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Abstract 

Background Diabetic individuals often encounter various sleep-related challenges. Although the associa-
tion between sleep duration and atrial fibrillation (AF) have been explored, the association of other sleep traits 
with the incidence of AF remains unclear. A comprehensive understanding of these traits is essential for a more accu-
rate assessment of sleep conditions in patients with diabetes and the development of novel AF prevention strategies.

Methods This study involved 23,785 patients with diabetes without any pre-existing cardiovascular disease, drawn 
from the UK Biobank. Sleep behaviour traits examined encompassed sleep duration, chronotype, insomnia, snoring 
and daytime sleepiness. Sleep duration was categorised into three groups: low (≤ 5 h), proper (6–8 h) and long (≥ 9 h). 
We assessed associations using multivariate Cox proportional risk regression models. Furthermore, four poor sleep 
behaviours were constructed to evaluate their impact on the risk of new-onset AF.

Results Over a mean follow-up period of 166 months, 2221 (9.3%) new cases of AF were identified. Short (hazard 
ratio (HR), 1.28; 95% confidence interval (CI) 1.10–1.50) and long sleep durations (HR 1.16; 95% CI 1.03–1.32) consist-
ently exhibited an elevated risk of AF compared to optimal sleep duration. Early chronotype, infrequent insomnia 
and daytime sleepiness were associated with 11% (HR 0.89; 95% CI 0.82–0.97), 15% (HR 0.85; 95% CI 0.77–0.95) 
and 12% (HR 0.88; 95% CI 0.81–0.96) reduced risk of new-onset AF, respectively. However, no significant association 
was found between snoring and the incidence of AF (HR 0.99; 95% CI 0.91–1.07).

Conclusions In diabetic populations, sleep duration, chronotype, insomnia and daytime sleepiness are strongly asso-
ciated with AF incidence. An optimal sleep duration of 6–8 h presents the lowest AF risk compared to short or long 
sleep duration. Additionally, poor sleep patterns present a greater risk of new-onset AF in women than in men.
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Introduction
Sleep is a cornerstone of health and quality of life, play-
ing a significant role in both metabolic and cardiovas-
cular health [1]. It serves as a natural recovery phase for 
the body and mind, during which conscious activities 
are diminished, enabling various physiological recov-
ery processes to occur [2]. Contemporary shifts in life-
style and work habits have significantly altered sleep 
patterns [3]. While the importance of sleep is widely 
acknowledged, its significance is often underestimated, 
with some regarding reduced sleep as a symbol of 
dedication and productivity [4]. Nowadays, the health 
implications of sleep have risen to the level of a public 
health concern. Studies report that disrupted or insuf-
ficient sleep can lead to metabolic problems, trigger 
mild inflammatory reactions and increase sympathetic 
activity, all of which would increase the susceptibility to 
atrial fibrillation (AF) [5–7]. AF, a common cardiac dis-
order, affects nearly 60 million individuals worldwide 
and contributes to over 8 million disability-adjusted life 
years [8]. Its prevalence continues to increase in devel-
oped countries, propelled by risk factors such as popu-
lation ageing, obesity and diabetes. Projections suggest 
that by 2050, the US will have between 6 and 12 million 
patients with AF, and by 2060, Europe’s patient count 
will escalate to approximately 17.9 million, exerting 
additional strain on healthcare systems [9].

Diabetes, a widespread chronic condition, affects 
approximately 537 million adults globally [10]. Indi-
viduals with diabetes often face various sleep chal-
lenges compared to their non-diabetic counterparts 
[11]. Up to a third of those with diabetes grapple with 
sleep disorders, often stemming from issues like noc-
turia, peripheral neuropathy and restless leg symptoms 
[12]. These challenges can result in fragmented and 
shallow sleep, adversely affecting their overall quality 
of life. While a substantial body of research has inves-
tigated the relationship between sleep duration and 
cardiovascular disease, our understanding of other 
sleep behaviour traits, such as insomnia, snoring and 
daytime sleepiness, remains limited [13–15]. An under-
standing of these sleep behaviour traits could provide 
a more comprehensive assessment of sleep conditions 
in individuals with diabetes, offering clearer directions 
for future research and treatments. Furthermore, the 
relationship between sleep behaviour traits and the risk 
of AF in this population remains unclear. Therefore, 
the present study aims to investigate the relationship 
between sleep behaviour traits and the risk of new-
onset AF in individuals with diabetes, offering new 
insights into AF prevention.

