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Background: Asynchrony in circadian processes alters many physiological systems,

including female reproduction. Thus, there are possible reproductive consequences of

night shift work for women including menstrual irregularity, endometriosis, and prolonged

time to conception. This study examined whether women who worked night shift were

more likely than those who did not to require fertility treatment to conceive a first birth,

whether they had specific infertility diagnoses, and if such relationships were age-specific.

Methods: In a retrospective data linkage study of 128,852 primiparous women, fertility

treatment data were linked to the state perinatal registry for South Australia (1986–2002).

Potential exposure to night shift work was assessed using a job-exposure matrix. First,

the association between night shift work and fertility treatment was assessed among (1)

all women, then (2) women in paid employment, using logistic regression. Interactions

between age and shift work status were also examined. Secondly, among women who

conceived with fertility treatment, we assessed associations between night shift work

and type of infertility diagnosis. Potential confounders were considered in all analyses.

Results: Among women ≤35 years, night shift workers were more likely to require

fertility treatment (all: OR = 1.40, 95% CI 1.19–1.64; in paid employment: OR = 1.27,

95% CI 1.08–1.50). There were no associations among women >35 years. Ethnicity,

socioeconomic status and smoking did not affect these results. Among women who

underwent fertility treatment, night shift workers were more likely than day workers to

have menstrual irregularity (OR= 1.42, 95% CI 1.05–1.91) or endometriosis (OR= 1.34,

95% CI 1.00–1.80).

Conclusions: Night shift work may contribute to increased need for fertility treatment in

younger women. This increased risk may reflect young women’s vulnerability in terms of

poor tolerance of night shift work, and/or lack of control and choice about shift schedule.

Keywords: assisted reproduction (ART), endometriosis, infertility, menstrual abnormality, shift work (MeSH), night

shift work
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INTRODUCTION

The nature of paid work and the workforce in Western
societies is changing, with manual laboring jobs declining
and demand for workers in the service and care industries
increasing (1). One implication of this is increased non-standard
and flexible working time arrangements (2). Such changes
in work arrangements disproportionately affect women, who
predominate in the growth industries (3).

Night shift work, in particular, may interfere with the lives
and reproductive health of women. Quantity and quality of sleep
can be affected and the circadian rhythm, the 24-h biological
cycle that regulates sleep and wakefulness, can be disrupted
(4). Asynchrony in circadian processes alters many physiological
systems, including female reproduction (5, 6). Fixed night shift
and rotating schedules that include night shift are thought to have
the greatest impact (4).

Possible reproductive consequences of night shift work for
women include menstrual irregularity (7), endometriosis (8, 9),
and prolonged time to conception (10). To our knowledge,
no study has investigated the potential relationship between
night shift work and the requirement for reproductive assistance
(fertility treatment) to conceive. Australia provides an ideal
context in which to study this relationship since fertility
treatment services are more accessible in Australia than in most
other countries. In particular, fertility treatments and associated
pharmaceutical costs have been subsidized since as early as 1990
(11), and there are no restrictions to access based on age, number
of treatment cycles or existing family size (12, 13).

The aim of this study was to investigate whether primiparous
women employed in occupations potentially involving night shift
work were more likely than women in occupations not involving
night shift work to require fertility treatment, and if so, to
characterize the type of infertility diagnoses. We considered the
role of age to explicitly address the circumstances that: night
shift work is more commonly undertaken by younger women,
including within occupations such as nursing where more senior
positions typically entail (administrative) day work; access to
fertility treatment increases with age, as women are increasingly
in a position to bear associated costs (financial, time, relationship
strain); the age-related decline in women’s fertility changes the
demographic and health profiles of women seeking treatment.

MATERIALS AND METHODS

Data Sources and Study Population
As described previously (14), the cohort for this study was
retrospectively assembled by linking population-wide data from
the South Australian perinatal registry (for the period January
1986 to December 2002) to data relating to patients undergoing
assessment and treatment for infertility. Data sets and key
variables are depicted in Figure 1.

Night Shift Work
The perinatal registry includes a woman’s usual occupation
prior to and/or during pregnancy (15), coded according to
the Australian Standard Classification of Occupations First

Edition (16). To assess exposure to night shift work, a shift
work job-exposure matrix (JEM) was applied. Job-exposure
matrices provide a cross-classification of job codes/titles and the
probability of occupational exposure (17). A detailed description
of the specific shift work JEM, including its validation, has
been published elsewhere (18). The JEM assigns each occupation
a probability of exposure to light at night, phase shift, sleep
disturbances, and other factors (19). For the present study,
exposure to light at night was selected as an indicator of night and
rotating shift work that includes nights. Exposure to light at night
is a key contributor to circadian disruption and alteredmelatonin
secretion, both of which have been associated with several adverse
health outcomes (20). Occupations with exposure to light at night
were those in which at least 30% of workers reported exposure,
an optimal threshold as determined in previous studies (21).
Those labeled “night shift workers” were a member of those
occupations. Those without this were assumed to be day workers.

Definition of Variables
Details of infertility diagnosis and fertility treatment were
obtained from infertility clinic records (Figure 1). Women
were considered to have required fertility treatment if they
conceived by any form of clinic-based fertility treatment
including ovulation induction, intrauterine insemination, in vitro
fertilization (IVF), and intracytoplasmic sperm injection (ICSI).
Births conceived to couples with male-factor infertility as the
primary infertility diagnosis (n = 1,437) were excluded from
all analyses to ensure that these women were not incorrectly
classified (with their independent requirement for fertility
treatment frequently unclear).

Among women who required fertility treatment to conceive,
infertility diagnosis was categorized as: ovulatory dysfunction
(including polycystic ovary syndrome), tubal blockage/problem,
endometriosis (usually after visual inspection of the pelvic
cavity), menstrual irregularity, and unexplained female-factor
infertility (22). Menstrual irregularity was derived from self-
reported usual cycle length at the beginning of treatment cycle
(<24 days or >32 days, or “irregular” in place of length).
Apart from unexplained female-factor infertility, women could
be assigned more than one diagnosis category.

