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ORIGINAL RESEARCH

Declining Incidence of Atrial  
Fibrillation–Associated Ischemic Stroke in 
Auckland, New Zealand (2012 Versus 2021)
Karim M. Mahawish , MBChB; Rita Krishnamurthi , PhD; Alan Davis , MBChB; Claudia Zagreanu , PhD; 
Irene Zeng , PhD; Harvey D. White , MBChB, DSc; Valery Feigin , PhD

BACKGROUND: Atrial fibrillation (AF) is a major cause of ischemic stroke (IS), and this risk can be substantially reduced with oral 
anticoagulants (OACs). Using the population-based ARCOS (Auckland Regional Community Stroke) study, we investigated 
the temporal trends in AF-associated IS.

METHODS: We analyzed ARCOS IV (March 2011–February 2012) and ARCOS V (September 2020–August 2021). AF-
associated IS incidence was compared using Poisson exact methods. Regional OAC dispensing trends were also evaluated. 
Propensity score–weighted logistic regression estimated the marginal association between cohort and AF-associated IS 
after standardizing for vascular risk factors. Interaction tests were performed for ethnicity, and sex-specific differences were 
assessed using heterogeneity testing. OAC-associated intracerebral hemorrhage rates were also examined.

RESULTS: Among 1694 (ARCOS IV) and 1982 (ARCOS V) IS cases, the proportion of AF-associated IS declined from 32.4% to 
21.5% (−10.8% [95% CI −13.7 to −8.0], P<0.0001). Crude AF-associated IS incidence fell from 49.0 to 32.7 per 100 000 popula-
tion. A larger decline occurred in women (relative risk, 0.56) than men (relative risk, 0.76; p=0.02 for heterogeneity). Temporal 
reductions differed by ethnicity, with greater decline in the “Other” ethnicity categories, but not in Māori or Pacific peoples. 
During the same period, patients dispensed OACs increased from 1094 to 1928 per 100 000 (P<0.001). OAC-associated 
intracerebral hemorrhage increased from 2.1 to 3.6 per 100 000, equating to 11 IS cases prevented per excess intracerebral 
hemorrhage.

CONCLUSION: AF-associated IS incidence declined in Auckland between 2012 and 2021, during a period of substantially 
increased community OAC use. Persistent ethnic inequities and sex-specific variation highlight the need for improved AF 
detection, risk stratification, and prevention strategies.
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Atrial fibrillation (AF) is a leading cause of ischemic 
stroke (IS) worldwide, and the burden has risen 
with time due to an aging population and trends 

in cardiovascular risk factors.1 IS resulting from AF is 
associated with greater disability and death than non–
AF-associated IS.2 In one retrospective cohort study 
of 739 695 New Zealanders, AF was found to affect 

≈1.7% of the population, signaling its substantial health 
burden.3 Oral anticoagulants (OACs; eg, warfarin, 
dabigatran, and rivaroxaban) are the primary strategy 
for IS prevention, reducing the risk by approximately 
two-thirds compared with a 22% risk reduction with 
aspirin.4 However, these drugs increase the risk of 
intracranial and systemic hemorrhage, necessitating 
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careful patient selection to ensure a favorable risk–ben-
efit balance. Direct OACs (DOACs; eg, dabigatran and 
rivaroxaban) for stroke prevention offer the advantage 
of a fixed dosing schedule, with less frequent blood 
monitoring compared with warfarin. Trials of DOACs 
versus warfarin have demonstrated at least noninfe-
riority, with the added benefit of a 50% reduction in 
intracranial hemorrhage.5 Further, real-world data 
demonstrate higher rates of adherence to DOACs.6 
Warfarin remains the preferred option in patients with 

mechanical heart valves or moderate to severe mitral 
stenosis.

Despite the rising prevalence of AF, international data 
demonstrate a decline in the rates of AF-associated IS. 
We previously reported international data demonstrat-
ing an annual 2% relative reduction in incident IS rates 
in patients with AF between 1992 and 2021, coincid-
ing with increased OAC use.7 The data showed little 
variance, indicating that the trend was independent of 
geographical location.