Methods
Study design and population
The UK Biobank, established between 2006 and 2010, 
is a comprehensive health database encompassing data 
from over 500,000 individuals aged between 40 and 
69  years. These participants underwent touch-screen 
questionnaires, engaged in verbal interviews, under-
went physical measurements and contributed biologi-
cal samples at one of the 22 assessment centres located 
in England, Scotland and Wales. A detailed description 
of the study’s design and methods can be found in a 
previous publication [16].

In this study, a total of 34,542 individuals with dia-
betes completed questionnaires on sleep behaviour. 
After excluding participants with pre-existing AF, 
other arrhythmias and cardiovascular disease, 26,864 
remained. Further exclusions were applied to pregnant 
participants (n = 4), individuals with cancer (n = 2838), 
and those lost to follow-up (n = 60). To minimise cau-
sality bias, patients diagnosed with AF within 2 years of 
follow-up (n = 177) were also excluded. Ultimately, the 
analysis included 23,785 participants.

Assessment of sleep behaviour traits
The UK Biobank collected the baseline sleep data from 
each participant through a questionnaire. These sleep-
related questions were carefully curated by international 
sleep experts and drew from questionnaires used in pre-
vious observational studies, clinical trials and population 
surveys [17, 18]. The questionnaire design aimed to strike 
a balance between exploring sleep patterns in-depth and 
minimising participant burden. Sleep behaviour traits 
assessed included sleep duration, chronotype, insomnia, 
snoring and daytime sleepiness.

1. Sleep Duration: Participants reported their average 
24-h sleep duration, including naps. Their sleep dura-
tion was then categorised as short (≤ 5  h), proper 
(6–8 h) or long (≥ 9 h).

2. Chronotype: This metric distinguishes between par-
ticipants with a propensity for morning or evening 
activities, classified as either a ‘definite morning type’ 
or a ‘definite evening type’. Morning types typically 
commence their day early and exhibit peak alertness 
in the morning, while evening types tend to stay up 
late, with peak alertness manifesting in the evening. 
Furthermore, participants were subsequently classi-
fied as either an early chronotype (definitely a ’morn-
ing’ person or more a ’morning’ than an ’evening’ 
person) or a non-early chronotype.

3. Insomnia: Participants were evaluated for insom-
nia symptoms based on the frequency of sleep onset 
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difficulties or nocturnal awakenings, categorised as 
‘never/rarely’ or ‘often’ insomnia.

4. Snoring: Assessment of snoring relied on partici-
pants’ self-reported sleep habits and feedback from 
their spouses or close relatives regarding their snor-
ing habits, grouped as ‘never/rarely snore’ or ‘fre-
quent snorers’.

5. Daytime sleepiness: Participants were asked about 
the frequency of unintentional dozing during daily 
activities, classified as ‘never/rarely’ or ‘often’ daytime 
sleepiness. The detailed survey questions are pre-
sented in Additional file 1: Table S1.

Assessment of AF
The UK Biobank integrated multiple data sources, 
including death registries, primary care records, hospi-
talisation records and self-reports, to develop diagnostic 
algorithms for specific health conditions. Diagnosis of 
AF was based on code I48 in the International Classifica-
tion of Diseases, Tenth Revision (ICD-10). In this study, 
the date of the first record labelled as code I48 consti-
tuted the initial diagnosis date of AF for each participant. 
Data were continuously updated for all participants, with 
1 April 2023 marking the end of the study’s follow-up 
period.

Definition of diabetes
Patients with diabetes were identified using two strat-
egies. Those with diagnosed diabetes were identified 
based on their self-diagnosis reports, medication use and 
hospital records. For those with undiagnosed diabetes, 
diagnostic criteria established by the American Diabetes 
Association were applied: a fasting blood glucose concen-
tration of 126 mg/dL (7.0 mmol/L) or higher or a baseline 
HbA1c value of 6.5% (48 mmol/mol) or above [19].

Assessment of other variables
Demographic and medical information—including age, 
gender, ethnicity, smoking and drinking habits, history 
of chronic diseases and medication use—were gathered 
using a touch-screen questionnaire. The Townsend 
Deprivation Index, an aggregate measure of poverty, 
was included, with higher scores indicating lower soci-
oeconomic status. This index is derived from factors 
such as unemployment rates, car and homeownership 
rates and the extent of household crowding [20]. Lipid 
and glucose levels were evaluated using enzymatic 
assays on the Beckman Coulter AU5800 instrument 

(Beckman Coulter (UK), Ltd). HbA1c levels were meas-
ured using high-performance liquid chromatography 
on a Bio-Rad Variant II Turbo analyser (Bio-Rad Lab-
oratories, Inc.). Body mass index was calculated from 
height and weight measurements taken during the par-
ticipants’ initial assessment centre visit. Blood pressure 
readings were obtained using an automated sphyg-
momanometer or a manual sphygmomanometer when 
necessary. Hypertension was identified based on par-
ticipants’ self-reports, primary care records, hospital 
admissions and antihypertensive drug use.

