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Effect of age and sex on cardiovascular outcomes among patients with 
chronic lymphocytic leukemia treated with Bruton tyrosine kinase 
inhibitors: a propensity matched analysis

Abdulrahman Majrashia,b,c, Alena Shantsilaa,c, Ying X. Guea, Stella Williamsd, Gregory Y. H. Lipa,e* and 
Andrew R. Pettittd,f*
aLiverpool Centre for Cardiovascular Science at University of Liverpool, Liverpool John Moores University and Liverpool Heart & Chest 
Hospital, Liverpool, United Kingdom; bDepartment of Emergency Medical Services, College of Nursing & Health Sciences, Jazan 
University, Jazan, Saudi Arabia; cDepartment of Cardiovascular and Metabolic Medicine, Institute of Life Course and Medical Sciences, 
University of Liverpool, Liverpool, United Kingdom; dClatterbridge Cancer Centre NHS Foundation Trust, Liverpool, United Kingdom; 
eDanish Centre for Health Services Research, Department of Clinical Medicine, Aalborg University, Aalborg, Denmark; fDepartment of 
Molecular & Clinical Cancer Medicine, University of Liverpool, Liverpool, United Kingdom

ABSTRACT
The combined effect of age and sex on the risk of atrial fibrillation (AF) in patients receiving 
Bruton tyrosine kinase inhibitors (BTKi) is unclear. To address this knowledge gap, propensity 
score matching was applied to the TriNetX database to generate matched cohorts of males and 
females with chronic lymphocytic leukemia (CLL) who received ibrutinib (n = 5312) or acalabrutinib 
(n = 3110). AF events during the first three years of BTKi therapy increased with age and were 
more common in males compared to females. For ibrutinib, nearly one in three males aged ≥75 
developed AF compared with fewer than one in ten females aged 18–74. The risk of AF with 
acalabrutinib also varied with age and sex, with older males appearing more vulnerable to this 
complication compared to younger females. These findings are relevant to decision-making about 
CLL therapy options and, for patients commencing BTKi, determining appropriate cardiovascular 
assessments before and during therapy.

Introduction

Chronic lymphocytic leukemia (CLL) and its non- 
circulating counterpart, small lymphocytic lymphoma 
(SLL), are the most common types of leukemia in 
Western countries. The annual incidence of CLL is 
approximately 4.2 cases per 100,000 individuals. This 
incidence increases with age, surpassing 30 cases per 
100,000 among individuals aged 80 years and older. 
The median age at diagnosis is approximately 72 years; 
however, about 10% of patients are diagnosed before 
the age of 55 [1]. Additionally, there is a notable sex 
disparity wherein males are twice as likely to be diag-
nosed with CLL compared with females [2]. These find-
ings were recently confirmed in a study of 30,067 
unselected cases in England [3].

CLL treatment previously relied on chemoimmuno-
therapy, but recent advances have shifted the thera-
peutic landscape toward targeted agents [4]. Ibrutinib, 
the first approved Bruton’s tyrosine kinase inhibitor 
(BTKi), has significantly improved disease outcomes, 
including in patients with high-risk cytogenetic fea-
tures [5,6]. Despite these advances, ibrutinib is associ-
ated with cardiovascular adverse events, particularly 
atrial fibrillation (AF) and hypertension (HTN) [7,8], 
which can in some cases lead to treatment interrup-
tion or discontinuation [9].

To address these limitations, second-generation BTKi 
such as acalabrutinib have been developed with greater 
kinase selectivity, aiming to reduce off-target effects 
[10,11]. Comparative evidence, including the head-to-
head phase III ELEVATE-RR trial, has demonstrated a 
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lower incidence of AF and HTN with acalabrutinib rela-
tive to ibrutinib, with comparable efficacy [12]. These 
findings are corroborated by real-world studies, which 
have reported lower rates of new-onset AF and HTN 
[13] and longer treatment duration with acalabrutinib 
compared to ibrutinib [14]. While the safety profile of 
BTKi has been increasingly characterized, how these 
adverse events interact with patient-specific factors, par-
ticularly age and biological sex, remains an important 
knowledge gap.

