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Abstract

Background: Global epidemiological studies have demonstrated that by 2019,
the number of patients with hypertension worldwide had reached 1.28 billion,
while patients with atrial fibrillation (AF) numbered approximately 59.7 million.
Hypertension substantially increases the risk of AF, particularly among elderly
hypertensive patients where the incidence of AF exceeds 60%. Concurrently, AF
increases the risk of ischemic stroke, heart failure, myocardial infarction, chronic
kidney disease, and dementia. For the vast hypertensive population, whether
the development of AF increases the risk of new-onset myocardial infarction has
been insufficiently studied, and whether this risk exhibits an interaction with
age remains unclear.

Objective: To investigate and analyze whether AF in hypertensive populations
increases the risk of new-onset myocardial infarction.

Methods: A prospective cohort study design was employed. From June 1, 2006
to October 31, 2007, 47101 hypertensive patients were selected from health ex-
amination populations of Kailuan Group employees. After excluding 2443 indi-
viduals with prior cardiovascular or cerebrovascular disease, 192 with malignant
tumors, 860 with missing electrocardiographic data, and 773 who developed
AF during follow-up, a total of 42833 individuals were included in the study.
Annual follow-up was conducted, with new-onset myocardial infarction as the
endpoint event. The final follow-up date was December 31, 2019, with a me-
dian follow-up duration of 13.01 years. Statistical analysis was performed to
determine the effect of AF in hypertensive populations on the risk of new-onset
myocardial infarction.

Results: (1) Ultimately, 42833 hypertensive patients were included and divided
into AF and non-AF groups. The AF group comprised 270 individuals, aged
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67.24$+10.60years, including241males(89.26+11.59years, including36132males(84.89 $0.05).

(2) The number and proportion of new-onset myocardial infarction cases
in the AF and non-AF groups were 15 cases (5.56%) and 1119 cases
(2.63%), respectively. The follow-up person-years were 2737.20 and
547156.40, respectively. The cumulative incidence rates were 7.06%
and 2.60%, respectively, with a statistically significant difference
(2=15.48, P<0.01). The incidence densities were 54.80%00 and 20.50%oo.
In the population aged $ 60years,thenumberandproportionofnew —
onsetmyocardialin farctioncasesinthe AF andnon— AF groupswerebeases

P=0.28). The incidence densities were 48.74%00 and 33.05%o0.

(8 21{2}: 15.43, P < 0.01).Theincide

(3) Proportional hazards regression model analysis revealed: After further ad-
justment for age, gender (male), BMI, TC, TG, diabetes history, alcohol
consumption history, smoking history, and other factors, AF in hyperten-
sive populations was identified as a risk factor for new-onset myocardial
infarction, with an HR of 2.89 (95%CI: 1.74~4.82), and the associated risk
remained significant (P<0.01). Considering the interaction between age
and AF, multivariate Cox proportional hazards regression analysis by age
group demonstrated: For the population aged $ $60 years, after further
adjustment for gender (male), BMI, TC, TG, diabetes history, alcohol
consumption history, smoking history, and other factors, AF in hyperten-
sive populations was identified as a risk factor for new-onset myocardial
infarction, with an HR of 4.72 (95%CI: 2.11~10.56), and the associated
risk was significantly present (P<0.01). For the population aged >60
years, after further adjustment for gender (male), BMI, TC, TG, diabetes
history, alcohol consumption history, smoking history, and other factors,
AF in hypertensive populations was identified as a risk factor for new-
onset myocardial infarction, with an HR of 1.65 (95%CI: 0.85~3.20). The
associated risk remained but was not statistically significant (P=0.14).

Conclusion: AF in hypertensive populations in northern China constitutes a
risk factor for new-onset myocardial infarction, particularly among hypertensive
individuals aged $ $60 years, where AF represents an independent risk factor
for new-onset myocardial infarction.
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Abstract

Background: Global epidemiological research indicates that by 2019, the num-
ber of hypertensive patients worldwide had reached 1.28 billion, while approxi-
mately 59.7 million people suffered from atrial fibrillation (AF). Hypertension
substantially increases the risk of AF, with the incidence exceeding 60% among
elderly hypertensive patients. Concurrently, AF elevates the risk of ischemic
stroke, heart failure, myocardial infarction, chronic kidney disease, and demen-
tia. However, few studies have examined whether AF increases the risk of
new-onset myocardial infarction (MI) in the large hypertensive population, and
whether this risk interacts with age remains unclear.

