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Abstract

Objective Occupational exposures may be associated with reproductive health and pregnancy outcomes. This
study investigated the association between occupational exposures and reproductive health, pregnancy outcomes,
and the lactation period among hospital staff.

Materials and methods Seven hundred thirty-three female healthcare workers from hospitals affiliated with the Teh-
ran University of Medical Sciences were invited to participate in this cross-sectional study. The measurement method
for fertility consequences was self-report. Demographic characteristics, occupational data, medical history, and repro-
ductive history were collected via data collection form. Finally, reproductive outcomes were evaluated in different
occupational hazard categories.

Result Chemical exposures (solvents) were a risk factor for stillbirth. Prolonged working hours were associated

with spontaneous abortion and breastfeeding periods. Shift workers did not have a higher frequency of reproduc-
tive and pregnancy outcomes, but the breastfeeding period was significantly decreased in shift workers. Psychiatric
disorders were associated with preterm labour, low birth weight, and stillbirth in sequence with nervousness, depres-
sion, and mood disturbance. Furthermore, depression affects the breastfeeding period. Moreover, we found a link
between job titles and infertility. In addition, socioeconomic status was related to stillbirth and infertility.

Conclusion The study revealed that chemical and ergonomic exposures have associations with some reproductive
outcomes. We also conclude that shift work could adversely affect the breastfeeding period. So, implementing some
organizational strategies to control adverse health effects of occupational hazards and modifying shift work and work-
ing hours for nursing mothers is recommended.

Keywords Breastfeeding, Health care workers, Occupational exposure, Adverse pregnancy outcomes, Reproductive
health, Shift work

Introduction

There has been an increase in women’s employment over
recent years, so a large percentage of the labor force in
industrialized countries are women [1, 2]. According to

*Cortespondence: the BLS (Bureau of Labor Statistics) data book report,
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! Center for research on occupational diseases, Tehran University States, with a majority employed in the following job cat-
;)fmedica\ sciences, Tehran, Iran _ egories: office and administrative support, education/
Tjﬁff:ﬂzohc;?medxcme, Shahid Beheshti University of Medical Sciences, library, health care provider, and personal care and ser-
? Infectious Diseases and Tropical Medicine Research Center, Shahid vice. There are various hazards in different occupational
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occupational hazards, including chemicals (anesthetic
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gas, solvents, antineoplastic drugs ), physical (ionizing
and non-ionizing radiation), ergonomic (long working
hours, long-standing, lifting and carrying heavy loads
or patients) psychiatric (shift work, stress, violence) and
biologic hazards [3]. Physical exertion at work has been
a cause of concern especially on women during preg-
nancy [4, 5] .The American College of Obstetricians and
Gynecologists published guidelines on exertion levels dur-
ing pregnancy, indicating that heavy workload, prolonged
standing, or repetitive bending are recommended to be
discontinued early during the second trimester. The CDC
reported that the most consistent adverse effect of physi-
cal exertion seems to be on preterm delivery and possibly
LBW and SAB, with less consistent results for fecundabil-
ity and menstrual disorders [6]. . However, there is con-
flicting evidence about whether work schedules, including
shifts, can affect fertility outcomes [7]. Adverse pregnancy
outcomes range from infertility to congenital disabilities
in the infant, which include spontaneous abortion, still-
birth, preterm labor, low birth weight, and IUGR [8, 9].
Infertility is a reproductive outcome estimated that about
15.5% of women in the United States are infertile, and a
wide range of behavior, mood, and exposures are associ-
ated with this decline in fertility rate. Infertility is often
defined as being unable to get pregnant after one year of
unprotected intercourse [10]. Additionally, couples may
experience periods of subfertility or delayed concep-
tion. Of all live-born infants, 7-9% have low birth weight
(LBW, and approximately 11% are born prematurely.

Today, many countries are in a state of population
imbalance which is caused by negative population
growth and aging. Considering the fact that employment
in women is potentially one of the obstacles to fertility
and about 50% of women become pregnant during their
employment, especially in active years of work, [11] and
the emotional, medical and social burden, it is important
to identify and control external factors such as hazardous
work environment.

