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BACKGROUND: Data on risk factors for new-onset atrial fibrillation (NOAF) in hypertensive Asian populations are limited. This study
aimed to identify predictors of NOAF in Thai adults with hypertension (HTN).

METHODS: We conducted a retrospective cohort study of adults (>18 years) newly diagnosed with HTN at Ramathibodi Hospital,
Bangkok, from 2010 to 2023. Patients with prior AF or predisposing conditions (e.g., valvular disease and hyperthyroidism) were
excluded. Baseline demographics, comorbidities, and medication use were analyzed as time-varying covariates using multivariable
Cox models.

RESULTS: Of 293,798 hypertensive patients, 168,441 met the criteria. Over a median follow-up of 3.7 years, 5,028 developed NOAF (5.7
per 1,000 person-years). A significant interaction between age and body mass index (BMI) was observed. In patients <60 years, low
BMI increased NOAF risk (HR: 2.3; 95% CI: 1.4-3.6), while overweight and obesity did not. In those >60-79 years, NOAF risk increased
2- to 3-fold in underweight, overweight, and obese individuals compared to normal BMI. In patients >80 years, the risk was 3- to
4-fold higher across all BMI categories. Male sex and comorbidities (vascular disease, stroke, heart failure, chronic kidney disease, and
hyperuricemia) were associated with a 1.2-1.8-fold increased risk. Statin use reduced NOAF risk (HR: 0.8; 95% CI: 0.7-0.9), while SGLT2
inhibitors and GLP-1 receptor agonists showed a non-significant protective trend (HR: 0.8; 95% CI: 0.7-1.1).

CONCLUSIONS: In Thai hypertensive patients, older age, male sex, abnormal BMI, and comorbidities predict NOAF, while statin use
may be protective. Further prospective studies are needed to confirm these findings.
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Graphical Abstract

Factors Associated with New-Onset AF in Thai Adults with HTN
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Systemic arterial hypertension (HTN) is one of the most prevalent
chronic non-communicable diseases worldwide and a leading
contributor to cardiovascular (CV) disease and all-cause mortal-
ity.? According to the World Health Organization, HTN affects
approximately 22% of the global population and 26% of individ-
uals in Southeast Asia.’® In Thailand, the 2019 National Health
Survey reported that 25% of adults are hypertensive,* a condition
responsible for nearly two-thirds of all strokes and half of all cor-
onary artery disease (CAD) events.®

HTN is a well-established risk factor for atrial fibrillation
(AF),%” implicated in up to 50% of AF cases.? Chronic, uncontrolled
HTN promotes the development of AF through a multifaceted
pathophysiological process that includes structural remode-
ling (e.g., left ventricular hypertrophy, atrial enlargement, and
fibrosis), electrical disturbances, neurohormonal dysregulation,
and heightened sympathetic activity.”!® Furthermore, systemic
inflammation, oxidative stress, and endothelial dysfunction—fre-
quently observed in hypertensive patients—further facilitate the
formation of an arrhythmogenic substrate that disrupts atrial
function and promotes both the initiation and persistence of
AF*3 Notably, HTN increases the risk of developing AF by 1.8-
fold and accelerates progression to permanent AF by 1.5-fold.’

The coexistence of HTN and AF significantly increases the
risk of stroke, heart failure, and mortality,'>** highlighting the
importance of early identification of individuals at high risk for
new-onset AF (NOAF). Proactive interventions, including lifestyle
modification and guideline-directed medical therapy for HTN,
have the potential to delay or prevent AF onset and its associated
complications.’

Although several AF risk prediction models have been devel-
oped, they are predominantly based on community cohorts from
Western populations.”-* Only one—developed in the ESCARVAL
(Estudio CARdiometabolico VALenciano)-RISK study—has been
validated specifically for hypertensive individuals, identifying
age, sex, obesity, and heart failure as key predictors of NOAF.?° To
improve risk stratification in Asian populations, the C,HEST score
was initially developed and validated in an Asian population and
has since been applied in diverse ethnic populations, includ-
ing non-Asian cohorts.?* Incorporating CAD, chronic obstructive
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(HR 0.8, 95% CI: 0.7-0.9) .

SGLT2i & GLP-1RA: non-significant trend
(HR 0.8, 95% ClI: 0.7-1.1)

pulmonary disease, HTN, elderly age (>75), systolic heart failure,
and thyroid disease, the score demonstrated good predictive per-
formance and outperformed the CHA2DS2-VASc scores in pre-
dicting incident AF.

