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ABSTRACT

Objectives To assess the longitudinal evidence of the
relationships between sleep disturbances (of quantity and
quality) and dyslipidaemia in the general population and to
quantify such relationships.

Setting Systematic review and meta-analysis following
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines.

Methods We performed a systematic search of PubMed
and Embase (up to 9 September 2017), complemented
with manual searches, of prospective population studies
describing the association between sleep duration and
quality and the incidence of dyslipidaemias. Relative risks
(95% Cls) were extracted and pooled using a random
effects model. Subgroup analyses by lipid type were
performed. Heterogeneity and publication bias were also
assessed. Quality was assessed with Downs and Black
score.

Participants Studies were included if they were
prospective, had measured sleep quantity and/or quality
at baseline and either incident cases of dyslipidaemia or
changes in blood lipid fractions assessed prospectively.
Primary outcome measures Incidence of dyslipidaemia
and changes in lipid fractions. Dyslipidaemia was defined
as a high total cholesterol, triglycerides, low-density
lipoprotein cholesterol or low high-density lipoprotein
cholesterol compared with the reference group.

Results Thirteen studies were identified (eight using
sleep duration, four sleep quality and one both). There
was heterogeneity in the sleep quality aspects and types
of lipids assessed. Classification of sleep duration (per
hour/groups) also varied widely. In the pooled analysis

of sleep duration (6 studies, 16 cohort samples; 30033
participants; follow-up 2.6—10 years), short sleep was
associated with a risk of 1.01 (95% Cl 0.93 to 1.10) of
developing dyslipidaemia, with moderate heterogeneity
(1>=56%, P=0.003) and publication bias (P=0.035). Long
sleep was associated with a risk of 0.98 (95% Cl 0.87

to 1.10) for dyslipidaemia, with heterogeneity (°=63%,
P<0.001) and no significant publication bias (P=0.248).
Conclusion The present analysis was unable to find
supportive evidence of a significant relationship between
sleep duration and the development of dyslipidaemia.
However, heterogeneity and small number of studies limit
the interpretation.

PROSPERO registration number CRD42016045242.

Strengths and limitations of this study

» This is the first study evaluating the collective
prospective evidence of the association between
sleep duration and biomarkers of lipid metabolism.

» Strengths of this review include the broad search
strategy and in-depth quality assessment of studies.

» Limitations to interpretation are: heterogeneity of
exposure and outcome measurements and small
number of studies.

» The results can only be representative of published
and included studies.

BACKGROUND

Research into sleep and its effects on health
has increased in recent years. This has been
accompanied by public health concerns
about the declining quality and quantity of
sleep in modern society.! Both short and long
sleep duration are consistently associated with
mortality and serious chronic diseases, such as
diabetes and cardiovascular disease (CVD).>™
Similarly, poor sleep quality has been associ-
ated with mortality and CVD.*® CVD is the
leading cause of non-communicable disease
deaths globally and deaths by CVD have risen
by 12.5% between 2005 and 2015.° There is
still debate about whether the association
between sleep and CVD is causal or whether
sleep disturbances are merely symptoms or
risk markers of disease.” Understanding the
possible mechanisms through which sleep
affects CVD can provide important supportive
evidence for a causative link.

U-shaped relationships between duration
of sleep and risk factors for CVD, such as
hypertension and metabolic syndrome have
been observed.” ¥ For obesity, the longitu-
dinal association is most clear in paediatric
populations, in which shorter sleep is associ-
ated with an increased risk of obesity."” Fewer
studies have been performed on sleep quality,

BM)

Kruisbrink M, et al. BMJ Open 2017;7:e018585. doi:10.1136/bmjopen-2017-018585 1


http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2017-018585
http://dx.doi.org/10.1136/bmjopen-2017-018585
http://crossmark.crossref.org

Open Access 8

S
Records identified through PubMed Records identified through EMBASE
S (n=1,171) (n=1,332)
—
©
o
=
—
c
7]
e A 4 v
Records after duplicates removed
— (n=1,594)
)
Abstracts excluded Records excluded
‘é‘ (n=163), with reasons: by title scanning (n=1,274)
S - Patient population
g - Review or meta-analysis Bheiracis reidayed
2 - Sleep quality or duration s r(a:_ssr;or)leve Full-text articles excluded (n=145),
not the exposure - with reasons
~———| -Sleep not measured < - Cross-sectional (n=97)
- Lipids not the outcome v - Case-control (n=1)
- Lipids not measured - Text r.1ot available (n=1)
- No prospective design Full-text articles assessed - Unsuitable exposure
for eligibili measure (n=3)
(e.g. intervention study, or eligibility - Unsuitable population
E design papers) (n=157) (n=2)
% - Lipids not measured (n=3)
= Additional d > - Lipids was not outcome,
] . .|o.na HECOFeS R but confounder (n=28)
identified through g - Lipids not outcome, but
additional sources (n=1) v part of composite measure
(n=3)
= - No prospective association
Studies included in between sleep and lipids
qualitative synthesis assessed (n=7)
(n=13)
°
'g Meta-analysis sleep
T duration and risk of
- dyslipidaemia (16 cohorts) \
High TC Low HDL High LDL High non-HDL Ratio =>5 High TG
(n=3) (n=4) (n=1) (n=1) (n=2) (n=5)

Figure 1 PRISMA flow diagram of study selection. HDL, high-density lipoprotein; LDL, low-density lipoprotein; PRISMA,
Preferred Reporting ltems for Systematic Reviews and Meta-Analyses; TC, total cholesterol; TG, triglyceride.

but poor sleep quality has also been associated with an
increased risk of hypertension,'’ metabolic syndrome'
and diabetes.”

