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BACKGROUND: Subclinical atrial fibrillation (SCAF) is often asymptomatic nonetheless harmful. In patients with cardiac implant-
able electronic devices, we evaluated the combined performance of homocysteine and uric acid (UA) biomarkers to discrimi-
nate high-risk patients for SCAF.

METHODS AND RESULTS: We enrolled 1224 consecutive patients for evaluation of SCAF in patients with cardiac implantable
electronic devices in Dalian, China, between January 2013 and December 2019. Clinical data and blood samples were ob-
tained from patients selected according to the absence or presence of atrial high-rate episodes >6 minutes. Blood samples
were obtained, and homocysteine and UA biomarkers were tested in all patients to distinguish their prognostic performance
for SCAF. Homocysteine and UA biomarkers were significantly different in SCAF versus no SCAF. On multivariable Cox re-
gression analysis with potential confounders, elevated homocysteine and UA biomarkers were significantly associated with
an increased risk of SCAF. Arise of 1 SD in homocysteine (6.7 pmol/L) was associated with an increased risk of SCAF in men
and women regardless of their UA levels. Similarly, a 1-SD increase in UA (91 pmol/L) was associated with an increased risk of
SCAF among the patients with high levels of homocysteine in men (hazard ratio, 1.81; 95% Cl, 1.43-2.30) and women (hazard
ratio, 2.11; 95% Cl, 1.69-2.62). The addition of homocysteine and UA to the atrial fibrillation risk factors recommended by the
2020 European Society of Cardiology Guidelines significantly improved risk discrimination for SCAF.

CONCLUSIONS: Homocysteine and UA biomarkers were strongly associated with SCAF. The prediction performance of the
European Society of Cardiology model for SCAF was increased by the addition of the selected biomarkers.

REGISTRATION: URL: https://www.chictr.org.cn; Unique identifier: Chi-CTR200003837.
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mon cardiac arrhythmia in clinical practice, and

it is considered to be one of the most important
causes of stroke. AF manifests itself with or without
clinical manifestations. Subclinical atrial fibrillation
(SCAF) refers to individuals without symptoms attrib-
utable to AF, in whom AF episodes are detected by
insertable cardiac monitor or wearable monitor and

Nonvalvular atrial fibrillation (AF) is the most com-

confirmed by visually reviewed intracardiac electro-
grams or ECG-recorded rhythm." SCAF accounts for
at least 1 in 3 patients with AF,2 and current evidence
suggests that the presence of device-detected SCAF
among patients with no history of AF increases the risk
of thromboembolism,>* heart failure,® and cardiovas-
cular mortality.* Though cardiac implantable electronic
devices (CIEDs), including dual-chamber permanent

Correspondence to: Xiaolei Yang, MD, PhD, and Yunlong Xia, MD, PhD, Department of Cardiology, Institute of Cardiovascular Diseases, First Affiliated
Hospital of Dalian Medical University, Dalian, Liaoning, China 116000. E-mail: yangxl_1012@yeah.net; yunlong_xia@126.com

*S. Wang and Y. Wei contributed equally.

Supplemental Material for this article is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.021997

For Sources of Funding and Disclosures, see page 13.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and

is not used for commercial purposes.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2022;11:€021997. DOI: 10.1161/JAHA.121.021997


https://orcid.org/0000-0002-4124-308X
https://orcid.org/0000-0002-6132-5971
mailto:﻿
https://orcid.org/0000-0001-7985-3273
mailto:﻿
http://www.chictr.org.cn
mailto:yangxl_1012@yeah.net
mailto:yunlong_xia@126.com
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.121.021997
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ahajournals.org/journal/jaha

Wang et al

CLINICAL PERSPECTIVE
What Is New?

Elevated plasma homocysteine and uric acid
(UA) levels are strongly associated with an in-
creased incidence of subclinical atrial fibrilla-
tion (SCAF) in patients with cardiac implantable
electronic devices.

e A significant interaction effect of homocysteine
and UA for increasing the incidence of SCAF.

e Application of both homocysteine and UA bio-
markers combined with 2020 European Society
of Cardiology risk factors improves the pre-
diction of SCAF more accurately in the clinical
practice.

What Are the Clinical Implications?

e An increase in homocysteine and UA values
was markedly associated with an increased risk
for SCAF in both men and women, suggesting
that a substantial SCAF risk was present among
those patients classified at the high homocyst-
eine (>14 ymol/L in men and >12 pmol/L in
women) and high UA (>420 pmol/L in men and
>320 pmol/L in women) levels.

e Therefore, it may be reasonable to interpret in a
way that cardiac implantable electronic device—
implanted patients with increased homocyst-
eine and UA as candidates for more intensive
rhythm monitoring.

Nonstandard Abbreviations and Acronyms

CIED cardiac implantable electronic device
ESC European Society of Cardiology

IDI integrated discrimination improvement
SCAF  subclinical atrial fibrillation

UA uric acid

pacemakers, implantable cardioverter defibrillators,
and cardiac resynchronization therapy devices im-
proved management of multiple types of arrhythmias,
it is important to explore early indicators of SCAF in
patients with CIEDs.

Several pathophysiological mechanisms have been
implicated to contribute to AF, including atrial fibrosis,
atrial dilatation, inflammation, and oxidative stress.
Plasma biomarkers of AF-related processes may im-
prove risk prediction in addition to clinical stratification
models. Cardiac biomarkers routinely measured in
clinical practice, such as homocysteine and uric acid
(UA) plasma biomarkers have been found elevated in
patients with AF.5”
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Homocysteine, a  nonproteinogenic  sulfur-
containing amino acid, involves in the metabolism of
cysteine and methionine. An increased level of homo-
cysteine is widely considered as a long-standing bio-
marker associated with a range of disorders related to
oxidative stresses,® such as hypertension, heart failure,
and stroke.2'% Also, UA, an end product in the deg-
radation of the purine nucleotides adenine and gua-
nine, is speculated to participate in the pathogenesis
of AFR"13 Importantly, experimental and clinical data
indicate that UA is implicated in the pathophysiology of
AF via activation of inflammation, oxidative stress, and
fibrosis-induced atrial remodeling.