Statistical analysis
Descriptive statistics were employed, with categori-
cal variables presented as counts and percentages, and 
continuous variables as means with standard devia-
tions. Differences among multiple groups for categori-
cal and continuous variables were analysed using the 
chi-square test and one-way ANOVA, respectively. The 
Kaplan–Meier method and log-rank test assessed the 
cumulative hazard of AF with different sleep behav-
iour traits during follow-up. Cox proportional hazard 
models were used to assess the association between 
different sleep behaviour traits and AF risk, with 
results expressed as hazard ratios (HR) and 95% con-
fidence intervals (CI). In multivariate Cox regression, 
potential predictors included baseline characteristics 
differing among multiple groups. Considering the pos-
sibility of overfitting, a variance inflation factor (VIF) 
was employed to quantify the degree of multicollin-
earity between variables, and variables with a VIF ≥ 10 
were excluded [21]. Additionally, the incidence rate 
of AF (per 1000 person-years) across different sleep 
behaviour traits was also assessed.

Subgroup assessments explored the relationship 
between sleep behaviour traits and AF risk across vari-
ous demographic characteristics and health factors, and 
intergroup interactions were also calculated. Restricted 
cubic spline curves (RCS) were plotted to visualise the 
relationship trend between sleep duration and risk of 
new-onset AF. For missing categorical variables, they 
were coded as missing values, whereas missing con-
tinuous variables were estimated using mean values. 
Detailed information on missing variables is presented 
in Additional file  1: Table  S2. Multiple imputations 
were applied for missing variables, generating five data 
sets through the predictive mean matching algorithm 
and Markov chain Monte Carlo methods for sensitivity 
analysis [22]. Additionally, death before AF onset was 
considered a competing event, and a competing risk 
model was constructed as a sensitivity analysis [23].
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All statistical analyses were conducted using R (ver-
sion 4.2.0), with a significance threshold set at a two-
sided p value of less than 0.05.

Results
Among the 23,785 individuals with diabetes, the mean 
age was 58.5 ± 7.5 years, with 13,561 (57%) being men. 
Based on the distribution of sleep duration across 
the cohort, participants were categorised into short, 
proper, and long sleep duration groups. Table 1 details 
the baseline characteristics for each group and the dif-
ferences among them. There were no significant dif-
ferences between the three groups in terms of blood 
glucose, diastolic blood pressure and lipid-lowering 
medication use. Other characteristics differed signifi-
cantly between the three groups, and these variables 
were considered potential confounders to be adjusted 
for in the regression models. During variable selection, 
total cholesterol showed strong collinearity with sleep 
behaviour traits (VIF ≥ 10). Therefore, cholesterol was 
excluded from subsequent regression models.

Sleep behaviour traits and risk of new‑onset AF
During a mean follow-up of 166 months (follow-up inter-
val: 24.4–207.4), 2221 (9.3%) new cases of AF occurred. 
Among the five sleep behaviour traits, proper sleep dura-
tion (p < 0.001), early chronotype (p = 0.054), never/rarely 
insomnia (p = 0.003) and daytime sleepiness (p < 0.001) 
were associated with a lower cumulative hazard of AF, as 
shown by Kaplan–Meier curves (Fig. 1). However, snor-
ing status was not significantly associated with the cumu-
lative hazard of AF (p = 0.80).

In the short, proper and long sleep duration groups, the 
incidence rates of AF were 7.7, 6.42, and 8.72 per 1000 
person-years. The unadjusted Cox regression models 
revealed that both short (HR 1.20; 95% CI 1.03–1.40) and 
long (HR 1.36; 95% CI 1.21–1.54) sleep durations were 
associated with an increased risk of AF compared to the 
proper sleep duration group (Table 2). After adjusting for 
age and sex (Model 1), this association remained con-
sistent. Further adjustments for potential confounders 
(Model 2), both short (HR 1.28; 95% CI 1.10–1.50) and 
long (HR 1.16; 95% CI 1.03–1.32) sleep durations showed 
a consistently elevated risk trend for AF. Additionally, 
in Model 3, which incorporated other sleep behaviour 

