (0.44, 1.05) 0.82 (0.55, 1.23) 0.60 (0.38, 0.94) 0.007
  Model 2 Reference 0.70 (0.42, 1.13) 1.00 (0.64, 1.53) 0.75 (0.44, 1.23) 0.187
  Model 3 Reference 0.79 (0.51, 1.22) 1.06 (0.70, 1.59) 0.82 (0.51, 1.30) 0.314
Cox proportional hazards models were used to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs) of infectious diseases according to the health 
score

Model 1: adjusted for age (continuous, years), sex (male or female), and ethnicity (white, non-white)

Model 2: Model 1 + drinking status (never drinker, former drinker, or current drinker), education levels (college or university, high school or equivalent, or others), 
employment status (employed, unemployed), household income (<£18 000, £18 000–30 999, £31 000–51 999, £52 000-100 000, >£100 000), and Townsend 
deprivation index (continuous)

Model 3: Model 2 + hypertension duration (continuous, years) and use of hypertension medication (yes or no)
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effect of modifying risk factors on infectious diseases 
among individuals with hypertension were sparse [7, 20]. 
Previous research has revealed important interactions 
between socioeconomic status (SES) and various lifestyle 
factors, indicating that individuals with lower SES face 
an elevated risk of overall infections, particularly evident 
among males and non-white populations [15]. While 
the current study extends these findings by consistently 

demonstrating significant associations between com-
binations of modifiable risk factors and infectious dis-
eases across different subgroups of individuals with 
hypertension. These findings highlight the significance 
of addressing multiple modifiable risk factors as part of 
comprehensive health promotion efforts for individuals 
with hypertension. Further trials employing appropriate 

Fig. 1  Stratified analyses were conducted to examine the associations between the health score and infectious diseases among patients with hyperten-
sion. The models were adjusted for the aforementioned covariates. Interactions between the health score and stratified factors on the risk of outcomes 
were examined using the likelihood ratio test by adding product terms in the multivariable-adjusted Cox models
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designs are necessary to confirm our findings in future 
research.

Many efforts have been made to identify the role of 
blood biomarkers in the health [27]. A cohort study iden-
tified that lifestyle modifications can decrease inflam-
matory burden [28]. Additionally, a lifestyle intervention 
trial revealed that combining a healthy diet with mod-
erate-intensity physical activity notably lowers serum 
liver enzymes and enhances insulin resistance among 
individuals with severe obesity [29]. Previous research 
has identified an association between serum HDL-cho-
lesterol and apolipoprotein A1 levels with the risk of 
severe infection, while higher BMI, type II diabetes, and 
HbA1c were associated with increased risks of infec-
tious diseases [30, 31]. The current mediation analyses 
contributed to a better understanding of the lower risk 
of infectious diseases associated with lifestyle behaviors. 
We found that the associations of overall lifestyle factors 
with infectious diseases could be partially explained by 
improvements in glycemic control, renal function, liver 
function, lipid profile, and systemic inflammation. These 
findings were coherent with previous evidence [32, 33]. 
Consider the assumed causal relationship in the current 
study, the findings still need additional confirmation in 
future studies.

The current study is among the first to comprehensively 
investigate the relationship of the combination of lifestyle 
behaviors and cardiometabolic status with a wide range 
of infectious diseases among individuals with hyper-
tension. The strengths of this study included the large 
sample size and long period of follow-up. The robust 
findings in the stratified analysis further strengthen the 
validity of our results. Additionally, extensive collection 
of data on blood biomarkers, which allowed us to com-
prehensively evaluate the potential mechanisms under-
lying the observed associations. Nevertheless, several 
limitations of this study warrant acknowledged. First, the 
self-reported and one-time assessment of lifestyle behav-
iors data are susceptible to measurement errors. Second, 
since the outcomes were identified through hospital 
inpatient records and death registries, there is a possibil-
ity of underreporting of cases. Third, mediation analysis 
presupposes causality between lifestyle behaviors and 
biological biomarkers, while both were assessed simulta-
neously in the UK Biobank. Future studies with repeat-
edly measured data are required to replicate our findings. 
Fourth, the UK Biobank does not adequately represent 
the broader population of the UK, especially concern-
ing socioeconomic deprivation, lifestyles, and noncom-
municable diseases, due to the presence of a healthy 
volunteer selection bias. Fifth, the ethnic homogeneity 
of the study (> 85% Whites) may restrict the generaliz-
able of our results to other ethnic groups. Sixth, residual 
or unknown confounding factors could not be entirely Ta
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ruled out due to the observational study design, despite 
our efforts to adjust for potential confounders. Finally, 
due to the observational study design, establishing causal 
relationships was not feasible, and residual or unknown 
confounding factors could not be entirely eliminated.