In July 2011, dabigatran became funded in New 
Zealand for stroke prevention in patients with AF, fol-
lowed by rivaroxaban in August 2018.8 Subsequently, 
the number of people taking OACs in New Zealand 
increased from 46 000 in 2011 to 105 000 by 2021, 
driven by the increased use of DOACs, while warfarin 
use decreased by 50%.8

Ethnicity is an important social determinant of health 
in New Zealand, with well-documented disparities in 
stroke incidence and outcomes. Including ethnicity in 
risk adjustment is critical to evaluate and address these 
disparities in AF-associated IS.9 Auckland’s popula-
tion is ethnically diverse, comprising ≈12% Māori, 14% 
Pacific peoples, 37% Asian, and 38% and European or 
“Other” (eg, Indian and Chinese) ethnicities.10

The ARCOS (Auckland Regional Community Stroke) 
study is a 4-decade study that identifies all stroke and 
transient ischemic attack (TIA) events occurring during 
a 12-month period once every decade. It is internation-
ally recognized as an ideal registry containing compre-
hensive data on patient demographics, comorbidities, 
and outcomes. The target population covers the well-
defined geographical area of the Auckland region.11,12 
Complete case ascertainment is ensured through 
multiple overlapping sources of information on all new 
hospitalized or nonhospitalized cases (eg, private hos-
pitals, general practice, and coroner/autopsy reports). 
All residents meeting the inclusion criteria are included, 
even if their stroke occurs outside the Auckland region, 
while those whose strokes or TIAs occur in Auckland 
but reside outside the region are excluded.

This study used data from ARCOS IV (March 1, 
2011–February 29, 2012) and ARCOS V (September 
1, 2020–August 31, 2021) to examine trends in AF-
associated IS in Auckland, stratified by age, sex, and 
ethnicity. We also determined rates of OAC-associated 
intracerebral hemorrhage (ICH) in patients with AF. 
Population estimates for Auckland, 1 119 192 (ARCOS 
IV) and 1 346 900 (ARCOS V), were applied, as previ-
ously reported.11

METHODS
This study has been approved by the Health and 
Disability ethics committee (reference: 2023 AM 9094) 

CLINICAL PERSPECTIVE

What Is New?
•	 In a population-based stroke registry spanning a 

decade in Auckland, New Zealand, the propor-
tion and incidence of atrial fibrillation–associ-
ated ischemic stroke declined by approximately 
one-third, while regional oral anticoagulant use 
increased substantially.

•	 Propensity-weighted and sensitivity analyses 
confirmed that the decline was not explained by 
differences in patient risk profiles or causal clas-
sification, indicating a genuine population-level 
reduction.

What Are the Clinical Implications?
•	 Persistent ethnic disparities and sex-specific dif-

ferences in temporal trends highlight the need for 
improved atrial fibrillation detection, risk stratifica-
tion, and equitable prevention strategies.

Nonstandard Abbreviations and Acronyms

ARCOS	 Auckland Community Stroke 
Study

CHA2DS2-VASc	 congestive heart failure, 
hypertension, age ≥75 years, 
diabetes, previous stroke or 
transient ischemic attack, 
vascular disease, age 65 to 
74 years, and sex category

DOAC	 direct oral anticoagulant
ICH	 intracerebral hemorrhage
IPW	 inverse probability weighting
IRR	 incidence rate ratio
IS	 ischemic stroke
NMDS	 National Minimum Dataset
OAC	 oral anticoagulant
TOAST	 Trial of Org 10172 in Acute 

Stroke Treatment
TTR	 time in therapeutic range
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and the Auckland University of Technology ethics 
committee (24/4) and granted an exemption from 
obtaining informed consent. Anonymized data from this 
study will be made available from the corresponding 
author on reasonable request and subject to 
institutional and ethical approval. All methods used in 
the analysis are described in the article.

We included data from ARCOS IV and ARCOS V of 
patients with IS and ICH. We collected data on demo-
graphics, including prioritized self-identified ethnicity 
(ie, Māori, Pacific peoples, “Other,” eg, Indian and 
Chinese, and European). Comorbidities (including 
AF and stroke subtype) and antithrombotic medica-
tion were extracted from the ARCOS data set for this 
study. The interval between AF diagnosis and incident 
IS was not available for all patients. “AF-associated 
IS” was defined pragmatically as any incident stroke 
occurring in a patient with a documented diagnosis 
of AF before or during the index stroke admission, 
regardless of presumed mechanism. This approach 
aligns with prior ARCOS analyses and enables direct 
comparison between ARCOS IV and ARCOS V. All 
suspected strokes were adjudicated by stroke physi-
cians in the ARCOS Stroke Adjudication Committee, 
using standardized criteria to confirm stroke diagnosis 
and clinical subtype where possible, as per the meth-
ods detailed in the ARCOS V paper.11 For context, 
we also obtained data from the Ministry of Health’s 
National Minimum Dataset (NMDS) on the number 
of Auckland patients hospitalized with AF in 2011 
and 2020, as well as data from the Pharmaceutical 
Collection on the number of patients dispensed at 
least three anticoagulant prescriptions during each 
respective calendar year.

