G20z ‘9z |1dy uo Aq Bio'sfeuinofeye/:diy wouy papeojumoq

'.) Check for updates

Journal of the American Heart Association

ORIGINAL RESEARCH

Association Between Cumulative Body
Mass Index Exposure and the Risk of
Incident Cardiac Conduction Block
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Guodong Wang @, MM; Shouling Wu @, MD; Xiuhong Yang @, MD

BACKGROUND: The relationship between cumulative body mass index (cumBMI) exposure and cardiac conduction block (CCB)
is not fully understood. This study aimed to explore the association between cumBMI and the risk of CCB.

METHODS AND RESULTS: A total of 107 860 participants of the Kailuan Study were included. Participants were then categorized
into 4 groups based on their quartile of cumBMI. The association of cumBMI with CCB was estimated using the Cox propor-
tional hazards regression model. During a median follow-up of 8.36years, 1894 CCBs, 586 atrioventricular blocks (AVBs),
1273 intraventricular blocks, 851 right bundle branch blocks, and 319 any left bundle branch blocks occurred. After adjusting
for potential confounders, the hazard ratios for CCB, atrioventricular block, intraventricular block, right bundle branch block,
and any left bundle branch block were 1.86 (95% Cl, 1.60-2.18), 2.51 (95% ClI, 1.90-3.32), 1.55 (95% Cl, 1.28-1.87), 2.14 (95%
Cl, 1.69-2.71), and 1.18 (95% ClI, 0.81-1.72) for individuals in the highest quartile of cumBMI compared with those in the sec-
ond quartile, respectively. Additionally, the subgroup analyses showed significant interactions between age, sex, and cumBMI
for developing CCB (P for interaction<0.05).

CONCLUSIONS: Our findings suggest that higher cumulative BMI exposure significantly increased the risk of CCB, especially
atrioventricular block. Monitoring cumulative BMI may help to identify high-risk CCB populations.
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diovascular disease (CVD) in which damage to the

cardiac conduction system results in electrophys-
iologic abnormalities that cause delayed or interrupted
conduction of impulses within the atria or from the
atria to the ventricles.! Patients with CCB may suffer
from syncope and even sudden cardiac death in se-
vere cases,?3 which seriously affects their survival and
quality of life. Several population-based epidemiologic
studies have found an increased risk of CVD and all-
cause death in patients with prolonged PR interval and

Cardiac conduction block (CCB) is a common car-

right bundle branch block (RBBB).*® While pacemak-
ers can be used to treat the end stage of CCB, pace-
maker implantation may be associated with serious
complications such as pneumothorax and infection.”®
Therefore, it is important to explore the risk factors of
CCB for the primary prevention of CCB and to reduce
the health and economic burden. The risk factors for
CCB that have been established include hypertension,
diabetes, and inflammatory response.*°"

Several studies have shown that obesity is asso-
ciated with cardiac arrhythmias, which increases the
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CLINICAL PERSPECTIVE

What Is New?

e We found that cumulative body mass index
(BMI) exposure increased the risk of cardiac
conduction block (CCB) but was not associated
with the development of any left bundle branch
block.

e The risk associated with cumulative BMI
exposure was found to be higher for both CCB
and intraventricular block in individuals aged
<45years, and the risk of atrioventricular block
was found to be higher in individuals aged
>B0years when exposed to higher cumulative
BMI; male participants exhibited a higher risk of
CCB compared with female participants.

What Are the Clinical Implications?

e The findings of our study highlight the impor-
tance of individualized weight management for
the prevention of CCB. Furthermore, maintain-
ing a stable normal BMI level is helpful in con-
troling and reducing the incidence of CCB.
Publicizing a normal BMI level for a long time
is helpful to reduce the medical and socioeco-
nomic burden of CCB in China.

Nonstandard Abbreviations and Acronyms

AVB atrioventricular block

CARDIA Coronary Artery Risk Development in
Young Adults

CCB cardiac conduction block
cumBMI cumulative body mass index
IVB intraventricular block

risks of sudden cardiac death and atrial fibrillation,'>~'4
with potential mechanisms involving conduction ab-
normalities, infiltration of atrial musculature by con-
tiguous epicardial fat, and increased atrial fibrosis.'
Additionally, an animal study reported a significant
increase in complex fractionated signals under con-
ditions of sustained obesity, potentially resulting from
conduction slowing caused by interstitial fibrosis or fat
infiltration.'®