Epidemiological data across different treatment eras 
consistently show that males have a shorter survival in 
CLL [3,15]. Advanced age has also been identified as 
an adverse prognostic factor for both overall survival 
and cause-specific mortality in CLL [3,16], with older 
patients facing additional challenges such as multi-
morbidity, polypharmacy, and diminished physiological 
resilience [17]. These factors may increase vulnerability 
to cardiovascular complications of BTKi, yet evidence 
on safety outcomes stratified by age and sex 
remains sparse.

In this context, understanding how the risk of BTKi 
toxicity is influenced by the combination of age and 
sex is crucial when weighing up risks and benefits of 
BTKi versus other treatments in individual patients 
with CLL/SLL, as well as implementing appropriate car-
diovascular monitoring before and during BTKi ther-
apy. To address this knowledge gap, the present study 
investigated the influence of sex and age on AF, HTN 
and all-cause mortality in a large population of patients 
with CLL/SLL treated with ibrutinib or acalabrutinib.

Methods

Source of data

This study was conducted using TriNetX, a federated 
research platform that provides access to de-identified 
patient data from Electronic Health Record (EHR) across 
multiple healthcare organizations while maintaining 
compliance with the Health Insurance Portability and 
Accountability Act (HIPAA) and relevant US federal 
laws. This ensures the protection of patient privacy 
and data security, as all information used in the anal-
ysis adheres to the de-identification standards outlined 
in the HIPAA Privacy Rule. The TriNetX network is 
widely utilized for scientific research and real-world 
evidence generation, with data access requiring formal 
institutional agreements. As a federated research sys-
tem, no patient-identifiable data were accessed or 
shared, and therefore, the study does not require insti-
tutional review board approval. Institutions contribut-
ing to TriNetX include academic medical centers, 

community hospitals, and healthcare organizations, 
collectively representing a large, diverse patient popu-
lation of approximately 80 million individuals, primarily 
based in the United States. The database offers access 
to a broad range of clinical and demographic data, 
including patient diagnoses recorded using 
International Classification of Diseases, Tenth Revision, 
Clinical Modification (ICD-10-CM) codes, as well as 
medication data from approximately 70 million indi-
viduals. Further information is available online (https://
open.trinetx.com/company-overview/).

Cohort selection

This study included adult patients (aged ≥18 years) 
diagnosed with CLL (ICD-10-CM: C91.1) or small B-cell 
lymphoma (ICD-10-CM: C83.0) who initiated treatment 
with ibrutinib (NLM: RXNORM: 1442981) or acalabruti-
nib (NLM: RXNORM: 1986808). Zanubrutinib was not 
included due to its relatively recent approval for CLL/
SLL, limiting the availability of sufficiently mature 
real-world data and follow-up. The patients were strat-
ified by biological sex (male or female) and further 
grouped into three age categories: all adults aged 
≥18 years, those aged 18–74 years, and those aged 
≥75 years. A cutoff age of 75 years was considered, as 
both frailty-related vulnerability and the five-year sur-
vival rate for CLL decline significantly beyond this 
point [18,19]. Thus, the 75-year cutoff may represent a 
clinically relevant marker for stratifying patient risk and 
guiding treatment decisions. An additional analysis 
restricted to patients with CLL/SLL treated with acal-
abrutinib without prior exposure to BTKi was per-
formed. All subgroup analyses by sex and age were 
exploratory and not based on formal interaction 
testing.

The index event was defined as the date of the first 
recorded prescription of either ibrutinib or acalabruti-
nib. Any diagnoses or treatments documented prior to 
the index date were considered part of each patient’s 
baseline characteristics; a minimum pre-index observa-
tion window was not imposed. The study was per-
formed in accordance with (RECORD-PE) guidelines 
[20] and complies with the checklist shown in Table S2.

