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After adjustment, those with DM had higher risks of all-cause death (hazard ratio
[HR]: 1.46, 95% confidence interval [Cl]: 1.28-1.66), CV death (HR: 1.53 95% ClI:
1.27-1.86), major bleeding (HR: 1.23, 95% CI: 1.01-1.48), MI (HR: 1.50, 95% ClI:
1.17-1.94) and MACE (HR: 1.42, 95% Cl: 1.23-1.63). Compared to individuals with
DM receiving oral hypoglycaemic agents, those receiving insulin alone were associ-
ated with increased risks of all-cause death (HR: 2.16, 95% Cl: 1.61-2.91), CV death
(HR: 2.24, 95% CI: 1.45-3.47), major bleeding (HR: 1.89, 95% CI: 1. 21-2.95), MI
(HR: 2.24, 95% CI: 1.31-3.82) and MACE (HR: 2.11, 95% Cl: 1.54-2.88).
Conclusions: DM was independently associated with higher risks of all-cause death,
CV death, MI, major bleeding and MACE in AF individuals. Individuals receiving insu-
lin alone were associated with higher risks of all-cause death, CV death, MI, major
bleeding and MACE.

KEYWORDS

1 | INTRODUCTION

Diabetes mellitus (DM) is an independent risk factor for atrial fibrilla-
tion (AF) and AF-related complications.>? Both conditions are associ-
ated with prevalent and incident cardiovascular disorders, and if both
are present, the risk of adverse clinical events is even greater.

Indeed, cardiovascular disease-related mortality is increased by
fourfold in individuals with DM.® Several physiologic changes in DM
individuals, such as low-grade inflammation, decreased fibrinolytic
activity and increased platelet activation, might promote adverse car-
diovascular outcomes.* Although the individual impact of AF and DM
on cardiovascular health has been extensively studied, their combined
effect has received less attention, especially with respect to the asso-
ciations between diabetes therapy and cardiovascular health.

Oral hypoglycaemic agents (OHA) and insulin are often used to
treat diabetes. Treatment with glucagon-like peptide-1 (GLP-1) recep-
tor agonists has beneficial effects on cardiovascular outcomes and
mortality in patients with type 2 diabetes.” However, insulin treat-
ment was reported to be associated with cardiovascular complica-
tions.>” Also, A meta-analysis demonstrated that intensive insulin
therapy could increase the risk of hypoglycaemia and confer no over-
all mortality benefit.® The cardiovascular safety of insulin therapy in
individuals with AF and DM remains uncertain. However, we do note
the results of the United Kingdom Prospective Diabetes Study
(UKPDS) which demonstrated, in general, that improved glycaemic
control was associated with improved cardiovascular disease
outcomes.’

This study aimed to analyse the relationship between DM and
adverse events in individuals with AF, and explore the impact of dif-
ferent antidiabetic agents on outcomes in individuals with AF and
concomitant DM enrolled in the prospective Global Registry on Long-
Term Oral Anti-Thrombotic Treatment in Patients with Atrial Fibrilla-
tion (GLORIA-AF) registry.*°

antidiabetic drug, cardiovascular disease, insulin therapy, real-world evidence

2 | METHODS
21 | Study population and selection criteria

GLORIA-AF is a large global, multicentre registry, involving patients with
newly diagnosed (<3 months before baseline visit and <4.5 months for
Latin America) nonvalvular AF. The study design has been previously
reported.!! At baseline, demographic data, general signs and history of
disease and medication were recorded. In this study, phase Ill started
from January 2014 to December 2016. Follow-up was conducted for
3 years, with scheduled visits at 6, 12, 24 and 36 months.? At baseline,
data on age, sex, race, body mass index (BMI), type of AF (paroxysmal,
persistent, permanent), smoking status, drinking status, CHA,DS,-VASc
score, comorbidities and pharmacotherapies were collected. During

follow-up, major events were recorded.