An unfavourable blood lipid profile, including high
total cholesterol (TC) and low-density lipoprotein choles-
terol (LDL-C), is a well-established risk factor for CVD."?
Circulating lipids are influenced by lifestyle factors such
as diet, smoking and physical activity.'* Whether sleep
duration and quality are associated with blood lipids
remains to be ascertained.

Systematic reviews of observational studies suggest
a lack of consistency in the association between sleep
duration and lipid profiles, with a large heterogeneity
in the classification of exposure and outcome and the

type of analysis. Furthermore, these were mainly based
on cross-sectional evidence—hence unable to establish a
temporal relationship between exposure and outcome—
and did not evaluate sleep quality as a potential exposure
of interest."” '° In recent years, new prospective studies
that include measures on sleep and blood lipids have
emerged. Nadeem et al'’ performed a meta-analysis of 64
observational studies involving 18 116 patients on obstruc-
tive sleep apnoea (OSA) and the blood lipid profile. They
found that OSA was associated with a significantly higher
risk of dyslipidaemia, for example, high TC and LDL-C,
high triglyceride (TG) and low high-density lipoprotein
cholesterol (HDL-C). However, this meta-analysis was
performed in a specific patient group, did not include
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sleep duration as an exposure and was based on cross-sec-
tional studies.

To the best of our knowledge, a meta-analysis of
prospective studies on sleep quality and duration, and
blood lipids in the general population without diagnosed
sleep disorders has not yet been published. We set out to
systematically evaluate prospective studies for an associa-
tion between sleep duration and quality, and blood lipids
in the general population and to pool the evidence in a
meta-analysis.

DATA AND METHODS

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines,18
PROSPERO registration number: CRD42016045242,
available from http://www.crd.york.ac.uk/PROSPERO/
display_record.asp?ID=CRD42016045242.

Search strategy

The electronic databases, PubMed (from 1996) and
EMBASE (from 1947), were searched on 9 September
2017 using keywords related to exposure (sleep duration
and quality), outcome (blood lipids) and design (prospec-
tive). Abbreviations, plural forms and alternate spellings
(American-English) of keywords were searched. The
search was restricted to human research and published
journal articles. No language restriction was applied. In
addition, a manual check of reference lists was performed
using (1) previous review articles on the subject, (2) rele-
vant review articles identified in the search and (3) arti-
cles included in the present study. Additional searches
were performed into the studies that measured lipids at
baseline and follow-up, but did not report on lipids, to see
if additional publications were available which did report
on the outcome of interest.

Study selection

After title and abstract scanning, full-text articles were
retrieved. Prospective articles were evaluated for inclu-
sion by two of three investigators (MK, WR and FPC)
according to the following criteria set a priori: (A) original
published article, (B) observational prospective design,
(C) a baseline assessment of exposures (sleep duration
or sleep quality) and (D) one of the following outcomes:
(1) a change in serum lipids over time or (2) a relative
risk of developing dyslipidaemia in short or long sleepers
compared with the reference sleep category. Studies were
excluded if (A) exposure was napping or shift work, (B)
population had a diagnosed sleep disorder like OSAS
or pre-existing cardiovascular or metabolic disease, (C)
it was a case—control study. No sample size, age or dura-
tion of follow-up restriction was applied. Disagreement
on inclusion was resolved by discussion and consensus
among the three investigators. Authors were contacted
for additional data.

Data extraction

Data from each study was extracted independently by two
investigators (MK and FPC). Extracted data included:
first author, year of publication, country of origin of the
population, recruitment year of cohort, age (at sleep
assessment), sex, duration of follow-up, number of partic-
ipants included, methods of assessment of both exposure
and outcome, definitions of sleep categories, relative risks
(RR), HR, OR, regression coefficients () representing
changes in lipid levels, 95% CI, SE and adjustment for
covariates. SEs were derived from CI if not reported
(online supplementary appendix table Al). The most
adjusted estimates were used for analysis. When data
were reported for men and women separately, they were
entered for analysis as two separate cohorts. When data
from the same cohort was published in separate papers,
only one estimate was used (usually the longer follow-up
or the largest dataset). Differences in extracted informa-
tion were resolved by discussion and consensus among
two of the investigators.

Risk of bias assessment

The quality of the included studies was assessed using the
Downs and Black Quality Index Score." This checklist
includes items for measuring a study’s reporting quality,
external validity, bias, confounding and power. The
maximum score for prospective studies is 20.

