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1 |

Sleep quality is an extremely complex health issue that in-
volves an individual's genetics, physiological characteristics,
physical health, psychological factors, such as emotions and

INTRODUCTION
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Abstract

Objectives: This study was to conduct a meta-analysis of studies that used acti-
graphs to compare the influence of day and night shifts on the sleep quality of work-
ers as well as examine the moderating effect of age.

Methods: Databases including PubMed, CINAHL, the Cochrane Library,
MEDLINE, and EBSCOhost were searched for relevant studies published in English
between January 1st, 2000 and April 30st, 2021. Our main targets were studies that
used actigraphs to assess the sleep quality of night shift workers. This meta-analysis
included 12 papers and was performed using Comprehensive Meta-Analysis (CMA)
Version 3.0. Effect sizes were displayed in a forest plot using standardized mean dif-
ference (SMD) and 95% confidence intervals (CI).

Results: Among the sleep quality indices of the day and night shift workers, no
significant difference existed in terms of sleep efficiency (SE) (SMD = 0.27, 95%
CI: —0.03-0.57), whereas night shift workers presented longer sleep-onset latency
(SOL) (SMD = 0.62, 95% CI: 0.15-1.08), greater wake after sleep onset (WASO)
(SMD = 0.41, 95% CI: 0.12-0.70), and longer total sleep time (TST) (SMD = 0.85,
95% CI: 0.32-1.39) than did day shift workers. The differences between the day and
night shift workers in SOL, WASO, and TST did not vary with age.

Conclusions: Among the sleep quality indices, night shift workers presented longer
SOL and greater WASO than did day shift workers. However, night shift workers
could regulate their rest time and had adequate TST; thus, their SE was not different
from that of day shift workers.
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cognition, as well as family, social, and environmental fac-
tors." Sleep quality is a crucial condition in an individual's
satisfaction with their own healthiness.” Not only does poor
sleep quality affect job performance, but high sleep debt also
causes chronic fatigue.3 Long-term fatigue and inadequate
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rest lower one's alertness and therefore increase the chance
of accidents.* Research on the impact of sleep on health has
found that unfulfilled sleep needs can cause headaches, tired-
ness, inattention, memory loss, poor performance, and psy-
chological disorders.>® Sleep issues may even increase the
risk of cancers such as head and neck cancer, bladder can-
cer, thyroid cancer, non-Hodgkin lymphoma, and myeloma
in men as well as breast cancer, ovarian cancer, and non-
Hodgkin lymphoma in women.” Furthermore, sleep disor-
ders have been found to strongly correlate with inflammatory
diseases and autoimmune diseases.*” Thus, the importance
of sleep quality should not be underestimated.

The primary factor affecting sleep is changes in one's
circadian rhythms. For those who work during the night,
the inconsistencies between their internal circadian rhythms
and the required routines of the external environment can
lead to disturbances in their sleep-wake cycles and light-
dark cycles that then result in circadian rhythm disorders.'
Night shift workers must alter their biological clock and are
often sleep-deprived, remaining awake at night and working
rather than sleeping during the night. Moreover, not only
is their sleep during the day often disrupted, which conse-
quently affects deep sleep, but it often takes them longer to
fall asleep, all of which easily lead to inadequate sleep.lo
Night shift workers sleep during the day during which their
circadian rhythm is not in the optimal state for sleep, af-
fecting the quality of their sleep and causing fatigue. At
night when they work, their circadian rhythm makes them
drowsy and less alert, which could impact work safety and
plroductivity.“’12 The study conducted by Vitale et al fur-
ther indicates that after working a night shift, night shift
workers often have difficulty maintaining good sleep qual-
ity and difficulty falling asleep in the evening before a shift
change to the day shift. This is because their sleep is often
disrupted, for example by street noise, family activities, or
phones or doorbells ringing.13 In addition, the quality of
sleep may change, and as the sleep cycle changes, there is
less rapid-eye-movement sleep.14

It has been shown that sleep quality is highly associated
with age. The occurrence of spontaneous sleep disruptions
increases with age, which also causes changes in sleep and
affects sleep quality.'” The pineal gland behind the third ce-
rebral ventricle in the back of the brain secretes melatonin, a
hormone that plays a crucial role in the control of the sleep-
wake cycle and begins to rise at around three months after
birth. Associated with the biological clock, the levels of
melatonin decrease during the day and rise during the night.
Melatonin levels in the blood after one falls asleep at night
are generally 10 times higher than levels during the day.'®
Secretions of melatonin during the night are highest in in-
fants, gradually decrease with age, and then drop signifi-
cantly after the age of 45. In old age, circadian rhythms begin
to lapse and may even disappear.17

Furthermore, the evaluation of sleep quality can be sub-
jective or objective. Self-reported questionnaires can pro-
vide participant data regarding individualized problems as
well as subjective sleep data; however, researchers often
have difficulty removing bias from their observations,
which can lead to incomplete records and observations.'®
Actigraphy involves the wearing of a measurement device
on the wrist with sensory abilities, quantitative process-
ing, and storage functions. This instrument can store days,
weeks, or even months of data and is therefore more suit-
able for long-term sleep quality monitoring than is poly-
somnography (PSG), which measures brain waves.'” The
aims of this study were to conduct a meta-analysis of stud-
ies comparing the influence of day and night shift work on
sleep quality using actigraphs and to examine the moderat-
ing effects of age.