Table 1 Participants’ baseline information categorized by sleep duration

HDL-C, High-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; HbA1c, glycosylated hemoglobin

Sleep duration Total ≤ 5 h 6–8 h ≥ 9 h P‑value

Number 23,785 1717 19,554 2514

Age 58.5 (7.4) 57.3 (7.5) 58.4 (7.4) 60.1 (7.3) < 0.001

Men (%) 13,561 (57.0%) 942 (54.9%) 11,230 (57.4%) 1389 (55.3%) 0.020

White (%) 20,617 (86.7%) 1390 (81.0%) 17,014 (87.0%) 2213 (88.0%) < 0.001

Townsend Deprivation Index − 0.6 (3.4) 0.7 (3.7) − 0.8 (3.3) − 0.5 (3.4) < 0.001

Blood glucose 7.7 (3.0) 7.8 (3.2) 7.7 (3.0) 7.8 (3.2) 0.481

HbA1C 51.2 (14.4) 52.2 (14.6) 51.0 (14.3) 52.2 (14.7) < 0.001

HDL 1.3 (0.3) 1.2 (0.3) 1.3 (0.3) 1.2 (0.3) 0.005

LDL 3.0 (0.9) 3.0 (0.9) 3.0 (0.9) 2.9 (0.9) < 0.001

Triglyceride 2.1 (1.2) 2.2 (1.3) 2.1 (1.2) 2.2 (1.2) < 0.001

Diastolic blood pressure 82.8 (9.8) 82.8 (9.8) 83.1 (9.8) 82.6 (9.9) 0.307

Systolic blood pressure 142.3 (17.6) 141.2 (17.2) 142.3 (17.6) 142.5 (17.6) 0.017

TC 4.9 (1.2) 4.9 (1.2) 4.9 (1.2) 4.8 (1.2) < 0.001

Body mass index 30.8 (5.9) 32.1 (6.2) 30.6 (5.8) 31.5 (6.2) < 0.001

Current drinker (%) 20,355 (85.7%) 1360 (79.6%) 16,918 (86.7%) 2077 (82.7%) < 0.001

Current smoker (%) 2562 (10.8%) 272 (15.9%) 2018 (10.4%) 272 (10.9%) < 0.001

Hypertension (%) 13,435 (56.5%) 1050 (61.2%) 10,833 (55.4%) 1552 (61.7%) < 0.001

Antihypertensives (%) 6931 (29.1%) 502 (29.2%) 5628 (28.8%) 801 (31.9%) 0.006

Lowering lipid drugs (%) 7913 (33.3%) 536 (31.2%) 6508 (33.3%) 869 (34.6%) 0.076

Other sleep behaviour traits

Early chronotype (%) 13,007 (54.7%) 944 (55.0%) 10,838 (55.4%) 1225 (48.7%) < 0.001

Never/rarely insomnia (%) 5456 (22.9%) 161 (9.4%) 4628 (23.7%) 667 (26.5%) < 0.001

No self-reported Snoring (%) 11,704 (49.2%) 885 (51.5%) 9637 (49.3%) 1182 (47.0%) 0.013

No self-reported daytime sleepiness (%) 15,771 (66.3%) 1014 (59.1%) 13,275 (67.9%) 1482 (58.9%) < 0.001
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traits, the increased risk associated with both short and 
long sleep durations persisted.

Among the other sleep behaviour traits assessed early 
chronotype, never/rarely insomnia, never/rarely snor-
ing and never/rarely daytime sleepiness groups were 
associated with an incidence of 6.51, 5.97, 6.71 and 6.65 
per 1000 person-years, respectively (Table  2). In both 
unadjusted and multivariable models, early chronotype, 
never/rarely insomnia and daytime sleepiness were sig-
nificantly associated with a lower risk of AF (p < 0.05; 
Table 2). In Model 2, compared to the non-early chrono-
type group, the early chronotype group exhibited an 11% 
(HR 0.89; 95% CI 0.82–0.97) reduced risk of AF. Simi-
larly, the groups with never/rarely insomnia and daytime 
sleepiness displayed a 15% (HR 0.85; 95% CI 0.0.77–0.95) 
and 12% (HR 0.88; 95% CI 0.81–0.96) reduced risk of 
new-onset AF, respectively. However, there was no sig-
nificant association between snoring and the incidence of 
AF (HR 0.99; 95% CI 0.91–1.07).