Recent epidemiological studies have also reported
that there is an association between obesity and an
increased risk of CCB.?!'” Those studies have mostly
focused on single body mass index (BMI) measure-
ments assessed at study baseline. However, the du-
ration of exposure also plays a crucial role beyond
BMI levels.'®'® The CARDIA (Coronary Artery Risk
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Development in Young Adults) study proposed a
method to quantify the risk burden brought by long-
term exposure, using the sum of the product of cumu-
lative levels and exposure time.2° Cumulative exposure,
as a composite measure of exposure level and dura-
tion, enables the identification of high-risk subgroups
with greater specificity.?"-2? Furthermore, findings from
the Framingham Heart Study have demonstrated that
combining obesity and duration into a single construct
provides stronger discriminatory power than a model
relying solely on baseline BMI.?® Few studies explored
the relationship between cumulative BMI (cumBMI)
and CCB. Therefore, we explored the relationship be-
tween cumBMI exposure and different types of CCB
based on the Kailuan Study cohort (registration num-
ber: ChiCTR-TNC-11001489).

METHODS

Data Availability
The authors are responsible for the integrity and
accuracy of the data analysis, and the relevant data
are available from the corresponding author upon
reasonable request.

Study Population

The Kailuan Study is a large, prospective, dynamic co-
hort study based on active and retired employees of the
Kailuan community in Tangshan City, Hebei Province,
China, in which demographic information, anthropo-
metric parameters, and biochemical indexes were con-
ducted biennially during June 2006 to December 2019
by trained staff according to a standardized uniform
design. To observe the effect of cumBMI on CCB, we
used those who joined the cohort for the first time and
participated in at least 1 of the 2 consecutive physical
examinations in 2006, 2008, 2010, and 2012 (eg, indi-
viduals who participated in the physical examination
for the first time in 2006, and those who participated in
either or both of the physical examinations in 2008 and
2010). Participants who were missing height, weight,
and ECG data during the exposure period; those who
had a history of CCB during the exposure period and
were missing ECG data during follow-up; and those
who attended the first physical examination but did not
participate in 2 consecutive examinations (eg, individu-
als who participated in the first physical examination
in 2006 and did not participate in either of the ex-
aminations in 2008 or 2010) were excluded. A total of
107 860 individuals were finally included. The flowchart
of inclusion and exclusion of study participants is de-
tailed in the Figure The study followed the Declaration
of Helsinki and was approved by the Ethics Committee
of Kailuan General Hospital. All participants gave writ-
ten informed consent before study inclusion.
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Atotal of 101 510
participants took first
physical examination at
2006

A total of 25 337
participants took first
physical examination at
2008

Atotal of 10 519
participants took first
physical examination at
2010

Atotal of 21 652
participants took first
physical examination at
2012

@ participants who did not took part in the
physical examination in 2008 and 2010 (n=14
895).

— © participants without data on height, body

mass and electrocardiogram (n=4707).
(3 participants with a history of CCB

/Excluded: \

K(n:4362). /
\

Excluded:

@ participants who did not took part in the
physical examination in 2010 and 2012
(n=8264).

@ participants without data on height, body
mass and electrocardiogram (n=1932).

(3 participants with a history of CCB (n=738).

fExcluded:

@ participants who did not took part in the
physical examination in 2012 and 2014

| (=3425).

@ participants without data on height, body
mass and electrocardiogram (n=1663).
(3 participants with a history of CCB (n=196).

\

Participants for this study
(n=10 7860)

/Excluded:

@ participants who did not took part in the
physical examination in 2014 and 2016
(n=8783).

@) participants without data on height, body
mass and electrocardiogram (n=2046).

(3 participants with a history of CCB (n=147).

Figure. Flowchart of study participants.

CCB indicates cardiac conduction block.

Assessment of Exposure and Covariates

Epidemiological data were collected using a stand-
ardized, structured questionnaire by trained investi-
gators and included demographic information (age,
sex), lifestyle (smoking, alcohol consumption, physi-
cal activity, and salt intake), past medical history, and
medication history. Smoking was defined as an aver-
age of at least 1 cigarette per day in the past year; al-
cohol consumption was defined as averaging at least
100mL a day for more than a year; physical activity
was defined as exercising for >30minutes >3 times
per week; and high salt intake was defined as >10g/
day of salt. Height, weight, and other relevant meas-
urements were performed by trained health care pro-
fessionals in strict accordance with a standardized
protocol. Participants stood barefoot in lightweight
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clothing with arms relaxed according to the protocol,
and standing height and weight were measured using
a standardized instrument, with readings accurate
to 1 decimal place.?* BMI was calculated by dividing
body mass (kg) by the square of height (m?).

