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Background: Dietary supplements (DSs) may be useful for managing shift work disorder.
But the efficiency of outcomes in clinical trials using simulated shift work populations as
subjects is controversial. This review explores the potential role of DSs for improving sleep
quality, daily functioning, and mood among shift workers in the real world.

Methods: A related literature search was conducted in PubMed, Web of Science,
Embase, and Cochrane Library databases from their inception to July 2021. Information
was collected on “shift work,” “irregular working hours,” “night shift,” “dietary
supplements,” and “nutraceutical research data.” Sleep quality-related scales were
the primary outcome measures. The meta-analysis was conducted using RevMan 5.4
(Cochrane Collaboration, London, England) and Stata 15.0 (StataCorp, LLC, College
Station, TX, USA). Heterogeneity was examined by using /2 statistics, and publication
bias was assessed via Egger’s regression test.

Results: Twelve studies, which involved 917 participants, met the inclusion criteria. The
DS groups had significant improvement in sleep quality scores (8 randomized controlled
trials [RCTs]: p = 0.04; standard mean difference (SMD), —0.45 [-0.88 to —0.03]) and
daytime function (7 RCTs: p = 0.02; SMD, —0.50 [-0.92 to —0.08]). The DS groups did
not have a significant improvement in psychomotor vigilance (4 RCTs: p = 0.25; SMD,
0.52 [-0.36 to 1.41]), depression (5 RCTs: p = 0.14; SMD, —0.19 [-0.45 to 0.06)), or
anxiety (4 RCTs: p = 0.27; SMD, —0.23 [-0.65 to 0.18]). All RCTs suggested a positive
safety profile for DSs.

Conclusions: The findings of this meta-analysis indicated DSs may be beneficial for
improving sleep quality and daytime function in shift workers. Although there is a wide
range of DSs, the small amount of literature included for each type does not allow for
subgroup analysis to be used to eliminate high heterogeneity. We have not yet included
literatures on other languages either. Given these limitations of the study, there is still
a need for more well-designed randomized controlled trials so that our review can be
updated in the future to make the results more conclusive.

Systematic Review Registration:  https://www.crd.york.ac.uk/prospero/display_
record.php?RecordID=273558, PROSPERQO: CRD42021273558.

Keywords: shift work, dietary supplement, sleep quality, daytime function, meta-analysis

Frontiers in Nutrition | www.frontiersin.org

1 April 2022 | Volume 9 | Article 850417


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2022.850417
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2022.850417&domain=pdf&date_stamp=2022-04-28
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles
https://creativecommons.org/licenses/by/4.0/
mailto:k444www@163.com
mailto:zqtow@163.com
mailto:hzszyylhs@126.com
https://doi.org/10.3389/fnut.2022.850417
https://www.frontiersin.org/articles/10.3389/fnut.2022.850417/full
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=273558
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=273558

Wu et al.

Dietary Supplements for Shift Workers

INTRODUCTION

Shift work refers to working time arrangements that differ
significantly from society’s traditional working hours (e.g.,
9a.m.—5 p.m.), or even night work that is completely reversed
(1). It cannot be ignored that disruption of circadian rhythms
caused by the inability to adapt to shift work may be a major
trigger of sleep disturbances (2), cardiovascular disease (3), stroke
(4), metabolic syndrome (5), mood problems (6), cancer (7), and
sudden death (8). Furthermore, shift work negatively impacts
job performance (9), driving safety (10), and health outcomes
during pregnancy (11). The best way to avoid shift work disorders
altogether is probably to eliminate shift changes. However, owing
to the pressures of life, only a small percentage of people can do
this. Thus, identifying effective, safe, and acceptable prevention
and treatment modalities to maintain health in the long term for
shift workers is important.

The prevention and treatment of shift work disorder is
mostly a stepwise approach, which is generally conducted in
a parallel and multimodal manner. This approach includes
pharmacological interventions such as sedative-hypnotics, wake
promoters, and dietary supplements (DSs) (12) and includes
non-pharmacological therapies such as bright light, napping,
physical exercise, and sleep education (13). DSs have been
widely available for people with sleep disturbances because of
their additional benefits of being more affordable and easier to
implement (14), but their therapeutic potential in the field of shift
work disorder (SWD) remains to be determined.