DOAC adherence was measured using the propor-
tion of days covered and, for warfarin users, time in 
therapeutic range (TTR). The proportion of days cov-
ered was calculated by dividing the total days covered 
by medication within a given timeframe by the number 
of days in that timeframe; a proportion of days cov-
ered rate of ≥80% is considered good adherence.13 
TTR represents the proportion of international normal-
ized ratio values within the therapeutic range, using 
Rosendaal linear interpolation method. This method 
estimates the time spent within the target international 
normalized ratio range by interpolating between ob-
served values.5,14 According to European Society of 
Cardiology guidelines, ≥70% defines good TTR.5

Outcomes
The primary outcome was the incidence of AF-
associated IS, comparing the ARCOS IV and ARCOS 
V cohorts. Secondary outcomes included the inci-
dence of OAC-associated ICH in patients with AF and 
the ethnic-specific adjusted odds of AF-associated IS.

Statistical Analysis
Continuous variables are summarized as means (SDs) 
for normally distributed data and as medians (interquar-
tile ranges [IQRs]) for nonnormal data, and compared 
using t test or Wilcoxon rank sum tests, respectively. 
Categorical variables are displayed as frequencies (per-
centages) and differences between cohorts were com-
pared using χ2 or Fisher exact tests as appropriate.

Logistic regression was used to assess associa-
tions between cohort (ARCOS IV versus ARCOS V) 
and AF-associated IS, adjusting for age, sex, ethnicity, 
and comorbidities (congestive heart failure, hyperten-
sion, age, diabetes, previous IS or TIA, and vascular 
disease). The linearity assumption for age was evalu-
ated with both the Box-Tidwell approach and graphical 
assessment of the relationship between age and the 
logit of the outcome (lowess-smoothed plot). Model as-
sumptions were assessed by examining residual plots, 
influential observations, and variance inflation factors 
(<2). Prestroke OAC use was excluded because it was 
collinear with cohort and lies on the causal pathway, 
making it inappropriate for adjustment in these mod-
els. Since each cohort represented a complete 1-year 
ascertainment period, time to event adjustment was 
unnecessary.

In addition, we conducted a post hoc analysis 
to estimate the association between cohort period 
(ARCOS V versus ARCOS IV) and AF-associated 
IS. Patients in ARCOS V had a lower overall vascu-
lar risk profile compared with patients in ARCOS IV, 
which may confound the association between cohort 
and AF-associated IS. Hence, we applied inverse 
probability weighting (IPW) using propensity scores 
derived from age, sex, and vascular risk factors (car-
diac failure, hypertension, diabetes, previous IS/
TIA, vascular disease) to balance baseline vascular 
risk between cohorts. Weighted logistic regression 
model was then applied to estimate the association 
between cohort period (ARCOS IV versus ARCOS V) 
and AF-associated IS. The resultant odds ratio (OR) 
represents the marginal association (the population-
average effect on the outcome), between cohort 
period and AF-associated IS after standardizing for 
baseline vascular risk factors. Because OAC use was 
not modeled as an exposure, the analysis does not 
quantify the effect of anticoagulation, and causal in-
ference regarding the contribution of OAC to the tem-
poral decline is not possible.

To assess ethnic differences while accounting for 
differences in baseline vascular risk, IPW were con-
structed using a multinomial logistic regression with 
ethnicity as the dependent variable and the CHA2DS2-
VASc covariates (age, sex, and comorbidities) as 
predictors following standard methods.15 Stabilized 
weights were calculated as the overall proportion of 
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each ethnic group divided by its predicted probabil-
ity from the model. Weighted logistic regression was 
then used to estimate marginal (population-average) 
associations between ethnicity and AF-associated IS. 
Covariate balance among ethnic groups was assessed 
using IPW means and standardized mean differences.

Given the observed sex difference in the reduc-
tion of AF-associated IS, we conducted a post hoc 
population-level analysis comparing incidence ratios 
between men and women among ARCOS IV and 
ARCOS V. Using sex-specific numerator and denomi-
nator data, we calculated incidence ratios for each sex 
and formally tested for heterogeneity in the magnitude 
of decline. This analysis quantifies sex-specific differ-
ences in population incidence trends but cannot ad-
dress individual-level causal mechanisms.

To account for the possibility that patients with AF 
may experience stroke from competing mechanisms, 
we conducted a sensitivity analysis restricted to cardi-
oembolic and AF-associated IS using the ARCOS data 
sets and Auckland population data. We examined the 
proportion of all IS classified as cardioembolic accord-
ing to the Trial of Org 10172 in Acute Stroke Treatment 
(TOAST) classification, a standardized system for cate-
gorizing ischemic stroke subtypes based on presumed 
cause (eg, large-artery atherosclerosis, cardioembolism, 
small-vessel occlusion, other determined, or undeter-
mined causes).16 We also determined the proportion of 
AF-associated IS cases adjudicated as cardioembolic. 
This allowed us to assess whether temporal trends were 
influenced by changes in causal classification.