In the subgroup analyses, short or long sleep durations 
consistently exhibited a higher risk of AF across most 
strata (p for interaction > 0.05; Fig. 2). However, a signifi-
cant interaction was observed when stratified by sex (p 
for interaction = 0.015; Fig. 2). Furthermore, we evaluated 

the associations of early chronotype, insomnia and day-
time sleepiness with AF risk in other subgroups. In most 
strata, these traits showed a consistent trend towards 
an increased risk of AF, without significant interaction 
effects (p for interaction > 0.05; Additional file 1: Figs. S1, 
S2, S3). Notably, interactions with sex were detected for 
both early chronotype and daytime sleepiness.

Sleep duration and the risk of new‑onset AF
The entire cohort exhibited a U-shaped relationship 
between sleep duration and the risk of new-onset AF, 
with 7  h of sleep associated with the lowest risk. Given 
the obvious differences in AF risk between the sexes, 
the RCS was plotted separately for men and women. 
As shown in Fig.  3, both men and women showed a 
U-shaped relationship between sleep duration and risk of 
AF, with the lowest risk of 7 h. Notably, the change curve 
for AF risk was more pronounced in women than in men.

To further refine the study, the participants were 
categorised into subgroups of 6, 7 and 8  h based on 
sleep distribution across the cohort. In a multivariate 
regression model, the short and long sleep groups had 
a 29% (HR 1.29; 95% CI 1.07–1.56) and 17% (HR 1.17; 
95% CI 1.01–1.36) increased risk of AF compared to 
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Fig. 1 Kaplan–Meier survival curves for the cumulative hazard of new-onset AF for five sleep behaviour traits. Patients who developed AF 
within two years of follow-up were excluded from analysis
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the 7-h group (Additional file  1: Table  S3). However, 
6- and 8-h sleep durations were not significantly asso-
ciated with the risk of AF (p > 0.05), suggesting that 
6–8  h may be the optimal range of sleep duration to 
reduce the risk of AF. When further adjusted for other 
sleep behaviour traits, this trend remained consistent.

Different sleep behaviour patterns and risk of new‑onset 
AF
To evaluate the association of different sleep patterns 
with AF risk, four specific combinations of poor sleep 
patterns were constructed. These four patterns were: 
short/long sleep duration, short/long sleep duration 

Sleep duration

Subgroups
Age (<55 years)
  Short hours

  Long hours

Age (>=55 years)
  Short hours

  Long hours

Sex (men)
  Short hours

  Long hours

Sex (women)
  Short hours

  Long hours

Race (White)
  Short hours

  Long hours

Race (Non−White)
  Short hours

  Long hours

BMI (<30 kg/m2)
  Short hours
  Long hours

BMI ( >=30 kg/m2)
  Short hours

  Long hours

Hypertension (yes)
  Short hours

  Long hours

Hypertension (no)
  Short hours

  Long hours

Early chronotype (yes)
  Short hours

  Long hours

Early chronotype (no)
  Short hours

  Long hours

Insomnia (yes)
  Short hours

  Long hours

Insomnia (no)
  Short hours

  Long hours

Daytime sleepiness (yes)
  Short hours

  Long hours

Daytime sleepiness (no)
  Short hours

  Long hours

HR (95% CI)

1.47 (0.99,2.08)

1.50 (1.01,2.21)

1.25 (1.05,1.49)

1.14 (1.0,1.29)

1.21 (1.0,1.45)

1.04 (0.89,1.22)

1.43 (1.11,1.84)

1.44 (1.17,1.76)

1.32 (1.12,1.55)

1.17 (1.03,1.33)

0.93 (0.53,1.63)

1.10 (0.65,1.86)

1.12 (0.83,1.51)

1.21 (0.98,1.48)

1.28 (1.06,1.54)

1.11 (0.95,1.29)

1.32 (1.10,1.57)

1.17 (1.01,1.34)

1.17 (0.85,1.62)

1.16 (0.89,1.49)

1.29 (1.05,1.59)

1.12 (0.94,1.34)

1.28 (1.02,1.61)

1.19 (1.0,1.41)

1.25 (1.06,1.47)

1.21 (1.05,1.39)

1.35 (0.80,2.28)

1.05 (0.79,1.37)

1.05 (0.81,1.35)

1.16 (0.96,1.40)

1.45 (1.19,1.76)