Demographic, lifestyle, and health characteristics for
all primiparous women were obtained from the perinatal
registry. Women’s age at delivery (5-years age groups) enabled
comparison with other women who did not access treatment
(for whom age at conception is not a data item). Other covariates
considered were ethnicity (Caucasian vs. non-Caucasian) and
socio-economic status based on the level of disadvantage of a
woman’s area of residence (derived from the Socio-Economic
Indices for Areas developed by the Australian government) (23).
A small number of women for whom postcode, and therefore,
socioeconomic quartile was missing (n = 362, 0.3%) were
excluded from analyses involving this variable. Pre-pregnancy
medical conditions considered were diabetes, hypertension and
asthma. Smoking status was routinely recorded on the perinatal
record from 1998. Body mass index (BMI) was not recorded in
the perinatal dataset but was available for around three quarters
of fertility treatment patients.
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FIGURE 1 | Sources of study data and key variables.

Statistical Analysis
The study population was restricted to primiparous women
in order to increase the likelihood that participants were
employed in their designated usual occupation around the
time of conception and to reduce potential bias associated
with the ‘infertile worker’ effect (24, 25). The infertile worker
effect is observed in occupational studies when women who
begin family formation earlier and/or conceive quickly leave the
workforce, artificially creating the appearance that women who
remain, and are therefore available for study, are more likely
to be childless. This is an important consideration as half of
Australian women (53%) reduce participation in the workforce
after giving birth. While most return to work within 2 years, this
is usually (84%) part-time, which would affect night shift work
exposure (26).

The proportions of women in occupational subgroups,
classified by potential night shift exposure, were examined. The
proportions conceiving with fertility treatment were calculated
for these subgroups and also for those not in the paid workforce
(home duties, students, unemployed, pensioners). Categorical
variables were summarized using frequencies and percentages,
and continuous variables using means and standard deviations.
Demographic, lifestyle, and health characteristics were compared
between those who did and did not work night shift, and between
those who did and did not use fertility treatment, using t-tests for
continuous variables, Fisher’s exact tests for binary variables, and
chi-squared tests for categorical variables.

Relationships between shift work and fertility treatment were
assessed using multivariate logistic regression. Characteristics

which were related to shift work or fertility treatment in
bivariate analyses were included in multivariate analyses. Effect
modification by age was assessed with an interaction term. Age at
delivery was dichotomized as ≤35 or >35 years for the purposes
of the interaction analysis, consistent with the inflection point
for the age at which decline in female fertility is observed (27,
28). Two reference groups were used. First, night shift working
women were compared with all other women not exposed to
shift work, including those not in the paid workforce. Second,
the comparison group was restricted to day workers, that is,
women in paid employment whowere not classified as potentially
exposed to night shift.

A high proportion of female shift workers in Australia are
employed as nurses (29), which may introduce bias due to
nurses’ familiarity with health and the health care system possibly
influencing their engagement with treatment for infertility.
Therefore, a sensitivity analysis was performed in which women
employed as nurses were excluded. Smoking was a potential
confounding variable, but as smoking was recorded for only part
of the study period, this could only be investigated in a sensitivity
analysis using a restricted dataset containing this variable, i.e.,
from 1998 onwards.

For women whose first birth was conceived with fertility
treatment, infertility diagnoses were tabulated according
to night shift exposure. Associations were investigated in
detail using logistic regression and consideration of potential
confounding factors as above. Sensitivity analyses for smoking
were undertaken as previously and additional sensitivity analyses
for BMI were performed.
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All hypothesis tests were two-sided and p < 0.05 were
considered statistically significant. Data analysis was performed
using Stata v.14. (StataCorp, College Station, Texas, USA).

Ethical Approval
The study was approved by the ethics committees of the South
Australian Department of Health, the University of Adelaide, and
Flinders University. Individual patient consent was not required
by the ethics committees.

RESULTS

Of the 128,852 primiparous women who gave birth during the
study period, 11,000 (8.5%) were employed in occupations that
were likely to have involved night shift (Table 1). The majority
of potential night shift workers (72.7%) were registered or
enrolled nurses (i.e., degree or diploma qualification). The largest
occupational groups among presumed day workers were clerks
and sales assistants, followed by teachers. One in five womenwere
unemployed or engaged in home duties.

Overall, 1.6% of first births were conceived with fertility
treatment (Table 1). For night shift workers the proportion was
2.2%. Use of fertility treatment for conception was least common
among those not in paid employment: these women accounted
for only 14.5% of births conceived with fertility treatment,
compared with 25.9% of naturally conceived births.

As expected, maternal age, ethnicity, socioeconomic status
and smoking were associated with conception using fertility
treatment. Night shift workers tended to be older, Caucasian,
and to live in the most economically advantaged areas compared
to day workers (Table 2). Although smoking was less common
among night shift workers overall, smoking prevalence for
occupations involving night shift work was highly variable: for
example, 4.9% for registered nurses, 12.2% for enrolled nurses,
and 26.7% for guards and security officers. Socioeconomic
status also varied across night shift working occupations; the
proportion of women in the lowest socioeconomic quartile was
13.7% for registered nurses, 17.4% for enrolled nurses and 24.0%
for guards and security officers. There was little difference in the
overall prevalence of pre-pregnancy medical conditions among

TABLE 1 | Births to primiparous women 1986–2002 by employment status, occupation and mode of conception.

