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Background: Some working conditions may pose a higher physical or psychological demand to pregnant
women leading to increased risks of pregnancy complications.
Objectives: We assessed the association of woman’s employment status and the industrial classification
with obstetric complications.
Methods: We conducted a national population study using the National Health Information Service
database of Republic of Korea. Our analysis encompassed 1,316,310 women who experienced first-order
live births in 2010e2019. We collected data on the employment status and the industrial classification of
women, as well as their diagnoses of preeclampsia (PE) and gestational diabetes mellitus (GDM) clas-
sified as A1 (well controlled by diet) or A2 (requiring medication). We calculated odds ratios (aORs) of
complications per employment, and each industrial classification was adjusted for individual risk factors.
Results: Most (64.7%) were in employment during pregnancy. Manufacturing (16.4%) and the health and
social (16.2%) work represented the most prevalent industries. The health and social work exhibited a
higher risk of PE (aOR ¼ 1.11, 95% confidence interval [CI]: 1.03e1.21), while the manufacturing industry
demonstrated a higher risk of class A2 GDM (1.20, 95% CI: 1.03e1.41) than financial intermediation.
When analyzing both classes of GDM, women who worked in public administration and defense/social
security showed higher risk of class A1 GDM (1.04, 95% CI: 1.01, 1.07). When comparing high-risk in-
dustries with nonemployment, the health and social work showed a comparable risk of PE (1.02, 95% CI:
0.97, 1.07).
Conclusion: Employment was associated with overall lower risks of obstetric complications. Health and
social service work can counteract the healthy worker effect in relation to PE. This highlights the
importance of further elucidating specific occupational risk factors within the high-risk industries.
� 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research
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1. Introduction

In most industrial countries, much of the young workforce
consists of women in their reproductive age. Because workers are
more likely to be exposed to long working hours, prolonged
standing, heavy lifting, or unusual workloads than nonemployed
people, which may pose a higher physical demand to pregnant
women, working during pregnancy has been presumed to be
associated with increased risks of pregnancy complications [1,2].
Employers are required to minimize reproductive hazards in the
workplaces and protect pregnant women workers.

Preeclampsia (PE) and gestational diabetes mellitus (GDM) are
obstetric complications characterizing a major cause of maternal
and perinatal morbidity and mortality [3]. Both complications
develop in the middle or late stage of gestation. PE affects preg-
nancies after 20 weeks of gestation posing a higher risk of perinatal
complications for mothers and their babies [4]. Most cases of PE are
mild and resolve soon after the delivery, but 5e10% of affected
women suffer from fatal complications ormaternal near-miss event
[5]. Nulliparity, advanced age (�40 years), obesity, family history,
underlying medical conditions, and multiple gestations are asso-
ciated with higher risk of PE [6].

GDM is defined as hyperglycemia newly detected during preg-
nancy and occurs in 1�25% of all pregnancies varying across ethnic
groups [7]. GDM increases risk of late onset PE and shares a com-
mon set of risk factors such as prepregnancy obesity with PE [8],
indicating an interrelated etiology. When blood glucose is
controlled adequately without medication, it is categorized as class
A1 GDM. If hypoglycemic treatment to regulate the blood glucose is
required, class A2 GDM is assigned [9]. GDM poses elevated risks of
macrosomia of the offspring and contributes to the escalating
prevalence of childhood obesity and cardiometabolic disorders
among women [10].

The causes of both PE and GDM are not fully understood, and
whether nonmedical conditions such as occupational status affect
them is still poorly defined. Exposure to toxic chemicals, lifting,
prolonged standing, and extended working hours during preg-
nancy may increase some inflammatory responses induced by
stress hormones and contribute to the development of PE or GDM
[11]. Given that 67% of workforce are women worldwide [12],
identifying high-risk industries would be necessary to develop
effective interventions minimizing the risk of obstetric complica-
tions. The epidemiological studies showed conflicting results,
limited by the low prevalence of occupational risk factors in the
study populations [13]. This study was to assess the association of
women’s employment status and the industrial classification,
where thewoman is employed with the risk of PE and GDM, using a
national population cohort data.
Fig. 1. Selection flow of t
2. Materials and methods

