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Abstract

IMPORTANCE Understanding the interplay between sleep duration, dietary habits, and the risk of
developing type 2 diabetes (T2D) is crucial for public health and diabetes prevention strategies.
OBJECTIVE To investigate the associations of type of diet and duration of sleep with the
development of T2D.

DESIGN, SETTING, AND PARTICIPANTS Data derived from the UK Biobank baseline investigation
(2006-2010) were analyzed for this cohort study between May 1and September 30, 2023. The
association between sleep duration and healthy dietary patterns with the risk of T2D was
investigated during a median (IQR) follow-up of 12.5 (11.8-13.2) years (end of follow-up, September
30,2021).

EXPOSURE For the analysis, 247 867 participants were categorized into 4 sleep duration groups:
normal (7-8 hours per day), mild short (6 hours per day), moderate short (5 hours per day), and
extreme short (3-4 hours per day). Their dietary habits were evaluated based on population-specific
consumption of red meat, processed meat, fruits, vegetables, and fish, resulting in a healthy diet
score ranging from O (unhealthiest) to 5 (healthiest).

MAIN OUTCOMES AND MEASURES Cox proportional hazards regression analysis was used to
calculate hazard ratios (HRs) and 95% Cls for the development of T2D across various sleep duration
groups and healthy diet scores.

RESULTS The cohort comprised 247 867 participants with a mean [SD] age of 55.9 [8.1] years, of
whom 52.3% were female. During the follow-up, 3.2% of participants were diagnosed with T2D
based on hospital registry data. Cox regression analysis, adjusted for confounding variables,
indicated a significant increase in the risk of T2D among participants with 5 hours or less of daily
sleep. Individuals sleeping 5 hours per day exhibited a 116 adjusted HR (95% Cl, 1.05-1.28), and
individuals sleeping 3 to 4 hours per day exhibited a 1.41 adjusted HR (95% Cl, 1.19-1.68) compared
with individuals with normal sleep duration. Furthermore, individuals with the healthiest dietary
patterns had a reduced risk of T2D (HR, 0.75 [95% Cl, 0.63-0.88]). The association between short
sleep duration and increased risk of T2D persisted even for individuals following a healthy diet, but
there was no multiplicative interaction between sleep duration and healthy diet score.
CONCLUSIONS AND RELEVANCE In this cohort study involving UK residents, habitual short sleep
duration was associated with increased risk of developing T2D. This association persisted even
among participants who maintained a healthy diet. To validate these findings, further longitudinal

studies are needed, incorporating repeated measures of sleep (including objective assessments) and

dietary habits.
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Key Points

Question s there an association
between adherence to healthy diet,
sleep duration, and risk of developing
type 2 diabetes (T2D) in adults?

Findings This cohort study analyzing
data from 247 867 adults in the UK
Biobank found that individuals sleeping
less than 6 hours daily had a notably
higher risk of developing T2D compared
with those with 7 to 8 hours of sleep.
Despite the association between
healthier diets and reduced T2D risk, the
increased risk associated with short
sleep duration persisted even among
adults with healthy eating habits.

Meaning These findings suggest that
adopting a healthy diet may not reduce
the risk of developing T2D among those
with habitual short sleep duration.
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Introduction

Many people sleep less than 7 hours per day, a condition often termed as short sleep duration. For
instance, according to the 2020 Behavioral Risk Factor Surveillance System, 33.2% of US adults were
short sleepers.! Prolonged periods of insufficient sleep are associated with various health risks,
including an increased risk of type 2 diabetes (T2D). A meta-analysis of prospective studies involving
482 502 participants with follow-up periods spanning from 2.5 to 16.0 years demonstrated that each
hour of sleep duration below 7 hours per day was associated with a 1.09-fold likelihood of developing
T2D.2 Similar patterns are observed when investigating the association between objectively
measured sleep duration and T2D in the UK Biobank. Participants with daily sleep duration below 7
to 8 hours demonstrated a hazard ratio (HR) of 1.21 for the development of T2D.3 Further support is
derived from various experimental studies that demonstrate impaired glucose tolerance test
responses and indicators of insulin resistance associated with acute sleep restriction.*”