In addition, questions concerning the applicability of
measurements obtained after simulated shifts of healthy people
to the real world prompted this study. Excessive stress due to
work and social relationships in real life can lead to a vicious cycle
of circadian rhythm disruption (15). Therefore, in our review,
we deliberately excluded trials with simulated shifts to better
reflect the clinical efficacy of DSs in the real world. The aim
of this review was to assess the efficacy and safety of DSs for
shift workers.

MATERIALS AND METHODS

This review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Supplementary File 1) (16). This prospective meta-analysis
is registered in the International Prospective Register of
Systematic Reviews (PROSPERO) and the registration number
is CRD42021273558. This review had no direct patient or
public involvement.

Eligibility Criteria

All randomized controlled trials (RCTs) (including crossover
studies) were included that involved humans participating in
shift work and compared the clinical efficacy of at least one
dietary supplement in any form with placebos. The duration
and frequency of therapy were not limited. We did not consider

Abbreviations: DS, dietary supplement; RCT, randomized controlled trial; SMD,
standard mean difference; SWD, shift work disorder.

age, sex, education, ethnicity, and occupation of the participants.
The primary outcomes were changes in the score of the
Pittsburgh Sleep Quality Index, Insomnia Severity Index, or
other scales used to assess sleep quality. The secondary outcomes
were daytime function, as assessed by the Epworth Sleepiness
Scale, Karolinska Sleep Scale, or Chalder’s Fatigue Survey. We
also focused on psychomotor vigilance and mood outcomes,
which were evaluated by reaction time and a self-assessment
scale, respectively. However, a literature report was excluded
if it included participants who experienced serious underlying
diseases or cognitive-communication disorders, were pregnant,
or were healthy and had undergone simulated night work. If
more than one RCT was carried out with the same population,
the most comprehensive one was included in the review.

Literature Search

The following electronic databases were searched from their
inception to July 31, 2021: PubMed, Web of Science, Embase,
and Cochrane Library. Furthermore, the reference lists of the
included literature, previous relevant reviews, and clinical trial
registries were manually searched to find additional trials that
met our inclusion criteria. The search was limited to English-
language papers with no other restrictions applied. Exhaustive
search strategies for each electronic database were developed by
the review team members. The search strategy contained relevant
terms, based on (1) “shift work” or “irregular working hours” or
“nightshift” AND (2) “dietary supplements” or “nutraceutical”
AND (3) “randomized clinical trial.” The search tactics are shown
in Supplementary Files 2-5.

Selection Criteria

The search results extracted from the aforementioned electronic
databases and additional trials were managed through Endnote
X9 (Clarivate, London, UK). Two reviewers (Y. Wu and C.
Zhong) proceeded independently in a three-step sequence:
removing duplicate literature, reviewing the titles and abstracts,
and acquiring the full text for screening to exclude articles, based
on the eligibility criteria. Any disagreements were discussed and
resolved in discussion with a third reviewer (R. Wang).

Data Extraction

Two investigators (X. Huang and D. Sun) independently
extracted information from the selected articles, which were
collected and sorted by a predefined extraction template.
The extracted information included general information (e.g.,
reference identification, first author, country, publication year,
and sample size); characteristics of the patients (e.g., age, sex, and
comorbidity); characteristics of the shift work (e.g., occupation
and shift schedule); methodology of the trial (including but
not limited to randomization, allocation concealment, and
blinding and its methods); characteristics of interventions;
measurement of outcomes; adverse events; follow-up period; and
funding. We attempted to contact the corresponding authors
of the studies via email addresses to request missing data. The
extracted information was cross-checked by X. Huang and D.
Sun. For disagreements, mediation was conducted by a third
investigator (R. Wang).
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Risk of Bias

Two researchers (Y. Wu and X. Huang) independently assessed
the quality of the selected studies, using the Cochrane
Collaboration’s tool for RCTs (17). Each domain was determined
to be a low risk of bias, unclear bias, or high risk of bias by
using Review Manager 5.4 (RevMan; Cochrane Collaboration,
London, England; available at https://training.cochrane.org/
online-learning/core-software-cochrane-reviews/revman). Any
disagreement was resolved by discussion or with the help of the
third author (R. Wang).