2.1. Data

This is a retrospective observational study using the customized
research database from the National Health Information (NHI)
Service of Republic of Korea (https://nhiss.nhis.or.kr). The charac-
teristics of the NHI database is described elsewhere [14]. Briefly,
this database contains general demographics, including employ-
ment status (based on the type of NHI subscription), industry
classification of the employment, household income in percentiles,
residential district, and clinical information on diagnoses, pre-
scribed medications, procedures, and treatments covered by the
NHI for every visit to a health institution. The NHI covers 97.7% of
the Korean population as a universal health insurance system
managed by the government of Republic of Korea, and the rest of
the population are medical aid beneficiaries [15]. Medical aid pro-
gram is a public program that covers health services needed for
those with the lowest income (30% of national median), unable to
work, or with serious illnesses [16]. The treatment codes for ob-
stetric delivery in the NHI database specify the parity of women and
plurality of the pregnancy (Table S1). We identified a national
cohort of 2,053,234 live births between January 2010 and
December 2019, based on treatment codes. The study population
included those who had ever taken health examination at least
once in the period and thus had baseline clinical data. In cases
where multiple health examination data were available prior to
pregnancy, we opted to select the one that was closest in time to
the onset of pregnancy. We restricted our analysis to those with the
health check-up data prior to the pregnancy. Medical aid benefi-
ciaries and multiparous womenwere further excluded to minimize
possible confounding by maternal general health status and prior
history of obstetric outcomes. Including only primiparous women
validates single episode of childbirth in each woman. This yielded
the final study population of 1,316,310 pregnant women (Fig. 1).
Given that approximately 56% of all births are first-order babies in
Republic of Korea, this is 90% of all births from primiparous women
recorded in the national vital statistics for the same period [17].

2.2. Exposures

Employment status and industry classification of the company
at the time of childbirth were recorded based on the industrial
codes of the NHI subscription data of the same year. We divided the
study population into employed and nonemployed (dependent of
employee NHI subscribers and NHI subscription as business owners
or their dependents). Then, we further classified the employed
population by industry classifications based on the International
he study population.

https://nhiss.nhis.or.kr


Table 1
Demographic and clinical characteristics of mothers according to employment sta-
tus (n ¼ 1,316,310)

Variables Employed Nonemployed P for
difference

n ¼ 852,045 n ¼ 464,265

Maternal age (years)
20e24 15,939 (1.9) 10,335 (2.2) <.001
25e29 227,344 (26.7) 106,521 (22.9)
30e34 460,563 (54.1) 223,190 (48.1)
35e39 131,218 (15.4) 98,095 (21.1)
40e44 16,339 (1.9) 24,883 (5.4)
�45 549 (0.1) 1142 (0.2)

Residence
Outside of the Seoul
Metropolitan Area*

615,127 (72.2) 359,937 (77.5) <.001

Income Level
1Q (lowest) 154,486 (18.1) 76,243 (16.4) <.001
2Q 258,189 (30.3) 101,051 (21.8)
3Q 325,854 (38.2) 174,583 (37.6)
4Q (richest) 113,516 (13.3) 112,388 (24.2)

Disability Status
Disability 3164 (0.4) 2412 (0.5) <.001

Plurality
Multiple gestation 19,578 (2.3) 14,557 (3.1) <.001

Pre-conceptional BMI (kg/m2)
<18.5 363,512 (42.7) 171,338 (36.9) <.001
18.5e25 416,556 (48.9) 258,183 (55.6)
25e30 60,871 (7.1) 28,308 (6.1)
>30 11,106 (1.3) 6436 (1.4)

Pre-conceptional fasting blood glucose
Normal (<100 mg/dl) 805,147 (94.5) 428,805 (92.4) <.001
Impaired glucose
tolerance
(100e125 mg/dl)

43,878 (5.2) 33,145 (7.1)

Diabetes
(�126 mg/dl)

3020 (0.4) 2315 (0.5) <.001

Pre-conceptional
smoking

33,348 (3.9) 43,522 (9.4) <.001

1Q, lowest quartile; 2Q, 2nd lowest quartile; 3Q, third quartile; 4Q, fourth (highest
quartile). BMI, body mass index. All compositions were significantly different be-
tween the two groups due to differences in size and the large sample size.

* Seoul capital area includes Seoul, Incheon, and Gyeonggi Province, located in
northwestern Republic of Korea.
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Standard Industrial Classification of All Economic Activities (ISIC)
Revision (Rev) 3.0.13 adopted by the NHI database [18]. The in-
dustrial classifications that employ more than 5% of all women in
the workforce were considered common and were selected for
analysis of employed women.

2.3. Outcomes

We identified those who had ever been diagnosed with PE and
GDM during pregnancy based on the presence of the International
Classification of Disease-10th Revision (ICD-10) codes. Those for
PE were O14.0 (mild to moderate PE), O14.1 (severe PE), O14.2
(Hemolysis, Elevated Liver enzymes and Low Platelets [HELLP]
syndrome), and O14.9 (unspecified PE) during the pregnancy,
which is defined as 280 days within the date of delivery [19].
Women who progressed to eclampsia were included who also had
the diagnostic codes for PE. Women with GDM were identified
based on the presence of diagnostic code for GDM (O24.4 or O24.9)
[20]. Given the favorable prognosis of class A1 GDM, which is well
controlled by diet, we analyzed the risk of class A2 GDM that re-
quiresmedications for glucose control [8]. Thosewith class A2 GDM
were identified based on the copresence of diagnostic code and
prescription of insulin or oral hypoglycemic medications under the
diagnosis of GDM.

