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Purpose: Short and long sleep durations have adverse effects on physical and mental health.
However, most studies are based on self-reported sleep duration and health status. Therefore,
this longitudinal study aims to investigate objectively measured sleep duration and subse-
quent primary health care records in older adults to investigate the impact of sleep duration
and fragmentation on physical and mental health.

Methods: Data on objective sleep duration were measured using accelerometry. Primary
care health records were then obtained from the UK Biobank (n=84,404). Participants (mean
age, 62.4 years) were divided into five groups according to their sleep duration derived from
the accelerometry data: <5 hours, 5-6 hours, 67 hours, 7-8 hours and >8 hours. ICD-10
codes were used for the analysis of primary care data. Wake after sleep onset, activity level
during the least active 5 hours and episodes of movement during sleep were analysed as an
indication for sleep fragmentation. Binary regression models were adjusted for age, gender
and Townsend deprivation score.

Results: A “U-shaped” relationship was found between sleep duration and diseases includ-
ing diabetes, hypertension and heart disease and depression. Short and long sleep durations
and fragmented sleep were associated with increased odds of disease.

Conclusion: Six to eight hours of sleep, as well as less fragmented sleep, predicted better
long-term metabolic and mental health.
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Plain Language Summary

Most of the studies assessing the relationship between sleep and health utilised self-reported
data. The current study used sleep data measured objectively by accelerometers and inves-
tigated the impact of poor sleep on subsequent health status extracted from primary care data
in 84,404 UK Biobank participants 6 years later. This is by far the largest UK accelerometry
study to assess poor sleep as a specific risk factor for future poor metabolic and mental
health. A significant “U-shaped” association is established between sleep duration and
subsequent physical and mental health, as those who sleep on average 6—8 hours/night
have significantly less metabolic and mental health diseases later in life. Additionally,
those with less fragmented sleep have significantly better metabolic and mental health.

Introduction
Sleep plays a vital role in many functions including memory consolidation, hormone
secretion and the regulation of metabolic pathways. Sleep duration requirement varies
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with age. It is recommended that young and middle-aged
adults should sleep on average 7-9 hours/night, but this
reduces for older adults.! Extensive research has shown
a significant association between sleep and all-cause mortality
risk.? The Whitehall study demonstrated a clear “U-shaped”
association between sleep duration and mortality.® Previous
studies have shown that very short sleep duration (<5 hours/
night) is related to higher mortality.*> Short sleep duration is
also associated with impaired glucose tolerance and higher
risk of diabetes, as well as increased coronary heart disease—
related events.®” A longitudinal study demonstrated that those
who get <5.5 hours of sleep per night and those with a sleep
duration reduced by >2 hours/night have significantly higher
risk of metabolic diseases 4 years later compared to those who
usually get 7 hours of sleep per night.® Apart from sleep
duration, fragmented sleep has been associated with poorer
cognitive performance.” Evidence also suggests that people
with longer sleep duration (>8 hours/night) have an increased
risk of all-cause mortality.”'*'" Risk of coronary heart disease
increases in people with a sleep duration of >9 hours/night.”
A longitudinal study carried out amongst the Chinese adult
population found that a sleep duration >9 hours/night is asso-
ciated with increased odds of metabolic syndrome incidence 5
years later comparing to those who sleep 7-8 hours/night.'
Additional to adverse physical health, longer sleep duration is
associated with impaired cognition in older adults.”"

Sleep physiology changes with age quantitatively and
qualitatively. A decline in the ability to initiate and main-
tain sleep is part of the normal ageing process.'*'> Older
adults commonly experience more fragmented sleep,
shorter sleep duration and more daytime naps.'
However, some individuals are affected more than others,
suggesting other factors may contribute to the inter-
individual variability.'* Existing research recognises the
critical role played by gender.'®'” Psychosocial influences
such as retirement, social isolation and bereavements may
also contribute to the increased sleep complaints among
older individuals."® There is therefore interest in sleep
duration as a potential biomarker for healthy or unhealthy
ageing and a potentially modifiable risk factor.