Statistical Analyses

Continuity correction was used for cells with zero values. A
p-value <0.05 was considered statistically significant, unless
otherwise specified. The continuous data included sleep quality,
daytime function, psychomotor vigilance, depression, and
anxiety, which were measured differently. The standard mean
difference and 95% CI were used for effective evaluation. To
ensure uniformity of the included data, all data were used in the
intent-to-treat analysis. The traditional pair-wise efficacy data in
populations were synthesized and statistically analyzed in Review
Manager 5.4 by random effects models (weighted by the inverse
of the variance). Given that a few studies did not report changes

from the baseline data, we selected post-treatment data for the
comparison of symptoms. If the mean or standard deviation was
missing and the data were still not available after contacting the
original author, we unfortunately had to exclude the data.

Assessment of Heterogeneity and Stability

Between-study heterogeneity was assessed using the x 2 test and
P test. Based on the Cochrane Handbook, the I? was considered
“substantial” if its value was >60%; “moderate,” 30-60%; and
“non-important;” <30% (18). An I? statistical value of 50%
or higher indicated the presence of heterogeneity. To further
assess the influence of heterogeneity on the conclusions of
the meta-analysis, meta-regression and subgroup analysis were
conducted to assess the primary outcome data, based on the
differences in sample size, year of publication, country, DS
type (i.e., melatonin and non-melatonin), occupation, and study
quality (depending on whether random sequence generation or
allocation concealment were used to determine the quality [i.e.,
high or low] of the studies). A sensitivity analysis was conducted
in each domain of the primary outcome to assess the stability
of the meta-analysis. Egger’s regression test, using STATA 15.0
(StataCorp LLC., College Station, TX, USA), was also used to
statistically assess publication bias.

Potentially relevant papers identified
n=1741
- Pubmed n=128

- Cochrane Library n =257
- Web of Science n= 1050
- Embase n =306

A 4

n=1340

Additional studies identified through

Title/abstracts screened for retrieval

other sources
n=20

Duplicates excluded n =401

v

Studies excluded n= 1276
- Did not fulfill inclusion criteria n= 1276

n=064

A 4

Potenitally appropriate studies to
be included in systematic review

Studies excluded » = 52

« Inappropriate study design n =16

n=12
v

n=12

FIGURE 1 | Flow diagram of the study selection process.

Full-text studies assessed for eligibility

Studies included in Meta-analysis

- Inappropriate population n = 12
- Inappropriate intervention n =3
- Inappropriate outcome n =7

- Conference summary n = 13

« Non-English language literature n = 1
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TABLE 1 | Characteristics of the included studies.

Author, year Study Setting Occupation Intervention, Control, group Outcomes measure Adverse events
design group N N
Sleep Daytime Psychomotor Mood
function vigilance
Baradari et al. (19) RCT, 2 arms  Iran ICU nurses Zinc sulfate, 27 Placebo, 26 PSQl / / / None
Bjorvatn et al. (20) RCT, 2 arms,  Norway Oil well workers  Melatonin, 16 Placebo, 16 SQS KSS Reaction-time HADRS NR
crossover test (missing)
Cavallo et al. (21) RCT, 2 arms, The Pediatric Melatonin, 35 Placebo, 38 SQs / Reaction-time POMS All events were mild in
crossover United States residents test severity and not
statistically significantly
different between the
groups.
Farahmand et al. RCT, 2 arms,  Iran Emergency Melatonin, 48 Placebo, 48 / KSS / POMS All events were mild in
(22) crossover medicine severity and not
residents statistically significantly
different between the
groups.
Folkard et al. (23) RCT, 2 arms, The Police officers Melatonin, 7 Placebo, 8 SQS / Reaction-time Mood scores NR
crossover United Kingdom test (missing)
Sadeghniiat- RCT, 2 arms,  Iran Nurses Melatonin, 86 Placebo, 86 SQS / / / None
Haghighi et al. crossover
@4
Huffmyer et al. (25)  RCT,2arms  The Anesthesiology  Caffeine, 13 Placebo, 13 / ESS / / NR
United States residents
Khajehnasiri et al. RCT, 4 arms  Iran Qil refinery Vitamin C, 12 Placebo, 34 / / / BDI NR
(26) workers
Khajehnasiri et al. Omega 3, 11 Placebo, 34
(26)
Khajehnasiri et al. Omega 3 + Placebo, 34
(26) Vitamin C, 11
Smith-Ryan et al. RCT,2arms  The Health care Probiotic, 15 Placebo, 18 / / CFS HADRS None
27) United States employees
Thottakam et al. (28) RCT, 2 arms, The Acute care Melatonin, 25 Placebo, 25 VSH sleep scale ESS Reaction-time / All events were mild in
crossover United Kingdom  nurses and test severity and not
trainee doctors statistically significantly
different between the
groups.
West et al. (29) RCT, 3arms  Australia Medical staff, Probiotic_a, 29  Placebo, 15 PSQl / / / NR
transport,
services and
security workers
West et al. (29) Probiotic_b, 29  Placebo, 14
Zhang et al. (30) RCT, 2 arms ~ China Nurses Herbs, 23 Placebo, 15 1S / Reaction-time HADRS None