2.4. Covariates

We included maternal age at birth, relative level of income (in
deciles), living in the Seoul capital area, prepregnancy body mass
index (BMI), smoking, fasting blood glucose, plurality, and year of
childbirth in the explanatory model. The variables were selected
according to prior knowledge and availability in the NHI database.
The age of pregnant women at the time of childbirth, which is
grouped by a five-year interval. The income decile was further
divided into four groups (1st quartile [most deprived]: 0e30%, 2nd
quartile: 40e60%, 3rd quartile: 60e80%, and 4th quartile [richest]:
80e100%) for analytical convenience. We coded living in the Seoul
Metropolitan Area, which includes Seoul, Incheon, and Gyeonggi
province as a proxy for high socioeconomic status because they are
central urban areas with relatively high costs of living and better
accessibility to healthcare services [21]. Clinical data of prepreg-
nancy BMI (classified as underweight, normal weight, overweight,
and obesity), fasting blood glucose (normal, impaired glucose
tolerance, diabetic), and multiple gestation (multiple, singleton)
were included as categorical variables.

2.5. Statistical analysis

This study comprises a four-step analysis. First, we compared
the demographic and clinical characteristics of mothers according
to employment status and industrial classification. In the analysis
to identify the high-risk industry, eight prevalent industrial clas-
sifications were examined, encompassing over 95% of the study
population who were employed. Second, odds ratios adjusted for
covariates (aORs) of PE and class A2 GDM were computed per
employment status and industrial classifications. Our logistic
regression model included financial intermediation as a reference
because women employed in this industry showed lowest inci-
dence of adverse pregnancy outcomes and can be assumed to be
with least physical hazard, which is associated with obstetric
complications [22]. Class A2 GDM rather than all GDMwas selected
for the primary analysis because the incidence of class A2 GDMwas
comparable to that of PE. Third, multinomial logistic regression
analysis to further examine the risk for class A1 and A2 GDM.
Fourth, we compared the risk of obstetric complications between
the high-risk industry and nonemployment to assess whether the
risks for those industries are higher than those of nonemployment,
counteracting the healthy worker effect. In all the analyses of GDM,
we excluded those with fasting blood glucose �126 mg/dl who are
supposed to have pre-existing diabetes. In our explanatory models,
BMI can be both confounder and mediator. We thus presented two
sets of risk estimates: one set without adjustment for prepregnancy
BMI and another set adjusted for all covariates including BMI. This
study was conducted using the SAS statistical program (version 9.4,
SAS institute, Cary, NC). The study protocol was reviewed and
approved by the Institutional Review Board of Republic of Korea
University (IRB-2020-0285).
3. Results

Among the 1,316,310women, 64.7% (852,045) were employed at
the time of childbirth (Table 1). Majority of women were aged
under 35 years (72.4%) and had singleton pregnancy (97.9%).
Almost a half of women were living outside of Seoul capital area
(47.4%) and with lower than national median income (45.0%).
Employed women were more likely to be younger, having lower
income, and experiencing singleton pregnancy. The prevalence of
underweight (BMI: <18.5kg/m2) was higher among employed
women, whereas impaired glucose intolerance and history of pre-
conceptional smoking were more common among nonemployed
women.



Table 2
Number and percentage of employed women by industrial classifications
(n ¼ 852,045)

Industrial classification Frequency Percentage

Agriculture, hunting, and
forestry

940 0.1%

Fishing 480 0.1%

Mining and quarrying 333 0.0%

Manufacturing 140,020 16.4%

Electricity and gas and water
supply

2896 0.3%

Construction 19,672 2.3%

Wholesale and retail trade 81,592 9.6%

Hotels and restaurants 13,373 1.6%

Transport, storage, and
communications

25,364 3.0%

Financial intermediation 61,156 7.2%

Real estate, renting, and
business activities

102,940 12.1%

Public administration and
defense/social security

46,933 5.5%

Education 101,172 11.9%

Health and social work 138,177 16.2%

Community, social, and
personal service activities

49,173 5.8%

Private households with
employed persons

1800 0.2%

Extraterritorial organizations
and bodies

563 0.1%

Others 65,461 7.7%

Total 852,045 100.0%

The industrial classifications that employ more than 5% of all women in the work-
force were bolded.
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Among the employed women, manufacturing (16.4%) and
health and social work (16.2%) were two most frequent industrial
classifications. (Table 2). In the eight common industrial classifi-
cations, public administration and defense/social security showed
highest proportion of women aged 35 or older (23.5%, Table S2).
Those aged 35 years or older were lowest in health and social work
(13.5%) and manufacturing (14.3%). Financial intermediation
exhibited the highest prevalence of richest national income quartile
and lowest obesity rate, whereas those with the lowest national
income quartile were most frequent in education. Preconceptional
smoking was more common in the wholesale and retail trade, and
real estate, renting, and business activities.