Bearing in mind that SCAF compared with sus-
tained AF carries a similar risk for transient ischemic
attack/stroke and non—central nervous system embo-
lism, early detection and management are critical to
prevent AF-related complications. Consensus state-
ments are evidence based and derived primarily from
multiple sources. In contrast with the current status of
evidence, European Society of Cardiology (ESC) rec-
ommended/indicated risk factors of AF, we believe
these risk factors (the risk factors defined in the 2020
ESC guideline for AF, provided in Table S1) are worth
establishing clinical stratification models. Therefore,
we evaluated the performance of the risk factors alone
and its combined prognostic performance with homo-
cysteine and UA biomarkers for identifying patients at
high risk for SCAF. The present study aimed to evalu-
ate the combined performance of homocysteine and
UA biomarkers to discriminate the high-risk population
for SCAF in patients with CIEDs. We hypothesized that
homocysteine and UA biomarkers are elevated in pa-
tients with SCAF as validated by continuous rhythm
monitoring. We further hypothesized that homocyste-
ine and UA biomarkers may provide additional discrim-
inative power when compared with the ESC model in
identifying patients at high risk for SCAF.

METHODS

Study Design

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request. A prospective cohort study was conducted in
patients who underwent a CIED procedure between
January 2013 and December 2019. The prospective
cohort study was established in January 2013 at First
Affiliated Hospital of Dalian Medical University, Dalian,
P.R. China to assess the risk factors for AF among the
CIED-implanted population. Briefly, this is an ancillary
study conducted to explore the relationship between
plasma homocysteine and UA concentration and
SCAF occurrence. Our study protocol was registered
on the Chinese Clinical Trial Registry on September 21,
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2020 (https:/www.chictr.org.cn, registration number:
Chi-CTR2000038377).

Study Population

This study recruited 2783 patients with newly implanted
CIEDs. Patients who received regular physical examina-
tions for >6 months with complete electrogram record-
ings were eligible for this study. A total of 2550 patients
were screened after satisfying the requirements of a
minimum age of 18 years and complete clinical data.
To monitor SCAF, implanted CIEDs without algorithms
for the detection of atrial tachycardia/AF episodes were
excluded (n=279). Patients with rheumatic heart disease
were excluded because they were expected to have a
higher risk of AF (n=47). Also, patients with a prior diag-
nosis of AF, atrial flutter, and atrial tachycardia evidenced
by ECG or Holter monitoring were excluded (n=981).
Additionally, we excluded 19 patients who presented
with early SCAF incidence during the first month of
CIED implantation. Finally, a total of 1224 patients were
included in the study (Figure 1). The research was con-
ducted in accordance with the Declaration of Helsinki
guidelines and was approved by the institutional review
board of the First Affiliated Hospital of Dalian Medical
University. All participants provided informed consent,
and all procedures listed here were carried out in com-
pliance with the approved guidelines.

Clinical Measurements and Definition of
Explanatory Variables

At baseline, basal data and various clinical details related
to pacing indication, type of CIEDs, clinical history, smok-
ing/drinking status, blood pressure, body mass index,
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medication use, 12-lead ECG, 24-hour Holter, transtho-
racic echocardiography, coronary computed tomogra-
phy angiography, and components of the CHA,DS,-VASc
score were recorded following a detailed assessment.
The estimated glomerular filtration rate was calculated
using the creatinine-based Chronic Kidney Disease
Epidemiology Collaboration equation.”* Diabetes has
been defined as fasting 7.0 mmol/L plasma glucose or
current use of antidiabetic treatments. Hypertension has
been defined as systolic blood pressure >140 mm Hg
and/or diastolic blood pressure >90 mm Hg or active
use of antihypertensive drugs. Smoking and drinking
status were self-reported and classified as never smok-
ers/drinkers, past smokers/drinkers, or current smokers/
drinkers. Participants were deemed current smokers if
reported they are currently smoking or registered smok-
ing at least 100 cigarettes during their lifetime.!>'®

Biological Sampling and Biochemical
Measurements

A sample of fasting blood from the brachial vein was
collected, and it was biochemically examined for lipid
panel profiles and plasma concentration of homo-
cysteine and UA levels. The serum UA concentra-
tions were examined with an autoanalyzer using the
uricase-peroxidase process (BECKMAN COULTER
AUB80 Chemistry Analyzer). Homocysteine levels were
determined by using an enzymatic cycling method
(Hitechi7600 series automatic analyzer). Blood glu-
cose levels were measured using the standard proto-
cols. The laboratory personnel were not aware of the
subjects’ health status, and all samples were treated
identically throughout the processing and analysis.

(n=2550)

Patients with CIEDs from the First Affiliated Hospital of
Dalian Medical University from 2013 to 2019

CIEDs without algorithms for the

detection of AT/AF episodes (n=279)

n=2271

Patients with a history diagnosis of

RHD (n=47)

n=2224

Patients with a history diagnosis of

AF, AFL,or AT (n=981)

1243

=
I}

Patients with SCAF presence durig

initial 1 month after CIED implantation

n=1224

(n=19)

Figure 1.

Flow chart of patients included in the analysis.

Median duration of atrial arrhythmia monitoring was 643 (319-1277) days. AF indicates atrial fibrillation;
AFL, atrial flutter; AT, atrial tachycardia. CIED, cardiac implantable electronic device; RHD, rheumatic

heart disease; and SCAF, subclinical atrial fibrillation.
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Device Characteristics, Implantation
Procedure, and Interpretation of SCAF
Episodes

All patients underwent implantation of a dual-chamber
permanent pacemaker, implantable cardioverter defi-
brillator, or cardiac resynchronization therapy devices,
which were programmed to a DDI(R) or a DDD(R)
pacing mode at the discretion of the implanting phy-
sician. The atrial tachycardia detection feature was
programmed “on,” and the AF suppression algorithm
was programmed “off” in all patients. The device was
programmed so that atrial tachycardia was detected
when the heart rate reached 190 beats per minute, and
electrogram storage was activated. SCAF was defined
as the presence of at least 1 episode of atrial tachyar-
rhythmia episodes lasting >6 minutes. The stored atrial
and ventricular electrograms were reviewed and ad-
judicated by 2 experienced electrophysiologists, who
were blinded for other study data. All inappropriately
detected SCAF episodes were excluded. Finally, SCAF
was confirmed as AF, atrial flutter, or atrial tachycardia
episodes.