2.2 | Study groups and clinical end events

In this study, we aimed to investigate the relationship between diabe-
tes and clinical end events (including all-cause death, cardiovascular
[CV] death, myocardial infarction [MI], major bleeding, stroke, throm-
boembolism [TE] and major adverse cardiovascular events [MACE]) in
AF patients. We divided the AF population into those with DM and
those without DM at baseline. Furthermore, we explored the associa-
tion between diabetes treatment (including sole OHA, sole insulin and
combination of OHA and insulin) and clinical events in the diabetic
population. Figure 1 shows the flow chart of this study.

MI was defined as the development of significant Q-waves in at
least two adjacent electrocardiogram leads meeting the criteria as
reported previously study.’® Major bleeding was defined according
to the International Society of Thrombosis and Haemostasis classifica-

tion.** Stroke was defined as the acute onset of a focal neurological
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20 020 newly diagnosed nonvalvular AF
patients from GLORIA-AF Registry III

15 861 patients included

12 195 AF patients without diabetes

3666 AF patients with diabetes

1940 DM patients treated
with OHA only

333 DM patients treated
with insulin only

357 DM patients treated with
both of OHA and insulin

FIGURE 1

Flow chart. GLORIA-AF, Global Registry on Long-Term Oral Anti-Thrombotic Treatment in Patients with Atrial Fibrillation;

AF, atrial fibrillation; DM, diabetes mellites; OHAs, oral hypoglycaemic agents.

deficit of presumed vascular origin lasting 24 h or more, or resulting in
death, including ischaemic stroke, haemorrhagic stroke and uncertain
classification. For other composite outcomes, TE was defined as the
sum of stoke, transient ischemic attack and non-central nervous sys-
tem atrial embolism. MACE was defined as the composite events of
M, stroke and CV death.

2.3 | Statistical analysis

Continuous variables were represented by mean (t+standard deviation
[SD]) and median (interquartile range [IQR]) as appropriate and com-
pared using t-test or Kruskal-Wallis test for normal and parametric
indices, respectively. Categorical variables were represented as fre-
quencies (%) and were compared by Pearson's chi-squared test.

Kaplan-Meier curves were constructed to estimate the cumula-
tive incidence of clinical events and were tested by log-rank test. Uni-
variable and multivariable Cox regression models were utilized to
evaluate the association between (1) DM and clinical end events, and
(2) DM treatment and clinical end events, using hazard ratio (HR) and
95% confidence interval (Cl).

In the Cox regression models, we established four models to elimi-
nate confounding factors. Model 1 was univariable model; model 2 was
adjusted by basic information, including age, sex, BMI, race, alcohol and
smoking status and type of AF (paroxysmal, persistent, permanent);
model 3 was further adjusted by comorbidities and history of adverse
events, including hypertension, hyperlipidaemia, coronary artery disease
(CAD), chronic heart failure (CHF), history of TE and history of major

bleeding. Model 4 was further adjusted for baseline pharmacotherapy,
including angiotensin-converting enzyme inhibitor (ACEI), angiotensin Il
receptor blocker (ARB), beta-blocker, statin, antiarrhythmic drug (AAD),
aspirin and oral anticoagulants (OAC). Additionally, subgroup analyses
were conducted to determine whether the effects were consistent
across different populations. For sensitivity analysis, propensity score
(PS) matching was conducted using the confounding factors mentioned
above to further control for confounders that may affect the prescription
choice. Based on PS, patients with AF were matched into the two
groups: (1) individuals with diabetes and those without diabetes (1:1
matched); (2) DM patients receiving OHAs and those receiving insulin
(1:1 matched); DM patients receiving OHAs and those receiving both
insulin and OHAs (1:1 matched) using the nearest-neighbour method.
Standardized mean differences (SMD) were calculated to compare the
distributions of covariates between the two groups.

All analyses were performed by R (version 4.2.1). The value of
p < 0.05 was considered as statistically significant.

3 | RESULTS

3.1 | Analysis of DM and non-DM
3.1.1 | Diabetes and clinical events in individuals
with AF

Table 1 shows the baseline characteristics of the study cohort. In
total, 15861 individuals with AF were included (mean age
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TABLE 1 Baseline characteristics of atrial fibrillation (AF) patients with diabetes or without diabetes.