Based on current evidence, increasing daily sleep duration to at least 7 hours may reduce the
risk of T2D in individuals with insufficient sleep. Nevertheless, challenges in achieving the
recommended sleep duration persist, including factors such as work schedules, childcare
responsibilities, and economic pressures. Given those constraints, adhering to an otherwise healthy
lifestyle may be an alternative approach for mitigating T2D risk among individuals with short sleep
duration. For instance, the results of a small experimental study suggest that engaging in high-
intensity interval exercise during the daytime may counteract the detrimental effects of sleep
restriction on glucose tolerance in humans.® Those findings were reaffirmed by a recent analysis of
UK Biobank data, which indicated that individuals with short sleep duration who engaged in regular
physical activity exhibited a lower risk of developing T2D.3 While the effectiveness of a healthy
dietary pattern in lowering the risk of T2D is well-established,®'° the extent to which adherence to
such a diet can mitigate the elevated risk of T2D associated with chronic short sleep duration is less
clear. This area of research is particularly challenging due to the tendency of short sleep to promote
unhealthy food choices." ™

Previous research provides substantial evidence that short sleep duration adversely affects
glucose metabolism.” In contrast, current literature does not offer strong evidence that extended
sleep in individuals with normal sleep patterns significantly disrupts glucose regulation. Thus, the
association between habitual long sleep duration (often defined as more than 8 or 9 hours per day)
and T2D? may not be causally linked.'® With this evidence in mind, our research, encompassing
247 867 participants from the UK Biobank cohort, explored the association between self-reported
short sleep duration and T2D incidence, particularly considering adherence to a healthy diet. We
hypothesized that a healthy dietary pattern would lower the risk of T2D among those with short
sleep duration.

Methods

Study Population

This cohort study is part of UK Biobank project No. 80513. Data from 247 867 participants 38 to 71
years of age who took part in the baseline visit (scheduled from 2006 to 2010) were available. We
applied multiple criteria, including the absence of data on exposure or confounding variables and a
T2D diagnosis within 1year of assessment, to define the final cohort. A detailed summary of this
process is available in eFigure 1in Supplement 1. The assessment of participants’ daily sleep duration
and dietary habits was conducted at baseline as part of a touchscreen questionnaire. The UK Biobank
study was approved by the North West Multi-Center Research Ethics Committee'’; all participants
provided written informed consent. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline for cohort studies.
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Assessment of Sleep Duration

Based on a response to the touchscreen question "About how many hours sleep do you get in every
24 hours? (please include naps)” completed during the baseline visit, participants who reported a
daily sleep duration of 7 to 8 hours were categorized as having normal sleep duration. Short sleep
duration was classified as mild short sleep (6 hours), moderate short sleep (5 hours), and extreme
short sleep (3-4 hours) for considering the dose-response relationship with T2D.2 In line with
previous research,'® participants with a daily sleep duration of less than 3 hours were not included in
the main analysis (eFigure 1in Supplement 1).

Healthy Diet Scale Definition

Similar to a previous UK Biobank study,'® participants’ adherence to a healthy diet was determined in
the present study via responses to an electronic questionnaire. Healthy eating, based on a
population-specific median split, included criteria such as fewer than 2 servings of unprocessed red
meat products per week (67.3%), fewer than 2 servings of processed meat products per week
(39.2%), 4 or more tablespoons of vegetables per day (64.8%), 2 or more pieces of fruit per day
(72.7%), and 2 or more servings of fish products per week (52.3%). Each healthy dietary behavior
scored 1point, resulting in a healthy diet score ranging from O (unhealthiest) to 5 (healthiest).

Incident T2D

The outcome of this study was incident T2D, which was ascertained from hospital inpatient records
(International Statistical Classification of Diseases, Tenth Revision, codes E110-E119). Records were
available until September 30, 2021, and detailed procedures can be found in the UK Biobank online
resource.°

Statistical Analysis

Data were analyzed for this cohort study between May 1and September 30, 2023. All analyses were
conducted using SPSS, version 28.0.1.0 (IBM; SPSS Inc), and R version, 4.3.2 (R Project for Statistical
Computing). Cox proportional hazards regression analysis was used to calculate HRs and 95% Cls for
the development of T2D across various sleep duration groups and the healthy diet score. Statistical
significance was defined as a 2-sided P < .05. Additionally, we assessed multiplicative and additive
interactions between sleep duration and the healthy diet score. For additive interactions, we
computed the relative excess risk due to interaction, the attributable proportion due to the
interaction, and the synergy index by using the interactionR package (version 0.1.7) in R. The time at
risk (measured in days) was calculated from the date of the baseline assessment until the occurrence
of T2D diagnosis, death, or the conclusion of the follow-up period (September 30, 2021), whichever
came first. Proportional hazards assumptions were verified by assessing Kaplan-Meier

survival curves.