2 | METHODS AND MEASURES

2.1 | Literature search and screening

We collected and examined literature involving differ-
ences in sleep quality between individuals working day and
night shifts. This study was conducted in accordance with
the Preferred Reporting Items for Systematic Review and
Meta-Analysis (PRISMA).* Figure 1 displays the screening
process. The databases used included PubMed, CINAHL,
Cochrane Library, MEDLINE, and EBSCOhost, and the key-
words that were searched for included “night shift”, “night
duty”, “day shift”, “actigraph”, “actiwatch”, “sleep quality”,
and “sleep deprivation”. The inclusion criteria for the papers
compiled and evaluated in this study were as follows: (1)
the participants included workers working night shift, which
was defined as a shift beginning between 22:00 and 2:00 at
night and ending between 5:00 and 8:00 the next morning
in a three-shift system or a shift beginning between 16:00
to 17:00 in the evening and ending between 6:00 to 7:00 the
next morning in a two-shift system21’22; (2) the paper used
sleep quality as the performance index, and the tools used to
assess sleep quality must have included an actigraph; and (3)
the study was published in English. The exclusion criteria
were the following: (1) the paper was a literature review or
case report or (2) the complete results or full-text of the paper
could not be obtained.

2.2 | Data extraction, quality appraisal, and
recommendation level determination

After reading the abstracts, we eliminated the papers that
did not fit the criteria of our study and obtained 26 papers.
Subsequent reading and assessment of the full-text version
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Numbers of papers fitting exclusion criteria

Number of papers with full-text obtained for further assessment (n=26) [

(n=14)
1.Papers not about adults working night

shifts (n=1)
2.Age of participants not provided (n=6)

Number of papers included in meta-analysis (n=12)

3.Actigraph sleep quality index data not
provided (n=7)

FIGURE 1 PRISMA data search process

of those papers resulted in 12 eligible papers for our analysis.
Figure 1 displays the screening process. The quality of the ob-
tained papers was assessed using the Joanna Briggs Institute
Critical Appraisal Checklist for Analytical Cross Sectional
Studies, which included eight items: (1) whether the criteria
for inclusion in the sample were clearly defined, (2) whether
the study subjects and the settings were described in detail,
(3) whether the participant measurement methods were de-
scribed in detail, (4) whether objective and standard criteria
were used for measurements of the condition, (5) whether
confounding factors were identified, (6) whether strategies
to deal with confounding factors were stated, (7) whether
the outcomes were measured in a valid and reliable way, and
(8) whether appropriate statistical analysis was used. The
appraisals were independently made by two reviewers, and
the responses were “07”, “1”, or “2”, which respectively in-
dicated “Yes”, “No”, or “Unclear”. Only the “1” responses
were given 1 point each; the other responses were given no
points.23 Only papers with a total score of 4 points or higher
were included in our analysis. For interrater reliability, the
English version of SPSS 22.0 was employed to calculate the
Kappa coefficient, which was 0.924. The research designs,
data, and appraisal scores of the 12 papers included in our
meta-analysis are presented in Table 1.

We employed the Grading of Recommendation
Assessment, Development, and Evaluation (GRADE) meth-
odology developed by the GRADE Working Group to assess
the quality of evidence and make clear comprehensive rec-
ommendations regarding the differences between the various
sleep quality indices of day shift and night shift workers. For
randomized control trials, the quality of evidence began at
“High”, and the final rating was then determined based on
various upgrading and downgrading factors. For observa-
tional studies, the quality of evidence began at “Low”, and
the final rating was then determined based on the various up-
grading and downgrading factors.”*’

2.3 | Actigraphs and sleep quality indices

Actigraphs have a built-in accelerometer to record a sub-
ject's activities during the entire day and night, and non-
invasive acceleration sensors are used to detect changes
in the subject's motions, which are then recorded and
analyzed using software. The activity records can then
be used to determine the subject's sleep parameters. An
increasing number of sleep-related studies are using ac-
tigraphy to gauge the sleep quality of their participants.38



(senunuo)))