Objective: To investigate whether AF increases the risk of new-onset MI in
hypertensive patients.

Methods: We conducted a prospective cohort study selecting 47,101 hyper-
tensive patients from employees of Kailuan Group who underwent health exam-
inations between June 1, 2006, and October 31, 2007. After excluding 2,443
patients with prior cardiovascular or cerebrovascular disease, 192 with malig-
nant tumors, 860 with missing electrocardiogram data, and 773 who developed
AF during follow-up, 42,833 patients were included in the final analysis. Partici-
pants were followed up annually, with new-onset MI as the endpoint event. The
final follow-up date was December 31, 2019, with a median follow-up duration
of 13.01 years. Statistical analysis was performed to assess the impact of AF on
new-onset MI risk in the hypertensive population.

Results: (1) A total of 42,833 hypertensive patients were included and di-
vided into AF and non-AF groups. The AF group comprised 270 patients (age
67.2434+10.60years, 241males[89.26+11.59years, 36, 132males[84.89 $0.05).
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(2) New-onset MI occurred in 15 patients (5.56%) in the AF group and
1,119 patients (2.63%) in the non-AF group. The follow-up person-years
were 2,737.20 and 547,156.40, respectively, with cumulative incidence
rates of 7.06% and 2.60% ( 2=15.48, P<0.01). The incidence density was
54.80%00 and 20.50%y0, respectively. In participants aged $ 60years, new—
onsetMloccurredinEiAFpatients(8.21{2}: 15.43, P < 0.01), andincidencedensityo f67.35%c0and15.54%o, respectively.I

P=0.28), and incidence density of 48.74%00 and 33.05%0, respectively.

(3) Multivariate Cox proportional hazards regression analysis, after adjusting
for age, gender (male), BMI, TC, TG, diabetes history, alcohol consump-
tion, and smoking, demonstrated that AF in hypertensive patients was a
risk factor for new-onset MI (HR=2.89, 95%CI: 1.74-4.82, P<0.01). Con-
sidering the interaction between age and AF, stratified analysis showed
that in participants aged $ $60 years, AF remained a significant risk fac-
tor after multivariate adjustment (HR=4.72, 95%CI: 2.11-10.56, P<0.01).
In those aged >60 years, AF was associated with increased risk but with-
out statistical significance (HR=1.65, 95%CI: 0.85-3.20, P=0.14).

Conclusion: AF is a risk factor for new-onset MI in hypertensive populations,
particularly serving as an independent risk factor in hypertensive patients aged
$ $60 years.

Keywords: Cardiology; Hypertension; Atrial fibrillation; New-onset myocar-
dial infarction; Risk factors

Introduction

The global prevalence of hypertension remains high. Data from 1,201
population-representative studies across 184 countries show that by 2019, the
number of hypertensive patients worldwide had reached 1.28 billion [1], while
global AF cases numbered approximately 59.7 million [2]. The Global Burden
of Disease report identifies atrial fibrillation as one of the fastest-growing causes
of mortality [3]. Epidemiological surveys of natural populations in 13 Chinese
provinces and cities indicate that AF prevalence increases with age, affecting
approximately 7.5% of individuals over 80 years [4]. The incidence of AF in
elderly hypertensive patients exceeds 60% [5,6]. Studies demonstrate that
AF increases the risk of ischemic stroke, heart failure, chronic kidney disease,
cognitive dysfunction, and dementia [7-10]. While AF increases new-onset
MI risk in the general population, research on its age-related correlation
has yielded inconsistent conclusions [11,12]. Few studies have examined the
relationship between AF and new-onset MI risk specifically in hypertensive
populations. This study aims to investigate whether AF increases new-onset MI
risk in hypertensive patients and whether age interacts with this relationship,
providing data support for primary prevention of new-onset MI in hypertensive
patients with AF.
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1.1 Study Population

We selected 47,101 hypertensive patients from employees of Kailuan Group who
underwent health examinations between June 2006 and October 2007. After
excluding 2,443 patients with prior cardiovascular or cerebrovascular disease,
192 with malignant tumors, 860 with missing ECG data, and 773 who developed
AF during follow-up, 42,833 patients were included in the final analysis. Patients
were divided into AF and non-AF groups based on standard ECG diagnostic
criteria for atrial fibrillation.

