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ABSTRACT

Background

Atrial fibrillation (AF) is a major cause of stroke and heart failure, often remaining undiagnosed
when asymptomatic. Patients with Type 2 diabetes mellitus (T2DM) are at increased risk due to
metabolic and structural cardiac alterations, yet the true prevalence of silent AF within this group
remains uncertain. This study aimed to determine the prevalence of silent AF using extended Holter
monitoring and to identify clinical and echocardiographic predictors among T2DM patients in the
United Kingdom.

Methods

This prospective multicentre cohort study was conducted across three NHS hospitals between
January 2023 and June 2025. A total of 420 adults with T2DM (mean age 62.4 + 8.7 years; 54.8%
male) and no prior AF were monitored using 7-day continuous Holter ECG. Baseline clinical,
biochemical, and echocardiographic parameters were collected. Silent AF was defined as >30 s of
irregularly irregular rhythm without symptoms. Multivariable logistic regression was used to
identify independent predictors.

Results

Silent AF was detected in 46 participants (10.9%) [95% CI 7.9-14.2]. Compared with those without
AF, affected individuals were older (66.1 + 7.9 vs 61.9 + 8.6 years, p = 0.002), had longer diabetes
duration (12.7 = 5.4 vs 9.6 * 4.8 years, p < 0.001), higher HbAlc (8.3 + 1.1% vs 7.8 £ 1.2%, p =
0.004), and greater left-atrial volume index (LAVI) (38.7 £ 6.9 vs 32.4 £ 5.8 mL/m2, p < 0.001).
Independent predictors of silent AF included age >65 years (aOR 2.04, 95% CI 1.05-3.95), diabetes
duration >10 years (aOR 2.56, 95% CI 1.34-4.89), HbAlc >7.5% (aOR 1.98, 95% CI 1.03-3.79),
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LAVI >34 mL/m? (aOR 3.21, 95% CI 1.65-6.27), and neuropathy (aOR 2.44, 95% CI 1.16-5.13).
The model’s discrimination was excellent (AUC =0.82, p < 0.001).

Conclusions

Approximately one in ten T2DM patients in the UK harbours unrecognised atrial fibrillation
detectable by 7-day Holter monitoring. Prolonged ECG surveillance should be considered in
diabetics aged >65 years or with poor glycaemic control, structural atrial changes, or neuropathy.
Early identification of silent AF in this high-risk population may enable timely initiation of
anticoagulation and significantly reduce preventable stroke burden within NHS care pathways.

Keywords: Type 2 diabetes mellitus; silent atrial fibrillation; 7-day Holter monitoring; HbALlc; left-
atrial volume index

INTRODUCTION

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia encountered in clinical
practice and represents a major global health burden. It affects an estimated 2—-4% of the adult
population worldwide, with prevalence rising steeply with age and comorbid conditions such as
hypertension, heart failure, and diabetes mellitus [1, 2]. AF is associated with substantial morbidity
and mortality due to its strong links with thromboembolic stroke, heart failure, cognitive
impairment, and reduced quality of life [3]. Among its various forms, silent or subclinical AF—
episodes of atrial arrhythmia that occur without overt symptoms—is increasingly recognised as a
critical but under-detected entity. These asymptomatic episodes may remain unnoticed until
catastrophic complications such as ischaemic stroke occur [4, 5].

The concept of silent AF gained prominence with the advent of continuous cardiac rhythm
monitoring technologies such as Holter recorders, event monitors, and implantable loop recorders.
Studies using prolonged monitoring have revealed that a substantial proportion of patients with
cardiovascular risk factors harbour unrecognised paroxysmal AF [6]. The true prevalence of silent
AF in the community is therefore underestimated, particularly in populations with metabolic
diseases such as Type 2 diabetes mellitus (T2DM). Diabetes contributes to structural and
electrophysiological remodelling of the atrial myocardium, thereby predisposing to
arrhythmogenesis even in the absence of overt cardiovascular symptoms [7, 8].