As mentioned, working in health care industry is asso-
ciated with various occupational hazards. Due to the
importance of this issue and the few articles on reproduc-
tive outcomes in healthcare workers especially in Iran, we
decided to investigate the relationship between reproduc-
tive health and pregnancy outcomes with the physical,
psychological, chemical and ergonomic hazards encoun-
tered by healthcare workers at work. The extent of repro-
ductive outcomes and occupational risk factors obtained
in this study could provide a framework for future studies.

Materials and methods

The study population

This cross-sectional study was performed on 733 female
healthcare workers chosen with a simple randomized
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method, in hospitals affiliated with the Tehran University of
Medical Sciences (Iran) from April 2021 to January 2022.

Inclusion and exclusion criteria
Married for more than a year female employee with at
least three years of working history are included in our
study. The exclusion criteria were unwillingness to par-
ticipate in the study, participants with no desire to have
children, and missing data.

The data was gathered anonymously; participation was
voluntary and informed consent was obtained from all
study participants.

Definition and measurements

The data-gathering form was presented to the partici-
pants based on a self-report with the following items. It
included demographic criteria (age, height and weight,
marital status and socioeconomic level), educational
and occupational characteristics (level of education,
job title, work experience by year, working hours/week,
working in shift and different occupational exposures
including anesthetic gases, anticancer drugs, solvents,
ionizing and non-ionizing radiation and ergonomically
hazards), different items of reproductive health and out-
comes and its known risk factors (first pregnancy’s age,
number of pregnancies, number of children, number
of abortions, still birth, low birth weight and IUGR and
use of contraceptives or not and history of infertility and
its treatment, breastfeeding period by months and age
of menopause if it occurs), health status including past
medical history (history of renal, cardiac, endocrine,
immunosuppressive and gynecological diseases/surgery
and cancers), drug history and familial history, mental
health and psychiatric status (depression, anxiety, nerv-
ous ), diet status (fast food as high fat- high carb or safe
diet as low fat-low carb and consumption of tea, coffee,
Chocolate and Soft drink), habitual history (smoking
cigarettes and consumption of alcohol), level of physical
activity (based on frequency in the week) and etc. They
also reported the level of extended sitting or/and stand-
ing and heavy work in their job using the following cat-
egories: light (e.g., most time spent sitting, office work),
moderate (e.g., lifting/pushing light loads, long periods
of walking), and heavy (e.g., lifting, pushing heavy loads,
heavy manual labor).

Statistical methods

The relationship between occupational hazards (chemi-
cal, physical, ergonomic, and psychiatric) and reproduc-
tive outcomes was determined based on all demographic,
socio-economic, and other variables. We used IBM Corp.
Released 2019. IBM SPSS Statistics for Windows, Version
26.0. Armonk, NY: IBM Corp to perform the analysis.
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Quantitative and qualitative data were expressed as mean
(SD) and frequency (percent). In Univariate analysis, one-
way ANOVA and Chi-square were used. Additionally,
Logistic regression was performed to find the related fac-
tors of reproductive outcomes, and linear regression was
used for associated factors of the breastfeeding period.

Ethical consideration

The study was approved by the Ethics Committee of
Tehran University of Medical Sciences (ethical code:
IR TUMS.IKHC.REC.1399.249) and follow all princi-
pals of Helsinki declaration. The informed consent was
obtained from the study participants.

Results

The study population consists of 789 female healthcare
workers. Of these, 56 women (7.09%) were excluded
because of incomplete data or discrepancies between
answers. The mean (SD) of age and working history were
35.01(7.49) and 10.52(6.38), respectively.