After fasting for 8hours, 5mL of elbow venous
blood was drawn in the morning of the day of the
physical examination to detect high-density lipopro-
tein cholesterol, low-density lipoprotein cholesterol,
fasting blood glucose, and high-sensitivity C-reactive
protein, all of which were detected by a fully automatic
analyzer (Hitachi). The estimated glomerular filtration
rate is calculated using the Chronic Kidney Disease
Epidemiology Collaboration formula.?® Myocardial in-
farction and heart failure that occurred during follow-up
were determined by trained medical personnel who
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retrieved hospitalization data from their hospitals, ac-
cording to the International Classification of Diseases,
Tenth Revision (ICD-10) codes; hypertension was de-
fined as systolic blood pressure >140mmHg or dia-
stolic blood pressure >90mmMHg or current use of
antihypertensive medications; diabetes was defined as
fasting blood glucose >7.0mmol/L or self-reported use
of hypoglycemic medication.

A 12-lead standard ECG examination was per-
formed on the participants during the 2006 physical
examination and biennially thereafter during follow-up.
The 10-second 12-lead ECG examinations were col-
lected from 7:00 to 9:00 am after the participants had
sufficiently rested quietly. ECG measurements and
diagnosis were completed by at least 2 well-trained
doctors. CCB events were diagnosed according
to American College of Cardiology/American Heart
Association/Heart Rhythm Society practice guidelines.
Pacemaker status and the reasons for implantation
were retrieved through the electronic medical record
system. CCB was defined as the presence of any of
the cardiac conduction disorders, including atrioven-
tricular block (AVB [I-lll]), pacemaker status due to
AVB, complete RBBB, incomplete RBBB, complete
left bundle branch block (LBBB), incomplete LBBB,
left anterior branch block, left posterior branch block,
and nonspecific intraventricular conduction block. AVB
was defined as AVB | to Ill or pacemaker status due to
AVB. Intraventricular block (IVB) was defined as non-
specific intraventricular conduction block, complete
RBBB, incomplete RBBB, complete LBBB, incom-
plete LBBB, left anterior branch block, or left posterior
branch block. RBBB was defined as complete RBBB
or incomplete RBBB. Any LBBB was defined as com-
plete LBBB, incomplete LBBB, left anterior branch
block, or left posterior branch block. Diagnostic criteria
are listed in more detail in Table S1.

Calculation and Grouping of Cumulative
BMI

In our study, BMI at 3 different time points was defined
as follows: the first physical examination was BMI1, the
second physical examination was BMI2, and the third
physical examination was BMI3. CumBMI was defined
as the sum of the average BMI of the 2 examinations
or the average BMI of the 3 examinations multiplied by
the time interval between the 2 or 3 examinations, and
was calculated as follows?6:27:

cumBMI = [(BMI1 + BMI2) /2 x time;_]
cumBMI = [(BMI1 + BMI3) /2 x timey_g]

cumBMI = [(BMI1+BMI2)/2xtime; _,]
+[(BMI2+BMI3)/2xtime,_g]

J Am Heart Assoc. 2025;14:e039522. DOI: 10.1161/JAHA.124.039522
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where time,_, represents the time interval between BMI1
and BMI2, time,_, represents the time interval between
BMI1 and BMI3, and time, 5 represents the time inter-
val between BMI2 and BMI3. Calculation examples
for cumBMI are presented in Figure S1. Grouping was
based on the cumBMI quartiles: quartile 1, cumBMI
<79.40; quartile 2, 79.40<cumBMI <96.16; quartile 3,
96.16<cumBMI <110.24; quartile 4, cumBMI >110.24.

Follow-Up and End Point Events

The time of the last physical examination was used as
the starting point for follow-up. The outcome event of
the study was new-onset CCB, including AVB, IVB,
RBBB, and any LBBB, whichever occurred first. The
outcome events of the secondary analyses include
complete RBBB, incomplete RBBB, complete LBBB,
incomplete LBBB, left anterior branch block, left pos-
terior branch block, and nonspecific intraventricular
conduction block. The time of the end point event
was used as the end point time, while the date of the
last physical examination was used as the end point
time for those who did not have the end point event.
Participants were followed up until CCB diagnosis;
death; or December 31, 2019, whichever occurred first.

Statistical Analysis

Continuous variables with normal distribution were
expressed as mean+SD and compared using 1-way
ANOVA, while those with skewed distribution were
presented as medians with interquartile ranges and
compared by Kruskal-Wallis test. Categorical varia-
bles were expressed as frequencies and percentages
and compared by x? test. We used multiple imputation
by chained equations to impute missing values for co-
variates. Participants were grouped by cumBMI quar-
tile levels, and a Cox proportional hazards regression
model was used to analyze the relationship between
different levels of cumBMI and CCB. We constructed
2 models to adjust for potential confounding factors.
Model 1 is a crude model; model 2 adjusted for age,
sex, smoking, drinking, high salt intake, physical ac-
tivity, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, high-sensitivity C-reactive pro-
tein, estimated glomerular filtration rate, hypertension,
diabetes, myocardial infarction during the follow-up,
heart failure during the follow-up, antidiabetic treat-
ment, antihypertensive treatment, lipid-lowering
drugs, and BMI single measurement. The covariates
adjusted in model 2 were measured at the start of fol-
low-up. The cumulative incidence of CCB in different
cumBMI groups was calculated by the Kaplan—-Meier
method, and the log-rank test was used for compari-
son between groups. We used restricted cubic splines
with 3 knots at the 25th, 50th, and 75th percentiles to
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Table 1. Baseline Characteristics of Participants by cumBMI Quartile