1.2 Inclusion Criteria

(1) Age $ $18 years;

(2) Hypertension diagnosis based on current antihypertensive medica-
tion use or, in the absence of medication, blood pressure mea-
surements on different dates exceeding normal reference values

(SBP$ 140mmH gand/or DBP $90 mmHg) [13];

(3) AF diagnosis: AF episodes recorded on standard ECG, Holter monitoring,
or other cardiac recording devices (wearable or implanted) lasting >30
seconds [14];

(4) MI diagnosis: Presence of acute myocardial ischemia symptoms (typically
>10-20 minutes) with at least one serum cardiac troponin value above
the upper limit of normal (99th percentile of reference values) [15];

(5) Provided informed consent to participate in the study.

1.3 Exclusion Criteria

(1) Patients who developed AF during follow-up;

(2) Patients with cardiovascular or cerebrovascular disease, malignant tumors,
severe hepatic or renal insufficiency, or immune system diseases;

(3) Patients with incomplete research data.

1.4.1 General Data Collection

Trained physicians conducted face-to-face interviews and completed question-
naires. Demographic data included age, gender, height, weight, personal history
(smoking, alcohol consumption), past medical history (hypertension, diabetes,
dyslipidemia), and ECG examinations (Holter or other cardiac monitoring data).
Alcohol consumption was defined as >1 standard drink per day (equivalent to 45
ml spirits/360 ml beer/120 ml wine) for >1 year, including those who had quit
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drinking within the past year. Smoking history was defined as $ $1 cigarette
daily for >1 year.

1.4.2 Laboratory Data Collection

All participants provided 5 ml of fasting venous blood after 12 hours of fasting.
Blood was collected in EDTA tubes, centrifuged at 3,000 rpm for 10 minutes
within 30 minutes at room temperature, and serum was tested within 4 hours.
Measurements included serum total cholesterol (TC), triglycerides (TG), fasting
plasma glucose (FPG), low-density lipoprotein cholesterol (LDL-C), and high-
density lipoprotein cholesterol (HDL-C). The estimated glomerular filtration
rate (eGFR) was calculated using the formula shown in .

1.5 Statistical Analysis

Data were analyzed using SAS 9.4 software. Categorical variables were ex-
pressed as n(%) and compared using 2 tests. Normally distributed continu-
ous variables were expressed as mean+SD and compared using t-tests. Non-
normally distributed continuous variables were expressed as M(P25, P75) and
compared using nonparametric tests. Cox proportional hazards regression mod-
els were used to analyze the effect of AF on new-onset MI risk. P$ $0.05 (two-
sided) was considered statistically significant.

Results
2.1 Baseline Characteristics

Patients were divided into AF and non-AF groups. The AF group included 270
patients (age 67.24$+10.60years, 241males[89.26+311.59 years, 36,132 males
[84.89%)]). Significant differences between groups were observed in age, DBP,
TC, TG, LDL-C, and eGFR (P<0.05). No significant differences were found
in male gender, FPG, SBP, BMI, HDL-C, smoking, alcohol consumption, or
diabetes history (P>0.05) (see ).

New-onset MI occurred in 15 patients (5.56%) in the AF group and
1,119 patients (2.63%) in the non-AF group.  Follow-up person-years
were 2737.20 and 547,156.40, respectively, with cumulative incidence
rates of 7.06% and 2.60% (2?=15.48, P<0.01). The incidence density was
54.80%00 and 20.50%c0, respectively. In participants aged $ 60years,new —
onsetMIoccurredinGAFpatients(8.21{2}: 15.43, P < 0.01), andincidencedensityo f67.35%c0and15.54%0, respectively.Inpartic

P=0.28), and incidence density of 48.74%0c0 and 33.05%0, respectively (see ).

2.2 Multivariate Analysis

Using new-onset MI (yes=1, no=0) as the dependent variable and AF (yes=1,
no=0) as the independent variable, multivariate Cox proportional hazards re-
gression analysis adjusting for age, gender (male=1, female=0), BMI, TC, TG,
diabetes (yes=1, no=0), alcohol consumption (yes=1, no=0), and smoking

chinarxiv.org/items/chinaxiv-202210.00212 Machine Translation


https://chinarxiv.org/items/chinaxiv-202210.00212

ChinaRxiv [$X]

(yes=1, no=0) showed that AF was a risk factor for new-onset MI in hyperten-
sive patients (HR=2.89, 95%CI: 1.74-4.82, P<0.01). Considering the interaction
between age and AF, stratified analysis revealed that in participants aged $ $60
years, AF was a significant risk factor after multivariate adjustment (HR=4.72,
95%CI: 2.11-10.56, P<0.01). In those aged >60 years, AF was associated with
increased risk but without statistical significance (HR=1.65, 95%CI: 0.85-3.20,
P=0.14) (see ).

