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Abstract

Objectives To assess longitudinal changes in occupa-

tional effort–reward imbalance (ERI) and demand-control

(DC) scores across pregnancy and examine associations

with blood pressure (BP) during pregnancy.

Methods A pilot repeated-measures survey was admin-

istered four times to a sample of working women across

pregnancy using the ERI and DC instruments. Demo-

graphic data and blood pressure measurements were col-

lected at each interval. Growth mixture modeling was used

to examine trajectories of change in occupational charac-

teristics. Associations with BP were examined using

repeated-measures linear regression models.

Results ERI model components (effort, reward, and

overcommitment) all declined across pregnancy while job

control remained stable. Increasing ERI trajectory was

associated with higher systolic BP (b = 8.8; p\ 0.001) as

was high overcommitment; declining ERI also showed a

lesser association with higher BP. Associations between

DC trajectories and BP were much smaller, and non-sig-

nificant once controlled for overcommitment.

Conclusions Self-assessed efforts, rewards, and over-

commitment at work decline across pregnancy in our par-

ticipants, while job control remains stable. Replication in a

more diverse pregnant working population is warranted to

confirm these results. These preliminary data suggest that

further investigation into the factors that may be linked

with improved work psychosocial climate during preg-

nancy may be useful in order to improve pregnancy

outcomes.

Keywords Work organization � Occupational hazards in

pregnancy � Effort–reward imbalance � Occupational

trajectories � Longitudinal assessment in pregnancy

Significance

The ability to change or modify work, or, conversely, the

accumulation of stressors across time, may have an

important role in determining pregnancy outcomes. This

report provides an initial examination of dynamic changes

in work assessment by pregnant women across the course

of gestation.
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Introduction

Employment has generally been considered advantageous

for maternal health and birth outcomes, as a result of the

social and economic benefits that accrue to working indi-

viduals [1–3]. Within the employed however are workers

exposed to physical and psychosocial hazards that may be

deleterious despite the overall positive effect of employ-

ment [4].

Work organization and psychosocial stresses of the

workplace have received increasing attention in the past

three decades as potential contributors to ill-health.

Workplace stressors have been associated with hyperten-

sion, cardiovascular disease [5, 6], subclinical atheroscle-

rosis [7], musculoskeletal disorders [8, 9] and mental ill-

health [10, 11]. Work stressors have been principally

measured using the Demand-Control (DC) model, which

assesses high work demands (working fast and hard, lack

of time, and conflicting requirements) and ability to set the

pace and control the conditions of work [12]. Job strain, the

adverse combination of high demands with low control in

the DC model, has shown a variable relationship to poor

pregnancy outcomes, with conflicting study results [13–

19]. However, even in studies showing no overall associ-

ation between work and pregnancy outcomes, there are

indications that high job strain may increase risk in subsets

of pregnant women. A socioeconomic gradient in risk, and

an increased likelihood of preterm delivery from continu-

ing full-time work in a high-strain job after 30 weeks

gestation were noted in one study [16].

Equivocal results from the demand-control model, sug-

gest that testing an alternative model of occupational

psychosocial stress, and its effect on pregnant working

women, may be worthwhile. The effort–reward imbalance

(ERI) model was developed in the 1990s to incorporate

both individual differences in adaptive style and broader

socioeconomic factors to the appraisal of working condi-

tions [20, 21]. The ERI model postulates that lack of

reciprocity between effort spent and rewards received in

work elicits sustained reactions in the autonomic nervous

and endocrine systems [20]. The ERI questionnaire asses-

ses effort at work (time pressures and demands), and per-

ceived reward, which includes three subdomain

components of esteem, job promotion and job security. An

additional measure of overcommitment [21, 22] incorpo-

rates intrinsic or personal characteristics that may mediate

personal or subjective experiences of stressors. A focus of

the ERI model on salaries, promotion prospects, and job

stability more explicitly links stressful experience at work

with broader labor market conditions [21]. It also may also

reflect stressors of a service economy, whereas the DC

model originated from surveys in the early 1970s when

manufacturing work predominated. [23, 24] Comparative

studies demonstrated independent predictive effects of the

ERI and the low-control component of the DC model for

new coronary artery disease [25] and greater predictive

power for the ERI over the DC model for measures of

general stress [26]. Differential, gender-specific effects of

the psychosocial work environment on health are also

suggested by the ERI. Stronger effects on cardiovascular

risk factors in women were associated with high over-

commitment in the ERI [21] possibly through ‘‘dual

exposure’’ to psychosocial stressors in the workplace and at

home, conflicting role obligations (family-work conflicts),

and less continuity in career pathways. These findings have

salience for measurement of occupational stress during

pregnancy.