test

RCT, randomized controlled trial; ICU, intensive care unit; PSQI, Pittsburgh Sleep Quality Index; SQS, sleep quality scores; KSS, Karolinska Sleep Scale; HADRS, Hospital Anxiety and Depression Scale; NR, not reported; POMS, Profile
of Mood States; ESS, Epworth Sleepiness Scale; CFS, Chalder’s Fatigue Survey; VVSH, Verran and Snyder-Halpern; IS, Insomnia Severity Index.
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RESULTS

Characteristics of Included Studies

The search strategy retrieved 1,340 relevant articles, after
removing duplicates. After a title/abstract review, the full texts
of 64 potentially eligible articles were reviewed (Figure 1). Of
these, only 12 studies (19-30) met the inclusion criteria, and
the studies’ characteristics are summarized in Table 1. One
study (26) had four comparative groups; one study (29) had
three comparative groups, and the remaining 10 studies had
two comparative groups. All trials were conducted in non-
simulated environments. Most participants were engaged in
medical-related work, whereas other participants were factory
workers or police officers. One trial (29) did not distinguish
in detail between occupations. The included trials involved 917
participants, and the sample sizes ranged from 15 participants to
172 participants. Six of these studies (20-24, 28) were crossover
trials in which the intervention was melatonin. The interventions
used in the remaining six studies were probiotics (27, 29), zinc
preparations (19), caffeine (25), omega 3/vitamin C (26), and
herbs (30).

Risk of Bias of Included Studies

The risk of bias summary for each included trial is shown
in Figure 2. Five studies (19, 25-27, 30) had a low risk of
bias because the generation of random sequences and the
allocation concealment were adequate. However, the description
of randomization and allocation was unclear in four studies (20,
21,23, 29), and the remaining three studies (22, 24, 28) described
only the method of random scheme generation. All studies were
conducted in a double-blind, placebo-controlled trial design.
Only three studies (25, 26, 28) noted blinding of the outcome
assessment, and in contrast, the other studies (19-24, 27, 29, 30)
were unclear. In all trials, the quality of incomplete outcome
data was adequate and no selective reporting of outcomes was
observed. Other biases were classified as “unclear.”

Quantitative Synthesis

Sleep Quality

This outcome indicator was assessed in 8 RCTs, 9 arms, and 520
participants. Two hundred seventy-seven participants taking DSs
had a significant improvement in sleep quality scores, compared
with the participants (n = 243) taking placebos (random effect
[RE]: standard mean difference [SMD], —0.45; 95% CI, —0.88 to
—0.03, p = 0.04; Figure 3A), but heterogeneity was evident (I> =
79%, p < 0.00001).

Daytime Function

Seven RCTs, which involved 310 participants, reported changes
in daytime function. In this cohort, 152 participants received
DSs and 158 participants received placebos in the control groups.
Heterogeneity was evident (I> = 68%, p = 0.008). An analysis
showed that DSs could improve daytime function (RE: SMD,
—0.50; 95% CI, —0.92 to —0.08, p = 0.02; Figure 3B).