Conclusions
Our findings suggested that adherence to healthy lifestyle 
behaviors and favorable cardiometabolic status, including 
healthy diet, regular physical activity, reduced exposure 
to nicotine, adequate sleep duration, and recommended 
BMI, blood lipids, blood glucose, and blood pressure, was 
associated with lower risks of infectious disease among 
individuals with hypertension. Our findings bolster the 
importance of public health programs for improving 
modifiable risk factors in mitigating infectious diseases. 
Additionally, our data showed significant mediation 
effect of biomarkers involving of glycemic control, liver 
function, lipid profile, and systemic inflammation on the 
associations between combined modifiable risk factors 
and infectious disease. Further studies are warranted to 
confirm our findings.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12879-024-10064-1.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
We are grateful to all the participants of the UK Biobank and all the people 
involved in building the UK Biobank study.

Author contributions
W.L. and N.H. designed the research; N.H. and B.A. accessed and verified the 
data, performed statistical analysis, and drafted the manuscript. All the authors 
participated in the interpretation of the results and critical revision of the 
manuscript.

Funding
WL was supported by the Natural Science Foundation of Hubei Province 
(2020CFB270). The funder played no role in the study design, data collection 
and analysis, decision to publish, or preparation of the manuscript.

Data availability
UK Biobank data are available to all researchers for health-related research 
and public interest through registration on the UK Biobank (www.ukbiobank.
ac.uk).

Declarations

Ethics approval and consent to participate
This study was conducted using data from the UK Biobank, which has 
obtained ethics approval from the North West Multi-Centre Research Ethics 
Committee (REC reference: 11/NW/0157). All procedures were performed 
in accordance with the ethical standards of the institutional and national 
research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards.

Consent to participate
Informed consent was obtained from all participants included in the study by 
the UK Biobank.

Transparency declaration
The lead author (WL) affirms that the manuscript is an honest, accurate, and 
transparent account of the study being reported; that no important aspects 
of the study have been omitted; and that any discrepancies from the study as 
planned have been explained.

Competing interests
The authors declare no competing interests.

Author details
1Department of Emergency, Renmin Hospital of Wuhan University, No. 
238 Jiefang Road, Wuhan 430060, China
2Department of Surgery, Renmin Hospital of Wuhan University, Wuhan, 
China
3Departments of Emergency, Tongji Medical College, The Central Hospital 
of Wuhan, Huazhong University of Science and Technology, Wuhan, 
China
4Hubei Key Laboratory of Cardiology, Wuhan, China

Received: 26 May 2024 / Accepted: 7 October 2024

References
1.	 Mills KT, Stefanescu A, He J. The global epidemiology of hypertension. Nat 

Rev Nephrol. 2020;16(4):223–37.
2.	 Global regional. National age-sex-specific mortality for 282 causes of death in 

195 countries and territories, 1980–2017: a systematic analysis for the global 
burden of Disease Study 2017. Lancet. 2018;392(10159):1736–88.

3.	 Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, Chen J, He 
J. Global disparities of hypertension prevalence and control. Circulation. 
2016;134(6):441–50.

4.	 Drozd M, Pujades-Rodriguez M, Lillie PJ, Straw S, Morgan AW, Kearney MT, 
Witte KK, Cubbon RM. Non-communicable disease, sociodemographic 
factors, and risk of death from infection: a UK Biobank observational cohort 
study. Lancet Infect Dis. 2021;21(8):1184–91.

5.	 Morens DM, Folkers GK, Fauci AS. The challenge of emerging and re-
emerging infectious diseases. Nature. 2004;430(6996):242–9.

6.	 Zhou B, Perel P, Mensah GA, Ezzati M. Global epidemiology, health burden 
and effective interventions for elevated blood pressure and hypertension. 
Nat Rev Cardiol. 2021;18(11):785–802.