AF is a complex, multifactorial condition influenced by aging,
genetic predisposition, lifestyle factors, comorbidities, and con-
current treatment. However, the specific risk factors contributing
to NOAF among hypertensive individuals in Asian populations
remain poorly understood.?? To address this gap, we conducted a
large retrospective cohort study of Thai adults with HTN to iden-
tify factors associated with the development of NOAF, including
demographic characteristics, comorbid conditions, and medica-
tion use.

METHODS
Study design and population

This retrospective cohort study utilized data from the Clinical
Epidemiology and Biostatistics (CEB) HTN Data Warehouse at
Ramathibodi Hospital, Mahidol University (Bangkok, Thailand).
Data acquisition involved systematic extraction and linkage of
records from the Ramathibodi Hospital Database, encompassing
the period from January 1, 2010, to December 31, 2023. This data-
set included comprehensive electronic medical records (EMRs)
captured over the same interval. The study protocol was reviewed
and approved by the Human Research Ethics Committee of
Ramathibodi Hospital (COA.MURA 2024/681).

The Data Warehouse was constructed using three identifi-
cation groups (Supplementary Figure 1): (i) patients identified
solely on ICD-10 diagnosis codes for HTN (I110-115); (ii) patients
with both HTN diagnosis codes and prescriptions for anti-
hypertensive medications, including angiotensin-converting
enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs),
beta-blockers(BBs),calciumchannelblockers(CCBs),diuretics,oralpha-
blockers; (3) “inferred” HTN cases, defined as patients prescribed
antihypertensive medications in the absence of a documented
HTN diagnosis, provided there was no alternative indication for
these medications (e.g., heart failure, cardiac arrhythmia, cirrho-
sis, benign prostatic hyperplasia).
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Patients were included in the study if they met the following
criteria: (i) age 18 years or older; (ii) newly diagnosed with uncom-
plicated HTN; and (iii) no prior diagnosis of AF, as confirmed by
ICD-10 codes, ECG or Holter monitoring data, EMR review, and
absence of prescriptions for oral anticoagulants (OACs). Patients
were excluded if they had any predisposing conditions for AF,
such as valvular heart disease or hyperthyroidism. To ensure
proper follow-up, patients were required to have at least one
follow-up visit occurring 30 days or more after the initial diagno-
sis, either in an outpatient clinic or during hospitalization.

To accurately identify newly diagnosed HTN cases, a 5-year
washout period from 2005 to 2009 was applied, during which all
available hospital records were reviewed. Only patients with no
prior evidence of an HTN diagnosis or antihypertensive medica-
tion use during this period—and who received a new diagnosis
from 2010 onward—were included in the final cohort.

Data collection

Demographic characteristics, body mass index (BMI), and
comorbidities were collected at baseline and during follow-up
using ICD-10 codes (Supplementary Table 1). Comorbidities
included diabetes mellitus (DM), defined as fasting plasma glu-
cose >126 mg/dL, HbAlc >6.5%, or the use of antidiabetic med-
ications?; dyslipidemia, defined as total cholesterol >200 mg/
dL, LDL-C >130 mg/dL, or the use of lipid-lowering therapy; and
chronic kidney disease (CKD), defined by an estimated glomerular
filtration rate (eGFR) <60 mL/min/1.73 m? on two separate occa-
sions within 90 days. CV comorbidities included vascular diseases,
such as CAD, peripheral artery disease, carotid or renal artery dis-
ease, and stroke.?* Heart failure was defined by a left ventricular
ejection fraction <40% or the use of guideline-directed medical
therapy. Additional conditions included obstructive sleep apnea
(OSA) and hyperuricemia, defined as serum uric acid >6 mg/dL
in women or >7 mg/dL in men, or the use of urate-lowering med-
ications. Where available, these data were cross-validated using
additional sources within the CEB Warehouse.

Medication data were obtained from prescription records
and pharmacy dispensing logs. These included antihyperten-
sive agents, mineralocorticoid receptor antagonists (MRAs; e.g.,
spironolactone), antidiabetic medications (e.g., metformin, sul-
fonylureas, sodium-glucose cotransporter-2 inhibitors (SGLT2i),
glucagon-like peptide-1 receptor agonists (GLP-1RA), insulin),
statins, antiarrhythmic agents (e.g., amiodarone, digoxin, verapa-
mil, and diltiazem), antiplatelets, and OACs. All medications were
categorized by generic name and therapeutic class. Variables
were treated as time-varying covariates up to the occurrence of
NOAF.

The time-varying covariates included clinically relevant fac-
tors known to influence AF risk and that could change over the
course of follow-up, based on data from both outpatient visits
and hospitalizations. Specifically, the following variables were
updated at each clinical encounter prior to AF onset or censoring:
BMI, the occurrence of new comorbidities (e.g., DM, vascular dis-
ease, stroke, heart failure, dyslipidemia, CKD, and hyperuricemia),
and adjustments to relevant medications (e.g., antihypertensives,
antidiabetics, and statins).