Psychomotor Vigilance
Four studies involving 176 participants were included in our
meta-analysis of the change of psychomotor vigilance. The

- | Blinding of outcome assessment (detection bias)

- | Other bias

Baradari_2018

-~ ‘ Random sequence generation (selection bias)

~ | @ | Allocation concealment (selection bias)

)
-~

Bjorvatn_2007

Cavallo_2005

Farahmand_2018

)

Folkard_1993

Haghighi_2008

Huffmyer_2020

Khajehnasiri_2013

Ryan_2019

)
5 00 O® .

. . ’ . . ' . . ’ . ‘ . Blinding of participants and personnel (performance bias)
-~

Thottakam_2020

~ @~ O S| ~ )
' . ‘ . . . . ‘ ’ . ‘ . Incomplete outcome data (attrition bias)

West_2021

IR

. . . . . . . . . . . . Selective reporting (reporting bias)
)

>~ 000 e e >0

®| -

Zhang_2020

FIGURE 2 | Risk of bias summary.

DS groups did not demonstrate a significant improvement in
reaction times when compared with the placebo groups (RE:
SMD, 0.52; 95% CI, —0.36 to 1.41, p = 0.25; Figure 3C).

Depression and Anxiety

Five RCTs (representing 7 arms) reported data on depression
and four trials (representing 4 arms) reported data on anxiety.
Heterogeneity was not significant in studies that compared
depression scores (I*> = 11%, p = 0.35), but heterogeneity was
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A Dietary suppl its Placeb Std. Mean Difference Std. Mean Difference
_StudyorSubgroup  Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI

Baradari_2018 -266 254 27 -084 222 26 122% -0.75 [-1.31,-0.19] e
Bjorvatn_2007 31 0.8 16 31 0.7 16  11.0% 0.00 [-0.69, 0.69] -1
Cavallo_2005 15 17.75 35 12 19.96 38 13.1% 0.02 [-0.44, 0.47) _‘
Folkard_1993 -10.4 2.58 7 0.2 292 8 4.1% -3.60 [-5.42, -1.79] -
Haghighi_2008 -0.58 0.85 86 -0.47 0.82 86 14.3% -0.13[-0.43, 0.17] i §
Thottakam_2020 -35 240.77 25 -27 241.08 25 12.2% -0.03 [-0.59, 0.52] B B
West_2021_a 0.72 221 29 -0.14 243 15 11.5% 0.37 [-0.26, 1.00] 1T
West_2021_b -1.71 3.22 29 -0.14 243 14 11.4% -0.52[-1.16, 0.13] N
Zhang_2020 -5.99 3.79 23 0.2 2.95 15 10.3% -1.74 [-2.51, -0.97] -
Total (95% CI) 277 243 100.0%  -0.45[-0.88, -0.03] L 4
Heterogeneity: Tau? = 0.31; Chi? = 37.91, df = 8 (P < 0.00001); I = 79% §/ g3 o 3 H
Test for overall effect: Z = 2.08 (P = 0.04) Favours [Dietary supplements] Favours [Placebos]
B
Dietary suppl its Placeb Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV. Random, 95% CI
Bjorvatn_2007 3.9 0.7 16 43 11 16  14.8% -0.42[-1.12,0.28) I
Cavallo_2005 6.6 3.9 35 6.5 4 38 19.4% 0.03 [-0.43, 0.48] -
Farahmand_2018 -1.41 1.92 48 054 1.16 48 19.8% -1.22[-1.66, -0.78] -
Huffmyer_2020 2 44 13 36 506 13 13.6% -0.33[-1.10, 0.45] s
Ryan_2019 -3.7 4.05 15 -16 3.58 18 14.9% -0.54 [-1.24, 0.16] -
Thottakam_2020 -7.71 1348 25 -1.93 1203 25 17.4% -0.45[-1.01,0.12] 7
Total (95% Cl) 152 158 100.0% -0.50 [-0.92, -0.08] ‘
Heterogeneity: Tau? = 0.18; Chi? = 15.61, df = 5 (P = 0.008); I = 68% o 5 B ; 1
Test for overall effect: Z = 2.34 (P = 0.02) Favours [Dietary supplements] Favours [Placebos]
Cc
Dietary suppl its Placeb Std. Mean Difference Std. Mean Difference
% Cl 1V, % Cl
Cavallo_2005 333 59.8 35 3393 65 38 29.2% -0.10 [-0.56, 0.36]
Folkard_1993 11.37 7.47 7 1273 845 8 16.0% 2.83[1.27,4.39] - &
Thottakam_2020 195 38.34 25 16.18 26.23 25 281% -0.43[-0.99, 0.13]
Zhang_2020 30 36.01 23 -1 38.59 15 26.7% 0.82[0.14, 1.50] -
Total (95% Cl) 90 86 100.0% 0.52 [-0.36, 1.41]
Heterogeneity: Tau? = 0.65; Chi? = 20.25, df = 3 (P = 0.0002); I = 85% _; 2 5 2 j‘
Test for overall effect: Z = 1.16 (P = 0.25) Favours [Dietary supplements] Favours [Placebos]
B Dietary supplements Placebos Std. Mean Difference Std. Mean Difference
_StudyorSubgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Bjorvatn_2007 3.1 27 16 29 26 16 12.2% 0.07 [-0.62, 0.77] B
Cavallo_2005 5.2 8.6 35 51 84 38 24.8% 0.01 [-0.45, 0.47] e
Khajehnasiri_2013_a 3.06 6.83 12 6.29 6.82 34 13.1% -0.47 [-1.13, 0.20] /T
Khajehnasiri_2013_b 3.06 6.83 11 323 7.08 34 12.6% -0.02 [-0.70, 0.66] 7
Khajehnasiri_2013_c 306 6.83 11 234 588 34 126% 0.12 [-0.56, 0.80] =
Ryan_2019 -0.7 245 15 01 13 18 12.2% -0.41[-1.10, 0.28] = =
Zhang_2020 -3 3.41 23 0.06 3.91 15 12.6% -0.83 [-1.51, -0.15] -
Total (95% ClI) 123 189 100.0% -0.19 [-0.45, 0.06] q
Heterogeneity: Tau? = 0.01; Chi? = 6.74, df = 6 (P = 0.35); I = 11% _L 2 o 2 i
Test for overall effect: Z = 1.48 (P = 0.14) Favours [Dietary supplements] Favours [Placebos]
E Dietary suppl: its Placeb Std. Mean Difference Std. Mean Difference
_StudyorSubgroup  Mean  SD Total Mean SD Total Weight IV, Random,95% Cl 1V, Random, 95% ClI
Bjorvatn_2007 3.8 25 16 34 25 16 21.9% 0.16 [-0.54, 0.85] I
Cavallo_2005 6.7 85 35 68 53 38 336% -0.02 [-0.48, 0.44] -
Ryan_2019 16 376 15 06 25 18 221% -0.31[-1.00, 0.38] =
Zhang_2020 -2.92 3.96 23 033 323 15 224% -0.86 [-1.54, -0.18] -
Total (95% CI) 89 87 100.0% -0.23 [-0.65, 0.18] q
Heterogeneity: Tau? = 0.08; Chi? = 5.33, df = 3 (P = 0.15); I = 44% j‘ 2 3 2 i
Test for overall effect: Z=1.11 (P = 0.27) Favours [Dietary supplements] Favours [Placebos]
FIGURE 3 | The forest plots illustrate the meta-analysis findings of the outcomes of dietary supplements (DSs) vs. those of the placebos for shift workers. The
outcomes analyzed were (A) sleep quality, (B) daytime function, (C) psychomotor vigilance, (D) depression, and (E) anxiety.

SMD, —0.19; 95% CI, —0.45 to 0.06, p = 0.14) and anxiety (RE:
SMD, —0.23; 95% CI, —0.65 to 0.18, p = 0.27; Figures 3D,E).

significant in studies assessing anxiety (I> = 44%, p < 0.15). This
data analysis showed that DSs could not improve depression (RE:
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Safety Profile

Adverse reactions were recorded in three of the 12 studies (21, 22,
28). However, no statistical difference existed in the incidences of
adverse events possibly related to the treatment recorded for the
DS groups, compared with the placebo groups. Four other studies
(19, 24, 27, 30) even highlight the absence of adverse events. All
of these results suggested a positive safety profile for DSs.

Meta-Regression

A meta-regression was conducted to determine whether the
observed efficacy on sleep quality was similar between different
years of publication, DS types, occupations, and study quality.
A significant association was found between sleep quality and
the factors of years of publication, occupations, and study
quality (Table 2).