Statistical analysis

A random effects model with inverse-variance weighting
was used to pool HRs, ORs and RRs into RRs for devel-
oping high TC, low HDL-C, TC/HDL-C ratio 25 and high
TG in short sleepers and long sleepers compared with the
reference category. Ratio measures and standard errors
were transformed into natural logarithms for analysis. For
a detailed overview and examples of data transformations
performed, see online supplementary appendix table
A2. Changes in lipid levels over time were meta-analysed
using a random effects model when at least two cohorts
with a similar exposure and outcome measurement were
available. Due to heterogeneity in sleep quality aspects
and types of outcomes reported, we were unable to meta-
analyse the studies on sleep quality. Publication bias was
assessed with examination of funnel plot symmetry and
Egger’s regression test for small study effects when the
number of cohorts available was greater than 2. Hetero-
geneity was investigated with Q test statistic and quan-
tified by I° statistics. The following thresholds for I*
interpretation from Cochrane Reviews were used: ‘0% to
40%: might not be important; 30% to 60%: may repre-
sent moderate heterogeneity; 50% to 90%: may represent
substantial heterogeneity; 75% to 100%: considerable
heterogeneity’.*” The influence of individual studies was
investigated by excluding one study at a time. A two-tailed
P value <0.05 was considered statistically significant. Statis-
tical analyses were performed with Stata V.14 (StataCorp,
College Station, Texas, USA).
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RESULTS

Identified studies

Searches yielded 1594 titles (figure 1). After title and
abstract scanning, 157 full-text articles were retrieved.
Twelve studies were identified in the search, seven
concerned only sleep duration, one concerned only sleep
quality and one concerned both. Searching the refer-
ences of included studies yielded one additional study
regarding sleep quality, yielding a total of 13 studies. Four
authors were contacted”™* for additional data of whom
one could provide data.

Assessment and definition of exposures

Sleep duration was mostly self-reported, either by ques-
tionnaire” ** or interview® * (table 1). Three studies
used accelerometry to assess sleep duration.” *' * Sleep
duration was analysed as a continuous measure in four
studies, meaning a risk? or change in lipid levels per
hour of sleep increase” ' # was reported. Two studies
used qualitative groups27 * and five used sleep duration
groups for analysis. Short sleep was defined as <6hou
rs,21<5hours,24<6h0urs25 % and <7hours.? Long sleep
duration was defined as >9 hours,21 % >7hours* and
>10 hours.”** Subjective aspects of sleep quality that have
been evaluated by questionnaire include difficulty falling
alsleep,33 s difficulty maintaining sleep,33 unrefreshing or
non-restorative sleep,” ** presence or absence of sleep
disorder,28 frequency of sleep duration?” and Pittsburgh
Sleep Quality Index (PSQI) score.” Sleep fragmentation
was objectively assessed with accelerometry in one study.”

Change from protocol

In the original protocol submission to PROSPERO
(CRD42016045242), the Outcome(s) section reads
Primary outcomes: we expect most studies will have
measured cholesterol. The expected primary outcomesare
therefore changes in TC or the risk of developing hyper-
cholesterolaemia. Secondary outcomes: the following
outcomes will also be assessed: changes in serum levels
HDL-C, LDL-C and TGs and the risk of developing dyslip-
idaemia (this can be hypercholesterolaemia, hypertri-
glyceridaemia, etc). The submission reflects the ‘a priori’
uncertainty on how the outcomes in prospective studies
would look like. After the search, it became apparent that
the most common form of outcome in prospective studies
was indeed ‘incidence of dyslipidaemia’. We report all
outcomes originally planned to avoid the risk of selective
outcome reporting.

Assessment and definition of outcome

For an overview of outcomes assessed, see table 1.
To assess outcomes, 10 studies used a fasting blood
samples,”! 2275082 9 self-report™* and 1 data register.™
TC was assessed in six studies,23 2426272932 ID] G in seven
studies,%_26 3031331 DL-Cin three studies,23 HBTGin eight
studies,21 25-26 30 3133 1) on-HDL-C in one study24 and TC/
HDL-C ratio in one study.” One study assessed changes in
lipid levels,* 10 studies reported a risk of dyslipidaemia

for one or more lipids or lipid fractions® ** * 27 and

1 study reported on both.* Furthermore, one study
assessed changes in lipid levels compared with a refer-
ence group.”® Dyslipidaemia was defined as a high TC,
TG, LDL-C or low HDL-C compared with the reference
group as described in table 1.

Study characteristics

All  identified publications were recent (2010-
2017) (table 1). Ten studies were performed in
adults,21 2528303334 ne in adolescents® *% and one in chil-
dren.?! Twelve studies recruited men and women,21 2325-34
four of these reported on outcomes in men and women
separately.” ® # ¥ 3 One study recruited only men.*
Follow-up ranged from 200 days to >20 years. Four studies
were performed in the USA,” * % two in China® *
and Finland,32 * one in Canada,21 Denmarksl, France,28
Japan®* and South Korea.™

Sleep quality

In online supplementary appendix table A3, an overview
of the results reported in the individual studies for sleep
quality is given. In general, studies reported both favour-
able and unfavourable associations of poor sleep quality
with blood lipids. The associations reported differed
by lipid type and aspects of sleep quality assessed. Only
Haaramo et al’* reported significant associations. Those
occasionally or frequently suffering from insomnia symp-
toms had a significantly increased risk of dyslipidaemia
medication compared with those without insomnia
symptoms.

