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Abstract
Dabigatran is widely used for stroke prevention in atrial fibrillation (AF), but concerns remain regarding its effectiveness 
in patients with Class III obesity ( BMI ≥40 kg/m2.) We evaluated the association between dabigatran use in patients 
with AF and ischaemic stroke (IS) or transient ischaemic attack (TIA) across body mass index (BMI) categories in a 
multiethnic New Zealand population. In this retrospective nested case–control study, cases with incident IS/TIA were 
identified from the fifth Auckland Regional Community Stroke Study (1st September 2020-31st August 2021), and event-
free controls were randomly selected from the National Minimum Dataset. Multivariable logistic regression was used to 
estimate adjusted odds ratios (aORs) for IS/TIA, and effect modification by BMI catergory (< 30, 30–39.9, ≥40 kg/m2) 
was assessed using an interaction term. Among 1,854 patients with AF (295 cases, 1,559 controls), dabigatran use was 
associated with lower odds of IS/TIA (adjusted odds ratio [aOR] 0.50, 95% CI 0.38–0.68). After multivariable adjustment, 
BMI was not independently associated with IS/TIA risk. The association between dabigatran use and lower IS/TIA risk 
was similar in patients with BMI <30 and 30–39.9 kg/m2, but the point estimate shifted towards the null in patients with 
BMI ≥40 kg/m2 and was imprecise. There was no statistical evidence of effect modification by BMI (p-interaction=0.49), 
although clinically important attenuation in Class III obesity could not be excluded. In this real-world nested case–control 
study, there was no clear statistical evidence of BMI-related effect modification; however, the study had limited power 
in patients with BMI ≥40 kg/m2, and clinically important attenuation, including the possibility of no reduction in IS/TIA 
odds with dabigatran use in Class III obesity cannot be excluded.

Graphical abstract
Dabigatran use and cerebrovascular event risk across body mass index in atrial fibrillation. Graphical summary of the study 
design and main findings. In this real-world nested case–control study of patients with atrial fibrillation, dabigatran use was 
associated with lower odds of ischaemic stroke/transient ischaemic attack. There was no clear statistical evidence that BMI 
modified the association between dabigatran use and IS/TIA, although clinically important attenuation in Class III obesity 
could not be excluded.
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Introduction

Atrial fibrillation (AF) is a major cause of ischaemic stroke 
(IS) in New Zealand and worldwide [1, 2]. Obesity is an 
important and potentially modifiable risk factor for AF.[3] 
New Zealand has the third-highest adult obesity prevalence 
among the Organisation for Economic Co-operation and 
Development countries, with a marked ethnic gradient [4]. 
According to World Health Organization criteria, obesity is 
classified as Class I (body mass index [BMI] 30.0–34.9 kg/
m2), Class II (35.0–39.9 kg/m2), and Class III (≥ 40 kg/m2) 
[5]. In 2024/25, Class III obesity affected 5.8% of the total 
New Zealand population, but was more prevalent among 
Māori (10.9%) and Pacific peoples (22.7%) than among 
Europeans/others (4.9%) or Asians (1.4%) [6].

Pivotal trials of direct oral anticoagulants (DOACs) 
under-represented patients with Class III obesity. In the 
Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibril-
lation (ROCKET-AF) trial, median BMI was 28.3  kg/m2 
(IQR 25.2–32.1), while in the Dabigatran versus Warfarin 
in Patients with Atrial Fibrillation (RE-LY) trial, the mean 
body weight in the dabigatran arm was 82.5 kg (SD ±19.4); 

13.2% and 10% of participants had Class II and III obesity 
respectively [7–9]. This has raised concern regarding the 
generalisability of trial findings to patients with Class III 
obesity.

Pharmacokinetic studies have further suggested that 
dabigatran, but not the factor Xa inhibitors rivaroxaban 
and apixaban, may be associated with subtherapeutic peak 
and trough plasma concentrations in patients with Class III 
obesity and AF [10]. In 2021, the International Society on 
Thrombosis and Haemostasis (ISTH) updated its 2016 guid-
ance to support the use of the factor Xa inhibitors apixaban 
and rivaroxaban in patients with a BMI ≥40 kg/m2 for the 
prevention of venous thromboembolism, while advising 
caution with dabigatran because of limited data [10].