Prior studies carried out using data from the UK
Biobank found that poor sleep was associated with poorer
health and depressive symptoms, however these were
cross-sectional rather than longitudinal data.'® The combi-
nation of long sleep duration (=9 hours/night) and evening
chronotype was linked to a higher cardiovascular risk.?
Short and long sleep durations were associated with
impaired cognitive performances including slower reaction

time and poorer visual memory.?'*> However, these stu-
dies used self-reported sleep duration rather than objec-
tively measured sleep duration by actigraphy.*® Therefore,
to overcome this limitation, the current study used sleep-
related actigraphy data.

The main objective of the current study was to inves-
tigate the relationship between sleep duration and frag-
mentation and subsequent health status over time using
the UK Biobank data. This is by far the largest UK accel-
erometry study to assess objectively measured poor sleep
as a specific risk factor for future poor metabolic and
mental health.

Methods
Population and Study Design

Analysis was carried out using objectively assessed accel-
erometry and primary care data from the UK Biobank
(Project ID: 43537). The UK Biobank received ethics
approval from the North West Multi-centre Research Ethics
Committee (Reference: 16/NW/0274). The UK Biobank also
obtained generic Research Tissue Bank approval, which
covers most research using the resource. Therefore, each
applicant does not need to obtain separate ethics approval.
The UK Biobank recruited approximately 500,000 partici-
pants between 2006 and 2010 from the general population of
the UK who are aged 40—69 years old. Participants attended
a baseline assessment to collect a wide range of measure-
ments including height, weight and waist circumference.
Biological samples including blood, saliva and urine were
also collected. Self-completed touch-screen questionnaire
and computer-assisted interviews collected information
related to participants’ sociodemographics and occupation,
lifestyle, cognitive function, general health and medical his-
tory. Townsend deprivation index was also calculated using
participants’ postcode and national census immediately prior
joining UK Biobank. Each participant is assigned a score
based on where they live.**

Accelerometry Data Collection

Appropriate written consent was obtained from 103,712
participants studied between 2013 and 2015 (participants
are now aged 43-79 years) to invite them to wear a wrist-
worn accelerometer (Axivity AX3 triaxial accelerometer)
continuously for 7 consecutive days on their dominant
wrist. This allowed objectively measured physical activity

and sleep/wake pattern data to be collected.***>
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Primary Care Data Collection

In collaboration with general practice (GP) systems sup-
pliers, the UK Biobank subsequently extracted primary
care data related to UK Biobank participants. These data
included participants’ health, all coded disease diagnoses,
all current prescriptions, laboratory test results and immu-
nisation records, as well as their interactions with their
primary health care provider such as appointment dates.
Data exchanged are in encrypted format and via secure
transfer. These data were first released in 2019 on approxi-
mately 230,000 (45%) UK Biobank participants. The hos-
pital inpatient records cover diagnoses made since 1992.%°
ICD-10 codes were used when analysing diagnosis related
clinical information in the current study.

Sleep Categories

Accelerometry data were processed using R package
GGIR version 1.7—1. This has been previously validated
and published as an open source.”’ Various studies have
assessed the general algorithm and its accuracy at detect-
ing sleep period windows.”*>° The current study included
participants with available processable accelerometry data
and they are categorised into five groups according to their
average sleep duration: 1) <5 hours/night, 2) 5-6 hours/
night, 3) 67 hours/night, 4) 7-8 hours/night, and 5) >8
hours/night.

Optimal vs Less Optimal Sleep

Sleep fragmentation-related measurements were also
extracted from the accelerometry data that include wake
after sleep onset (WASO), activity level of the least active
5 hours (L5 value) and number of episodes of movement
(NBlock). Analysis was carried out to compare optimal
and less optimal sleep where less optimal sleep is char-
acterised as meeting all the following criteria: sleep dura-
tion <5 or >8 hours/night, WASO >95.98 min (75th
percentile), LS value >4.24 milli-g (75th percentile) and
NBlock >39.63
distribution).

(mid-point between its bimodal

Statistical Analysis

Statistical analysis was carried out using IBM SPSS
Statistics version 26 (Armonk, New York, USA). The
relationship between sleep groups and disease-related vari-
ables was examined using Chi-square test. Significance
levels were set at the 5% level. Once a significant differ-
ence was detected between any sleep groups, column
proportions of each variable were then compared using

z-test and the Bonferroni method was used to adjust
p-values. Therefore, if two columns were assigned the
same letter in the result tables, it meant that they were
not significantly different from each other (p>0.05), but if
two columns had different letters, then the difference
between them is statistically significant (p<0.05). The
exact significant level was estimated using the Monte
Carlo method with 99% confidence level.