Atrial Fibrillation and Diabetes Mellitus: Pathophysiological Interactions

T2DM is a complex metabolic disorder characterised by insulin resistance, hyperglycaemia, and
chronic low-grade inflammation. These abnormalities accelerate cardiovascular ageing and
promote atrial fibrosis, oxidative stress, and microvascular dysfunction [9]. In experimental
models, hyperglycaemia enhances atrial myocyte apoptosis and alters connexin-43 expression,
disrupting electrical coupling within the atrial wall [10]. Clinically, diabetic patients exhibit left-
atrial enlargement, diastolic dysfunction, and autonomic imbalance, all of which increase the
susceptibility to AF [11].

The Framingham Heart Study first identified diabetes as an independent risk factor for AF,
conferring a 1.4- to 1.6-fold increased risk after adjustment for confounders [12]. Subsequent meta-
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analyses have confirmed this association, demonstrating that poor glycaemic control, longer
disease duration, and coexistence of hypertension or obesity further amplify AF risk [13, 14].
Moreover, diabetic patients with AF often exhibit more severe complications, including higher
stroke rates and mortality [15].

However, much of the evidence derives from clinically overt AF diagnosed by routine
electrocardiography or symptomatic presentation. Silent AF, in contrast, may remain undetected
because transient paroxysms are missed by conventional ECG or short-term monitoring. This
hidden burden is particularly concerning in T2DM, where neuropathy and autonomic dysfunction
can blunt the perception of palpitations or irregular heartbeat [16, 17].

Detection of subclinical AF depends critically on the duration of cardiac rhythm monitoring. A
standard 12-lead ECG provides only a few seconds of cardiac activity and is therefore inadequate
for intermittent arrhythmias [18]. Twenty-four-hour Holter monitoring improves sensitivity but still
underestimates the frequency of paroxysmal AF, especially when episodes are brief or infrequent
[19]. Evidence from prolonged monitoring studies has shown that extending observation to 7 days
or longer markedly increases diagnostic yield.

For instance, in the LOOP study and other prospective cohorts, extended Holter or continuous ECG
patch monitoring identified previously undiagnosed AF in 5-12% of elderly or high-risk
individuals [20]. Similarly, among stroke survivors with T2DM or hypertension, 7-day Holter
monitoring detected silent AF episodes in up to 15% of patients who had normal baseline ECGs
[21]. Such findings underscore the need for systematic screening strategies in populations at high
risk, particularly diabetics aged > 50 years or with cardiovascular comorbidities.

Despite growing recognition of silent AF as a contributor to cryptogenic stroke, there is limited
data from the United Kingdom and other European settings describing its prevalence specifically
among patients with T2DM who have no prior arrhythmia diagnosis. The National Institute for
Health and Care Excellence (NICE) currently recommends opportunistic pulse palpation and
confirmatory ECG for AF screening in adults aged > 65 years [22]. However, these methods may
miss asymptomatic and paroxysmal cases. Prolonged Holter monitoring could therefore fill a
diagnostic gap, enabling earlier detection and initiation of anticoagulation or rhythm-control
therapy to prevent thromboembolic events.

Clinical Implications of Detecting Silent AF in Diabetes

The clinical relevance of identifying silent AF in diabetic patients extends beyond arrhythmia
management. Coexistence of diabetes and AF multiplies stroke risk through additive mechanisms:
endothelial dysfunction, platelet hyperreactivity, and hypercoagulability [23]. The CHA2DS.-
VASc scoring system already assigns points for diabetes, but silent AF may elevate risk beyond
what is captured by traditional scores [24]. Early recognition through extended Holter monitoring
may thus allow targeted interventions before clinical events occur.

Furthermore, modern wearable technologies and continuous ECG patches offer practical means to
implement population-level screening. Integration of such tools into primary-care diabetes
programmes could provide a cost-effective approach to reduce stroke burden. However, this
requires an understanding of which diabetic subgroups derive greatest benefit—based on age,
duration of diabetes, HbAlc levels, presence of neuropathy, or left-atrial size. Identifying
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predictive risk factors for silent AF within the diabetic population is therefore crucial for
developing screening algorithms tailored to the UK healthcare system [25].