The baseline characteristics of the study population
are presented in Table 1. The frequency of spontaneous
abortion, infertility, stillbirth, low birth weight, preterm
labor, and TUGR was 115 (15.7%), 110(15%), 68 (9.3%),
58 (7.9%), 44 (6.0%), 11 (1.5%) in sequence (Fig. 1). The
frequency of occupational hazards and mood disturbance
is shown in Figs. 2 and 3, respectively. The association
between different reproductive outcomes with occupa-
tional hazards, diet and habitual history, mood status and
past medical history, and reproductive history is shown
in Tables 2, 3, 4 and 5, respectively. Logistic regression
analysis indicated the related factors of each reproductive
outcome (Table 6). Linear regression analysis showed a
significant positive association between decreased lacta-
tion periods, shift work, prolonged working hours, and
depression (Table 6) (P.VALUE <0,05).

Discussion
This study aimed to provide the association between dif-
ferent occupational hazards in the healthcare industry
and reproductive health, pregnancy outcomes, and lacta-
tion period. Healthcare workers are exposed to various
occupational hazards such as anesthetic gas, solvents,
antineoplastic drugs, ionizing and non-ionizing radia-
tion, ergonomic, shift work, stress, violence, and bio-
logical hazards, which can cause some reproductive
complications such as infertility, spontaneous abortion
(SAB), stillbirth, preterm labor, and low birth weight.
Globally, infertility is a prevalent issue that affects over
186,000,000 couples in the world, and most of its social
effect is on women [12, 13]. The incidence rate of infer-
tility in Canada was 11.5-15.7% [14]. The infertility rate

Page 3 of 14

has been reported at 12.5%, 15.5%, and 25% in Britain,
the U.S., and China, respectively [15]. The prevalence of
infertility in Iran was 7.88%, according to a systematic
review and meta-analysis survey conducted by Marzieh
Saei (2020) et al. [16]. In our study, the frequency of infer-
tility was 15%. The associated factors were low socioeco-
nomic status, working as clinical staff, and consumption
of fast-food (unsafe diet).

Similar to our results, Sarah L. Berga, M.D. (2016),
concluded that couples with a higher annual income had
higher conception rates, [17] It means that low socioec-
onomic status may increase infertility rates. Thomas H.
Connor (2014) et al. pointed out in his study that health-
care workers can be exposed to chronic occupational
exposures like antineoplastic drugs and appear to have an
increased risk of adverse reproductive outcomes because
of the gonadal toxicity of the drugs (injury to ovarian fol-
licles which result in ovarian volume reduction and fibro-
sis which cause amenorrhea.), especially with exposures
during the first trimester of pregnancy [18, 19]. Sarac M
(2017) presented that consumption of fried foods is a pre-
disposing factor for infertility [20]; the same results about
the association between infertility and fast food were
found in our study. This observation aligned with another
research that mentioned that a high saturated fat diet is
associated with infertility [21]. It is known that higher
body mass index (BMI) and obesity [21, 22], higher age of
marriage [20], sexually transmitted disease [23, 24], and
coping with stress affect the average trend of reproduc-
tion. Furthermore, exposure to tobacco smoke, alcohol
consumption, and air pollution are associated with early
reproductive outcomes such as fertilization. This point
is noteworthy because we could not find all known risk
factors for infertility due to the low frequency of different
hazards in our study.

Spontaneous abortion (SAB) or miscarriage is one of
the most common pregnancy complications [25]. It is a
medical problem that may adversely influence the emo-
tional aspects of couples that wish to have a child. The
incidence of spontaneous abortion is reported to be
between 10 and 20% [9]. In India (2015), the prevalence
of spontaneous abortion was 7.2% [26]. In the United
States, 15% of known pregnancies end with spontane-
ous abortion [27]. In Iran, different rates of spontane-
ous abortion (7-25%) have been reported, 7.46%, 8.3%,
9%, and 25.7% in sequence in Shiraz [28], Ardabil [29],
Tehran [30], and Kermanshah [31]. This diversity may
be explained by women’s income and educational level
variations. The frequency of SAB was 15.7% in our study.
The associated variables of spontaneous abortion in our
study were higher working hours, increasing age, irregu-
lar menstruation, and gynecologic disorders. The most
reason for spontaneous abortion (more than half of the
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cases) are genetic disorders and chromosomal abnormal-
ities, but some other factors which are related to SAB are
age >35, consumption of smoking and alcohol, physical
stress, and exposure to antineoplastic drugs and heavy
metals [32, 33]. Physical strain around implantation was
associated with spontaneous abortion [34]. Elizabeth A
et al. concluded that women working more than 40 h/
week during the first trimester are at increased risk of
spontaneous abortion compared with women work-
ing less than 40 h [35]. Although the previous studies
smoking cigarettes and alcohol consumption were inde-
pendent risk factors in our study, that could be due to
underreporting.

