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Purpose: Inflammation plays a critical role in the development of cardiac conduction block (CCB), which is associated with an
increased risk of morbidity and mortality. The monocyte-lymphocyte ratio (MLR) acts as a novel inflammatory marker; however, its
association with CCB has not yet been studied. This study aimed to investigate the association between MLR and CCB risk.
Patients and Methods: In total, 82,472 CCB-free participants were identified from the Kailuan study. MLR was calculated using the
monocyte count/lymphocyte count. The participants were stratified based on quartiles of MLR levels. Incident CCB and its subtypes
were ascertained from electrocardiograms at biennial follow-up visits. The Cox proportional hazards model and restricted cubic spline
analysis were used to investigate the association between MLR with CCB and its subtypes.

Results: During a median follow-up of 10.4 years, 3222 incident CCB cases were observed. A U-shaped association was observed
between MLR and CCB risk (Pponinearity <0.05). After multivariate adjustment, individuals in the highest MLR quartile had a hazard
ratio (HR) of 1.212 (95% CI: 1.097-1.340; Q4 vs Q2), while those in the lowest MLR quartile had an HR of 1.106 (95% CI: 1.000-
1.224; Q1 vs Q2). Sensitivity and subgroup analyses yielded consistent results. The U-shaped association persisted for atrioventricular
block (AVB) in subtype analyses.

Conclusion: MLR was significantly associated with an increased risk of new-onset CCB. Assessing MLR may have clinical
relevance for predicting CCB risk, providing valuable insights for preventive strategies and patient management.

Pre-Registered Clinical Trial Number: The pre-registered clinical trial number is ChiCTR-TNC-11001489.

Keywords: cardiac arrhythmia, cardiac conduction block, inflammation, monocyte-lymphocyte ratio, risk factors

Introduction

Cardiac conduction block (CCB) is characterised by a disease manifested as the delay or interruption in the transmission
of an impulse within the conduction system, including the sinoatrial, atrioventricular block (AVB), and bundle branch
block (BBB).! Regardless of the type of conduction block, disease progression in severe cases significantly increases the
risk of cardiovascular morbidity and mortality.>* Although pacemaker implantation is an effective treatment for end-
stage conduction block diseases, it carries the risk of infection and thrombosis and is associated with long-term adverse
cardiac remodelling.” Therefore, it is particularly important to identify high-risk individuals with conduction block and

implement early measures to avoid illness onset.

Journal of Inflammation Research 2023:16 5393-5402 5393
Received: 5 September 2023 © 2023 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
Accepted: 14 November 2023 AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Published: 18 November 2023


http://orcid.org/0000-0001-7095-6022
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Li et al Dove

Graphical Abstract
Kailuan Study (N= 82,472) Median follow-up 10.4 years

Moseyichymnlhesyis mio Cardiac conduction block
in the general population Association ? .Atrloventrlcular plock
(oo v 5150 yeers) [ > | Right bundle branch block

Left bundle branch block

Outcomes Monocyte to lymphocyte ratio

<0.125 o
0.125-0.167 +
0.167-0.219 .-
>0.219 ot
Atrioventricular block ]
<0.125 —e—
0.125-0.167 +
0.167-0.219 —e—i
20.219 ——i
Monocyte Right bundle branch block
<0.125 —o—
Lymphocyte 0.125-0.167 ¢
0.167-0.219 —o—i
U 20.219 i
Left bundle branch block
<0.125 i
0.125-0.167 S
0.167-0.219 —e—i
20.219 —e—1

e e ]
0.5 1.0 15 2.0
Hazard ratio (95%CI)

The monocyte-lymphocyte ratio (MLR) is a novel inflammatory biomarker that can effectively reflect the
balance between inherent and acquired immune responses.® Previous epidemiological evidence suggested that
MLR was an independent predictor of all-cause mortality and cardiovascular mortality in the general population.'’
Studies have shown that inflammation plays an important role in the initiation of CCB.'"'* However, data on the
association of inflammatory biomarkers with CCB are relatively limited. A longitudinal cohort study found that
lymphocyte count (LC) showed a U-shaped association with the risk of incident arrhythmias.'*> Compared with LC
or monocyte count (MC) alone, MLR provides a more stable and accurate evaluation of immune status.”'*
Therefore, we conducted a prospective cohort study to investigate the relationship between MLR and new-onset

CCB and its subtypes.

