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Abstract

Background—~Potential confounding or effect modification by employment status is frequently
overlooked in pregnancy outcome studies.

Methods—To characterize how employed and non-employed women differ, we compared
demographics, behaviors, and reproductive histories by maternal employment status for 8,343
mothers of control (non-malformed) infants in the National Birth Defects Prevention Study (1997-
2007) and developed a multivariable model for employment status anytime during pregnancy and
the 3 months before conception.
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Results—Sixteen factors were independently associated with employment before or during
pregnancy, including: maternal age, pre-pregnancy body mass index, pregnancy intention,
periconceptional/first trimester smoking and alcohol consumption, and household income.

Conclusions—Employment status was significantly associated with many common risk factors
for adverse pregnancy outcomes. Pregnancy outcome studies should consider adjustment or
stratification by employment status. In studies of occupational exposures, these differences may
cause uncontrollable confounding if non-employed women are treated as unexposed instead of
excluded from analysis.
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INTRODUCTION

Parental employment status (whether a person is employed or not) and occupation (the type
of work performed during employment) are often omitted or overlooked as critical variables
of interest in studies of pregnancy outcomes in the United States. Many surveillance systems
and national surveys (e.g., the Pregnancy Risk Assessment Monitoring System) traditionally
have not collected this information. In a 2009 survey, only 16 states voluntarily collected
information on parental occupation on birth certificates and 24 collected information on
parental occupation on fetal death certificates [Fitzgerald et al., 2009]. Even when
occupational information is collected, it is often incomplete or of poor quality [Shaw et al.,
1990; Brender et al., 2008]—though the quality of information can be greatly improved
when staff are trained on the importance of occupational data [Armenti et al., 2010]. The
lack of information on parental employment status or occupation has limited research on
employment and pregnancy outcomes.

Employment status might be an important confounder or effect modifier to consider in
studies of pregnancy outcomes associated with non-occupational risk factors, because self-
selection to employment is likely driven by many factors including reproductive history
(e.9., the number and ages of children at home), family structure, attitudes towards
employment and motherhood, and access to affordable childcare [Budig, 2003; Crohn et al.,
2014]. Employment, in turn, affects important factors such as access to health insurance,
income, and paid leave for pre- and post-natal care. Type of occupation is also an important
component of socioeconomic status, capturing social prestige in a way that income and
education alone do not [Liberatos et al., 1988; Fujishiro et al., 2010]. Even when this
information is available, most pregnancy outcome studies rarely consider that employment
might confound or modify the effects of other, non-occupational risk factors.

Among the subset of studies examining occupational exposures and pregnancy outcomes,
another issue arises when considering how to treat non-employed women in analyses. These
women are at times excluded from analysis (which is equivalent to stratifying by
employment status, since no exposure occurs among non-employed women so no effect
estimates can be estimated), used as the unexposed reference group, or else included in the
reference group along with unexposed employed women. We have encountered
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disagreements regarding use of unemployed women as a reference group [Rocheleau et al.,
2012] and anecdotal suggestions to retain non-employed women in analyses of occupational
exposures. Those in favor of retaining non-employed women often cite previously published
criticisms of an exposure potential restriction rule [Poole, 1986, 1987], while those in favor
of excluding non-employed women often consider restriction necessary to control
confounding by characteristics related to employment, for example the “healthy worker
effect.” Countering this, however, are assertions that the healthy worker effect is not relevant
to pregnancy outcome studies because all included women were healthy enough to become
pregnant. There are few data available with which to contribute empirically to this
methodological discussion.

To address these issues, we used recent data from a population-based study to i) identify
how employment before and during pregnancy is associated with demographics, health
history, and health behaviors that are frequently cited as risk factors for adverse pregnancy
outcomes; ii) assess whether differences between employed and non-employed women
could be adequately adjusted for in multivariable models using other proxy variables; and
iii) discuss the relevance of these findings to future pregnancy outcome studies.