Employment status All Proportion of

occupation subcategory

Conceived with fertility treatmentc

N % % N %

All women 128,852 100.0 - 2,058 1.6

Night shift occupations 11,000 8.5 100.0 243 2.2

Registered nurses 6,405 5.0 58.2 157 2.5

Other personal service workers (e.g., croupier) 1,818 1.4 16.5 32 1.8

Enrolled nurses 1,596 1.2 14.5 31 1.9

Police 383 0.3 3.5 11 2.9

Radiographers 209 0.2 1.9 5 2.4

Food processing machine operators 148 0.1 1.3 1 0.7

Actors and related professionals 103 0.1 0.9 0 0.0

Other shift working occupationsa 84 0.1 0.8 2 2.4

Guards & security officers 75 0.1 0.7 2 2.7

Photographic products machine operators 65 0.1 0.6 2 3.1

Securities & finance dealers 62 0.05 0.6 0 0.0

Metal fitters & machinists 52 0.04 0.5 0 0.0

Day work occupations 84,991 66.0 100.0 1,514 1.8

Other clerks 13,071 10.1 15.4 248 1.9

Sales assistants 10,318 8.0 12.1 109 1.1

Teachersb 4,573 3.5 5.4 126 2.8

All other day working occupations 57,029 42.8 67.1 1,031 1.8

Not in paid employment 30,147 25.5 100.0 301 0.9

Home duties 14,419 11.2 47.8 240 1.7

Unemployed 11,835 9.2 39.3 32 0.3

Students 3,416 2.7 11.3 14 0.4

Pensioners 477 0.4 1.5 3 0.6

Unknown occupation 2,714 2.1 100.0 12 0.4

aData combined for shift working occupations where n < 30 (air transport operating support workers, prison officers, production recording clerks, other stationary plant operators, fabric

production machine operators).
b Includes pre-primary, primary, secondary and extra-systematic teachers, but not tertiary teachers.
cCouples who accessed fertility treatment for any diagnosis other than male factor infertility only.
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TABLE 2 | Demographic, health and lifestyle characteristics of primiparous women giving birth 1986–2002.

Mode of conception

Characteristic Night shift workers

(N = 11,000)

Day workers

(N = 84,991)

Night shift vs.

day workers

Not in paid

employment

(N = 32,861)

Fertility treatment

conceptions

(N = 2,058)

Natural conceptions

(N = 126,794)

Treatment vs.

Natural

N % N % P-value N % N % N % P-value

AGE (YEARS)

<30 7,139 64.9 60,185 70.8 <0.001 28,717 87.4 579 28.1 95,462 75.3 <0.001

30–34 2,951 26.8 19,057 22.4 3,059 9.3 909 44.2 24,158 19.1

35–39 797 7.3 5,027 5.9 913 2.8 474 23.0 6,263 4.9

≥ 40 113 1.0 720 0.8 169 0.5 96 4.7 906 0.7

ETHNICITY

Caucasian 10,716 97.4 81,581 96.0 <0.001 28,369 86.3 1,978 96.1 118,688 93.6 <0.001

Non-Caucasian 284 2.6 3,410 4.0 4,492 13.7 80 3.9 8,106 6.4

SOCIOECONOMIC STATUS

Q1 (lowest quartile) 1,708 15.5 17,114 20.1 <0.001 11,069 33.7 350 17.0 29,541 23.3 <0.001

Q2 2,386 21.7 21,010 24.7 9,112 27.7 428 20.8 32,080 25.3

Q3 3,012 27.4 21,165 24.9 7,941 24.2 493 24.0 31,625 24.9

Q4 (highest quartile) 3,851 35.0 25,497 30.0 4,625 14.1 784 38.1 33,189 26.2

Missing 43 0.4 205 0.2 114 0.3 3 0.2 359 0.3

SMOKINGa

Non-smoker 3,561 79.8 28,906 76.0 <0.001 8,431 56.3 1,512 82.3 39,386 70.8 <0.001

Smoker 877 19.6 8,855 23.3 6,158 41.1 324 17.6 15,556 28.0

Unknown 26 0.6 283 0.7 378 2.5 1 0.1 686 1.2

PRE-EXISTING MEDICAL CONDITIONS

Hypertension 140 1.3 925 1.1 0.08 327 1.0 28 1.4 1,364 1.1 0.2

Diabetes 27 0.3 210 0.2 0.97 103 0.3 6 0.3 334 0.3 0.8

Asthma 541 4.9 3,881 4.6 0.1 2,134 6.5 82 4.0 6,474 5.1 0.02

aRoutine reporting of maternal smoking on the perinatal record form did not begin until 1998. Therefore, smoking data are unavailable for 71,377 pregnancies occurring before this date.

women in paid employment when stratified by exposure to night
shift work.

There was a significant interaction between age (≤ 35,
>35 years) and night shift work (Adjusted β = 0.379,
SE = 0.158, p = 0.02) in relation to requirement for fertility
treatment. As shown in Table 3, among younger women,
night shift workers were more likely to require treatment
compared to all other women (Adjusted OR = 1.40, 95%
CI 1.19–1.64). When the comparison group comprised day
workers, results were somewhat attenuated but both the
interaction term and the association between night shift work
and fertility treatment remained statistically significant. No
association was observed among older women. Associations
did not change appreciably upon adjustment for ethnicity and
socioeconomic status.

In sensitivity analyses women employed as nurses were
excluded. This reduced the sample size available but results
indicated a similar pattern of associations, with women’s age
remaining an importantmodifier of the effect. For example, when
night shift workers were compared with all other women, the
adjusted result for those ≤35 years was OR = 1.34, 95% CI
1.00–1.80; when the comparison group was day workers, the
adjusted result was OR= 1.22, 95% CI 0.90–1.64.

In the 4-year period in which information on smoking was
available, smokers were 60% less likely to have conceived using
fertility treatment (consistent with findings for socioeconomic
status). Inclusion of smoking in the fully adjusted model did not
alter the overall association between night shift work and use of
fertility treatment for conception, regardless of the comparison
group. For example, when night shift workers were compared
with all other women, the adjusted result for those ≤35 years
was OR = 1.44, 95% CI 1.08–1.93; when the comparison group
was day workers, the adjusted result was OR = 1.32, 95%
CI 0.98–1.77.

Table 4 shows the prevalence of infertility diagnoses separately
for night shift workers, all other women and day workers.
Endometriosis and menstrual irregularity were more common
among night shift workers compared to the other two groups
(Table 4). Conversely, unexplained infertility was less likely
among night shift workers, although these results did not
reach statistical significance. There was little difference in the
prevalence of ovulatory dysfunction or tubal blockage/problem
among the groups.