Follow-Up and Outcome Assessment

Follow-up visits, including physical examination, as-
sessment of potential AF symptoms, 12-lead ECG,
and routine device checkups were performed at 1, 3,
and 6 months, and then every 6 months regularly since
CIED implantation. The primary outcome of this study
was an occurrence of an SCAF event. All SCAF events
were confirmed using intracardiac electrograms.
Patients with <6 minutes of atrial tachyarrhythmia epi-
sodes were considered “no SCAF.” During follow-up,
SCAF episodes occurring within 1 month of device im-
plantation were excluded because of a concern that
the arrhythmia could be related to atrial lead implanta-
tion. All patients were followed up until the occurrence
of SCAF or December 31, 2019, whichever came first.

Statistical Analysis
The statistical analyses were performed using SPSS
software (version 22, IBM) and R software (version
3.3.0). Because of sex-specific differences in metab-
olism of homocysteine and UA,""® all analyses were
stratified by gender. Categorical data were presented
as count and percentage and checked for differences
using the chi-square test. For continuous data, normal-
ity was assessed by both the D’Agostino and Pearson’s
test and the Shapiro-Wilk test. The Mann-Whitney U
test was used to analyze the nonnormally distributed
continuous variables, and data were expressed as the
median and interquartile range.

We first calculated the hazard ratios (HRs) for SCAF
associated with homocysteine and UA to establish the
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association between these biomarkers and SCAF. The
pattern of quantitatively assessed homocysteine or UA
linking SCAF occurrence was analyzed by restricted
cubic splines that display the HR on the y axis versus
the metric used to quantify homocysteine or UA level
on the x axis. To balance best fit and overfitting in the
splines for SCAF, the number of knots, between 3 and
7, was chosen as the lowest value for the Akaike in-
formation criterion. Finally, we chose 4 knots located
at the 5th, 35th, 65th, and 95th percentiles of homo-
cysteine/UA. A HR of 1 indicates reference value (cut
point), HR >1 represents a higher risk of SCAF, and HR
<1 indicates a lower risk of SCAF.

We further calculated HR and corresponding 95%
Cls for the occurrence of SCAF associated with 1 SD
increase in homocysteine and UA. To investigate the
potential interaction effect between homocysteine and
UA on incident SCAF risk, the likelihood ratio tests
in subgroups were performed using the cut point of
homocysteine/UA to classify the population into 2
groups. On subgroup analyses, 2 distinct Cox models
were employed independently. The first Cox propor-
tional hazard model was employed to investigate the
association of homocysteine with an increase in 1 SD
in UA, modeled as a continuous variable, for the oc-
currence of SCAF. Whereas the second Cox model
was established to explore the relationship of UA with
an increase in 1 SD in homocysteine, modeled as a
continuous variable, for the occurrence of SCAF. To
account for potential confounding effects, we adjusted
these risk factors for incident AF defined in the 2020
ESC guideline, including age, smoking, drinking, body
mass index, systolic blood pressure, diastolic blood
pressure, estimated glomerular filtration rate, coro-
nary heart disease, diabetes, congestive heart failure,
chronic obstructive pulmonary disease, and left ven-
tricular ejection fraction. Left atrial dimension was also
included as an indicator of atrial fibrotic remodeling.
We used 3 different models: a crude model, an age-
adjusted model, and a fully adjusted model (adjusted
for all the aforementioned variables). The log-rank test
for trend and Kaplan-Meier methods were used to
compare the freedom (from SCAF) distributions and
study the differences in SCAF freedom as stratified by
homocysteine and UA status, respectively. The pro-
portional hazards assumption was tested and satisfied
in all cases using Schoenfeld residuals.

To evaluate the discriminatory power of SCAF inci-
dence at 5 years among ESC model, ESC model+UA,
ESC model+homocysteine, and ESC model+UA+ho-
mocysteine, we executed time-dependent receiver
operating characteristics, Harrell’s concordance statis-
tics, and integrated discrimination improvement (IDI)."

To evaluate the performance of the final combined
model (ESC model+UA+ homocysteine), we used the
calibration plot. Also, we determined the bootstrap
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method (with 1000 bootstrap samples) to decrease
the overfit bias and variance errors for the observed
calibration of SCAF against the predicted probability of
SCAF to improve consistency and reduce bias. In ad-
dition, we performed a decision curve analysis to eval-
uate the clinical benefit of our final model. Statistical
tests were 2-sided, and P<0.05 was considered statis-
tically significant.

RESULTS

Baseline Characteristics

A total of 1224 patients were included in the study, 225
patients with detected SCAF and 999 patients without
SCAF. The median age was 69 years with a median
time of rhythm monitoring of 642 days. Sixty-nine per-
cent of the patients were monitored for at least 1 year,
with a maximum monitoring time of 2684 days. The
proportion of women (50.6%) and men (49.4%) was
similar. The clinical and demographic characteristics
of the patients are shown in Table. Indications for per-
manent pacemaker implantation in the no SCAF group
and the SCAF group were sinus-node disease, (40%
versus 34% in men and 55% versus 57% in women),
atrioventricular node disease (45% versus 41% in men
and 34% versus 37% in women), both sinus and atrio-
ventricular node disease (5% versus 7% in men and 2%
versus 1% in women), and other indication (11% versus
19% in men and 9% versus 5% in women). Compared
with patients who were free of SCAF, patients with
SCAF received more statin and angiotensin-converting
enzyme inhibitor/angiotensin receptor blocker medi-
cation in both men and women (all P<0.05). Patients
who experience SCAF had larger left atrial diameter
compared with the no SCAF group. In both men and
women, there were no significant differences in terms
of age, body mass index, hypertension, diabetes, cor-
onary artery disease, chronic heart failure and previous
stroke/transient ischemic attack, estimated glomerular
filtration rate, CHA,DS,-VASc score between the SCAF
and no SCAF groups.