To enhance the robustness of the crude associations between sleep duration, adherence to
healthy dietary patterns, and incident T2D, the adjusted model considered various participant
characteristics from the baseline visit. These characteristics encompassed sleep duration, healthy
diet score, age, biological sex (female or male), race and ethnicity (African or Caribbean, Asian, White
European, or other [including other ethnic group, any other ethnic background, Black or Black British,
other Black background, and other White background] because some racial and ethnic groups
reportedly have higher rates of T2D than others'; self-reported based on predefined categories from
the UK Biobank, which were then combined to form the options used), smoking status (never
smoked, previous smoker, current smoker), frequency of weekly alcohol intake (not current, less
than 3 times a week, 3 or more times a week), antidepressant use (self-reported use of selective
serotonin reuptake inhibitor, selective noradrenaline reuptake inhibitor, tricyclic antidepressant,
atypical antidepressant, or monoamine oxidase inhibitor), assessment center region (England,
Scotland, or Wales), body mass index, systolic blood pressure (automated reading taken at baseline),
socioeconomic status (measured by the Townsend index), educational level (no qualification,

[5 JAMA Network Open. 2024,7(3):e241147. doi:10.1001/jamanetworkopen.2024.1147 March 5, 2024 3/12

Downloaded from jamanetwork.com by Sandrine Launois on 04/02/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.1147&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.1147

JAMA Network Open | Diabetes and Endocrinology Habitual Short Sleep Duration, Diet, and Development of Type 2 Diabetes

university degree, and any other qualification), insomnia symptoms frequency (never or rarely;
sometimes; and usually), and physical activity level (categorized as low, moderate, and high levels as
defined by the International Physical Activity Questionnaire®2).

To evaluate the potential competing risk of all-cause death, we computed the Fine-Gray
subdistribution hazard by using the cmprsk R package (version 2.2-11). Recommended sleep duration
by organizations such as the US Sleep Foundation for adults aged 18 and older is 7 to 9 hours daily.
Consequently, we conducted an additional sensitivity analysis, designating 7 to 9 hours of daily sleep
duration as the reference category (eFigure 1in Supplement 1). Furthermore, we explored the
association between short sleep duration and increased T2D risk, considering adherence to
individual healthy eating habits. To mitigate bias from inverse causation, we reran the analysis
excluding individuals who developed T2D within 5 years after their assessment visit. Finally, the
primary analysis was repeated, excluding participants with prediabetes at baseline (hemoglobin A,
[HbA,_] levels, 39-47 mmol/mol or 5.7%-6.5% of total hemoglobin®*; to convert from percentage to
proportion of total hemoglobin, multiply by 0.01).

Results

Cohort Characteristics

The cohort comprised 247 867 participants with a mean (SD) age of 55.9 (8.1) years, of whom 52.3%
were females, 47.7% were males, 93.6% identified as White European, 1.7% as Asian, 0.9% as
Caribbean or African, and 3.8% as other race or ethnicity. In addition, 75.5% reported normal sleep
duration, 19.8% reported mild short sleep duration, 3.9% reported moderate short sleep duration,
and 0.8% reported extreme short sleep duration. Additionally, 1.5% attained a healthy diet score of
0, 74% scored 1, 17.6% scored 2, 27.5% scored 3, 29.0% scored 4, and 17.0% scored 5 (defined as
the healthiest dietary pattern). Additional cohort characteristics can be found in the Table. Cohort
characteristics categorized by either sleep duration or healthy diet score are given in eTable 1and
eTable 2in Supplement 1.

Associations Between Sleep Duration, Adherence to a Healthy Diet, and Incident T2D
The total follow-up time for the investigated cohort was 3 029 282 years at risk, and 7905
participants (3.2%) were diagnosed with T2D during a median (IQR) follow-up of 12.5 (11.8-13.2)
years. In comparison with participants reporting normal sleep duration (reference group).
participants who reported sleep durations of less than 6 hours per night had greater risk of
developing T2D (adjusted HRs,1.16 [95% Cl, 1.05-1.28], P = .003 for 5 hours; and 1.41[95% Cl, 1.19-
1.68], P < .001 for 3-4 hours). There was no statistically significant difference between participants
who reported normal sleep duration and those who reported 6 hours (adjusted HR, 1.02 [95% ClI,
0.97-1.08) (Figure 1). Figure 2 shows Kaplan-Meier curves by sleep duration status.