In sensitivity analyses, smoking was assessed as a potential
confounder of the associations between night shift work and
infertility diagnoses. Interrogation of the restricted dataset
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TABLE 3 | Use of fertility treatment to conceive a first birth among women who work night shift compared to all other women and day workers.

Use of fertility treatment Night shift workers vs

all other women

Night shift workers vs

day workers

Night shift

workers

All other

women

Day

workers

Unadjusted

OR [95%CI]

Adjusteda

OR [95%CI]

Unadjusted

OR [95%CI]

Adjusteda

OR [95%CI]

Women aged ≤ 35 years n 177 1,311 1,065 1.49 [1.28–1.75] 1.40 [1.19–1.64] 1.31 [1.12–1.54] 1.27 [1.08–1.50]

Total 10,909 111,018 79,242

% 1.6 1.2 1.3

Women aged > 35 years n 66 504 449 0.98 [0.75-1.28] 0.96 [0.74-1.25] 0.92 [0.71–1.21] 0.92 [0.71−1.21]

Total 910 6,834 5,749

% 7.3 7.4 7.8

CI, confidence interval; OR, odds ratio.
aAnalyses adjusted for ethnicity and socio-economic indexes for areas.

TABLE 4 | Associations between female infertility categories and night shift work among women who required fertility treatment to conceive a first birth.

Prevalence of infertility diagnoses n (%) Night shift workers vs all other

women

Night shift workers vs day

workers

Infertility category Night shift

workers

(n = 243)

All other

women

(n = 1,815)

Non-shift

employed workers

(n = 1,514)

Unadjusted OR

[95%CI]

Adjusteda

OR [95%CI]

Unadjusted OR

[95%CI]

Adjusteda

OR [95%CI]

Ovulatory dysfunction 48 (19.8) 379 (20.9) 318 (21.0) 0.93 [0.67–1.30] 0.93 [0.66–1.31] 0.93 [0.66–1.30] 0.90 [0.64–1.27]

Endometriosis 76 (31.3) 451 (24.8) 390 (25.8) 1.37 [1.03–1.84] 1.39 [1.04–1.87] 1.31 [0.98–1.76] 1.34 [1.00–1.80]

Tubal blockage/problem 77 (31.7) 648 (35.7) 520 (34.3) 0.84 [0.63–1.11] 0.82 [0.62–1.10] 0.89 [0.66–1.19] 0.88 [0.65–1.18]

Menstrual irregularity 76 (31.3) 451 (24.8) 366 (24.2) 1.38 [1.03–1.84] 1.38 [1.03–1.85] 1.42 [1.06–1.91] 1.42 [1.05–1.91]

Unexplained infertility 31 (12.8) 307 (16.9) 269 (17.8) 0.72 [0.48–1.07] 0.73 [0.49–1.08] 0.68 [0.45–1.01] 0.69 [0.46–1.03]

CI, confidence interval; OR, odds ratio.
aAnalyses adjusted for ethnicity and socio-economic indexes for areas.

showed that smoking would not influence associations between
night shift work and either endometriosis or menstrual
irregularity, since it was not associated with these diagnoses
(hence effect estimates did not change when smoking was
including in a multivariate analysis). Body mass index was
available for 1,774 women who underwent fertility treatment.
The distributions of BMI were similar for all groups with BMI
mean[sd] kg/m2 for night shift workers 24.9 [5.2] vs. 24.4 [4.9]
for day workers (p = 0.24) and 24.6 [5.0] for all other women
(p= 0.46).

DISCUSSION

We found the association between potential night shift work and
use of fertility treatment to conceive a first birth was significantly
modified by women’s age. Potential night shift work increased
the likelihood of fertility treatment in young women up to
and including 35 years by an estimated 27–40%, depending on
the reference group, but no association was observed among
women over 35 years, when compared to day workers. Night
shift workers who received fertility treatment were 30–40%
more likely to have an infertility diagnosis of endometriosis
or menstrual irregularity, and 30% less likely to experience

unexplained infertility, compared to other women requiring
treatment to achieve a first birth.

To our knowledge, this is the first study to investigate night
shift work and use of fertility treatment. Our results are consistent
with a population based Danish study which investigated age-
standardized differences in female fertility treatment rates across
industries, finding that hospital workers—among whom night
shift is common—were significantly more likely to undergo
fertility treatment than other economically active women (30).
Inherent bias may exist among healthcare workers seeking
fertility treatment compared to other occupations because of
health care workers’ increased awareness of the availability, and
perhaps perception of need for fertility treatment. While there is
some suggestion in the literature that this is the case, the strongest
factor predicting fertility awareness is education level (31, 32).
Further, sensitivity analysis in the present study showed that the
findings also applied to women who worked night shift but were
not nurses.

Other studies have investigated infertility (defined in terms of
time to conception) among shift workers. In a 2014meta-analysis
of five cohorts, female shift workers had a significantly higher
rate of infertility compared to non-shift workers (OR = 1.80,
95% CI 1.01–3.20) (10). Conversely, a later study of 1,739 women
in the Nurses’ Health Study 3 Cohort found no associations
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between different shift work patterns and time to conception
(33). Similarly, a recent preconception cohort study of 6,873
women found no association between shift work patterns and
fecundability (34).

Our results regarding the infertility diagnoses and
reproductive conditions among night shift workers are
consistent with previous literature on shift work, menstrual
irregularity and prolonged time to conception (7, 10), and a
smaller literature on shift work and endometriosis (8, 9). In
addition, an association between shift work and menstrual
irregularity has been demonstrated in studies of different design
and among different samples. This includes questionnaire-
based studies, where data on menstrual function was collected
independently of the clinical infertility treatment setting (7),
and studies where nurses did not form the majority of the
sample (35).

