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Abstract

Objective: To capture multidimensional maternal psychosocial stress using responses from the Edinburgh Post-
natal Depression Scale (EPDS) and Cohen'’s Perceived Stress Scale (PSS) administered during pregnancy, and to
identify sociodemographic, biological, and health behavioral correlates of the stress domains.

Methods: Using data from 1,079 pregnant women, we implemented principal component analysis on EPDS and
PSS responses and retained factors based on the Scree plot and Eigenvalues >1. We then used linear regression
to identify perinatal correlates of each domain.

Results: \We identified three stress domains: “Feeling Overwhelmed,” “Anhedonia,” and “Lack of Control,” which
accounted for 10.6% of variance in questionnaire responses. In multivariable analyses, household income <$70,000
(B=0.21 confidence interval [95% Cl: 0.05-0.39]), primiparity (0.36 [0.02-0.71]), inadequate (0.21 [0.04-0.39]) or
excessive gestational weight gain (0.27 [0.11-0.42]), and Healthy Eating Index (HEI) score <57 (0.14 [0.00-0.28])
were associated with Feeling Overwhelmed. Older age (0.02 [0.00-0.03] per 1-year), Hispanic ethnicity (0.19
[0.00-0.38]), and HEIl score <57 (0.15 [0.02-0.28]) were associated with Anhedonia. Non-Hispanic Black race/
ethnicity (0.37 [0.10-0.63]), not having graduated from college (0.16 [—0.02 to 0.35]), having a partner born out-
side the United States (0.17 [—0.02 to 0.37]), household size of =5 persons (0.21 [—0.02 to 0.37]), receiving public
assistance (0.18 [—0.02 to 0.37]), and prenatal smoking (0.32 [0.05-0.59]) were associated with Lack of Control.
Conclusions: Three domains of maternal psychosocial stress during pregnancy (Feeling Overwhelmed, Anhe-
donia, and Lack of Control) were differentially related to sociodemographic, biological, and health behavioral
characteristics that may be targets for interventions to ameliorate stress in pregnant women.

Clinical Trial Registry: The Healthy Start study is registered as an observational study at clinicaltrials.gov (NCT
#002273297).
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Introduction

Psychosocial stress, stemming from experiences of bias,
discrimination, and/or trauma, contribute to the origin
and progression of many complex chronic diseases."
Stress during pregnancy is of particular concern, given
that maternal experiences and exposures during this
life stage affect health not only of the mother but also
has implications for health and development for her
child.> A growing literature implicates maternal psy-
chosocial stress and/or depression in a range of adverse
outcomes in the offspring, including low birth weight,
preterm delivery, attention-deficit hyperactivity dis-
order, and autism spectrum disorder,” "> potentially
through in utero programming of the hypothalamic pi-
tuitary axis and/or the inflammatory response.>®”'*

To date, most studies assessed maternal psychosocial
stress by self-report of traumatic life events, or imple-
mented questionnaires such as Cohen’s Perceived
Stress Scale (PSS) and the Edinburgh Postnatal Depres-
sion Scale (EPDS) to query a woman’s perceived psy-
chosocial stress on a continuous scale or through
established thresholds.” The former approach is likely
to capture more extreme adverse experiences that may
not be generalizable. The latter approach assesses spe-
cific aspects of psychosocial stress across a continuous
spectrum that is likely relevant to most women in a
general-risk setting. For instance, the PSS captures the
degree to which life circumstances are deemed over-
whelming or unpredictable, whereas the EPDS captures
anxious and depressive symptoms. However, single
scales do not capture the multiple layers of psychoso-
cial stress experienced simultaneously.

An alternate approach to singular assessments of
psychosocial stress is to combine multiple assessments
to capture the multidimensionality of psychosocial
stress.">'® While these approaches are less commonly
used to evaluate maternal psychosocial stress during
pregnancy, a recent study led by Maxson et al. used
k-means clustering17 to categorize 1,313 pregnant
women into mutually exclusive groups of distinct psy-
chosocial stress profiles based on responses to five ques-
tionnaires. The authors identified three stress profiles
characterized by varying degrees of depression, psycho-
social stress, and interpersonal support.

Women in the “resilient” group exhibited low
depression and perceived stress, and high interpersonal

support, paternal support, and self-efficacy; the “vul-
nerable” group was marked by high depression and
perceived stress, and low interpersonal support, pater-
nal support, and self-efficacy; and women in the “mod-
erate” group were between the resilient and vulnerable
profiles on all domains. While such an approach offers
more realism and generalizability than traumatic expe-
riences, the mutually exclusive groups of participants
do not reflect the fact that individuals experience vary-
ing degrees of stress in more than one domain.