Overall incidence of PE and class A2 GDM were 1.6% (21,172/
1,316,310) and 0.7% (9,068/1,310,975), respectively. Employed
women showed lower risk of PE (aOR ¼ 0.91, confidence interval
[CI]: 0.88, 0.93) and class A2 GDM (0.80, 95% CI: 0.75, 0.85) than
nonemployed women with and without adjusting for prepreg-
nancy BMI (Table 3). In the eight common industrial classifications,
health and social work was associated with higher odds of PE (1.11,
95% CI: 1.03, 1.21, Fig. S1) than financial intermediation. Public
administration and defense/social security (0.88, 95% CI: 0.79, 0.98)
and education (0.91, 95% CI: 0.83, 0.99) showed lower risk of PE.
Community, social, and personal service activities were associated
with higher odds of PE when not adjusted for BMI but the positive
association (1.11, 95% CI: 1.00, 1.22), which became close to null
when further adjusted for BMI. For class A2 GDM, manufacturing
industry was associated with higher risk than financial interme-
diation with or without adjustment for prepregnancy BMI (1.20,
95% CI: 1.03, 1.41). Real estate, renting, and business activities (1.19,
95% CI: 1.01, 1.40 when not adjusted for prepregnancy BMI), and
community, social, and personal service activities (1.22, 95% CI:
1.00, 1.47) were associated with higher risk of class A2 GDM, which
became close to null when adjusted for BMI. The pattern of asso-
ciation was different between class A1 and class A2 GDM for most
industrial classifications (Table S3). For example, manufacturing,
wholesale and retail trade, and real estate, renting, and business
activities were associated with lower risk of class A1 GDM, whereas
those industries were associated generally higher risk of class A2
GDM. On the other hand, there was an inverse association between
health and social work and class A1 GDM, which was not evident
for class A2 GDM. When comparing the two high-risk industrial
classifications with nonemployment, a similar risk of PE (1.02, 95%
CI: 0.97-1.07; Fig. 2) was observed for women employed in the
health and social work industry (n ¼ 138,177) compared to non-
employed women (n ¼ 464,166). Those in manufacturing industry
(n ¼ 140,020) showed lower risk of class A2 GDM (0.88, 95% CI:
0.79, 0.97) than nonemployed women.

4. Discussion

We observed lower overall risk of PE and GDM requiring
medication in employed women than in nonemployed women in a
national population of Koreanwomen.When stratified by eight ISIC
industrial classifications; the risks of PE and of GDM were different
across the categories among employed women. Compared to
financial intermediation, employment in the health and social work
or manufacturing industry were associated with higher risks of PE
and GDM requiring medical treatments, respectively. The associa-
tion between industrial classifications and GDM exhibited some
inconsistent pattern for class A1 and A2 GDM. The risk of PE in the
health and social service work industry was found to be compa-
rable to that of nonemployment. Using a large population data, this
finding revealed a healthy worker effect in pregnant women for
obstetric complication, and being employed in the high-risk in-
dustry can counteract the healthy worker effect regarding PE.

The relationship of employment status with pregnancy out-
comes in PE and GDM is largely unknown and inconsistent. In a
large population cohort study in the Netherlands, there were no
statistically significant differences in risks of PE and GDM between
employed and unemployed groups, which included housewives or
students [23]. On the other hand, risk of change in mean arterial
pressure (�20 mm Hg after 20 weeks gestation from baseline) was
more than doubled in working women during pregnancy than in
their counterparts [24]. Other pregnancy outcomes, such as pre-
term birth or low birth weight, were often more favorable for
employed women than for unemployed women. This can be
explained by the heterogenicity in unemployed/employed groups
and the pathophysiology of the outcomes of interest. Historically,
the favorable health outcomes in workers have been interpreted as
a ‘healthy worker effect’ where those in better health status are
more likely to remain in paid employment than unhealthy people
[25]. Similarly, we observed lower risk of class A2 GDM in those
employed inmanufacturing industry than in nonemployedwomen.
The similar risk of PE between health and social work and
nonemployment may be translated into higher risk of PE among
women in the health and social work.

Several work-related risk factors for PE, which are expected to
be prevalent in health and social service work or manufacturing
works, have been suggested. Women in an occupation with lower
levels of decision authority had higher risk of PE and GDM than
those in occupations with the highest levels of decision authority
[26]. Job strain including heavy lifting was associated with an
increase in the odds of PE in a study [27], whereas job strain
measured with postpartum questionnaires was not found to be
associated with PE [28]. Prolonged working hours were associated
with higher risk of PE in a Canadian study [29], which was not
replicated in other populations [30]. Unusual or physically



Table 3
Adjusted odds ratio of preeclampsia and class A2 gestational diabetes for women’s employment status and eight common industrial classifications

Employment status of women Preeclampsia (n ¼ 21,172) Class A2 gestational diabetes (n ¼ 9,068)

N Not adjusted for BMI Fully adjusted* N Not adjusted for BMI Fully adjustedy

Nonemployed (n ¼ 464,166) 8221 1.00 (reference) 1.00 (reference) 4123 1.00 (reference) 1.00 (reference)

Employed (n ¼ 851,952) 12,951 0.92 (0.89, 0.94) 0.91 (0.88, 0.93) 4945 0.8 (0.75, 0.85) 0.80 (0.75, 0.85)

Industrial classificationz

Financial intermediation
(n ¼ 61,156)