Observational evidence evaluating DOAC effectiveness 
in obesity has been mixed. Several studies suggest preserved 
effectiveness of DOACs across BMI strata, including Class 
III obesity, although agent-specific inference for dabigatran 
has been limited [11, 12]. In contrast, a meta-analysis of 
DOAC trial data suggested higher vascular mortality among 
participants with Class III obesity treated with dabigatran 
compared with those of normal BMI (OR 2.4 [1.42–4.05], 
although this finding was based primarily on the RE-LY trial 
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and limited numbers of patients with Class III obesity [13]. 
Collectively, these findings highlight persistent uncertainty 
regarding dabigatran effectiveness in Class III obesity.

Dabigatran is the most commonly prescribed DOAC 
in New Zealand, yet real-world data on its clinical perfor-
mance across the BMI spectrum are limited [14]. We there-
fore evaluated the association between dabigatran use and 
IS/TIA risk in patients with AF in Auckland, New Zealand, 
and examined whether this association varied according 
to BMI, with particular focus on Class III obesity (BMI 
≥40 kg/m2).

Methods

Study design and population

We conducted a retrospective nested case–control study of 
adult patients with AF residing in greater Auckland. Cases 
were patients who experienced IS/TIA during the fifth 
Auckland Regional Community Stroke Study (ARCOS 
V), surveillance period 1st September 2020 to 31st August 
2021. ARCOS is a population-based stroke/TIA registry that 
prospectively identifies all incident IS/TIA events across the 
Auckland region once every decade. ARCOS V employs 
multiple overlapping sources for case ascertainment, and all 
diagnoses undergo independent clinical adjudication using 
standardised criteria [1].

Controls were randomly selected from the New Zealand 
Ministry of Health National Minimum Dataset (NMDS), 
which captures all publicly funded hospital admissions 
nationwide. Because almost all ARCOS V cases had hospi-
tal contact, both cases and controls represent patients receiv-
ing secondary care within the three major Auckland hospital 
networks [15, 16]. Since controls were sampled from the 
same underlying population during the ARCOS V surveil-
lance period, and exposure status was ascertained prior to 
the index date, odds ratios from logistic regression approxi-
mate the relative odds of IS/TIA associated with antico-
agulant exposure in this population. We excluded patients 
with moderate-to-severe mitral stenosis or mechanical heart 
valves.

Exposure: dabigatran use

Dabigatran exposure was specified a priori as the primary 
exposure of interest, given pharmacokinetic data suggesting 
lower dabigatran plasma concentrations in obese patients, 
and was ascertained using dispensing records before the 
index/reference date: For cases, the index date was the date 
of incident IS/TIA. For controls, a reference date was ran-
domly assigned within the ARCOS V surveillance period, 

from 1 September 2020 to 31 August 2021. Exposure sta-
tus for controls was therefore assessed before this randomly 
assigned reference date, rather than across the entire surveil-
lance period.

Anticoagulant exposure was not assessed after the index 
event, as post-event prescribing does not inform pre-event 
exposure and would introduce reverse causation. Similarly, 
for controls, exposure was not assessed after the randomly 
assigned reference date. Warfarin and rivaroxaban use were 
included as separate covariates due to different pharmacoki-
netic profiles and potentially different prescribing patterns. 
Patients with no anticoagulant dispensing during the pre-
index/reference exposure-assessment window served as the 
reference group.

Anticoagulant adherence was assessed using the propor-
tion of days covered (PDC) for DOACs (dabigatran, rivar-
oxaban) and time in therapeutic range (TTR) for warfarin. 
During the study period, apixaban was not publicly funded 
in New Zealand and was therefore not included. PDC was 
calculated as the proportion of days covered by dispensed 
medication over the relevant dispensing period, with ≥80% 
indicating good control [17]. TTR was calculated using 
Rosendaal’s linear interpolation method, with ≥70% defin-
ing good control in accordance with European Society of 
Cardiology guidelines [18].

In New Zealand, prescription medicines are typically dis-
pensed in 30-day supplies. Up to five sequential dispensings 
prior to the index/reference date were identified, and the 
PDC was calculated based on the cumulative days supplied 
between dispensings, truncated at the index/reference date. 
Thus, patients were not classified as exposed on the basis 
of any historical use before the index/reference date; clas-
sification was based on dispensing during the defined pre-
index/reference exposure-assessment window; the median 
duration of which was 155 days (IQR 138–204). Variation 
in this observation length reflects differences in prescription 
dispensing frequency rather than differences in follow-up 
duration.