In this study, we conduct an exploratory analysis to
characterize multifaceted domains of psychosocial
stress among pregnant women in the Healthy Start
cohort by implementing principal component analysis
(PCA) on EPDS and PSS responses. We chose PCA
over other data reduction methods for ease of inter-
pretation and realism as this procedure assigns every
individual in the population a score for each latent con-
struct, rather than forcing individuals into mutually
exclusive domains.'® Secondarily, we sought to identify
sociodemographic, biological, and health behavioral
correlates of these domains during the perinatal period,
which may serve as targets for prevention or mitigation
of psychosocial stress. We hypothesized that we would
retain at least two domains of maternal psychosocial
stress and expected to observe variation in maternal
psychosocial stress domain scores based on sociodemo-
graphic, biological, and behavioral characteristics.

Methods

Study population

The Healthy Start Study is a prospective cohort study
of 1,410 pregnant women and their children recruited
in Denver, CO, from 2010 to 2014." Women comple-
ted two research visits at ~ 17 (“early pregnancy visit”)
and 27 (“late pregnancy visit”) gestational weeks, dur-
ing which we administered questionnaires inquiring on
sociodemographic characteristics and health behav-
iors. For this study, we excluded participants who did
not complete the EPDS or PSS, resulting in an analytic
sample of 1,079 women. The subsample for this study
was similar to the entire Healthy Start sample with
respect to race/ethnicity, education level, birth country,
partner’s birth country, household income, parity,
and smoking status (data not shown; available upon
request).
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Implementation of psychiatric questionnaires
(EPDS and PSS)
At the early pregnancy visit, women completed the
EPDS and Cohen’s PSS.*>*" The EPDS is a validated
10-item questionnaire used to assess risk of postpartum
depression (PPD) by querying the respondent’s feelings
and level of satisfaction or dissatisfaction with regular
activities and behaviors in the prior 7 days by a ranking
scale from 0 to 3 (0=As much as I always could,
1=Not quite as much now, 2 =Definitely not as much
now, and 3 =Not at all). The PSS is a 10-item question-
naire used to assess the degree to which life situations
are deemed unpredictable, uncontrollable, and over-
whelming.’>** Although the EPDS is validated for
assessing PPD, lower scores that do not reach the
PPD diagnosis threshold (<13) can be interpreted as
indications of maternal distress in clinical settings.>’
The PSS has been shown to have high internal reli-
ability in pregnant populations and has been validated
for depressive and physical symptomatology of stress
in nonpregnant populations.”*** Respondents rank a
series of situations, on a 5-point scale describing how
often they experienced the burden of a scenario in
the past month, where 0=never, 1=almost never,
2 =sometimes, 3 =fairly often, and 4 =very often.

Maternal characteristics
Sociodemographic characteristics. At the early preg-
nancy visit, women provided information on sociode-
mographic characteristics and health behaviors. Using
questionnaires, participants indicated their age in
years and race/ethnicity based on the following catego-
ries: Hispanic or Latina, White or Caucasian, Black,
Asian or Pacific Islander, American Indian or Alaskan
Native, and other. For the analysis, racial/ethnic cate-
gories were collapsed into Hispanic, non-Hispanic
White, non-Hispanic Black, and non-Hispanic other
due to small cell sizes in each of the original categories.
At the early pregnancy visit, women also provided
information about their education level (less than
high school, high school degree or GED, some college
or associate’s degree, 4 years of college, and graduate
degree), her own as well as her partner’s country of
birth (United States or non-United States), and annual
household income (<$20,000, 20,001 to <40,000,
$40,000-70,000, and =$70,000). At the same visit, we
also inquired on the number of persons living in the
woman’s household, and use of public assistance pro-
grams (e.g., Women, Infants, and Children program
or Food Stamps).
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Biological characteristics during the perinatal
period. Medical records provided information on ges-
tational age at delivery, which we categorized as <37
versus >37 weeks, corresponding with preterm versus
term delivery.*® Prepregnancy body mass index (BMI)
(kg/m®) was calculated using maternal height measured
at the first study visit and maternal weight, which was
either recorded by a medical provider at the first prena-
tal visit (91%) or self-reported at the first research visit
(9%).” We then categorized BMI using standard
thresholds.”® Gestational weight gain (GWG) was calcu-
lated as the difference between the last available weight
measurement during pregnancy and prepregnancy
weight.”” GWG measures were classified as insufficient,
adequate, or excessive, as recommended by the Institute
of Medicine 2009 guidelines.” Parity was self-reported
by women at enrollment and gestational diabetes melli-
tus was documented from the medical record.*