Sleep duration and dyslipidaemia risk

The quality of studies included in the meta-analyses ranged
from 12 to 18 out of a maximum score of 20 (see online
supplementary appendix table A4). All studies scored
high on items of reporting and bias. Studies scored less
well on items of external validity and confounding. All
studies lacked in adequate confounder adjustment by not
adjusting for at least one of the following factors: base-
line lipid levels, dyslipidaemia medication, other sleep
variables or depression. Meta-analyses included three
cohorts with high TC (21453 participants), four cohorts
with low HDL-C (11851 participants), two cohorts with
high TC/HDL-C ratio (503 participants) and five cohorts
with high TG (11450 participants). Meta-analyses of short
sleep duration by different lipids fractions are shown
in figure 2. In an overall pooled analysis of sleep dura-
tion (6 studies, 16 cohort samples; 30033 participants;
follow-up 2.6-10 years), short sleep was associated with
a risk of 1.01 (95% CI 0.93 to 1.10) of developing any
dyslipidaemia, with moderate heterogeneity (I°=56%,
P=0.003) and publication bias (P=0.035). Short sleep was
associated with a non-significant increased risk of devel-
oping high TC (RR=1.10; 95% CI 0.99 to 1.22; P=0.07;
no heterogeneity and publication bias). There were not
enough observations to perform an Egger’s test for the
risk of TC/HDL-C ratio =5, there was no evidence for

4

Kruisbrink M, et al. BMJ Open 2017;7:018585. doi:10.1136/bmjopen-2017-018585


https://dx.doi.org/10.1136/bmjopen-2017-018585
https://dx.doi.org/10.1136/bmjopen-2017-018585

)
7
[
3]
3]

<
c
o
o

©)

panuiuo)

snjeis

|esnedouaw pue asn
Adelayy jeuowioy
‘asn aAlpdeoesuoo
|BJO :USWOM IO}
Alreuonippy “swejqoid
Koupny Jo swajqoid
pIoJAy} ‘sajagelp

40 9ouasaid s (eseasoul
eaoude ‘|ans) uiejoid uolejuswbely
aAjoeal O ‘[and)| das|s 90| Jod
Aynnoe jeoisAyd ‘| Jo aseaioul
‘91008 0-S30 ‘snieis (G 2) oneu 21098 [0Sd (losd) Amuenb  §euieseq
Bupjows ‘esn [oyooe AaH/OL ubly Jo HO Jad ‘eseasoul pauodal-jjos pue (j0Sd e uswom  (Ajeyesedas) ays obealyn
‘NG ‘uoneonpa a|dwes 2-1a7 ‘D-1dH ‘OL daals jo Jnoy ‘Aydesbioe  ‘uoiyeyuswbely) pue uawom sleak 1°¢:dS ‘Apnig des|g c2l®
‘awoou] ‘eoel ‘eby poojq Buiseq ‘D] ul sebueyo Jeak-g|  Jad) snonuiuo) ISUM Ayenb desig usw g0g pue us|y 0l Xe|y 6'6E (UBSN  9861-G86) vIadvo 102 10 Ao} d

swoydwAs anissaidap
jueoyiubis Ajfeaiulo
Jo soussaid pue

a|Aysayl| Areyuspas (usw Joy p/Bw [eEETS
‘uondwinsuod |oyoole 0> ‘uswom Joy Tp/Bw Bulysaiyeiun
‘snyeys Bujows 0S>) D-1aH MO HO (sareuuonssnb pue des|se
‘uoleziwopues (Ip/Bw 0G1<) woydwAs  Bulle} Aynoyyp (PauIqIOD)
Apnis ‘snjels |ejuew a|dwes N_Ecmu:mozm_\_tma\»_._ swoydwAs BIUWOSUI) :swoydwAs Y16 DL uswom e B
‘aoel ‘xas ‘efy  poojq Bunseq BIUWOSUl OU :JoY  papodal-j|es eluwosu| ‘g 11aH pue usiy sieak ¢ /-Gy €002 2L 3HODS MesH 0102 18 [oX0IL
poylew  PassasSE SaWodIN0 sauobajes poyrow passasse Japusn  dn-mojjo4 juswiainsesw aeak  Ayenp poyoy Anunon uonesignd Joyiny
pajsnipe mw_nw_..w> juswissasse ainsodxg  juswssasse (s)eansodxg des|s auleseq juswipNIOLy 10 Jeap
awoonQo ainsodx3g 1e aby

-2017-018585

10.1136/bmjopen

€018585. doi

7

Kruisbrink M, et al. BMJ Open 2017



)
7
)
3]
3]

<
=
[
o

©)

panuiluo)

Buiddeu Aeppiw
‘spidi| suljeseq ‘sbnip
I ‘Aunoe
|eoisAyd ‘uoneonpae

‘snyess Buuup
‘snjejs Bupjows
‘NG ‘Xas ‘aby

osl0Jox8 ‘@yejul
o1I0|eD [B]0] ‘@XElul
|oyooje ‘Bunjows
‘uolyeonpa ‘xas ‘eby

SISPIOSIP [BIUSW PUB
sajeqelp pasoubelp
-ueroisAyd swnay|

a|dwes
poo|q Bunse

a|dwes
poojq Bunse

dnoub

Jol yum pasedwod
0-1d7 '0-1aH ‘©L
‘01 ul sebueyo Jesk-g

(uswom Joy Ip

/Bw 0g> 1o uswi Jo} Ip
/Bw Qf > Uol}BIUSOUOD
|0J81s8|0Yd JH WnJas)
O-1aH M| puy (1P
/BWQG| 2 UoljeuadU0d
5] WwnJas)
elwaepLaA|BupedAiy
10} HO

g>—/ Jal 012
0L>-6

6>-8

1>

sinoy 6'/-9 JoH
01z

6'6-8

oo

(aureuuonsenb)

uoljelnp des|s

papodai-jog  awn-ybiu ensn

(uonsenb
Ma3INIBIUI)
pauodai-jjos

(sdeu Buipnjoul
‘obeione

uo) uoneinp
desjs Ajleq

SOS vI

6.5¢

(pauiquioo)
uswom
pue usiy

sieak g dn
-MOJ|0} XeN 8¢9 :UedN 01028002 14"

