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ABSTRACT

Objectives Although psychological stress is a risk factor
for oral diseases, there seems to be no review on work
stress. This study aimed to review the evidence on the
association between work stress and oral conditions,
including dental caries, periodontal status and tooth loss.
Design A systematic review of published observational
studies.

Data sources A systematic literature search was
conducted in PubMed and Scopus databases on 12 August
2020.

Study selection Articles were screened based on the
following inclusion criteria: published after 1966; in English
only; epidemiological studies on humans (except case
studies, reviews, letters, commentaries and editorials);
and examined the association of work stress with dental
caries, periodontal status and tooth loss.

Data extraction Data were extracted from eligible
studies. A quality assessment was conducted using the
Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies.

Results Of 402 articles identified, 11 met the inclusion
criteria, and 1 study assessed the association of work
stress with dental caries and periodontal status. Of 11
studies, 1 reported a non-significant association between
work stress and dental caries; 8 of 9 studies reported a
significant association between work stress and worse
periodontal status; and 1 of 2 studies reported a significant
association between work stress and tooth loss. Nine of
11 studies were cross-sectional, while the remaining 2
studies had unclear methodology. Only two studies were
sufficiently adjusted for potential confounders. Eight
studies assessed work stress but did not use the current
major measures. Three studies were rated as fair, while
eight studies had poor quality.

Conclusions There is a lack of evidence on the
association of work stress with dental caries and tooth
loss. Eight studies suggested potential associations
between periodontal status and work stress. Cohort
studies using the major work stress measures and
adjusting for the potential confounders are needed.

INTRODUCTION

Oral diseases, such as dental caries and peri-
odontal disease, are a major health concern
worldwide. The Global Burden of Disease
Study has estimated that 2.3 billion individ-
uals had untreated dental caries, 796 million
had severe periodontal disease and 267
million had a complete loss of natural teeth

, Eiji Yoshioka

Strengths and limitations of this study

» This is the first systematic review to evaluate and
summarise the literature on the association between
work stress and oral conditions, including dental
caries, periodontal status and tooth loss.

» This systematic review provides a comprehensive
insight into the quality of the included papers.

» The systematic literature search, screening and
quality assessments were conducted by only one
investigator.

» A meta-analysis could not be conducted because
of the heterogeneity of work stress measures and
outcome definitions.

in 2017." Dental caries is the destruction of
dental hard tissues in the crowns and roots of
the teeth.” Periodontal diseases are chronic
inflammatory conditions with disorders of
the tissues surrounding and supporting the
teeth.” Tooth loss is mainly the consequence
of dental caries and periodontal disease.”
Because oral diseases result in severe tooth-
ache and eating, sleeping, and communica-
tion disabilities,* ® poor oral conditions can
restrict work performance® ° and create a
significant economic burden.’ Indeed, work
productivity loss due to oral conditions is
estimated at US$187.61 billion annually.’
The necessity of preventing oral diseases for
working adults is highlighted.

Since the 1990s, rapid changes in the
global economy and the diverse markets
have occurred, and psychological workplace
stress has become more prevalent and severe,
especially among industrialised countries.”
Indeed, Kiviméki e/ al reported a 15% preva-
lence of job strain measured using job content
and demand control questionnaires from
13 European cohorts’ data (1985-2006).°
Besides, work stress can have profound effects
on health. There is accumulating evidence of
the risk of work stress on cancer, cardiovas-
cular diseases, diabetes and depression.” '’
Béjean and Sultan-Taieb estimated that the
work-related stress costs due to illnesses could

range between €1167 million and €1975
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million in France in 2000."" Work stress affects workers’
health and productivity.

Psychological stress is recognised as a risk factor for
dental caries and periodontal diseases. Psychological
stress is related to oral diseases through immune system
dysfunction, increased stress hormones, cariogenic bacte-
rial counts and poor oral health behaviours."* " Work
stress is strongly linked with psychological and physical
health.” ' Previous systematic reviews suggested poten-
tial associations of psychological stress with dental caries
and periodontitis.'* '° However, there seems to be no
review on the association between work stress and oral
diseases. Today, work stress has become an increasingly
serious problem. Besides, the number of women in the
workforce and dual-earner families has been increasing.'®
A wide range of populations can suffer the risk of oral
diseases from exposure to work stress. Thus, the aim of
this systematic review was to evaluate and summarise the
literature on the association between work stress and oral
conditions, including dental caries, periodontal status
and tooth loss. We set the following review question: Is
work stress associated with dental caries, periodontal
status and tooth loss among working adults?