7.	 Ahmadi MN, Huang B-H, Inan-Eroglu E, Hamer M, Stamatakis E. Lifestyle risk 
factors and infectious disease mortality, including COVID-19, among middle 
aged and older adults: evidence from a community-based cohort study in 
the United Kingdom. Brain Behav Immun. 2021;96:18–27.

8.	 Lloyd-Jones DM, Allen NB. Life’s essential 8: updating and enhancing 
the American Heart Association’s construct of Cardiovascular Health: a 
Presidential Advisory from the American Heart Association. Circulation. 
2022;146(5):e18–43.

9.	 Butler-Laporte G, Harroud A, Forgetta V, Richards JB. Elevated body mass 
index is associated with an increased risk of infectious disease admissions 
and mortality: a mendelian randomization study. Clin Microbiol Infect 2020.

10.	 Elovainio M, Komulainen K, Sipilä PN, Pulkki-Råback L, Cachón Alonso L, 
Pentti J, Nyberg ST, Suominen S, Vahtera J, Lipsanen J, et al. Association of 
social isolation and loneliness with risk of incident hospital-treated infections: 
an analysis of data from the UK Biobank and Finnish Health and Social Sup-
port studies. Lancet Public Health. 2023;8(2):e109–18.

11.	 Uccella S, Dottermusch M, Erickson L, Warmbier J, Montone K, Saeger W. 
Inflammatory and infectious disorders in Endocrine Pathology. Endocr Pathol. 
2023;34(4):406–36.

12.	 Littlejohns TJ, Sudlow C, Allen NE, Collins R. UK Biobank: opportunities for 
cardiovascular research. Eur Heart J. 2019;40(14):1158–66.

13.	 Biomarker assay quality procedures. [https://biobank.ndph.ox.ac.uk/crystal/
crystal/docs/biomarker_issues.pdf ]

14.	 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI, 
Kusek JW, Eggers P, Van Lente F, Greene T, et al. A new equation to estimate 
glomerular filtration rate. Ann Intern Med. 2009;150(9):604–12.

https://doi.org/10.1186/s12879-024-10064-1
https://doi.org/10.1186/s12879-024-10064-1
http://www.ukbiobank.ac.uk
http://www.ukbiobank.ac.uk
https://biobank.ndph.ox.ac.uk/crystal/crystal/docs/biomarker_issues.pdf
https://biobank.ndph.ox.ac.uk/crystal/crystal/docs/biomarker_issues.pdf


Page 9 of 9Hu et al. BMC Infectious Diseases         (2024) 24:1162 

15.	 Ye X, Wang Y, Zou Y, Tu J, Tang W, Yu R, Yang S, Huang P. Associations of socio-
economic status with infectious diseases mediated by lifestyle, environmen-
tal pollution and chronic comorbidities: a comprehensive evaluation based 
on UK Biobank. Infect Dis Poverty. 2023;12(1):5.

16.	 Huttunen R, Heikkinen T, Syrjänen J. Smoking and the outcome of infection. J 
Intern Med. 2011;269(3):258–69.

17.	 Paulsen J, Askim Å, Mohus RM, Mehl A, Dewan A, Solligård E, Damås JK, 
Åsvold BO. Associations of obesity and lifestyle with the risk and mortality of 
bloodstream infection in a general population: a 15-year follow-up of 64 027 
individuals in the HUNT study. Int J Epidemiol. 2017;46(5):1573–81.

18.	 Hamer M, O’Donovan G, Stamatakis E. Lifestyle risk factors, obesity and infec-
tious disease mortality in the general population: linkage study of 97,844 
adults from England and Scotland. Prev Med. 2019;123:65–70.

19.	 Trinder M, Walley KR, Boyd JH, Brunham LR. Causal inference for genetically 
determined levels of high-density lipoprotein cholesterol and risk of Infec-
tious Disease. Arterioscler Thromb Vasc Biol. 2020;40(1):267–78.

20.	 Chudasama YV, Zaccardi F, Gillies CL, Razieh C, Yates T, Kloecker DE, Rowlands 
AV, Davies MJ, Islam N, Seidu S, et al. Patterns of multimorbidity and risk of 
severe SARS-CoV-2 infection: an observational study in the U.K. BMC Infect 
Dis. 2021;21(1):908.