(paurquioo)
uawom sieak auleseq
pue us\ 9°g :eBeleny 1 0/-0v  8002-G002 el

poyoo 1iBuo].
-Busybuog BUIYD 9l02

ONVHIHY ©aI0}
-S890} yinog SL0C

o2/8 ¥ Buex

0s/® 18 WiN

‘DuIpan0 Bupsom swoydwAs
SLOM YIUs ‘urens BIUWOSU| OU :jay
qol [e1oosoyoAsd Sawl} G
‘S3S ‘INg pue 1se9) Je :jusnbaly
uondwnsuoo sawl} | 01 doals anijeIo)sal
s|qeisban pue 1niy :[euoiseo00 -uou pue des|s
‘Aunnoeul [eoisAyd uolesipaw SHeaM {7 Buiureyurew
‘Bupjows ‘Bupjuup elwaepidisAp snojasid ayy Ul pue Bunenu
Aneay ‘uoneosipaw pasinquial sawl} 821y} 0} (sareuuonssnb ul sanoIp €6tk (U  (Aje1esedas)
ejweepidisAp paquosaid uo auo swoydwAs  das|s supjuar) :swoydwAs 7805 uswom auljeseq Apnis yiesH 1ol8 19
suljeseqaid ‘eby  eyep Jeisiboy elwsepldisAip HO 8y} jo Aue :arey  pauodal-jies eluwosu| USLLOA pue us|y sieak 1 09-0F  2002-0002 8l uIsieH puejui4 102 owelseeHq
104 poylew  PassasSe SaWodIN0 sauobajes poyrow passasse LU Japusn  dn-mojjo4 juswiainsesw Jeak  Ayjenp uoyoy Anunod uoneolgnd Joyiny
pajsnipe sa|qeliep  JuaWSSasse ainsodxg  juswssasse (s)aansodxg des|s auleseq juswipnNIoay 10 Jeap
awoonQ ainsodx3g 1e aby

-2017-018585

jopen

10.1136/bmj

e018585. doi

7

Kruisbrink M, et al. BMJ Open 2017



8 Open Access

-] — R
T N ey
b O —uw 7l
3 2£9 5%
3 S = S :
B % 'E__QGC, w8

0 = 3 T
$ |e S2f g2
] s m20 o2
2 o g2 £
S5 o)) 00 O ® S
> & < < © O [=Ne)

° © g 78
2 S S 3 52
) e} £ o S

o g 5 £ 5 @
EGT 0 <
@ o0 @ o0 =D
Qwlo|l 5 o < © 5
coE| £2 3 E= g3
S0 | @& 0 E o
S0 &g 2 T 52
OacE| Lo [} w o o E
0
° g € wo
] £ ] 5] %o
1] © £ o =0
Q ° [9] = T =
73 = © |53 3 .=
2] ] he] Q w o
© 7] a © w ©
1’3 [ = c - =
] S 2 S 58
£ < 5 a 50
o o s 8 B =
£ 2 ° [} 92
3| X o o) w'a
O| Oc o [ o5
2 5%
L O E §3
g E= [ORs
@ =R ) S
oo 2 o< ® 2 9
g s e ) o
55| & £& = e N =
28| E 58w o (<R a
2ol 5 =2> 2 £9 <9
el | D228 3 53 o=
X © 0 O = -
dd|wsvxg = o< gs
o]
o 33 .
= | B8 32 5589
08 | EE sfl2 -
5E5| 86 35 S o8 5
2af%o| on 20 © 258
°ods| x@ ) cE
£88| 53 5538 £33
e E| 0l D TT < 'ﬁ(g.g
Egﬁ
- 2 ;= 2
= | o2 £ 8 g2
z 2 T2 £%=
0T | E~ o S sz 5<£0O
=) Q 5 O R == £~—§
22| £22a © o & S c
o3 B a o S0l
an|l 205 3 3o G T
X 0 0005 2 Q2 = c o=
Wwe| T oo 0 [ o258
2=8
N = =
@ ® Eg.g’
g o g 328 e =
g o g o =% fa gt
© = or BB 5
.| 288 s¥tzg e
c| 2S0= SQ= Om LF O
S
) g = Had
s @ - @ © © 5270
5 c c £ cct & © SL L
o © 0 Q9 T 0 Q9 e S . '5300
c| c EE cEE Lo0ao - 88w
(7] D09 P00 o= O o 5%
c|=z9 S:C ave & °92
2 E«O-
ol 2 = $IR
5| 8 4 12 86y
q > @ @ bt w3
2| o 4 = o] 59T
] 8 g ©2%
3 3 <L > > 59D 6
2 =
L| = A ~ o £ 3E
<] .
[~ [ “’828
o< o o .25
9 0 i~ %) [ o E O
w £ . I — o Th O 9P
09| T o [} s c Tngsc o
cs5| ¥ > © oy = T WSO
s£E3| 2o o [ 2 cOfo
088 | §T 3 g o > 5%
oR 8| 24 & 504 2 222y
<o E| So ) © =0 © ;%m%
2 3 2<Ey
0
@ 2 2£2¢s
£ o ©3oH
s § £865
2| w o © 2 cc5¢
og| & o S S ==87
®o| S ) o o g
c>l - 3 il © ¢ G ¥
o UEx.Q
£ 2 - 0C
2 o 88'0:
© s =320
= 0 - 9><o
S| - - - = 2l ¢
Iy OOQ:“'U’
| L iE § 835 < 5
o S . T o
‘é’: = Z2< 9 8°:m8
TED B c9 | o T20c¢
| =5 = a3 =) T 5 28020
698 ® Tt cED == SEXO
2| -0 5T M3 ®8EB [} £
S o c S afEag 2+ 5259
2 5223 L9096 Eg® | g ©°>00
O| ¥ES5a> OGao Doa c 2 530D
e 3848
So E29T
2 o] o < 388%
€ 3 c 5 2 EO5®
5| < c K} > oS