The more frequent diagnoses of menstrual irregularity and
endometriosis among night shift workers requiring fertility
treatment are consistent with biological mechanisms associated
with night and rotating shift work. Different hormone systems
follow different secretory patterns and adapt at different rates
to circadian disruption, so night and rotating shift work is
likely to produce at least some asynchrony in these systems
(36, 37). Circadian activity is coordinated by the suprachiasmatic
nucleus in the hypothalamus, which relays information from
environmental stimuli to other parts of the brain and peripheral
organs (36, 38). Animal studies suggest that optimal functioning
of the suprachiasmatic nucleus is required to produce the
luteinizing hormone (LH) surge and ensuing ovulation and that
melatonin interacts with gonadotropins, including augmentation
of the LH surge (36, 39). In this circumstance, perturbation of
the LH surge may disrupt the cyclicity of ovulation in women
who otherwise do not have anovulatory infertility or poor ovarian
reserve. In a prospective study of couples attending a fertility
center, women who worked evening/night/rotating shifts had
significantly lower oocyte yield following controlled ovarian
stimulation compared to day workers, but no difference in
measures of ovarian reserve, such as antral follicle count and
follicle stimulating hormone (40).

Circadian misalignment and impaired sleep are also
associated with neuroendocrine stress (increased cortisol
and catecholamine activity), oxidative stress, altered immune
function and low-grade system inflammation (41). Impaired
immune function and inflammatory responses in night
shift workers may contribute to increased susceptibility to
endometriosis, as impaired immune surveillance and reactive
oxygen species have been implicated in the inflammatory and
pathophysiological processes of the disease (42–44).

Individuals have been shown to vary in their ability to tolerate
night shift work. Those with poor tolerance experience symptoms
such as gastrointestinal disturbance, sleep disturbance, fatigue,
and changes in mood (irritability, low affect) and behavior (45,
46). Thus, self-selection into or out of shift schedules is probable
(47). It is possible night shift workers who required fertility
treatment for a first birth had relatively poor tolerance for shift
work, but limited choice about the matter, for example, as occurs
in more junior nursing roles. In a systematic review of individual

differences in tolerance to shift work (48), evidence regarding
age and tolerance of shift work was mixed, but few studies were
conducted among female workers and even fewer considered
women aged under 30 years.

The elevated use of fertility treatment among night shift
workers was magnified when the comparison group comprised
all primiparous women, including those not in paid employment.
The group of women who reported being engaged in home
duties, in particular, was larger than expected for primiparous
women. The great majority of these women had their first birth
at less than age 30 years and were relatively disadvantaged,
suggesting that any paid work they had prior to pregnancy
may have been low skilled, lacked paid maternity leave, and
was not seen as a career. Hence a degree of non-reporting of
former occupation is likely among such women (15). It is difficult
to gauge whether misclassification bias could arise from this
source, but some reassurance is provided by the fact that assisted
conception occurred in 1.7% of women reporting home duties,
similar to the proportion for women in paid employment who
did not work night shift (1.8%).

Strengths of this study are the large, population-based cohort
of over 128,000 primiparous women, and the detailed health
information available for women undergoing fertility treatment.
Restriction of the analysis to primiparous women substantially
addresses any bias due to the infertile worker effect, whereby
childless women are more likely to remain in the workforce
(24). The JEM used was developed in a representative population
of women of the same nationality and contemporary to the
study population. In a validation study, the JEM performed
almost as well as job specific questionnaires in terms of
reproducing an established association (18). JEMs are a well-
accepted and commonly-used method to extrapolate exposure
from occupational data where direct measurements cannot be
made (49, 50). A further strength of a JEM is that it is applied
consistently to all study participants, attenuating observation bias
or at least rendering it non-differential.

The use of JEMs to classify exposure has limitations.
JEMs classify exposure at the occupation-level rather than the
individual-level. No information was available on the actual night
shift exposure of individual women. There is therefore likely to be
exposure misclassification. However, as misclassification occurs
independently of outcome status (i.e., non-differentially), this
would tend to move estimates toward the null.

It is also important to note that women who access fertility
treatment may not be representative of all infertile or subfertile
women, particularly in terms of socioeconomic status. Residual
confounding may also be present, as due to the nature of
the registry data, we are unable to consider other potential
confounders such as diet, education level and working hours. A
further limitation of this study is that we do not have information
on fertility treatment for treated women who did not conceive
or whose gestation did not reach 20 weeks (51), and we do
not know if our findings are affected by survivorship bias.
We also do not have information on menstrual irregularity or
endometriosis among women who conceived naturally. Lastly,
given the timeframe of the data, there may have been changes
to working conditions and the accessibility of fertility treatment
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over time that may alter the associations observed in this study.
Alternatively, the advantage of an older data set is that the average
age of first birth was younger (and more women attempted
parenthood at a younger age) and there was more reluctance to
undergo treatment.

In conclusion, this study adds to literature implicating night
shift work in reproductive health problems (4, 7, 10). Adverse
effects appeared in women <35 years only, who may represent a
vulnerable subgroup with poor tolerance of the sequelae of night
shift work, and this deserves further research. Providing these
women with a degree of control and choice about shift schedule
may be the best way to enable them to maintain income and
career and health, while accommodating shift work (52). Other
strategies to mitigate circadian disruption exist, for example
tailored sleep plans (53); these should be promoted and further
practical avenues explored.

DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following
licenses/restrictions: The authors do not have permission to share
the data as they were provided specifically for the scope of
research as approved by the ethics committees. Requests to access
these datasets should be directed to https://www.santdatalink.
org.au/.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by South Australian Department of Health
Human Research Ethics Committee, University of Adelaide

Human Research Ethics Committee and Flinders University

Human Research Ethics Committee. Written informed
consent for participation was not required for this study
in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

RF participated in study design, planned and conducted the
statistical analysis, interpreted the results, and drafted the
manuscript. VM, JM, MW, and MD participated in study design,
interpretation of results, critically reviewed, and contributed to
the manuscript. All authors contributed to manuscript revision,
read, and approved the submitted version.