For warfarin, TTR was calculated using Rosendaal’s lin-
ear interpolation method from INR values and correspond-
ing test dates entered into a standard Rosendaal-method 
spreadsheet template. INR measurements from approxi-
mately 12 months before the index/reference date were used. 
The resulting TTR was categorised as good control versus 
not good control, using TTR ≥70% as the threshold. The 
individual INR dates and values, completed TTR templates, 
and continuous TTR values were not retained in the analytic 
dataset. Therefore, the number and spacing of INR measure-
ments used for each patient’s TTR calculation could not be 
summarised. Although the duration of observation differed 
between DOAC and warfarin exposure metrics, both were 
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intended to reflect usual anticoagulant exposure and control 
before the index/reference date.

Historical anticoagulant dispensing before the pre-
index/reference exposure-assessment window was not col-
lected. Therefore, patients classified as anticoagulated may 
have included both new and prevalent users, and patients 
classified as non-anticoagulated may have included both 
never-users and past users who discontinued anticoagula-
tion before the exposure-assessment window. The study 
therefore estimates the association between anticoagulant 
dispensing during the pre-index/reference exposure-assess-
ment window and IS/TIA, rather than the effect of antico-
agulant initiation.

Individual renal function values (e.g. creatinine clear-
ance) were not available; however, dabigatran dose, which 
is selected clinically based on renal function and age, was 
recorded and examined in sensitivity analyses.

Body mass index categorisation

BMI was extracted from electronic clinical records using 
the most recent documented measurement in relation to 
the surveillance period. BMI was obtained either from a 
recorded BMI value or calculated from recorded height and 
weight. Data sources included primary care referral docu-
ments, inpatient clinical observations, and measurements 
recorded in investigation reports, including echocardiog-
raphy and spirometry. For analysis, BMI was categorised 
as <30  kg/m2, 30.0–39.9  kg/m2 (Class I-II obesity), and 
≥40  kg/m2 (Class III obesity) to ensure stable estimation 
of effect modification and to reflect the clinically relevant 
threshold highlighted in ISTH guidance, which supports 
factor Xa inhibitor use but advises caution with dabigatran 
in patients with BMI ≥40 kg/m2 because of limited data [10, 
19].

Covariates

Covariates were specified a priori based on established 
associations with IS/TIA risk in AF. These included age, 
self-identified prioritised ethnicity (Māori, Pacific peoples, 
European and Others (e.g., East/South Asians, Middle 
Eastern, Latin American and African), in accordance with 
national standards), and comorbidities (left ventricular fail-
ure, hypertension, diabetes mellitus, vascular disease, and 
prior IS/TIA) [20]. Sex was coded as female or male, con-
sistent with the CHA2DS2 VASc risk score definition.

Baseline comorbidities, including prior IS/TIA, were 
ascertained from electronic clinical records up to and 
including 31st August 2020, before the start of the ARCOS 
V surveillance period. The ARCOS V index event for cases 
was therefore distinct from any prior IS/TIA recorded as a 

baseline comorbidity. Prior IS/TIA included documented 
ischaemic stroke or transient ischaemic attack before the 
surveillance period.

Individual level clinical data on AF diagnosis, and 
comorbidities, were obtained through systematic review of 
electronic clinical records, including clinician-documented 
diagnoses in discharge/clinic letters, electrocardiograms, 
echocardiograms, Holter monitors, etc. BMI was extracted 
from documented clinical measurements rather than admin-
istrative registry fields, as described above. Anticoagu-
lant exposure was ascertained separately from dispensing 
records, as described above. Administrative diagnostic 
codes and laboratory values were not used as sole criteria 
for comorbidity ascertainment. This was intended to mini-
mise misclassification and ensure consistent ascertainment 
of exposures and covariates.

This study has been approved by the Health and Dis-
ability Ethics Committee (HDEC) (ref: 2023 AM 9094) 
and Auckland University of Technology Ethics Committee 
(24/4), and granted an exemption from obtaining informed 
consent by Auckland University of Technology Ethics Com-
mittee (AUTEC) (24/4).

Statistical analysis

Continuous variables were visually assessed using histo-
grams and were non-normally distributed; they are there-
fore presented as median (interquartile range) and compared 
using the Wilcoxon rank-sum test. Categorical variables are 
presented as counts and percentages and compared using 
the chi-squared test or Fisher’s exact test, as appropriate.