Participants with a healthy diet score of 4 or 5 exhibited lower risk of developing T2D than those
with the least healthy dietary pattern (HR, 0.75 [95% Cl, 0.63-0.88], P < .001 for 5 points; HR, 0.82
[95% Cl, 0.70-0.96], P = .01for 4 points; HR, 0.89 [95% Cl, 0.76-1.04], P = .13 for 3 points; HR, 0.88
[95% Cl, 0.76-1.03], P = .12 for 2 points; and HR, 0.90 [95% Cl, 0.76-1.06], P = .22 for 1 point)
(Figure 1). Figure 2 shows Kaplan-Meier plots by healthy diet scale.

Contrary to our hypothesis, no multiplicative interaction between sleep duration and the
healthy diet score was observed, either in the unadjusted (HR [95% Cl] range, 0.83-3.02 [0.30-7.20];
P = 48) or adjusted (HR [95% Cl] range, 0.93-3.49 [0.39-8.34]; P = .38) analysis. Considering that
sleeping less than 6 hours per day was associated with higher risk, and a healthy diet score of 4 or
higher was associated with lower HRs for T2D, we transformed daily sleep duration and the healthy
diet score into binary variables to explore a potential additive interaction. Specifically, we categorized
daily sleep duration as 6 to 9 hours vs 3 to 5 hours, and the healthy diet score as 4 to 5 points vs O to
3 points. There was no significant additive interaction between daily sleep duration and a healthy diet
(relative excess risk due to interaction, 0.05 [95% Cl, -0.16 to 0.26]; attributable proportion due to

[5 JAMA Network Open. 2024,7(3):e241147. doi:10.1001/jamanetworkopen.2024.1147 March 5,2024  4/12

Downloaded from jamanetwork.com by Sandrine Launois on 04/02/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.1147&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.1147
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.1147&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.1147

JAMA Network Open | Diabetes and Endocrinology

Habitual Short Sleep Duration, Diet, and Development of Type 2 Diabetes

Table. Cohort Characteristics

Participants,

Characteristic No. (%)
Participants, total No. 247867
Time at risk, mean (SD), y 12 (1.8)
Incident T2D cases during follow-up 7905 (3.2)
Age at baseline, mean (SD), y 55.9 (8.1)

Sex
Female
Male
BMI at baseline, mean (SD)
Systolic blood pressure at baseline, mean (SD), mm Hg,
HbA, . at baseline, mean (SD)
Percentage of total hemoglobin
mmol/mol
Received antidepressant pharmacotherapy at baseline
Townsend Index, mean (SD)
Race and ethnicity
White European
Asian
Caribbean or African
Other®
Region of the assessment center
England
Scotland
Wales
Physical activity level
Low
Moderate
High
Smoking at baseline
Current
Former
Never
Alcohol intake frequency
3 times a week or more
Less than 3 times a week
Not current
Educational level
University degree
Any other qualification
No qualification
Insomnia symptom frequency
Never or rarely
Sometimes

Usually

129533 (52.3)
118334 (47.7)
26.6 (3.7)

138 (17)

5.4 (2.5)
34.84 (3.73)
7011 (2.8)
-1.95 (2.44)

231966 (93.6)
4317 (1.7)
2287 (0.9)
9297 (3.8)

228187 (92.1)
10695 (4.3)
8985 (3.6)

44612 (18.0)
102 447 (41.3)
100808 (40.7)

22965 (9.3)
84823 (34.2)
140079 (56.5)

119843 (48.4)
113826 (45.9)
14198 (5.7)

91890 (37.1)
126128 (50.9)
29849 (12.0)

62769 (25.3)
118516 (47.8)
66 582 (26.9)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); HbA,., hemoglobin A,.; T2D, type 2 diabetes.

Sl conversion factor: To convert HbA, . percentage to proportion of total,

multiply by 0.01.

@ Other race and ethnicity included other ethnic group, any other ethnic
background, Black or Black British, other Black background, and other White
background.
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the interaction, 0.04 [95% Cl, -0.12, 0.19]; synergy index, 1.17 [95% Cl, 0.61-2.26]). Figure 3
illustrates the associations between daily sleep duration and T2D incidence during the follow-up,
categorized by a T2D-protective dietary pattern (4-5 points) and T2D-nonprotective dietary pattern

(0-3 points).