FUNDING

RF was supported by an Australian Postgraduate Award from
the Commonwealth Government through the University of
Adelaide. This work was partially funded by a scholarship from
the Safe Work South Australia Augusta Zadow Awards program.
MD development of the cohort has been supported by grants
from the NHMRC (349475, 349548, 453556, and 465455) and the
Australian Research Council (FT100101018).

ACKNOWLEDGMENTS

We thank Flinders Reproductive Medicine and Repromed in
Adelaide for providing clinical data. We wish to thank the staff
of the Pregnancy Outcome Unit within the South Australian
Department of Health for contributing data and undertaking
the data linkage for this study. We thank Kristyn Willson for
statistical advice.

REFERENCES

1. Henderson R. Industry employment and output projections to 2024.Monthly

Labor Rev. (2015) 2015. doi: 10.21916/mlr.2015.47

2. Alterman T, Luckhaupt SE, Dahlhamer JM, Ward BW, Calvert

GM. Prevalence rates of work organization characteristics among

workers in the U.S.: data from the 2010 national health interview

survey. Am J Ind Med. (2013) 56:647–59. doi: 10.1002/ajim.

22108

3. Charlesworth S, Heron A. New Australian working time minimum standards:

reproducing the same old gendered architecture? J Ind Relat. (2012) 54:164–

81. doi: 10.1177/0022185612437840

4. Fernandez RC, Marino JL, Varcoe TJ, Davis S, Moran LJ, Rumbold

AR, et al. Fixed or rotating night shift work undertaken by women:

implications for fertility and miscarriage. Semin Reprod Med. (2016) 34:74–

82. doi: 10.1055/s-0036-1571354

5. Baker FC, Driver HS. Circadian rhythms, sleep, and the menstrual cycle. Sleep

Med. (2007) 8:613–22. doi: 10.1016/j.sleep.2006.09.011

6. Sellix MT. Circadian clock function in the mammalian ovary.

J Biol Rhythms. (2015) 30:7–19. doi: 10.1177/0748730414

554222

7. Lawson CC, Johnson CY, Chavarro JE, Lividoti Hibert EN, Whelan EA,

Rocheleau CM, et al. Work schedule and physically demanding work in

relation to menstrual function: the nurses’ health study 3. Scand J Work

Environ Health. (2015) 41:194–203. doi: 10.5271/sjweh.3482

8. Marino JL, Holt VL, Chen C, Davis S. Shift work, hCLOCK T3111C

polymorphism, and endometriosis risk. Epidemiology. (2008) 19:477–

84. doi: 10.1097/EDE.0b013e31816b7378

9. Schernhammer ES, Vitonis AF, Rich-Edwards J, Missmer SA. Rotating

nightshift work and the risk of endometriosis in premenopausal women. Am

J Obstet Gynecol. (2011) 205:476 e1–8. doi: 10.1016/j.ajog.2011.06.002

10. Stocker LJ, Macklon NS, Cheong YC, Bewley SJ. Influence of shift

work on early reproductive outcomes: a systematic review and meta-

analysis. Obstetr Gynecol. (2014) 124:99–110. doi: 10.1097/AOG.0000000000

000321

11. Bell K. An overview of assisted reproduction in Australia and directions for

social research. Aust J Emerg Technol Soc. (2006) 4:15−27

12. Chambers GM, Ho MT, Sullivan EA. Assisted reproductive

technology treatment costs of a live birth: an age-stratified cost-

outcome study of treatment in Australia. Med J Aust. (2006)

184:155–8. doi: 10.5694/j.1326-5377.2006.tb00174.x

13. Marino JL, Moore VM, Rumbold AR, Davies MJ. Fertility treatments and the

young women who use them: an Australian cohort study.HumReprod. (2011)

26:473–9. doi: 10.1093/humrep/deq305

14. Davies MJ, Moore VM, Willson KJ, Van Essen P, Priest K, Scott H, et al.

Reproductive technologies and the risk of birth defects. N Engl J Med. (2012)

366:1803–13. doi: 10.1056/NEJMoa1008095

15. McLean A, Scott J, Keane RJ, Sage L, Chan A. Validation of the 1994 South

Australian Perinatal Data Collection Form. Adelaide: Pregnancy Outcome

Unit (2001)

Frontiers in Public Health | www.frontiersin.org 8 December 2020 | Volume 8 | Article 595943

https://www.santdatalink.org.au/
https://www.santdatalink.org.au/
https://doi.org/10.21916/mlr.2015.47
https://doi.org/10.1002/ajim.22108
https://doi.org/10.1177/0022185612437840
https://doi.org/10.1055/s-0036-1571354
https://doi.org/10.1016/j.sleep.2006.09.011
https://doi.org/10.1177/0748730414554222
https://doi.org/10.5271/sjweh.3482
https://doi.org/10.1097/EDE.0b013e31816b7378
https://doi.org/10.1016/j.ajog.2011.06.002
https://doi.org/10.1097/AOG.0000000000000321
https://doi.org/10.5694/j.1326-5377.2006.tb00174.x
https://doi.org/10.1093/humrep/deq305
https://doi.org/10.1056/NEJMoa1008095
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Fernandez et al. Night Shift and Female Infertility

16. Castles I. Australian Standard Classification of Occupations (First Edition):

Occupation Definitions. Canberra: Australian Bureau of Statistics; 1990.

17. Plato N, Steineck G. Methodology and utility of a job-exposure matrix. Am J

Indus Med. (1993) 23:491–502. doi: 10.1002/ajim.4700230312

18. Fernandez RC, Peters S, Carey RN, Davies MJ, Fritschi L. Assessment

of exposure to shiftwork mechanisms in the general population: the

development of a new job-exposure matrix. Occup Environ Med. (2014)

71:723–9. doi: 10.1136/oemed-2014-102101

19. Fritschi L, Glass DC, Heyworth JS, Aronson K, Girschik J, Boyle T, et al.

Hypotheses for mechanisms linking shiftwork and cancer. Med Hypotheses.