Participants were categorized into four age groups (43—
49 years, 5059 years, 60—69 years and 70-79 years) and
Townsend deprivation index were divided into quintiles
(from 0 to 4, where 0 represents the least deprived indivi-
duals). Binary logistic regression models were used to
calculate the odds ratio of various disease characteristics
and they were adjusted for age (reference = °43-49’);
gender (reference = “Female”) and Townsend deprivation
index (reference = ‘Least deprived). P-values <0.05 were
accepted as statistically significant. Adjusted odds ratios
(OR), with 95% confidence interval (CI) are reported.

Results

After excluding those with unprocessable data, 84,404 parti-
cipants (47,528 (56.3%) females and 36,876 (43.7%) males)
were included in the current study (Figure 1). The mean age
of those participants was 62.35 (+£7.84) years. Of these parti-
cipants, 14,632 (17.3%) slept <5 hours/night, 21,889 (25.9%)
slept 5-6 hours/night, 28,233 (33.4%) slept 6—7 hours/night,
15,757 (18.7%) slept 7-8 hours/night and 3893 (4.6%) slept
>8 hours/night. When combined sleep duration and sleep

fragmentation—related measurements, 58,282  (69.1%)

Baseline assessment
2006-2010
N=~500,000

\

Primary care record
2019

N=~230,000

A

Accelerometry
2015
N= 103,712

Participants dropped out
N= ~300
v Unprocessable accelermeter data
Included in the study N=~20,000
2020
N= 84,404

Figure | Flow chart showing the timeline of data released by the UK Biobank and
the number of participants at each stage. However, only those with valid proces-
sable accelerometry data are included in the current study (n=84,404).
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participants are classified as having optimal sleep and the
remaining 26,122 (30.9%) participants have less optimal
sleep.

Disease Prevalence Within the UK
Biobank Population

Prevalence of diseases expressed as percentages is pre-
sented in Table 1. It is apparent that the prevalence rate
is relatively low for many diseases. The least prevalent
disease group is “Schizophrenia/schizotypal/delusional
diseases”, which has a prevalence rate of 0.11%, while
the most prevalence disease is “Hypertensive diseases”,
which has a prevalence rate of 17.63%.

Table 2 summarises the number of participants with certain
diseases in each sleep group. A “U-Shaped” curve was
observed in most diseases as illustrated in Figure 2. Those
who sleep <5 hours/night are significantly more likely to
have diabetes, disorders of glucose regulation, obesity, mental
disorder, and various heart diseases. On the other hand, those
who sleep >8 hours/night are more likely to have schizophre-
nia, mood disorders, pulmonary heart disease and cerebrovas-
cular heart disease. Closer inspection of the table shows no
significant difference was detected between “6—7 hours” and
“7—8 hours” sleep groups in all diseases.

Table | Prevalence of Various Diseases Within the UK Biobank
Population

Disease Prevalence (%)
Diabetes 3.94
Disorders of glucose regulation and pancreatic 0.14

internal secretion

Obesity and other hyperalimentation 2.74
Organic mental disorder 0.20
Schizophrenia/schizotypal/delusional disorders 0.11
Mood disorder 2.58
Hypertensive diseases 17.63
Ischaemic heart diseases 6.28
Pulmonary heart diseases 0.90
Other form of heart disease 4.94
Cerebrovascular disease 1.43
Diseases of arteries, arterioles and capillaries .46

Notes: Prevalence of diseases are calculated by dividing the number of cases by the
total number of participants included in the current study (n=84,404).

Binary Regression Model

Compared with those who sleep 7-8 hours/night, partici-
pants who sleep <5 hours/night have a higher risk of disease
over the subsequent 5-7 years. It can be seen from the data
in Table 4 that they are 58%, 48%, 106% and 44% more like
to have diabetes, obesity and other hyperalimentation,
organic mental disorder and mood disorders, respectively.
When assessing cardiovascular health, those who sleep <5
hours/night are 36%, 25%, 33%, 27%, 37% and 36% more
likely to have hypertensive diseases, ischaemic heart dis-
eases, pulmonary heart diseases, cerebrovascular heart dis-
eases, other forms of heart diseases, and diseases of arteries,
arterioles and capillaries, respectively.