The Association of Homocysteine and UA

As shown in Figure 2, plasma homocysteine and UA
levels were significantly elevated in SCAF patients in
comparison with those without SCAF (all P<0.001). No
significant difference was observed for the other clini-
cal biomarkers provided in Table S2. Regardless of the
SCAF status, men had higher homocysteine and UA
levels compared with women (Figure 2A and 2B). We
also examined the association between plasma homo-
cysteine and UA levels (Figure 2C and 2D). Given the
influence of gender on the metabolism of homocyst-
eine and UA, the cutoff points for homocysteine and
UA were analyzed separately for women and men. For
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men, a positive association was significantly found be-
tween homocysteineand UA levels (~=0.118; P=0.001).
Similar findings were found for women (=0.254;
P<0.001).

Quantitative Approach to Markers and
SCAF

After we observed that the proportional hazards as-
sumption was satisfied, we further explored the as-
sociation between quantitative measures of plasma
homocysteine and UA levels and SCAF using restricted
cubic spline analysis to stratify participants into low-
and high-risk groups based on the new reference val-
ues of homocysteine and UA (Figure 3). The HR value
served as the threshold for further analysis.?®?' The cut
point for UA was 420 umol/L in men, and 320 pmol/L
in women, respectively, whereas the cutoff point for
homocysteine was 14 pmol/L in men and 12 pmol/L in
women, respectively.

Relationship Between Homocysteine, UA,
and SCAF

The association between plasma concentrations of
homocysteine and UA levels and the risk of SCAF is
presented in Table S3. In the fully adjusted model,
each 1-SD increase in UA was associated with a 69%
increase in the risk for SCAF in men (HR, 1.69; 95%
Cl, 1.37-2.08; P<0.001). Interestingly, our result shows
that women demonstrated a higher risk than men (HR,
1.93; 95% ClI, 1.57-2.36; P<0.001). Each 1-SD increase
in homocysteine was associated with a 39% increase
in SCAF among women (HR, 1.39; 95% ClI, 1.25-1.54;
P<0.001). Also, a 27% increase was observed with a
1-SD increase in homocysteine in men (HR, 1.27; 95%
Cl, 1.11-1.44; P<0.001). A similar result was observed
when plasma homocysteine and UA levels were in-
cluded in regression models as categorical variables.
There was a positive association between the high
level of homocysteine/UA and the presence of SCAF
after adjusting for potential confounders (Table S3). As
shown in Figure 4, there were significant differences
in the incidence of SCAF between the cutoff value of
homocysteine and UA mentioned above, suggesting
that the cutoff points can successfully discriminate be-
tween the lower-risk group and the higher-risk group.

The Interaction Effect Between
Homocysteine and UA in SCAF

The forest plot illustrates the odds ratios associated
with an increase in 1 SD (6.7 pmol/L) in homocysteine
among participants grouped by UA status and the OR
associated with an increase in 1 SD (91 pmol/L) in UA
among participants grouped by homocysteine status
(Figure 5). With an increase in 1 SD of homocysteine,
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Table 1. Baseline Characteristics of Entire Patient Group

Male Female
Total Non-SCAF Non-SCAF SCAF
Variable (n=605) (n=482) SCAF (n=123) P value | Total (n=619) (n=517) (n=102) P value
Age, y 70 (62-79) 70 (62-78) 71 (63-79) 0.749 69 (62-77) 69 (61-77) 70 (63-76) | 0.704
History
Hypertension 341 (56) 269 (56) 72 (59) 0.586 370 (60) 309 (60) 61 (60) 0.995
Systolic blood 140 140 (120-150) 141 (120-159) 0.114 140 (126-154) 140 (125-153) 140 0.592
pressure, mm Hg (120-152) (126-156)
Diastolic blood 76 (68-81) 76 (67-80) 78 (70-85) 0.194 73 (64-80) 73 (64-80) 72 (61-80) | 0.517
pressure, mm Hg
Congestive heart 123 (20) 91 (19) 32 (26) 0.079 112 (18) 95 (18) 17 (17) 0.682
failure
Diabetes 134 (22) 113 (23) 21 (17) 0.129 124 (20) 105 (20) 19 (19) 0.698
Stroke/TIA 52 (9) 45 (9) 7 (6) 0.198 47 (8) 36 (7) 11 (1) 0.183
Coronary artery 175 (29) 140 (29) 35 (28) 0.897 109 (18) 89 (17) 20 (20) 0.562
disease
COPD 12 102 1) 0.35 9(1) 9(2 0(0) 0179
eGFR, mL/min-per 84 (72-94) 85 (72-94) 83 (71-93) 0.374 87 (74-95) 87 (74-95) 85 (71-94) | 0.217
173 m?
Excessive alcohol 116 (19) 95 (20) 21 (17) 0.507 2(0) 2(0) 0(0) 0.529
drinking
Current smoking 179 (30) 138 (29) 41 (33) 0.308 5(1) 5(1) 0(0) 0.319
CHA,DS,-VASc score 2 (1-4) 2 (1-9) 2.4+1.5 2 (1-4) 3(@2-4 3(2-4 3(2-4 0.839
Pacing indication
Sinus-node disease | 234 (39) 192 (40) 42 (34) 0.248 340 (55) 282 (55) 58 (57) 0.667
Atrioventricular 265 (44) 215 (45) 50 (41) 0.430 214 (35) 176 (34) 38 (37) 0.533
node disease
Both sinus and 31 (5) 23 (5) 8(7) 0.437 13 (2) 12 (2) 1(1) 0.388
atrioventricular
node disease
Others 75 (12) 52 (11) 23 (19) 0.017 52 (8) 47 (9) 5 (5) 0.163
Device implanted
PPM 528 (87) 428 (89) 100 (81) 0.026 567 (92) 472 (91) 95 (99) 0.540
ICD 43 (7) 33(7) 10 (8) 0.621 17 (3) 16 (3) 1(1) 0.232
CRT-P 10 (2) 7 3(2) 0.444 17 (3) 15 (3) 2(2) 0.664
CRT-D 24 (4) 14 (3) 10 (8) 0.008 18 (3) 14 (3) 44 0.505
Medications
Aspirin 269 (44) 202 (42) 67 (54) 0.012 217 (35) 173 (33) 44 (43) 0.061
ACE inhibitor/ARB 268 (44) 210 (44) 58 (47) 0.475 253 (41) 200 (39) 53 (52) 0.013
CCB 305 (50) 238 (49) 67 (54) 0.313 320 (52) 258 (50) 62 (61) 0.044
Statin 359 (59) 273 (57) 86 (70) 0.007 338 (55) 273 (53) 65 (64) 0.043
Echocardiogram parameters
LAD, mm 38 (35-41) 38 (35-40) 38 (36-42) 0.010 37 (35-39) 37 (34-39) 37 (35-40) | 0.082
LVEF, % 58 (57-59) 58 (57-59) 58 (54-59) 0.001 58 (568-59) 58 (568-59) 58 (58-59) | 0.466
Biomarkers
Homocysteine, 14.8 14.4 16.2 <0.001 12.2 (101-14.3) | 11.8 14.2 <0.001
pmol/L (12.7-18.1) (12.4-17.5) (183.9-19.4) (9.9-13.9) (11.7-17.1)
UA, pmol/L 366 361 (299-417) | 396 (337-448) <0.001 309 (258-366) 303 (252-352) | 364 <0.001
(310-425) (296-436)