9 Qo ® S £ < 5 SR X

(8] ) [ ic = ® =0
[0} T @ oy
=} c oo Wl ap

] =0 O o

c = 5 € -

= - E go Ox=¢

c c 0 Q88 53 >3

o) == | © © © "T = Q22
55| 5 g & 2E5 2y 58

O >a| « « « £c0-288a

5c88E23

N =y

- 5 & E'gEg>,E’Q

- c o gaoftgca

(] | @ S 5] 2gD oo -0

o) o T o5 - Q0=

o) o g L& 0o -7 0

£| e Do 0?2694
© =] = o ® = -—mLZED};,‘

3 > 4 = Zz<w O >
= <| @ =% X Ff++Ho»OI o

publication bias for the remaining lipid types (see online
supplementary appendix figures Al a—c).

Meta-analyses of long sleep duration by different lipid
fractions are shown in figure 3. In an overall pooled anal-
ysis, the risk of any dyslipidaemia among long sleepers was
0.98 (95% CI 0.87 to 1.10), with heterogeneity (I*=63%,
P<0.001) and no significant publication bias (P=0.248).
There were not enough observations to perform an
Egger’s test for the risk of TC/HDL-C ratio=5, there was
no evidence for publication bias for the remaining lipid
types (see online supplementary appendix figure Al d-f).

Sleep duration and lipid changes over time

There were too few studies to draw any meaningful
conclusions from this analysis. (table 2). An increase in
sleep duration was not associated with a change in HDL
cholesterol. Furthermore, Yang et al? report changes in
lipid levels in short and long sleepers compared with
a 7-8hours reference group. None of these associa-
tions reached significance, except for an 0.085mmol/L
(95% CI 0.014-0.156, P unreported) increase in TG for
those sleeping =10 hours compared with those sleeping
7—<8hours.

DISCUSSION

To our knowledge, this is the first systematic review and
meta-analysis of the current prospective evidence on
the relation between sleep quality, sleep duration and
blood lipids in the general population. The results were
not influenced by age, study quality, follow-up duration,
gender or sleep assessment method. The analysis was
carried out by separate lipid fractions. The risk of the
development of dyslipidaemia varied among short and
long sleepers and by lipid type.

Like Abreu et al,16 we found that studies often adjusted
for factors such as diet and body mass index, without
exploring potential mediation, while the influence of
other sleep variables are ignored. Sleep disordered
breathing was not taken into account in any of the
included studies, even though it has been associated with
an increased risk of dyslipidaemia.18 Another factor that
was inconsistently taken into account was stress, which
can be a determinant of both poor sleep and increased
stress levels. In the Whitehall II study, cortisol secretion
was raised in those reporting short sleep duration and
high sleep disturbance.®

Polysomnography is the gold standard for objective
assessment of sleep quality and quantity, but objective
sleep assessment is often not feasible in large cohort
studies. Sleep quality and quantity were assessed subjec-
tively by questionnaire or interview in most included
studies. Moderate correlation between assessment of
sleep duration by self-report and more objective actig-
raphy assessment have been observed in the Coronary
Artery Risk Development in Young Adults study.” Simi-
larly, the Pittsburgh Sleep Quality Index and Epworth
Sleepiness scale, two often used subjective measures of

Kruisbrink M, et al. BMJ Open 2017;7:€018585. doi:10.1136/bmjopen-2017-018585

7


https://dx.doi.org/10.1136/bmjopen-2017-018585
https://dx.doi.org/10.1136/bmjopen-2017-018585

Open Access 8

Participants Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE Total Total Weight IV, d 95% CI v, d 95% CI
1.1.1 High TC
Gangwisch (men) 0.0943 0.0726 0 6939 35.7% 1.10(0.95, 1.27) e
Gangwisch (women) 0.1625 0.063 0 7318 42.9%  1.18([1.04, 1.33] ——
Kinuhata (men) -0.0392 0.1024 0 7196 21.4%  0.96[0.79, 1.18] —
Subtotal (95% CI) 0 21453 100.0% 1.10 [0.99, 1.22] <P
Heterogeneity: Tau? = 0.00; Chi? = 2.83, df = 2 (P = 0.24); I = 29%
Test for overall effect: Z = 1.80 (P = 0.07)
1.1.2 Low HDL-C
Kim -0.2877 0.1401 0 1659 23.1% 0.75 [0.57, 0.99] .
Kinuhata (men) 0.2357 0.1061 0 7627 26.7% 1.27 [1.03, 1.56] ——
Li (men) -0.2231 0.1385 0 0 23.2% 0.80[0.61, 1.05) —
Li (women) -0.0726 0.1034 0 2565 27.0% 0.93 [0.76, 1.14)