CHANG anp PENG

8/9

8/S

8/9

8/

8/9

PAJ[
redradury

W LEY-Journal of Occupational Health

4o0f12

(€D 799
(LEOD) €9°61
(90°¢) 80°6
(80°€) ¥T'S6

(81'D9€9

(€6'0) 699
(00°0%) 00°SS
(00'82) 00'7C

(006) 00°18

(100 0TS
(LS'ST) 8F'1€

T8 TTs

@@L L) L9+

(€T+0) L99¢

90 TI'L
(76°0€) 8T
(1L°9€) 6£¢€
06T ¥I'LL

WYSHYSIN

(0D St'9

(98°8) 1671
(S1°L) L8€T
(69'1) €596

LrovLs

8/S (0T'LZ1) 00°STE (09°8L) 08°IST

(€L0)OL'S
(00°0€) 00°S
(00'LT) 00'TT

(00°L) 00'18

(St SS°S
(6L'80) OF'LE
(96'%1) 61°L

(€L'8) ¥T'98

(66'1€) #1°0€

aLoies
(81°€0) £°0¢
(86°LE) €0°€€E
(SE€ED 10°8L

Wiyske(

(oy) LSL.
(ur) OSV M
(uru) JOS
(%) 4S

(moy) LSL
(uTur) OSVM
(anoy) ISIL.
(u) OSV M
(ur) 70S
(%) as
(moy) LSL
() OSVM
(urw) 1OS
(%) S

(uru) OSVM

(oY) LSL.
(urun) OSYM
(uw) 08
(%) ds

3

8¢

14!

4!

(@s) ued]y  (sAep) ejep

ydeasnpoe

s3o1pur dagys ydeasnoe jo sjnsay Jo uonean(

00-8-00-0
“YIUS WSIN 00:+2-00:91 s
SutURAH (00:91-00:8 “WIUs Le
puowr 12d 95U0 93URYD PIYS MO[S
SAep / 10J pa)sal uay) pue ‘skep /
10J 00:6-00:0T SYIUS WYSIU poxIom
‘sAep £ 10J paysal ‘skep /£ 10} 00: 1T
-00:8 SYIYS SAep pasIom s10100Qq
Kep 1xau Jo (0¢:£-00: 1T YIUs
WSIN 0€:12-00:€T “JIus Suruaag
0€:61-00:L Wwys Keq ArenSorn
SIJTYS JUQIQJJIP 0} PAJBIOT SASINN

sKep { 10§ JS3I Uy}

pue ‘sKep ¢ 103 }J1ys JY31u ‘skep ¢

10J 1891 ‘SAep G 10J JIYs SUIUAA
‘SAep ¢ 10J 1821 ‘sAep ¢ 10J PIys Aeq

SYoam om) Jo porrad
B J0AO0 SIIYS JYIIU pue ‘FUIudAd
‘Kep ySnoIyy payejol [eNpIAIPUI Yory

00:8-00:0 J1Us WSIN
00:7C-00:91 :YIys SuruaAg
00:91-00:8 “W1us A
uowr 1od 95U0 93URYD PIYS MO[S
Kep 1xou
J0 0€:L-00:€T-0€:TT WS WSIN
0€:€2-00:ST :Y1ys Suruaayg
0€:51-00:L 1ys Keq
skep ¢ jo porrad
B JOAO S)IYS JUIFJIP 0) pasueyd
ATp1dex oAey p[nod [ENPIAIPUT Yor
pue ‘yauowr Jod 90U SB[ JB SABP
JATINOASUOD ¢-7 10F PIYS WSIN

S9N Surnpayds

(61°€) 06'ST

(0L'6) 08°€€

(01°L) 08°0€

(10'%) 0¥'9¢

(00°5) 99T

(8T'+) 60'8C

(@s)
UBIA[

Eravs

Srewo ]

orewR,]
RN

qrewo,|

S[BIN

J[ewo,|

Srewo,|

Jrewo,]

JIIpUdn)

sisATeue-ejow ur sroded jo synsar pue spoyjour juswrradxg

SOSINN

s10300(]
SOSINN

s10[1d

sasInN

SOsINN

SOSINN

uonedndnQ

€1USIN
91:Ae(@

144

I

Cl

EPIUSIN
8G:Aeq

[euomno9s
-SSOID)

[euonoos

-SS01D)

[euonoas
-SS0ID)

[euonoas
-SS0ID)

[euono9s
-SS0ID)

+6 2Andadsolg

sjuedpnaed

Jo 'oN

usisaQq

7100

uBMIR], Suey
42(6107)

eIensny uesouen)
12(8100)

VSN SuBAF-UUA[]
92(9100)

BAIOY 107D
(6107)

ueMIR], Suey)
+2(0200)