Characteristic Overall, N = 15 861 No diabetes N = 12 195 Diabetes N = 3666 p-Value

Age 0.4
Mean (SD) 70.0 (10.2) 69.90 (10.4) 70.0 (9.5)
Median (25%, 75%) 71.0 (64.0, 77.0) 71.0 (64.0, 77.0) 71.0 (64.0, 77.0)

Sex <0.001
Male 8708 (55%) 6541 (54%) 2167 (59%)
Female 7153 (45%) 5654 (46%) 1499 (41%)

Race <0.001
White 11 766 (74%) 9110 (75%) 2656 (72%)
Arab or Middle East 24 (0.2%) 19 (0.2%) 5(0.1%)
Asian 3234 (20%) 2472 (20%) 762 (21%)
Black or Afro-Caribbean 279 (1.8%) 184 (1.5%) 95 (2.6%)
Others 558 (3.5%) 410 (3.4%) 148 (4.0%)

Smoking status <0.001
Never smoked 9299 (59%) 7259 (60%) 2040 (56%)
Ex-smoker 5019 (32%) 3742 (31%) 1277 (35%)
Current smoker 1543 (9.7%) 1194 (9.8%) 349 (9.5%)

Alcohol status <0.001
No alcohol 7250 (46%) 5382 (44%) 1868 (51%)
<1 drink/week 4012 (25%) 3060 (25%) 952 (26%)
1-7 drinks/week 3436 (22%) 2777 (23%) 659 (18%)
28 drinks/week 1163 (7.3%) 976 (8.0%) 187 (5.1%)

BMI <0.001
Mean (SD) 28.7 (6.4) 28.0(5.9) 30.8(7.2)
Median (25%, 75%) 27.6 (24.5, 31.6) 27.1(24.2,30.8) 29.4(25.9, 34.3)

Type of AF 0.2
Paroxysmal AF 9164 (58%) 7081 (58%) 2083 (57%)
Persistent AF 5238 (33%) 4019 (33%) 1219 (33%)
Permanent AF 1459 (9.2%) 1095 (9.0%) 364 (9.9%)

CHA2DS2-VASc score < 0.001
Mean (SD) 3(1) 3(1) 4(1)
Median (P25, P75) 3(2,4) 3(2,4) 4(3,5)

CHA2DS2-VASc score class, n (%) <0.001
High (Score 22) 13 479 (85%) 9901 (81%) 3578 (98%)
Moderate (Score = 1) 2382 (15%) 2294 (19%) 88 (2.4%)

Previous disease, n (%)
Hypertension 11 853 (75%) 8736 (72%) 3117 (85%) <0.001
Hyperlipidaemia 6493 (41%) 4431 (36%) 2061 (56%) <0.001
Coronary artery disease 3060 (19%) 2064 (17%) 996 (27%) <0.001
Congestive heart failure 3342 (21%) 2407 (20%) 935 (26%) <0.001
Thromboembolism 2239 (14%) 1709 (14%) 530 (14%) 0.5
Previous bleeding 876 (5.5%) 661 (5.4%) 215 (5.9%) 0.3

Oral anticoagulation, n (%)
No OAC 2844 (18%) 2278 (19%) 586 (15%) <0.001
VKA 3566 (22%) 2648 (22%) 918 (25%)
Apixaban 3353 (21%) 2567 (21%) 786 (21%)
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TABLE 1 (Continued)

Characteristic Overall, N = 15 861

Dabigatran 2878 (18%)
Rivaroxaban 2991 (19%)
Edoxaban 229 (1.4%)

Pharmacotherapy, n (%)

Antiarrhythmic drugs 3847 (24%)
Any antiplatelet drug use 4212 (27%)
ACEIl use 4706 (30%)
ARB use 4105 (26%)
Beta-blocker use 10 004 (63%)
Statin 7379 (47%)
Aspirin use 3786 (24%)

Follow-up duration, mean (SD) 1034.8 (186.0)

Antidiabetic treatment

OHA only 1940 (73.8%)
Insulin only 333 (12.7%)
Both of OHA and insulin 357 (13.6)

No diabetes N = 12 195 Diabetes N = 3666 p-Value
2271 (19%) 607 (17%)