We calculated crude incidence per 100 000 pop-
ulation for each 12-month period and derived exact 
Poisson 95% CIs using standard methods for small 
event counts; cohort differences were compared using 
incidence rate ratios (IRRs).17 Proportions within the 
stroke case series (eg, the percentage of all cases clas-
sified as cardioembolic) are presented descriptively.

We assessed the distribution of baseline CHA2DS2-
VASc scores among patients with AF-associated IS in 
ARCOS IV and ARCOS V to examine potential differ-
ences among ethnic groups. Scores were calculated 
using standard criteria, assigning 1 point for age 65 to 
74 years and 2 points for age ≥75 years.18 Ethnicity was 
included as a covariate in our risk-adjustment models 
to account for its role as a social determinant of health, 
reflecting disparities in access to care, diagnosis, and 
management of comorbidities that may contribute 
to stroke risk in AF. To explore the impact of earlier 
vascular risk onset in Māori and Pacific populations, 
we also recalculated CHA2DS2-VASc scores using a 
modified age threshold, assigning 1 point for age 55 
to 74 years, while retaining 2 points for age ≥75 years. 
Distributions of standard and modified scores were 
compared among ethnic groups using histograms and 

distribution plots to assess whether the modified age 
threshold aligned score distributions reflective of the 
risk of AF-associated IS.

This study used data routinely collected as part 
of clinical care, with minimal missing values. A com-
plete case analysis approach was used. All statistical 
analyses were performed using Stata BE version 17 
(StataCorp). A 2-sided P value <0.05 was considered 
statistically significant.

The study was conducted and reported in accor-
dance with the STROBE (Strengthening the Reporting of 
Observational Studies in Epidemiology) guidelines.19

RESULTS
Study Population
We identified 1694 and 1982 patients with IS in ARCOS 
IV and ARCOS V, respectively, including 548 and 427 
AF-associated IS cases. A flow diagram of study 
participants is presented in Figure 1.
The median age in of patients with AF-associated 
IS remained static (P=0.82). The proportion of AF-
associated IS declined between the 2 cohorts: 32.4% 
to 21.5% (−10.8% [95% CI, −13.7 to −8.0], P<0.0001). 
There was no significant difference between ethnic 
groups in the 2 cohorts (P=0.11). Data on patients with 
AF are summarized in Table 1.

Predictors of AF-Associated IS
In univariate analyses (Table  2), older age, female sex, 
cardiac failure, hypertension, prior IS or TIA, and vascu-
lar disease were associated with increased odds of AF-
associated IS within the stroke cohort. Model diagnostics 
supported the adequacy of the logistic model: the Box-
Tidwell test showed no violation of the linearity assumption 
for age (P=0.56), and a lowess plot confirmed an approxi-
mately linear relationship with the logit. No evidence of 
multicollinearity was detected (mean VIF, 1.07; all <1.5). 
Pearson residuals were symmetrically distributed, lever-
age values were uniformly low (<0.01), and no influential 
observations were identified, indicating good model fit.

In multivariable analyses adjusting for age, sex, eth-
nicity, and comorbidities, older age remained significantly 
associated with higher odds of AF-associated IS (adjusted 
OR [aOR], 1.05 per year [95% CI 1.04–1.06], P<0.001). 
The association with female sex was attenuated and no 
longer significant (aOR, 1.06 [95% CI, 0.91–1.25], P=0.46). 
Compared with Europeans, Māori and Pacific peoples 
had significantly higher adjusted odds (aOR 2.07 [95% CI 
1.52–2.84], P<0.001; and aOR, 1.68 [95% CI, 1.29–2.18], 
P<0.001, respectively), while the “Other” ethnic group re-
mained lower (aOR, 0.54 [95% CI, 0.42–0.7], P<0.001). 
The reversal of direction for Māori and Pacific peoples be-
tween the unadjusted and adjusted models likely reflects 
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differences in baseline vascular risk, as well as unmea-
sured confounders that contribute to the ethnic disparities 
described above. Cardiac failure and vascular disease 

remained significant predictors in the adjusted models 
(aOR, 2.6 [95% CI, 2.13–3.33], P<0.001; and aOR, 1.26 
[95% CI, 1.06–1.15], P<0.001, respectively). Hypertension, 

Figure 1.  Flow diagram of study participants in ARCOS IV and ARCOS V.
AF indicates atrial fibrillation; ARCOS, Auckland Regional Community Stroke; and OAC, oral 
anticoagulant.