Sensitivity Analyses

When considering the possible competitive risk of all-cause death, the main results changed for
neither sleep (adjusted subdistribution HRs, 1.02 [95% Cl, 0.97-1.08], P = .48 for mild short sleep

Figure 1. Association of Short Sleep Duration at Baseline and Adherence to Healthy Diet With Incident Type 2 Diabetes (T2D)

E Baseline sleep duration and incident T2D, unadjusted HRs

Sleep

duration, h HR (95% ClI)

7-8 1 [Reference] [ ]

6 1.22(1.16-1.29) -

5 1.64 (1.49-1.80) -

3-4 2.52(2.13-2.98) ——

0.2 1 4
Unadjusted HR (95% CI)

Healthy diet score and incident T2D, unadjusted HRs

Healthy

diet score HR (95% Cl)

0 1 [Reference] [ ]
1 0.83(0.70-0.98) ——
2 0.76 (0.65-0.89) —a—

3 0.73(0.63-0.85) .

4 0.63(0.54-0.73) —a—

5 0.53(0.45-0.62) —a—

0.2 1 4
Unadjusted HR (95% Cl)

Baseline sleep duration and incident T2D, adjusted HRs

Sleep
duration, h HR (95% Cl)
7-8 1 [Reference] L]
6 1.02(0.97-1.08) [
5 1.16 (1.05-1.28) -
3-4 1.41(1.19-1.68) -
02 T 4
Adjusted HR (95% CI)
@ Healthy diet score and incident T2D, adjusted HRs
Healthy
diet score HR (95% Cl)
0 1 [Reference] L]
1 0.90 (0.76-1.06) —
2 0.88 (0.76-1.03) -
3 0.89 (0.76-1.04) .
4 0.82(0.70-0.96) —a—
5 0.75 (0.63-0.88) —a—
0.2 i 4

Adjusted HR (95% CI)

HR indicates hazard ratio. Reference group in A and Ciis 7 to 8 hours of sleep duration; B and D, healthy diet score of 0.

Figure 2. Unadjusted Kaplan-Meier Estimates: Short Sleep Duration, Diet Score, and Type 2 Diabetes (T2D) Risk

@ Habitual baseline sleep duration and incident T2D

1.00~
= 0.98
2
>
5
2
2 0.96-
=
=
E
O 0.944 Sleep duration, h
6
0.92 5
3-4
0.90 T T T T T T T
0 2 4 6 8 10 12 14

Time at risk of T2D, y

No. at risk (sleep duration, h)

7-8 187275 186995 186426 185540 184499 183359 182221 181836
6 49022 48941 48740 48448 48105 47718 47372 47263
5 9654 9626 9568 9494 9411 9307 9225 9195
3-4 1916 1910 1895 1876 1850 1820 1784 1778

Healthy diet score and development of incident T2D

1.00+
= 0.98-
2
>
E
a
% 0.96+ Healthy
i) diet score
=3
£ 0
S 094 1
—_—2
—_—3
0.924 4
5
0.90 T T T T T T T
0 2 4 6 8 10 12 14
Time at risk of T2D, y
No. at risk (healthy diet score)
0 3757 3753 3734 3707 3672 3624 3596 3584
1 18356 18322 18235 18130 18002 17834 17697 17648
2 43692 43609 43441 43187 42915 42558 42244 42142
3 68033 67929 67631 67250 66820 66354 65980 65720
4 71975 71869 71612 71273 70844 70397 69989 69860
5 42054 41988 41876 41711 41512 41307 41086 41018
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duration; 116 [95% Cl, 1.05-1.28], P = .004, for moderate short sleep duration; and 1.41[95% Cl, 1.19-
1.69], P < .001 for extreme short sleep duration) nor for the healthy diet score (adjusted
subdistribution HRs, 0.75 [95% Cl, 0.64-0.89], P < .001 for 5 points; 0.82 [95% Cl, 0.70-0.96],
P = .02 for 4 points; 0.89 [0.76-1.04], P = .15 for 3 points; 0.88 [95% Cl, 0.75-1.04], P = .13 for 2
points; and 0.90 [95% Cl, 0.76-1.07], P = .22 for 1 point). When using a daily sleep duration of 7to 9
hours as the reference category, our results were largely supported (eFigure 2 and eFigure 3 in
Supplement 1). These observations persisted even after excluding individuals who developed T2D
within the first 5 years of follow-up (eFigure 4 and eFigure 5 in Supplement 1). Examining individual
healthy eating habits, we found that a reduced weekly consumption of unprocessed red meat and
processed meat was associated with a decreased risk of T2D (eTable 3 in Supplement 1). However,
irrespective of whether participants reported high or low consumption of unprocessed red meat and
processed meat products, the association between shorter sleep duration and higher HRs for
developing T2D remained significant (eTable 4 in Supplement 1).