Although the burden of workplace stressors on preg-

nancy outcomes is difficult to quantify, elevated risks of

1.3–1.4 for low birth weight (LBW) and preterm delivery

(PTD) in some studies indicate that reduction in the psy-

chosocial hazards of employment may be beneficial [16,

17]. Over 60 % of women giving birth are employed, and

most remain in employment into the third trimester, which

suggests the breadth of exposure may be substantial, par-

ticularly with high women’s employment in service and

retail sectors [27, 28]. Further, occupational factors, once

identified, may be modifiable sources of risk [29, 30]. In

light of changes in work across recent decades and the

somewhat low predictive value of the DC model in preg-

nancy, we proposed to explore the use of the effort–reward

imbalance model of psychosocial working conditions,

which has been tested in pregnant workers only once to

date [19]. Prior to its use in larger-scale studies, we con-

sidered relevant preliminary questions. The first is whether

occupational psychosocial stressor scores exhibit signifi-

cant temporal variation as pregnancy progresses. Variation

within an individual’s scores during pregnancy may imply

that trajectories in stressors are the exposure metric of

interest, as well as indicating where temporal modifying

factors may be found. A second question is whether suf-

ficient heterogeneity of stressor scores is seen. Adequate

exposure contrast between groups is critical if effects on

gestational events are to be measured, and in planning

studies with sufficient power to detect associations with

adverse outcomes. We report the results of a pilot study

assessing longitudinal changes in DC and ERI scores

across four points during pregnancy in employed women,

and we examine associations of ERI during pregnancy with

blood pressure, both an important index of maternal health

and a previously-described effect in non-pregnant

populations.
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Methods

We report on a repeated-measures questionnaire survey of

pregnant women who were working full-time at concep-

tion. A sample was recruited through offices and clinics

providing obstetrical care in the Hartford and New Haven

areas of Connecticut. Approval for this study was obtained

from the Institutional Review Board of the University of

Connecticut Health Center. Volunteers were eligible if they

were currently pregnant, presented for prenatal care in the

first trimester (8–12 weeks gestation), and were in current

paid work, defined as 30 h or more per week outside the

home, at the time of enrollment. Evidence of multiple

gestation was grounds for exclusion, as this may alter

decisions on reduction of work. Volunteers were also

ineligible if the current pregnancy arose from infertility

treatment, as they may have modified work to accommo-

date treatment. History of a prior poor pregnancy outcome

was not an exclusion criterion, unless there was medically-

ordered work reduction early in the current pregnancy

based on the outcome of a prior pregnancy.

After screening for eligibility, an initial interview lasting

45–60 min was scheduled. Informed consent was obtained

at the initial interview. The study questionnaire was

administered in-person at or before 12 weeks gestation.

The survey comprised items from the Effort–Reward

Imbalance and Job Content questionnaires. The ERI

instrument, published by Siegrist et al. [20], includes three

major factors: effort (6 questions, including one on physi-

cal load), reward (11 questions on three subscales: esteem,

job promotion, and job security), and overcommitment (6

questions) [20, 25]. Initially, subjects are asked to agree or

disagree whether the item represents a typical experience

of their work situation; subjects who agree then evaluate

the extent they feel distressed by the experience. Answers

are scaled from 1 to 5 [20] Aggregate scores can range

from 6 to 24 for effort and for overcommitment, and 11–55

for reward. Reversed coding was used to indicate higher

levels of reward.

Domains of the Demand-Control model were measured

using a shortened version of the Karasek Job Content

Questionnaire (JCQ) [12]. Workplace demands were con-

sidered equivalent to the effort scale of the ERI question-

naire, a common procedure in studies using both ERI and

DC instruments [19, 22]. Nine questions were used to

assess job control, including control over the pace and

content of work, decision authority/latitude, and skill dis-

cretion. Measurement was on a four-point scale from

strong agreement to strong disagreement.