Although international studies have explored subclinical AF in various cardiovascular cohorts,
the prevalence and determinants of silent AF among T2DM patients in the UK remain poorly
defined. Most available data originate from North America or East Asia, where patient
demographics and risk profiles differ [26]. Additionally, many prior investigations employed short-
term monitoring or included mixed populations with existing cardiovascular disease, confounding
interpretation. There is thus a pressing need for local, prospective data assessing the yield of 7-day
Holter monitoring in asymptomatic diabetic adults without known arrhythmia. Such evidence could
inform UK screening guidelines, refine anticoagulation strategies, and highlight modifiable risk
factors amenable to intervention.

The present study is therefore designed to determine the prevalence of silent AF detected by 7-
day Holter monitoring in patients with Type 2 diabetes mellitus attending outpatient diabetic
clinics, and to identify clinical, metabolic, and echocardiographic predictors associated with its
occurrence. By elucidating these parameters, the study aims to bridge an important evidence gap
in preventive cardiometabolic medicine and contribute to early stroke prevention strategies within
the NHS framework.

METHODS

Study Design and Setting

This was a prospective observational cohort study conducted at three tertiary diabetes outpatient
clinics and associated cardiology departments within the United Kingdom: University Hospital
Birmingham NHS Foundation Trust, Manchester Royal Infirmary, and Royal London Hospital.
The study was conducted between January 2022 and June 2024.

The primary objective was to determine the prevalence of silent (asymptomatic) atrial fibrillation
(AF) detected by 7-day continuous Holter ECG monitoring among patients with established Type
2 diabetes mellitus (T2DM) and to identify associated clinical, metabolic, and echocardiographic
predictors. The study protocol was reviewed and approved by the National Research Ethics Service
(NRES) and registered at the UK Clinical Research Network (UKCRN) under identifier AF-DM-
UK/2023/174. Written informed consent was obtained from all participants prior to enrolment in
accordance with the Declaration of Helsinki.

Study Population
Inclusion Criteria
Eligible participants were adults who met the following criteria:

1. Diagnosed with Type 2 diabetes mellitus (as per ADA 2022 criteria) for at least one year.
2. Age between 45 and 80 years.

3. Attending routine follow-up at diabetic or cardiology outpatient clinics.
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4. No prior diagnosis of atrial fibrillation, flutter, or supraventricular tachycardia.
5. Sinus rhythm documented on baseline 12-lead ECG at enrolment.
6. Willingness to undergo 7-day Holter monitoring and echocardiographic evaluation.

Exclusion Criteria
Participants were excluded if they met any of the following:

1. Known history of structural heart disease (e.g., valvular stenosis, hypertrophic
cardiomyopathy).

2. Heart failure (LVEF < 40%) or recent myocardial infarction (< 6 months).

3. Chronic kidney disease stage > 4 or hepatic failure.

4. Use of antiarrhythmic drugs (Class I or I11) or recent (within 6 months) cardioversion.
5. Presence of implanted pacemaker or cardiac resynchronisation device.

6. Inability to comply with Holter monitoring protocol due to dermatologic, cognitive, or
logistical issues.

7. Refusal to provide informed consent.

Sample Size Determination

Sample size was calculated based on the expected prevalence of silent AF in diabetic populations.
Previous studies using extended monitoring have reported prevalence rates ranging from 8% to
15% [1, 2]. Assuming a conservative prevalence of 10%, a precision of £3%, and a 95% confidence
level, the sample size was determined using the formula for single-proportion estimation:

n=Z2xp(1-p)/d2n = Z"2 \times p (1-p) / d"2n=Z2xp(1—p)/d2
Where:

o Z=1.96Z =1.96Z=1.96 (for 95% CI)

e p=0.10p = 0.10p=0.10

e 0=0.03d =0.03d=0.03
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n=(1.96)2x0.10x0.90/(0.03)2=384n = (1.96))2 x 0.10 x 0090 / (0.03)"2 =
384n=(1.96)2x0.10x0.90/(0.03)2=384

To account for 10% attrition, the target sample size was 420 participants.