1.16 (0.98,1.36)

p for interaction

0.368

0.015

0.568

0.525

0.799

0.833

0.438

0.15

0.5 1 1.5 2 2.5

Fig. 2 Subgroups were performed to analyze the risk of new-onset AF in each strata for short/long sleep duration. Proper sleep duration served 
as the reference group
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Fig. 3 Left: Restricted cubic spline of sleep duration and risk of new-onset AF in the entire cohort. Right: Restricted cubic spline of sleep duration 
and risk of new-onset AF in the men and women cohorts

Sleep Behaviour Patterns 

Sleep Model

The entire cohort

Proper sleep duration

Short/Long sleep duration

Short/Long sleep duration + Insomnia

Short/Long sleep duration + Insomnia + Non−Early chronotype

Short/Long sleep duration + Insomnia + Non−Early chronotype + Daytime sleepiness

Men

Proper sleep duration

Short/Long sleep duration

Short/Long sleep duration + Insomnia

Short/Long sleep duration + Insomnia + Non−Early chronotype

Short/Long sleep duration + Insomnia + Non−Early chronotype + Daytime sleepiness

Women

Proper sleep duration

Short/Long sleep duration

Short/Long sleep duration + Insomnia

Short/Long sleep duration + Insomnia + Non−Early chronotype

Short/Long sleep duration + Insomnia + Non−Early chronotype + Daytime sleepiness

HR (95% CI)

1.21 (1.09,1.34) 

1.26 (1.13,1.41) 

1.31 (1.13,1.52) 

1.23 (0.98,1.54)

1.1 (0.97,1.25) 

1.16 (1.01,1.33) 

1.17 (0.97,1.42) 

1.12 (0.84,1.49)

1.43 (1.21,1.7) 

1.47 (1.23,1.76) 

1.58 (1.25,2.0) 

1.42 (0.99,2.04)

p−value

<0.001

<0.001

<0.001

0.069

0.141

0.04

0.108

0.425

<0.001

<0.001

<0.001

0.055

0.5 1 1.5 2 2.5

Fig. 4 The risk of new-onset AF for four poor sleep behaviour patterns compared with proper sleep duration in the entire, men, and women 
cohorts
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with insomnia, short/long sleep duration with insomnia 
and non-early chronotype and short/long sleep duration 
with insomnia, early chronotype and daytime sleepiness. 
In the entire cohort, participants with short/long sleep 
durations exhibited a 21% (HR 1.21; 95% CI 1.09–1.34; 
Fig. 4) increased risk of new-onset AF compared to those 
with proper sleep durations. Upon sequentially adding 
insomnia and non-early chronotype to the model, the 
AF risk rose incrementally from 26 to 31%. However, 
the incorporation of daytime sleepiness did not further 
amplify this risk. In women, the short/long sleep duration 
group had a 43% (HR 1.43; 95% CI 1.21–1.7) increased 
risk of AF compared to those with a proper sleep dura-
tion. Similarly, as insomnia and non-early chronotype 
were incrementally introduced, the risk of AF increased 
from 47 to 58%. Nevertheless, the addition of daytime 
sleepiness did not further intensify this risk. Contrast-
ingly, in the men’s cohort, AF risk increased by 16% (HR 
1.16; 95% CI 1.01–1.33) in the short/long sleep duration 
with insomnia traits group. Moreover, for men, the risk 
of AF did not change significantly in other sleep patterns.

Sensitivity analysis
A competing risks model considered death before the 
onset of AF as a competing event, with results consist-
ent with the main analyses (Additional file 1: Tables S4; 
S5). Multiple imputations of five datasets were employed 
for handling missing data, with results remaining stable 
when these five datasets were pooled (Additional file  1: 
Tables S6; S7).

Discussion
In this large prospective cohort study, we have identified 
significant associations between sleep behaviour traits 
and the risk of new-onset AF in patients with diabe-
tes. These sleep behaviour traits include sleep duration, 
chronotype, insomnia and daytime sleepiness. Notably, 
we also observed a U-shaped relationship between sleep 
duration and AF risk, with the optimal range for mini-
mising AF risk being 6–8 h of sleep per day. Importantly, 
our findings highlight a sex disparity in the risk of new-
onset AF associated with poor sleep behaviour patterns, 
with a more pronounced effect in women.