Outcome and follow-up

The primary outcome was NOAF identified in both inpatient
and outpatient settings, using data from the CEB-AF warehouse.
Identification was based on ICD-10 codes, ECG/Holter monitor-
ing reports, and prescriptions for OACs (Supplementary Figure
2). Records were matched using a hashed hospital ID and a date
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within 90 days. NOAF was confirmed if AF was documented
by ECG or Holter monitoring, regardless of ICD coding, or if an
ICD-coded AF diagnosis was accompanied by OAC use. For cases
identified solely by ICD codes without OAC prescriptions, man-
ual chart review was conducted. Patients were followed from the
date of HTN diagnosis to the earliest of occurrence of NOAF diag-
nosis, death, or December 31, 2023. Time-to-event was calculated
accordingly.

Statistical analysis

Continuous variables were reported as means + standard devia-
tions (SDs), and categorical variables as counts and percentages.
Cox proportional hazards models with time-varying covariates
were used to evaluate associations with NOAF. Covariates with
P<0.20 in univariate analysis were entered into a multivari-
ate model, with final selection based on likelihood ratio tests.
Interaction terms were assessed as appropriate. To address sur-
vival bias, a competing risk analysis using the Fine and Gray
subdistribution hazard model was performed, treating all-cause
death as a competing event. Sub-hazard ratios (SHRs) and 95%
confidence intervals (CIs) were reported. In addition, a sensitiv-
ity analysis was conducted to assess the impact of BP control
status—categorized as poor versus well-controlled—on the final
model. Analyses were conducted using RStudio and STATA 18,
with two-sided P-values <0.05 considered statistically significant.

RESULTS

Baseline characteristics

Of the 293,798 patients initially identified with HTN, 168,441
met the inclusion criteria and were included in the final analy-
sis (Figure 1). Baseline characteristics were available for 63,045
patients and are summarized in Table 1. The cohort was pre-
dominantly female (58.7%), with a mean age of 59.5 + 14.6 years.
Nearly half (48.1%) were aged 60-79 years, and 8.2% were aged
>80 years. Based on Asian BMI classifications, 36.8% were over-
weight (BMI>23 kg/m?), and 33.4% were obese (BMI>27kg/
m?). The prevalence of comorbidities at baseline included type
2 DM (20.4%), dyslipidemia (4.5%), CKD (13.2%), vascular disease
(15.0%), heart failure (0.2%), stroke (4.2%), and hyperuricemia
(13.1%).

At diagnosis, 61.3% of patients were prescribed antihyper-
tensive medications—37.0% received monotherapy and 24.3%
received combination therapy—while 38.7% were managed with
lifestyle modification alone. MRAs were prescribed in 1.8% of
cases. One-third of patients were treated with statins, and all
diabetic patients were on antidiabetic medications, with only
1.2% receiving SGLT2 inhibitors or GLP-1 receptor agonists.
Antithrombotic agents were prescribed in 18.4% (13.7% received
antiplatelets and 4.7% oral anticoagulants), while 2.2% were on
antiarrhythmic medications.

During follow-up, data were available for 99,408 patients.
Compared to baseline, there was an increase in the prevalence
of older age, overweight/obesity, and comorbidities including vas-
cular disease (15.0% to 25.3%), stroke (4.2% to 5.9%), heart failure
(0.2% t0 1.0%), OSA (4.0% to 6.7%), and type 2 DM (19.1% to 27.2%).
Use of statins and antidiabetic drugs increased, while the use of
MRAs, antihypertensive agents, antithrombotic drugs, and antiar-
rhythmic medications remained relatively stable.

Incidence and predictors of NOAF

During a median follow-up of 3.7 years (range: 2.2-8.0), 5,028
of 168,441 patients (3.0%) developed NOAF, corresponding to an
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Ramathibodi Hospital Database

1Jan 2010 - 31 Dec 2023

HT subjects
(n =293,798)
Younger than 18 years = 2,773
Hypertension developed prior to study period = 60,148
v No follow-up visit after 30 days = 52,234
n=178,645
Exclusions (n=10,204)
*  Atrialfibrillation = 4,385
. Thyrotoxicosis = 3,442
Y *  valvular heart disease = 2,377
Study Cohort
(n=168,441)

Figure 1. Study flowchart.

Table 1. Distribution of baseline and time-varying data.