Subgroup Analysis

Although the meta-regression revealed three potential factors
contributing to heterogeneity, our attempts to further distinguish
subgroups of shift workers across publication years and
occupations were abandoned, as most studies of publication
years did not find a pattern of grouping and their definitions
of occupation were vague. Ultimately we selected different DS
types and study quality for the subgroup analysis, based on the
clinical characteristics of the included studies. The results showed
that, compared with lower quality studies, the higher quality
studies indicated a superior improvement in sleep quality for

TABLE 2 | Meta-regression.

participants using DSs. However, we did not find better efficacy
for DSs within the melatonin or the non-melatonin subgroups
(Table 3 and Supplementary File 6).

Sensitivity Analysis

A sensitivity analysis was conducted with the results of the
primary outcome indicator sleep quality to assess the stability
of the meta-analysis. When any single study was deleted, the
corresponding pooled SMD remained at a 95% CI of —0.88
to —0.03, which suggested that the meta-analysis was stable
(Figure 4). However, the results from RevMan showed that
the statistical significance of the differences changed after the
deletion of some studies, possibly because of differences in
study quality or sample size between these and other trials
(Supplementary File 7).

Publication Bias

We found no evidence of publication bias for DS intervention
when using Egger’s regression test (t = —2.04; 95% CI, —7.13 to
0.53; p = 0.081; Figure 5).

DISCUSSION

The purpose of this review was to explore the potential role of
DSs in improving sleep quality, daily functioning, and mood
among shift workers. The key findings of this systematic review
and meta-analysis indicated that, compared with placebos, DSs
demonstrated a statistically significant difference in improving
sleep quality and daytime function for participants. However, the
change in psychomotor vigilance and mood was not significant.

Variables Coefficient  Standard p 95% Cl Perhaps the most important finding was that although a limited
error number of studies reported the presence of adverse events such
Sample size _0.019 0.011 0092  —0.040 to 0.003 as sleepiness, dizziness, and headache, all adverse effects were
Vear of publication 0194 0.066 0.004 0.064 1o 0.324 mild and transient, and the differences between the DS and the
Countries 0384 0.990 0.081 _0.816 10 0.048 control groups were not statistically significant. No participants
DS types 1602 0.831 P Y withdrew frf)m the sttudies be.cause of adverse events. In subgroup
Occupations 1170 0.463 0012 2077 16 —0.262 al?allyses, high-quality stu(.hes sh9wed that DSs. had a cle:?r
Study quality 9517 5,47 0006 271310 16.321 Fhmcal ‘effect, but %ow—quahty studies showed no d%fference. It is
interesting to consider that there was no difference in the efficacy
Cl, confidence interval; DS, dietary supplement. of DS in either the melatonin or non-melatonin subgroups, this
TABLE 3 | Subgroup analysis.
Variables Eligible Eligible Frequency SMD (95% CI) p Heterogeneity Test  Effect
studies N arms N model
Intervention, Control, p 2, %
group N group N
Different quality of studies Random
High quality 2 2 50 41 —1.21(-2.171t0 -0.24) 0.01  0.04 76%
Low quality 6 7 227 202 —0.65(—1.02to —0.27) 0.35 0.005 79%
Different types of DS Random
Melatonin 5 5 169 173 —0.25(-0.74t00.24) 0.31 0.005 73%
Other types 3 4 108 70 —0.64 (—1.43t00.15) 0.11 0.0005 83%

DS, dietary supplement.
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Lower Cl Limit

Meta—analysis estimates, given named study is omitted
Estimate

Upper CI Limit

Baradari_2018

Bjorvatn_2007

Cavallo_2005

Folkard_1993

Haghighi_2008 1

Thottakam_2020

West_2021_a

West_2021_b

Zhang_2020

-1.08 -0.88

randomized controlled trial.

FIGURE 4 | The forest plot illustrates the sensitivity analysis findings for the primary outcome of sleep quality (one RCT is omitted). Cl, confidence interval; RCT,

-0.45 -0.03 0.10

Egger’s publication bias plot

standardized effect

-10

precision

FIGURE 5 | Egger’s plot on sleep quality for the evaluation of the publication bias of the literature.

4 6 8

change in outcome may be related to the reduced sample size of
the subgroups.