(2011) 77:430–6. doi: 10.1016/j.mehy.2011.06.002

20. Cho Y, Ryu S-H, Lee BR, Kim KH, Lee E, Choi J. Effects of artificial

light at night on human health: a literature review of observational and

experimental studies applied to exposure assessment. Chronobiol Int. (2015)

32:1294–310. doi: 10.3109/07420528.2015.1073158

21. Siemiatycki J, Dewar R, Richardson L. Costs and statistical power associated

with five methods of collecting occupation exposure information for

population-based case-control studies. Am J Epidemiol. (1989) 130:1236–

46. doi: 10.1093/oxfordjournals.aje.a115452

22. Hull MGR, Glazener CMA, Kelly NJ, Conway DI, Foster PA, Hilton RA, et al.

Population study of causes, treatment, and outcome of infertility. BMJ. (1985)

291:1693–7. doi: 10.1136/bmj.291.6510.1693

23. Census of population and housing: Socio-Economic Indices for Areas (SEIFA).

Canberra: Australian Bureau of Statistics; (2006)

24. Joffe M. Biases in research on reproduction and women’s work. Int J

Epidemiol. (1985) 14:118–23. doi: 10.1093/ije/14.1.118

25. Olsen J. Options inmaking use of pregnancy history in planning and analysing

studies of reproductive failure. J Epidemiol Community Health. (1994) 48:171–

4. doi: 10.1136/jech.48.2.171

26. Australian Bureau of Statistics. Pregnancy and Work Transitions. Australian

Social Trends. (2013) 02/05/2016. Available online at: http://www.abs.gov.au/

ausstats/abs@.nsf/Lookup/4102.0Main$+$Features10Nov$+$2013. (accessed

May 02, 2016).

27. Heffner LJ. Advancedmaternal age— how old is too old?N Engl J Med. (2004)

351:1927–9. doi: 10.1056/NEJMp048087

28. Menken J, Trussell J, Larsen U. Age and infertility. Science. (1986) 233:1389–

94. doi: 10.1126/science.3755843

29. Australian Bureau of Statistics. Paid Work: Nursing Workers.

Australian Social Trends. (2005) Available online at: http://www.

abs.gov.au/AUSSTATS/abs@.nsf/2f762f95845417aeca25706c00834efa/

8a87ef112b5bcf8bca25703b0080ccd9!OpenDocument (accessed May 29,

2018).

30. Feveile H, Schmidt L, Hannerz H, Hougaard KS. Industrial differences

in female fertility treatment rates - a new approach to assess

differences related to occupation? Scand J Public Health. (2011)

39:164–71. doi: 10.1177/1403494810391525

31. Pedro J, Brandão T, Schmidt L, Costa ME, Martins MV.What do people know

about fertility? A systematic review on fertility awareness and its associated

factors.Ups J Med Sci. (2018) 123:71–81. doi: 10.1080/03009734.2018.1480186

32. García D, Vassena R, Prat A, Vernaeve V. Poor knowledge of age-related

fertility decline and assisted reproduction among healthcare professionals.

Reprod Biomed Online. (2017) 34:32–7. doi: 10.1016/j.rbmo.2016.09.013

33. Gaskins AJ, Rich-Edwards JW, Lawson CC, Schernhammer ES,

Missmer SA, Chavarro JE. Work schedule and physical factors

in relation to fecundity in nurses. Occup Environ Med. (2015)

72:777–83. doi: 10.1136/oemed-2015-103026

34. Willis SK, Hatch EE, Wesselink AK, Rothman KJ, Mikkelsen EM, Wise

LA. Female sleep patterns, shift work, and fecundability in a North

American preconception cohort study. Fertil Steril. (2019) 111:1201–

10.e1. doi: 10.1016/j.fertnstert.2019.01.037

35. Su SB, Lu CW, Kao YY, Guo HR. Effects of 12-hour rotating shifts on

menstrual cycles of photoelectronic workers in Taiwan. Chronobiol Int. (2008)

25:237–48. doi: 10.1080/07420520802106884

36. Gamble KL, Resuehr D, Johnson C. Shift work and circadian dysregulation

of reproduction. Front Endocrinol. (2013) 4:10. doi: 10.3389/fendo.2013.

00092

37. Kerdelhué B, Brown S, Lenoir V, Queenan Jr JT, Jones GS, Scholler R,

et al. Timing of initiation of the preovulatory luteinizing hormone surge

and its relationship with the circadian cortisol rhythm in the human.

Neuroendocrinology. (2002) 75:158–63. doi: 10.1159/000048233

38. Dibner C, Schibler U, Albrecht U. The mammalian circadian timing system:

organization and coordination of central and peripheral clocks. Annu Rev

Physiol. (2010) 72:517–49. doi: 10.1146/annurev-physiol-021909-135821

39. Wiegand SJ, Terasawa E. Discrete lesions reveal functional heterogeneity of

suprachiasmatic structures in regulation of gonadotropin secretion in the

female rat. Neuroendocrinology. (1982) 34:395–404. doi: 10.1159/000123335

40. Mínguez-Alarcón L, Souter I, Williams PL, Ford JB, Hauser R, Chavarro

JE, et al. Occupational factors and markers of ovarian reserve and response

among women at a fertility centre.Occupational Environ Med. (2017) 74:426–

31. doi: 10.1136/oemed-2016-103953

41. Faraut B, Bayon V, Léger D. Neuroendocrine, immune and

oxidative stress in shift workers. Sleep Med Rev. (2013) 17:433–

44. doi: 10.1016/j.smrv.2012.12.006

42. Ahn SH, Monsanto SP, Miller C, Singh SS, Thomas R, Tayade C.

Pathophysiology and immune dysfunction in endometriosis. BioMed Res Int.