Features Baseline data (n = 168,441) Time-varying data (N = 564,644)
Age, yrs, (mean = SD) 59.5+14.6 61.8+14.2
<60 (%) 437 37.4
60-79 (%) 48.1 524
>80, (%) 8.2 10.2
Female, (%) 58.7 58.7
Male, (%) 41.3 41.3
BMI, kg/m?, (mean + SD) 25.6 +4.8 26.2+4.9
<18.5, (%) 41 3.2
18.5-22.9, (%) 25.7 224
23.0-26.9, (%) 36.8 36.3
>27, (%) 33.4 38.2
Comorbidities
Vascular disease, (%) 15.0 26.3
Stroke, (%) 4.2 5.9
Heart failure, (%) 0.2 1.0
Dyslipidemia, (%) 4.5 8.4
CKD, (%) 13.2 13.2
OSA, (%) 4.0 6.7
Hyperuricemia, (%) 13.1 13.4
Medications
Antihypertensive (%)
None 38.7 46.0
Monotherapy 37.0 30.3
Combination therapy 24.3 23.7
Type 2 DM (%)
No 79.6 72.9
Yes, with other medications 19.2 249
Yes, with SGLT2i or GLP-1 agonist 1.2 2.3
MRAS, (%) 1.8 1.8
Statins, (%) 36.9 42.8
Antiarrhythmic agents, (%) 2.2 1.7
Anticoagulants, (%) 47 33
Antiplatelets, (%) 13.7 13.4
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n = Number of patients; N = Number of observations.
Abbreviation: BMI, body mass index; CKD, chronic kidney disease; DM, diabetes mellitus; GLP, glucagon-like peptide; MRAs, mineralocorticoid receptor
antagonists; OSA, obstructive sleep apnea; SGLT2i, sodium-glucose cotransporter-2 inhibitor.



incidence rate of 5.7 per 1,000 person-years. Univariate anal-
ysis of time-varying covariates (n=99,408) identified age as
the most significant predictor (Table 2). Compared to patients
under 60, those aged 60-79 had a hazard ratio (HR) of 2.4 (95%
ClL: 2.2-2.7), and those aged >80 had an HR of 6.4 (5.6-7.3).
Male sex was associated with increased risk (HR 1.4 (1.3-1.5)).
Notably, low BMI (<18.5 kg/m?) was associated with higher
NOAF risk (HR 1.5 (1.2-1.8)), while overweight and obesity were

Table 2. Univariate analysis of time-varying covariates.

New-Onset AF in Thai Adults with Hypertension | 5

associated with slightly lower risk (HRs ~0.9) compared to nor-
mal BMIL

Several comorbidities were associated with significantly
increased NOAF risk, including vascular disease (HR 2.5 (2.3-2.7)),
stroke (HR 1.9 (1.7-2.2)), heart failure (HR 5.2 (4.3-6.4)), OSA (HR
3.2 (2.9-3.5)), and hyperuricemia (HR 1.9 (1.7-2.1)).

Regarding treatment, combination antihypertensive therapy
was more strongly associated with NOAF (HR 3.3 (3.0-3.6)) than