849 1.00 (reference) 1.00 (reference) 355 1.00 (reference) 1.00 (reference)

Manufacturing (n ¼ 140,020) 2134 1.05 (0.97, 1.14) 0.99 (0.91, 1.07) 1571 1.27 (1.08, 1.49) 1.20 (1.03, 1.41)

Wholesale and retail trade
(n ¼ 81,592)

1249 0.99 (0.91, 1.09) 0.97 (0.88, 1.06) 772 1.17 (0.98, 1.39) 1.13 (0.95, 1.34)

Real estate, renting and
business activities
(n ¼ 102,940)

1542 0.99 (0.90, 1.07) 0.95 (0.87, 1.04) 894 1.19 (1.01, 1.40) 1.15 (0.98, 1.36)

Public administration and
defense/social security
(n ¼ 46,933)

676 0.88 (0.79, 0.98) 0.88 (0.79, 0.98) 287 0.90 (0.73, 1.11) 0.93 (0.75, 1.14)

Education (n ¼ 101,172) 1496 0.92 (0.85, 1.01) 0.91 (0.83, 0.99) 486 0.93 (0.78, 1.10) 0.92 (0.77, 1.09)

Health and social work
(n ¼ 138,177)

2376 1.16 (1.07, 1.25) 1.11 (1.03, 1.21) 682 1.13 (0.96, 1.33) 1.07 (0.91, 1.26)

Community, social and personal
service activities (n ¼ 49,173)

857 1.11 (1.00, 1.22) 1.06 (0.96, 1.17) 446 1.22 (1.00, 1.47) 1.18 (0.98, 1.43)

BMI, body mass index.
* adjusted for maternal age at birth, relative level of income (in deciles), employment status, living in the Seoul Metropolitan Area, pre-pregnancy body mass index (BMI),

past smoking, fasting blood glucose, plurality, and year of childbirth.
y adjusted for maternal age at birth, relative level of income (in deciles), living in the Seoul capital area, pre-pregnancy body mass index (BMI), pre-conceptional smoking

history, plurality, and year of childbirth.
z Eight from the 18 industrial classifications based on the International Standard Industrial Classification of All Economic Activities (ISIC) Revision (Rev) 3.0.13 adopted by

the NHI database. Numbers in parentheses are 95% confidence intervals of risk estimates. Estimates with P value < 0.05 are bolded.

Fig. 2. Unadjusted and adjusted odds ratios of preeclampsia and class A2 gestational diabetes mellitus based on employment status and employment in health/social work and
manufacturing industries. Risk estimates were adjusted for maternal age at birth, relative level of income (in deciles), living in the Seoul Capital Area, prepregnancy body mass
index, past smoking, plurality, and year of childbirth. In the analysis of gestational diabetes mellitus, those with fasting glucose �126 mg/dl who are supposed to have pre-existing
diabetes were excluded.
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demanding conditions in theworkplace seem to increase the risk of
PE in pregnant workers. For example, the risk of severe PE was a
two-fold increase in moderate/high physical activity at work
compared to mild activity, even though pregnant workers were at
significantly lower risk of severe PE than nonworkers [31]. The
doctors, nurses, and other health care providers comprise health
and social workers who are likely to experience prolonged work
hours, overnight shifts, low authority, and occupational hazard
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[32,33]. Compared to bank workers, healthy workers continued
their work until the last month of pregnancy and had shorter ma-
ternity leaves with a significantly higher risk of preterm deliveries
and lower birth weight babies [33]. PE occurred more frequently
among female medical residents with longer work time or more
physically demanding work than the wives of medical residents
[34] or the general population [35]. Considering the inherent lim-
itations and variabilities in measuring occupational exposures, it is
crucial to identify high-risk occupational groups and subsequently
focus on pinpointing specific individual risk factors within those
occupations. This approach can lead to more consistent and com-
parable conclusions.

For GDM, a few large cohort studies have found the impact of job
exposure in pregnancy on GDM. In Sweden’s population-based
studies, pregnant workers with low decision authority [26], expo-
sure to whole-body vibration during full-time work [36], and
exposure to noise [37], particularly in primipara who work full-
time, were related to increased risk for GDM. Moreover, lack of
sleep during pregnancy also increased random blood glucose
significantly and exhibited elevated risk for GDM [38].

Several mechanisms of how work activity could lead to PE or
GDM during pregnancy have been suggested. Firstly, multiple
maternal occupational factors (heavy physical workload, long
working hours, and psychological stress) may interact and increase
catecholamine levels [39] that have been present in pregnancies
complicated by PE [40]. High-level catecholamines may lead to
decrease blood flow to the uterus and reduce placental function,
which is proposed as the main pathophysiology of PE. Secondly,
shift work, sleep abnormality, and stress may lead to changes in
hormone regulation. Increasing corticotropin-releasing hormones
have been found in women with PE [41], and increasing cortisol as
an insulin antagonist and adipogenesis-regulating signal can
contribute to insulin resistance [42]. With reduced secretion of
melatonin due to circadian disruption and sleep deprivation [43],
stress can also increase oxidative stress and pro-inflammatory cy-
tokines, which are associated with an increased risk of developing
PE and GDM [44]. However, all these hypotheses remain unclear
and need further investigation.