Values are reported as median values (interquartile range) or n (%). ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB,
calcium channel blocker; COPD, chronic obstructive pulmonary disease; CRT-D/P, cardiac resynchronization therapy with/without defibrillation therapy; eGFR,
estimated glomerular filtration rate; ICD, implantable defibrillator; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; PPM, permanent pacemaker;
SCAF, subclinical atrial fibrillation; TIA, transient ischemic attack; and UA, uric acid.
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Figure 2. Serum homocysteine (A) and uric acid (B) in patients with or without SCAF and their

correlation in males (C) and females (D).

Hcy indicates homocysteine; SCAF, subclinical atrial fibrillation; and UA, uric acid.

the fully adjusted Cox regression model confirmed that
patients with high-level UA had a higher risk for SCAF
compared with the low-level group in both men and
women (both P-interaction <0.05). When we treated
these 2 biomarkers independently, our result showed
a significant interaction between homocysteine and
dichotomous UA classes for SCAF in women but
not in men (P-interaction=0.048; P-interaction=0.179,
respectively).

Rates of SCAF according to different levels of ho-
mocysteine and UA are shown in Figure 6. Based on
the low- and high-risk subset defined by the spline
curve of homocysteine/UA, we divided patients into 4
groups, which represented different combinations of
the 2 biomarkers: group 1: patients with both low-level
homocysteineand UA; group 2: patients with high-level
UA and low-level homocysteine; group 3: patients with
high-level homocysteineand low-level of UA; group

4. patients with high levels of both homocysteineand
UA. Patients with high levels of both homocysteine-
and UA had an increased incidence of SCAF (log-rank
test, P<0.001). After the full adjustment, the HRs for
the patients in groups 2, 3 and 4 were 1.57 (95% CI,
0.96-2.56), 1.72 (95% CI, 1.16-2.55), and 3.50 (95%
Cl, 2.39-5.13), respectively. Schoenfeld residual tests
revealed that there was no linear correlation between
Schoenfeld residuals and time (Figure S1), indicating
the proportional hazard assumption was satisfied.

The Additive Effect of Homocysteine and
UA Levels on the ESC Model

We performed receiver-operating characteristic analy-
sis to determine the diagnostic utility of the biomarkers
(homocysteine and UA) and ESC model to identify pa-
tients with SCAF (Figure 7A). The area under the curve
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Figure 3. Multivariable adjusted hazard ratios for SCAF incidence according to levels of
homocysteine and uric acid on a continuous scale.

Red lines are multivariable-adjusted hazard ratios, with pink areas showing 95% Cls derived from restricted
cubic spline regressions with four knots located at the 5th, 35th, 65th, and 95th percentiles. Reference
lines for no association are indicated by the dashed gray lines at a hazard ratio of 1.0. Analyses were
adjusted for age, smoking, drinking, body mass index, systolic blood pressure, diastolic blood pressure,
estimating glomerular filtration rate, coronary heart disease, diabetes, congestive heart failure, chronic
obstructive pulmonary disease, left atrial diameter, and left ventricular ejection fraction. Hcy indicates

homocysteine; SCAF, subclinical atrial fibrillation; and UA, uric acid.

was 0.607 (95% Cl, 0.579-0.634) for the ESC model. We
tested the models to improve the identification of patients
from the SCAF group by combining both homocysteine
and UA biomarkers to the ESC model. The combina-
tion of ESC model, homocysteine and UA (final model)
reached the highest AUC (0.717; 95% CI, 0.691-0.742)
followed by the models of risk factors and UA (0.688;
95% Cl, 0.662-0.714) and risk factors and homocysteine
(0.688; 95% Cl, 0.662-0.714). The AUC results for the
biomarkers and ESC risk factors are shown in Figure 7B.