Propensity score matching (PSM)

To control for the confounding variables shown in 
Tables S3-S11, PSM was conducted using logistic regres-
sion with a 1:1 greedy nearest-neighbour matching 
algorithm, thereby ensuring compatibility between 
baseline characteristics, including demographic, comor-
bidities and medication. The quality of matching was 
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assessed using absolute standardized mean differences 
(SMD), with values below 0.1 indicating an acceptable 
balance between cohorts.

Outcomes

Outcomes of interest were the cumulative event rates 
(prevalence) of AF/flutter, HTN, and cumulative 
all-cause mortality within a three-year follow-up period 
(1,095 days) from the index event, using ICD-10-CM 
Codes [Table S1]. To more precisely estimate the inci-
dence (new-onset) cardiovascular events, sensitivity 
analyses were conducted, whereby patients with a 
documented history of AF/flutter were excluded from 
analyses of AF/flutter and patients with a documented 
history of HTN were excluded from analyses of HTN 
outcome. All analyses were conducted within a fixed 
time window, beginning one day after the index event 
and extending up to 1,095 days (approximately 3 years).

Statistical analyses

Baseline characteristics were compared between male 
and female patients using the chi-squared test for cat-
egorical variables and the independent-samples t-test 
for continuous variables. Time-to-event outcomes were 
analyzed using the Kaplan–Meier method and com-
pared using the log-rank test. Univariable Cox propor-
tional hazards models were used to estimate hazard 
ratios (HRs) and 95% confidence intervals (CIs). 
Competing-risk cumulative incidence functions for AF/
flutter and HTN, accounting for death as a competing 
event, were evaluated using the Aalen-Johansen 
method in patients aged ≥75 years treated with ibruti-
nib and acalabrutinib. To assess the incidence of 
new-onset cardiovascular events, a sensitivity analysis 
was also performed that excluded patients with prior 
diagnoses of AF/flutter and HTN before the index date. 
All statistical tests were two-sided, with p-values of 
≤0.05 considered statistically significant. Analyses were 
conducted within the TriNetX platform using R version 
3.6.3 and the survival package (v3.2-3).

Results

Study population

Prior to PSM, male patients with CLL/SLL receiving 
ibrutinib showed an imbalance in some characteristics, 
such as higher prevalence of nicotine dependence, AF/
flutter, ischemic heart disease, chronic kidney disease, 
ACE inhibitor use and α‑blocker use, whereas women 
showed slightly higher rates of obesity [Figures S1-S3 

and Tables S3-S5]. In the acalabrutinib cohort, baseline 
imbalances were less marked, the most notable 
pre‑match differences being nicotine dependence, dia-
betes mellitus, and lipid‑lowering therapy. These and 
other covariates were well-balanced after PSM as indi-
cated by SMD values of ≤  0.1 [Figures S4-S6 and 
Tables S6-S8].

Following PSM, the final ibrutinib cohort consisted 
of 2,656 males and 2,656 females, including 1,139 
males and 1,139 females aged 18–74, and 642 males 
and 642 females aged ≥75. The final acalabrutinib 
cohort consisted of 1,555 males and 1,555 females, 
including 732 males and 732 females aged 18–74, and 
535 males and 535 females aged ≥75.

AF/flutter outcome among patients receiving 
ibrutinib or acalabrutinib

Among patients who received ibrutinib, the cumula-
tive event rate for AF/flutter at 3 years was 17.6% 
across the full age range, 11.1% in the 18–74 age 
group, and 27.6% in the ≥75 age group. Corresponding 
values in the sensitivity analysis which excluded 
patients with previously documented AF/flutter were 
12.5%, 8.3% and 18.0%, respectively. Within the overall 
ibrutinib cohort, the 3-year cumulative event rate of 
AF/flutter was higher among males compared to 
matched females. This was true of the full age range 
(19.0% vs 16.1%; HR 1.20 [95% CI: 1.06–1.37]; 
p  =  0.005), the 18–74 age group (13.1% vs 9.1%; HR 
1.47 [95% CI: 1.14–1.89]; p  =  0.002), and the ≥75 age 
group (31.9% vs 23.2%; HR 1.44 [95% CI: 1.17–1.78]; 
p  =  0.001) [Figure 1 and Table 1]. In the sensitivity 
analysis restricted to patients without prior AF/flutter, 
incident (new-onset) AF/flutter occurred more in males 
vs females across the full age range (14.3% vs 10.7% 
[HR 1.37 [95% CI 1.16–1.60]; p  <  0.001), in the 18–74 
age group (9.9% vs 6.7%; HR 1.54 [95% CI 1.14–2.07]; 
p  =  0.004), and in the ≥75 age group (22.0% vs 14.1%; 
HR 1.64 [95% CI 1.23–2.19]; p  =  0.001) [Figure 1 and 
Table 2].