Factors No AF (N=163,415) AF (N=5,026) Total time-at-risk  Incidence rate per 1,000 person-years  Hazard ratios
Age, yr18,
(mean + SD) 59.5+14.6 68.3+13.3
<60 72,554 1,086 426806.6 2.5(2.4,2.7) 1
60-79 78,175 2,840 391592.4 7.2(7.0,7.5) 2.4(2.2-2.7)
>80 12,686 1,100 55825.8 19.7 (18.6, 20.9) 6.4 (5.6-7.3)
Female 96,392 2,410 524658.8 4.6 (4.4,48) 1
Male 67,023 2,616 349566.1 7.5(7.2,7.8) 1.4 (1.3-1.5)
BMI, kg/m?, 256 +4.8 246+4.6
(mean + SD)
<18.5 4,535 208 19050.31 10.92 (9.48, 12.51) 1.5(1.2-1.8)
18.5-22.9 28,875 907 117698.22 7.71(7.21,8.22) 1
23.0-26.9 41,476 1,105 164563.62 6.71(6.32,7.12) 0.9 (0.8-1.0)
227 3,7844 793 146723.04 5.40 (5.04, 5.79) 0.9 (0.8-1.0)
Comorbidities
Vascular disease, (%)
No 139,512 3,641 772553.2 4.7 (4.6,4.9) 1
Yes 23,903 1,385 101671.7 13.6 (12.9, 14.4) 2.5(2.3-2.7)
Stroke, (%)
No 156,775 4,629 846923.2 5.5(5.3,5.6) 1
Yes 6,640 397 27301.7 14.5 (13.1, 16.0) 1.9 (1.7-2.2)
Heart failure, (%)
No 163,157 4,988 873594.2 5.7 (5.5,5.9) 1
Yes 258 38 630.7 60.2 (42.6, 82.7) 5.2 (4.3-6.4)
CKD, (%)
No 151,964 4,179 832365.7 5.0(4.9,5.2) 1
Yes 11,451 847 41859.2 20.2 (18.9, 21.6) 1.0 (0.8-1.1)
OSA, (%)
No 156,742 4,891 850108.6 5.7 (5.6,5.9) 1
Yes 6,673 135 24116.3 5.6 (4.7,6.6) 3.2 (2.9-3.5)
Hyperuricemia, (%)
No 142,401 3,947 776919.7 5.1(4.9,5.2) 1
Yes 21,014 1,079 97305.2 11.1(10.4,11.8) 1.9 (1.7-2.1)
Medications
Antihypertensive, (%)
None 64,126 1,127 445885.0 2.5(2.4,2.7) 1
Monotherapy 60,768 1,633 277052.9 5.9(5.6,6.2) 1.8 (1.6-2.0)
Combination 38,521 2,266 151287.0 15.0 (14.4, 15.6) 3.3(3.0-3.6)
therapy
Type 2 DM, (%)
No 130,374 3,791 727897.7 5.2(5.0,5.4) 1
Yes, with other 31,036 1,169 141272.0 8.3(7.8,8.8) 1.2 (1.1-1.3)
medications
Yes, with SGLT2i 2,005 66 5055.2 13.1(10.1, 16.6) 1.4 (1.1-1.7)
or GLP-1 agonist
MRAS, (%)
No 160,824 4,633 862888.2 5.4(5.2,5.5) 1
Yes 2,591 393 11336.7 34.7 (31.3,38.3) 3.6 (3.0-4.3)
Statins, (%)
No 103,768 2,493 613140.7 4.1(3.9,4.2) 1
Yes 59,647 2,533 261084.2 9.7 (9.3,10.1) 1.5(1.4-1.6)
Antiarrhythmic agents, (%)
No 160,671 4,010 860013.8 4.67 (4.53,4.82) 1
Yes 2,744 1,006 14211.12 70.79 (66.48, 75.30) 6.5 (5.6-7.6)
Anticoagulants, (%)
No 157,038 3,422 841556.74 4.07 (3.93, 4.20) 1
Yes 6,377 1,604 32668.17 49.10 (46.73, 51.56) 9.8 (8.8-10.8)
Antiplatelets, (%)
No 141,988 3,347 763054.29 4.39 (4.24,4.54) 1
Yes 21,427 1,679 111170.63 15.10 (14.39, 15.84) 2.3 (2.1-2.6)

Abbreviations as in Table 1.
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monotherapy (HR 1.8 (1.6-2.0)) when compared to no treatment.
Additional medications associated with increased NOAF risk
included MRAs (HR 3.6 (3.0-4.3)), general antidiabetic medica-
tions (HR 1.2 (1.1-1.3)), and combined antidiabetic therapy with
SGLT2i or GLP-1RA (HR 1.4 (1.1-1.7)). Statin use was also associ-
ated with increased risk (HR 1.5 (1.4-1.6)). Use of antithrombotic
and antiarrhythmic agents was likewise linked to higher NOAF
risk.

Multivariate analysis and interaction effects

Multivariate Cox regression (Table 3, Figure 2) identified 11 inde-
pendent predictors of NOAF: older age, male sex, abnormal BMI,
vascular disease, heart failure, CKD, stroke, hyperuricemia, type
2 DM, use of antihypertensive therapy, and statin use. An inter-
action between age and BMI was significant (likelihood ratio test:
x?>=17.1,df =6,P = 0.009) (Supplementary Table 2). Obese patients
had a lower mean age (60.4 + 13.3 years), while those with low

BMI were older (64.1 + 18.9 years) than patients with normal BMI
(62.5 + 15.5 years). The proportion of patients under 60 years was
highest among those with obesity (41.5%), whereas those over 80
were most represented in the underweight group (24.2%).

Among patients with normal BMI, the strongest predictor of
NOAF was age, followed by vascular disease, heart failure, CKD,
hyperuricemia, and stroke. In patients under 60 with normal
BMI, low BMI was significantly associated with increased NOAF
risk [HR 2.3 (1.4-3.6)], while overweight and obesity were not sig-
nificantly associated (HRs 1.1 and 0.8, respectively). In patients
aged >60, the risk of NOAF increased approximately 2- to 3-fold
in those who were underweight, overweight, or obese (vs. nor-
mal BMI), and by 3- to 4-fold in patients aged >80 across all BMI
categories.