BAIOY] Yoeg

£nuno) (aeax)

Joyjne Jsang

T 4 TdV.L



Sof12

CHANG anp PENG

Journal of Occupational Health \a/y; Ey

8/L

8/9

8/9

8/S

8/9

8/9

[PAJ]
redtadurgy

08°1) 119
(69°€0) L9 V1
(IS+1) 676

(L¥'9) 00°¢8

(86°0) L1°9

0 91°L
(S'T1) LL'88
(08D 0S'T1
(T6'D LETS
(L80) 0€°S
(00°+1) 00°6€
(009) 00°L
(0g¥) 01°S8

01D 09%
(0t°€€) 078
(0F'S1) 0£°6L

WYSIYSIN

F0'1) L6°S
(65°02) S8
(T8°SD) 8Tl

(€€'9) 0078

(L8'0) L6°S

(ST0) LS
(€8°01) LO'LS
L1 8%
(90 8t°6L
(8L°0) 209
(00+1) 00°TH
(00°8) 006
(08'%) 00°S8

001 09°¢
(oL'Sy) 0L'LE
(09°S1) 08°LL

yysieq

(moy) ISL,
(uru) OSVM
(urw) 708

(%) 9S

(noy) LSL

(moy) LSL
(u) OSVM
(urw) 10S
(%) S
(oy) LSL.
(urun OSYM
(urw) T0S
(%) ds

(moy) ISL
(utw) JOS
(%) 9S

8¢

14!

4!

€

(@S) ued\  (skep) erep

ydeasnoe

s3d1pur dagys ydeasnoe jo sjnsay Jjo uonean(

Josuo doors 103Je e A\ ‘OSV M ‘own dog[s 1107,  LS.L ‘Aouajef Josuo-doo[s “TOS ‘Aouaronge dos[S ‘HS uoneraaIqqy

00:22-00:0T :J1ys WYSIu auIn 1elg
00:L1-00:TT :YIys SUIUSAD dun)
HeIS 00:6-00:9 “WIUs Aep own 1relg
SYIYs ySIu pue
‘3uruaAs ‘Aep y3noay) uonelor pidey

Kep 1xau Jo (00:L-00:61

YIYs WYSIN 00:61-00:L s Keq
SYoaM 7

10§ J$31 USY) PUB ‘SYIIM 7 0]
YIS WYSTU ‘$H0M T

10J )81 ‘SyQam g J0j JIys e

smoy g1
“YIYs WYSIN smoy g1 yrys Ke
SY9M T 10 JSAI UdY) pue
‘Sy0aM 7 10J JYIYS IYSIU ‘SY9aM ¢
10J JS91 ‘S)am 7 J0J JIys Ae

Kep 1xou jo (¢:L-0€:€T YIS
WSBIN 0€:€C-0€:ST YIys Sutuaag
0€:ST-0¢:L “Wys Aeq

sAep ¢ 10}

1891 Uy} pue ‘skep G I0J JIys JYSTu
‘sKep G 10J 151 ‘sAep ¢ Joj J1ys Aeq

00:£-00:00 WIS WYSIN 00:€£2-00:ST
“JIys SurueAy 00:S1-00:L s ke
skep ¢ jo
pouad e 1040 saSueyo iys pidey

Kep 1xau Jo 00:+0
-00:0¢ W1Us WSIN 00:02-00:CT
“Iys SurueAy 00:¢1-00:+ s Keq
skep ¢ jo
pourad e 1oA0 sa3ueyd J1ys prdey

S9N SUINpayds

(ocoD)
089

(LS'8) 00'¥Y

(06'L) 06'SE

(e oLLe

(0T°€) 06'8C

(06'%) 09°9%

(as)
U

Eravs

S[ewR]
AN

S[BIN

BN

J[ewo,|

S[ewR]
BN

S[BIN

SOAIMPII

SINIOM
3u o

SINIOM
3u 10

sasInN

ERII)
91104

SIOALID
urerj,

puwaY uopnednddQ

L1

OT:YSIN
e

0T:Y3IN
+:Keq

TEMSIN
o¢:Aeq

6¢

14!

syuedpnaed
Jo 'oN

[euomno9s
-SS01D)

[eUOT}O3S
EXNii)

[euonoas
-SS0ID)

aAnoadsorg

[euomno9s
-SS01D)

[euonos
-SS0ID)

usisaq

(1100
elensny QuIeWAL],

(1700
KemION YIASYES

(0200
ySIySey
uel] -jenuyopes

ueme], _(€107) NIN

1£(ST02)
BpRUR)) UnIBIA
0£(5000)
eIRNSNY puowre|
Anuno) (a1e3x)