Though the combination in the ESC model and
homocysteine increase the AUC by 8.39%, their
combination did not result in significant increment in
IDI (2.6%; P=0.050). Adding UA to the ESC model,
improved SCAF detection models by the score,
with an IDI of 8.8% (P<0.001) (Figure 7B). Moreover,
the ESC model combined with homocysteine and
UA biomarkers yielded an increase of 11.3% in IDI
(P<0.001). The aforementioned data suggested
that plasma homocysteine and UA increased the

J Am Heart Assoc. 2022;11:€021997. DOI: 10.1161/JAHA.121.021997

discrimination ability of the clinical model, indicating
the addition of the plasma markers not only improves
the prediction of the events but also reduces the po-
tential for false-positive rates.

The calibration plot in Figure 7C shows an ade-
quate calibration of the predicted probabilities against
the observed proportions of SCAF (Figure 7C). In ad-
dition, the decision curve analyses based on the ESC
model and final model are shown in Figure 8. The
analysis revealed that the combined final model had
a higher net benefit than at a threshold probability of
0.025 to 0.25. Hence, it is compelling to choose the
combined final model in clinical utility.

DISCUSSION

In this study, we investigated whether SCAF is associated
with homocysteine and UA biomarkers in patients with
continuous rhythm monitoring. We found that elevated
homocysteine and UA were significantly associated with
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Figure 4. Kaplan-Meier curves showing the incidence of SCAF for different levels of homocysteine and UA.

A, Kaplan-Meier survival curves for homocysteine, the cutoff points for homocysteine 14 pmol/L in men, and 12 pmol/L in women,
respectively. B, Kaplan-Meier survival curves for UA; the cut points for UA were 420 pmol/L in men and 320 pmol/L in women,
respectively. Hey indicates homocysteine; SCAF, subclinical atrial fibrillation; and UA, uric acid.

SCAF and added to the discriminatory performance of
using the clinical risk factors (ESC model) to identify pa-
tients with increased incidence of SCAF.

We established the regulation of homocysteine and
UA biomarkers in high-risk patients of SCAF based on
the clinical history and electrogram recordings. In this
study, we found a positive and significant correlation
between the homocysteine and UA biomarkers in both
men and women categories, consistent with previous
findings from a large cross-sectional study.?? Though
prior studies using implanted cardiac devices suggest
that up to 85% of AF is not clinically recognized,®22 fol-
low-up studies consistently reported SCAF incidence
>20% in patients with CIEDs.®*2® However, the result
of the current study found a low SCAF incidence rate
compared with the previous studies. This discrep-
ancy could be attributed to the following reasons:
First, our study included a younger population (mean
age, 69.1+11.8 years) with fewer comorbid diseases.
Second, all patients were assessed at baseline on the
basis of self-reported history, 12-lead ECG, and 24-
hour Holter to exclude potential unreported AF. Third,
a considerable proportion of the participants were re-
ceiving statins (56.9%), angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers (42.6%), which
might mitigate the potential risk for AF.

We established the estimated risk of SCAF in the
subgroup of patients with low and high levels of ho-
mocysteine and UA. We observed differences not only
in the biomarker regulation between the SCAF and no
SCAF groups, but also the combination of the high lev-
els of homocysteine and UA ampilifies the risk of SCAF.
The prognostic relevance of homocysteine-UA has not
been prospectively studied, and biomarkers investi-
gated should be interpreted in this context. The current
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study aimed to evaluate the use of homocysteine/UA
along with the established risk factors in clinical prac-
tice to identify patients with increased risk for SCAF.
Therefore, it may be reasonable to consider CIED pa-
tients with increased homocysteine and UA as candi-
dates for more intensive rhythm monitoring.

Homocysteine, a highly reactive, sulfur-containing
amino acid, is an intermediate by-product during di-
etary methionine metabolism. Previous research has
mainly focused on the relationship between the plasma
homocysteine and hypertension, left atrium thrombus
formation, ischemic events, and recurrence after cath-
eter ablation of the individual diagnosed AF, but only
a few clinical studies tried to determine the associa-
tions between homocysteine and onset of AF.?* In the
present study, we demonstrated that plasma homo-
cysteine levels were significantly higher in patients with
new-onset SCAF than those without it, and elevated
plasma homocysteine was independently associated
with SCAF. Although the exact mechanism linking ele-
vated homocysteine levels and SCAF remains unclear,
different pathways including oxidative stress, produc-
tion, and bioavailability of nitric oxide, and inflammatory
response® are speculated as plausible mechanisms.
These mechanisms could further result in atrial struc-
tural and electrical remodeling.

UA is a heterocyclic organic compound and an end
product of purine metabolism in humans and has been
known as an antioxidant and pro-oxidant at its nor-
mal and high concentration, respectively.?® Recently,
the significance of UA widely emerged in AF and has
been broadly investigated in various types of the pop-
ulation with or without chronic disease. According to
a community-based study, the elderly population with
high UA (UA >416 umol/L in men and >357 pmol/L in
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women) had a higher risk of AF.2” Chang-Fu Kuoetal
reported that gout is independently associated with
a persistently higher risk of AF at diagnosis and 5 to
10 years after diagnosis.?® Another study also showed
a positive and independent association between UA
and AF in patients with type 2 diabetes with the cutoff
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Figure 6. Kaplan-Meier curve showing the incidence of
SCAF.

All patients were divided into 4 categories. From top to bottom,
the lines represent the following: group 1: patients with both low-
level homocysteine and UA (turquoise); group 2: patients with
high-level UA and low-level homocysteine (red); group 3: patients
with high-level homocysteine and low-level of UA (green); group
4: patients with high levels of both Hcy and UA (blue). Hey
indicates homocysteine; SCAF, subclinical atrial fibrillation; and
UA, uric acid.
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point of 300 pmol/L.?° Akin to homocysteine, UA-
induced AF are closely related to electrophysiological
and structural alterations via various mechanisms, in-
cluding oxidative stress,'" inflammation,'? and fibrosis.'

