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Objectives. The night shift workers were reported to have health consequences, ranging from 
mild, as cluster headache, to severe, as heart attacks and hormonal irregularities. This study is 
aimed to perform a systematic review and meta-analyze of the association between the night shift 
work and the thyroid disorders.

Methods. We comprehensively searched eight databases, including PubMed and Google Schol-
ar for the relevant articles. This systematic review and meta-analysis were conducted according 
to the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement.

Results. We finally included six papers involving 4074 participants. Four papers were eligible 
for meta-analysis involving 1864 night shift workers and 2017 day shift workers. We against found 
that thyroid stimulating hormone (TSH) is significantly higher in the night shift group compared 
to the day shift group.

Conclusions. The higher TSH among the night shift workers is attributed to disruption of the 
circadian rhythm and sleep/wake cycle, with subsequent eating disorders. We proposed that more 
attention should be paid to the working pattern and the related health consequences.
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The night shift work refers to the employment prac-
tice occupying a definite time period between 10:00 
p.m. and 6:00 a.m. (Saksvik Lehouillier et al. 2015). 
The shift work has become common, responding 
to variations in economic pressure and greater 
consumer demand for 24-hour services. According 
to the 2010 U.S. Occupational Health Survey, regular 
night shift workers account for 15% of the total labor 
force in the United States (U.S.), whilst 29% of the 
total workers involve in rotating shift (Alterman et al. 
2013; Liira et al. 2015). As for the working-age popu-
lation, a higher prevalence of the night shift working 
has been found in workers aged 18–29. In addition, 
the level of the education is negatively linked with 
the night work rates, i.e. the higher level of educa-

tion fits with the lower proportion of night workers. 
This support that service-related occupations shows 
the highest prevalence of 63% (Alterman et al. 2013). 
Indeed, it is increasingly considered that the night 
shift work leads to negative health consequences. 
Any anomalies in the physiological activities that 
include blood pressure, heart rate, body temperature, 
hormonal secretions, and oxygen consumption, inev-
itably lead to disorders ranging from the mild to the 
severe. Thus, the night shift workers are at a higher 
risk of acquiring serious cardiovascular, digestive, 
and metabolic disorders, as well as type 2 diabetes, 
peptic ulcer, hypertension and heart attack (Gan et al. 
2015; Knutsson 2003; Vyas et al. 2012). Furthermore, 
the night workers more likely have sleep and psycho-
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social disorders (Akerstedt et al. 2010). In addition, 
they consume a greater number of cigarettes, food, 
coffee, and alcohol to overcome stress. In comparable 
cases, the person is at risk of obesity, which in turn is 
detrimental to his health (Ker et al. 2010). The night 
shift work also may predispose to some family, social, 
and intellectual disorders (Slanger et al. 2016).

Importantly, night shift workers are at increased 
risk of developing several types of cancers, principally 
the hormone dependent types, including breast and 
ovarian cancers. In 2008, the International Center 
for Cancer Research (ILC) listed night work as a 
probable carcinogenic agent. This may be ascribed to 
disruption of the circadian rhythm, with subsequent 
hormonal changes, particularly melatonin, which is 
known for its tumor suppressor effects (Megdal et al. 
2005).

Literature data have indicated that other hormones 
may also be affected, such as testosterone, cortisol, 
prolactin, and thyroid stimulating hormone (TSH) 
(Ulhoa et al. 2015). This study aims to systematically 
review and meta-analyze all the relevant published 
data during the last ten years to examine the defi-
nite association between the night shift work and the 
thyroid disorders.

Methods

This systematic review and meta-analysis were 
conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-analysis 
(PRISMA) statement (Moher et al. 2009). We did 
not need any ethical approval regarding our study 
design and institutional policy, since no patients were 
involved.