Demographic and obstetric information (age, ethnicity/

race, gravidity and parity, educational level, smoking,

alcohol use), health status (presence of chronic or ongoing

disease) and socioeconomic variables associated with

maternal health and preterm delivery, including partner

employment, income (both individual and total household)

and health insurance were collected. Brief self-reported

indices of fatigue and general health were obtained as

single-item measures. A single-item index of stress symp-

toms was also requested; a brief definition of stress was

provided and the degree to which participants agreed that it

represented their current experience was recorded on a

four-point scale [31]. Seated resting blood pressure (BP)

was taken after interview using a standardized protocol

[32].

Pregnant subjects were surveyed three additional times

during the pregnancy: at mid-to-late second trimester

(20–24 weeks), early third trimester (28–31 weeks), and

later third trimester (35–38 weeks). Interviews reprised

questions from the ERI and JCQ, re-assessed physical and

home demands, and any intervening job modifications or

complications of pregnancy since the previous survey. The

single-item measures of self-reported stress, fatigue and

health were repeated, and BP measurements again recor-

ded. If a subject left work in the interval since the last

interview, the date of last work was noted, and the reason

for leaving recorded. Interviews with subjects who left

work continued data collection on home demands, self-

reported stress, health, and BP readings. Participants were

recontacted post-partum, and date of delivery and birth

weight were obtained.

Data from the questionnaires were recorded on optically

scanned forms, and downloaded into an SPSS database

(v.21, SPSS/IBM Analytics), inspected and cleaned. A

10 % sample of responses was selected randomly and

paper records compared to digital data for quality control.

Demographic and occupational variables were tabulated

and examined. Mean values and standard deviation were

calculated for aggregate effort, reward, overcommitment

and control scores, stress, fatigue, and health scores, and

blood pressure. Effort–reward imbalance was calculated as

a ratio of the two scores weighted for the number of

questions (effort/[reward 9 0.4545]) using published

guidance [20]. Demand-control ratios were calculated

similarly as a weighted ratio, using effort score as an

equivalent to job demands. Job strain, a dichotomous

classification, was defined as a combination of effort score

above the median value and control score below the

median for each interview wave [12]. Generalized linear

regression models were used to examine the association of

ERI and DC scores at each interview wave with systolic

blood pressure. Since nearly all ERI scores were above 1,

the usual cut-off for determining elevated effort–reward

imbalance, we used a cutoff of 1.5 to dichotomize ERI

scores into high versus low.
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Growth mixture modeling (GMM) was used to group

subjects into a set of trajectory classes that were repre-

sentative of changes in work ERI and DC scores over the

four interview waves. GMM is a form of latent class

analysis which estimates and assigns membership of each

participant to a limited number of latent classes, based on

the closeness of fit of their intra-individual changes across

the survey [33, 34]. GMM was performed using the mix-

ture modeling function in Mplus v.6.11 (Muthén and

Muthén, Los Angeles, CA), using data from subjects who

had completed at least three of the four interviews.

Determination of the best-fitting trajectory class solution

was based on 3 statistical factors including Bayesian

Information Criterion scores for each model, likelihood

ratio tests, and entropy score, a measure of classification

certainty [33, 35].

The association of ERI and DC trajectory classes with

blood pressure was modeled using generalized estimating

equations (GEE) to account for autocorrelation in repeated

BP measurements. Models incorporated adjustment for

maternal age, maternal education, race/ethnicity, smoking,

prior history of gestational hypertension, and maternal

body-mass index (BMI) as potential confounders for blood

pressure. GEE and GLM analyses were performed in SPSS

v21. 95 % confidence intervals were calculated for esti-

mates of effect.

Results

A total of 61 women were enrolled and completed the

initial interview at or before 12 weeks gestation. Of this

group, 57 (93 %) completed two interviews, 55 (90 %)

three, and 49 completed all four interview waves, an

overall completion rate of 80.3 %. Of those who did not

complete all interviews, six (9.8 %) experienced a mis-

carriage or non-viable early delivery and four (6.6 %) had a

preterm live delivery. Only two still-pregnant women

(3.3 %) were unable to attend the final fourth interview.