MATERIALS AND METHODS

Study Design

We analyzed data from mothers of live-born infants without birth defects born on or after
October 1, 1997, with an estimated due date on or before December 31, 2007, from the
National Birth Defects Prevention Study (NBDPS). The NBDPS is a population-based case-
control study of birth defects conducted by population-based surveillance systems in 10
states (Arkansas, California, Georgia, lowa, Massachusetts, New Jersey, New York, North
Carolina, Texas, and Utah). The NBDPS control population has been shown to be
representative of the US population of child-bearing women on several demographic
characteristics [Cogswell et al., 2009]. Control infants were identified from hospital delivery
logs or birth certificate files. Details of the study design have been described elsewhere
[Yoon et al., 2001; Reefhuis et al., 2015]. A computer-assisted telephone interview (CATI)
was administered in English or Spanish no sooner than 6 weeks and no later than 24 months
after the infant’s due date. Data collection included: demographics, pregnancy
characteristics, family history, medical and prenatal care, diet, lifestyle, and occupational
history.

Study Variables

We analyzed a range of demographic, behavioral, and health history variables available in
the NBDPS that are commonly associated with adverse pregnancy outcomes (miscarriage,
stillbirth, birth defects, preterm birth, and low birth-weight/small-for-gestational-age) in the
literature [Wilcox, 2010; Buck Louis and Platt, 2011]. Demographic variables included the
mother’s self-reported age at the time of delivery; maternal and paternal race, nativity, and
education; annual household income (categorized); number of people in the household; and
NBDPS site (resident state at delivery). Reproductive history variables included maternal
parity, prior miscarriages, pregnancy intention, and use of fertility drugs or procedures to
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become pregnant. Maternal health variables included height and pre-pregnancy weight (used
to calculate body mass index (BMI)), and diabetes or hypertension diagnosed before or
during the pregnancy. Health behaviors included maternal smoking and alcohol consumption
in the month prior to conception and/or within the first trimester of pregnancy, maternal and
paternal illicit drug use during the 3 months prior to conception or during the pregnancy, and
maternal use of a folic acid supplement during the 1 month prior to conception through 1
month after conception. Finally, pregnancy outcomes assessed included plurality of the
pregnancy, gestational age, and birthweight.

Mothers were asked to describe all jobs they held for at least 1 month during the 3 months
prior to pregnancy through the end of the pregnancy (B3-Pgng); this included full- or part-
time jobs and jobs worked at home, on a farm, or outside the home. For each job, a mother
reported her employer’s name, what the employer produced or the service it provided, her
job title, her typical job duties, any chemicals/substances or equipment she handled, her
typical number of days per week and hours per day worked, the month and year she started
working the job, and (if applicable) the month and year she stopped working the job.

There were 8,450 NBDPS control mothers eligible for our analysis. We excluded mothers
who did not provide any information on their employment status B3-Pgnq (n = 98), reported
working during this time period but did not provide any job description (n = 7), or reported
working 0 days per week and/or O hr per day (n = 2) from analysis. This left 8,343 (98.7%)
mothers in the analysis.

Statistical Analysis

RESULTS

Characteristics of women who were employed at all during B3-Pgpq and those who were not
employed were first compared using a chi-square test. For characteristics missing more than
100 responses, a missing category was created; this allowed us to also examine associations
between missing data and other characteristics. Next, we used stepwise forward selection to
develop an unconditional multivariable logistic regression model of employment during B3-
Peng- Infant birth weight, plurality, and gestational age at birth were not considered for
inclusion in this model of employment during pregnancy and the preconceptional period. For
all other variables, cutoff values for entering and exiting the multivariable models were P<
0.10 and P< 0.05, respectively. A subanalysis based on complete data (observations with
missing values were excluded) was conducted to assess the sensitivity of the results to
modeling missing values. All analyses were conducted with SAS 9.3 software (SAS
Institute, Inc; Cary, NC).

Among the 8,343 mothers in this study, 2,365 (28.3%) were not employed at all during B3-
Peng- Most non-employed mothers reported being homemakers/parents (80.4%) or students
(14.1%); a small proportion reported being disabled (1.2%), between jobs (3.5%), or another
reason/did not specify (0.8%) (Table I).

Am J Ind Med. Author manuscript; available in PMC 2020 April 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rocheleau et al.

Page 5

The proportion of mothers employed during B3-Pgyq differed across NBDPS sites, ranging
from 84.1% in lowa to 58.0% in Texas. Compared to employed mothers, non-employed
mothers were significantly more likely to be: <20 years old, Hispanic, born outside the
United States, have more people living in the household, have a household income <10,000/
year, and have not completed high school (Table I1). Their babies’ fathers were also more
likely to be Hispanic, born outside the United States, and have not completed high school.