Cumulative Body Mass Index and Heart Block

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Variables Total (N=107860) (N=26965) (N=26965) (N=26965) (N=26965)
Age, y 52.07+12.98 52.36+13.84 50.15+12.23 52.19+12.43 53.57+13.14
Male sex, n (%) 87682 (81.3) 21952 (81.4) 21264 (78.9) 22216 (82.4) 22250 (82.5)
Current smoker, n (%) 32596 (30.2) 8125 (30.1) 8949 (33.2) 8432 (31.3) 7090 (26.3)
Current drinker, n (%) 37182 (34.5) 9761 (36.2) 9324 (34.6) 9282 (34.4) 8815 (32.7)
Physical activity, n (%) 14422 (13.4) 4237 (15.7) 3174 (11.8) 3474 (12.9) 3537 (13.1)
High salt intake, n (%) 10441 (9.68) 2800 (10.4) 2528 (9.38) 2585 (9.59) 2528 (9.38)
HDL-C, mmol/L 1.51+£0.61 1.53+0.56 1.56+0.57 1.50+0.72 1.43+0.55
hs-CRP, mg/L 1.12 (0.50-2.50) 1.27 (0.60-2.70) 0.90 (0.40-2.08) 1.10 (0.50-2.38) 1.40 (0.64-2.90)
LDL-C, mmol/L 2.65+1.09 2.63+1.10 2.53+0.89 2.66+1.08 2.77+1.23
eGFR, mL/min per 1.73m? 91.01+£22.44 89.48+25.20 93.10+21.38 91.06+21.21 90.40+21.58
BMI at baseline, kg/m? 25.25+3.41 23.39+3.47 23.37+2.36 25.48+2.44 27.95+3.18
CumBMI 93.00+26.14 56.84+14.27 88.72+4.68 102.92+4.02 123.53+11.65
Hypertension, n (%) 64210 (59.5) 14284 (53.0) 13912 (51.6) 16892 (62.6) 19122 (70.9)
Diabetes, n (%) 22358 (20.7) 4632 (17.2) 3984 (14.8) 5735 (21.3) 8007 (29.7)
Myocardial infarction during the 1339 (1.24) 376 (1.39) 248 (0.92) 352 (1.31) 363 (1.35)
follow-up, n (%)
Heart failure during the follow-up, n (%) | 2244 (2.08) 618 (2.29) 374 (1.39) 520 (1.93) 732 (2.71)
Antihypertension treatment, n (%) 31005 (28.7) 5521 (20.5) 6653 (24.7) 8563 (31.8) 10268 (38.1)
B blockers, n (%) 907 (0.84) 146 (0.54) 152 (0.56) 218 (0.81) 391 (1.45)
Non-dihydropyridine calcium channel 2209 (2.05) 383 (1.42) 331 (1.23) 534 (1.98) 961 (3.56)
blockers, n (%)
Antidiabetic treatment, n (%) 6786 (6.29) 1271 (4.71) 1220 (4.52) 1843 (6.83) 2452 (9.09)
Lipid-lowering drug, n (%) 2582 (2.39) 381 (1.41) 467 (1.73) 693 (2.57) 1041 (3.86)

cumBMI indicates cumulative body mass index; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-

sensitivity C-reactive protein; and LDL-C, low-density lipoprotein cholesterol.

analyze the association between cumBMI and CCB. In
addition, based on the model developed in this study,
we used the C-statistic to predict the risk of CCB. With
CCB as the dependent variable and cumBMI as the in-
dependent variable, the analysis was stratified by age
and sex. To test the robustness of our findings, the
following sensitivity analyses were performed: (1) To
avoid possible reverse causality, we excluded partici-
pants who developed CCB within 2 years of follow-up;
(2) to exclude the potential impact of cardiovascular
events, we excluded participants who experienced
myocardial infarction or heart failure during follow-up;
(3) to avoid the impact of patients with weight loss on
the results, we excluded participants who developed
cancer or hepatic sclerosis during the exposure pe-
riod; and (4) to avoid the influence of the differences
in the duration between BMI measurements (different
exposure periods) among different participants, we
additionally adjusted for the duration between BMI
measurements and also adopted the time-weighted
cumulative BMI for analysis. All analyses were per-
formed using SAS version 9.4 (SAS Institute Inc, Cary,
NC) and differences were considered statistically sig-
nificant at P<0.05 (2-sided test).