Demographics of the sample are shown in Table 1. Mean

age of the participants was close to the mean maternal age

at delivery in Connecticut of 29.2 years, as was distribution

by race/ethnicity [3]. Educational attainment and maternal

income were both higher than the overall mean for Con-

necticut maternal data, while the proportion of current

smokers was lower. Disproportionately more participants

worked in the health care and social service industry,

although a broad range of industries was represented.

Infants’ birth weights were obtained from the mother for all

live births regardless of whether all surveys were com-

pleted; excluding six miscarriage/non-viable deliveries,

mean birthweight (3416 g) was slightly higher than that of

working women in Connecticut (3384 g). Two babies

(3.6 %) weighed below 2500 g while one weighed over

4500 g.

Mean values for work factor scores for subjects com-

pleting all four interview waves are shown in Table 2,

along with self-rated health and stress scores and systolic

blood pressure. All component scores on the ERI ques-

tionnaire showed a decline across pregnancy, these dif-

ferences were statistically significant between the first and

final waves. As a consequence of this parallel decline,

effort–reward imbalance scores remained stable across the

four interviews (mean difference 0.09 in ERI scores

between wave 1 and 4; p = 0.44). Job control scores

remained stable throughout pregnancy. The proportion of

subjects classified into the job strain category declined

across waves due to falling job demand (effort), although

not significantly different across waves (p = 0.21 by

Fisher’s exact test). Self-rated stress and fatigue scores

declined and then rose slightly across surveys. Blood

pressure values showed small declines in mid-pregnancy

with mild increase at the final wave, consistent with known

changes across pregnancy. Inclusion of all subjects,

regardless of the number of survey waves completed, did

not appreciably change the mean scores nor the observed

declines in ERI score components (results not shown).

Associations of elevated ERI and job strain with systolic

BP and birth weight at each separate wave were not sta-

tistically significant, nor was there evidence of a trend in

outcomes across waves for either construct (results not

shown).

Results of latent growth trajectory models for ERI and

DC scores across pregnancy are shown in Fig. 1. In both

cases, a three-class solution demonstrated the best fit. For

the ERI, the majority of participants’ trajectories (44;

79 %) remained stable with a mean ERI value slightly

above 1.5. A second class (Class 2; 14 %) demonstrated a

steady decline in ERI over pregnancy, while a third,

smaller group (Class 3; 7 %) showed a rise in scores. DC

trajectories showed roughly half (46 %) of participants in a

low-stable trajectory, with two other groups having ele-

vated-stable (21 %) and high-declining (32 %) trajectories.

Modeling of overcommitment trajectories showed two

stable flat classes: a low-overcommitment class (the

majority, 87.5 %), and a second class with consistently

high overcommitment. There was no evidence of clustering

by industry sector in any of the three trajectory models

(p[ 0.50 by Fisher’s exact test).

Table 3 presents regression results testing associations

between work trajectories and SBP. Compared with the

stable-flat trajectory class, higher SBP was seen in both the

increasing- and declining-ERI-trajectory classes, the for-

mer more strongly. Associations were attenuated, but not

abolished, by the inclusion of overcommitment. The high

overcommitment class was independently associated with
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higher SBP. Higher demand-control ratio in early preg-

nancy was also associated with increased SBP, although

the magnitude of the association in all DC classes was

lower than seen with increasing ERI. These associations

were abolished by the inclusion of overcommitment. The

declining ERI trajectory class was associated with higher

birthweight (B-coefficient 408 g; p = 0.015 vs. the

stable referent category; results not shown) although

numbers of births were too small to drawn clear

conclusions.

Table 1 Characteristics of

participants in study at time of

entry (gestational age

B12 weeks)

Age at first interview (mean, SD) 30.9 SD 3.6

First pregnancy (N, %) 20 33 %

Education (N, %)

High school diploma or GED 3 5 %

Less than 2 years college 5 8 %

Associate degree C2 years college 6 10 %

Bachelor’s or 4 year degree 18 30 %

Master, doctoral or professional degree 29 48 %

Ethnicity (N, %)

White 46 75 %

African-American or Black 8 13 %

Hispanic or Latin American 7 12 %

Own personal yearly income (N, %)

$29,000 or below 6 9.8 %

$30,000–$49,000 17 27.9 %

$50,000–$99,000 34 55.7 %

$100,000 or more 3 4.9 %

Insurance status (N, %)