Table 1.  Baseline Characteristics of Patients With AF in ARCOS IV and ARCOS V

Variable ARCOS IV (n=1694) ARCOS V (n=1982) Mean change (95% CI), P value

AF, n (%) 548 (32.4) 427 (21.5) −10.8% (−13.7 to −8.0), P<0.0001

Women 313 (37.1) 206 (22.1) −15.1% (−19.3 to −10.9), P<0.0001

Men 235 (27.6) 221 (21.1) −6.5% (−10.4 to −2.6), P<0.001

Ethnic group, n (%) P=0.11

European 402 (73.4) 294 (68.9)

Māori 34 (6.2) 44 (10.3)

Pacific peoples 65 (11.9) 55 (12.9)

“Other” (eg, Chinese and Indian) 47 (8.6) 34 (8.0)

Age, median (IQR), y 80 (71–86) 80 (70–87) P=0.82

Comorbidities, n (%)

Cardiac failure 137 (25.0) 37 (8.7) P<0.001

Hypertension 390 (71.2) 252 (59.0) P<0.001

Diabetes 120 (21.9) 107 (25.1) P=0.25

Previous IS/TIA 202 (36.9) 122 (28.6) P=0.0064

Vascular disease (eg, heart/peripheral arterial 
disease)

194 (35.4) 130 (30.4) P=0.1

CHA2DS2-VASc, mean (SD) 4.4 (1.8) 3.8 (1.7) P<0.0001

Prestroke OAC, n (%) 102 (18.6) 208 (48.7) 30.1% (24.4–35.9), P<0.0001

Women 54 (17.3) 95 (46.1) 28.9% (20.8–36.9), P<0.0001

Men 48 (20.4) 113 (51.1) 30.7% (22.3–39.1), P<0.0001

Antiplatelet use, n (%) 293 (53.5) 96 (22.5) −31.0% (−36.7 to −25.2), P<0.0001

Good OAC control, n (%) 36/91 (39.6) 73/105 (69.5) 30.0% (16.6–43.3), P<0.0001

Good OAC control is defined as the proportion of days covered ≥80% for those taking DOACs or time in therapeutic range ≥70% for those taking warfarin. 
AF indicates atrial fibrillation; ARCOS, Auckland Regional Community Stroke; CHA2DS2-VASc, congestive heart failure, hypertension, age ≥75 years, diabetes, 
previous stroke or transient ischemic attack, vascular disease, age 65 to 74 years, and sex category; IQR, interquartile range; OAC, oral anticoagulant; IS, 
ischemic stroke; and TIA, transient ischemic attack.
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diabetes, and prior IS or TIA were not significantly asso-
ciated with AF-associated IS after adjustment. Detailed 
findings are presented in Table 2.

Importantly, the 2020 to 2021 cohort (ARCOS V) 
was associated with a significantly lower risk of AF-
associated IS compared with the 2011 to 2012 cohort, 
independent of age, sex, ethnicity, and vascular risk 
factors (aOR, 0.63 [95% CI, 0.54–0.74], P<0.001).

IPW Analysis
The unadjusted OR for AF-associated IS in ARCOS V 
versus ARCOS IV was 0.57 (95% CI, 0.5–0.67; P<0.001). 
In the IPW analysis, the distribution of stabilized weights 
was well-behaved (range, 0.29–2.27; mean, 1.20 [SD, 
0.99]), suggesting minimal influence from extreme 
weights; therefore, no trimming was required. After 
propensity score weighting, baseline characteristics 
were well balanced between the 2 cohorts (Table S1). 
All standardized mean differences were <10%, and 
variance ratios for continuous variables were close to 1, 
indicating effective minimization of confounding.

The IPW analysis, the weighted odds of AF-
associated IS remained significantly lower in ARCOS 

V compared with ARCOS IV (OR, 0.66 [95% CI, 
0.56–0.77], P<0.001). The attenuation of the effect 
after weighting (OR from 0.57 to 0.66) suggests that 
part of the observed reduction in AF-associated IS 
was attributable to lower baseline vascular risk in 
ARCOS V. Since OAC use was not included as an 
exposure in the weighting model, this analysis does 
not quantify the impact of anticoagulation on AF-
associated IS and cannot be used to draw causal 
conclusions.

IPW analysis was used to estimate the marginal 
(population-average) association between ethnic-
ity and AF-associated IS, standardizing for age, 
sex, and vascular comorbidities. After weighting, 
the associations were attenuated but remained el-
evated for Māori (OR, 1.52 [95% CI, 1.08–2.14]), and 
borderline for Pacific peoples (OR, 1.31 [95% CI, 
0.96–1.79]), while the “Other” group showed lower 
odds (OR, 0.53 [95% CI, 0.41–0.69]) compared with 
Europeans (Table 2, Figure S1). The stabilized weight 
distribution was well-behaved (mean±SD, 1.00±0.61; 
range, 0.19–7.46), indicating good model perfor-
mance and overlap among ethnic groups, with no 
trimming required.