To our knowledge, this is the first study to prospec-
tively explore the relationship between sleep behaviour 
traits and the risk of new-onset AF in patients with dia-
betes. Previous observational studies and meta-analyses 
have indicated that both short and long sleep durations 
are associated with an increased risk of AF [24, 25]. Arafa 
et  al. reported that individuals who slept ≤ 6  h or ≥ 8  h 
per day had an increased risk of AF compared with those 
who slept 7 h per day [24]. Morovatdar et al. also suggest 
that unhealthy sleep duration (defined as < 6  h or > 8  h) 

could be associated with an increased risk of AF [25]. 
Consistent with these studies, we similarly observed 
that 7 h per day was associated with the lowest AF risk 
in the entire cohort. However, it is essential to recognise 
the limitations of pinpointing sleep duration to a spe-
cific number of hours. Therefore, we further subdivided 
the ‘proper’ sleep duration into three groups of 6, 7 and 
8 h, revealing no significant differences in AF risk among 
these three groups. This implies that the optimal range 
for reducing the risk of AF may be 6–8 h of sleep per day. 
Owing to the inherent limitations of observational stud-
ies, these results cannot provide evidence of causality. 
However, two recent Mendelian randomisation studies 
provide evidence for this causality, with short sleep dura-
tion being a risk factor for AF, while prolonged sleep is 
less likely [26, 27]. In multivariate regression models of 
our study, short duration sleep was more likely to develop 
AF, with at least a 10% increased risk compared to long-
duration sleep.

Excessive sleep duration can have negative effects on 
both AF and cardiometabolic diseases, and may also 
heighten the risk of specific cardiovascular issues, such as 
stroke. Diabetes is a major risk factor for stroke, and AF 
is a common cause of embolic stroke, making the issue 
of sleep duration a particular concern among diabetics. 
Prolonged sleep duration is associated with an increased 
incidence of diabetes and AF, potentially due to elevated 
levels of inflammation, arterial stiffness, and blood pres-
sure variability [28]. Inflammation plays a key role in ath-
erosclerosis and cardiovascular diseases, such as stroke. 
The Nurses’ Health Study demonstrated that prolonged 
sleep duration was associated with elevated levels of 
the inflammatory marker C-reactive protein [29]. Yosh-
ioka et al. were the first to report an association between 
prolonged sleep duration and increased arterial stiffness 
[30]. In addition, blood pressure variability is an impor-
tant indicator of arterial stiffness, and a strong predictor 
of stroke [31, 32]. A study by Johansson et  al. involving 
1,908 Finnish adults aged 41–74  years found that those 
sleeping more than 9  h had significantly higher blood 
pressure variability than those who slept for 7  h [33]. 
These findings highlight the importance of prolonged 
sleep duration as both a strong marker of stroke and a 
reliable risk factor, and suggest that it be emphasized in 
future risk classification and stroke prevention assess-
ments [28].

In addition to sleep duration, other sleep traits such 
as chronotype, insomnia, snoring and excessive day-
time sleepiness, have also been reported to be associated 
with a 10–40% increased risk of cardiovascular disease 
[34–37]. However, these studies have often excluded AF 
as an outcome. Furthermore, these studies have typi-
cally examined only a few specific sleep traits, leaving the 
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overall relationship between sleep behaviour traits and 
AF risk inadequately understood. Li et  al. conducted a 
comprehensive analysis of various sleep behaviour traits 
and reported that healthy sleep patterns were associated 
with a lower risk of AF, independent of traditional risk 
factors [38]. They also noted that healthy sleep patterns 
were particularly beneficial in populations with a lower 
genetic risk for AF [38]. This underscores the potential 
importance of healthy sleep patterns in AF prevention. 
Additionally, there is a growing interest in the relation-
ship between circadian rhythms and AF. Li et  al. found 
that early chronotype was associated with a reduced risk 
of AF compared to late chronotype, which is in line with 
our findings [38]. In subgroup analyses, we observed a 
significant interaction between a history of hyperten-
sion and early chronotype in the risk of AF. In hyper-
tensive patients, an early chronotype was associated 
with a significantly lower risk of new-onset AF. It is well-
established that persistent blood pressure fluctuations 
contribute to endothelial dysfunction, increased inflam-
matory response and structural cardiac changes, all of 
which are key risk factors for AF. Our observations are 
further corroborated by Merikanto et  al., who reported 
that early chronotype is associated with an increased risk 
of hypertension [39].