METHODS

The reporting of this systematic review conforms to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines.'” '® We also followed the
Conducting Systematic Reviews and Meta-Analyses of
Observational Studies of Etiology guidance' and the
reporting of Meta-analysis Of Observational Studies in
Epidemiology.20 The protocol of this systematic review
was not registered.

Eligibility criteria

Published studies were eligible if they: (1) were published
in English; (2) were epidemiological studies on humans
(except case studies, reviews, letters, commentaries and
editorials); and (3) examined the association of work
stress with dental caries, periodontal status and tooth loss.

Information sources and searches

On 12 August 2020, we identified potentially relevant
published studies in PubMed (1966-12 August 2020) and
Scopus (1966-12 August 2020) databases. As PubMed and
Scopus have only data back to 1966, we focused on arti-
cles published after 1966. We used the following script to
obtain a wide range of literature: (“job strain” OR “effort
reward”) AND (dental OR oral); (“job stress” OR “work
stress” OR “occupational stress”) AND (dental OR oral).
The details of the search strategies for each database
are shown in online supplemental table 1. Besides, we
manually hand-searched for potentially suitable studies
through the reference lists of identified articles and
Google Scholar. After excluding duplicate articles, one
author (YSato) assessed the titles and abstracts according

to the aforementioned criteria. Then, eligible studies
were selected for the full-text review.

Data extraction

One author (YSato) extracted the following information
from each eligible study: (1) name of the first author; (2)
study design; (3) study location (country); (4) number
of participants and work-related characteristics; (5) expo-
sure and its measurements; (6) outcome and its measure-
ments; (7) age range and proportion of women; (8)
covariates included in the adjusted models and (9) the
main results. The results were shown in table 1.

Quality assessment

We used the Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies to assess the quality
of included studies.”’ This tool includes 14 questions
for evaluating the internal validity of a study and these
questions are documented in the footnote of table 2. For
each question, one author (YSato) rated them as yes, no
or other (including cannot determine, not reported and
not applicable). The overall quality rating for the study
was regarded as good if all the domains were assessed
favourably.

Synthesis of results

A meta-analysis could not be conducted because of the
heterogeneity of work stress measures and outcome
definitions.

Patient and public involvement
No patient involved.

RESULTS

Figure 1 presents the flow diagram of information
through the phases of the systematic review. Of the 402
articles identified in PubMed and Scopus databases, 129
duplicated articles were removed, the titles and abstracts
of 273 were screened, and 11 met the eligibility criteria.
Three more articles identified through reference lists and
hand-search were added. One article was identified by a
hand-search using Google Scholar,” one was from a refer-
ence list” and the third was an article®® plagiarised by a
retraction paper. Because the article®® which was plagia-
rised by the retracted one was published officially and
has not been retracted, it was included in our references.
After full-text assessments of 14 articles, 3 were excluded
due to retraction (n=1) and the use of composite
outcomes including dental caries and periodontal status
(n=2).22 Finallzf, 11 articles were included in this system-
atic review.” 2427

Study characteristics of individual studies

Table 1 shows the 12 summaries from the 11 studies. One
of 11 studies reported on dental caries and periodontal
status,27 8 reported on periodontal status?> 2 892 and 2
reported on tooth loss.” ** Three studies were conducted
in‘]apan,30 323 two in India,24 3 and one each in the UK,28
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Table 2 Quality assessment of included studies

Quality rating (good,

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 fair or poor)

Marcenes and Yes Yes NR Yes Yes No No Yes Yes No Yes Yes NA Yes Fair
Sheiham?”