On the other hand, those with longer sleep durations
(>8 hours/night) are 116%, 461% and 55% more likely to
have organic mental disorder, schizophrenia/schizotypal/
delusional disorders and mood disorders, respectively,
when compared to those who sleep 7-8 hours/night.
They are also 11%, 17%, 72%, 22%, 58% and 32% more
likely to have hypertensive disease, ischaemic heart dis-
eases, pulmonary heart diseases, cerebrovascular heart dis-
eases, other forms of heart diseases, and diseases of
arteries, arterioles and capillaries, respectively, compared
with those in the “7-8 hours” sleep group (Table 3).

Those with less optimal sleep are 42%, 73% and 40%
more likely to have diabetes, glucose dysregulation and
obesity, as well as 77%, 110% and 68% more likely to
have organic mental disorder, schizophrenia/schizotypal/
delusional disorders and mood disorders, respectively,
when compared to those with optimal sleep. They are
also 22%, 12%, 37% and 13% more likely to have hyper-
tensive disease, ischaemic heart diseases, pulmonary heart
diseases, and other forms of heart diseases, respectively,
compared with those with optimal sleep (Table 4).

Discussion

Using the largest accelerometry cohort to date, this study
demonstrated a “U-shaped” relationship between objectively
measured sleep duration and subsequent disease status indi-
cating that short and long sleep durations, as well as frag-
mented sleep are associated with worse physical and mental
health in the subsequent 5—7 years. This is in agreement with
Li et al’s findings, which found that compared to 7 hours of
sleep, <6 or >8 hours of sleep per night is linked with higher
risk of metabolic syndrome and hyperglycaemia 4 years
later.>’ Among the middle-aged and older adult population,
sleep <6 hours at night-time is also associated with

1906 "

Dove!

Nature and Science of Sleep 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove Zhu et al
Table 2 Percentage of Participants with Various Diseases in Each Sleep Group
<5 Hours 5-6 Hours 6-7 Hours 7-8 Hours >8 Hours
(n=14,632) (n=21,889) (n=28,233) (n=15,757) (n=3893)
Diabetes (%) 6.6 a 37b 3.3 bc 3.1c 3.2 bc
Disorders of glucose regulation and pancreatic 02a 0.1 a,b 0.1 b 0.1 a,b 0.2 ab
internal secretion (%)
Obesity and other hyperalimentation (%) 45a 28b 23c 2.1 c 20c
Organic mental disorder (%) 03a 0.1b 02b 02b 03 ab
Schizophrenia/schizotypal/delusional disorders (%) 0.1a 0.1 a 0.1 a 0.1 a 05b
Mood disorder (%) 36a 23b 21b 25b 39a
Hypertensive diseases (%) 235a 172 b 16.0 c 15.7 c 17.2 b,c
Ischaemic heart diseases (%) 84a 65b 55¢ 54c¢ 6.3 b,c
Pulmonary heart diseases (%) 12a 09b 08b 08b 1.4 a
Other form of heart disease (%) 6.6 a 49b 4.6 b,c 4.1 c 5.0 b,c
Cerebrovascular disease (%) 1.8a 1.5 a,b 13b 12 b 1.9 a
Diseases of arteries, arterioles and capillaries (%) 19a 1.5ab 1.3 b,c 12 ¢ 1.6 a,b,c

Notes: Column proportion was compared using a z-test. If two columns are assigned the same letter, then the different between them are not statistically significant
(p>0.05). However, if two columns are assigned different letters, then the difference between them are statistically significant (p<0.05).

depressive symptoms, but the symptoms can be improved
with longer daytime naps.*? Previous UK Biobank sleep
studies commonly used self-reported sleep duration. A cross-
sectional study design involving 477,529 UK Biobank parti-
cipants found that cognitive performance is impaired in those
with short (<7 hours/night) and long (>9 hours/night) self-
reported sleep durations.”> Another study evaluated the
importance of sleep duration on cardiometabolic health in
233,110 UK Biobank participants and results indicated that
those with cardiometabolic disease profile including diabetes
and cardiovascular diseases are more likely to report poor
sleep (<7 or >8 hours/night).>* Several accelerometry studies
have assessed sleep objectively, but the sample sizes are
smaller.*****> Additionally, many prior UK Biobank studies
utilised self-reported disease status and self-completed men-
tal health questionnaires data rather than data extracted from
primary care health records.”*>® In reviewing the literature,
no one has to date assessed both the primary care and accel-
erometry data in the UK Biobank cohort in a longitudinal
fashion.