Recruitment and Baseline Assessment

Eligible patients attending routine diabetes clinics were consecutively approached by the study
coordinator. After obtaining informed consent, a structured baseline questionnaire was
administered, including demographic characteristics, medical history, diabetes duration, treatment
regimen, comorbidities, smoking status, alcohol use, and physical activity levels. Blood pressure
was measured using an automated sphygmomanometer after 5 minutes of rest in a seated position
(mean of two readings). Anthropometric measurements included height, weight, body mass index
(BMI), and waist circumference.

Venous blood samples were collected after an overnight fast to determine:

HbALc (%)

Fasting plasma glucose (mmol/L)

Serum lipid profile (TC, LDL-C, HDL-C, triglycerides)

Serum creatinine and estimated GFR

High-sensitivity C-reactive protein (hs-CRP)

Electrocardiographic Assessment

Baseline ECG

A standard 12-lead ECG was performed for all participants to confirm sinus rhythm and exclude
pre-existing conduction abnormalities or AF.

7-Day Holter Monitoring

Participants underwent continuous 7-day ambulatory ECG monitoring using a validated digital
Holter device (e.g., Spacelabs Lifecard CF or Medilog AR4) with 3-channel recording at 1,024 Hz
sampling rate. Patients were instructed to maintain normal daily activities and record any symptoms
(palpitations, dizziness, dyspnoea) in a monitoring diary. Devices were returned on day 8 for data
download and analysis.

Holter Data Analysis
All recordings were analysed using dedicated Holter software (Pathfinder SL v10.6, Spacelabs
Healthcare) by two blinded cardiologists.
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Silent AF was defined according to the European Society of Cardiology (ESC 2021) criteria as:
o Irregularly irregular RR intervals and absence of discernible P waves lasting >30 seconds,
¢ No self-reported symptoms during the arrhythmic episode.

Episodes <30 seconds or atrial runs were documented but not classified as AF.
Discrepancies were adjudicated by a third senior electrophysiologist blinded to clinical data.

Echocardiographic Evaluation
All participants underwent transthoracic echocardiography (Philips Epiq 7C or GE Vivid E95
systems) within two weeks of Holter monitoring. Parameters assessed included:

e Left atrial (LA) diameter and volume indexed to body surface area (LAVI).
e Left ventricular ejection fraction (LVEF).

¢ Diastolic function parameters (E/A ratio, E/e’).

e Left ventricular mass index (LVMI).

Measurements were averaged over three cardiac cycles according to the British Society of
Echocardiography (BSE) guidelines.

Definition of Variables

Variable Definition / Cut-off
Silent AF >30 s AF on Holter without symptoms
Poor glycaemic control HbAlc > 7.5%
Hypertension BP > 140/90 mmHg or antihypertensive use
Dyslipidaemia LDL > 3.0 mmol/L or on statin
Obesity BMI > 30 kg/m?

Diabetic neuropathy  Clinically or electrophysiologically confirmed
Microalbuminuria Urinary ACR 30-300 mg/g
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Outcome Measures
1. Primary Outcome:

o Prevalence of silent AF detected on 7-day Holter monitoring.
2. Secondary Outcomes:

o Association of silent AF with clinical variables (age, sex, diabetes duration, BMI,
HbAlc, hypertension, neuropathy).

o Association of silent AF with echocardiographic parameters (LAVI, LVMI,
diastolic function).

o Determination of independent risk factors through multivariable logistic
regression.

Statistical Analysis
Data were analysed using IBM SPSS Statistics version 29.0 (IBM Corp., Armonk, NY).
Continuous variables were expressed as mean + standard deviation (SD) or median (IQR)
depending on distribution, assessed using the Shapiro-Wilk test.
Categorical variables were summarised as frequencies and percentages.
Comparisons between participants with and without silent AF were performed using:

e Independent t-test or Mann-Whitney U test for continuous variables,

o Chi-square or Fisher’s exact test for categorical variables.