Non-employed mothers were also significantly more likely to be parous, report that their
pregnhancy was unintended, not smoke cigarettes or drink alcohol in the month before
conception and the first trimester of pregnancy, use a multivitamin or take a folic acid
supplement in the month before and after conception, report gestational diabetes in a prior
(but not current) pregnancy, to not report high blood pressure during the pregnancy (either
pre-existing hypertension that continued during pregnancy or pre-eclampsia), and to have
not used fertility drugs or treatments to conceive the index pregnancy compared to employed
mothers (Table I11). While there was no difference in infant’s gestational age at delivery by
maternal employment status, employed mothers were more likely to have infants with either
a low birth weight (<2,500 g) or high birth weight (>4,000 g) (Table 1V). For all variables
examined, the proportion of missing responses varied by employment status, with non-
employed mothers twice as likely as employed mothers to be missing data on household
income and paternal education and four times more likely to be missing data on maternal
pre-pregnancy BMI (Tables 1l and I1I).

Sixteen variables were significantly (P < 0.05) associated with employment during B3-Pgpqg
in a multivariable model: maternal age, birth outside the United States, pre-pregnancy BMI,
hypertension, prior parity, prior history of miscarriage, pregnancy intention, smoking in the
month prior to conception or the first trimester, and alcohol consumption during the month
prior to conception or the first trimester; paternal race/ethnicity; maternal and paternal
education, household income, family size, study site, and use of fertility medications or
procedures to become pregnant (Table V). The final multivariable model described only a
small proportion of the variability in the distribution of employment during B3-Pgnq in the
data set, as measured by the likelihood-based pseudo R? measure (R? = 0.1803). A
subanalysis restricting to complete data, rather than using a missing indicator, produced
similar results (Supplemental Table SI).

DISCUSSION

Differences Between Employed and Non-Employed Mothers

Employed and non-employed women and their families differed across a wide variety of
characteristics that are generally recognized risk factors for adverse pregnancy outcomes. To
the extent that the results from this analysis of NBDPS data could be considered
representative of other study populations, our observations should serve as a reminder that
employment status is closely related to many aspects of a woman’s life. It is, therefore,
important to consider employment status as a possible confounder or effect modifier in
pregnhancy outcome studies, even when the main exposure of interest is not occupational.
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Our crude results are consistent with previous studies showing that women who were
employed during pregnancy were more likely to have higher income and/or education, be
non-Hispanic white, be in low-risk reproductive age categories, be nulliparous, and report
that the pregnancy was planned [Savitz et al., 1990; Moss and Carver, 1993; Henriksen et
al., 1994]. The National Natality Study also found that employed women were less likely to
abstain completely from alcohol [Savitz et al., 1990], consistent with our observations.

The unique contribution of this work is the development of a multivariable model of
employment status before and during pregnancy. In our adjusted analysis, some odds ratios
changed dramatically or even reversed the direction of association; these included paternal
race/ethnicity, paternal education, and pregnancy intention. This underscores the importance
of understanding the complex relationships between maternal health, family demographics,
reproductive history, and employment. Studies of pregnancy outcomes that ignore
employment status may be missing an important component by overlooking the role of
employment as a confounder or effect modifier in research studies, and a barrier or
facilitator in interventional studies.

Maternal employment status was not only associated with maternal characteristics, but with
paternal demographic and behavioral characteristics as well. In studies of paternal exposures
and pregnancy outcomes, stratifying by maternal employment status might be appropriate
given these findings.

The Healthy—or Unhealthy—Worker Effect

Occupational exposure studies often discuss the “healthy worker effect,” a specific form of
bias in occupational studies in which underlying health conditions might increase risks of
adverse health outcomes, while also reducing the likelihood of an individual being able to
work [Choi, 1992; Baillargeon, 2001]. Most studies of the healthy worker effect were
conducted among men, however, and this issue has not been well-evaluated in women. A
higher proportion of women versus men are outside the labor force (i.e., neither employed
nor seeking employment). As of 2011, 15.7% of civilian, non-institutionalized men aged 25—
54 in the United States were outside the labor force, compared to 28.9% of women [Bureau
of Labor Statistics, 2012]. The difference likely lies in caregiving and maternity leave,
creating a far more complex scenario of potential confounding and selection bias in studying
occupation and pregnancy outcomes. A recent study in Japan, for example, found little
evidence of a healthy worker effect even among highly educated women, which the authors
hypothesized might be due to strong social norms towards traditional caregiving/
homemaking roles for women [Nishikitani et al., 2012].