J Am Heart Assoc. 2025;14:e039522. DOI: 10.1161/JAHA.124.039522

RESULTS

Baseline Characteristics
A total of 107860 participants were included in our
study, of which 87682 (81.3%) were men, and the
mean age of the participants was 52.07+12.98 years.
Grouping was done according to the cumBMI
quartiles, and the mean cumBMI levels of the first to
the fourth quartiles were 56.84+14.27, 88.72+4.68,
102.92+4.02, and 123.53+11.65, respectively. Baseline
characteristics according to quartiles of cumBMI are
presented in Table 1. The participants in the highest
quartile group were older; were more likely to be
men; were more likely to have higher levels of high-
sensitivity C-reactive protein, low-density lipoprotein
cholesterol, physical exercise and lower levels of
high-density lipoprotein cholesterol and estimated
glomerular filtration rate; were more likely to have a
higher prevalence of hypertension, diabetes, heart
failure, and myocardial infarction during follow-up; and
were more likely to take antihypertensive, antidiabetic,
and lipid-lowering agents.

After a median follow-up of 8.36years, there were
1894 cases of CCB, 586 cases of AVB, 1273 cases of
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IVB, 851 cases of RBBB, and 319 cases of any LBBB,
and the incidence rate (per 1000 person-years) of
CCB in the first through fourth quartile groups of the
cumBMI were 2.27, 2.02, 2.55, and 3.11, respectively
(Table 2). Cumulative incidence rates of CCB across
cumBMI groups are presented in Figure S2.

Association of cumBMI With the
Occurrence of CCB

When cumBMI was analyzed as a categorical
variable (Table 2), the second quartile exhibited
the lowest incidence rate of CCB (2.02 per 1000
person-years) compared with other cumBMI quar-
tiles (2.27, 2.55, and 3.11 per 1000 person-years for
the first, third, and fourth quartiles, respectively).
The restricted cubic spline (RCS) plot and baseline
data also support the use of the second quartile
group as the reference group (Figure S3).

Using the second quartile of cumBMI as the refer-
ent category and adjusting for confounders, the multi-
variable adjusted hazard ratio (HR) for the occurrence
of CCB, AVB, IVB, RBBB, and any LBBB in the fourth-
quartile group were 1.86 (95% ClI, 1.60-2.18), 2.51 (95%
Cl, 1.90-3.32), 1.55 (95% Cl, 1.28-1.87), 2.14 (95% Cl,
1.69-2.71), and 1.18 (95% ClI, 0.81-1.72), respectively.
With each 1 SD of cumBMI increasing, HR values for
the occurrence of CCB, AVB, IVB, RBBB, and any
LBBB were 1.52 (95% ClI, 1.41-1.65), 1.90 (95% Cl,
1.64-2.20), 1.37 (95% ClI, 1.25-1.50), 1.56 (95% CI,
1.39-1.76), and 1.44 (95% CI, 1.19-1.75), respectively
(Table 2).

In the secondary analyses, the HRs for complete
RBBB and incomplete RBBB were 2.49 (95% ClI, 1.66—
3.74) and 2.84 (95% Cl, 1.94-4.14), for individuals in
the highest quartile of cumBMI compared with those
in the second quartile, respectively (Table S2). There
was no association between other subtypes of CCB
and cumBMI.

Association of cumBMI With the
Occurrence of CCB: Stratified by Sex and
Age Separately

There was an interaction of cumBMI with age (P for
interaction<0.05) and sex (P for interaction<0.05) for
developing CCB (Table 3). The association between
cumBMI and the risk of different types of CCB was fur-
ther analyzed by age and sex stratification. Using the
second quartile of cumBMI as the referent category,
after correcting for the same confounders mentioned
above, in participants aged <45years, the fourth-
quartile group had a higher risk of CCB (HR, 2.88 [95%
Cl, 1.99-4.17]) and IVB (HR, 2.98 [95% Cl, 1.80-4.92)).
Conversely, in participants aged >60years, the fourth-
quartile group had a higher risk of AVB (HR, 3.01

J Am Heart Assoc. 2025;14:e039522. DOI: 10.1161/JAHA.124.039522
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[95% CI, 1.80-5.02]). Men exhibited a higher risk of
CCB (HR, 1.91 [95% Cl, 1.62-2.25]) and AVB (HR, 2.60
[95% ClI, 1.93-3.50]) compared with women in the
fourth-quartile group.