Multivariable logistic regression was used to estimate 
adjusted odds ratios (aOR) and 95% confidence intervals 
(CIs) for the association between anticoagulant use and 
IS/TIA. Ethnicity was included as an adjustment variable 
because the risk of IS is higher among Māori and Pacific 
peoples than among Europeans in New Zealand cohorts 
[21].

Effect modification of dabigatran by BMI was assessed 
by including a BMI × dabigatran category interaction 
term in multivariable models adjusted for all prespecified 
covariates, including warfarin and rivaroxaban use. Sen-
sitivity analyses were performed to assess the robustness 
of the BMI × dabigatran interaction. First, BMI was mod-
elled dichotomously as <40 versus ≥40 kg/m2. Second, the 
analysis was restricted to patients receiving dabigatran or 
no anticoagulant, excluding warfarin and rivaroxaban users. 
This analysis was undertaken as a sensitivity analysis to 
address potential confounding associated with the untreated 
comparator; comparative effectiveness between individual 
anticoagulants was not the prespecified primary objective. 
Third, because dabigatran dosing is influenced by renal 
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function and age, the analysis was restricted to standard-
dose dabigatran users, defined as 150 mg twice daily, and 
non-anticoagulated patients. Fourth, because non-anticoag-
ulated patients may differ systematically from anticoagu-
lated patients, an active-comparator analysis was performed 
among anticoagulated patients only, using rivaroxaban as 
the reference anticoagulant. This active-comparator model 
was repeated with additional adjustment for good antico-
agulant control, defined as PDC ≥80% for DOAC users or 
TTR ≥70% for warfarin users.

To further address measured confounding associated with 
the untreated comparator, an inverse-probability-weighted 
sensitivity analysis was performed after excluding warfa-
rin and rivaroxaban users. Inverse sampling weights were 
first applied to account for the known sampling fractions 
of cases and controls. Within each BMI category, the pro-
pensity for dabigatran use was estimated using sampling-
weighted logistic regression including age, sex, ethnicity, 
cardiac failure, hypertension, diabetes, vascular disease, 
and prior IS/TIA. Stabilised inverse-probability-of-treat-
ment weights were calculated and truncated at the 1st and 
99th percentiles, then combined with the sampling weights. 
Covariate balance was assessed using standardised mean 
differences. The weighted BMI × dabigatran model addi-
tionally adjusted for the prespecified covariates and used 
robust standard errors.

Finally, because prior IS/TIA is a strong predictor of 
recurrent cerebrovascular events, the primary analysis 
was repeated after excluding individuals with prior IS/TIA 
recorded before 31st August 2020. Detailed results of sensi-
tivity analyses are presented in the Supplementary Material.

Model diagnostics included assessment of leverage (hat) 
values and deviance residuals to identify influential obser-
vations, and evaluation of the linearity assumption for BMI 
in the logit using a Box-Tidwell test.

This manuscript was written in accordance with strength-
ening the reporting of observational studies in epidemiol-
ogy (STROBE) recommendations for case–control studies 
[22]. All analyses were performed using Stata version 17BE 
(StataCorp, College Station, TX). The study protocol has 
been published previously [23].

Results

Patient demographics

A total of 1,908 patients with AF were identified. BMI data 
were missing in 54 patients; the proportion with missing 
BMI did not differ significantly between cases and controls 
(1.7% vs 3.4%, p=0.15) and were excluded. No missing 
data were present for other variables included in the study. 

Hence, 1,854 patients with AF were included in this analy-
sis [295 cases and 1, 559 controls]. Dabigatran dose varied 
across BMI strata, with Class III obesity patients more fre-
quently receiving standard-dose (150 mg twice daily [BD]) 
therapy and patients with normal/overweight BMI receiving 
the lower (110 mg BD) dose. Differences in comorbidities 
stratified by BMI category are demonstrated in Supplemen-
tary file, Table 1.

Baseline characteristics are shown in Table 1. Cases were 
older than controls (median 77 vs 69 years) and had higher 
rates of prior IS/TIA. The ethnic distribution differed mod-
estly between cases and controls, with a higher proportion 
of European patients among cases and a lower proportion of 
Māori and Pacific peoples compared with controls. Median 
BMI was lower in cases than controls. Overall, two-thirds 
(69.6%) of participants were prescribed an anticoagulant, 
with dabigatran being most frequently used (63.5%).