Methods
Study Design and Population

The Kailuan study is an ongoing prospective cohort study that based on a community in Tangshan. The details of this
study have been described elsewhere.'>! In current study, we first enrolled 101,510 individuals (81,110 men and 20,400
women, aged 18-98 years) who participated baseline examination (2006-2007). After excluding participants with
missing data pertaining to the MC, LC, or electrocardiogram (ECG) (n=8274), with a history of CCB, myocardial
infarction, atrial fibrillation, or heart failure (n=3974), and who did not attend any of the follow-up examinations
(n=6790), a total of 82,472 participants (65,164 men and 17,308 women) were included in the current analysis
(Supplementary Figure 1). These participants complete face-to-face questionnaire surveys, clinical examinations, labora-

tory tests and electrocardiograph (ECG) measurement during follow-up period.
This study complied with the Helsinki Declaration and was approved by the ethics committee of Kailuan General
Hospital. All participants provided written informed consent prior to inclusion in the study.
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Assessment of Incident CCB

CCB diagnoses were based on standard 12-lead ECGs at biennial follow-up visit.'” According to the relevant US AHA
guidelines,'"® CCB was defined as the presence of any type of heart block, including atrioventricular block (AVB),
complete right bundle branch block (CRBBB), incomplete right bundle branch block (iRBBB), complete left bundle
branch block (CLBBB), incomplete left bundle branch block (iLBBB), left anterior fascicular block (LAFB), left
posterior fascicular block (LPFB), and nonspecific intraventricular conduction block (NS-IVCB). The right bundle
branch block (RBBB) included the CRBBB and iRBBB, and the left bundle branch block (LBBB) included the
CLBBB, iLBBB, LAFB, and LPFB. Detailed definitions of the endpoints are listed in Supplementary Table 1. The
final diagnosis was confirmed by two cardiologists.

All participants were followed up through assessments updated every two years from the baseline examination until
the onset of CCB, the date of all-cause mortality, or the last follow-up, whichever came first. The participants were
monitored until December 31, 2019, for all outcomes.

Assessment of MLR

During each examination, the participants underwent venous blood collection after fasting for at least 8 hours. Routine
blood tests, including MC and LC measurements, were performed using a full blood count analyzer (Sysmex XT-1800i,
Sysmex Corporation). The MLR was calculated as MC/LC.

Data Collection and Definitions

Demographic data and lifestyle information, including alcohol intake, smoking status, physical activity, snoring, and
medical history, were obtained through face-to-face interviews using a standardised questionnaire, as described in further
detail previously.'*° Anthropometric parameters and blood pressure were measured during biennial physical examina-
tions. The detailed measurement procedures have been described previously.”’ Body mass index (BMI) was determined
by dividing the body weight (kg) by the square of the height (m?). During the physical examination, blood samples were
collected from the antecubital vein following a fasting period of at least 8 hours overnight.

Biochemical parameters, including triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), total cholesterol (TC), fasting blood glucose (FBG), and serum creatinine (SCr) levels,
were measured using an autoanalyzer (Hitachi 747; Hitachi, Tokyo, Japan). Levels of high-sensitivity C-reactive protein
(hs-CRP) were assessed using an autoanalyzer (Cias Latex CRP-H, Kanto Chemical, Tokyo, Japan). Hypertension was
defined as systolic blood pressure >140 mmHg, diastolic blood pressure >90 mmHg, utilisation of antihypertensive
medication, or a self-reported history of hypertension.”' Diabetes was defined as an FBG level >7.0 mmol/L, a history of
diabetes, or utilisation of antidiabetic medication.”* Hyperlipidaemia was defined as TG level >2.3 mmol/L, TC level
>6.2 mmol/L, LDL-c level >4.1 mmol/L, HDL-c level <1.0 mmol/L, having a history of hyperlipidaemia, or usage of any
lipid-lowering medication.”> The estimated glomerular filtration rate (¢GFR) was defined as eGFR calculated using the
CKD-EPI method.**