Joyjne Isay

(ponunuo)d) T ATAV.L



CHANG anp PENG

MWI LEY— Joumal of Occupational Health
—_—

Some researchers believe that the objective sleep quality
measurements derived using actigraphy are more suitable
than are sleep-related questionnaires.39 The sleep quality
indices that actigraphy often uses in measurements in-
clude the following: sleep efficiency (SE), which equals
the ratio of total sleep time (TST) to time in bed (TIB);
sleep-onset latency (SOL), which is the duration of time
between getting in bed to falling asleep; wake after sleep
onset (WASOQO), which is the total amount of time of wake-
fulness after sleep onset during the night; and total sleep
time (TST), which is the actual amount of time spent
asleep during the night and equals TIB minus other wake
time durations. At present, most sleep tests mainly use
brain wave signals to assess sleep quality. Although PSG
is considered the gold standard and offers high accuracy,
it is costly and requires professionally trained technicians
to operate and interpret results. The test location must also
be a designated sleep laboratory or center. For these rea-
sons, actigraphy is more suitable than is PSG for monitor-
ing long-term sleep quality. Actigraphy is also currently
the simplest objective method of measuring sleep quality,
and it has been employed in many studies.***" McCall
and McCall used two-tailed t-tests to compare the sleep
quality parameters derived using actigraphy and PSG and
discovered no significant differences in SOL (24.2 + 28.0
vs 28.4 + 36.9), SE (82.7 + 9.8 vs 80.7 + 13.4), WASO
(61.2 + 40.2 vs 80.7 + 13.4), or TST (400.4 + 41.9 vs
387.5 + 64.5)."

2.4 | Data processing and statistical
analysis methods

Our meta-analysis was performed using Comprehensive
Meta-Analysis (CMA) Version 3.0. Homogeneity or
heterogeneity was examined using Cochran's Q test. A
Q value presenting significant differences (P < .05) in-
dicated that heterogeneity existed among the samples.
Inconsistency was determined based on I in the range
from 0% to 100%. An I value less than 50% indicated ho-
mogeneity, whereby the fixed effects model was then used
to calculate the weighted average. An 1% value greater than
50% indicated heterogeneity, whereby the random effects
model was then used to calculate the weighted average.
Effect sizes were displayed in forest plots using standard-
ized mean difference (SMD) and a 95% confidence inter-
val (CI). Sensitivity analysis was conducted to determine
whether the elimination of any paper would influence
the overall conclusion. Egger's regression was applied to
examine whether publication bias existed. Finally, meta-
regression analysis was performed to compare the sleep
quality indices of day and night shift workers after con-
trolling age as a factor.

3 | RESULTS

3.1 | Literature characteristics and quality
According to the inclusion and exclusion criteria
above, we obtained a total of 12 papers: 8 for SE meta-
analysis,24’26‘27’29'32’34 8 for SOL meta—amatlysis,24’26’27’29'32’35
9 for WASO rneta—analysis,24'29’31’32’35 and 10 for TST meta-
an.alysis.24’26’33’35 Table 1 presents the basic characteristics
and quality ratings of the included studies, and Table 2 shows
a summary of the analysis results and the determined quality
of the evidence in the studies.

3.2 | Comparison of SE of day and night
shift workers

The heterogeneity test presented statistically significant dif-
ferences (P = .014), and I’ equaled 60.24%, thereby indi-
cating heterogeneity among the eight papers. We therefore
employed the random effects model. The forest plot pre-
sented an SMD of 0.27 and a 95% CI of —0.03-0.57, which
indicated no significant differences between the SE of the day
shift workers and that of the night shift workers (P = .076).
The relative weight of Baek et al was 18.60% and greater
than those of the other papers (Figure 2).2* Furthermore, our
sensitivity analysis revealed no significant changes in the
SMD following the removal of any individual paper (95%
CI = —0.03-0.57). In the linear regression (Egger's) test,
P = .402, which indicated no publication bias among the
included papers. The meta-regression analysis showed that
after the age was controlled, there was still no significant
difference between the SE of the day shift workers and that
of the night shift workers (P =.481) (Table 3).