Discussion

This study demonstrates that AF is an independent risk factor for new-onset
MI in hypertensive populations. After adjusting for gender (male), BMI, TC,
TG, eGFR, diabetes history, alcohol consumption, and smoking, the associa-
tion remained significant (HR=2.89, 95%CI: 1.74-4.82, P<0.01). Notably, in
hypertensive patients aged $ $60 years with AF, the risk of new-onset MI was
markedly increased after multivariate adjustment (HR=4.72, 95%CI: 2.11-10.56,
P<0.01). These findings align with previous studies showing AF as an indepen-
dent risk factor for new-onset MI in the general population [11,12].

The underlying mechanisms are primarily pathophysiological. During AF, the
atrioventricular sequence of contraction and relaxation is lost, eliminating atrial
kick and reducing ventricular filling. This decreases left ventricular ejection
fraction and aortic pressure, impairing coronary perfusion during diastole
and exacerbating myocardial ischemia [16,17]. Sustained rapid ventricular
rates during AF increase myocardial energy consumption, remodeling, and
ischemia [18,19]. Irregular atrioventricular contraction and relaxation cause
adverse myocardial and coronary vascular remodeling while activating the
renin-angiotensin-aldosterone system, leading to coronary fibrosis. Mechanical
torsion increases atherosclerotic plaque instability and rupture risk, elevating
the likelihood of acute thrombotic events [20-22]. Thromboembolism plays a
crucial role in AF-related MI risk. Reduced left atrial flow velocity during AF
creates stasis and vortex formation, with continuous impact forces damaging
atrial endothelium. This exposes the extracellular matrix, facilitating coagu-
lation factor activation and thrombus formation through both intrinsic and
extrinsic pathways [23]. These mechanisms are consistent with Ilia R et al. [24],
who found that AF patients with MI were predominantly elderly women
with cardiovascular risk factors and valvular heart disease, often showing
single-vessel coronary disease on angiography, suggesting thromboembolic
etiology.

Beyond these pathophysiological mechanisms, other pathways require further
investigation. Hypertension is a well-established risk factor for MI [25,26]. To
exclude its confounding effect, this study specifically examined the hyperten-
sive population. Acute MI represents the most severe manifestation of coronary
atherosclerosis, typically resulting from plaque rupture and acute thrombosis.
A study investigating AF’ s relationship with coronary atherosclerosis progres-
sion and major cardiovascular events [27] analyzed data from 4,966 coronary
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artery disease patients undergoing PCI. Using intravascular ultrasound to as-
sess atherosclerotic burden at 18-24 month intervals and propensity-weighted
analysis, the study found that AF patients had lower baseline and progression
rates of atherosclerotic volume but higher MI risk (HR=2.41, 95%CI: 1.74-3.35,
P<0.001) and major adverse cardiovascular event risk (HR=2.2, 95%CI: 1.66-
2.92, P<0.001). Kaplan-Meier analysis showed significantly higher two-year
cumulative incidence of major adverse cardiovascular events (4.4% vs. 2.0%, log-
rank P=0.02) and MI (3.3% vs. 1.5%, log-rank P=0.05) in AF patients. These
findings suggest that AF increases MI risk independent of atherosclerotic bur-
den, possibly through mechanical torsion causing plaque instability and rupture.
Our results are consistent: new-onset MI incidence was 5.56% in the AF group
versus 2.63% in the non-AF group, with cumulative incidence rates of 7.06%
and 2.60% ( 2=15.48, P<0.01) and incidence density of 54.80%c0 and 20.50%co,
respectively. In participants aged $ 60years, theincidencewas8.217{2}$=15.43,
P<0.01) and incidence density of 67.35%00 and 15.54%00, respectively. These
findings suggest that AF-related MI risk is not strongly correlated with coronary
atherosclerosis, indicating other powerful influencing factors.