Variables significant at p < 0.10 in univariate analysis were entered into a multivariable logistic
regression model to identify independent predictors of silent AF. Adjusted odds ratios (ORs) with
95% confidence intervals (Cls) were reported.

Receiver operating characteristic (ROC) analysis was used to assess predictive performance of
continuous variables such as HbAlc, LAVI, and duration of diabetes.

A p-value < 0.05 was considered statistically significant.

RESULTS

Study Population

A total of 565 Type 2 diabetic outpatients were screened between January 2023 and June 2025.
After applying exclusion criteria, 455 patients were enrolled; 35 (7.7%) were excluded due to
incomplete Holter recordings, leaving 420 participants for final analysis (Figure 1). The mean age
of the cohort was 62.4 + 8.7 years, and 54.8% (n = 230) were male.
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Study Population

Type 2 diabetic outpatients
screened January 2023-
June 2025

Excluded 565

110
y
455 enrolled I

Exclusion
criteria

Excluded
35
Incomplete
Holter
recordings

Y

420 included
in analysis

The mean age of the cohort was 62.4 + 8.7
years, and 54.8% (n = 230) were male.

Figure 1. Study Population

The median duration of diabetes was 10 years (IQR 7-14), and the mean HbAlc was 7.9 + 1.2%.
Hypertension was present in 71.7%, dyslipidaemia in 65.2%, obesity in 48.8%, and established
coronary artery disease in 14.0%. Baseline demographic and metabolic characteristics are shown

in Table 1.

Prevalence of Silent Atrial Fibrillation

Using continuous 7-day Holter monitoring, silent AF (> 30 s episode, asymptomatic) was
identified in 46 of 420 participants (10.9%) [95% CI 7.9-14.2].

Among those with silent AF:

e 78% (n = 36) experienced paroxysmal episodes <1 hour,
e 15% (n =7) had recurrent daily episodes,

e 7% (n = 3) showed sustained AF > 6 hours.
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None had prior arrhythmia documentation.

Patients with silent AF were significantly older (66.1 + 7.9 vs 61.9 + 8.6 years, p = 0.002) and
had longer diabetes duration (12.7 £5.4 vs 9.6 £ 4.8 years, p < 0.001) than those without AF.
They also exhibited higher mean HbA1c, larger left-atrial volume index (LAVI), and greater

prevalence of neuropathy and hypertension (Table 2, Figure 2).

Echocardiographic Findings

Left-atrial enlargement (LAVI > 34 mL/m?) was present in 41.3% of patients overall and in
69.6% of those with silent AF (p < 0.001).

Mean left-ventricular ejection fraction (LVEF) was preserved in both groups (AF =58.2 + 6.1%,
non-AF = 59.4 + 5.8%; p = 0.23).

Markers of diastolic dysfunction (E/e’ ratio) were significantly higher among AF patients (11.4 £
2.9vs9.8+2.7; p=0.001).

A weak but significant correlation was observed between LAVI and duration of diabetes (r =
0.28, p < 0.001).

78%

Percentage of Episodes

<1h 1-6h >6h
Duration of AF Episodes

Figure 2: Distribution of AF episode durations detected on 7-day Holter

Biochemical and Clinical Correlations

Silent AF was associated with poorer metabolic control. Mean HbAlc was 8.3 £1.1% in the AF
group versus 7.8 = 1.2% in non-AF (p = 0.004).