Comorbidities such as vascular disease, heart failure, CKD,
hyperuricemia, and stroke remained strong predictors (HRs 1.2—
1.8). Antihypertensive monotherapy and combination therapy

Table 3. Factors associated with AF using time-varying data: a multivariate Cox proportional hazards model.

Features Time-varying data
Age group, yrs BMI
<60 18.5-22.9 1
60-79 18.5-22.9 2.2 (1.7-2.9)
>80 18.5-22.9 4.2 (3.2-5.5)
Age group, yrs BMI, kg/m?
<60 <185 2.3 (1.4-3.6)
~ <60 18.5-22.9 1
T <60 23-26.9 1.1(0.8-1.4)
<60 >27 0.8 (0.6-1.1)
Age BMI
60-79 <18.5 3.2 (2.2-4.6)
60-79 23-26.9 17 (1.4-2.2)
60-79 >27 2.0 (1.6-2.6)
>80 <185 43(2.8-6.5)
7280 23-26.9 3.9 (3.0-5.1)
>80 227 3.6 (2.8-4.8)
Female 1
Male 1.4 (1.2-1.5)
Comorbidities
Vascular disease
~_No 1
" Yes 1.8 (1.6-1.9)
Stroke
~ No 1
" Yes 1.2 (1.0-1.4)
Heart failure
~_No 1
" Yes 1.7 (1.4-2.1)
CKD
~ No 1
" Yes 1.6 (1.5-1.8)
Hyperuricemia
~_No 1
~Yes 1.3 (1.1-1.4)
Medications
Antihypertensive
"~ None 1
" Monotherapy 1.7 (1.5-1.9)
" Combination therapy 2.4 (2.1-2.7)
Type 2 DM
~ _No 1
~Yes, with other medications 1.0 (0.9-1.7)
" Yes, with SGLT2i or GLP-1 agonist 0.8 (0.7-1.1)
Statins
~ No 1
Yes 0.8 (0.7-0.9)

n =Number of patients; N = Number of observations.
Abbreviations as in Table 1.
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BMI 23-26.9
BMI>27
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CKD
Hyperuricemia
AntiHT-monotherapy

Age <60 {
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Statins -

3 4
Hazard Ratio

Figure 2. Forest plot of factors associated with AF in hypertension: a multivariable time-varying Cox model.

were associated with 1.7-fold and 2.4-fold increases in NOAF risk,
respectively. In contrast, statin use was linked to a 20% reduction
in risk (HR 0.8 (0.7-0.9)). Combined antidiabetic therapy including
SGLT?2i or GLP-1RA showed a non-significant protective trend (HR
0.8 (0.7-1.1)).

Sensitivity analysis
In the competing risk model (Supplementary Table 3), the overall
death rate was 1.5 per 1,000 person-years. Subdistribution hazard
ratios (SHRs) and 95% Cls were consistent with those obtained
from the Cox model, confirming the robustness of our findings.
To evaluate the impact of BP control on the incidence of NOAF,
patients were categorized as having poorly controlled BP (systolic
BP > 140 mmHg or diastolic BP > 90 mmHg) or well-controlled BP
(systolic BP < 140 mmHg and diastolic BP < 90 mmHg). As shown
in Supplementary Table 4, the proportion of patients with poorly
controlled BP increased over time. However, BP control status was
not significantly associated with the risk of NOAF (HR: 1.01; 95%
CIL: 0.91-1.12; Supplementary Table 5). This suggests that BP con-
trol did not influence the risk of NOAF or alter the magnitude or
direction of associations observed for other covariates in the final
model (Table 3).

DISCUSSION

This large, real-world cohort study of 168,441 hypertensive
patients in Thailand, with a median follow-up of 3.7 years, offers
critical insights into the incidence and risk factors of NOAF.
We identified eight factors associated with an increased risk of
NOAF—some aligning with established literature, and others
presenting novel or unexpected associations. These findings con-
tribute valuable, population-specific data to the understanding
of NOAF risk in Thai and Southeast Asian populations, provid-
ing a foundation for more tailored clinical management in these
regions.