Because maternity leave policies and caregiving norms vary widely, results may not be
comparable between countries, cultures, and time periods. The literature comparing
employed and non-employed women during pregnancy, however, is sparse and generally
limited to crude analysis [Savitz et al., 1990; Moss and Carver, 1993; Henriksen et al., 1994;
Baillargeon et al., 1998]. Our observations can add to this literature: non-employed mothers
were not significantly more likely to be overweight or obese compared to employed
mothers, though they were more likely to be underweight. High blood pressure during the
index pregnancy was more common among working mothers versus nonworking mothers;
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non-employed mothers were more likely to report a history of pre-eclampsia in a past but
not the current pregnancy. Alcohol use and smoking were more common among working
mothers than non-working mothers, however. These observations paint a more complicated
picture of the healthy worker effect among women before and during pregnancy.

In reproductive epidemiology, an alternate “unhealthy worker effect” has been proposed:
women who are healthier are more likely to be fertile and capable of carrying a pregnancy to
term, therefore more likely to be removed from the workplace due to maternity leave or
being caregivers to their children [Wilcox, 2010, p 159]. This hypothesis is supported by
previous studies that found a history of miscarriage was more common among employed
women than unemployed [Savitz et al., 1990; Henriksen et al., 1994]. In contrast, we found
that employed women were less likely to report a prior miscarriage. Consistent with
previous studies, we found that employed women were more likely to report using fertility
treatments or medications to conceive versus non-employed women—the strength of the
association was substantially attenuated, however, after adjusting for other characteristics. It
is also unclear whether this finding reflects underlying differences in fertility between
employed and non-employed women, or simply is due to differences in health insurance
access. Discordant results across studies might be due to adjusting for different sets of
variables, changing trends in women being employed outside the home, or geographic
variations in the prevalence of women employed outside the home. Recent surveys in the
United States show that women tend to maintain employment throughout pregnancy. Among
first births in which mothers worked before or at conception, 82% worked until at least 1
month before delivery [Laughlin, 2011]. Among all mothers, pregnancy overall did not
affect the hazards of leaving the workforce, though having an infant did [Budig, 2003]. In
settings where this is not the case, the predictors of working before pregnancy might be
different from predictors of working after pregnancy identification.

The literature on employment and pregnancy outcomes is inconsistent; previous studies have
shown better outcomes for mothers who were employed during pregnancy [Murphy et al.,
1984; Meyer et al., 2010], worse outcomes [Lemasters and Pinney, 1989], and generally no
difference [Moss and Carver, 1993, Henriksen et al., 1994]. Our findings were mixed as
well; we observed no differences in gestational age at birth for the children of women who
were employed versus non-employed, but employed women were slightly more likely to
have babies with very low or high birthweight.

Implications for Studies of Occupational Exposures and Pregnancy Outcomes

For pregnancy outcome studies that examine occupational exposures, the observed
differences between employed and non-employed mothers clarify whether including non-
employed women in the unexposed reference group is likely to cause bias. Anecdotally,
some epidemiologists have argued that excluding non-employed women is necessary to
prevent confounding, while others cite criticisms of an exposure opportunity restriction rule
as justification to include non-employed women. It is important to note, however, those
criticisms asserted that exposure opportunity alone is not a sufficient cause for restriction,
not that it is inappropriate to restrict to control confounding (where confounding could not
be easily controlled otherwise) by variables related to exposure potential [Poole, 1986,
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1987]. Including non-employed women in the reference group—that is, women with no
potential for exposure to the occupational exposure of interest—when examining an
occupational exposure is therefore only appropriate if one of the following conditions is
true: i) there is no potential for confounding based on employment status or related
variables; or ii) confounding by employment status or related variables can be controlled
analytically. Otherwise, confounding is possible by factors that are causally related to both
employment (and therefore occupational exposure) and the outcome (Fig. 1); this
confounding pathway can be blocked by conditioning on employment.

In an occupational exposure study, characteristics that are causally related to both a given
pregnhancy outcome and employment status can become confounders when a causal pathway
is completed between employment status and occupational exposure by including non-
employed women (who are by definition unexposed) in the analysis. Because we observed
that many common risk factors for adverse pregnancy outcomes were associated with
employment status, and cannot rule out that those relationships with employment status are
causal, we cannot meet the first condition.