Preterm labor is a fundamental public health problem
leading to neonatal morbidity and mortality [36]. The
prevalence of preterm birth was 10.9% and 12% in Aus-
tralia and the United States, respectively [37]. According
to a systematic review and meta-analysis in 2015 in Iran,
the prevalence of preterm birth was 9.2% [38]. Compared
to other studies, the prevalence of preterm delivery was
lower in our study (6%). It could be due to higher access
of hospital staff to public health resources and level of
education in health care workers and good-income levels
in contrast with the general population, which is directly
affected by preterm delivery. History of previous preterm
labor or family history of prematurity, low maternal body
mass index (BMI), low general health status, black race,
history of disease during pregnancy, decreased amniotic
fluid, multiple pregnancies, and infertility are some of
the mentioned preterm labor etiologies [39]. Our study’s
related risk factors of preterm labor were chronic dis-
ease and nervousness. EK Cam et al. (2013) reported
that chronic disease causes a higher rate of preterm labor
[40]. In our study, maternal education was correlated to
preterm labor, which was in line with the previous obser-
vations. According to our results, mothers with a lower
educational degree had a higher risk of delivering a pre-
term baby. Former research mostly concluded that anxi-
ety and depression were associated with preterm labor. A
synergic action of psychological and biomedical factors
on the secretion of placental corticotrophin-releasing
factor is hypothesized [41].

The prevalence of stillbirth (infant death>22 weeks’
gestation) in different countries varies significantly, but
according to a study in 2016, the stillbirth rate (SBR) is
estimated to be 18.4 per 1000 births worldwide [42]. The
average stillbirth rate was 7.42 per 1000 total births dur-
ing 2014-2016 in Iran [43]. Although the statistics in Iran
are lower than the world’s rates, variation may be due to
socioeconomic inequalities and a lack of an appropriate
healthcare registry system.

The prevalence of stillbirth in our study was 9.3%. The
associated factors were higher income, family marriage,
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solvent exposure, and gynecologic disorders. Identifi-
able causes can be attributed to maternal, fetal, and pla-
cental conditions. The most critical related factors of
stillbirth were preterm birth and post-term birth [26].
Of 96 studies in a systematic review (2011), Maternal
high BMI (body-mass index>25 kg/m2) was the high-
est-ranking modifiable risk factor of stillbirths. Mater-
nal age (> 35 years) and maternal smoking increased the
stillbirth risk. Another critical factor was a chronic dis-
ease of the mother (diabetes and hypertension). Placen-
tal abruption is a known cause of stillbirth [44]. parents
who lived in the most deprived locations encountered
stillbirth more [45, 46]. which also supports another
study, reported that 98% of stillbirths occurred in low-
income and middle-income countries, similar to our
research. Both null parity and multiparity (> 3) were the
risk factors of this issue, which has a U shape diagram
[9] 98% of stillbirths occurred in low-income and mid-
dle-income countries [47].

Low birth weight is a significant public health problem
and a predictor of infant mortality. According to UNICEF
statistics, the global rate of LBW stands at 17% (6% in
industrialized countries vs. 21% in developing ones) [48].
The prevalence of LBW was reported at 8.8% and 9.4%
in Yazd and the south of Iran, respectively [42]. Consan-
guineous marriage, pregnancy age < 18 and > 35 years old,
maternal medical risk factors, the female sex of the fetus,
and lower maternal education level are known as LBW
risk factors [49]. There are social disadvantages such as
low socioeconomic status, low education, poor nutrition,
and low body mass index responsible for these results in
younger mothers; however, in older mothers, biological
factors such as chromosomal anomalies, preeclampsia,
and diabetes are responsible for this issue [50]. In addi-
tion, the incidence of LBW in low-income societies was
reported more than twice compared to middle-income
countries [51]. We found that depression, gynecologic
disorders, chronic disease, and consumption of caf-
feinated drinks as correlated risk factors. Similar to our
results, Golestan M et al. (2011) mentioned that mater-
nal diseases, especially hypertension, could increase
LBW rates [48, 52]. Similar to other studies, it was shown
in logistic regression that depression has an association
with LBW [53, 54].