Among patients who received acalabrutinib, the 
3-year cumulative event rate for AF/flutter was 17.3% 
across the full age range, 10.2% in the 18–74 age 
group, and 25.2% in the ≥75 age group. Corresponding 
values in the sensitivity analysis, which excluded 
patients with previously documented AF/flutter, were 
7.3%, 4.8% and 9.5%, respectively. Within the overall 
acalabrutinib cohort, there was no significant differ-
ence in the 3-year cumulative event rate for AF/flutter 
between males and matched females across the full 
age range, in the 18–74 age group, and in the ≥75 
age group [Figure 3 and Table 3]. In the sensitivity 

https://doi.org/10.1080/10428194.2026.2653123
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analysis, the incidence of (new-onset) AF/flutter was 
higher in males compared to matched females in the 
≥75 age group (12.0% vs 7.1%; HR 1.74 [95% CI 1.10–
2.76]; p  =  0.01) but not across the full age range or in 
the group aged 18–74 [Figure 3 and Table 4]. Among 
patients treated with acalabrutinib without prior BTKi 
exposure, this pattern was preserved, with no signifi-
cant sex differences and higher event rates among 
patients aged ≥75 years [Tables S12 and S13].

HTN outcome among patients receiving ibrutinib 
or acalabrutinib

Among patients who received ibrutinib, the 3-year 
cumulative event rate for HTN was 50.8% across the 

full age range, 44.1% in the 18–74 age group, and 
57.4% in the ≥75 age group. Corresponding values in 
the sensitivity analysis, which excluded patients with 
previously documented HTN, were 25.2%, 19.4% and 
26.8%, respectively. Within the overall ibrutinib cohort, 
the prevalence of HTN was not significantly different 
in males vs matched females and across age groups 
[Figure 1 and Table 1]. The observation persisted in the 
sensitivity analysis [Figure 1 and Table 2].

Among patients treated with acalabrutinib, the 3-year 
cumulative event rate for HTN was 46.9% across the full 
age range, 38.2% in the 18–74 age group, and 56.4% in 
the ≥75 age group. Corresponding values in the sensi-
tivity analysis, which excluded patients with previously 
documented HTN, were, 16.0%, 13.7% and 19.3%, 

Figure 1.  Forest plot of sex-based differences in AF and HTN among CLL/SLL patients treated with ibrutinib. Abbreviations: AF, 
Atrial Fibrillation; HTN, Hypertension; CLL, Chronic Lymphocytic Leukemia; SLL, Small Lymphocytic Lymphoma.

Table 1.  Comparative outcomes of male versus female patients with CLL/SLL treated with ibrutinib.
Outcome Male n/N (%) Female n/N (%) HR (95% CI) p-value