Statistical Analysis

Baseline characteristics are summarised as mean + standard deviation (SD), median (25th percentile, 75th percentile), or
frequency (percentages), as appropriate. Variances between groups were evaluated using one-way analysis of variance or
nonparametric tests for continuous variables and chi-square tests for categorical variables. CCB probabilities were
estimated using the Kaplan-Meier method and compared using the Log rank test. Cox proportional hazard regression
models were used to assess the association between MLR levels and the risk of CCB and its subtypes by calculating the
hazard ratio (HR) and corresponding CI (95%). The MLR quartile with the lowest incidence of CCB was selected as the
reference group. Model 1 was adjusted for age (continuous variable, years) and sex (male or female). Model 2 was
adjusted for age, sex, current smoking (yes or no), current drinking (yes or no), physical activity (active or inactive), and
BMI (<24 kg/m?, 24-28 kg/m?, or >28 kg/m?).”> Model 3 was adjusted for all covariates in model 2 and additionally
adjusted for hypertension, diabetes, hyperlipidaemia, eGFR [continuous, mL/(min-1.73 mz)], hs-CRP (continuous, mg/
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L), and snoring (ever or never). Model 4 was adjusted for all covariates in model 3 and additionally adjusted for the use
of antihypertensive, hypoglycaemic, and lipid-lowering medications (yes or no) at baseline. To fully assess potential
nonlinear relationships, the association between the MLR and the risk of CCB and its subtypes was assessed on
a continuous scale using restricted cubic splines, where the optimal df was determined by minimising the model’s
Akaike information criterion.?®

Further analyses were conducted to assess the robustness of the association between the MLR and the risk of CCB.
First, stratified analyses based on baseline age (<60 and >60 years) and sex were used to examine the consistency of the
effect. Second, to evaluate the robustness of our results, sensitivity analyses were conducted by (1) excluding new-onset
cardiac conduction block cases within the first 2 years of follow-up; (2) excluding new-onset myocardial infarction, atrial
fibrillation, and heart failure during follow-up; (3) using time-dependent Cox regression models in which the level of
MLR and covariates were updated at each follow-up and the most recent measurements were used to estimate risk; and
(4) performing competing risk regression using the Fine-Gray model to address the potentially confounding issue of
death.

Statistical analyses were performed using SAS software (version 9.4; SAS Institute, Cary, NC, USA). All tests were
two-sided, and P <0.05 was considered statistically significant.

Results
The cohort consisted of 82,472 participants with a mean age of 51.50 years, and 79.01% were male. The baseline
characteristics of the participants based on MLR quartiles are summarised in Table 1. Individuals with higher MLR levels
were generally older; less likely to be current smokers, drinkers, or snorers; and exhibited higher body mass index and
hs-CRP levels but lower eGFR levels.

During the median follow-up of 10.4 years, 3222 new-onset CCB events occurred, corresponding to an incidence of
3.76 per 1000 person-years. For the CCB subtypes, there were 949, 1506, and 700 incident cases of AVB, RBBB, and

Table | Baseline Characteristics of the Study Population

Body mass index, N (%)
Normal/underweight (<24 kg/m?)

32889 (39.88)

8068 (40.52)

8300 (40.29)

8598 (39.99)

Total Ql Q2 Q3 Q4
(n=82472) (n=19913) (n=20599) (n=21499) (n=20461)

MLR score <0.125 0.125-0.167 0.167-0.219 20219
Age, year 51.50+12.68 50.72%12.07 50.29+12.35 51.18+12.76 53.8013.17
Male, N (%) 65164 (79.01) 15283 (76.75) 16380 (79.52) 17359 (80.74) 16142 (78.89)
Current smoker, N (%) 28404 (34.44) 7195 (36.13) 7224 (35.07) 7489 (34.83) 6496 (31.75)
Current drinker, N (%) 31115 (37.73) 7897 (39.66) 8071 (39.18) 8078 (37.57) 7069 (34.55)
Physical activity, N (%) 12511 (15.17) 3324 (16.69) 3016 (14.64) 3057 (14.22) 3114 (15.22)
Snorer, N (%) 32128 (38.96) 8607 (43.22) 8101 (39.33) 8023 (37.32) 7397 (36.15)

7923 (38.72)