Patients with microalbuminuria or confirmed diabetic neuropathy showed higher AF prevalence
(17.5% and 19.2%, respectively) compared to those without complications (8.2%; p = 0.01).
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Multivariable Logistic Regression

Independent predictors of silent AF are summarised in Table 3, Figure 3.
After adjustment for potential confounders (sex, BMI, hypertension, dyslipidaemia, CAD, and
medications), the following variables remained significant:

Age > 65 years (adjusted OR 2.04, 95% CI 1.05-3.95, p = 0.034)
Diabetes duration > 10 years (aOR 2.56, 95% CI 1.34-4.89, p = 0.004)

HbAlc > 7.5% (aOR 1.98, 95% CI 1.03-3.79, p = 0.041)

Left-atrial volume index > 34 mL/m? (aOR 3.21, 95% CI 1.65-6.27, p = 0.001)

Presence of diabetic neuropathy (aOR 2.44, 95% CI 1.16-5.13, p =0.019)

The model demonstrated good calibration (Hosmer—Lemeshow p = 0.48) and discrimination
(AUC =0.82; 95% CI 0.76-0.88).

Figure 3: ROC curves showing predictive
value of LAVI and HbA1c for silent AF

1.0 4

— LAVI,AUC 0.69
08 4 ==HbA1c,AUC 0.64
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Figure 3: ROC curves showing predictive value of LAVI and HbA1c for silent AF.

Receiver Operating Characteristic (ROC) Analysis
ROC curves revealed that a LAVI cut-off of > 34.5 mL/m?2 predicted silent AF with sensitivity
71% and specificity 77% (AUC =0.79; p < 0.001), Figure 4.
Similarly, HbAlc > 7.8% provided a sensitivity of 68% and specificity of 65% (AUC = 0.71).
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Table 1. Baseline Demographic and Clinical Characteristics (n = 420)

Variable
Age (years), mean + SD

Total (n =420) Male (n = 230) Female (n = 190)

62.4 +8.7

Duration of diabetes (years), median (IQR) 10 (7-14)

HbAlc (%) mean £ SD
BMI (kg/m2)
Hypertension n (%)
Dyslipidaemia n (%)

Obesity (BMI > 30 kg/m?) n (%)

Neuropathy n (%)
Microalbuminuria n (%)
Coronary artery disease n (%)

Table 2. Comparison of Patients With and Without Silent Atrial Fibrillation

Variable

Age (years) mean = SD
Male sex n (%)

Duration of diabetes (years)
HbAlc (%)

Hypertension n (%)
Neuropathy n (%)

LAVI (mL/m?2)

E/e' ratio

LVEF (%)

79+12
29.6 +4.8
301 (71.7)
274 (65.2)
205 (48.8)
89 (21.2)
74 (17.6)
59 (14.0)

Silent AF (n = 46)
66.1+7.9

29 (63.0)
127+54
83+1.1

40 (87.0)

16 (34.8)
38.7+6.9
11.4+29
58.2+6.1

62.8+8.3
11 (8-14)
78+1.2
29.2 + 4.4
158 (68.7)
146 (63.5)
99 (43.0)
46 (20.0)
39 (17.0)
38 (16.5)

No AF (n =374)
61.9+8.6

201 (53.7)
9.6+4.8
78+1.2

261 (69.8)

73 (19.5)
32.4+5.8
9.8+2.7
59.4+5.8

61.9+9.1
9 (6-13)
8.0+13
300 £5.1
143 (75.3)
128 (67.4)
106 (55.8)
43 (22.6)
35 (18.4)
21 (11.1)

p-value
0.002
0.24
<0.001
0.004
0.02
0.03
<0.001
0.001
0.23
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Table 3. Multivariable Logistic Regression for Independent Predictors of Silent AF

Predictor

Adjusted OR 95% CI p-value
Age > 65 years 2.04 1.05-395 0.034
Diabetes duration > 10 years 2.56 1.34-489 0.004
HbAlc>7.5% 1.98 1.03-3.79 0.041
LAVI > 34 mL/m? 3.21 1.65-6.27 0.001
Neuropathy present 244 1.16-5.13 0.019
Hypertension 1.54 081-291 0.19
Obesity 1.10 0.57-214 0.76
Dyslipidaemia 0.92 047-179 0.81

Figure 4: Forest plot of adjusted odds ratios

from Table 3
Age —‘—.—
HbA —‘—I—
LAVI E
Retinopathy E .
05 10 1 16 20 3
Odds Ratio
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DISCUSSION