Freeman and Yes Yes NR No Yes No No Yes Yes No Yes Yes NA No Poor
Goss?®

Linden et al?® Yes Yes NR Yes Yes No No Yes Yes No Yes Yes NA No Poor
Genco et al*® Yes Yes NR No Yes No No Yes No No Yes Yes NA No Poor
Akhter et a/*® Yes Yes NR No Yes No No NA No No Yes Yes NA No Poor
Talib Bandar® Yes Yes NR No No No No NA No No Yes Yes NA No Poor
Mahendraetal’' Yes Yes NR Yes Yes No No NA Yes No Yes Yes NA No Poor
Ramji?* Yes Yes No Yes Yes No No NA No No Yes Yes NA No Poor
Islam et al*? Yes Yes NR Yes Yes No No NA No No Yes Yes NA No Poor
Hayashi et a/*® Yes Yes Yes Yes Yes No No NA Yes No Yes Yes NA No Fair
Sato et al** Yes Yes No Yes Yes No No NA Yes No Yes No NA Yes Fair

Q1. Was the research question or objective in this paper clearly stated?

Q2. Was the study population clearly specified and defined?
Q8. Was the participation rate of eligible persons at least 50%?

Q4. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and
exclusion criteria for being in the study prespecified and applied uniformly to all participants?

Q5. Was a sample size justification, power description, or variance and effect estimates provided?

Q6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?

Q7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed?
Q8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (eg,
categories of exposure, or exposure measured as continuous variable)?
Q9. Were the exposure measures (independent variables) clearly defined, valid, reliable and implemented consistently across all study

participants?
Q10. Was the exposure(s) assessed more than once over time?

Q11. Were the outcome measures (dependent variables) clearly defined, valid, reliable and implemented consistently across all study

participants?

Q12. Were the outcome assessors blinded to the exposure status of participants?

Q13. Was loss to follow-up after baseline 20% or less?

Q14. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s)

and outcome(s)?
NA, not applicable; NR, not reported.

the USA,” Brazil” and Iraq.” One study did not report
on the study location.” The sample size varied from 18
to 1426 among included studies. In one study, working
status was not reported.” One study included employed
and unemployed participants.”’ Two studies did not
include women,?”*® and three did not report on sex.”**3!

Three studies assessed work stress using the current
major measures (job demand-control model and effort—
reward imbalance model) 27333 Work stress was assessed
using the Karasek job strain model,””* the Effort—-Reward
Imbalance model,” the Brief Job Stress Questionnaire
developed by referring to the demand—control-support
model in Japan,™ a self-reported job stress,”* the Occupa-
tional Stress Indicator,23 % an Occupational Stress Index
by Srivastava and Singh,”" the Life Events Scale,* * and
the Problems of Everyday Living Scale by Pearlin and
Schooler.”

Three studies presented only descriptive statistics.** **!
Eightstudies performed regression analyses® 2*27 28303234,
but two of the eight studies did not report the types of

a regression modelling used.” ** Only two studies suffi-
ciently adjusted for potential confounders such as socio-
economic status and work-related variables.?” **

Dental caries and work stress

One study reported the crosssectional association
between work stress and dental caries, which included 164
paid male workers aged 35-44 years in Brazil.”” Work stress
was assessed according to the Karasek job strain model.*
Dental caries status was assessed using the DMFS index
(the number of decayed (D), missing (M) and filled (F)
teeth surfaces per person). After adjusting for covariates,
one-point increases in the work mental demand, work
control, and work variety scores were associated with 0.19
(95% CI=-0.91 to 1.29), 0.87 (95% CI=-0.18 to 1.91),
and -0.06 (95% CI=-1.57 to 1.45) increases in the DMFS
index, respectively, in a multivariable regression analysis.
Consequently, this study reported a non-significant associ-
ation between work stress and dental caries.”’
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The search of two databases (PubMed
and Scopus) on August 12,2020
identified 402 records

A4

A\ 4

129 duplicated records were removed

The titles and abstracts of 273 records
were screened

A

Among them, 11 articles met the
inclusion criteria

&
<

\ 4

Full text assessment of 14 articles were
performed

Three additional records were identified
through other sources (reference lists and hand
search)

v

Finally, 11 articles were included
(n=1, caries and periodontal status; n=8,
periodontal status; n=2: tooth loss)

Figure 1

Periodontal status and work stress

Eight of nine studies reported a significant association
between work stress and worse periodontal status,? 272
The measurements of periodontal status varied across the
included studies. The measurements included probing
pocket depth,?* #°! clinical attachment level,”* ** * alve-
olar bone loss,” Gingival Index,** bleeding on probing,*
the Community Periodontal Index and Treatment Needs
protocol,”* and a composite outcome, including these
measures.”” * Eight studies assessed periodontal status
based on oral examination with probe, but one study was
based on only visual inspection by dentists.*