Our study needs caution in interpretation due to several limi-
tations. First, direct comparing of our results with prior findings
may be inappropriate because this study used industrial classifi-
cation rather than individual occupation. In addition, our mea-
surement of occupational exposure based on the industrial
classification may be too broad to make inferences about specific
occupations within each category. As an explorative study of
occupational risk factors for PE and GDM, which has not beenmuch
studied, our findings can provide background knowledge to iden-
tify industries that may pose a higher risk for obstetric complica-
tions. For those working in the high-risk industries, further
research will be needed to elucidate the specific mechanisms and
effective interventions required to mitigate these risks. Second, our
analysis did not consider possible confounding in the association
occupation and PE including pregnancy following assisted repro-
ductive technology, undiagnosed chronic hypertension, and auto-
immune disease. Our analysis is restricted to nulliparous pregnant
women, which could have minimized the effect of confounders
related with previous pregnancy. Third, because of different policy
of maternity leave or misclassification of women in the part-time
jobs, our risk estimation could have been biased. Considering
the female employment rate in 2019 among Korean women aged
between 20 and 44 years ranged from 59.9% to 71.1%, which aligns
closely with the employment rate (64.7%) in our study population,
the likelihood of significant misclassification or selection bias
would be minimal. In the specific context of our study conducted in
Republic of Korea, women employees were permitted to take a
maximum of 45 days of leave before childbirth during the study
period [45]. Thus, we believe the potential confounding effect by
the maternity leave would have been minimal. For part-time work,
those in part-time employment subscribe to the NHI as non-
employed individuals because they are not eligible for the NHI for
employees. In addition, because the NHI database provides the
information of employment status and industrial classification
as of January 1st each year, it remains uncertain whether their
employment status was consistent throughout the entire period of
pregnancy. Considering the potential misclassification of employ-
ment status or industrial classification, estimating the risk of ob-
stetric complications using more detailed occupational exposure
would be the subject of future studies.

In conclusion, this study provides empirical evidence of differ-
ential risk of maternal complications across women’s employment
andoccupational categories toprevent and reduce the incidenceof PE
and GDM inwomenworkers, considering workplace environment.
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[8] Lewandowska M, Więckowska B, Sajdak S. Pre-pregnancy obesity, excessive
gestational weight gain, and the risk of pregnancy-induced hypertension and
gestational diabetes mellitus. J Clin Med 2020;9(6).

[9] ACOG. ACOG practice bulletin No. 190: gestational diabetes mellitus. Obstet-
rics Gynecol 2018;131(2):e49e64.

[10] Saravanan P. Gestational diabetes: opportunities for improving maternal and
child health. Lancet Diabetes Endocrinol 2020;8(9):793e800.

[11] Spadarella E, Leso V, Fontana L, Giordano A, Iavicoli I. Occupational risk factors
and hypertensive disorders in pregnancy: a systematic review. Int J Environ
Res Public Health 2021;18(16).

[12] Women in the health and care sector earn 24 per cent less than men. https://
www.ilo.org/global/about-the-ilo/newsroom/news/WCMS_850968/lang–en/
index.htm.

[13] Nugteren JJ, Snijder CA, Hofman A, Jaddoe VWV, Steegers EAP, Burdorf A.
Work-related maternal risk factors and the risk of pregnancy induced hy-
pertension and preeclampsia during pregnancy. The Generation R Study. PLoS
One 2012;7(6) e39263-e39263.

[14] Seong SC, Kim YY, Khang YH, Park JH, Kang H-J, Lee H, Do C-H, Song J-S,
Bang JH, Ha S, Lee E-J, Shin SA. Data resource profile: the National Health
Information database of the National Health Insurance service in South Korea.
Int J Epidemiol 2017;46(3):799e800.

[15] NHIS. Statistics of the national health insurance 2016. National Health In-
surance Service; 2017.

[16] Park S. Medical service utilization and out-of-pocket spending among near-
poor National Health Insurance members in South Korea. BMC Health Serv
Res 2021;21(1):886.

[17] Vital statistics - number of live births [https://kosis.kr/eng/]
[18] National health insurance statistical Yearbook; 2015.. http://www.nhis.or.kr/

menu/boardRetriveMenuSet.xx?menuId¼F3321.
[19] Choe SA, Min HS, Cho SI. Decreased risk of preeclampsia after the

introduction of universal voucher scheme for antenatal care and
birth services in the Republic of Korea. Matern Child Health J 2017;21(1):
222e7.

[20] Choe SA, Kauderer S, Eliot MN, Glazer KB, Kingsley SL, Carlson L, Awad YA,
Schwartz JD, Savitz DA, Wellenius GA. Air pollution, land use, and complica-
tions of pregnancy. Sci Total Environ 2018;645:1057e64.