The overall “U-shaped” relationship between sleep dura-
tion and disease status is consistent with previous studies,
which showed higher prevalence of poor health among those
who sleep <6 hours/night,’” and sleeping for approximately 7
hours/night is linked with lower risk of cardiovascular

disease, coronary heart disease and stroke.*® On closer
inspection, even though the percentage of participants diag-
nosed with diseases including disorders of glucose regula-
tion, organic mental disorder and hypertensive diseases is
higher in long sleepers (>8 hours/night) compared to those
who sleep between 5 and 8 hours/night, the difference
between them was not statistically significant. It remains
controversial whether long sleep duration has direct adverse
effects on health as many studies attempted to identify the
underlying mechanism of long sleep that causes morbidity
and mortality. It is thought that depressive symptoms and low
socioeconomic status might be potential confounders, so it is
possible that the two peaks of a “U-shaped” association do
not mean the same thing.*’

In the current study, extreme short sleep duration (<5
hours/night) increased the risk of diabetes by 58% and
obesity by 48%, in comparison to 7-8 hours of sleep.
This is in agreement with earlier studies that found that
partial sleep deprivation from 8 hours to 4-5 hours of
sleep per night increases pre-diabetic symptoms such as
glucose intolerance and insulin resistance, as well as other
changes in the endocrine function.®*’ Additionally, apart
from direct effects of sleep restriction on glucose and
insulin level, it also has an indirect effect on the risk of
diabetes. Sleep deprivation can cause an elevation in

Nature and Science of Sleep 2021:13

https:

1907

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhu et al

Dove

Disorders of glucose regulation
and pancreatic internal secretion

0.25

Diabetes

) o
1 1

o

i

=)

14
-
o

0.10

N
1

0.05

% within each sleep group
»
1

% within each sleep group

(=)

&
Sleep duration per night Sleep duration per night

Ischaemic heart diseases Pulmonary heart diseases

©
-
o

®
-
IS

% within each sleep group
~
% within each sleep group
o

-
o

et
©

e
b
Y

& &

Sleep duration per night Sleep duration per night

Diseases of arteries, arterioles
and capillaries

Mood disorder

%4.0—
g. 2.0 5]
° o
4
©1.8 2 3.5+
g o
] ]
18 £ 30
g 8
S 14 e
£ = 2.54
£1.2 =
3 H
2 n
R 1.0 T T T T T s2 T T T T T
¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ E
o &
E N A N D A I

Sleep duration per night Sleep duration per night

Obesity and other
hyperalimentation

Hypertensive diseases

o 24
ab g
- -
° 52
4
a S
o » 20
» 3 5
£
S, S 18
b c
£ £
= g 16
H °
Ko T T T T T >4 . ] i ! !
o & & & & & & & & &
PR IR S N S o AT oY oF
DS N A A L A A
Sleep duration per night Sleep duration per night
Cerebrovascular diseases Other forms of heart diseases
220 g7
2 2
1.8 =)
] §°
“ 1.6 ®
= £5
814 g
£ £
£ 12 £ 4
H H
° . o
1.0 T T T T T =3 T T T T
& & e L& & & L& & L&
N3 A\ \J A\ N3 \J 4
L A A A
Sleep duration per night Sleep duration per night
Schizophrenialschizotypall Organic mental disorder
delusional disorders
2 0.4+
2 0.6 3
3 2
2 ()
o a 0.34
g g
S04 2
]
= £ 0.2
[ ©
-4 @
0.2
£ £ 0.1
£ E]
H 5
°\° 0.0 T T T T T °\° 0.0 T 1 T T T
R R R o
2y o A 4 £ o ) ,\55 5

Sleep duration per night Sleep duration per night

Figure 2 Graphs demonstrating the “U-shaped” relationship between sleep duration and various diseases.