2255 (18%) 736 (20%)

176 (1.4%) 53 (1.4%)

3001 (25%) 846 (23%) 0.058
3081 (25%) 1131 (31%) <0.001
3445 (28%) 1261 (34%) <0.001
2937 (24%) 1168 (32%) <0.001
7600 (62%) 2404 (66%) <0.001
5125 (42%) 2254 (61%) <0.001
2785 (23%) 1001 (27%) <0.001
1039.1 (179.4) 1020.5 (205.9) <0.001
- 1940 (73.8%)

- 333 (12.7%)

= 357 (13.6)

Note: Continuous variables were presented by mean (SD) and median (IQR). Catalogue variables were presented by frequency and percentage (n%).
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin Il receptor blocker; BMI, body mass index; IQR,
interquartile range; OAC, oral anticoagulation; OHA, oral hypoglycaemic agents; SD, standard deviation; VKA, vitamin K antagonists.

TABLE 2 Three-year cumulative incidence rate of clinical events
in patients with diabetes and without diabetes.

No diabetes Diabetes (3-year

(3-year cumulative

cumulative incidence

incidence rate %) rate %) p-Value
All-cause death 815 (6.7%) 375 (10.0%) <0.001
Cardiovascular 353 (2.9%) 179 (4.9%) <0.001
death
Major bleeding 404 (3.3%) 166 (4.5%) <0.001
Myocardial 188 (1.5%) 104 (2.8%) <0.001
infarction
Stroke 301 (2.5%) 115 (3.1%) 0.026
Thromboembolism 317 (2.6%) 118 (3.2%) 0.044
MACE 696 (5.7%) 328 (8.9%) <0.001

Note: MACE is the composite event of myocardial infarction, stroke or
cardiovascular death.
Abbreviation: MACE, major adverse cardiovascular events.

69.97 years + SD 10.21 years; 55% male), and 3666 (23.11%) had
DM. Compared with patients without DM, patients with DM were
more likely to be male (59% vs. 54%), with higher BMI (30.80 + 7.17
kg/cm? vs. 28.04 + 5.94 kg/cm?), CHA,DS,-VASc score (4.04 + 1.48
vs. 2.86 + 1.39) and had more comorbidities, including hypertension
(85% vs. 72%), hyperlipidaemia (56% vs. 36%), CAD (27% vs. 17%)
and CHF (26% vs. 20%). DM patients had greater use of antiplatelet
drugs (31% vs. 25%), ACEI (34% vs. 28%), ARB (32% vs. 24%), beta-
blockers (66% vs. 62%) and statins (61% vs. 42%).

312 |
follow-up

Incidence rate of clinical events during

Table 2 shows the cumulative incidence rate of outcomes during the
3-year follow-up. Event rates were higher in individuals with DM: all-
cause death (10% vs. 6.7%, p < 0.001), CV death (4.9% vs. 2.9%,
p < 0.001), major bleeding (4.5% vs. 3.3%, p <0.001), Ml (2.8%
vs. 1.5%, p <0.001), stroke (10% vs. 6.7%, p = 0.026), TE (3.2%
vs. 2.6%, p = 0.044) and MACE (8.9% vs. 5.7%, p < 0.001). Kaplan-
Meier curves show that AF patients with DM had higher cumulative
hazards of all-cause death (p < 0.001), CV death (p < 0.001), major
bleeding (p <0.001), MI (p<0.001), stoke (p=0.018), TE
(p = 0.032) and MACE (p < 0.001) (Figure 2A-F).

3.1.3 | Univariate and multivariate analyses

Figure 3 shows the associations between DM and clinical events. The
univariable Cox regression model (model 1) indicated that DM was
associated with a higher risk of all-cause death (HR: 1.56, 95% ClI:
1.38-1.77), CV death (HR: 1.72, 95% Cl: 1.44-2.06), major bleeding
(HR: 1.4, 95% Cl: 1.17-1.67), stroke (HR: 1.29, 95% Cl: 1.04-1.61), TE
(HR: 1.26, 95% CI: 1.02-1.56), MI (HR: 1.88, 95% Cl: 1.48-2.39) and
MACE (HR: 1.61, 95% Cl: 1.41-1.84).