Multivariable analysis of factors associated with IS/
TIA

Table 2 presents the crude and multivariable logistic regres-
sion analyses. After adjustment for demographics, comor-
bidities, ethnicity, and anticoagulant use, BMI was not 
independently associated with IS/TIA risk. Compared with 
BMI <30 kg/m2, neither BMI 30–39.9 kg/m2 nor ≥40 kg/m2 
was associated with IS/TIA.

Among controls, anticoagulated and non-anticoagulated 
patients differed in several baseline characteristics (Supple-
mentary file, Table 2). Anticoagulated controls were older 
than non-anticoagulated controls (median age 70 years [IQR 
62–78] vs 65 years [IQR 56–75]) and had higher median 
CHA2DS2 VASc scores (3 [IQR 2–4] vs 2 [IQR 1–3]). Anti-
coagulated controls also had higher prevalences of heart 
failure, diabetes, hypertension, prior IS/TIA, and vascular 
disease. BMI differed modestly between groups, while sex 
and ethnicity distributions were similar. These differences 
indicate that anticoagulated and non-anticoagulated con-
trols were not exchangeable at baseline.

In the primary model, dabigatran use was associated with 
lower odds of IS/TIA compared with no anticoagulant use 
(aOR 0.50, 95% CI 0.38–0.68); estimates for the other anti-
coagulants as shown in Table  2. Increasing age remained 
strongly associated with IS/TIA risk (aOR per year 1.04, 
95% CI 1.03–1.05). There was no statistical evidence of 
differences in IS/TIA risk between ethnic groups after 
adjustment.

Anticoagulant control was not included in this primary 
model, as individuals not receiving anticoagulation formed 
the reference group. Model diagnostics did not identify 
influential observations based on inspection of leverage and 
deviance residuals.
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A prespecified interaction model found no statistical evi-
dence that BMI modified the association between dabigatran 
use and IS/TIA (global interaction p=0.49). Dabigatran use 
was associated with lower odds of IS/TIA in patients with 
BMI <30 kg/m2 (aOR 0.48, 95% CI 0.32–0.72) and BMI 
30–39.9 kg/m2 (aOR 0.46, 95% CI 0.29–0.74). In patients 
with BMI ≥40 kg/m2, the association was not statistically 
significant and the confidence interval was wide (aOR 0.75, 
95% CI 0.36–1.55). This subgroup included only 36 IS/TIA 
cases, of whom 19 were treated with dabigatran. Therefore, 
clinically important attenuation in Class III obesity cannot 
be excluded, and these findings should not be interpreted 
as evidence of equivalence across BMI categories (Table 3; 
Fig. 1).

Sensitivity analyses

Sensitivity analyses are shown in Supplementary file, 
Table  3. There was no clear statistical evidence of BMI-
related effect modification when BMI was modelled 
dichotomously as <40 versus ≥40 kg/m2, when the analy-
sis was restricted to patients receiving dabigatran or no 

anticoagulant, or when the analysis was restricted to stan-
dard-dose dabigatran users and non-anticoagulated patients. 
Across these analyses, estimates for the BMI ≥40  kg/m2 
subgroup remained imprecise.

In an active-comparator sensitivity analysis restricted to 
anticoagulated patients, with rivaroxaban as the reference 
anticoagulant, there was no statistical evidence that the rela-
tive association of dabigatran versus rivaroxaban with IS/
TIA varied according to BMI (global interaction p=0.58). 
Adjusted odds ratios for dabigatran versus rivaroxaban were 
0.88 (95% CI 0.50–1.56) at BMI <30  kg/m2, 1.30 (0.62–
2.73) at BMI 30–39.9 kg/m2, and 1.61 (0.45–5.79) at BMI 
≥40 kg/m2. Estimates were imprecise, particularly in Class 
III obesity, and this analysis was not powered to establish 
comparative effectiveness between individual anticoagu-
lants. Findings were similar after additional adjustment for 
good anticoagulant control.

In a further analysis excluding patients with prior IS/
TIA before ARCOS V, dabigatran remained associated 
with lower odds of IS/TIA in the BMI <30 kg/m2 reference 
group (OR 0.45, 95% CI 0.28–0.72; p=0.001), with no clear 

Table 1  Baseline characteristics of patients with atrial fibrillation, stratified by incident IS/TIA status
Variable Controls: AF without IS/TIA 

N=1,559
Cases: AF with incident IS/TIA 
N=295

p-value

Median age (IQR) years 69 (60–77) 77 (66–84) <0.001
Female n (%) 722 (46.3) 142 (48.1) 0.565
Ethnicity n (%) 0.033
European
Māori
Pacific peoples
Others