HMO 40 65.6 %

Private insurance 19 31.1 %

Medicaid or state welfare 1 1.6 %

Other 1 1.6 %

Marital status (N, %)

Married, living with spouse 49 80.3 %

Not married, living with partner/baby’s father 7 11.5 %

Not married, living on own 3 4.9 %

Unknown/refused 2 3.3 %

Smoking status (N, %)

No, and did not before pregnancy 52 85.2 %

No, but smoked before pregnant 7 11.5 %

Yes, one half pack per day or less 2 3.3 %

Body-mass index (BMI) (mean, SD) 26.8 6.2

Industry sector of current job (N, %)

Health and social service 36 59 %

Professional, scientific, management and administration 8 13 %

Finance and insurance 4 7 %

Information 4 7 %

Manufacturing 3 5 %

Education 3 5 %

Other services 2 3 %

Retail trade 1 2 %

Pregnancy outcomes

Baby’s birth weight in grams (mean, SD) 3416 522

Gestational age at delivery in weeks (mean, SD) 39.2 2.6

1370 Matern Child Health J (2016) 20:1366–1374

123



Table 2 Job characteristic

scores, self-rated fatigue and

stress, and blood pressure

measurements across interview

waves during pregnancy for

participants responding to all

four surveys

Interview wave

1 2 3 4

Mean SD Mean SD Mean SD Mean SD

Effort 14.9 4.5 13.6� 4.3 13.3** 4.0 12.9** 5.0

Reward 19.9 7.6 18.0� 6.3 18.1� 6.4 18.0� 6.3

Effort–reward imbalance 1.79 0.64 1.76 0.59 1.77 0.74 1.70 0.73

Overcommitment 13.7 5.9 12.6* 5.4 11.8** 5.7 11.3** 5.9

Job control 12.4 2.1 12.4 2.0 12.8 2.2 12.5 2.4

Job strain: N (%) 18 37 % 14 29 % 8 16 % 7 14 %

Fatigue score 67 23 48 25 56 22 67 21

Stress (self-rated) 2.9 0.9 2.5 1.1 2.7 0.8 2.8 1.0

Blood pressure (mmHg)

Systolic 114 10 113 11 115 13 118* 11

Diastolic 70 9.6 68 8.4 69 8.6 74* 7.5

N = 49
� p\ 0.10 by paired t test versus score at interview wave 1

* p\ 0. 05 by paired t test versus score at interview wave 1

** p\ 0.01 by paired t test versus value at interview wave 1

Fig. 1 Graphs showing mean trajectories for three-class growth

mixture modeling for ERI (upper panel) and DC ratio (lower panel)

across four survey waves

Table 3 Association of systolic blood pressure and birthweight with

effort–reward imbalance and job demand-control trajectories across

interview waves

Systolic blood pressure

Model 1 Model 2

B SE p B SE p

ERI trajectory

Stable/flat REF – REF REF – REF

Declining 5.3 2.1 0.01 3.7 1.9 0.05

Increasing 12.1 3.7 0.001 8.8 2.7 0.001

Overcommitment

High 6.7 1.7 0.001

Low REF – REF

D–C trajectory

Low-stable REF – REF REF – REF

High-stable 4.8 2.5 0.06 3.3 2.3 0.10

High-declining 5.8 2.3 0.01 3.6 2.2 0.16

Overcommitment

High 7.9 2.2 0.001

Low REF – REF

All models were adjusted for maternal age, maternal education, race/

ethnicity, smoking, maternal body-mass index (BMI), and prior his-

tory of gestational hypertension. Model 2 represents inclusion of

overcommitment trajectories as an additional factor
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Discussion

We present a preliminary longitudinal exploration of the

effort–reward imbalance and demand-control models dur-

ing pregnancy. In contrast to the DC model of psychosocial

work stress, components of the ERI model have only

recently been applied to the evaluation of work during

pregnancy. Lee and colleagues [19] noted an association of

effort–reward ratio with gestational age, but not with

birthweight, in Korean mothers and similarly found no

association of high job strain at mid-pregnancy with sub-

sequent birthweight.