The second condition—that all confounders can be controlled analytically—cannot be met if
we do not know all the confounders, cannot measure all the confounders, or must adjust for
so many confounders that our statistical power is greatly reduced. Our attempt to build a
multivariable model for employment status gives us insight into how difficult controlling for
confounding mediated by employment status might be. First, we see that differences
between employed and non-employed mothers cannot be reduced to a small set of
adjustment variables, because 16 demographic, maternal health, and behavioral factors were
significant in our multivariable model. Second, despite the inclusion of so many variables,
our model only explained approximately 18% of the variability in employment status. This
suggests that other factors that we did not measure might be important predictors of a
mother’s employment status before and during pregnancy (e.g., religiosity, relationship
status, or social support); yet these factors are difficult to measure and not typically available
in epidemiological studies. These two insights suggest that confounding would be
challenging to control analytically due to a large number of potential confounders and
potentially unknown or unmeasured con-founders; therefore the second condition for
including non-employed women in the reference group is unlikely to be met.

Prior studies have also attempted to address confounding by employment status and related
variables by simply treating employment status as a confounder and adjusting statistically
for it in studies of occupational exposure and pregnancy outcome that included non-
employed women in the reference group [Burdorf et al., 2011]. While it might sound like a
simple solution, this causes a deterministic violation of positivity and can result in biased
effect estimates. A deterministic violation of positivity occurs when one or more levels of
the confounder contains participants who cannot possibly receive at least one level of the
exposure [Westreich and Cole, 2010]. The confounder in this case is employment status, and
one level of that confounder (hon-employed) cannot possibly receive at least one level of the
exposure (exposed). The simplest- and, for a deterministic violation, safest-solution for
positivity violations is restriction [Westreich and Cole, 2010; Petersen et al., 2012].
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Additionally, we observed substantial differences in the prevalence of missing data by
employment status for several variables. We presented data using a missing indicator to
examine whether the proportion of missing data was associated with employment status—
and by extension, with exposure when non-employed mothers are included in the study
population. Differential rates of missing data by exposure status could introduce additional
bias, although in our model restricting to complete data produced little change in the
adjusted odds ratios (Supplemental Table SI).

An important limitation of our results is that we cannot fully predict the impact of survey
non-participation on these results. While control mother participants (64.9% of eligible)
were comparable to their source population across many demographic variables [Cogswell
et al., 2009], we lack population-level data on employment during/before pregnancy so
cannot evaluate whether participation in NBDPS was related to employment status.
Predictors of employment are likely to vary geographically and over time. For example,
among women in the U.S. with their first birth, only 44.4% reported working during
pregnancy in the US in 1961-1965, but by 2006—2008 that had increased to 65.6%
[Laughlin, 2011]. Also, we do not know the temporality or directionality of relationships
between many variables that were associated with employment status.

Conclusions and Recommendations

Our results show that the relationships between employment status and demographic
characteristics, maternal health and behaviors, and maternal reproductive history are
extensive and complex. Some of these relationships (maternal age, household income,
education, pregnancy intendedness, and pre-pregnancy BMI) suggest that women who are
employed before and during pregnancy should have better birth outcomes; others
(consuming alcohol and smoking, lack of a folic acid supplement before or during the first
month of pregnancy) are associated with poorer birth outcomes. While further work should
investigate these differences, particularly between groups of employed mothers (e.g., using
SOC 2010 high-level aggregation categories) [Bureau of Labor Statistics, 2010], these data
show that differences between employed and non-employed mothers will likely cause
uncontrollable confounding in the NBDPS and other studies examining occupational
exposure and reproductive outcomes if analyzes are not restricted to employed mothers. This
study also high-lights the importance of assessing maternal employment status in
epidemiologic studies of pregnancy outcomes, including studies of paternal occupational
exposures and birth outcomes.

Based on our findings, we recommend that future studies of pregnancy outcomes:

1. Collect information about employment during the peri-pregnancy period.
2. Evaluate whether maternal employment status is a confounder or effect modifier.
3. When examining occupational exposures, restrict analyzes to employed women

to control likely confounding by variables related to employment status.
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N\

Employment — Exposure — Outcome

FIGURE 1.
Directed acyclic graph illustrating confounding by U when employment status is in the

causalpathway for the exposure of interest. Conditioning on employment status (i.e.,
restricting to employed workers in a study of occupational exposure) would block
confounding by U. U could include a number of sociodemographic, health-related, and
pregnancy-history related variables (for example, parity).
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