[21] These global cities have the highest cost of living [https://www.forbes.com/
sites/anthonytellez/2022/06/29/these-global-cities-have-the-highest-cost-of-
living/?sh¼23a5f5072d3e]

[22] Kim CB, Choe SA, Kim T, Kim MH, Ryu J, Oh JW, Yoon JW. Risk
of adverse pregnancy outcomes by maternal occupational status: a
national population-based study in South Korea. J Occup Health 2023;65(1):
e12380.

[23] Jansen PW, Tiemeier H, Verhulst FC, Burdorf A, Jaddoe VW, Hofman A,
Moll HA, Verburg BO, Steegers EA, Mackenbach JP, Raat H. Employment status
and the risk of pregnancy complications: the Generation R Study. Occup En-
viron Med 2010;67(6):387e94.

[24] Eskenazi B, Fenster L, Sidney S. A multivariate analysis of risk factors for
preeclampsia. Jama 1991;266(2):237e41.

[25] Schuring M, Burdorf L, Kunst A, Mackenbach J. The effects of ill health on
entering and maintaining paid employment: evidence in European countries.
J Epidemiol Community Health 2007;61(7):597e604.

[26] Lissåker C, Hemmingsson T, Kjellberg K, Lindfors P, Selander J. Occupational
stress and pregnancy-related hypertension and diabetes: results from a
nationwide prospective cohort. Scand J Work Environ Health 2022;48(3):
239e47.

[27] Cai C, Vandermeer B, Khurana R, Nerenberg K, Featherstone R, Sebastianski M,
Davenport MH. The impact of occupational activities during pregnancy on
pregnancy outcomes: a systematic review and metaanalysis. Am J Obstet
Gynecol 2020;222(3):224e38.
[28] Vollebregt K, Van Der Wal M, Wolf H, Vrijkotte T, Boer K, Bonsel G. Is psy-
chosocial stress in first ongoing pregnancies associated with pre-eclampsia
and gestational hypertension? BJOG: Int J Obstetrics Gynaecol 2008;115(5):
607e15.

[29] Haelterman E, Marcoux S, Croteau A, Dramaix M. Population-based study on
occupational risk factors for preeclampsia and gestational hypertension.
Scand J Work, Environ Health 2007;(4):304e17.

[30] Nugteren JJ, Snijder CA, Hofman A, Jaddoe VW, Steegers EA, Burdorf A. Work-
related maternal risk factors and the risk of pregnancy induced hypertension
and preeclampsia during pregnancy. The Generation R Study. PLoS One
2012;7(6):e39263.

[31] Spinillo A, Capuzzo E, Colonna L, Piazzi G, Nicola S, Baltaro F. The effect of
work activity in pregnancy on the risk of severe preeclampsia. Aust N Z J
Obstet Gynaecol 1995;35(4):380e5.

[32] Cusimano MC, Baxter NN, Sutradhar R, McArthur E, Ray JG, Garg AX, Vigod S,
Simpson AN. Evaluation of adverse pregnancy outcomes in physicians
compared with nonphysicians. JAMA Netw Open 2022;5(5):e2213521.

[33] Ortaylì N, Ozu�gurlu M, Gökçay G. Female health workers: an obstetric risk
group. Int J Gynaecol Obstet 1996;54(3):263e70.

[34] Gabbe SG, Morgan MA, Power ML, Schulkin J, Williams SB. Duty hours and
pregnancy outcome among residents in obstetrics and gynecology. Obstet
Gynecol 2003;102(5 Pt 1):948e51.

[35] Behbehani S, Tulandi T. Obstetrical complications in pregnant medical and
surgical residents. J Obstet Gynaecol Can 2015;37(1):25e31.

[36] Skröder H, Pettersson H, Albin M, Gustavsson P, Rylander L, Norlén F,
Selander J. Occupational exposure to whole-body vibrations and pregnancy
complications: a nationwide cohort study in Sweden. Occup Environ Med
2020;77(10):691e8.

[37] Lissåker CT, Gustavsson P, Albin M, Ljungman P, Bodin T, Sjöström M,
Selander J. Occupational exposure to noise in relation to pregnancy-related
hypertensive disorders and diabetes. Scand J Work Environ Health
2021;47(1):33e41.

[38] Myoga M, Tsuji M, Tanaka R, Shibata E, Askew DJ, Aiko Y, Senju A,
Kawamoto T, Hachisuga T, Araki S, Kusuhara K, Morokuma S, Sanefuji M,
Japan Environment and Children’s Study. Impact of sleep duration during
pregnancy on the risk of gestational diabetes in the Japan environmental and
Children’s study (JECS). BMC Pregnancy Childbirth 2019;19(1):483.

[39] Fujiwara K, Tsukishima E, Kasai S, Masuchi A, Tsutsumi A, Kawakami N,
Miyake H, Kishi R. Urinary catecholamines and salivary cortisol on workdays
and days off in relation to job strain among female health care providers.
Scand J Work Environ Health 2004;30(2):129e38.