The incidence of NOAF in this cohort was 5.7 per 1,000
person-years, lower than global estimates ranging from 6.3 to 9.9
per 1,000 person-years.”?>? This discrepancy may be due to dif-
ferences in genetic background, healthcare access, lifestyle, HTN
management practices, or the relatively short median follow-up
period in our study compared to prior studies (3.7 vs. 7-10 years).
A shorter follow-up may not fully capture the development of
late-onset NOAF. Recent large-scale studies further support the
need for region-specific risk assessment. Kim et al.” compared AF
incidence and risk factors between White Europeans (UK Biobank)
and Asians (Korean NHIS-HEALS) and found a higher AF incidence
in Europeans, along with population-specific differences in risk
factor strength. For example, BMI and smoking had a stronger
association with AF risk in Europeans than in Asians. Similarly,
Kang et al.”® reported that East Asians experienced higher rates
of ischemic, hemorrhagic, and AF-related stroke despite having
lower BMI levels, suggesting a paradox potentially explained by
differences in vascular biology, anticoagulation use, or healthcare
infrastructure. These findings underscore the need for race- and
region-specific risk stratification in AF. Despite a lower NOAF inci-
dence in Asian populations, its strong association with adverse
CV outcomes highlights the importance of long-term surveillance
and early intervention. In hypertensive Asian patients, the high
burden of AF-related stroke supports the use of tailored risk pre-
diction and prevention strategies.

Consistent with previous studies,?°?2?° older age and male
sex were strong predictors of NOAF among hypertensive patients.
In older individuals, atrial remodeling—characterized by fibro-
sis, loss of muscle mass, and disrupted cellular connectivity—
creates a substrate conducive to AF. These structural changes,
compounded by electrical remodeling and comorbidities more
prevalent in men, explain much of the observed sex difference.***
Future studies incorporating lifestyle factors, such as smoking
and alcohol use, may help elucidate the biological and behavio-
ral mechanisms driving these disparities. Clinically, our findings
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support the need for early identification and intervention in older
hypertensive men with multiple comorbidities to prevent NOAF
and its sequelae.

Comorbid CV conditions, including vascular diseases, heart
failure, and stroke, were also associated with an increased risk
of NOAF. These conditions likely contribute to atrial dysfunction
through mechanisms such as elevated left atrial pressure, altered
hemodynamics, and structural remodeling. Notably, these factors
are integral to the CHA,DS,-VASc score, which has been shown to
correlate not only with stroke risk but also with incident AF.*23
Our results highlight the importance of holistic risk assessment
and proactive management of comorbidities in hypertensive
patients.

In line with previous studies,** CKD and hyperuricemia
were independently associated with NOAF. CKD activates neu-
rohormonal pathways (e.g., RAAS, sympathetic nervous system),
induces oxidative stress, and promotes volume overload—each
of which may facilitate AF development.*® Hyperuricemia, often
a consequence of CKD, exacerbates systemic inflammation and
atrial fibrosis.*” These findings underscore a potential role for uric
acid-lowering agents as upstream therapies in AF prevention,
especially in hypertensive patients with coexisting metabolic
dysfunction.

Interestingly, patients on multiple antihypertensive medica-
tions showed a higher incidence of NOAF. While this may reflect
more severe or treatment-resistant HTN, it could also be influ-
enced by factors such as polypharmacy, medication interactions,
autonomic dysregulation, or poor adherence. Some medications,
like diuretics and alpha-blockers, may elevate AF risk via elec-
trolyte imbalances or hypotensive episodes.*®* In contrast, ACEIs,
ARBs, and BBs may offer protective effects through atrial remode-
ling and rate control.# Further investigation is warranted to deter-
mine the optimal antihypertensive regimens for AF prevention.

Whether well-controlled HTN can reduce the risk of NOAF
remains a complex question. Our findings suggest that BP con-
trol status, as defined in this study, did not meaningfully influ-
ence AF risk. This contrasts with the findings from the Systolic
Blood Pressure Intervention Trial (SPRINT),*! which demonstrated
that intensive BP control (target SBP < 120 mmHg) significantly
reduced CV events, including AF, compared to standard BP tar-
gets. A key limitation of our study is the variability and limited
reliability of office-based BP measurements in routine clinical
practice. In particular, white coat HTN is frequently encountered
in our setting, which may have contributed to misclassification
and weakened the observed associations. Notably, the inclusion
of BP control status did not materially alter the magnitude or
direction of associations observed for other covariates in the final
multivariable model. However, our findings should be interpreted
in the context of prior evidence. In our study, the number of anti-
hypertensive medications used remained relatively stable over
time, suggesting limited titration or intensification of treatment.
These findings underscore the importance of individualized HTN
management, emphasizing not only achieving BP targets but also
the optimization of drug selection and dosage adjustment to
reduce AF risk, especially in older adults.