Among the nine studies, two studies had unclear meth-
odology; therefore, they were categorised as unknown.***
Freeman and Goss assessed work stress and periodontal
status over a 12-month period.* However, they did not
clearly report when work stress and periodontal status
variables were assessed and how they were used in the
statistical models. Linden et alfollowed up patients for 5.5
years, but work stress was only assessed at the follow-up
examination, not at the baseline survey.*®

Among the remaining seven studies, after excluding
the above two studies, three studies presented only
descriptive statistics.”” * *' The remaining four papers
reported significant associations following regression
analyses.”* *"** ¥ However, Akhter et al used general stress
questions not specific to work stress and included non-
working adults.” Islam et alused the Brief Job Stress Ques-
tionnaire derived from the demand-control-support
model in Japan, and periodontal status was assessed based

A 4

Excluded articles after full-text assessment
(n=3; Retracted [n=1] and used composite
outcome [n=2])

Flow of search strategy and selection of studies for a systematic review.

on the visual inspection by dentists.”® Important poten-
tial confounders, such as socioeconomic status and work-
related variables, were not included. Ramiji assessed work
stress using a single job stress question and did not adjust
for covariates in the statistical models.”* Marcenes and
Sheiham reported a significant association between peri-
odontal status and work stress.”” Periodontal status was
assessed by the presence or absence of gums bleeding on
probing or with pockets. The authors divided periodontal
measures into groups based on ‘complete absence of teeth
with gums bleeding on probing and with pockets,” or ‘the
presence of any tooth with gums bleeding on probing or
pockets,” and defined the latter as those with periodontal
disease. After adjusting for covariates, one-point increases
in work mental demand scores, work control scores, and
work variety scores were associated with ORs of 1.22
(95% CI=1.06 to 1.37), 0.97 (95% CI=0.88 to 1.07), and
0.99 (95% CI=0.85 to 1.16), respectively, for having peri-
odontal disease, in a logistic regression model.

Tooth loss and work stress

Two studies on the association between work stress and
tooth loss were identified. One of the two reported a
significant association between work stress and tooth
loss.”® * Hayashi et al reported the association between
work stress, assessed using the Karasek job strain model
and tooth loss.” A total of 322 male workers employed at
a manufacturing company were included. They dichot-
omised the number of tooth loss into <3and >4. After
adjusting for covariates, high job demand and low control
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conditions were associated with high odds of having >4
teeth loss but not significant (OR=1.2 (95% CI=0.40
to 3.42)). This study did not adjust for the important
potential confounders such as socioeconomic status
and work-related variables. Sato et al reported the asso-
ciation between work stress, assessed using the effort—
reward imbalance model and self-reported tooth loss.™
After adjusting for covariates including socioeconomic
status and work-related variables, a high effort-reward
imbalance ratio was significantly associated with a high
prevalence of 21 tooth loss (prevalence ratio=1.20 (95%
CI=1.01 to 1.42)).

Study quality

Table 2 presents the results of the quality assessments
for each study. Eight studies (73%) had poor quality,
while three (27%) were rated as fair. None of the studies
addressed questions 6 (‘For the analyses in this paper,
were the exposure(s) of interest measured prior to the
outcome(s) being measured?’); 7 (‘Was the timeframe
sufficient so that one could reasonably expect to see an
association between exposure and outcome if it existed?’)
and 10 (‘Was the exposure(s) assessed more than once
over time?’), because all the studies were cross-sectional
or the study design was unclear.

DISCUSSION

This is the first systematic review to evaluate and
summarise the existing literature on the associations
between work stress and oral conditions. As our find-
ings showed, only one study reported on dental caries
and periodontal status, nine on periodontal status and
two on tooth loss. Based on the findings of this review,
the evidence is lacking on the association of work stress
with dental caries and tooth loss. Eight of nine studies
reported the significant associations between multiple
periodontal measures and work stress.