Subtotal (95% CI) 11851 100.0%
Heterogeneity. Tau? = 0.04; ChiZ = 11.72, df = 3 (P = 0.008); I? = 74%
Test for overall effect: Z = 0.63 (P = 0.53)

1.1.3 High LDL-C

Kinuhata (men) -0.0296 0.1105 0 7273 100.0%
Subtotal (95% CI) 0 7273 100.0%

Heterogeneity. Not applicable
Test for overall effect: Z = 0.27 (P = 0.79)

1.1.4 High non-HDL-C

Kinuhata (men) 0.0513 0.1067 0 7415 100.0%
Subtotal (95% CI) ] 7415 100.0%

Heterogeneity. Not applicable
Test for overall effect: Z = 0.48 (P = 0.63)

1.1.5 TC/HDL-C ratio => 5

Petrov (men) -0.3148 0.1663 0 227 70.1%
Petrov (women) -0.1133 0.2547 0 276 29.9%
Subtotal (95% CI) 0 503 100.0%

Heterogeneity. Tau? = 0.00; Chi? = 0.44, df = 1 (P = 0.51); I> = 0%
Test for overall effect: Z = 1.83 (P = 0.07)

1.1.6 High TG

Chaput 0.2624 0.308 [} 253 6.9%
Kim -0.1985 0.1569 0 1659 17.5%
Kinuhata (men) 0.2107 0.0932 0 6973  26.9%
Li (men) 0.207 0.1034 0 0 25.2%
Li (women) -0.0943 0.1137 0 2565 23.5%
Subtotal (95% CI) 0 11450 100.0%

Heterogeneity. Tau? = 0.02; Chi? = 9.28, df = 4 (P = 0.05); I* = 57%
Test for overall effect: Z = 0.78 (P = 0.44)

0.93 [0.73, 1.17]

0.97 [0.78, 1.21]
0.97

[0.78, 1.21]

——
= =

0.73 [0.53, 1.01] ——

0.89 [0.54, 1.47] _——
0.78 [0.59, 1.02] e EE—
1.30[0.71, 2.38]

0.82 [0.60, 1.12] —_—

1.23 [1.03, 1.48] —_—
1.23 [1.00, 1.51] ——
0.91[0.73, 1.14] ——

1.07 [0.90, 1.28) <

0.5 0.7 .
Lower in short sleepers Higher in short sleepers

Figure 2 Forest plot of risk of dyslipidaemia in short sleepers. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride.

sleep quality, do not correlate well with objective sleep
measures.’” In all included studies, a single measurement
of sleep was taken at baseline, which may not represent
the full sustained effect of sleep duration.

In previous systematic reviews, both long and short
sleep duration were strongly associated with health
outcomes, including cardiovascular disease.! * No such
effects were found in this meta-analysis. It is possible that
the effects of sleep duration on cardiovascular health are
not mediated through blood lipids,”™ but through other
pathways such as obesity, hypertension and inflamma-
tion.'”**! However, an effect of sleep duration on blood
lipids would be biologically plausible. Sleep restriction
is associated with an altered secretion of metabolic and
hunger hormones, such as growth hormone, cortisol,
leptin and ghrelin.”*™* Furthermore, sleep can influ-
ence eating behaviour and physical activity. Short sleep
time and non-restorative sleep have been associated with
a dietary alterations reflecting a higher intake of energy
and fat, " Sleep loss has also been shown to decrease
physical activity in free-living conditions,” and insuffi-
cient sleep could undermine dietary efforts to reduce
adiposity.” Several shortterm experimental studies
also suggest an effect of sleep restriction on blood lipid
levels.”’ * Since it is difficult to have people sleep for
long periods of time, mechanisms for the effects of long
sleep duration on health have been less investigated and
remain mostly speculative. It is possible that the observed

relationship between long sleep duration and cardiovas-
cular outcomes reflects long sleep duration being a risk
marker or symptom of disease rather than a cause.’

Strengths and limitations

Strengths of this review include the broad search strategy
and in-depth quality assessment of studies. The high
heterogeneity of exposure and outcome measurements
encountered in this review limited the scope of the
meta-analysis. We were unable to perform a meta-analysis
for sleep quality. The results can only be representative of
published and included studies and the interpretation is
limited by the small number of studies and some publica-
tion bias. Other limitations include the inability to directly
adjust for confounding with study level meta-analysis and
the fact that the quality of the meta-analysis cannot go
beyond the quality of the included studies.