Eligibility criteria. We included all the studies 
discussing the relationship between the night shift 
work and the thyroid disorders during the last ten 
years. Although the shift work is under investigation 
for many decades, we decided to restrict our analysis 
to a short timeframe since the 3rd generation assay, 
which has spread worldwide in the last 10 years, 
now ensures an excellent analytical sensitivity, able 
to determine very low TSH concentrations (Roggen-
buck et al. 2018). No restrictions were considered 
regarding age, sex, language, and ethnicity of the 
population. We excluded editorial comments, thesis, 
reviews, book chapters, news, and only abstract arti-
cles. Articles indicating no relevant or inaccessible 
data were also excluded.

Search strategy and study selection. We compre-
hensively searched PubMed, Web of Science (ISI), 
Google Scholar, Popline, Global Health Library 

(GHL), and Virtual Health Library (VHL) including 
Cochrane database, NYAM (New York Academy of 
Medicine), and SIGLE (System for Information on 
Grey Literature in Europe) for the relevant articles 
from January 2008 to October 2018. We used the 
following search terms (“night shift” OR “rotating 
shift” OR “night work” OR “evening work” OR 
“evening shift”) AND (“thyroid” OR “thyroid func-
tion” OR “TSH” OR “thyroid disease” OR “thyroid 
stimulating hormone” OR “hypothyroidism” OR 
“autoimmune thyroid disease” OR “hyperthy-
roidism” OR “thyrotropin”). The search string was 
modified in agreement with each database. As for 
the retrieval of search results, we used EndNote 
X7.4 software to remove the duplicates. Title and 
abstract screening were performed by two indepen-
dent reviewers, then followed by full-text screening to 
finally include the relevant articles according to our 
inclusion and exclusion criteria. Then, we manually 
searched the references of the included articles to add 
further relevant studies.

Data extraction. Two independent reviewers 
extracted the relevant data from the finally included 
studies. A senior third reviewer resolved any discrep-
ancy. The extraction was performed upon a stan-
dardized extraction form. It was formulated through 
pilot extraction of three of the included studies to 
show the variables of interest. We extracted variables 
related to the demographic characteristics of the 
patients included, including the study comparison, 
occupation, country, age, gender, and the work dura-
tion. We also extracted variables showing the asso-
ciation between the night shift work and the thyroid 
disorders, including thyroid stimulating hormone 
concentration (TSH), thyroid hormones concentra-
tion (T3 and T4). Prevalence of the thyroid diseases, 
thyroid cancer and autoimmune thyroiditis were also 
extracted. Graphically presented data were extracted 
using PlotDigitizer software (http://plotdigitizer.
sourceforge.net/).

Statistical analysis. To assess the effects of the 
night shift work, the mean difference (MD) of TSH 
with relative 95% confidence interval was used for 
final values of thyroid disorders.

We graphically represent pooled results in forest 
plots, with point estimates of the effect size and 95% 
CIs for each study and overall, being the area of 
squares proportional to each study weight.

Q statistic and I2 were used to evaluate hetero-
geneity among studies. I2 statistics quantify the 
percentage of total variation across the studies attrib-
utable to heterogeneity. A p-value of Q statistic <0.10 
was considered significant.
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Jackknife (leave-one-out) sensitivity analysis was 
performed to evaluate the robustness of the results 
and the impact of each single study on the summary 
estimate of effect: we recalculated pooled estimates, 
using a random-effects model, each time with the 
removal of a single study from the original group.

We considered a two-sided p-value <0.05 as statis-
tically significant. All analyses were performed using 
ReviewManager (RevMan version 5.3, The Nordic 
Cochrane Centre, The Cochrane Collaboration, 
2008, Copenhagen, Denmark), and Comprehensive 
Meta-analysis (version 3, Biostat, 14 North Dean 
Street Englewood, NJ07631, USA) software packages.

Results

Search results and characteristics of the included 
studies. From the initial search of the different data-
bases, we identified 69 studies, 25 of which were dupli-
cates, hence excluded by EndNote. The remaining 
44 reports were categorized for title, abstract, and 
full-text screening. As far as it concerns screening, 6 
reports were included for extraction, whereas 38 were 
excluded for several reasons. The manual search did 
not show any further papers.