Sensitivity Analyses

For the robustness of the findings, we excluded the
participants who developed CCB within 2years after
the initiation of follow-up, those who experienced
myocardial infarction or heart failure events during
the follow-up period, and those who had cancer or
liver cirrhosis during the exposure period (Tables S3
through S6). The association between cumBMI and
the risk of CCB was consistent with the main results.
Additionally, we adjusted for the duration between BMI
measurements and also adopted the time-weighted
cumBMI for analysis (Tables S7 and S8, Figure S4),
and the results did not change significantly. We found
that cumBMI has a moderate predictive value for
CCB, with a C-statistic of 62.59%, indicating only fair
discriminative ability (Table S9).

DISCUSSION

In this prospective cohort study, we found that cumBMI
exposure increased the risk of CCB, particularly AVB.
Furthermore, this association was altered by age
and sex. However, we have not found an association
between cumBMI exposure and any LBBB.

We found that cumBMI was a risk factor for CCB
and that the risk of CCB increased with increasing
cumBMI. The risk of CCB was increased by 35% and
86% in the third and fourth quartiles, respectively,
compared with the second quartile of cumBMI. The
higher HR observed for the fourth quartile compared
with the second quartile highlights the cumulative bur-
den of prolonged obesity on the cardiac conduction
system, driven by mechanisms such as myocardial fi-
brosis, fatty infiltration, and increased epicardial fat.!®1
The second quartile, representing moderate cumBMI
exposure and the lowest observed risk, suggests that
long-term maintenance of a normal BMI level is condu-
cive to decreasing the risk of CCB. To our knowledge,
this is the first prospective cohort study to investigate
the association between cumBMI and CCB. A previ-
ous cross-sectional study reported that higher BMI
(odds ratio, 1.26 per 5 kg/m? increase in BMI) was pos-
itively associated with the risk of AVB.?8 In addition, the
CHS study also noted that higher BMI may increase
the risk of CCB.® These studies support our findings
to some extent. Compared with previous studies, our
study calculated cumBMI through multiple repeated
measurements of the data, taking into account both
the cumulative and temporal effects of BMI, and thus
yielded more reliable results, and our study is an
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Table 2. Association of cumBMI With CCB

Cumulative Body Mass Index and Heart Block

Quartile 1, HR Quartile 2, HR Quartile 3, HR Quartile 4, HR Per SD, HR

Outcomes (95% Cl) (95% CI) (95% Cl) (95% ClI) (95% Cl)
CCB

Cases, n (%) 376 (1.39) 427 (1.58) 522 (1.94) 569 (2.11)

Incidence rate (per 1000 2.27 2.02 2.55 3.11

person-years)

Model 1 0.71 (0.61-0.83) Reference 1.38 (1.21-1.57) 1.91 (1.68-2.16) 1.56 (1.48-1.65)

Model 2 0.88 (0.75-1.03) Reference 1.35 (1.18-1.55) 1.86 (1.60-2.18) 1.52 (1.41-1.65)
AVB

Cases, n (%) 112 (0.42) 132 (0.49) 152 (0.56) 190 (0.70)

Incidence rate (per 1000 0.68 0.62 0.74 1.02

person-years)

Model 1 0.63 (0.48-0.83) Reference 1.34 (1.06-1.70) 2.24 (1.79-2.80) 1.78 (1.61-1.96)

Model 2 0.82 (0.61-1.09) Reference 1.40 (1.10-1.80) 2.51 (1.90-3.32) 1.90 (1.64-2.20)
VB

Cases, n (%) 262 (0.97) 290 (1.08) 356 (1.32) 365 (1.35)

Incidence rate (per 1000 1.562 1.36 1.71 1.94

person-years)

Model 1 0.73 (0.61-0.88) Reference 1.36 (1.17-1.59) 1.72 (1.47-2.01) 1.46 (1.37-1.56)

Model 2 0.89 (0.74-1.09) Reference 1.28 (1.09-1.51) 1.55 (1.28-1.87) 1.37 (1.25-1.50)
RBBB

Cases, n (%) 179 (0.66) 176 (0.65) 240 (0.89) 256 (0.95)

Incidence rate (per 1000 1.04 0.82 115 1.36

person-years)

Model 1 0.73 (0.58-0.92) Reference 1.54 (1.27-1.88) 2.09 (1.72-2.54) 1.58 (1.46-1.72)

Model 2 0.90 (0.70-1.14) Reference 1.53 (1.25-1.88) 214 (1.69-2.71) 1.56 (1.39-1.76)
Any LBBB

Cases, n (%) 57 (0.21) 87 (0.32) 90 (0.39) 85 (0.32)