Overweight (24-28 kg/m?) 34342 (41.64) 8330 (41.83) 8591 (41.71) 8866 (41.24) 8555 (41.81)
Obese (228 kg/m?) 15241 (18.48) 3515 (17.65) 3708 (18.00) 4035 (18.77) 3983 (19.47)
Monocytes, (10°/L) 0.4240.28 0.230.11 0.34+0.18 0.43+0.21 0.6740.35
Lymphocytes, (10°/L) 235133 2.561.86 237£1.23 228%1.11 2.20+0.94
hs-CRP, (mg/L) 0.87 (0.30-2.30) | 0.81 (0.30-2.10) | 0.82 (0.30-2.17) | 0.86 (0.30-2.30) | 0.93 (0.33-2.68)
eGFR, [mL/(min -.73m?)] 82.30+22.88 84.56+22.23 84.37+22.58 82.23+23.53 78.10+22.54
Hypertension, N (%) 29735 (36.05) 7201 (36.16) 7269 (35.29) 7820 (36.37) 7445 (36.39)
Diabetes, N (%) 7667 (9.30) 1879 (9.44) 1819 (8.83) 1916 (8.91) 2053 (10.03)
Hyperlipemia, N (%) 35993 (43.64) 8009 (40.22) 8552 (41.52) 9502 (44.20) 9930 (48.53)
Use of antihypertensive agents, N (%) 9297 (11.27) 2339 (11.75) 2182 (10.59) 2274 (10.58) 2502 (12.23)
Use of hypoglycemic medications, N (%) 2006 (2.43) 490 (2.46) 463 (2.25) 495 (2.30) 558 (2.73)
Use of lipid lowering medications, N (%) 793 (0.96) 225 (1.13) 175 (0.85) 167 (0.78) 226 (1.10)

Abbreviations: MLR, monocyte to lymphocyte ratio; hs-CRP, high-sensitivity C-reactive protein; eGFR, indicates estimated glomerular filtration rate.
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LBBB, respectively. The cumulative incidences of CCB and its subtypes according to the MLR quartile groups are
depicted in Supplementary Figure 2 (Log rank test, P<0.05). The cubic spline models (Figure 1) showed a U-shaped

association between MLR and the risk of CCB and AVB (Ppon-iincarity < 0.05) and a nearly linear association between
MLR levels and LBBB risk (Ppon-inearity = 0.90).

The second MLR quartile had the lowest CCB incidence. Both low and high MLR were associated with an increased
risk of CCB. The multivariable adjusted hazard ratio (HR) for the Q1 group was 1.106 (95% CI, 1.000-1.224), and for
Q3 and Q4, it was 1.134 (95% CI, 1.026-1.253) and 1.212 (95% CI, 1.097-1.340), respectively (Figure 2; Supplementary
Table 2). For the CCB subtypes, a similar trend was observed for AVB but not for RBBB and LBBB (Figure 2;
Supplementary Table 2). The lowest incidence of the LBBB subtype was observed in the lowest MLR quartile. In the

multivariate-adjusted models, elevated MLR levels were significantly associated with an increased risk of LBBB
(Supplementary Table 3).

The association between MC or LC alone and incident CCB was further tested in age- and sex-adjusted and
multivariate-adjusted models. Neither the MC nor LC levels were associated with the risk of CCB (Supplementary
Table 4).

Subgroup analyses of MLR levels and CCB risk are shown in Table 2. There were significant interactions among
MLR, age, and sex (all Piyeraction<0.05). The association between MLR and new-onset CCB was more prominent in male
participants and younger individuals, and these trends were also observed in the AVB subtype.

270 40 . .
Poverall <0.05 P nonlinearity <0.05 J/ Poverall <0.05 Pronlinearity <0.05
248 35
< <
2 2
s 22 z 30
3 203 3 25 e
2 2
S S
= 5
5 5
o o
T T
= -
3 3
< <

0s

0.00 013 025 038 050 063 075 088 1.00 0.00 0.13 025 038 050 063 075 088 1.00

= Estmation ——— Lower CL ——=—Upper.CL ® ® ® Knots —— Estimaion ——— Lower CL ——=Upper.CL ® * * Knots

MLR MLR
200
5.00
15 Poverall =0.06 yd Poverall <0.05 Pnonlinearity =0.90
a \ . -~ 438
8 \ - 3
ARG :
5 \ - - 375
g 2
5 £
P <
T—:-’) % 313
2 H -
= 3
= =
T T
= -
e ]
Z Z
- E53
< <

0.00 013 025 038 050 063 075 088 1.00
= Estimation ——— Lower CL ——=—Upper.CL ® * ® Knots

—— Estimaion ——— Lower CL ——=— Upper CL * * ® Knots

MLR MLR

Figure | Associations of MLR with the risk of cardiac conduction block and its subtypes using restricted cubic spline regression models (model 4). Point estimates (solid
line) and 95% confidence intervals (dashed lines) were obtained by restricted cubic spline models.
Abbreviations: HR, hazard ratio; Cl, confidence interval; MLR, monocyte to lymphocyte ratio.
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Figure 2 Forest plot for multivariate adjusted hazard ratio for association of monocyte to lymphocyte ratio categories and cardiac conduction block and its subtypes

(model 4).
Abbreviations: HR, hazard ratio; Cl, confidence interval; MLR, monocyte to lymphocyte ratio.