Four papers out of the six were eligible for the 
meta-analysis (Figure 1). The four papers of the 
meta-analysis compared the night shift workers 
(1864 participants) with the day shift workers (2017 
participants). The studies included for the meta-
analysis show different results as for the duration of 
the shift working. Shaker et al. (2018) have compared 
the night and the day shift workers, with a shift 
working history averaging around 18.9 years for 
both the groups of subjects, whereas in the study of 
Moon et al. (2016), the average duration of the shift 
working was five years. Harbeck et al. (2015) have 
compared a 24-hour on-call shift with 7-hour day 
shift participants, but the study did not indicate the 
past shift working history for both groups. Korompeli 
et al. (2009) have compared the night shift workers 
for 9 years with the day shift workers for 17.5 years. 
Burdelak et al. (2012) and Chang et al. (2014) were 
not eligible for analysis. The two papers have assessed 
thyroid disorders through different variables, which 
are inconsistent with the other papers. Burdelak et 
al. (2012) have assessed the prevalence of thyroid 
diseases, while Korompeli et al. (2009) have assessed 
T3 and T4 concentrations.

Outcomes. Thyroid stimulating hormone (TSH) 
is the variable eligible for the meta-analysis, because 
it is presented in four papers of the six, i.e. Shaker et 
al. (2018); Moon et al. (2016); Harbeck et al. (2015); 

Korompeli et al. (2009). Other variables were presented 
only in one study and were not consistent with others. 
Burdelak et al. (2012) have assessed the prevalence of 
thyroid diseases among 725 participants.

Thyroid diseases account for 21.2% of the total 
included population. Fifty-two percent (52%) of the 
detected thyroid patients were night shift workers, 
whilst 48% of them were day shift workers. The 
study indicated an increased relative risk of thyroid 
diseases among the night shift workers but the result 
is not statistically significant. In addition, Korompeli 
et al. (2009) have detected the thyroid hormone 
levels (T3 and T4) among the night and the day shift 
workers. There was a statistically significant increase 
of the thyroxine in the rotating shift group but not 
in the day shift group. As for TSH, it did not show 
a significant difference between the two groups (MD 

Figure 1. Flow chart illustrating the sequence of the search 
strategy.
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0.875, 95% CI – 0.458 to 2.208, p=0.198) (Figure 2). 
However, TSH showed a significant increase in the 
night shift group against the morning shift group 
after the removal of results reported by Moon et al. 
(2016) (MD 1.261, 95% CI − 0.083 to 2.439, p=0.036) 
(Figure 3).

Discussion

This study is the first systematic review and meta-
analysis paper discussing the association between the 
night shift work and the thyroid disorders. It has been 
described that serum TSH assay is the most sensitive 
and reliable method to detect thyroid dysfunction 
and subclinical hypothyroidism (Fatourechi 2007), 
consequently, the main concern of our study was to 
detect and compare serum TSH concentrations in 
the night shift and the day shift groups. Other studies 
have noticed the prevalence of thyroid diseases 
among the night shift and the day shift workers. 
Accordingly, thyroid disorders showed high preva-
lence rates among the night shift workers, rather 
than in those taking the day shifts only (Moon et al. 
2016). In addition, the night shift work is commonly 
associated with the sleep related disorders and 
insomnia. Significantly, an epidemiological study has 
shown that postmenopausal women, suffering from 
insomnia, are significantly at a higher risk of devel-
oping the thyroid cancer. The risk rises with higher 
insomnia grades (Luo et al. 2013). Moreover, another 
study has shown a significant increase of the autoim-
mune hypo- and hyperthyroidism among the night 
shift workers. Indeed, it is increasingly appreciated 
that the night work associated stress induces long-
term variation of the immune system (Boscolo et al. 
2008). Furthermore, many studies have explored the 
association between the night shift work and TSH 
levels. We present a systematic review and meta-anal-
ysis of those studies that provide highly evident and 
reliable results over the separate studies. Our study 
showed a significant increase of TSH concentrations 
among the night shift against the day shift workers, 
after the removal of Moon et al. (2016). This discrep-
ancy may be adjusted by the presence of significant 
heterogeneity regarding the type and amount of the 
night shifts. Supporting the fact that the accuracy of 
the data are questionable, since they have been retro-
spectively obtained from employees as a medical 
check-up data. In addition, it has been reported that 
the night shift work positively correlates with the risk 
of developing subclinical hypothyroidism. Moreover, 
the duration of night working, the higher the risk 
(Sviridonova et al. 2013). Indeed, the most sensitive 