All Ages ≥18
 A F/Flutter 505/2,656 (19%) 428/2,656 (16.1%) 1.20 (1.06–1.37) 0.005
 H TN 1,339 / 2,656 (50.4%) 1,356 / 2,656 (51.1%) 0.97 (0.90–1.05) 0.55
 A ll-Cause Mortality 489 / 2,656 (18.4%) 443 / 2,656 (16.7%) 1.11 (0.97–1.26) 0.11
Age 18–74
 A F/Flutter 148 / 1,139 (13%) 104 / 1,139 (9.1%) 1.47 (1.14–1.89) 0.002
 H TN 505 / 1,139 (44.3%) 500 / 1,139 (43.9%) 1.02 (0.90–1.16) 0.66
 A ll-Cause Mortality 156 / 1,139 (13.7%) 124 / 1,139 (10.9%) 1.28 (1.01–1.62) 0.03
Age ≥75
 A F/Flutter 205 / 642 (31.9%) 149 / 642 (23.2%) 1.44 (1.17–1.78) 0.001
 H TN 370 / 642 (57.6%) 367 / 642 (57.2%) 0.98 (0.85–1.13) 0.81
 A ll-Cause Mortality 174 / 642 (27.1%) 145 / 642 (22.6%) 1.20 (0.96–1.50) 0.09

Abbreviations: AF, Atrial Fibrillation; HTN, Hypertension; CI, Confidence Interval; HR, Hazard Ratio.

https://doi.org/10.1080/10428194.2026.2653123
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respectively. Within the overall acalabrutinib cohort, the 
3-year cumulative event rate of HTN was not signifi-
cantly different in males vs matched females or across 
age groups [Figure 3 and Table 3]. The observation per-
sisted in the sensitivity analysis [Figure 3 and Table 4]. 
Similar findings were observed among patients treated 
with acalabrutinib without prior BTKi exposure, with 
higher HTN event rates among patients aged ≥75 years 
and no significant sex-based differences [S12 and S13].

All-cause mortality among patients receiving 
ibrutinib or acalabrutinib

Among patients treated with ibrutinib, cumulative 
mortality at 3 years was 17.6% in the overall cohort, 

12.3% in the group aged 18–74, and 24.8% in the 
group aged ≥75. Mortality was significantly higher 
among males compared to matched females in the 
18–74 age group (13.7% vs 10.9%; HR 1.28 [95% CI: 
1.01–1.62]; p = 0.03) but not in the ≥75 age group or 
across the full age range [Figure 2 and Table 1].

Among patients treated with acalabrutinib, cumula-
tive mortality at 3 years was 13.6% in the overall 
cohort, 8.6% in the 18–74 age group, and 18.7% in the 
≥75 age group. There was no significant difference in 
mortality between males and matched females across 
the full age range, in the 18–74 age group, or in the 
≥75 age group [Figure 4 and Table 3]. Among patients 
treated with acalabrutinib without prior BTKi exposure, 
all-cause mortality did not differ by sex, while higher 

Table 2.  Sensitivity analyses of incident AF/flutter and HTN in patients with CLL/SLL 
treated with ibrutinib. Prior AF was excluded for AF analyses, and prior HTN was excluded 
for HTN analyses.
Outcome Male (n/N), (%) Female (n/N), (%) HR (95% CI) p-value

All Ages ≥18
 A F/Flutter 352 / 2,462 (14.3%) 261 /2,430 (10.7%) 1.37 (1.16–1.60) <0.001
 H TN 376 / 1,416 (26.6%) 328 / 1,374 (23.9%) 1.15 (0.99–1.34) 0.06
Age 18–74
 A F/Flutter 108 / 1,087 (9.9%) 73 / 1,095 (6.7%) 1.54 (1.14–2.07) 0.004
 H TN 160 / 701 (22.8%) 147 / 683 (21.5%) 1.12 (0.89–1.40) 0.31
Age ≥75
 A F/Flutter 118 / 536 (22%) 76 / 539 (14.1%) 1.64 (1.23–2.19) 0.001
 H TN 77 / 268 (28.7%) 68 / 273 (24.9%) 1.11 (0.80–1.54) 0.50

Abbreviations: AF, Atrial Fibrillation; HTN, Hypertension; CI, Confidence Interval; HR, Hazard Ratio.