Several observational studies and meta-analyses have 
noted that insomnia is associated with an increased risk 
of AF [40–42]. Wu et al. conducted a meta-analysis that 
revealed a 33% increased risk of AF in individuals with 
insomnia [42]. Moreover, Liu’s Mendelian randomisation 
analysis supported a causal relationship between insom-
nia and AF, suggesting that insomnia may increase AF 
risk by 13% [43]. Our study aligns with these findings, 
demonstrating a 15% increased risk of AF associated with 
insomnia. Additionally, we found that daytime sleepiness 
was linked to an increased risk of AF, although the lit-
erature on this topic is limited. Cang et al. reported that 
excessive daytime sleepiness was associated with a higher 
risk of AF recurrence following catheter ablation [44]. 
However, snoring did not appear to be associated with an 
increased risk of AF in our study. This discrepancy may 
be due to snoring not being a specific marker of sleep 
apnoea, as snoring is common in both normal and sleep 
apnoea populations. This observation is consistent with 
Lin et al.’s study, which also found no association between 
snoring and the risk of AF [45]. Obstructive sleep apnoea 
(OSA) is a prevalent sleep disorder that may lead to seri-
ous neurocognitive and cardiovascular sequalae in the 
long term [46]. Changes in cardiac structure are strongly 
associated with the development of AF. Currently, there is 
still relatively limited studies on the relationship between 
different OSA phenotypes and cardiovascular compli-
cations. A study by Al Oweidat K et al. found that rapid 

eye movement OSA was more common in patients with 
type 2 diabetes, and was associated with factors related to 
insulin resistance such as sympathetic nerve activity and 
increased IL-1b [47, 48]. Accurately identifying the dif-
ferent phenotypes of OSA is crucial for clinicians, which 
helps them to develop more precise and effective treat-
ment plans for their patients, thus reducing the negative 
impact on cardiac structure and myocardium [48].

Notably, we observed significant sex-based differ-
ences in the association between sleep behaviour traits 
and the risk of new-onset AF, with poor sleep patterns 
having a more pronounced effect on women. Sex-
related sleep differences have been previously reported 
in adults [49]. Women tend to report more insomnia 
symptoms and reduced sleep quality compared to men 
[50]. Studies have also noted sex differences in circadian 
rhythms, with women often exhibiting earlier circadian 
phases and shorter endogenous cycles than men [51, 
52]. Women may be more susceptible to various health 
issues under similar sleep conditions compared to men. 
Cappuccio et al. reported that women had a higher risk 
of hypertension than men under conditions of sleep 
deprivation [53]. Interestingly, the risk of new-onset 
AF did not further increase with the addition of day-
time sleepiness to poor sleep patterns. Daytime sleepi-
ness is strongly associated with other sleep behaviour 
traits, often reflecting the sleep duration and insomnia 
of the preceding day. Moreover, we used a broad defi-
nition of daytime sleepiness, which included all self-
reported instances, that may have impacted statistical 
efficacy. In contrast, Full et al.’s study in an older adult 
community-based sample did not find an increased risk 
of arrhythmia associated with excessive daytime sleepi-
ness [54]. Similarly, Guo et al. did not identify a causal 
relationship between excessive daytime sleepiness and 
the onset of AF [55].

Clinical implications
Sleep behaviour traits are interconnected, with differ-
ent traits influencing and compensating for each other. 
A comprehensive assessment of these traits can enhance 
our understanding of an individual’s sleep status and 
associated risk factors. In this study involving patients 
with diabetes aged 40-6–9  years, we found that a sleep 
duration of 6–8  h appears to be optimal. Additionally, 
chronotype, insomnia and daytime sleepiness indepen-
dently contribute to the risk of developing AF. Notably, 
the impact of unhealthy sleep patterns on AF risk is more 
pronounced in women compared to men. Therefore, 
prioritising and improving sleep quality, particularly in 
women, may be an effective strategy for preventing AF in 
the diabetic population.
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Strengths and limitations
Patients with a history of cardiovascular disease and 
other arrhythmias at baseline were excluded, reducing 
potential confounding factors. To mitigate reverse cau-
sality, participants diagnosed with AF within two years 
of study entry were excluded. We also addressed the sen-
sitivity analyses, including a competing risks model and 
multiple imputations for missing data, which yielded 
results consistent with the main results, enhancing the 
stability of our conclusions.

Nevertheless, this study has its limitations. First, we 
lacked detailed information on AF subtypes, limiting 
our ability to conduct more specific analyses. Second, 
the generalizability of our findings to other populations 
beyond the UK Biobank cohort requires further investi-
gation. Finally, despite our efforts to adjust for potential 
confounders, the impact of unaccounted residual covari-
ates remains uncertain.

Conclusions
In diabetic populations, sleep duration, chronotype, 
insomnia and daytime sleepiness are significant factors 
associated with the incidence of AF. Compared to short/
long sleep durations, 6–8 h of sleep had the lowest risk of 
AF. Moreover, poor sleep patterns confer a higher risk of 
new-onset AF in women compared to men.
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