3.3 | Comparison of SOL of day and night
shift workers

The heterogeneity test presented statistically significant
differences (P < .001), and I’ equaled 82.97%, thereby in-
dicating heterogeneity among the eight papers. We there-
fore employed the random effects model. The forest plot
presented an SMD of 0.62 and a 95% CI of 0.15-1.08,
which indicated that the SOL of the night shift workers
was longer than that of the day shift workers (P = .010).
The relative weight of Baek et al was 14.98% and greater
than those of the other papers (Figure 2).2* Furthermore,
our sensitivity analysis revealed no significant changes in
the SMD following the elimination of any individual paper
(95% CI = 0.15-1.08). In the linear regression (Egger's)
test, P = .526, indicating no publication bias among the
included papers. The meta-regression analysis showed
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First author (Year) SMD (95% CI) Weight SMD (95% CI)
Back (2020)* 0.07 (-0.22, 0.35) 18.60

Choi (2016)% 0.19 (-0.61, 0.99) 8.57

Flynn-Evans (20187 0.00 (-0.44, 0.44) 15.12

Kang (2014)%° 0.54 (-0.21, 1.28) 9.36

Lamond (2005)* 0.10 (-0.64, 0.84) 9.41

Martin (2015)*! 0.02 (-0.42, 0.47) 15.00

Niu (2013)2 126 (0.71, 1.80) 12.83 |
Saksvik (2011)% 0.16 (-0.48, 0.79) 11.10

SE (Random effects) 0.27 (-0.03, 0.57) 100

Baek (2020)* 0.45(0.16, 0.74) 14.98

Choi (2016)%° 0.26 (-0.55, 1.06) 10.81

Flynn-Evans (2018)7 0.28 (-0.16, 0.72) 13.93

Kang (2014)° 0.84 (0.08, 1.60) 11.16

Lamond (2005)* 0.23 (-0.51, 0.98) 1133

Martin (2015)*' 0.21 (-0.23, 0.66) 13.89

Niu (2013) 2.56 (1.89, 3.23) 11.96 ]
Tremaine (2011)* 0.20 (-0.47, 0.88) 11.94

SOL (Random effects) 0.62 (0.15, 1.08) 100 '.
Back (2020)% 0.45 (0.16, 0.74) 14.59

Chang (2019) 0.20 (-0.16, 0.57) 13.46

Choi (2016)% 0.26 (-0.55, 1.06) 7.41

Flynn-Evans (2018)* 0.28 (-0.16, 0.72) 12.26

Ganesan (2019)2° 1.54 ( 1.07, 2.02) 11.71 ]
Kang (2014)* 0.39 (-0.35, 1.13) 8.12

Martin (2015)*' 0.21 (-0.23, 0.66) 12.19

Niu (2013) 0.15 (-0.35, 0.64) 11.36

Tremaine (2011)* 0.08 (-0.59, 0.76) 8.92

WASO (Random effects) 0.41 (0.12, 0.70) 100 4
Baek (2020)% 0.81 (052, 1.11) 11.53 []
Choi (2016)% 0.20 (-0.60, 1.00) 9.42

Flynn-Evans (2018)% 1.19(0.71, 1.66) 10.92 ]
Ganesan (2019)2° 0.08 (-0.34, 0.50) 11.14

Kang (2014)% 0.14 (-0.59, 0.88) 9.77

Lamond (2005)* 0.95(0.17, 1.73) 9.53

Martin (2015)*! 0.87 (0.41, 1.34) 10.96

Niu (2013)® 4.13 (3.25,5.01) 9.03 &
Sadeghniiat-Haghighi (2020)* 0.22 (-0.94, 1.39) 7.65

Tremaine (2011)* 0.10 (-0.58, 0.77) 10.06

TST (Random effects) 0.85(0.32,1.39) 100

800 400 000 400

Day shift  Night shift

800

FIGURE 2 Sleep quality differences between day and night shift workers

M Result of single study; — CI; ¢ Combined effect

Abbrevation: Sleep efficiency, SE; Sleep-onset latency, SOL; Wake after sleep onset, WASO; Total sleep time, TST; Standard deviation of the

mean, SDM; 95% Confidence interval, 95% CI.

that after age was controlled, the SOL of the night shift
workers remained longer than that of the day shift workers
(P = .315) (Table 3).

3.4 | Comparison of WASO of day and night
shift workers

The heterogeneity test presented statistically significant dif-
ferences (P = .001), and I’ equaled 69.54%, thereby indi-
cating heterogeneity among the nine papers. We therefore
employed the random effects model. The forest plot presented

an SMD of 0.41 and a 95% CI of 0.12-0.70, which indicated
that the WASO of the night shift workers was greater than
that of the day shift workers (P = .006). The relative weight
of Baek et al was 14.59% and greater than those of the other
papers (Figure 2).* Furthermore, our sensitivity analysis
revealed no significant changes in the SMD following the
removal of any individual paper (95% CI = 0.12-0.70). In
the linear regression (Egger's) test, P = 911, indicating
no publication bias among the included papers. The meta-
regression analysis showed that after age was controlled, the
WASO of the night shift workers was still greater than that
of the day shift workers (P = .774) (Table 3).
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TABLE 3 Meta-regression analysis of
. Sleep parameter
influence of age on sleep parameters of day

and night shift workers SE!