Table 2.  Univariate and Multivariable Logistic Regression Analyses of Predictors of AF-Associated IS

Covariate Crude OR (95% CI) P value Adjusted OR (95% CI) P value

ARCOS V (logistic regression) 0.57 (0.50–0.67) <0.001 0.63 (0.54–0.74) <0.001

ARCOS V (IPW) As above … 0.66 (0.56–0.77) <0.001

Ethnic group (logistic regression)

Europeans (ref) (reference)

Māori 0.97 (0.74–1.28) 0.84 2.07 (1.52–2.84) <0.001

Pacific 0.85 (0.68–1.06) 0.15 1.68 (1.29–2.18) <0.001

“Other” 0.4 (0.32–0.51) <0.001 0.54 (0.42–0.70) <0.001

Ethnic group (IPW) As above …

Europeans (reference) …

Māori 1.52 (1.08–2.14) 0.017

Pacific 1.31 (0.96–1.80) 0.09

“Other” 0.53 (0.32–0.68) <0.001

Age 1.05 (1.04–1.05) <0.001 1.05 (1.04–1.06) <0.001

Women 1.31 (1.13–1.51) <0.001 1.06 (0.91–1.25) 0.46

Comorbidities

Cardiac failure 3.62 (2.87–4.56) <0.001 2.6 (2.03–3.33) <0.001

Hypertension 1.22 (1.05–1.42) 0.011 0.92 (0.79–1.09) 0.35

Diabetes 0.82 (0.69–0.97) 0.019 0.87 (0.72–1.05) 0.15

Previous IS/TIA 1.43 (1.22–1.68) <0.001 1.12 (0.95–1.34) 0.17

Vascular disease (eg, ischemic heart/
peripheral arterial disease)

1.74 (1.48–2.04) <0.001 1.26 (1.06–1.50) <0.001

Prestroke OAC use in AF 15.8 (12.3–20.4) <0.001 … …

Antiplatelet use 0.98 (0.85–1.14) 0.82 … …

Multivariable model adjusted for age, sex, ethnicity, cardiac failure, hypertension, diabetes, prior IS/TIA, and vascular disease. Prestroke OAC use was 
excluded from the adjusted model due to collinearity and causal pathway considerations. AF indicates atrial fibrillation; ARCOS, Auckland Regional Community 
Stroke; IPW, inverse probability weighting; IS, ischemic stroke; OAC, oral anticoagulant; and TIA, transient ischemic attack.
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Sensitivity Analysis: Role of 
Cardioembolism
We found no significant differences in the proportions 
of all patients with IS attributed to cardioembolism 
among ARCOS IV and ARCOS V. The proportions 
of AF-associated IS cases adjudicated as cardioem-
bolic were also similar between cohorts (72.4% versus 
72.3%; OR, 1.0 [95% CI, 0.92–1.08], P=0.97), indicating 
no change in the relative contribution of cardioembo-
lism among patients with AF-associated IS. However, 
because the overall number of AF-associated IS cases 
declined, the population incidence of cardioembolic 
AF-associated IS also fell significantly (IRR, 0.65 [95% 
CI, 0.56–0.75], P<0.0001). Data are summarized in 
Table 3.

Anticoagulant Medication
Warfarin was the only anticoagulant used in the ARCOS 
IV cohort. TTR was available for 91 patients in ARCOS 
IV for the 6 months prior and was 61.1% (SD, 20.4). 
Only 36 (39.6%) had good control (ie, TTR ≥70%).

A total of 166 patients with AF from ARCOS V were 
randomly selected for subgroup analysis of OAC ad-
herence. Of these, 105 (63.3%) were taking an OAC; 
dabigatran 64 (61%), rivaroxaban 22 (21%), warfarin 19 
(18%). Although apixaban is available in New Zealand, 
it is not publicly funded. Of patients with AF taking war-
farin in ARCOS V, 6 (31.6%) patients had good control, 
a similar proportion to the ARCOS IV cohort (P=0.61), 
while 67 of 86 (77.9%) of patients taking a DOAC had 
good control (ie, proportion of days covered ≥80%) in 
the months before IS. In ARCOS V, use of DOACs was 
associated with a 2.5-fold higher likelihood of achieving 
good control than warfarin (relative risk [RR], 2.47 [95% 
CI, 1.26–4.83], P=0.0001).

Sex- and Ethnic-Specific Differences With 
Anticoagulant Use
Using sex-specific population denominators for 
each cohort, women showed a larger decline in AF-
associated IS incidence between ARCOS IV and 

ARCOS V (RR, 0.56) than men (RR, 0.76). A formal 
heterogeneity test confirmed that the magnitude of 
reduction differed significantly by sex (P=0.02).

The higher likelihood (odds) of AF-associated 
stroke in Māori and Pacific peoples, despite similar 
anticoagulation rates (Figure S2), suggests that cur-
rent risk stratification tools may underestimate stroke 
risk in these populations. To assess whether temporal 
trends differed by ethnicity, we performed a subgroup 
analysis testing for interaction between the ARCOS 
cohort and ethnicity on AF-associated IS. No signif-
icant interaction was observed for Māori or Pacific 
peoples. In the “Other” ethnicity group, however, the 
reduction in AF-associated IS between cohorts was 
greater (OR, 0.55 [95% CI, 0.34–0.92], P=0.02), indi-
cating heterogeneity in temporal trends among ethnic 
groups.