A series of sensitivity analyses were performed to examine the robustness of the association between MLR levels and
CCB risk, such as 1) excluding new-onset cardiac conduction block within the first two years of follow-up (n=81218), 2)
excluding new-onset myocardial infarction, atrial fibrillation, and heart failure during follow-up (n=80059), and 3) using
time-varying MLR as exposures. No significant changes were observed in sensitivity analysis. Meanwhile, the competing

risk analysis using the Fine-Grey model showed a trend similar to that of the original analysis (Supplementary Table 5).

Discussion
Our study, based on a large prospective cohort, revealed a U-shaped relationship between MLR and overall CCB risk.
Regarding the specific subtypes of CCB, an increase in MLR was significantly associated with an elevated risk of AVB
and LBBB, but not RBBB. Conversely, a decrease in the MLR was significantly associated with an increased risk of
developing AVB.

MLR is a novel inflammatory biomarker that is less affected by various physiological and pathological conditions and
can effectively reflect the balance between inherent and acquired immune responses. Compared with MC or LC alone,
MLR provides a more stable and accurate evaluation of the body’s immune status.”'* In a study with a mean follow-up
of 11 years, Hua et al found that MLR was a strong independent predictor of all-cause mortality and cardiovascular
mortality in the general population.'® In a retrospective analysis by Liu et al in China, a high MLR was predictive of the
risk of ischemic stroke.?” Another study conducted in the Netherlands revealed a strong relationship between MLR levels
and heart failure markers and predicted heart failure hospitalisations during the follow-up period in patients with
coronary artery disease.”® Our study revealed a significant association between MLR and CCB risk, whereas no
significant association was observed between MC or LC alone and CCB. This suggests that the immune status reflected
by MLR is closely associated with CCB occurrence.

Previous evidence suggests that inflammatory responses and immune dysfunction play important roles in CCB."**°
Our study demonstrated that elevated MLR was significantly associated with an increased risk of AVB and LBBB. This

phenomenon can be explained using several mechanisms. First, increased chemotaxis of monocytes in the circulatory
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Table 2 The Associations Between the Level of MLR and the Risk of CCB and Its Subtypes Stratified by Age and Sex

Pinteraction HR (95% CI)
Ql Q2 Q3 Q4

Cardiac conduction block, N (%)
Age<60 <0.05 1.087 (0.967-1.220) Ref. 1.165 (1.037-1.307) | 1.265 (1.124-1.424)
Age=60 1.179 (0.963—1.444) Ref. 1.035 (0.849-1.262) | 1.080 (0.895-1.304)
Male <0.05 1.156 (1.032-1.295) Ref. 1.125 (1.005-1.259) | 1.224 (1.093-1.371)
Female 0.954 (0.768-1.184) Ref. 1.164 (0.939-1.443) | 1.152 (0.929-1.427)
Atrioventricular block, N (%)
Age<60 <0.05 1.164 (0.933-1.451) Ref. 1.245 (0.998-1.553) | 1.429 (1.142-1.788)
Age=60 1.692 (1.183-2.420) Ref. 1.341 (0.935-1.923) | 1.165 (0.816—1.664)
Male <0.05 1.368 (1.107-1.691) Ref. 1.305 (1.055-1.614) | 1.372 (1.107-1.701)
Female 1.022 (0.686—1.521) Ref. 1.161 (0.776—1.738) | 1.129 (0.753-1.694)
Right bundle branch block, N (%)
Age<60 0.41 I.141 (0.969-1.343) Ref. 1.211 (1.029-1.425) | 1.084 (0.909-1.291)
Age=60 1.173 (0.864—1.593) Ref. 0.964 (0.711-1.307) | 0.938 (0.700-1.257)
Male 0.27 1.167 (0.994-1.371) Ref. 1.109 (0.945-1.303) | 1.064 (0.901-1.257)
Female 1.084 (0.787-1.492) Ref. 1.341 (0.976-1.842) | 0.961 (0.682—1.355)
Left bundle branch block, N (%)
Age<60 0.34 0.991 (0.767-1.281) Ref. 1.078 (0.837-1.389) | 1.383 (1.078-1.774)
Age=60 0.760 (0.493-1.172) Ref. 0.741 (0.493—1.114) | 0.975 (0.679—1.401)
Male 0.31 0.999 (0.779-1.281) Ref. 0.956 (0.748-1.222) | 1.193 (0.940-1.512)
Female 0.721 (0.448-1.159) Ref. 1.047 (0.670-1.638) | 1.488 (0.986-2.244)