588 (37.7)
336 (21.6)
471 (30.2)
164 (10.5)

124 (42.0)
61 (20.7)
68 (23.1)
42 (14.2)

Median BMI, (IQR) kg/m2 31.4 (26.6–37.6) 29.2 (25.0–35.6) <0.001
BMI categories kg/m2 n (%) <0.001
<30 (low/normal/overweight)
30—34.9 (Class I obesity)
35–39.9 (Class II obesity)
≥40 (Class III obesity)

651 (41.7)
385 (24.6)
238 (15.2)
289 (18.5)

159 (53.9)
54 (18.3)
46 (15.6)
36 (12.2)

Comorbidities n (%)
Left ventricular failure
Hypertension
Diabetes
Vascular disease
Prior IS/TIA

292 (18.7)
986 (63.3)
460 (29.5)
462 (29.6)
247 (15.8)

47 (15.9)
204 (69.2)
91 (30.9)
94 (31.9)
85 (28.8)

0.254
0.052
0.644
0.443
<0.001

Anticoagulation n (%)
Any oral anticoagulant use 1114 (71.5) 176 (59.7) <0.001
Among anticoagulated patients
Warfarin
Rivaroxaban
Dabigatran
Good control among anticoagulated patients n (%)
DOAC
Warfarin

182 (16.3)
225 (20.2)
707 (63.5)
916/1114 (82.2)
773/932 (82.9)
143/182 (78.6)

30 (17.1)
34 (19.3)
112 (63.6)
119/176 (67.6)
107/146 (73.3)
12/30 (40.0)

0.814
0.787
0.965
<0.001
0.005
<0.001

Vascular disease: peripheral vascular disease or coronary artery disease. IQR: interquartile range. BMI: body mass index. IS: ischaemic stroke. 
TIA: transient ischaemic attack. Good control was defined as PDC ≥80% for DOAC users and TTR ≥70% for warfarin users. DOAC users 
included dabigatran and rivaroxaban users. PDC: proportion of days covered; TTR: time in therapeutic range.
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evidence of BMI-related effect modification (global interac-
tion p=0.621).

Inverse-probability weighting substantially improved 
covariate balance between dabigatran users and patients 
receiving no anticoagulant within BMI strata (Supple-
mentary Table  4). In the weighted and covariate-adjusted 
analysis, there remained no statistical evidence of BMI-
related effect modification (global interaction p=0.45). The 
ORs for dabigatran use were 0.37 (95% CI 0.24–0.57) for 
BMI <30 kg/m2, 0.54 (0.30–0.98) for BMI 30–39.9 kg/m2, 
and 0.60 (0.25–1.44) for BMI ≥40 kg/m2 (Supplementary 
Table 5).

Discussion

In this nested case–control study, there was no clear statis-
tical evidence that BMI modified the association between 
dabigatran use and IS/TIA (global interaction p=0.49). Dab-
igatran estimates were similar in patients with BMI <30 and 
30–39.9 kg/m2, but the point estimate shifted towards the 
null in patients with BMI ≥40 kg/m2. Only 36 IS/TIA cases 
had BMI ≥40 kg/m2, and the estimate in this subgroup was 
imprecise. The study therefore cannot exclude clinically 
important attenuation, including the possibility of no reduc-
tion in IS/TIA odds with dabigatran use in patients with 
Class III obesity.

Sensitivity analyses did not provide clear statistical evi-
dence of BMI-related effect modification, although several 
estimates in Class III obesity remained imprecise. Inverse-
probability weighting substantially improved measured 
covariate balance between dabigatran users and patients 
receiving no anticoagulant within BMI strata, with no 
statistical evidence of effect modification in the weighted 
analysis (global interaction p=0.45). These findings align 
with prior observational studies suggesting broadly similar 
DOAC effectiveness across BMI strata, despite pharmaco-
kinetic concerns regarding reduced dabigatran exposure in 
severe obesity. BMI itself was not independently associated 
with IS/TIA risk after multivariable adjustment (aOR 0.99, 
95% CI 0.97–1.01).