and reliable screening test for detection of subclinical 
hypothyroidism is the serum TSH assay. It is esti-
mated that 4–15% of the general population have 
subclinical hypothyroidism (Sviridonova et al. 2013). 
The prevalence rate increases to 25–50% in the case 
of presence of anti-thyroid peroxidase autoantibodies 
(anti-TPO). Positive anti-TPO or/and TSH levels of 
>3.0–4.5 mIU/L increase the risk of progression of 
subclinical hypothyroidism to overt hypothyroidism 
(Hennessey and Espaillat 2015). Interestingly, it has 
been shown that most of the study participants are 
females, suggesting that females are more sensi-
tive to the night shift working than males. This 
may be attributed to the variability and sensitivity 
of the female hormones, including hormone of the 
menstrual cycle (Lawson et al. 2011). With respect to 
the management of the subclinical hypothyroidism, 
it is recommended to start drug treatment if TSH 
levels >10 mIU/L (Hennessey and Espaillat 2015).

It has been suggested that the reported higher TSH 
in the night shift workers is attributed to disruption 
of the circadian rhythm (James et al. 2017). Under 
physiological conditions, TSH shows circadian 
rhythmicity, with its peak at mid-night (2:00–4:00 
a.m.) and trough at (4:00–8:00 p.m.) (Weibel et al. 
1995). Significantly, the night shift workers show 
disturbed sleep/wake cycle, which becomes incon-
sistent with the biological timing system. The entire 
body loses its hormonal homeostatic properties and 
thyroid dysfunction occurs. Supporting that sleep 
deprivation stimulates the disruption of TSH circa-
dian rhythm (Kessler et al. 2010). Moreover, the night 
shift workers are more susceptible to irregular eating 
habits and nocturnal eating. In fact, nocturnal eating 
is associated with increased levels of hormones, 
including TSH and insulin (Holmback et al. 2003). 
Furthermore, stress associated with the night work is 
suggested to have long-term modulating impact on 
the immune system (Boscolo et al. 2008). Therefore, 
even if the mechanisms generating ultradian TSH 
rhythms are still unclear (Ikegami et al. 2019), it is 
conceivable that the increased TSH levels in night 
shift workers can reflect desynchronized rhythm. 
Furthermore, stress associated with the night work 
is suggested to have long-term modulating impact 
on the immune system and on thyroid oncogenesis 
(Rizza et al. 2020). Consequently, anti-TPO is more 
likely to be present, which carries a higher risk of 
developing subclinical and overt hypothyroidism 
(Magrini et al. 2006).

Strengths. This is the first systematic review and 
meta-analysis discussing the relationship between 
the night shift work and the thyroid disorders. Our 
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study shows more evident and reliable results than 
the separate studies.

Limitations. Most of the included studies included 
only females, so the evaluation of male workers was 
not available. Blood samples were taken in different 
moments and the TSH circadian rhythm was not 
considered. In addition, the sample size was relatively 
small. One of our limitations was the low number of 
the included studies eligible for analysis.

Conclusions

We found that thyroid disorders were more preva-
lent among the night shift workers. The night work 
was more associated with increased TSH levels. The 

night shift workers were at a higher risk of developing 
subclinical hypothyroidism. More attention should 
be paid to the working pattern and its related health 
consequences. Further quality research is needed 
to thoroughly discuss the association between the 
night shift work and its duration with the thyroid 
disorders.
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