Notes: Model adjusted for age, sex, smoking, alcohol consumption, body mass index, physical activity, diabetes, hypertension, hyperlipidemia, eGFR, hs-CRP,
snoring, antihypertensive, lipid-lowering and glucose-lowering drugs.Ql: MLR<0.125, Q2: MLR 0.125-0.167, Q3: MLR 0.167-0.219, Q4: MLR=0.219.
Abbreviations: MLR, monocyte to lymphocyte ratio; hs-CRP, high-sensitivity C-reactive protein; eGFR, estimated glomerular filtration rate; Ref, reference;
HR, hazard ratio and CI, confidence interval.

system, along with enhanced infiltration of macrophages in the heart, plays an important role in the development of

cardiac ﬁbrosis,m*33

which serves as a crucial pathological basis for conduction system abnormalities.>*** Second, age-
related degenerative changes in the conduction system contribute to the pathogenesis of the conduction block,*> and
ageing is often accompanied by adaptive immune system suppression and chronic low-grade inflammation, reflected as
a decreased level of T lymphocytes and an increase in circulatory monocyte level.>® Additionally, a recent Mendelian
randomization analysis provided evidence of a causal relationship between elevated MC and decreased LC and the
deposition of abnormal cardiac proteins, which are known to be significantly associated with the occurrence of
conduction blocks.*”*® Overall, the precise mechanisms underlying the association between high MLR and increased
risk of CCB are still not fully understood.

Additionally, our study revealed a significant association between a decreased MLR and the risk of new-onset
AVB. Similar results were observed in a previous study focusing on overall bradyarrhythmia events.'® The specific
mechanisms underlying the association between decreased MLR and increased risk of AVB remain elusive. Several
factors might have contributed to this observation. Monocytes and macrophages play important roles in inflamma-
tion initiation and remission.>* When their levels are too low, it may impede the inflammatory remission process,
leading to a chronic low inflammatory state that can contribute to cardiac conduction system remodelling.
Additionally, certain subsets of lymphocytes, such as Th17 cells, exhibit pro-inflammatory properties. The increased
number of these lymphocyte subsets can directly participate in or indirectly modulate cardiac remodelling by
releasing various inflammatory mediators.*® Together, decreased MC or increased LC may play an etiological role
in the conduction block, but the specific mechanisms require further investigation.

The results of the subgroup analyses in males were consistent with our main findings regarding the association
between MLR with CCB and AVB. However, no statistically significant association was observed among females.
Similar findings were previously reported by Yang et al, who found that the effect of MLR on bradyarrhythmia was
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more pronounced in males than in females.'® This difference may be related to the effect of oestrogen, as it can
reduce the risk of cardiac fibrosis*' and enhance the antioxidant capacity of the myocardial tissue,** which may
counteract the risk associated with MLR. Stratification analysis by age showed a significant association between
higher MLR and the risk of CCB and its subtypes in participants aged < 60 years. This may be partly because
ageing itself being a risk factor for developing conduction block,*® which could diminish the effect of MLR in older
individuals. This suggests that more attention should be paid to higher MLR in young and middle-aged individuals
to prevent the occurrence of CCB.

This study had several major strengths, including a large sample size, long-term follow-up, and the use of multiple
sensitivity analyses to verify the stability of the results. Outcome event data were collected through follow-ups rather
than relying solely on hospitalisation reports. This approach allows for the identification of subclinical CCB, thereby
avoiding underestimation of the true incidence. To the best of our knowledge, this is the first cohort study to examine the
association between MLR and CCB. Despite these strengths, it is important to acknowledge the limitations of this study.
First, the observational study design made it impossible to establish cause-effect relationships among the investigated
variables. Further basic and Mendelian randomization studies are necessary to confirm these findings. Moreover, this was
a single-centre study; despite adjusting for possible confounders, residual confounding cannot be ruled out. Finally, the
study population was limited to occupational northern Chinese individuals, which may limit the generalizability of the
results to other populations or regions.

Conclusion

Our study, based on a large prospective cohort, found a U-shaped association between the MLR and CCB risk. A similar
association persisted for AVB; however, a linear association was observed for LBBB. Further studies are required to
confirm our findings and explore the underlying mechanisms.
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