Using multivariable Cox models that adjusted for age, sex, race,
BMI and smoking/alcohol status, model 2 yielded similar results. After
adjustment for comorbidities (model 3) and pharmacotherapies (model
4), only DM was associated with all-cause death (HR: 1.46, 95% Cl:
1.28-1.66), major bleeding (HR: 1.23, 95% CI: 1.01-1.48), MI
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FIGURE 2 MACE is the composite of myocardial infarction, stroke and cardiovascular death. A-G: cumlative hazard of clinical adverse events,
including all-cause death (A), cardiovascular death (B), major bleeding (C), stroke (D), thromboembolism (E), myocardial infarction (F) and MACE

(G). Abbrevation: MACE: major adverse cardiovascular events.

(HR: 1.50, 95% Cl: 1.17-1.94), CV death (HR: 1.53, 95% Cl: 1.27-
1.86) and MACE (HR: 1.42, 95% CI: 1.23-1.63).

3.1.4 | Sensitivity analysis

Subgroup analyses are shown in supplementary Table S1, including
sex, age, region, race, OAC therapy and type of AF. No significant
interactions were noted between DM and outcomes in all subgroups
(all pinteraction >0.05).

Individuals with DM and non-DM were matched by age, sex, race,
BMI, smoking/alcohol status, comorbidities and pharmacotherapies
(all SMD <0.01, Supplementary Table S2). After PSM, individuals with
DM were associated with higher risk of all-cause death, CV death, Ml
and MACE (Supplementary Figure S1).

3.2 | Analysis of DM treatment
3.2.1 | Incidence rate of clinical end events in
patients both with AF and DM

In individuals with AF and DM, 333 (12.7%) took only insulin, 1940
(73.8%) took OHA only and 357 (13.6%) received OHA and insulin to
treat their DM (Supplementary Table S3). Compared to individuals
receiving OHA, individuals with DM solely managed with insulin had
higher incidence rates of all-cause death (20% vs. 8.1%; p < 0.001),

CV death (9.9% vs. 3.5%; p < 0.001), major bleeding (8.4% vs. 4.2%;
p = 0.003), Ml (6.3% vs. 2.4%; p < 0.001) and MACE (18% vs. 7.6%;
p < 0.001).

3.2.2 | Multivariable analysis
Supplementary Figure S2 shows the associations between clinical
outcomes and DM treatment. After adjustment for sex, age, race,
BMI, alcohol/smoking status, type of AF, comorbidities and phar-
macotherapy, compared with patients with only OHAs, patients
solely managed with insulin to treat DM had increased risks of all-
cause death (HR: 2.16, 95% Cl: 1.61-2.91), CV death (HR: 2.24,
95% Cl: 1.45-3.47), major bleeding (HR: 1.89, 95% Cl: 1.21-2.95),
Ml (HR: 2.24, 95% Cl: 1.31-3.82) and MACE (HR: 2.11, 95% ClI:
1.54-2.88).

Patients receiving both OHA and insulin had higher risks of all-
cause death (HR: 1.74, 95% Cl: 1.25-2.41) and CV death (HR: 1.74,
95% Cl: 1.07-2.84) compared to patients receiving only insulin, but

with lower HRs.

3.2.3 | Sensitivity analysis
Sensitivity analyses were performed using subgroup analysis
and PSM. There was no interaction between the type of AF