When excluding participants with prediabetes at baseline, daily sleep durations between 3 and
5 hours remained significantly associated with higher HRs for T2D (eFigure 6 in Supplement 1). None
of the healthy diet scores were significantly associated with the risk of T2D (eFigure 6 in
Supplement 1). However, when combining participants who scored 4 or 5 on the healthy diet scale as
1group and participants who scored less as the other group, the risk of developing T2D was lower in
the first group in both the unadjusted (HR, 0.77 [95% Cl, 0.72-0.83], P < .001) and adjusted (HR, 0.81
[95% Cl, 0.76-0.88], P < .001) analyses. Still, when categorizing participants into those scoring 4 or
5 and those scoring less than 4, short sleep duration remained significantly associated with a higher
risk of developing T2D (eFigure 7 in Supplement 1).

Discussion

This cohort study assessing daily sleep duration, dietary habits, and the risk of T2D among individuals
in the UK Biobank cohort 38 to 71 years of age found that habitual short sleep duration was
associated with increased risk of developing T2D and that this association persisted even among
participants who maintained a healthy diet. Many adults struggle to sleep 7 to 8 hours per day.' As
suggested by laboratory studies, a lack of sleep may contribute to the development of T2D through
various mechanisms, such as impaired cellular insulin sensitivity,® a skeletal muscle energy

Figure 3. Association Between Short Sleep Duration at Baseline and Incident Type 2 Diabetes (T2D) Stratified by Diet Status

@ T2D-nonprotective diet, unadjusted HRs T2D-protective diet, unadjusted HRs

Sleep Sleep

duration, h HR (95% CI) duration, h HR (95% ClI)

7-8 1 [Reference] | | 7-8 1 [Reference] |

6 1.20(1.12-1.29) - 6 1.24(1.14-1.35) -

5 1.63(1.45-1.85) - 5 1.64(1.41-1.91) —a—

3-4 2.50(2.02-3.10) —— 3-4 2.50(1.90-3.29) ——
0.2 i 4 0.2 { 4

Unadjusted HR (95% ClI)

T2D-nonprotective diet,adjusted HRs

@ T2D-protective diet, adjusted HRs

Unadjusted HR (95% ClI)

Sleep Sleep
duration, h HR (95% ClI) duration, h HR (95% ClI)
7-8 1 [Reference] [ ] 7-8 1 [Reference] L]
6 0.99(0.93-1.07) - 6 1.07 (0.98-1.17) -
5 1.16 (1.02-1.31) —— 5 1.17(1.00-1.37) ——
3-4 1.39(1.11-1.73) —a— 3-4 1.46 (1.10-1.93) ——
0.2 i 4 0.2 i 4

Adjusted HR (95% Cl)

Adjusted HR (95% Cl)

HR indicates hazard ratio. Reference group is 7 to 8 hours of sleep duration.
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metabolism shifted toward nonglucose oxidation,?® increased activity of the sympathetic nervous
system,?® and altered gut microbiota composition.*?” Consequently, the high prevalence of
individuals with short sleep duration may contribute to the projected global escalation of T2D
prevalence.?® Supporting this notion, prospective associations have been observed between short
sleep duration and increased risk of T2D. For instance, in the Nurses’ Health Study Il and the Whitehall
I Study, persistent short sleep duration, defined as either 5.5 hours per day?° or 5.5 hours or less per
day,>° was found to be correlated with a heightened risk of T2D during follow-up.