SOL
WASO

TST

Journal of Occupational Health g LEYM

Model p SE? 95% CI Z-value p

Intercept 0.73 0.68  —0.59-206  1.08 0.279
Age -0.02 0.02  —006-0.03 —0.70 0.481
Intercept 1.62 1.03 —0.39-3.62 1.58 0.115
Age -0.03 0.03  —0.09-0.03 —1.00 0.315
Intercept 0.19 079  -136-1.73 024 0.813
Age 0.01 0.03  —0.04-006  0.29 0.774
Intercept 2.01 154 —102-503  1.30 0.194
Age —0.04 0.05  —0.12-006 —0.76 0.446

Abbreviations: 3, Standardized beta; 95%CI, 95% Confidence interval, SEI, Sleep efficiency; SE2, Standard
erroe; SOL, Sleep-onset latency; TST, Total sleep time; WASO, Wake after sleep onset.

3.5 | Comparison of TST of day and night
shift workers

The heterogeneity test presented statistically significant
differences (P = .001), and I’ equaled 88.64%, thereby in-
dicating heterogeneity among the 10 papers. We therefore
employed the random effects model. The forest plot pre-
sented an SMD of 0.85 and a 95% CI of 0.32-1.39, indicating
that the TST of the night shift workers was longer than that of
the day shift workers (P = .002). The relative weight of Baek
et al was 11.53% and greater than those of the other papers
(Figure 2).2* Furthermore, our sensitivity analysis revealed
no significant changes in the SMD following the elimination
of any individual paper (95% CI = 0.32-1.39). In the linear
regression (Egger's) test, P = .678, indicating no publication
bias among the included papers. The meta-regression analy-
sis showed that after age was controlled, the TST of the night
shift workers remained longer than that of the day shift work-
ers (P = .446) (Table 3).

4 | DISCUSSION
Our meta-analysis revealed longer SOL and greater WASO
among night shift workers than among day shift workers
when these were measured using actigraphs. Although the
night shift workers had longer TST than did the day shift
workers, the two groups of workers showed no differences in
SE. Furthermore, the differences between the day and night
shift workers in SOL, WASO, and TST did not vary with age.
Based on the quality of evidence standards in GRADE,***’
there were no significant differences between SE (the ratio of
TST to TIB) of the night shift workers and that of the day
shift workers. In actigraphy, sleep logs are required to de-
rive the time in bed because there may be discrepancies when
participants recall their bedtime and wake-up time; further
long-term research is therefore needed to reconcile these dis-
crepancies. We therefore believe that the quality of the ev-
idence is low. As for our recommendation regarding SOL,

the observational studies that we collected indicated that the
SOL measured using actigraphy was longer in night shift
workers than in day shift workers. We therefore recommend
that night shift workers not only block out all light but also
wear sleep masks when sleeping during the day to increase
melatonin secretion and shorten their SOL.** We therefore
believe that the quality of the evidence is low. Regarding our
recommendation involving WASO, the observational studies
that we collected similarly indicated that the WASO mea-
sured using actigraphy was longer in night shift workers than
in day shift workers. We therefore recommend that night shift
workers maintain quiet sleeping environments at a comfort-
able temperature with lighting that simulates nighttime (such
as using thicker curtains). We also recommend that night
shift workers restrict friends and family from calling when
sleeping during the day. These actions could prevent their
sleep from being disrupting as much as possible and thereby
reduce their WASO.* We therefore believe that the quality of
the evidence is low. We also believe that the quality of the ev-
idence regarding TST is moderate. The observational studies
showed that the TST measured using actigraphy was longer
in night shift workers than in day shift workers. Although
night shift workers suffer from poor sleep quality when sleep-
ing during the day, this can be partially remedied by increas-
ing their duration of sleep.44 Moreover, investigations on the
influence of night shift work on TST cannot consider TST
alone; thus, other sleep quality indices should also be taken
into account to determine overall sleep quality.

Data regarding the sleep quality of individuals who must
work the night shift have generally been collected using ques-
tionnaire surveys.45’46 Furthermore, rotating between day and
night shifts can lead to irregular schedules; therefore, objec-
tive actigraphy can provide an understanding of actual sleep
conditions.*” One study simultaneously used actigraphs and
the Pittsburgh Sleep Quality Index (PSQI) when comparing
the sleep quality of workers working rotating shifts in the
manufacturing industry. The results revealed many differ-
ences between the sleep indices derived using the subjective
PSQI and those derived using objective actigraphy. For the
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day shift workers, the PSQI-based SOL and TST were longer
than those obtained using actigraphs, whereas for the night
shift workers, the PSQI-based TST was also longer than that
obtained using actigraphs.48

SOL represents the time for which it takes a person to
fall asleep after getting into bed. Ideally, falling asleep should
be shortly after the lights are turned off.* The light during
the day can indeed make it difficult to fall asleep for night
shift workers.** Moreover, their sleep during the day is often
disrupted; consequently, night shift workers have difficulty
achieving deep sleep, and their SOL is longer.”’