In AF-associated IS, European patients exhibited an 
approximately normal distribution of CHA2DS2-VASc 
scores using standard criteria, with scores spanning 
the full range (Figure  S3A). In contrast, Māori and 
Pacific patients demonstrated skewed distributions 
with clustering at lower scores, reflecting younger age 
at stroke despite the presence of other vascular risk 
factors. When applying the modified age threshold 
of 55 to 74 years, the distributions of CHA2DS2-VASc 
scores in Māori and Pacific patients shifted toward a 
more normal distribution, aligning more closely with 
the European pattern (Figure S3B).

Population-Level Trends
Auckland data from the Ministry of Health’s NMDS 
and Pharmaceutical Collection demonstrate a relative 
reduction in the incidence of AF hospitalizations per 
100 000 population between 2011 and 2020 (IRR, 
0.95 [95% CI, 0.92–0.98], P=0.002), despite an 
increase in absolute admissions from 6528 to 7454 
due to population growth. During the same period, 
community dispensing data show that the number 
of patients receiving anticoagulants increased from 
12 238 to 25 967, a 76% increase (IRR, 1.76 [95% CI, 
1.73–1.80] P<0.001).

Table 3.  Sensitivity Analysis of the Role of Cardioembolism as the Mechanism of IS

Variable
ARCOS IV, 
n=1694

ARCOS V, 
n=1982

Proportion ratio 
(95% CI, P value)

ARCOS IV 
Incidence/100 000 
(95% CI)

ARCOS V 
Incidence/100 000 
(95% CI)

IRR (95% CI, P 
value)

TOAST criteria: 
Cardioembolism

500 (27.4%) 544 (25.5%) 0.93 (0.84–1.03)
P=0.17

44.7 (40.8–48.6) 40.4 (37.0–43.8) 0.90 (0.80–1.02)
P=0.11

AF-associated IS 548 (32.4%) 427 (21.5%) 0.67 (0.60–0.74)
P<0.0001

49.0 (44.9–53.1) 31.7 (28.7–34.7) 0.65 (0.57–0.73)
P<0.0001

AF-associated IS: 
TOAST criteria -  
cardioembolism

396/548 (72.4%) 309/427 
(72.3%)

1.0 (0.92–1.08)
P=0.97

35.4 (31.9–38.9) 22.9 (20.4–25.5) 0.65 (0.56–0.75)
P<0.0001

Incidence calculated per 100 000 population for each 12-month cohort and IRR estimated by Poisson regression. TOAST classification: a standardized 
system for categorizing ischemic stroke subtypes taken from the Trial of Org 10172 in Acute stroke Treatment. AF indicates atrial fibrillation; ARCOS, Auckland 
Regional Community Stroke; IRR, incidence rate ratio; IS, ischemic stroke; and TOAST, Trial of Org 10172 in Acute Stroke Treatment.
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Using Auckland population estimates, the crude 
incidence of IS remained stable between the 2 pe-
riods, 147 per 100 000 and 151 per 100 000, in 
ARCOS V and ARCOS IV, respectively (IRR, 1.03 
[95% CI, 0.81–1.3], P=0.34), while AF-associated IS 
fell from 49.0 to 31.7 per 100 000 (IRR, 0.65 [95% 
CI, 0.57–0.73], P<0.0001). Among patients with AF 
receiving OACs, we identified 23 incident ICH cases 
in ARCOS IV and 49 in ARCOS V. Thus, at the popu-
lation level, in OAC-treated patients with AF, ICH rose 
from 2.1 to 3.6 per 100 000 (IRR, 1.77 [95% CI, 1.09–
2.91], P=0.022), with a net 11 IS cases prevented 
per excess hemorrhage (Figure  2). Among patients 
with ICH and AF treated with OACs, patients taking 
warfarin had significantly higher odds of ICH com-
pared with those taking DOACs (OR, 2.11 [95% CI, 
1.10–4.06], P<0.05).

DISCUSSION
Between ARCOS IV and ARCOS V, AF-associated IS 
declined markedly at the population level. Propensity 
score weighting showed that this reduction was not 
attributable to differences in age, sex, or comorbidity 
burden, as weighted and adjusted estimates remained 
highly consistent. The decline occurred alongside 
a substantial increase in OAC use regionally, and al-
though causality cannot be established, the pattern is 
consistent with extensive evidence supporting antico-
agulation for AF-related stroke prevention. Notably, the 
modest rise in OAC-associated ICH was greatly out-
weighed by the reduction in AF-associated and cardi-
oembolic IS.