(2015) 2015:795976. doi: 10.1155/2015/795976

43. Tamura H, Nakamura Y, Korkmaz A, Manchester LC, Tan D-

X, Sugino N, et al. Melatonin and the ovary: physiological

and pathophysiological implications. Fertil Steril. (2009) 92:328–

43. doi: 10.1016/j.fertnstert.2008.05.016

44. Zeller JM, Henig I, Radwanska E, Dmowski WP. Enhancement of human

monocyte and peritoneal macrophage chemiluminescence activities in

women with endometriosis. Am J Reprod Immunol Microbiol. (1987) 13:78–

82. doi: 10.1111/j.1600-0897.1987.tb00097.x

45. Andlauer P, Reinberg A, Fourre L, Battle W, Duverneuil G. Amplitude of the

oral temperature circadian rhythm and the tolerance to shift-work. J Physiol.

(1979) 75:507–12

46. Reinberg A, Ashkenazi I. Internal desynchronization of circadian

rhythms and tolerance to shift work. Chronobiol Int. (2008)

25:625–43. doi: 10.1080/07420520802256101

47. Costa G. Shift work and occupational medicine: an overview. Occup Med.

(2003) 53:83–8. doi: 10.1093/occmed/kqg045

48. Saksvik IB, Bjorvatn B, Hetland H, Sandal GM, Pallesen S. Individual

differences in tolerance to shift work - a systematic review. Sleep Med Rev.

(2011) 15:221–35. doi: 10.1016/j.smrv.2010.07.002

49. Kromhout H, Vermeulen R. Application of job-exposure matrices in studies

of the general population: some clues to their performance. Eur Respir Rev.

(2001) 11:80–90. doi: 10.1097/00001648-200001000-00020

50. Peters S, Vermeulen R, Cassidy A, Mannetje At, van Tongeren M, Boffetta

P, et al. Comparison of exposure assessment methods for occupational

carcinogens in a multi-centre lung cancer case–control study. Occup Environ

Med. (2011) 68:148–53. doi: 10.1136/oem.2010.055608

51. McLernon DJ, Maheshwari A, Lee AJ, Bhattacharya S. Cumulative live birth

rates after one or more complete cycles of IVF: a population-based study

of linked cycle data from 178 898 women. Human Reprod. (2016) 31:572–

81. doi: 10.1093/humrep/dev336

52. Garde AH, Albertsen K, Nabe-Nielsen K, Carneiro IG, Skotte J, Hansen

SM, et al. Implementation of self-rostering (the PRIO project): Effects on

working hours, recovery, and health. Scand J Public Health. (2012) 38:314–

26. doi: 10.5271/sjweh.3306

53. Smith MR, Eastman CI. Shift work: health, performance and safety

problems, traditional countermeasures, and innovative management

strategies to reduce circadian misalignment. Nat Sci Sleep. (2012)

4:111–32. doi: 10.2147/NSS.S10372

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Fernandez, Moore, Marino, Whitrow and Davies. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Public Health | www.frontiersin.org 9 December 2020 | Volume 8 | Article 595943

https://doi.org/10.1002/ajim.4700230312
https://doi.org/10.1136/oemed-2014-102101
https://doi.org/10.1016/j.mehy.2011.06.002
https://doi.org/10.3109/07420528.2015.1073158
https://doi.org/10.1093/oxfordjournals.aje.a115452
https://doi.org/10.1136/bmj.291.6510.1693
https://doi.org/10.1093/ije/14.1.118
https://doi.org/10.1136/jech.48.2.171
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4102.0Main$+$Features10Nov$+$2013
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4102.0Main$+$Features10Nov$+$2013
https://doi.org/10.1056/NEJMp048087
https://doi.org/10.1126/science.3755843
http://www.abs.gov.au/AUSSTATS/abs@.nsf/2f762f95845417aeca25706c00834efa/8a87ef112b5bcf8bca25703b0080ccd9!OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/2f762f95845417aeca25706c00834efa/8a87ef112b5bcf8bca25703b0080ccd9!OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/2f762f95845417aeca25706c00834efa/8a87ef112b5bcf8bca25703b0080ccd9!OpenDocument
https://doi.org/10.1177/1403494810391525
https://doi.org/10.1080/03009734.2018.1480186
https://doi.org/10.1016/j.rbmo.2016.09.013
https://doi.org/10.1136/oemed-2015-103026
https://doi.org/10.1016/j.fertnstert.2019.01.037
https://doi.org/10.1080/07420520802106884
https://doi.org/10.3389/fendo.2013.00092
https://doi.org/10.1159/000048233
https://doi.org/10.1146/annurev-physiol-021909-135821
https://doi.org/10.1159/000123335
https://doi.org/10.1136/oemed-2016-103953
https://doi.org/10.1016/j.smrv.2012.12.006
https://doi.org/10.1155/2015/795976
https://doi.org/10.1016/j.fertnstert.2008.05.016
https://doi.org/10.1111/j.1600-0897.1987.tb00097.x
https://doi.org/10.1080/07420520802256101
https://doi.org/10.1093/occmed/kqg045
https://doi.org/10.1016/j.smrv.2010.07.002
https://doi.org/10.1097/00001648-200001000-00020
https://doi.org/10.1136/oem.2010.055608
https://doi.org/10.1093/humrep/dev336
https://doi.org/10.5271/sjweh.3306
https://doi.org/10.2147/NSS.S10372
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Fernandez, RC;Moore, VM;Marino, JL;Whitrow, MJ;Davies, MJ

Title:
Night Shift Among Women: Is It Associated With Difficulty Conceiving a First Birth?

Date:
2020-12-01

Citation:
Fernandez, R. C., Moore, V. M., Marino, J. L., Whitrow, M. J. & Davies, M. J. (2020). Night
Shift Among Women: Is It Associated With Difficulty Conceiving a First Birth?. FRONTIERS
IN PUBLIC HEALTH, 8, https://doi.org/10.3389/fpubh.2020.595943.

Persistent Link:
http://hdl.handle.net/11343/272345

License:
CC BY

http://hdl.handle.net/11343/272345
CC%20BY

	Night Shift Among Women: Is It Associated With Difficulty Conceiving a First Birth?
	Introduction
	Materials and Methods
	Data Sources and Study Population
	Night Shift Work
	Definition of Variables
	Statistical Analysis
	Ethical Approval

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