Recognizing that extending sleep duration may not be a feasible goal for a substantial
proportion of individuals with short sleep duration, exploring alternative strategies to mitigate the
risk of T2D among them becomes essential. Notably, as suggested by findings from a clinical trial,
engaging in high-intensity exercise may mitigate impaired blood glucose control following short
sleep.® Consistent with those findings, an analysis of the UK Biobank revealed that individuals with
habitual short sleep duration were less likely to develop T2D when regularly engaging in physical
activity.® While diets such as the Mediterranean diet, characterized by a high intake of plant-based
foods, have been associated with a reduced risk of T2D, habitual eating patterns marked by a high
consumption of processed foods, including meat, may have the opposite effect.>'* However,
whether healthy eating habits have the potential to lower T2D risk among habitual short sleepers
remains an underexplored research area.

Thus, in the present study, we used data from the UK Biobank baseline assessment, focusing on
participants’ weekly consumption of red meat, processed meat, and fish, as well as the daily
consumption of vegetables and fruits. This information enabled us to categorize participants into 2
distinct dietary groups: those whose dietary patterns were associated with a lower risk of developing
T2D and those whose dietary patterns did not modify the risk of developing T2D. Our findings
revealed an elevated T2D risk associated with shorter sleep durations across both dietary groups.
These findings, further confirmed in several sensitivity analyses, suggest that healthy dietary habits
may not necessarily offset the risk of T2D incurred by habitual short sleep duration.

While our research indeed established a higher risk of T2D associated with short sleep
durations, aligning with previous epidemiological and experimental evidence,?” it remains crucial to
consider the underlying causes of short sleep duration. For instance, obstructive sleep apnea can
lead to premature awakening and insufficient sleep duration.3> Notably, a recent analysis indicates
that nearly 1 billion individuals worldwide experience sleep-disordered breathing,3® with as many as
approximately 80% of them likely being unaware of their condition.” Obstructive sleep apnea is
known to heighten the risk of insulin resistance and T2D3##! and may, in part, explain the observed
association between short sleep duration and elevated T2D risk. Given this possibility, the efficacy of
healthy dietary patterns in mitigating the adverse effects of short sleep on glucose metabolism may
be limited if obstructive sleep apnea is coexistent.

Limitations

Despite the robust nature of our findings—as they remain significant even after adjusting for multiple
confounding variables such as participants’ body mass index, age, and weekly physical activity
level—a nuanced interpretation is necessary concerning their generalizability. We adopted a method
to assess participants’ healthy eating habits similar to a previous UK Biobank study.' However,
whether other types of dietary patterns, such as time-restricted eating or the Mediterranean diet,
can modify the risk of T2D among individuals with short sleep duration remains unclear. Emerging
evidence indicates that such dietary patterns are associated with enhanced blood glucose control
and reduced T2D risk.94>#3 Additionally, there may be specific macronutrients or micronutrients, not
explored in this study, that could more effectively counteract the adverse metabolic effects induced
by sleep loss. Those nutrients may be particularly beneficial for individuals at higher risk of
developing conditions such as T2D.** Another limitation of our study is the absence of updated data
on follow-up unavailability from the UK Biobank since May 2017. It should also be noted that daily
sleep duration and dietary habits were self-reported and only assessed at baseline. This raises
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concerns about recall bias and the potential variability of those behaviors during the follow-up
period. Therefore, to substantiate our findings, additional longitudinal studies are warranted. Those
studies should include repeated and objective assessments of sleep and eating habits. Despite our
efforts to adjust for a comprehensive range of known confounders, including hypertension, obesity,
high HbA,, depression, and various lifestyle factors, the influence of unmeasured variables not
captured in our dataset may still play a role in the associations observed between sleep duration,
diet, and the risk of T2D. Finally, the majority of our participants were of White ancestry, which may
limit the applicability of our results to more diverse populations.

Conclusions

This cohort study did not yield compelling evidence to support the notion that maintaining a diet
characterized by a low consumption of red meat and processed meat products and a high intake of
fruits, vegetables, and fish can sufficiently mitigate the risk of developing T2D associated with
habitual short sleep duration. However, given the constraints of the current analysis, further research
is necessary to explore whether specific dietary patterns, such as time-restricted eating, can
counteract or alleviate the adverse metabolic consequences associated with short sleep duration.
Future studies exploring the associations among adherence to a healthy diet, sleep duration, and the
risk of developing T2D would benefit substantially from including repeated and objective measures
of both sleep and dietary habits. Such an approach is essential to unravel the dynamic interplay
between these factors in the context of T2D, providing a more comprehensive understanding of their
combined association with T2D risk.
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Data Sharing Statement
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