ghrelin level, which promotes hunger and weight gain.*'
This in turn increases the risk of diabetes and other meta-
bolic syndromes. This suggests that partial sleep depriva-
tion might accelerate the severity of age-related chronic
disorders.>*® The risk of organic mental disorders and
mood disorders are increased by 106% and 44% in short
sleepers who sleep <5 hours/night compared to those who
sleep 7-8 hours, respectively. Mood disorders are common
among patients with chronic sleep problems and are
strongly associated with sleep complaints; however, the
causal relationship is often thought to be bidirectional.**
An underlying mechanism is that sleep deprivation can
induce neuroinflammation including the activation of leu-
cine-rich repeat protein-3 inflammasome, which then
induces depressive-like behaviours, mood disorder and
cognitive diseases.*> > The risk of hypertensive diseases
increased by 36% among the extreme short sleepers. This
supports the Sleep Heart Health Study, which showed that

<6 hours of sleep increased the prevalence of hypertension
by 66%.*° During sleep, blood pressure reduces by 10—
20%. When this reduction is absent, the risk of resistant
hypertension and cardiovascular mortality increases. The
odds of incident hypertension increases by 37% with
each hour of reduced sleep duration.*’ Therefore, it is
not surprising that cardiovascular risk is also elevated by
sleep deprivation as found in the current study. The risk of
various heart diseases is 25-37% higher in participants
who sleep <5 hours/night compared to those who sleep
7-8 hours/night. These results support previous studies,
which have established that sleeping for 4-6 hours/night
compared to 7-8 hours/night leads to greater risk of cor-
onary heart disease and acute myocardial infarction.”*%4°
Various studies have shown that the lack of sleep could
cause an increase in the activity of sympathetic nervous
system and a decreased level of parasympathetic cardio-
vascular modulation, leading to an increase in blood
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Table 3 Binary Regression Model Showing Odds Ratio of Various Diseases
7-8 <5 Hours 5-6 Hours 6-7 Hours >8 Hours
Hours
OR OR P-value OR P-value OR P-value OR P-value
(95% CI) (95% CI) (95% CI) (95% CI)
Diabetes 1.00 1.58 (1.40-1.77) <0.001 1.05 (0.93-1.18) 0.436 1.02 (0.91-1.15) 0.679 1.02 (0.83-1.25) 0.883
Disorders of glucose 1.00 1.72 (0.97-3.07) 0.064 1.18 (0.66-2.11) 0.575 0.82 (0.45-1.48) 0.505 1.80 (0.78-4.14) 0.169
regulation and
pancreatic internal
secretion
Obesity and other 1.00 1.48 (1.28-1.70) <0.001 1.12 (0.97-1.29) 0.115 1.04 (0.90-1.19) 0613 0.92 (0.71-1.19) 0.524
hyperalimentation
Organic mental 1.00 2.06 (1.26-3.37) 0.004 0.91 (0.53-1.56) 0.733 1.32 (0.82-2.14) 0.256 2.16 (1.10-4.25) 0.026
disorder
Schizophrenia/ 1.00 1.36 (0.68-2.72) 0.383 0.84 (0.42-1.70) 0.627 0.95 (0.49-1.83) 0.877 5.61 (2.81-11.21) <0.001
schizotypal/delusional
disorders
Mood disorder 1.00 1.44 (1.26-1.65) <0.001 0.89 (0.78-1.02) 0.093 0.84 (0.74-0.95) 0.007 1.55 (1.28-1.87) <0.001
Hypertensive 1.00 1.36 (1.28-1.44) <0.001 1.07 (1.01-1.13) 0.025 1.03 (0.97-1.09) 0312 111 (1.01-1.22) 0.039
diseases
Ischaemic heart 1.00 1.25 (1.14-1.37) <0.001 1.13 (1.04-1.24) 0.007 1.01 (0.93-1.10) 0.819 1.17 (1.01-1.36) 0.040
diseases
Pulmonary heart 1.00 1.33 (1.05-1.68) 0.017 1.04 (0.83-1.31) 0.712 0.97 (0.78-1.22) 0.8I18 1.72 (1.25-2.38) 0.001
diseases
Other form of heart 1.00 1.37 (1.24-1.52) <0.001 1.16 (1.05-1.28) 0.004 111 (1.01-1.23) 0.032 1.22 (1.03-1.44) 0.020
disease
Cerebrovascular 1.00 1.27 (1.05-1.54) 0.013 1.17 (0.98-1.41) 0.086 1.05 (0.88-1.25) 0.609 1.58 (1.20-2.07) 0.001
disease
Diseases of arteries, 1.00 1.36 (1.13-1.65) 0.001 1.26 (1.05-1.51) 0.014 1.14 (0.96-1.36) 0.144 1.32 (0.98-1.76) 0.065
arterioles and
capillaries

Notes: Binary regression model was adjusted for age, gender and Townsend deprivation index. 7-8 hours sleep group is used as the reference group.