(paroxysmal/non-paroxysmal AF) and diabetes treatment for all
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HR 95% CI
Model 1
All cause death 1.56 1.38,1.77 —a—
CV death 1.72 1.44, 2.06 ——
Major bleeding 1.40 1.17,1.67 —a—
Stroke 1.29 1.04, 1.61 —a—
TE 1.26 1.02, 1.56 —a—
Ml 1.88 1.48, 2.39 —a—
MACE 1.61 1.41,1.84 ——
Model 2
All cause death 1.58 1.40, 1.80 —a—
CV death 1.75 1.45,2.10 —a—
Major bleeding 1.36 1.13, 1.63 —a—
Stroke 1.30 1.04, 1.62 —a—
TE 1.29 1.04, 1.60 —a—
M 1.83 1.43,2.34 —a—
MACE 1.60 1.40, 1.83 ——
Model 3
All cause death 1.45 1.27,1.65 ——
CV death 1.52 1.26, 1.84 ——
Major bleeding 1.24 1.02, 1.49 ——
Stroke 1.19 0.95, 1.49 —a—
TE 1.20 0.96, 1.49 —a—
Ml 1.52 1.18, 1.95 —a—
MACE 1.41 1.23, 1.62 ——
Model 4
All cause death 1.46 1.28, 1.66 ——
CV death 1.53 1.27, 1.86 —a—
Major bleeding 1.23 1.01, 1.48 —a—
Stroke 1.19 0.95,1.49 ——
TE 1.22 0.98, 1.52 ——
Ml 1.50 1.17,1.94 —a—
MACE 1.42 1.23,1.63 ——
1I 1I5 ; 2I5
Diabetes vs. No diabetes
FIGURE 3 Forest plot of analysis of risk of clinical end events in

AF patients by multivariable cox regression comparing diabetes and
no diabetes (reference). Model 1: Univariable model. Model 2:
Adjusted by age (275 years old), sex, body mass index (BMI), alcohol
status, smoking status, race (Asian/not Asian) and type of AF. Model
3: Model 2 and hypertension, hyperlipidaemia, coronary artery
disease, chronic heart failure, TE and previous bleeding. Model 4:
Model 3 and angiotensin-converting enzyme inhibitor (ACEI),
angiotensin |l receptor blocker (ARB), beta-blocker, statin, aspirin, oral
anticoagulation and arrhythmic drugs. TE is a composite event of any
stroke, TIA or non-CNS arterial embolism. MACE is a composite event
of M, stroke or CV death. AF, atrial fibrillation; Cl, confidence
interval; CNS, central nervous system; CV death, cardiovascular
death; HR, hazard ratio; MACE, major adverse cardiovascular events;
MI, myocardial infarction; TE, thromboembolism; TIA, transient
ischaemic attack.

outcomes (all pinteraction >0.05) (Supplementary Table S4). After
PSM, patients receiving insulin alone had increased risks of all-
cause death, CV death, major bleeding, Ml and MACE, compared to
those receiving OHAs, which is similar with the results of the multi-
variable analysis (Supplementary Figure S3; Supplementary
Table S5).

4 | DISCUSSION

This study demonstrates significant associations between DM and
increased risks of mortality and cardiovascular events in patients with
AF. Consistent with prior research, our findings underscore the inde-
pendent risk posed by DM, even after adjustment of patient charac-
teristics, comorbidities and pharmacotherapy. Of note, in patients
with both AF and DM, sole insulin use, when compared with those
without DM treatment, was associated with adverse outcomes,
including all-cause mortality, CV death, MI, major bleeding and MACE.

Previous studies have demonstrated a direct association between
AF and diabetes.?*>'¢ DM is an independent risk factor for AF and is
included in the CHA,DS,-VASc score.! This study, using a global pro-
spective multicentre registry, confirms that DM increases the risk for
poor prognosis, including all-cause mortality and cardiovascular
events. Consistent with our study, the ACCORD trial reported an
increased risk of all-cause death (HR: 2.36, 95% Cl: 1.8-3.86) and Ml
(HR: 2.1, 95% Cl: 1.33-3.31) in AF patients with DM compared to
those without DM.Y” Similarly, the multicentre Swizz-AF study sug-
gested that the presence of diabetes was also associated with Ml
(odds ratio: 1.55, 95% Cl: 1.18-2.03) and heart failure (odds ratio:
1.99,95% Cl: 1.57-2.51).*®

In our study, univariate regression analysis found that DM is a risk
factor for stroke. However, after adjustment for comorbidities (includ-
ing previous stroke), diabetes was no longer independently associated
with stroke or TE. First, a history of stroke or comorbidities also have
a significant association with the risk of subsequent stroke (“stroke
begets stroke”), and stroke already accounts for 2 points in the
CHA,DS,-VASc score. In addition, the percentage of patients receiv-
ing oral anticoagulation was high, which might alleviate the risk of
stroke. By contrast, one study with 44 451 AF patients found that
both pre-diabetes and diabetes were independently associated with
an increased risk of stroke after multivariable adjustment”; however,
the overall use of oral anticoagulant was much lower (40%) in that
study compared to GLORIA-AF (80%), which might explain the differ-
ent findings.