We also observed a significant protective association between
statin use and NOAF. This aligns with previous reports link-
ing statins to reduced incidence and recurrence of AF##
Beyond lipid-lowering, statins exert pleiotropic effects—anti-
inflammatory, antifibrotic, and endothelial-stabilizing—that may
mitigate atrial remodeling.** While promising, evidence remains
inconclusive in non-ischemic populations.*~ Nevertheless, given

their broader CV benefits, statins may be considered as part of
a multifaceted AF prevention strategy in hypertensive patients,
especially those with elevated atherosclerotic risk.*

Although the use of SGLT2i and GLP-1RA was associated with
a trend toward reduced NOAF risk, the associations did not reach
statistical significance. This may be due to limited sample size,
as only 1.2% of patients were on these therapies. Mechanistically,
both drug classes improve cardiovascular outcomes through
anti-inflammatory, diuretic, and antifibrotic effects.*** Meta-
analyses of randomized controlled trials suggest a potential pro-
tective effect against AF,°***¢ but larger, well-powered studies are
needed to evaluate their role in hypertensive populations.

A novel and clinically important finding was the age-specific
relationship between BMI and NOAF. In individuals under 60, low
BMI was associated with increased NOAF risk, whereas in those
over 60, overweight and obesity were significant risk factors.
This age-BMI interaction likely reflects differing mechanisms:
in older adults, excess adiposity promotes atrial stretch, dias-
tolic dysfunction, and systemic inflammation®*°%; in younger
individuals, underweight status may reflect frailty, malnutrition,
or chronic illness, all of which can destabilize autonomic and
cardiac electrical function. A large Korean cohort study of over
132,000 individuals reported a U-shaped association between BMI
and AF risk, supporting our findings.*®

Importantly, several studies across Asia have reported similar
associations. A Taiwanese cohort study of over 64,000 patients
with type 2 DM found that underweight individuals (BMI < 18.5)
had the highest risk of AF, with a J-shaped relationship between
BMI and AF incidence and a hazard ratio of 1.52, greater than
that observed in obese individuals.®® Similarly, a study from
Guangzhou, China, reported that both underweight and obese
patients experienced higher rates of AF recurrence following
catheter ablation.®* Collectively, these findings support a consist-
ent U- or J-shaped association between BMI and AF across diverse
Asian populations, underscoring underweight status as an inde-
pendent and clinically significant risk factor for both incident
and recurrent AF. These results emphasize the importance of age-
specific BMI targets when assessing AF risk and reinforce the need
to maintain a healthy BMI as part of AF prevention strategies.®

OSA, a known AF risk factor through mechanisms like intermit-
tent hypoxia and sympathetic activation,® was not significantly
associated with NOAF in our cohort. However, OSA is often under-
diagnosed, particularly in resource-limited settings. Evidence
shows that continuous positive airway pressure therapy reduces
AF recurrence by up to 42%,% suggesting that improved screening
and treatment of OSA may be an important, yet underutilized,
component of AF prevention in hypertensive patients.

In summary, our study provides robust, region-specific evi-
dence to inform NOAF prevention strategies in Asian hypertensive
populations. It emphasizes the need for personalized, multifacto-
rial approaches—optimizing BP control, managing comorbidities,
maintaining a healthy weight, and judiciously using cardiopro-
tective medications.

Study limitations

This study, the first large-scale investigation of NOAF risk factors
in hypertensive Asian patients, has several limitations. First, as
a retrospective cohort based in a tertiary care hospital, selection
bias is possible; the patient population may not fully represent
the broader Thai hypertensive population. Second, analyses
were conducted using complete data from 99,408 of 168,441
patients, raising the potential for information bias due to missing
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or inaccurate electronic health records. Third, despite adjusting
for several key covariates, unmeasured confounding—particu-
larly lifestyle factors such as diet, physical activity, smoking, and
alcohol consumption—may have influenced the results. Fourth,
while the findings are likely generalizable to similar healthcare
settings in Thailand, extrapolation to other populations should be
made cautiously, given regional variations in genetics, healthcare
delivery, and social determinants of health. Lastly, the median
follow-up duration of 3.7 years may have been insufficient to
capture cases of late-onset NOAF, underscoring the need for
extended follow-up in future studies.

CONCLUSIONS

In this large Thai cohort, older age, male sex, abnormal BMI
(underweight or overweight/obese), and CV and metabolic
comorbidities emerged as significant risk factors for NOAF among
patients with HTN. Statin use was associated with a reduced risk,
while the effects of SGLT2i and GLP-1RA require further investi-
gation in larger and longer-term cohorts. These findings highlight
the importance of individualized, comprehensive management
strategies—including optimal BP control, weight management,
and treatment of comorbidities—to prevent AF and improve CV
outcomes. Prospective studies with longer follow-up are war-
ranted to validate these findings and refine preventive strategies
in this at-risk population.
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