Health behaviors. Women reported their smoking
habits during early pregnancy, which we categorized as
ever smoked during gestation versus did not smoke
during gestation. We collected dietary intake data
using the multiple-pass Automated Self-Administered
24-hour Dietary Recall (ASA24) questionnaire start-
ing in the first trimester with an average of three to
four recalls per woman.’’”> We used these data to
estimate Healthy Eating Index (HEI)—2020 score
and dichotomized as <57 versus >57°** to indicate
low versus high diet quality as was previously done.
Maternal physical activity data were collected using
the Pregnancy Physical Activity Questionnaire.”>**
We dichotomized physical activity per week at 150 min-
utes per week as the threshold for adequate physical
activity per recommendations of the Centers for Dis-
ease Control and Prevention.>

Statistical analyses

Before our main analysis, we examined the univariate
and frequency distributions of key variables to iden-
tify deviations from normality and missing values.
Then, we implemented the main analysis in two
steps, described below.

Step 1: characterize domains of maternal stress. To
characterize the domains of maternal stress, we first
standardized participants’ responses to the EPDS and
PSS such that a higher value corresponds with higher
stress, which entailed reverse coding PSS questions 4,
5, 7, and 8 (Supplementary Table S1).



Dhaliwal, et al.; Women'’s Health Reports 2022, 3.1
http://online.liebertpub.com/doi/10.1089/whr.2022.0011

Next, we entered the standardized questionnaire
responses (20 variables) into a principal component
analysis (PCA), an unsupervised dimension reduction
approach that yields orthogonal latent constructs (fac-
tors) based on the correlations among the original var-
iables, yielding distinct (i.e., uncorrelated) domains of
maternal stress that are naturally occurring within
the study population.'® We used the Scree plot and
standard criterion of Eigenvalues >1 to determine the
number of factors to retain for subsequent analyses.'®
For these factors, we subsequently derived a factor
score, or a normally distributed variable that represents
the extent to which an individual’s EPDS and PSS
responses reflect the psychosocial stress domain cap-
tured by that factor. Each individual was assigned a fac-
tor score for each stress domain, capturing experiences
of stress in multiple domains. We interpreted the fac-
tors based on the variables with the highest factor load-
ings, focusing on those with factor loading >0.4.

Step 2: identify perinatal correlates of maternal stress
domains. After deriving factor scores for the maternal
stress domains of interest, we used linear regression
to identify sociodemographic, biological, and health
behavioral correlates of each domain during the peri-
natal period. In these models, each perinatal character-
istic was the independent variable and the factor score
for a given domain was the dependent variable. After
identifying significant associations in unadjusted ana-
lyses (alpha=0.10, given the exploratory nature of
this analysis), we built a multivariable model for each
stress domain.

In the multivariable models, perinatal characteristics
that were significant in unadjusted analyses were con-
sidered for inclusion, while also taking into account
the temporal relationship and correlation among vari-
ables (e.g., if both prepregnancy BMI and GWG were
significant in unadjusted analyses, we included only
the former in the multivariable model since it is
upstream of and directly affects the latter). For all mod-
els, we assessed jackknifed studentized residuals to con-
firm assumptions of normality. Data management and
statistical analyses were conducted in SAS version 9.4,
The SAS Institute (Carey, NC).