Perspectives

We do not yet have the strength of evidence needed to
inform public health policy on the relation between sleep
quality and duration and blood lipid profiles. In future
research, individual patient data meta-analysis could
provide possibilities to analyse data in a more homoge-
neous way. Furthermore, this review and meta-analysis
focused on the general healthy population only. There
are indications for an association between sleep and blood
lipids in patients with diabetes’ and mental illness.”
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Participants Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE Total Total Weight IV, Random, 95% CI 1V, Random, 95% CI
2.1.1 High TC
Gangwisch (men) -0.0943 0.0726 0 6939 38.1%  0.91(0.79, 1.05] —a
Gangwisch (women) -0.1625  0.063 0 7318 45.2%  0.85[0.75, 0.96] —a—
Kinuhata (men) 0.077 0.1266 0 7196 16.7%  1.08[0.84, 1.38] —r—
Subtotal (95% CI) 0 21453 100.0%  0.91[0.81, 1.01] -
Heterogeneity: Tau? = 0.00; Chi? = 2.92, df = 2 (P = 0.23); I? = 31%
Test for overall effect: Z = 1.71 (P = 0.09)
2.1.2 Low HDL-C
Kim -0.3285 0.2177 0 1471 23.6%  0.72[0.47, 1.10] —_—
Kinuhata (men) -0.478 0.1506 0 7627 28.9%  0.62[0.46, 0.83) —_—
Li (men) 0.3784 0.231 0 0 22.6% 1.46(0.93, 2.30] -
Li twomen) -0.2744 0.2007 0 1672 24.9%  0.76[0.51, 1.13] .
Subtotal (95% CI) 0 10770 100.0%  0.82[0.58, 1.16] e ER—
Heterogeneity: Tau? = 0.09; Chi? = 9.83, df = 3 (P = 0.02); I? = 69%
Test for overall effect: Z = 1.11 (P = 0.27)
2.1.3 High LDL-C
Kinuhata (men) 0.077 01334 0 7273 100.0%  1.08[0.83, 1.40] —t
Subtotal (95% CI) 0 7273 100.0%  1.08 [0.83, 1.40]
Heterogeneity. Not applicable
Test for overall effect: Z = 0.58 (P = 0.56)
2.1.4 High non-HDL-C
Kinuhata (men) -0.1054 0.1347 0 7415 100.0%  0.90 [0.69, 1.17] 1—
Subtotal (95% CI) 0 7415 100.0%  0.90 [0.69, 1.17]
Heterogeneity. Not applicable
Test for overall effect: Z = 0.78 (P = 0.43)
2.1.5 TC/HDL-C ratio => §
Petrov (men) 0.3148 0.1663 0 227 70.1%  1.37(0.99, 1.90] ——
Petrov (women) 0.1133 0.2547 0 276 29.9%  1.12[0.68, 1.85] e e
Subtotal (95% CI) 0 503 100.0%  1.29[0.98, 1.69] T —
Heterogeneity. Tau? = 0.00; Chi? = 0.44, df = 1 (P = 0.51); I = 0%
Test for overall effect: Z = 1.83 (P = 0.07)
2.1.6 High TG
Chaput 0.0583  0.335 0 255 14.0%  1.06[0.55, 2.04]
Kim -0.0202 0.2337 0 1471 19.0%  0.98[0.62, 1.55] Em—
Kinuhata (men) -0.1054 0.1185 0 6973 25.5%  0.90[0.71, 1.14] —
Li (men) 0.6627 0.1805 0 0 22.1%  1.94(136,2.76] —_—
Li (women) -0.2231 0.2287 0 1672 19.3%  0.80[0.51, 1.25] R
Subtotal (95% CI) 0 10371 100.0%  1.08 [0.77, 1.53] e
Heterogeneity. Tau? = 0.10; Chi? = 14.75, df = 4 (P = 0.005); I = 73%
Test for overall effect: Z = 0.46 (P = 0.64)

0.5 0.7 15 2

Lower in long sleepers Higher in long sleepers

Figure 3 Forest plot of risk of dyslipidaemia in long sleepers. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride.

Other potential areas for future research are sleep timing
and circadian disruption. Cross-sectional evidence indi-
cates sleep timing and patterns may be associated with

Table 2 Meta-analytical results for continuous outcomes

No of
studies Change in lipid
Blood lipid and Publication levels per hour
fraction cohorts n bias of sleep
Total One 503 — 0.14 (0.06 to
cholesterol  study, 0.23), P=0.001,
two 1°=0.0
cohorts
HDL Two 989 P=0.020 0.00 (-0.02 to
cholesterol  studies, 0.03),
three P=0.719,
cohorts [’=0.0
LDL One 503 — 0.09 (0.01 to
cholesterol  study, 0.17),
two P=0.033,
cohorts 1>=0.0
Triglycerides Two 989 P=0.450 0.01 (0.01 to
studies, 0.01),
three P<0.001,
cohorts 1’=0.0

Values are reported in millimole per litre with 95% CI.
HDL, high-density lipoprotein; LDL, low-density lipoprotein.

unfavourable lipid proﬁles,54 although causality cannot
be implied from those studies. Disruptions in the circa-
dian rhythm have also been shown to be associated with
metabolic alterations.” Sleep disturbances are important
to consider in the light of other CVD risk factors, such
as obesity, hypertension and diabetes. randomised
controlled trials that evaluate the effect of improved
sleep habits on obesity and cardiovascular health are now
becoming available.”*®

CONCLUSION

The present analysis was unable to find supportive
evidence of a relationship between sleep duration and
the development of dyslipidaemia. However, heteroge-
neity and small number of studies limit the interpreta-
tion. Further prospective studies are needed.
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