Table 4.  Sensitivity analyses of incident AF/flutter and HTN in patients with CLL/SLL 
treated with acalabrutinib. Prior AF was excluded for AF analyses, and prior HTN was 
excluded for HTN analyses.
Outcome Male (n/N), (%) Female (n/N), (%) HR (95% CI) p-value

All Ages ≥18
 A F/Flutter 108/1,326 (8.1%) 85/1,321 (6.4%) 1.30 (0.97–1.72) 0.07
 H TN 125/706 (17.7%) 100/704 (14.2%) 1.29 (0.99–1.67) 0.06
Age 18–74
 A F/Flutter 34/669 (5.1%) 30/672 (4.5%) 1.18 (0.72–1.93) 0.49
 H TN 61/405 (15.1%) 49/395 (12.4%) 1.32 (0.91–1.93) 0.14
Age ≥75
 A F/Flutter 48/400 (12%) 29/407 (7.1%) 1.74 (1.10–2.76) 0.01
 H TN 41/187 (21.9%) 30/181 (16.6%) 1.40 (0.87–2.24) 0.16

Abbreviations: AF, Atrial Fibrillation; HTN, Hypertension; CI, Confidence Interval; HR, Hazard Ratio.

Table 3.  Comparative outcomes of male versus female patients with CLL/SLL treated with 
acalabrutinib.
Outcome Male n/N (%) Female n/N (%) HR (95% CI) p-value

All Ages ≥18
 A F/Flutter 277/1,555 (17.8%) 260/1,555 (16.7%) 1.08 (0.91–1.28) 0.33
 H TN 733/1,555 (47.1%) 726/1,555 (46.7%) 1.02 (0.92–1.13) 0.63
 A ll-Cause Mortality 222/1,555 (14.3%) 201/1,555 (12.9%) 1.12 (0.93–1.36) 0.21
Age 18–74
 A F/Flutter 79/732 (10.8%) 71/732 (9.7%) 1.13 (0.82–1.56) 0.42
 H TN 274/732 (37.4%) 285/732 (38.9%) 0.98 (0.83–1.16) 0.83
 A ll-Cause Mortality 72/732 (9.8%) 54/732 (7.4%) 1.37 (0.96–1.95) 0.07
Age ≥75
 A F/Flutter 146/535 (27.3%) 124/535 (23.2%) 1.22 (0.96–1.55) 0.09
 H TN 309/535 (57.8%) 295/535 (55.1%) 1.05 (0.90–1.24) 0.48
 A ll-Cause Mortality 100/535 (18.7%) 101/535 (19.9%) 1.00 (0.75–1.32) 0.9

Abbreviations: AF, Atrial Fibrillation; HTN, Hypertension; CI, Confidence Interval; HR, Hazard Ratio.

https://doi.org/10.1080/10428194.2026.2653123
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mortality rates were observed with increasing age 
[Table S12].

Accounting for death as a competing risk using 
Aalen-Johansen cumulative incidence functions yielded 
modestly lower absolute incidence estimates for AF/
flutter and HTN among patients aged ≥75 treated with 
ibrutinib and acalabrutinib, respectively, without alter-
ing the overall patterns observed [Figures S10 and S11].

Discussion

This real-world evidence study describes previously 
unreported sex- and age-specific variations in cardio-
vascular outcomes among patients with CLL/SLL 
receiving BTKi. The study investigated separate cohorts 
of patients who received either ibrutinib or acalabruti-
nib. For each cohort, PSM was used to compare males 
and matched females for cumulative event rates for 
AF/flutter, HTN and all-cause mortality at 3 years. This 
was done across the full age range, as well as for 
18–74 and ≥75 age groups. Sensitivity analyses were 
performed that excluded patients with previously doc-
umented AF/HTN. AF and HTN were consistently more 
common in older patients receiving either ibrutinib or 
acalabrutinib. Among ibrutinib-treated patients, males 
were more likely to develop AF compared to matched 

females. This was seen across all age groups, as well as 
among patients with no prior history of AF/HTN. A 
similar trend was observed in the acalabrutinib cohort, 
although this reached statistical significance only 
among patients aged ≥75 with no prior AF. Cumulative 
event rates for HTN in the ibrutinib and acalabrutinib 
cohorts were no different between males and females. 
This was seen across all age groups, as well as among 
patients with no prior history of AF/HTN. No signifi-
cant difference in all-cause mortality was found 
between males and females, except among 
ibrutinib-treatment patients aged 18–74, where it was 
higher in males.