Table 2  Multivariable logistic regression model for ischaemic stroke or transient ischaemic attack
Variable IS/TIA n/N Crude OR (95% CI) aOR (95% CI) p-value
Age per year - 1.04 (1.03–1.05) 1.04 (1.03–1.05) <0.001
Female sex 142/864 1.08 (0.84–1.38) 0.94 (0.71–1.23) 0.63
Ethnicity
European
Māori
Pacific peoples
Others

124/712
61/397
68/539
42/206

Ref
0.86 (0.62–1.20)
0.69 (0.50–0.94)
1.21 (0.82–1.79)

Ref
1.32 (0.90–1.94)
0.96 (0.66–1.39)
1.32 (0.87–1.99)

0.225

BMI per kg/m2 - 0.97 (0.95–0.98) 0.99 (0.97–1.01) 0.315
BMI categories kg/m2

< 30 (normal/overweight)
30–39.9 (Class I/II obesity)
≥40 (Class III obesity)

159/810
100/719
36/325

Ref
0.66 (0.50–0.87)
0.51 (0.35–0.75)

Ref
0.85 (0.62–1.16)
0.85 (0.54–1.35)

0.572

Comorbidities
Left ventricular failure
Hypertension
Diabetes
Vascular disease
Prior IS/TIA

47/339
204/1190
91/551
94/556
85/332

0.82 (0.59–1.15)
1.30 (1.0–1.70)
1.07 (0.81–1.40)
1.11 (0.85–1.45)
2.15 (1.62–2.86)

1.15 (0.80–1.67)
1.27 (0.95–1.69)
1.13 (0.83–1.52)
0.94 (0.71–1.26)
2.21 (1.63–3.0)

0.455
0.113
0.446
0.689
<0.001

Anticoagulant type
No oral anticoagulant
Warfarin
Rivaroxaban
Dabigatran

119/564
30/212
34/259
112/819

Ref
0.62 (0.40–0.95)
0.57 (0.37–0.85)
0.59 (0.46–0.79)

Ref
0.40 (0.25–0.64)
0.44 (0.28–0.68)
0.50 (0.37–0.68)

<0.001
<0.001
<0.001

Model adjusted for age, sex, ethnicity, BMI (examined as a continuous variable and as a categorical variable in separate otherwise identical 
models), anticoagulant type, and comorbidities. BMI: body mass index. IS: ischaemic stroke. TIA: transient ischaemic attack. aOR: adjusted 
odds ratio.

Table 3  Adjusted association between dabigatran use and ischaemic 
stroke or transient ischaemic attack by body mass index category
BMI category (kg/m2) Dabigatran vs no oral 

anticoagulant, aOR 
(95% CI)*

p-value

< 30 (normal/overweight)
30–39.9 (Class I/II obesity)
≥40 (Class III obesity)

0.48 (0.32–0.72)
0.46 (0.29–0.74)
0.75 (0.36–1.55)

<0.001
0.001
0.442

Adjusted for age, sex, ethnicity, left ventricular failure, hypertension, 
diabetes, vascular disease, prior IS/TIA, and use of warfarin or riva-
roxaban. The global BMI × dabigatran interaction p-value was 0.49. 
BMI: body mass index. aOR: adjusted odds ratio.
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Dabigatran is predominantly renally cleared, and reduced 
renal function increases systemic drug exposure. Although 
individual renal function data were not available, impaired 
renal function was cited as the indication for dose reduction 
in similar proportions across BMI strata, while patients with 
Class III obesity were more frequently prescribed standard-
dose (150 mg BD) therapy (Supplementary file, Table 1). 
This may partially offset concerns regarding reduced drug 
exposure in obesity. Conversely, pharmacokinetic studies 
suggest lower peak and trough concentrations in individuals 
with higher body weight due to increased volume of distri-
bution [24]. In this context, the shift of the dabigatran point 
estimate towards the null in Class III obesity could represent 
attenuation of the association; however, the wide confidence 
interval and non-significant interaction test prevent this 
from being distinguished reliably from sampling variability.

This study has several strengths. We used detailed indi-
vidual-level data on anticoagulant type, medication cover-
age, comorbidities, BMI, and ethnicity, allowing adjustment 
for key clinical factors associated with both anticoagulant 
prescribing and IS/TIA risk. Anticoagulant exposure was 
ascertained from dispensing records before the index/
reference date, reducing reliance on self-report or clini-
cian documentation alone. IS/TIA events were indepen-
dently adjudicated by the ARCOS adjudication committee, 
enhancing outcome validity. BMI was extracted from clini-
cal records rather than administrative registry fields, allow-
ing classification across clinically relevant BMI categories, 
including Class III obesity. Multivariable models were 
prespecified and incorporated major vascular risk factors, 
allowing adjustment for important measured confounders.