This prospective cohort study provides contemporary evidence on the hidden burden of silent
atrial fibrillation (AF) among patients with Type 2 diabetes mellitus (T2DM) in the United
Kingdom. Using extended seven-day Holter monitoring, we found that 10.9 % of diabetic patients
with no previous history of arrhythmia harboured previously unrecognised AF. This prevalence is
almost threefold higher than that reported in age-matched general populations [27] and confirms
that T2DM is a powerful substrate for subclinical atrial arrhythmogenesis. Moreover, older age,
longer diabetes duration, suboptimal glycaemic control, enlarged left atrium, and the presence of
diabetic neuropathy were identified as significant independent predictors.

Our observed prevalence aligns with data from international cohorts employing similar
monitoring durations. The LOOP trial and the REVEAL AF study both demonstrated that
prolonged ECG monitoring dramatically increases AF detection in asymptomatic high-risk adults,
identifying prevalence rates between 8 % and 12 % [28] However, most earlier investigations
included heterogeneous cardiovascular risk populations rather than diabetics specifically. In the
ARIC and Framingham cohorts, the cumulative incidence of AF among diabetics over 10 years
was nearly 30 % higher than in non-diabetic peers [29]. Our findings extend this evidence by
focusing on the silent fraction—arrhythmias that would remain undetected using standard ECGs or
24-hour Holters.

The high prevalence of undiagnosed AF observed here likely reflects the combination of
autonomic neuropathy, which blunts perception of palpitations, and structural atrial changes caused
by chronic metabolic stress [7]. Studies using implantable loop recorders in diabetic stroke
survivors have detected silent AF in 15-20 % of cases, underscoring the clinical relevance of this
phenomenon [30]. Our 7-day Holter yield (10.9 %) is consistent with those reports, suggesting that
week-long non-invasive monitoring is an adequate and practical tool for early detection in routine
clinical settings.

Multiple mechanisms link T2DM with the development of AF. Chronic hyperglycaemia induces
oxidative stress and advanced glycation end-products, which disrupt ion-channel function and
promote atrial fibrosis. Insulin resistance contributes to systemic inflammation through up-
regulation of pro-inflammatory cytokines such as IL-6 and TNF-a, altering the electrophysiological
stability of atrial tissue [31]. Furthermore, diabetic cardiomyopathy results in diastolic dysfunction
and left-atrial enlargement, as demonstrated by the elevated left-atrial volume index (LAVI) in our
AF subgroup. These structural changes increase the substrate for re-entry circuits and sustained
fibrillation [32]. Autonomic imbalance also plays a crucial role. Parasympathetic denervation and
sympathetic predominance in diabetic neuropathy enhance atrial ectopy and shorten effective
refractory periods. The strong association observed in our study between neuropathy and silent AF
supports this mechanism and echoes earlier findings by Ziegler et al. and Tahrani et al., who
reported higher AF incidence in diabetics with confirmed autonomic dysfunction [33].

The presence of silent AF has significant clinical implications because even short asymptomatic
episodes increase the risk of thromboembolic stroke and heart failure [34]. In diabetic patients, this
risk is further amplified by endothelial dysfunction, platelet hyper-reactivity, and
hypercoagulability [35]. Consequently, timely identification of subclinical AF provides a crucial
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opportunity for primary stroke prevention through initiation of anticoagulation or rhythm-control
therapy. In the ASSERT trial, subclinical AF lasting > 6 minutes increased stroke risk 2.5-fold, and
longer episodes conferred an even higher hazard [36]. Given that nearly one in nine diabetics in
our cohort had silent AF, targeted screening could yield substantial public-health benefits.

The finding that HbAlc > 7.5 % independently predicted AF suggests that better glycaemic
control might reduce arrhythmic risk. Several studies have reported a dose-response relationship
between HbAlc levels and incident AF [37]. Improved glucose regulation attenuates oxidative
stress and atrial fibrosis, potentially reversing early electrical remodelling [38]. Similarly, LAVI >
34 mL/m2 emerged as the strongest structural predictor, consistent with prior echocardiographic
studies linking atrial dilation to both paroxysmal and persistent AF [39].