That the male preponderance for BTKi-induced AF 
was less evident for acalabrutinib may reflect reduced 
statistical power to detect true differences due to a 
combination of smaller sample size and a lower overall 
risk of AF. The latter has been well documented and is 
in keeping with the higher selectivity of 
second-generation BTKi [10–13]. Why males should be 
more susceptible to BTKi-induced AF is unclear. One 
possibility is that such individuals are more likely to 
have features that predispose to AF in general. In 
keeping with this, previous studies have found that 
ibrutinib-induced AF was more common in older males 
with cardiovascular disease and increased atrial size 

Figure 3.  Forest plot of sex-based differences in AF and HTN among CLL/SLL patients treated with acalabrutinib. Abbreviations: 
AF, Atrial Fibrillation; HTN, Hypertension; CLL, Chronic Lymphocytic Leukemia; SLL, Small Lymphocytic Lymphoma.
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[21–25]. The potential mechanisms through which BTKi 
trigger AF in susceptible individuals include inhibition 
of human epidermal growth factor receptor 2 (HER2) 
inhibition, which plays a key role in maintaining car-
diac myocyte homeostasis [26], or of C-terminal Src 
Kinase which has been reported to play a vital role in 
animal models of BTKi-induced AF [27].

HTN is an established toxicity of both first- and 
second-generation BTKi [28,29], where endothelial 
nitric oxide dysregulation and oxidative stress have 
been implicated as pathogenetic mechanisms. 
Although essential HTN occurs more frequently among 
males than females in the overall population, rates of 
HTN in the present study were not significantly higher 
among males in any analyses. The most plausible 
explanation for this finding is that most females in the 
present study are likely to be post-menopausal. After 
the menopause, loss of oestrogen-mediated vasodila-
tion accelerates arterial stiffening and drives a rise in 
blood pressure, resulting in a comparable HTN burden 
to that seen in males [30,31].

Our observation that all-cause mortality was no 
higher in males compared to females, except among 
ibrutinib-treated patients aged 18–74, is at first sight 
difficult to explain. However, a non-significant trend 
for higher mortality in males was seen for most other 
patient groups. This suggested that true differences 
existed across the entire population, which our study 
was insufficiently powered to detect. These differences 
could reflect higher background mortality, a higher 
rate of fatal events induced by BTKi therapy, or adverse 
CLL biology. The latter explanation is supported by 
previous studies identifying male sex as an unfavor-
able prognostic factor in CLL prior to the advent of 
BTKi [32], and in population-based analyses from 2000 
to 2019 [15].

Several limitations of the study must be acknowl-
edged. These include its limited follow-up period and 
retrospective design with the possibility of selection 
bias and imbalance in unmeasured confounding vari-
ables. The latter includes certain comorbidities, CLL 
prognostic factors and adherence to treatment. Lack of 
a minimum pre-index observation window may mis-
classify preexisting undocumented AF/HTN as 
new-onset events, potentially overestimating incidence. 
Additionally, the cause of death was not recorded, lim-
iting direct assessment of mortality due to CLL versus 
cardiovascular disease. Nevertheless, these findings are 
consistent with American College of Cardiology guid-
ance recommending cardiovascular assessment and 
monitoring in patients treated with BTKi, particularly 
those with risk factors such as older age and male 
sex [33].

In conclusion, our findings indicate that the risk of 
AF during BTKi therapy increases with age and is 
higher in males compared to females. Notably, nearly 
one in three males aged ≥75 developed AF within 
3 years of starting ibrutinib compared with less than 
one in ten females aged 18–74. While previous studies 
have reported a lower overall risk of AF with acalabru-
tinib, older males still appear to be more vulnerable to 
this complication compared to younger females. These 
considerations should be taken into account when 
choosing between different CLL therapy options and, 
for patients commencing BTKi, deciding on appropri-
ate cardiovascular assessments before and during 
therapy.
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