To the best of our knowledge, this study is the first systematic
review and meta-analysis to examine the effects of DSs on SWD
in real working environments. In a recent systematic review (12)
of pharmacological interventions for SWD, the clinical efficacy
of melatonin and that of caffeine were assessed. The findings

suggested that melatonin may improve sleep length after night
shifts, but may not improve other sleep quality parameters,
whereas pre-shift caffeine increased alertness during the night
shift. Investigators in another review (31) similarly concluded
that caffeine may be an effective intervention for improving
performance in shift workers. However, both studies lacked high-
quality evidence and did not involve other types of dietary
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supplements. Consistent with these reviews, we reiterated the
positive impact of DSs on sleep quality and work performance
among shift work populations. SWDs are often accompanied by
changes in mood (32); therefore, in our study, we evaluated the
effect of DSs on the emotional state. However, we did not find
that DSs had a better effect on mood in SWD than did placebos.

Uncertainty about the action mechanism of DSs may be
the primary cause contributing to their limited promotion
because they affect sleep quality, endogenous melatonin
metabolism, positive regulation of the sleep-wake cycle, and
alterations in inflammatory conditions closely associated
with insomnia (33). For example, probiotics are believed
to bring health benefits to patients with insomnia through
the activity of the gut-brain axis (34). The mechanisms
regarding the role of vitamins and herbs in sleep are similar
and are probably associated with anti-inflammatory and
antioxidant activity (35, 36). Of note, this area of research
has received increasing attention because links between
SWD and many major diseases of modern society have been
established (32).

Compared with other intervention options, safety and
adherence are also issues to consider when choosing DSs.
Pharmacological hypnotics and wake-promoting drugs have
a low safety profile and significant adverse effects; thus, the
ingestion of drugs to manage SWD may not meet with
widespread acceptance (37). Light therapy has been used
effectively in SWD, but the time needed for bright light
treatment may conflict with work tasks, and light exposure
in the surrounding environment may be difficult to control.
The application of laboratory-based knowledge to the real
world can be problematic (2, 13). Our results suggested that
consumption of DSs was comparatively safe with no serious
adverse events. Researchers in a previous systematic review (38)
on the safety of DSs drew a similar conclusion and proposed
that the evaluation of DSs use and their safety should be
regularly included in clinical trials. In addition, most of the
studies we included did not address follow-up; therefore, the
long-term efficacy of DSs has yet to be determined. Future
research is urged to incorporate adequate follow-up with a
long-term duration.

Despite the partially encouraging results of our study, several
limitations should be noted. First, heterogeneity existed in the
main outcome indicators, and through a meta-regression, we
identified the year of publication, occupation, and study quality
as possible sources. An attempt to analyze subgroups by year of
publication and occupation unfortunately failed, as no grouping
pattern was found for them. We were only able to select the
types of DSs and study quality for subgroup analysis based on
clinical characteristics, but there was still some heterogeneity.
The findings were also interesting in the results of the sensitivity
analysis. The outcome of sleep quality remained stable, as
demonstrated in Figure 4, although we found that the statistical
significance of the differences changed after removing several
studies (19, 23, 29, 30), possibly because of differences in the

study quality or sample size of these and other trials. Second,
despite our efforts to conduct a comprehensive search of the
literature, some relevant studies may have been missed because
they were in languages other than English, which limited the
amount of the included literature. Our systematic review did
not include studies in Chinese, even though herbs are very
popular in China. As the quality of clinical studies published in
Chinese improves, future meta-analyses may include more trials
using Chinese herbal medicine for SWD. Finally, populations
in work-shift situations need prolonged attention. However,
the included studies lacked follow-up information, thereby
resulting in a lack of basis for evaluating the long-term efficacy
of DSs.

CONCLUSION

Our meta-analysis showed that DSs improved sleep quality
and daytime function in shift workers, but they had no
significant effect on psychomotor vigilance and mood. Thus,
DSs could potentially be valuable clinically in improving sleep
quality and daytime function in shift workers. Unfortunately,
the small amount of the literatures included for each type
of dietary supplement does not allow us to know how the
different DSs compare. More high quality multi-arm and
crossover designed RCTs are needed in the future to enable
us to update the findings of this meta-analysis in time and
provide the best options for dietary supplement management for
shift workers.
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