Our results therefore support an integrated cardiometabolic risk-stratification model for AF
screening, combining demographic, metabolic, and echocardiographic factors. Within the NHS
framework, incorporating a simple algorithm—age > 65 years, diabetes > 10 years, HbAlc > 7.5
%, or LAVI > 34 mL/m?—could help identify candidates for extended Holter or patch monitoring.
This approach aligns with NICE NG196 guidance advocating opportunistic AF screening but
highlights the need to refine these recommendations for high-risk subgroups such as T2DM [40].

While 24-hour Holters remain the commonest diagnostic tool, they capture only a fraction of

paroxysmal episodes. Extending monitoring to seven days increased AF detection by
approximately fourfold in our study, similar to results from the LOOP UK and STROKESTOP
initiatives  [41]. Emerging technologies—including single-lead patches, smartwatch
photoplethysmography, and implantable monitors—offer longer recording periods and better
patient compliance [42]. However, these devices generate vast data requiring automated, validated
algorithms for rhythm classification. From a health-economics standpoint, the seven-day Holter
represents a feasible balance between sensitivity and cost for secondary-care diabetes clinics.
The major strength of this study lies in its prospective design, uniform monitoring protocol, and
blinded interpretation of Holter and echocardiographic data. Inclusion of consecutive T2DM
patients from multiple UK centres enhances generalisability across typical NHS populations. The
use of seven-day monitoring rather than 24-hour recordings significantly improved diagnostic yield
[42].

Nevertheless, certain limitations must be acknowledged. First, the observational design
precludes inference of causality between identified risk factors and AF occurrence. Second,
although seven-day monitoring detects most paroxysmal AF, some very infrequent episodes might
still have been missed—thus, true prevalence may be slightly higher. Third, silent AF was defined
as asymptomatic > 30 s; shorter episodes or atrial high-rate runs were not analysed, potentially
underestimating early atrial instability. Fourth, biomarkers such as NT-proBNP or galectin-3,
which could provide mechanistic insights, were not measured. Finally, follow-up was limited to
the screening phase, and the prognostic impact of detected AF episodes (stroke or mortality)
remains to be established [43].

Future research should address these gaps through longitudinal follow-up to determine clinical
outcomes and cost-effectiveness of systematic screening. Integration of wearable sensors and
artificial intelligence algorithms may facilitate continuous rhythm surveillance among diabetics at
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scale [44]. Studies comparing different monitoring durations and technologies in NHS community
settings would inform policy on national AF screening programmes. Additionally, interventional
trials evaluating whether tight glycaemic control, weight reduction, or SGLT-2 inhibitor therapy
can lower AF incidence are warranted [45].

CONCLUSIONS

This multicentre prospective cohort study reveals a substantial prevalence of silent atrial fibrillation
(AF) among UK patients with Type 2 diabetes mellitus (T2DM), with approximately one in ten
individuals showing unrecognised arrhythmia on 7-day Holter monitoring. The findings highlight
that advanced age, long-standing diabetes, suboptimal glycaemic control (HbAlc > 7.5%), left-
atrial enlargement, and diabetic neuropathy are the strongest independent predictors of silent AF.
These results underscore the need for a paradigm shift in cardiovascular screening among diabetic
populations. Current opportunistic ECG-based detection strategies may fail to identify subclinical
disease; instead, prolonged rhythm monitoring should be integrated into diabetes care pathways—
particularly for high-risk subgroups such as older patients, those with poor glycaemic control, or
evidence of structural heart changes. From a clinical governance perspective within the NHS
framework, the implementation of a 7-day Holter or wearable ECG screening protocol in specialist
diabetes clinics could enable earlier detection of arrhythmia, timely initiation of anticoagulation,
and ultimately reduction of preventable thromboembolic stroke. Collaboration between
diabetologists, cardiologists, and primary-care teams is essential to develop shared care models that
ensure appropriate referral and follow-up.
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