The observed greater stroke risk reduction in women 
may reflect higher baseline risk of AF-associated IS, 

resulting in a greater absolute benefit from OAC ther-
apy. Biological differences in thromboembolic suscep-
tibility, recent trends in reduced overall vascular risk, 
and residual confounding may also contribute. These 
findings align with prior evidence supporting sex-
specific variation in AF-related stroke risk and treat-
ment response.20,21

Other findings in this study included the lower ICH 
risk with DOACs compared with warfarin. While this 
study reassuringly provides evidence of increased ap-
plication of guideline-directed antithrombotic therapy 
for AF, it also identifies that more than half of people 
who have known AF and subsequent IS are not receiv-
ing OACs before their stroke event. This suggests there 
is room for further gain.

Although OAC use increased similarly among all 
ethnic groups between ARCOS IV and ARCOS V, 
Māori and Pacific peoples continued to have higher 
adjusted odds of AF-associated IS after accounting 
for age, sex, and comorbidities, suggesting that fac-
tors beyond anticoagulation contribute to persistent 
inequities. We acknowledge that ethnicity is a social 
construct and, to our knowledge, no ethnicity-based 
biological mechanisms explain the increased risk of 
stroke in AF. However, ethnic differences in outcomes 
and treatment disparities in New Zealand stem from 
health inequities in healthcare delivery and are critical 
social determinants of health, with comorbidities such 
as heart failure, diabetes, and hypertension potentially 
being undetected for longer or suboptimally managed. 
The significant interaction in the “Other” ethnicity 
group, but not for Māori and Pacific peoples, supports 
this interpretation, but should be interpreted cautiously 
due to small group size and potential instability of the 
estimates.

We also found that Māori and Pacific patients 
with AF-associated IS tend to have lower CHA2DS2-
VASc scores driven by younger age at presentation. 
Reclassifying age ≥55 years as meeting age criterion 
resulted in a more uniform score distribution among 
ethnic groups. These findings are consistent with 
findings in a Taiwanese cohort, where lowering the 
CHA2DS2-VASc age threshold to ≥50 years led to an 
improved risk classification and was associated with 
a 30% reduction in IS risk.22 Although this stroke-only 
cohort cannot evaluate CHA2DS2-VASc predictive 
performance, these observations support the hypoth-
esis that the score may underestimate stroke risk in 
younger high-risk Māori and Pacific patients. Local re-
calibration or ethnic-specific adaptation of existing risk 
scores may improve stratification and reduce inequi-
ties in AF-related stroke prevention.

Strengths of this study include the use of a large, 
ethnically diverse, population-based stroke registry 
with rigorous case ascertainment, enabling accurate 
assessment of AF-associated stroke trends over time. 

Figure 2.  Population-level change in IS and OAC-associated 
ICH incidence among patients with atrial fibrillation.
ARCOS indicates Auckland Regional Community Stroke; ICH, 
intracerebral hemorrhage; IS, ischemic stroke; and OAC, oral 
anticoagulant.
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We applied IPW to adjust for vascular risk factor dif-
ferences between cohorts, enhancing internal validity. 
We also examined temporal trends in OAC prescribing 
in parallel with changes in AF-associated and cardi-
oembolic stroke incidence, providing population-level 
context for the observed decline without implying 
causal effects.

A major limitation of this study is its observational, 
post hoc design, which may result in inaccurate esti-
mates due to unmeasured or unknown confounders, 
despite propensity weighting. These factors limit the 
ability to establish causality. In addition, the absence 
of a stroke-free AF cohort precluded estimation of 
absolute stroke risks and numbers needed to treat 
with OAC. The classification of AF-associated IS re-
lied on clinical adjudication and available documen-
tation, introducing potential misclassification bias. 
In New Zealand, individuals may identify with mul-
tiple ethnicities. For this analysis, we used the con-
vention of prioritized ethnicity to align with national 
data reporting; however, this approach may mask 
multiethnic identities. Finally, the generalizability of 
our findings may be limited to the New Zealand/
Auckland context, necessitating validation in other 
regions to assess broader applicability. Nonetheless, 
integrating population-level stroke trends with con-
temporaneous prescribing patterns offers valuable 
epidemiological insight into how anticoagulation 
practices and AF-related stroke burden have evolved 
over time.

CONCLUSIONS
AF-associated IS incidence in Auckland declined 
between the 2 periods, coinciding with increased 
OAC use at the population level. Persistent ethnic 
disparities in AF-associated IS risk underscore the 
need for tailored AF detection, risk stratification, and 
management to achieve equity. Future work linking 
individual-level AF prevalence, comorbidities, and an-
ticoagulation data will be essential to determine the 
drivers of temporal change and to identify opportuni-
ties for targeted prevention, particularly among Māori 
and Pacific peoples.
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