Abbreviations: OR, odds ratio; Cl, confidence interval.

pressure.SO’SI

Sleep deprivation is also associated with
elevated nocturnal catecholamine and C-reactive protein
levels, which in turn contributes to cardiovascular diseases
through inflammation in the vascular wall, as well as
vasoconstrictive and prothrombotic processes.’>>
Another important finding was that when combining
short and long sleep durations with sleep fragmentation to
compare optimal and less optimal sleep, the current study
found that those with less optimal sleep have significantly
higher odds for diabetes, obesity, various heart diseases.
These results match those observed in earlier studies. Those

with a sleep duration shorter or longer than 7-8 hours/night

and highly fragmented sleep is associated with significantly
higher odds of high BMI and obesity. This relationship may
partly be due to dysregulated glucose metabolism caused by
frequent arousals.>**> Inflammatory-related white blood
cells including monocytes and neutrophils are also increased
by fragmented sleep, which leads to atherosclerosis and
contributes to the development of hypertension and various
heart diseases.”® However, those with poorer health such as
metabolic diseases and heart problems may experience
shorter and more disturbed sleep. Therefore, the relationship
between sleep fragmentation and diseases may be bi-
directional.
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Table 4 Binary Regression Model Showing Odds Ratio of Various Diseases

Primary Care Data Code Optimal Sleep (OR) | Less Optimal Sleep (OR, 95% CI) | P-value
Diabetes 1.00 1.42 (1.32-1.53) <0.001
Disorders of glucose regulation and pancreatic internal secretion 1.00 1.73 (1.21-2.48) 0.003
Obesity and other hyperalimentation 1.00 1.40 (1.28-1.52) <0.001
Organic mental disorder 1.00 1.77 (1.31-2.40) <0.001
Schizophrenia/schizotypal/delusional disorders 1.00 2.10 (1.41-3.14) <0.001
Mood disorder 1.00 1.68 (1.54-1.83) <0.001
Hypertensive diseases 1.00 1.22 (1.18-1.27) <0.001
Ischaemic heart diseases 1.00 1.12 (1.05-1.19) <0.001
Pulmonary heart diseases 1.00 1.37 (1.18-1.59) <0.001
Other form of heart disease 1.00 1.13 (1.06—1.21) <0.001
Cerebrovascular disease 1.00 1.10 (0.98-1.24) 0.114
Diseases of arteries, arterioles and capillaries 1.00 1.10 (0.98-1.24) 0.106

Notes: Binary regression model was adjusted for age, gender and Townsend deprivation index. Optimal sleep is used as the reference group.

Abbreviations: OR, odds ratio; Cl, confidence interval.

The main strength of the current UK Biobank study is the
extensive information collected on a large sample size
tracked over time. The accelerometry data allowed the pos-
sibility of measuring sleep duration objectively using open
access algorithms. This is likely to be more accurate than
self-reported sleep duration previously reported in this
cohort. Similarly, a comprehensive and complete primary
care dataset is likely to provide reliable health-related mea-
surements compared to short questions of self-reported
health as previously collected. This is by far the largest UK
accelerometry cohort to study sleep duration as a specific risk
factor of metabolic and mental health. One of the limitations
is that analysis could not be controlled for obstructive sleep
apnoea due to small number of cases within the UK Biobank.
The lack of specific assessment for conditions such as
obstructive sleep apnoea remains underdiagnosed in the gen-
eral population over the age of 50 and the specific population
studied within the UK Biobank. Additionally, those in better
health are more likely to attend assessment visits over time.

In conclusion, a significant “U-shaped” association
between sleep duration and disease status was found, sug-
gesting that 6—8 hours of sleep each night is associated with
better long-term health. Short and long sleep durations
increase the odds of metabolic and mental diseases.
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