In our follow-up study, we observed differences in
the biomarker regulation between the SCAF and no
SCAF groups. Also, we confirmed the relationship be-
tween high homocysteine and UA levels and the pres-
ence of SCAF. The incidence of SCAF in patients with
a CIED depends on the clinical profile of the benefi-
ciary and device-specific detection algorithm.®® Many
CIED-implanted patients own significantly high ventric-
ular pacing and/or sinus node diseases, consequently,
these populations intrinsically have a high incidence of
AF.31:32 Therefore, we redefined the cutoff points of the
low and high risk for SCAF using the spline curve. An
increase in homocysteine and UA values was mark-
edly associated with an increased risk for SCAF in
both men and women, suggesting that a substantial
SCAF risk was present among those patients classi-
fied at the high homocysteine (>14 pmol/L in men and
>12 umol/L in women) and high UA (>420 pmol/L in
men and >320 pmol/L in women) levels. Therefore,
it may be reasonable to interpret in a way that CIED-
implanted patients with increased homocysteine and
UA as candidates for more intensive rhythm monitor-
ing. In addition, longer SCAF episodes (>6 minutes) are
more relevant to clinical AF*® and carry a higher risk
of systemic embolism/ischemic stroke.3* The preex-
isting stroke risk factors aggravate the SCAF-related
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Figure 7. Model-comparison results of predicting the 5-year incidence of SCAF.

A, Receiver operating characteristics (ROC) curves of freedom from SCAF at 5 years for the different risk prediction models. B,
Comparison of the area under the curve (AUC), Harrel's C-statistic, the integrated discrimination improvement (IDI) statistics, and
95% Cls in the different risk prediction models. C, Validation of the final model (ESC model+UA+homocysteine) showing observed
incidences of SCAF within 5 years. The diagonal gray line represents a situation of perfect prediction when the observed incidences
would be identical to the predicted baseline risks. Points are drawn to represent the averages in 7 discretized bins, and error bars are
95% Cls for the proportion of events in each group. The rug under the plot illustrates the distribution of predictions. ESC indicates
European Society of Cardiology; Hcy, homocysteine; SCAF, subclinical atrial fibrillation; and UA, uric acid.

thromboembolic risk.3® Whereas the thromboembolic
risk in patients with CIEDs is primarily attributed to
the burden of comorbidity (such as the components
of CHA,DS,-VASc score).>> Adding SCAF duration to
the clinical risk scores has significantly improved dis-
crimination for thromboembolism and may be useful in
guiding anticoagulation therapy.®® Thus, early identifi-
cation of SCAF is important to reduce the risk of clinical
AF/stroke. The unified model that combined homocys-
teine and UA levels with the ESC model improves the
SCAF risk prediction, indicating patients with SCAF
with CIEDs, particularly patients classified as a high-
risk group, requires an intensive and strict follow-up to
prevent the risk of clinical AF, stroke, and death.

The present study demonstrated that homocyste-
ine and UA biomarkers own a good prognostic perfor-
mance for SCAF independently. Also, the use of clinical
risk factors, particularly those listed in the 2020 ESC
guidelines definition for risk factors, has shown a good
performance to discriminate SCAF in our study. In this
study, compared with the ESC model alone, the unified
model that combined the UA or/and homocysteine bio-
markers with the ESC model offered an increase in the
AUC and IDI statistics in SCAF detection. Therefore, si-
multaneous application of both homocysteine and UA
biomarkers facilitates the prediction of the risk of SCAF
more accurately in those with CIEDs in clinical practice.
These circulating biomarkers may commonly regulate
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Figure 8. Decision curve analyses (DCA) of the ESC model
and final model for 5-year SCAF incidence.

The x axis indicates the threshold incidence for SCAF at 5 years,
and the y axis indicates the net benefit. The horizontal dark gray
line: to assume no patients will experience the event; the light
gray line: to assume all patients will experience the event. The
ESC final model had enhanced net benefit compared with the
ESC model at risk threshold >2.5%. ESC indicates European
Society of Cardiology; Hcy, homocysteine; SCAF, subclinical
atrial fibrillation; and UA, uric acid.

AF-associated mechanisms such as inflammation
and oxidative stress activation process. Additionally,
homocysteine and UA are involved in the methionine
homocysteine cycle. Methionine is converted to S-
adenosyl-L.-homocysteine, split into homocysteine and
adenosine.®” Further, adenosine is metabolized to UA
(Figure 9). In this case, it is reasonable to hypothesize
that the relationship between the adenosine mole-
cule and UA may contribute to the observed synergy.
Bearing in mind that methionine metabolism influences
the homocysteine and adenosine levels, the concen-
tration of homocysteine may determine the amount of
adenosine, which in turn increase UA levels. Further
study is required to investigate the metabolic relation-
ship between homocysteine and UA to solve the route
of their synergistic effect in SCAF.

Study Limitations

Considering the high rate of silent AF and the limited
sensitivity of routine ECGs, continuous rhythm moni-
toring provides a strong basis to evaluate the role of
plasma homocysteine and UA biomarkers to discrimi-
nate for SCAF. The associations of biomarkers with
SCAF in our study are strengthened by the continuous
monitoring of heart rhythm with months- to years-long
observation time, allowing detection of SCAF that might
be otherwise overlooked with standard or 24-hour ECG
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Figure 9. Homocysteine and UA metabolism.

The circled numbers refer to the following enzymes: i, SAH
hydrolase; i, cystathionine-3-synthase; iii, cystathionine-
y- lyase; iv, betaine-homocysteine methlytransferase; v,
methionine synthase; vi, methionine adenosyltransferase; vii,
methyltransferases; viii adenosine deaminase; ix, phosphorylase;
X, xanthine oxidase. SAH indicates S-adenosyl-L-homocysteine;
and SAM indicates S-adenosyl-methionine.

recording. However, the present study has several limi-
tations. First, this was a single-center, nonrandomized,
retrospective observational study, and was subject to
inherent limitations associated with retrospective analy-
ses. Second, some of our patients may have had silent
AF before CIED implantation. However, there is no reli-
able method to identify such patients precisely. Third,
CIED-implanted patients are known for their high risk of
increased ventricular pacing or sinus node disease that
makes them special cases for AF risk, which may limit
the generalization of our results in the general popula-
tion. Finally, there was a slight configuration difference
in SCAF detection because of the different permanent
pacemaker manufacturers.