Incidence rate (per 1000 0.33 0.40 0.43 0.45

person-years)

Model 1 0.56 (0.39-0.81) Reference 1.15 (0.85-1.54) 1.35 (1.00-1.82) 1.46 (1.28-1.67)

Model 2 0.66 (0.44-0.98) Reference 1.07 (0.78-1.46) 1.18 (0.81-1.72) 1.44 (119-1.75)

Model 1: crude model. Model 2: adjusted for age, sex, smoking, drinking, high salt intake, physical activity, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, high-sensitivity C-reactive protein, estimated glomerular filtration rate, hypertension, diabetes, myocardial infarction during the
follow-up, heart failure during the follow-up, antidiabetic treatment, antihypertensive treatment, lipid-lowering drug, and BMI single measurement. AVB indicates
atrioventricular block; CCB, cardiac conduction block; cumBMI, body mass index; IVB, intraventricular block; LBBB, left bundle branch block; and RBBB, right

bundle branch block.

important supplement and expansion to the field of
CVD research.

In addition, we found that cumBMI exposure differ-
entially impacted various types of CCB. Specifically, the
risk of AVB escalated by 151% in the highest quartile
of cumBMI group compared with the second-quartile
group. The association between cumBMI exposure
and AVB was more pronounced in comparison with
IVB, aligning with findings from Liu et al.'”” Given the
observational nature of our study, we are unable to
analyze the underlying mechanisms. Some possible
explanations are as follows: First, the atrioventricular
node, being more susceptible to autonomic nerves,
may experience an increased vagal tone that prolongs
its refractory period, thereby delaying atrioventricular
conduction; in contrast, the intraventricular conduction

J Am Heart Assoc. 2025;14:e039522. DOI: 10.1161/JAHA.124.039522

system, primarily influenced by sympathetic nerves,
might be less affected by obesity.?%%° Second, the
atrioventricular node’s conduction tends to be longer,
while bundle branch conduction is more direct and
rapid, making it less vulnerable to interference.3%3!
CumBMI exposure may be more likely to affect the
conduction function of the atrioventricular node,
thereby increasing the risk of AVB. In addition, we did
not observe an association between cumBMI and any
LBBB. Potential reasons might be that the right bun-
dle branch, being thinner and longer than the left, is
more prone to conduction blocks under the influence
of adipocyte infiltration and inflammatory factors.'®
Moreover, in our study, the proportion of patients with
hypertension taking drugs was =50%. The relatively
high rate of medication adherence helps to better
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Table 3. Subgroup Analyses for the Association of cumBMI With CCB

Cumulative Body Mass Index and Heart Block

Quartile 1, HR (95% Quartile 2, HR (95% Quartile 3, HR (95% Quartile 4, HR (95%
Cl) Cl) Cl) Cl) P for interaction
CCB <0.05
Age<45y 0.85 (0.61-1.19) Reference 1.45 (1.05-2.00) 2.88(1.99-4.17)
Age 45-60y 0.74 (0.58-0.93) Reference 1.40 (1.16-1.70) 1.82 (1.44-2.30)
Age>60y 1.10 (0.83-1.46) Reference 1.24 (0.98-1.56) 1.57 (1.21-2.03)
<0.05
Female sex 0.99 (0.66-1.48) Reference 1.22 (0.83-1.79) 1.563 (0.99-2.38)
Male sex 0.86 (0.72-1.03) Reference 1.37 (1.18-1.58) 1.91 (1.62-2.25)
AVB 0.09
Age <45y 0.72 (0.44-1.18) Reference 1.27 (0.78-2.07) 2.81 (1.62-4.87)
Age 45-60y 0.79 (0.51-1.22) Reference 1.18 (0.81-1.73) 1.82 (1.16-2.86)
Age =60y 0.84 (0.46-1.56) Reference 1.91 (1.19-3.07) 3.01 (1.80-5.02)
<0.05
Female sex 1.07 (0.56-2.06) Reference 1.19 (0.61-2.34) 1.72 (0.78-3.77)
Male sex 0.75 (0.54-1.03) Reference 1.43 (1.09-1.86) 2.60 (1.93-3.50)
VB <0.05
Age <45y 0.99 (0.62-1.59) Reference 1.61 (1.03-2.50) 2.98 (1.80-4.92)
Age 45-60y 0.74 (0.55-0.98) Reference 1.42 (113-1.79) 1.64 (1.24-2.18)
Age =60y 1.13 (0.82-1.56) Reference 1.02 (0.77-1.34) 1.20 (0.88-1.62)
014
Female sex 0.94 (0.56-1.59) Reference 1.14 (0.70-1.84) 1.49 (0.87-2.54)
Male sex 0.90 (0.73-1.11) Reference 1.30 (1.09-1.55) 1.56 (1.27-1.91)