21.	 Agita A, Alsagaff MT. Inflammation, immunity, and hypertension. Acta Med 
Indones. 2017;49(2):158–65.

22.	 Petermann-Rocha F, Deo S, Celis-Morales C, Ho FK, Bahuguna P, McAllister D, 
Sattar N, Pell JP. An opportunity for Prevention: associations between the life’s 
essential 8 score and Cardiovascular Incidence using prospective data from 
UK Biobank. Curr Probl Cardiol. 2023;48(4):101540.

23.	 Wang X, Ma H, Li X, Heianza Y, Manson JE, Franco OH, Qi L. Association 
of Cardiovascular Health with Life Expectancy Free of Cardiovascular 
Disease, Diabetes, Cancer, and Dementia in UK adults. JAMA Intern Med. 
2023;183(4):340–9.

24.	 Isiozor NM, Kunutsor SK, Voutilainen A, Laukkanen JA. Life’s Essential 8 and 
the risk of cardiovascular disease death and all-cause mortality in Finnish 
men. Eur J Prev Cardiol 2023.

25.	 Sun J, Li Y, Zhao M, Yu X, Zhang C, Magnussen CG, Xi B. Association of the 
American Heart Association’s new Life’s essential 8 with all-cause and car-
diovascular disease-specific mortality: prospective cohort study. BMC Med. 
2023;21(1):116.

26.	 Shetty NS, Parcha V, Patel N, Yadav I, Basetty C, Li C, Pandey A, Kalra R, Li P, 
Arora G, et al. AHA Life’s essential 8 and ideal cardiovascular health among 
young adults. Am J Prev Cardiol. 2023;13:100452.

27.	 Taquet M, Skorniewska Z, Hampshire A, Chalmers JD, Ho L-P, Horsley A, Marks 
M, Poinasamy K, Raman B, Leavy OC, et al. Acute blood biomarker profiles 
predict cognitive deficits 6 and 12 months after COVID-19 hospitalization. 
Nat Med. 2023;29(10):2498–508.

28.	 Blaum C, Brunner FJ, Kröger F, Braetz J, Lorenz T, Goßling A, Ojeda F, Koester L, 
Karakas M, Zeller T, et al. Modifiable lifestyle risk factors and C-reactive protein 
in patients with coronary artery disease: implications for an anti-inflamma-
tory treatment target population. Eur J Prev Cardiol. 2021;28(2):152–8.

29.	 Goodpaster BH, Delany JP, Otto AD, Kuller L, Vockley J, South-Paul JE, Thomas 
SB, Brown J, McTigue K, Hames KC, et al. Effects of diet and physical activity 
interventions on weight loss and cardiometabolic risk factors in severely 
obese adults: a randomized trial. JAMA. 2010;304(16):1795–802.

30.	 Hilser JR, Han Y, Biswas S, Gukasyan J, Cai Z, Zhu R, Tang WHW, Deb A, Lusis AJ, 
Hartiala JA, et al. Association of serum HDL-cholesterol and apolipoprotein A1 
levels with risk of severe SARS-CoV-2 infection. J Lipid Res. 2021;62:100061.

31.	 Scalsky RJ, Chen Y-J, Desai K, O’Connell JR, Perry JA, Hong CC. Baseline cardio-
metabolic profiles and SARS-CoV-2 infection in the UK Biobank. PLoS ONE. 
2021;16(4):e0248602.

32.	 Busingye D, Evans RG, Arabshahi S, Riddell MA, Srikanth VK, Kartik K, 
Kalyanram K, Zhu X, Suresh O, Thrift AG. Association of hypertension with 
infection and inflammation in a setting of disadvantage in rural India. J Hum 
Hypertens. 2022;36(11):1011–20.

33.	 Su S, Chen R, Zhang S, Shu H, Luo J. Immune system changes in those 
with hypertension when infected with SARS-CoV-2. Cell Immunol. 
2022;378:104562.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Association of modifiable risk factors and infectious diseases among individuals with hypertension: a prospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Definition of health score
	﻿Assessment of covariates
	﻿Ascertainment of outcomes
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