[40] Khatun S, Kanayama N, Hossain B, el Maradny E, Kobayashi T, Jahan S,
Bhuiyan AB, Terao T. Increased concentrations of plasma epinephrine and
norepinephrine in patients with eclampsia. Eur J Obstetrics, Gynecol Reprod
Biol 1997;74(1):103e9.

[41] Karteris E, Vatish M, Hillhouse EW, Grammatopoulos DK. Preeclampsia is
associated with impaired regulation of the placental nitric oxide-cyclic gua-
nosine monophosphate pathway by corticotropin-releasing hormone (CRH)
and CRH-related peptides. J Clin Endocrinol Metab 2005;90(6):3680e7.

[42] Briançon-Marjollet A, Weiszenstein M, Henri M, Thomas A, Godin-Ribuot D,
Polak J. The impact of sleep disorders on glucose metabolism: endocrine and
molecular mechanisms. Diabetol Metab Syndr 2015;7:25.

[43] Cai C, Vandermeer B, Khurana R, Nerenberg K, Featherstone R, Sebastianski M,
Davenport MH. The impact of occupational shift work and working hours
during pregnancy on health outcomes: a systematic review and meta-anal-
ysis. Am J Obstetrics Gynecol 2019;221(6):563e76.

[44] Coussons-Read ME, Okun ML, Nettles CD. Psychosocial stress increases in-
flammatory markers and alters cytokine production across pregnancy. Brain
Behav Immun 2007;21(3):343e50.

[45] Pregnant workers can also take parental leave... Flexible commuting hours as
well [https://www.korea.kr/news/policyNewsView.do?newsId¼148895764
#goList]

http://refhub.elsevier.com/S2093-7911(23)00044-6/sref7
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref7
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref7
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref8
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref8
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref8
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref8
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref9
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref9
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref9
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref10
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref10
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref10
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref11
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref11
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref11
https://www.ilo.org/global/about-the-ilo/newsroom/news/WCMS_850968/lang--en/index.htm
https://www.ilo.org/global/about-the-ilo/newsroom/news/WCMS_850968/lang--en/index.htm
https://www.ilo.org/global/about-the-ilo/newsroom/news/WCMS_850968/lang--en/index.htm
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref13
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref13
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref13
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref13
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref14
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref14
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref14
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref14
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref14
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref15
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref15
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref16
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref16
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref16
http://www.nhis.or.kr/menu/boardRetriveMenuSet.xx?menuId=F3321
http://www.nhis.or.kr/menu/boardRetriveMenuSet.xx?menuId=F3321
http://www.nhis.or.kr/menu/boardRetriveMenuSet.xx?menuId=F3321
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref19
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref19
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref19
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref19
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref19
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref20
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref20
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref20
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref20
https://www.forbes.com/sites/anthonytellez/2022/06/29/these-global-cities-have-the-highest-cost-of-living/?sh=23a5f5072d3e
https://www.forbes.com/sites/anthonytellez/2022/06/29/these-global-cities-have-the-highest-cost-of-living/?sh=23a5f5072d3e
https://www.forbes.com/sites/anthonytellez/2022/06/29/these-global-cities-have-the-highest-cost-of-living/?sh=23a5f5072d3e
https://www.forbes.com/sites/anthonytellez/2022/06/29/these-global-cities-have-the-highest-cost-of-living/?sh=23a5f5072d3e
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref22
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref22
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref22
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref22
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref23
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref23
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref23
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref23
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref23
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref24
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref24
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref24
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref25
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref25
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref25
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref25
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref26
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref26
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref26
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref26
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref26
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref27
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref27
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref27
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref27
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref27
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref28
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref28
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref28
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref28
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref28
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref29
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref29
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref29
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref29
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref30
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref30
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref30
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref30
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref31
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref31
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref31
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref31
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref32
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref32
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref32
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref33
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref33
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref33
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref33
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref34
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref34
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref34
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref34
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref35
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref35
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref35
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref36
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref36
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref36
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref36
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref36
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref37
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref37
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref37
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref37
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref37
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref38
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref38
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref38
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref38
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref38
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref39
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref39
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref39
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref39
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref39
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref40
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref40
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref40
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref40
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref40
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref41
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref41
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref41
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref41
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref41
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref42
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref42
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref42
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref43
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref43
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref43
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref43
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref43
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref44
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref44
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref44
http://refhub.elsevier.com/S2093-7911(23)00044-6/sref44
https://www.korea.kr/news/policyNewsView.do?newsId=148895764#goList
https://www.korea.kr/news/policyNewsView.do?newsId=148895764#goList
https://www.korea.kr/news/policyNewsView.do?newsId=148895764#goList