Breastfeeding is one of the infants’ health indexes.
WHO mentioned that children who are breastfed are
healthier and also are better in their education. Breast
milk gives infants the best start in life and provides
immunological protection and critical nutrients for brain
development [55]. The breastfeeding period was signifi-
cantly decreased in mothers who have shift work. About
5.3% of our participants, with at least one child, did not
breastfeed, and 18.2% breastfed their children less than
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six months. According to our data, the mothers who
were shift workers breastfeed their children for about 13
months, whereas this rate is about 20 months in office
workers (5.7 months more than shift workers). Also,
Breastfeeding length decreased in staff with prolonged
working hours and depression.

Conclusion

The study revealed that chemical and ergonomic expo-
sures have associations with stillbirth and spontane-
ous abortion, respectively. We found no considerable
increase in the risk of reproductive outcomes with work-
ing in shifts. However, the breastfeeding period was sig-
nificantly decreased in shift worker mothers. Psychiatric
disorders were associated with preterm labor, low birth
weight, and stillbirth in sequence with nervousness,
depression, and mood disturbance. Moreover, depression
was found to be related to breastfeeding length. Further-
more, socioeconomic status is influenced by stillbirth and
infertility. In addition, we found a link between job titles
and infertility.

Strengths and limitations of the study

In our study, we benefited from a large sample size.
Another positive point of the current study was an inves-
tigation of multiple exposures and outcomes.

The cross-sectional nature of this study limits its gen-
eralizability and causal relationship. Also, the exposure
assessment was based on self-reports, so we lack infor-
mation about exposure measurement and the imple-
mentation of engineering control to reduce exposure.
Another influence of self-report data gathering is the
possibility of biased recall. And due to lack of psychologi-
cal measurements we couldn’t evaluate the psychological
distress and stress affecting the participants. Moreover,
participants may not be aware of all their exposures, and
asking one about the exposure may not provide suffi-
ciently accurate information.

Recommendations

Three variables could be considered as the potentially
most modifiable factors. However, they have different
implications for prevention. One of the modifiable risk
factors is mood disturbance, which is related to some
reproductive and pregnancy outcomes. Holding emo-
tion and stress management courses can improve the
psychiatric status of hospital staff.

The second one is chemical, physical, and ergonomic
hazards. The workplace should be safe for all workers.
Thus, preventing occupational hazards must be a pri-
mary goal for healthcare workers, and assessment of
workplace harms is necessary.
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Exposure reduction/ elimination, which is the most
desirable, substitution with safer materials and improved
engineering controls are suggested for decreasing/ pre-
venting encounters with chemical exposures like sol-
vents, antineoplastic drugs, and anesthetic gases, and
even physical hazards such as ionizing and non-ionizing
radiations. Moreover, staff should be trained in self-safety
protection. Finally, PPE (personal protective equipment)
should be in access, and more importantly, temporary job
transfer could be helpful in situations where a reproduc-
tive hazard exists. However, the problem may occur when
there is no non-exposed job location, especially in some
workplaces such as hospitals; thus, paid leave should be
considered when there is a high-risk situation, and expo-
sure management is not possible. To manage ergonomic
hazards such as physical loads and prolonged working
hours, hospital heads are recommended to modify work-
ing hours in women of reproductive age, especially in the
first trimester of pregnancy, to avoid reproductive com-
plications. On the other hand, the risk of spontaneous
abortion due to high physical demand can be reduced by
handling working hours and paid leave.

The last one is shift work that should be modified for
mothers with newborn babies and considering hourly
paid leave for them to breastfeed their children.
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