In our AF cohorts, patients receiving insulin alone were associated
with an increased risk of adverse clinical events compared to DM
patients not receiving OHAs or insulin. Consistent with our findings,
insulin treatment has been associated with a higher risk of MlI, stroke
and TE events compared to noninsulin treatment in patients with AF
and diabetes.?°=22 A study by Gamble et al. reported that higher insu-
lin exposure was associated with increased mortality.?® These poten-
tial adverse effects of insulin could be attributed to many
mechanisms, including endothelial dysfunction, inflammation and oxi-
dative stress and atherogenic progression.2*~2¢ Importantly, exoge-
nously administered insulin has a different (and perhaps suboptimal)
metabolic profile compared to endogenous secretion. Indeed, high
concentrations of peripherally delivered insulin bypass hepatic first-
past metabolism leading to relatively unrestrained hepatic glucose
production, whereas over-insulinisation of peripheral tissue increases

the risk of clinically significant hypoglycaemia.2” However, insulin use
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may also reflect the phenotype of patients with more advanced diabe-
tes and greater B-cell failure. This would be more likely associated
with greater diabetes complications (macro- and microvascular dis-
ease), which would be a risk factor for poor outcomes.

Interestingly, we found that the combination of insulin and OHA
was associated with relatively lower risks of adverse events than sole
insulin. This suggests that OHA could alleviate the adverse effect of
sole insulin use. Indeed, some oral antidiabetic drugs have been
shown to significantly reduce cardiovascular events; for example, Sat-
tar et al. reported that GLP-1 receptor agonists reduced all-cause
mortality by 12% (HR: 0.88, 95% Cl: 0.82-0.94) and hospital admis-
sion for heart failure by 11% (HR: 0.89, 95% Cl: 0.82-0.98).2 Another
meta-analysis showed that sodium/glucose cotransporter 2 (SGLT2)
inhibitors reduced the risk of cardiovascular death or hospitalisation
for heart failure by 23% (HR: 0.77, 95% Cl: 0.71-0.84).2* Thus, OHAs,
especially GLP-1 receptor agonists or SGLT2 inhibitors, are preferably
recommended by current guidelines due to their CV death benefits.?’

4.1 | Strengths and limitations
Our study has several strengths. First, this study, based on the global
GLORIA-AF registry, prospectively included a large number of AF
patients with detailed follow-up records. Second, a high percentage of
patients in our study received anticoagulation (>80%), and 60% used
non-vitamin K oral anticoagulants. These findings underscore the
importance of implementing personalized management strategies in
AF patients with DM to mitigate their heightened risk of cardiovascu-
lar complications and mortality. This aligns with the current holistic or
integrated care approach for AF management, including proactive
comorbidities management.>°3 This is important given the multimor-
bidity, frailty and polypharmacy commonly seen in patients with
AF with or without DM, with implications for treatments and
outcomes.32734
Our study also has limitations. Unfortunately, detailed measures
of DM were lacking in the GLORIA-AF registry, including severity, gly-
cated haemoglobin, DM aetiology and duration, hypoglycaemic events
and the dosing of OHA and insulin which may have confounded our
results, especially for the associations between treatment and out-
comes. Second, precise analyses of the impact of other factors associ-
ated with DM treatment would require more data, such as DM
duration and glycaemic control.3>¢ Finally, the impact of other novel

diabetes treatments, including SGLT2,%” remains unexplored.

5 | CONCLUSION

DM was independently associated with a higher risk of all-cause
death, CV death, MI, major bleeding and MACE in patients with AF. A
higher risk of all-cause death, MI, major bleeding, stroke, and MACE
was associated with patients with AF and DM receiving insulin alone.
For patients receiving both insulin and OHAs, no significant associa-

tions with these adverse outcomes were found.
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