Model adjusted for age, sex, smoking, drinking, high salt intake, physical activity, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,
high-sensitivity C-reactive protein, estimated glomerular filtration rate, hypertension, diabetes, myocardial infarction during the follow-up, heart failure during
the follow-up, antidiabetic treatment, antihypertensive treatment, lipid-lowering drug, and BMI single measurement. AVB indicates atrioventricular block; CCB,
cardiac conduction block; cumBMI, body mass index; and IVB, intraventricular block.

control hypertension, thereby reducing the incidence
of left ventricular remodeling.®>23 Consequently, the in-
cidence of any LBBB associated with it is relatively low,
which may partially explain why statistical significance
was not achieved in this subgroup.

In subgroup analyses, we found that the association
between cumBMI exposure and CCB varied by age
and sex. Specifically, the risk associated with cumBMI
exposure was found to be higher for both CCB and IVB
in individuals aged <45years of age. This finding may
be related to the impact of hypertension and diabe-
tes on CVD. Some studies found that the risk of CVD
in patients with type 2 diabetes, metabolic syndrome,
and hypertension varies between age groups, and the
association was more pronounced in the youth pop-
ulation.®43% In addition, obese young adults may have
more obvious autonomic nervous system imbalances
and increased sympathetic tone, which may increase
cardiac electrophysiologic instability, leading to intra-
ventricular block.26-%8 In contrast, the risk of AVB was
found to be higher in individuals aged >60years when
exposed to higher cumBMI. This could be associated
with age-related deterioration in atrioventricular node
function among older adults. The decrease in the num-
ber of pacemaker cells in the sinoatrial node caused

J Am Heart Assoc. 2025;14:e039522. DOI: 10.1161/JAHA.124.039522

by aging is the main cause of impaired cardiac con-
duction function. The changes in the sinoatrial node
caused by aging will further affect the atrioventricular
node and atrioventricular bundle, increasing the risk of
AVB in older adults.39-4?

Moreover, we found that cumBMI exposure was
associated with a higher risk of CCB in men com-
pared with women. Villari et al found that, compared
with men of the same age, premenopausal women
had a lower degree of cardiac fibrosis, while men
with CVD showed a higher degree of it.*> Dworatzek
et al attributed this difference to the protective effect
of estrogen, demonstrating that estrogen can down-
regulate the expression of type | and type lll collagen
in cardiac fibroblasts.** Given that cardiac fibrosis is a
pathological feature of CCB, these studies provide a
potential biological explanation for the observed sex-
related differences in CCB risk in our findings. Given
these findings, it is crucial to focus on the heightened
risk of IVB in younger individuals with obesity and AVB
among their older counterparts. Additionally, men with
obesity are at an elevated risk for CCB. These insights
underscore the importance of tailored preventive and
management strategies in addressing obesity-related
CCB risks across different demographics.
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The strength of our study is that we explored the
association between cumBMI and CCB in a large
prospective dynamic cohort study. Cumulative ex-
posure was measured to reflect both exposure dose
and exposure duration, circumventing potential re-
gression dilution bias. Second, outcome events
were identified by periodic ECGs rather than hos-
pitalized diagnoses, which helped ensure that as-
ymptomatic patients were also detected in a timely
manner. However, there are some limitations to our
study. First, our study did not collect information on
pharmacologic treatment of obesity and bariatric
surgery, yet pharmacologic or surgical treatment of
obesity is conservative in China.*® Second, we can-
not conclude that causal effects regarding cumBMI
and CCB were present in this observational study.
Third, we did not observe the association between
cumBMI and LBBB. In the future, it will be neces-
sary to explore the relationship between cumBMI
and the occurrence of LBBB in studies with larger
sample sizes and longer follow-up periods. Fourth,
while cumBMI alone demonstrates limited predictive
ability, its key contribution is in identifying high-risk
subgroups through the integration of exposure inten-
sity and duration. More future studies should explore
comprehensive models that combine cumBMI with
other risk factors, such as inflammatory markers,
to enhance predictive performance. Fifth, although
BMI remains a widely used and practical metric for
population-level obesity screening, it does not dif-
ferentiate between fat mass and lean mass. Thus,
future studies incorporating body composition mea-
surements are warranted to refine obesity assess-
ment. Finally, the population in this study was from a
specific city in China, which may limit the generaliz-
ability of the findings.

CONCLUSIONS

In conclusion, our study found that cumBMI is a risk
factor for CCB, especially AVB. Elevated cumBMI
exposure is associated with an increased risk of CCB.
Our findings emphasize that maintaining a stable
normal BMI level is helpful to control and reduce the
incidence of CCB.
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