CONCLUSIONS

In conclusion, we found strong independent associa-
tions between homocysteine and UA concentrations
and the presence of SCAF in patients with implanted
CIEDs. Also, our study identified that elevated homo-
cysteine and UA were independent prognostic mark-
ers for SCAF in patients with CIEDs. The combination
of homocysteine and UA with ESC definition of AF risk
factors significantly improved the prediction of SCAF in
patients with CIEDs, indicating that simultaneous ap-
plication of this unified model can significantly improve
discrimination for SCAF in CIED-implanted patients.
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SUPPLEMENTAL MATERIAL



Table S1. Risk factors for incident AF recommended by the 2020 ESC guideline for AF.

Demographic  Age Health factors Hypertension

factors Male sex and other risk  Systolic blood pressure
Health Smoking/tobacco use factors Diastolic blood pressure
behaviors Alcohol intake Diabetes mellitus
Cardiovascul HF Renal dysfunction/CKD
ar conditions/ valvular disease Obesity

diseases CAD Body mass index
Disorders of PR interval prolongation Height

heart rhythm  Sjck sinus syndrome Weight

LA Left atrial dimension COPD

remodeling

AF indicates atrial fibrillation; CAD, coronary artery disease; CKD, chronic kidney disease; COPD,

chronic obstructive pulmonary disease; HF, heart failure; LA, left atrium.



Table S2. Baseline characteristics of entire patient groups for other biomarkers.

Male Female

Variable Total non-SCAF SCAF P- Total non-SCAF SCAF P-

(n=605) (n=482) (n=123) wvalue (n=619) (n=517) (n=102) value
WEC. x109L 223)(5.3- 32451)(5.3- 21431)(5'2_ 0,003 g:g)(s.o- 222)(5.0- 2z§)(4.9- 29
Neutrophil x109/L ig)@.e- i:g)(s.o- g:g)(“' 0.839 i:g)(”‘ i:g)(”' 223> 0202
0 Bun B g 1B0e Bue o o
16, mmoliL }zg)(o.x- }:g)(o.s- }:%(0.9- 0,646 }:;)(0'9- }:;)(0.9- }é)(w- 0.064
TC, mmol/L ;‘:g)(3'7' ‘5‘:3)(3'7' ‘5‘:‘1‘)(3'5' 0.961 ‘5‘:2)(4'2' ‘5‘:2)(4'2' ‘5‘:2)(4'0' 0.085
LDL, mmol/L ;:‘9‘)(1'9' ;:‘9‘)(1'9' ;:‘9‘)(1'9' 0.824 g;)(z.z- ?;)(z.z- g;)(z.z- 0.328
HDL, mmol/L }:;)(0'9' }:;)(0'9' }:;)(1.0- 0.442 ij)(l'o' }:g)(l.o- }:i)(l'o' 0.195
LP(a), mlL 2@)(4.8- 23)(4.8- Zé)(m- 0,096 2:3)(4.7- 2:%)(4.7- 22(7))(4.7- 0571
FBG, mmol/L 223)(4'8' 23)(4'8‘ 2:3)(4'7' 0.459 2:3)(4'7‘ gf)(‘”' 22(7’)(4'7‘ 0.206
e o e s g on e Do oq,

Values are reported as median values (interquartile range).

BNP indicates brain natriuretic peptide; FPG, fasting plasma glucose; HDL, high-density lipoprotein;

LDL, low-density lipoprotein; LP(a), lipoprotein (a); NLR, neutrophil/lymphocyte ratio; TC, total

cholesterol and, TG, triglyceride; WBC, white cell count.



Table S3. Hazard ratios for the association between Homocysteine and Uric acid with SCAF.

per 1-SD increase

High level group vs. Low level

Model 1

Model 2

Model 3

Model 1

Model 2

Model 3

Male

Female

UA
Hcy
UA

Hey

1.62 (1.36, 1.93)***
1.34 (1.18, 1.51)***
1.77 (151, 2.08)***

1.39 (1.25, 1.53)***

1.64 (1.37, 1.97)**
1.38 (1.18, 1.51)***
1.79 (1.52, 2.11)***

1.38 (1.25, 1.53)***

1.69 (1.37, 2.08)***
1.27 (1.11, 1.44)%**
1.93 (1.57, 2.36)***

1.39 (1.25, 1.54)***

1.93 (1.35, 2.77)***
1.98 (1.33, 2.94)***
2.30 (1.54, 3.43)***

2.00 (1.31, 3.04)**

1.99 (1.39, 2.85)***
1.98 (1.32, 2.96)**
2.29 (1.53, 3.44)***

1.99 (1.30, 3.04)**

2.00 (1.36, 2.95)***
1.92 (1.26, 2.92)**
2.22 (1.44, 3.43)***

1.92 (1.25, 2.95)**

*:p <0.05; **: p<0.01; ***: p <0.001.

Model 1, crude; model 2, adjustment for age; model 3, full-adjustment model (adjustment for age, BMI,

systolic blood pressure, diastolic blood pressure, estimated glomerular filtration rate, congestive heart

failure, diabetes, coronary artery disease, chronic obstructive pulmonary disease, smoking, drinking,

left atrial diameter, left ventricular ejection fraction).



Figure S1. Analysis of the residuals of Schoenfeld residuals to assess the proportionality assumption.
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Figures represent plots of beta-coefficient estimates (log hazard ratios) for uric acid(A), homocysteine(B)
and four categories of these two variables(C) against follow-up (time) in months. The black solid line
represents a smoothed curve of scaled Schoenfeld residuals with 95% confidence intervals (black dotted
lines). (A) uric acid; (B) homocysteine; (C) four categories of predictor: Group 1: patients with both low-
level Hey and UA; Group 2: patients with high-level UA and low-level Hey; Group 3: patients with high-
level Hey and low-level of UA; Group 4: patients with both high-level of Hcy and UA.