Although preliminary, several aspects of the results we

present here are noteworthy. The steady decline in factor

scores for the ERI model across employment during

pregnancy has not heretofore been described. Effort and

overcommitment scores declined significantly over the

course of pregnancy, with reward following a similar,

although less marked, pattern. As a consequence, the mean

effort–reward imbalance score remained nearly constant,

although the decline in both components suggests a more

dynamic process over the course of pregnancy. Job control,

by contrast remains nearly constant throughout surveys,

suggesting a more static construct. These findings indicate

that the pregnant worker’s assessment of work is changing

across the course of pregnancy. The stability of DC scores

may underscore the differences in the two constructs in

measuring aspects of the work environment. DC taps into

structural organizational characteristics and could be

expected to remain stable within a given job. ERI by

contrast will encompass workers’ subjective appraisal and

could be expected to change [36], perhaps markedly. The

subjective assessment of effort and rewards may itself be

modified by the pregnancy. When assessed together, the

two models independently predicted cardiovascular disease

in several European studies, which again suggests that job

control assesses invariant daily tasks while the ERI models

appraisal of a more global view of one’s career [21, 25].

The choice of blood pressure measurement as an index of

health during pregnancy may not be the most representa-

tive indicator. However, SBP is associated with both the

work exposures we measure, as described above, and with

adverse outcomes such as low birth weight, leading us to

use it as a potential indicator of maternal health. Though

we note changes in BP consistent with well-described

patterns across pregnancy, we also find associations con-

sistent with known effects of work stress.

Pregnancy may lead subjects to reassess occupational

rewards in the light of high work effort, while at the same

time, skill discretion, job tasks, and the means by which to

perform them (the DC model) remain relatively constant

[37]. Physiologic factors and changes in body habitus that

accompany pregnancy may likewise lead one to modify job

efforts in response to physical capabilities or perceptions of

hazards at work [30]. Capacity to modify the work, to take

time away or to change working hours, as well as per-

ceptions of work-family conflict [38], are likely important

factors in assessment of effort and reward. These additional

data were collected as part of this survey, and, having

demonstrated change across pregnancy the next step is to

analyze their role as mediators or moderators of our results.

The results presented here are subject to several limi-

tations which should be acknowledged. As a preliminary

exploration of the feasibility of multiple measurements

across pregnancy, the sample size was necessarily a small

one. This raises the possibility of a study underpowered for

the effects it seeks to discern. We had originally estimated

that 110 subjects would be required to detect a 2-point

difference in effort and reward scores across pregnancy,

although we also had estimated greater drop-out (40 %)

from losses to follow-up. Power calculations were also not

based on an association with birthweight, for which the

variability is high. Confounding, and possibly recruitment

bias, may also operate. The volunteer recruitment strategy

yielded a sample that was comparable to Connecticut’s

maternal ethnic and age distribution, but was more edu-

cated and better-paid, with over-representation in health-

care employment. This reflects the demographics of

employment in the area, but may not be representative of

diverse working populations. Our participants were likely

at some reduced risk for poor health and pregnancy out-

comes. Moreover, factors such as the ability to adapt one’s

working conditions to the pregnancy may be very different

in this group than in a population with less training or

discretion at work. These correlates likely affect workers’

overall estimation of effort and reward, although we cannot

be certain of the magnitude of this possible bias. In less-

advantaged respondents, the effects of work on health may

be one of numerous concomitant deleterious exposures,

including neighborhood, housing, or food insecurity [39].

With these limitations in mind, however, we believe that

our preliminary results indicate the value of the ERI model

to examine dynamic effects of occupation on pregnancy

and reproductive outcomes, and the usefulness of describ-

ing trajectories of occupational stressors across pregnancy.

The ability to change or modify work, or, conversely, the

accumulation of stressors, may have an important role in

determining health outcomes [35, 40], consistent with the

‘weathering’ hypothesis whereby accumulated disadvan-

tage (including that at work) produces an erosive effect on

health [41–44]. Further work would be directed toward

examining these associations in a larger, more broadly

employed population. Additionally the ERI model may

represent a set of flexible work characteristics which may
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be more amenable to short-term alteration. The declines we

observe in effort, reward, and overcommitment scores, not

paralleled by declining job control scores, may imply dif-

ferences in short-term work assessment. Equally important

may be to identify those modifiable elements of work

within the broader constructs of the ERI. The ability to

modify work when pregnant or to take time away, or

workplace policies on work flexibility in pregnancy, may

change the degree to which occupational stressors are

implicated in pregnancy outcomes.
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