Limitations of the review

This systematic review has four limitations. First, the
systematic literature search, screening and quality
assessments were conducted by only one investigator. A
single screening could miss more studies than a double
screening.36 Second, only English-language literature
was included. Although a systematic review found no
bias due to English-language restriction in systematic
reviews,37 this review might include bias. Third, there was
no protocol for this systematic review. A priori systematic
review protocol registration provides the rigour and trust-
worthiness of the reviews.”® This might weaken the rigour
and trustworthiness of our review. Finally, a meta-analysis
could not be conducted owing to the heterogeneity of the
included studies. Work stress was assessed using varied
measures. Particularly, only a few studies used the current
major measures of work stress. Indicators of periodontal
status were also varied. No study used valid epidemiolog-
ical definitions for periodontal disease as the outcome.

The cut-off points differed between the two studies on
tooth loss and work stress. Besides, there was only one
study on dental caries and work stress. These limitations
hindered us from performing a meta-analysis.

Dental caries and work stress

We found only one study on the cross-sectional associa-
tion between work stress and dental caries.”” The conclu-
sion was that there was no significant association between
work stress and dental caries. However, since the sample
size was relatively small (n=164), there is the possibility of
a false negative association. Besides, each subscale of the
Karasek job strain model was simultaneously included in
the statistical model. Generally, in the Karasek job strain
model, the recommendation is to use four categories of
job strain generated by the interaction of the subscales:
high-strain jobs, active jobs, low-strain jobs and passive
jobs.? Due to the above treatments of the subscales, it is
possible that the association was underestimated. Addi-
tionally, as there was no cohort study, we could not assess
the prospective associations. Considering the above limita-
tions, it was difficult to determine whether work stress
is associated with dental caries. A further study should
include a cohort design and a relatively large sample size
with appropriate work stress measures.

Periodontal status and work stress

Nine studies reported on the association between work
stress and periodontal status.*** 7752 However, the
outcome measures were varied across the included
studies. Although there are the accepted epidemiological
definitions of periodontitis according to the European
Workshop in Periodontology and the Centers for Disease
Control/American Academy of Periodontology,?’9 0 there
was no study that used the definitions. It means that the
included studies reported the associations between work
stress and periodontal measures, not periodontal disease.
In addition, the measurement of work stress measured
also varied across studies. Each measure assessed different
dimensions of work stress." Due to the heterogeneity
of exposures and outcomes, we could not conduct a
meta-analysis.

Of the nine studies, only one study adjusted for the
potential confounders, such as socioeconomic status
and work-related variables.?” Besides, no cohort study
was found. The failure to adjust for the confounders
and consider the induction time weakens the research
evidence. However, despite the above limitations, the
consistent association between work stress and worse
periodontal status is noteworthy. To verify the current
results, a further cohort study using the validated defini-
tions of periodontal disease and current measurements
of work stress, in addition to adjusting for the potential
confounders, should be performed.

Tooth loss and work stress
Two studies on the association between work stress and
tooth loss were identified. Hayashi et al's study included
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only male workers employed at one manufacturing
company.” In contrast, Sato et al’s study included active
workers sampled from a general population.** However,
the response rate was relatively low (32%). The generalis-
ability of both studies could be limited.

The two studies had different cut-off points of tooth loss.
Hayashi et al's study used the cut-off point of more than
four teeth lost. The cut-off point is higher than the mean
number of teeth loss (at 25-34, 35—45, 46-54 and 55-64
years=0.16, 0.58, 1.48 and 4.00, respectively) reported
by the national statistical surveys.* This study targeted
severe cases only. In Sato et al's study, the outcome was
the loss of at least more than one tooth. However, this
outcome relied on self-reported answers; therefore, self-
reported bias might exist.

Both studies showed an increased risk of tooth loss,
although only one of the two studies reported a signif-
icant association between work stress and tooth loss.
However, due to the above limitations, it is difficult to
derive any form of conclusion. In the future, a cohort
study including general workers should be conducted to
confirm these findings.

Conclusions

Based on the findings, this systematic review suggests a
lack of evidence on the association of work stress with
dental caries and tooth loss. Although eight of the nine
studies reported significant associations between multiple
periodontal measures and work stress, no study used valid
epidemiological definitions of periodontal disease. For
future research, well-designed cohort studies including
potential confounding factors and the use of generally
accepted measurements of work stress and periodontal
disease are needed.
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