This study has several limitations. The case–control 
design precludes causal inference, and residual confounding 
cannot be excluded. Adherence was derived from dispensing 

data and may not fully reflect actual medication use. This 
analysis was conducted within an existing clinically adju-
dicated AF case–control cohort and was not prospectively 
powered specifically for BMI × dabigatran interaction test-
ing. Although Class III obesity is relatively common in New 
Zealand, only 36 IS/TIA cases had BMI ≥40 kg/m2. As a 
result, estimates in this subgroup were imprecise, and clini-
cally important attenuation, or even absence, of the protec-
tive association between dabigatran use and IS/TIA cannot 
be excluded. These findings should not be interpreted as evi-
dence of equivalence across BMI categories.

Cases and controls were sampled predominantly from 
secondary care settings, which may limit generalisability 
to community AF populations, although internal validity 
is unlikely to be affected. BMI does not fully capture adi-
posity or fat distribution and may misclassify risk across 
ethnic groups, with higher lean mass at a given BMI in 
Pacific populations and greater metabolic risk at lower 
BMI in Asian populations [25, 26]. More informative mea-
sures of central adiposity, such as waist-hip ratio, were not 
available. BMI was derived from clinically recorded height 
and weight or documented BMI rather than standardised 
research measurements. Measurement source and timing 
varied between patients, which may have introduced some 
BMI misclassification.

Use of non-anticoagulated patients as the reference group 
may introduce confounding by indication and healthy-user 
or frailty-related bias. Among controls, anticoagulated 
patients were older and had higher CHA2DS2 VASc scores 
and greater comorbidity burden than non-anticoagulated 
patients, indicating that these groups were not exchangeable 
at baseline. Although we adjusted for measured demographic 
and clinical covariates and performed an inverse-probabil-
ity-weighted and active-comparator sensitivity analysis 

Fig. 1  Association between 
dabigatran use and ischaemic 
stroke or transient ischaemic attack 
across body mass index categories. 
Adjusted odds ratios (95% CI) 
were 0.48 (0.32–0.72) for BMI 
<30 kg/m2, 0.46 (0.29–0.74) for 
BMI 30–39.9 kg/m2, and 0.75 
(0.36–1.55) for BMI ≥40 kg/m2
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residual confounding remains possible. The degree of atten-
uation in Class III obesity was less marked in the weighted 
analysis, indicating that the point estimate was sensitive 
to the analytic approach. The active-comparator analysis 
reduced reliance on the untreated comparator but was lim-
ited by small numbers within treatment-by-BMI strata and 
was not powered for comparative-effectiveness inference 
between dabigatran and rivaroxaban.

For warfarin users, TTR was calculated and then catego-
rised as good control versus not good control using a thresh-
old of TTR ≥70%. The individual INR dates and values, 
completed Rosendaal templates, and continuous TTR val-
ues were not retained in the analytic dataset. We therefore 
could not summarise the number or spacing of INR mea-
surements contributing to each patient’s TTR calculation, 
nor the distribution of TTR values.

The study also included prevalent anticoagulant users. 
Historical anticoagulant dispensing before the pre-index/
reference exposure-assessment window was not collected; 
therefore, we could not distinguish new users from preva-
lent users, nor could we distinguish never-users from past 
users among patients classified as non-anticoagulated. This 
may introduce prevalent-user bias and exposure misclas-
sification, and it prevented a new-user sensitivity analysis. 
Accordingly, the findings should be interpreted as associa-
tions with recent pre-index/reference anticoagulant dispens-
ing rather than causal estimates of anticoagulant initiation. 
An active-comparator new-user design would be preferable 
for causal inference.

Finally, generalisability may be influenced by local pre-
scribing patterns, given the high use of dabigatran in New 
Zealand.

Conclusion

In summary, we found no clear statistical evidence that BMI 
modified the association between dabigatran use and risk 
of IS/TIA in patients with AF. Overall, dabigatran use was 
associated with lower odds of IS/TIA. The BMI × dabiga-
tran interaction was not statistically significant, but the point 
estimate shifted towards the null in patients with Class III 
obesity and the confidence interval was wide. Therefore, 
these findings should not be interpreted as evidence of 
equivalence across BMI categories, and clinically impor-
tant attenuation or absence of the protective association in 
patients with Class III obesity cannot be excluded. Further 
real-world studies or pooled analyses with larger numbers 
of patients with Class III obesity are warranted.
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