This study also identified male gender as a risk factor for new-onset MI in
hypertensive patients with AF, contrasting with Soliman, E. Z. et al. [12], who
found that AF increased MI risk, particularly in women and Black individuals.
Their study of 23,928 participants aged >45 years without prior coronary disease
followed for 6.9 years showed that AF increased MI risk by 70% after adjusting
for cardiovascular risk factors (HR=1.96, 95%CI: 1.52-2.52, P<0.001). A meta-
analysis of 30 studies with 4,371,714 participants [28] similarly concluded that
women with AF have higher cardiovascular disease and mortality risk than men.
These differences may reflect physiological and psychosocial variations between
genders, such as women’s higher risk of torsades de pointes and fatal events from
antiarrhythmic medications [29], and evidence that smoking and diabetes confer
greater coronary and stroke risk in women than men [30,31]. The Kailuan study
population’ s male predominance (approximately 4:1 ratio) may have influenced
these results; propensity-matched analyses in future studies may yield more
consistent conclusions.

Our finding that AF significantly increased new-onset MI risk in hypertensive
patients aged $ $60 years aligns with Hao Yujing et al. [11], who reported age-
related AF risk (HR=2.11, 95%CT: 1.69-2.62, P<0.01) in the general population,
and with Han Quanle et al. [32], who identified age as a risk factor for acute
MI in younger populations. However, our results differ from Soliman, E. Z.
et al. [12], possibly because their study included only middle-aged participants
(>45 years), limiting the expression of age-related risk. In participants aged
>60 years, AF remained a risk factor (HR=1.65, 95%CIL: 0.85-3.20, P=0.14)
but without statistical significance, likely because other MI risk factors such as
hypertension, diabetes, and dyslipidemia accumulate with age, attenuating AF’
s independent effect.

This study identified age, BMI, smoking, TC, TG, eGFR, and diabetes history
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as risk factors for new-onset MI across all hypertensive patients with AF, con-
sistent with previous research [33-35]. Although AF-related MI risk appears
independent of atherosclerotic burden [24], atherosclerosis remains the funda-
mental mechanism of MI. LDL-C is the primary atherogenic lipid component,
while overweight and obesity promote metabolic syndrome, glucose intolerance,
and diabetes, exacerbating endothelial injury and atherosclerosis. Atherosclero-
sis involving renal arteries reduces eGFR, which correlates with cardiovascular
events in hypertensive patients [36]. In elderly individuals, reduced eGFR is
independently associated with all-cause mortality, vascular mortality, and fatal
and non-fatal coronary and heart failure events [37]. Smoking and secondhand
smoke damage coronary endothelium and cause vasospasm, increasing MI risk
[34,35].

Interestingly, alcohol consumption appeared protective against new-onset MI
in this population (HR=0.75, 95%CI: 0.66-0.86, P<0.01), consistent with Han
Quanle et al. [32]. This may reflect moderate drinking patterns in the Kailuan
population, as alcohol can dilate vessels, increase heart rate, improve circulation,
and relieve stress when consumed in moderation. In contrast, studies identifying
alcohol as a risk factor [38] typically included heavy drinkers, where high alcohol
concentrations disrupt hemodynamics, reduce fibrinolytic components, impair
endothelial function, and trigger coronary spasm, leading to hypercoagulabil-
ity and thrombosis. In participants aged >60 years, BMI (HR=1.02, 95%CI:
0.99-1.05, P=0.18), smoking (HR=1.05, 95%CT: 0.77-1.37, P=0.64), and alcohol
consumption (HR=0.81, 95%CI: 0.61-1.07, P=0.14) were no longer significant
risk or protective factors, suggesting that risk factor profiles and weights change
with age, requiring age-specific prevention strategies.

Strengths: This study utilized the large Kailuan cohort with long-term follow-
up, yielding highly valuable scientific results. Limitations: First, the Kailuan
Group’ s heavy industry workforce is predominantly male. Second, transient
AF episodes may have been missed. Third, anticoagulant use in AF patients
during that period was very low in China [39,40], potentially underestimating
MI risk. These factors may introduce bias, which future studies will address
through propensity matching.

In conclusion, hypertension, AF, and MI are common cardiovascular diseases
that severely threaten human health. This study demonstrates that AF is an
independent risk factor for new-onset MI in hypertensive patients, particularly
those aged $ $60 years. Scientific management of these conditions, including
blood pressure control and AF treatment, is essential for primary and secondary
prevention of MI.
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