The sleep issues of night shift workers are associated not
only with work itself but also with their lifestyle.5 ! Rotenberg
et al discovered that night shift workers have different pat-
terns for their day sleep and social life that are easily affected
by the environment, such as light, noise, uncomfortable tem-
peratures, and phone rings. As a result, their sleep is easily
disrupted, which causes night shift workers to have greater
WASO during the day than do day shift workers during the
night.43 This offers an explanation for the results of our meta-
analysis: working the night shift makes it more difficult to
fall asleep and maintain sleep, compared with working the
day shift; thus, night shift workers have longer SOL and
greater WASO than do day shift workers.

Most existing studies indicate that night shift workers
have poorer TST and SE 329233 However, the TST mea-
sured using actigraphy by Vanttola et al revealed no signif-
icant differences between day and night shift workers, even
though the night shift workers felt that they had signifi-
cantly shorter TST, according to the subjective question-
naire given to the same participants.54 Our meta-analysis
found that night shift workers had longer TST than did
the day shift workers, though the two groups of workers
showed no significant differences in SE, due perhaps to the
fact that the night shift workers in fact slept for longer du-
rations despite having difficulty sleeping, sleeping lightly,
or sleeping sporadically. We speculate that their TIB was
also longer, which is why their SE was not significantly
different from that of day shift workers.

Mizuno et al used actigraphs to collect 7 to 8 days of sleep
data from seven flight control personnel working the night
shift, with the data encompassing three to four consecutive
night shifts. The authors observed that the participants would
nap for a while during the day before their first night shift
and that their TIB and TST increased significantly on the day
prior to their first night shift. Significantly increased TIB and
TST were also observed on the day after the first night shift.
In other words, increases in TIB and TST were observed
on the days before and after the night shifts. These obser-
vations confirmed that the workers may have adjusted their
sleep time to adjust to night shift work.* Dumont et al also
found a positive correlation between the sleep quality of night
shift workers and their sleep experience when working night

shifts.’ Taken together, it suggests that SE would not be af-
fected if night shift workers have an in-depth understanding
of their sleep conditions and could moderate their schedules
to obtain adequate sleep time.

Some researchers believe that declining sleep quality is
generally associated with age, noting that the ability of older
individuals working night shifts to make circadian adjust-
ments declines and that advancing age may affect one's abil-
ity to adapt to night shift work. Other researchers, however,
have argued to the contrary. Costa declared that work experi-
ence increases with age, which instead helps workers to better
adjust their sleep habits so that night shift work is better dealt
with.”” Pires et al also pointed out that older workers who
maintain good sleep habits can maintain TST and SE similar
to those of younger workers. In addition, the impact of cir-
cadian rhythm disorders on sleep quality is greater than the
impact of age on sleep quality. The occurrence of poor sleep
quality among night shift workers sleeping during the day
after work is higher than that among day shift workers regard-
less of age because the sleep of night shift workers during the
day is often disrupted; consequently, night shift workers not
only have difficulty sleeping deeply, but it also takes them
longer to fall asleep.”® Niedhammer et al investigated the
influence of different shifts on sleep among 469 nurses and
found that the nurses often compensated for lost sleep during
shift changes. For instance, their daily TST increased on the
two days before and after night shifts, becoming longer than
seven hours on average.58 These findings were consistent
with those of our meta-analysis.

5 | STUDY LIMITATIONS

This meta-analysis excluded research papers in which data
for age were not available and only included studies in
English. Therefore, the interpretations of the overall con-
clusion may be more reserved. None of the compiled pa-
pers were randomized controlled trials; thus, the influence
of night shifts on sleep quality may require more research
data with greater rigor for evidence. Although studies have
indicated that night shift work may influence the sleep qual-
ity of nurses, these issues may also be associated with other
factors, such as the number of children that the nurses had,
exercise habits, and obesity. However, the data compiled in
this meta-analysis indicated that most studies did not control
these confounding factors; therefore, more research will be
needed in the future.

6 | CONCLUSION

The results of this meta-analysis demonstrate that accord-
ing to actigraphs, night shifts may affect the sleep quality of
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workers. Among the sleep quality indices, night shift workers
presented longer SOL and greater WASO than did day shift
workers. Furthermore, the impact of working night shifts on
sleep quality is greater than that of age; that is, the differences
between the day and night shift workers in terms of SOL,
WASQO, and TST did not vary with age.
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