Results

Table 1 shows descriptive statistics of the study popu-
lation. The average age of women at enrollment was
28 vyears (standard deviation=6.2). Approximately
half (53.3%) identified as non-Hispanic White, 38.8%
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Table 1. Background Characteristics of 1,079 Healthy
Start Women Included in This Report
N %
Maternal sociodemographic characteristics
Age at early pregnancy interview
16-24 years 360 334
25-29 years 277 257
30-34 years 307 28.5
35 years or older 135 125
Race/ethnicity
Hispanic 278 38.8
Non-Hispanic White 575 533
Non-Hispanic Black or African American 158 14.6
Non-Hispanic Asian 31 29
Other 37 34
Birth country
United States 917 85
Outside United States 162 15
Partner’s birth country
United States 704 65.3
Outside United States 172 159
Education
Less than 12th grade 162 15
High school degree or GED 196 18.2
Some college or associate’s degree 252 234
Four years of college (BA, BS) 235 21.8
Graduate degree 234 21.7
Annual household income
$20,000 or less 354 328
$20,001-40,000 197 18.3
$40,001-70,000 150 13.9
$70,000 163 15.1
No. of persons in household
1-2 437 40.5
3-4 496 46
5-6 114 10.6
7 or more 25 23
Receipt of public assistance
Yes 397 36.8
No 674 62.5
Biological characteristics
Prepregnancy BMI
Underweight 34 3.2
Normal weight 529 49
Overweight 293 27.2
Obese 220 20.4
Parity (pregnancy index)
1 1038 96.2
2 40 37
3 1 0.1
Gestational weight gain
Inadequate 281 26
Adequate 305 283
Excessive 487 45.1
Gestational diabetes
Yes 42 3.9
No 925 85.7
Gestational age at delivery
<37 weeks 67 6.2
>37 weeks 980 90.8
Health behaviors
Smoked during pregnancy
Did smoke 89 83
Did not smoke 990 91.8
HEI
HEI >57 249 23.1
HEI <57 792 734
(continued)
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Table 1. (Continued)

N? %
Physical activity
>150 min/week 644 59.7
<150 min/week 435 40.3

®Frequencies and percentages may not sum to the total sample size
due to missing values.
BMI, body mass index; HEI, Healthy Eating Index.

as Hispanic, 14.6% as non-Hispanic Black, 2.9% as
non-Hispanic Asian, and 3.4% as another race/ethnic
identity. The majority of participants (85%) and their
partners (65.3%) were born in the United States.
Most women (66.9%) attended college. Approximately
half (51.1%) of the sample reported an annual house-
hold income <$40,000 and 36.8% received public assis-
tance. Additional characteristics are in Table 1.

Supplementary Table S1 shows the distribution of
responses to the PSS and EPDS questionnaires, along
with the coding scheme to standardize the responses
before PCA analysis. Supplementary Table S2 shows
the correlation coefficients across sociodemographic,
biological, and health behavioral characteristics, which
we assessed as correlates of each psychosocial stress
domain.

After implementing the PCA on the EPDS and PSS
responses, we retained three factors with Eigenvalues
>1, which together explained 10.6% of variance in the
questionnaire responses. Based on the variables with
highest factor loadings (Table 2), we refer to Domain 1
(4.7% of variance) as “Feeling Overwhelmed,”
Domain 2 (3.0% of variance) as “Anhedonia,” and
Domain 3 (2.9% of variance) as “Lack of Control.”

In unadjusted analyses (Table 3), non-White race/
ethnicity, lower educational attainment, lower annual
household income, three or more prior births, inade-
quate or excessive GWG, smoked during pregnancy,
and poor diet quality (HEI <57) were each associated
with a higher score for Domain 1 (Feeling Over-
whelmed). Correlates of a higher score for Domain 2
(Anhedonia) included younger age, non-White race/
ethnicity, non-United States nativity, having a partner
of non-United States nativity, lower educational attain-
ment and household income, larger household size,
receipt of public assistance, having prepregnancy BMI
outside the normal range (18.5 > BMI <25kg/m?),
and poor diet quality. Younger age, non-White
race/ethnicity, being born outside the United States,
non-United States nativity, lower educational attain-
ment and household income, larger household size, re-
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Table 2. Factors of Maternal Stress Retained
from Principal Component Analysis
Factor 1: Factor 3:
Feeling Factor 2: Lack of
Overwhelmed Anhedonia Control
Anxious or worried 0.70431? 0.07944 0.07819
Nervous or stressed 0.70386% 0.24744 0.14447
Upset because of 0.67618° 0.25203 0.18226
unexpected occurrence
Scared or panicky 0.66123% 0.1504 0.13945
Blamed myself unnecessarily 0.63422% 0.08366 0.19448
Unable to control important 0.62345% 0.19675 0.18511
things
Angered by things that are 0.5662% 0.2645 0.30896
outside control
Things getting on top of me 0.54054% 0.32207 0.30904
Could not cope with 0.53827°% 0.28768 0.18949
responsibilities
Things piling up 0.53296% 0.36465 0.35528
Unable to look forward with 0.06923 0.7671% 0.21553
enjoyment
Unable to laugh at things 0.11308 0.74843%  0.10326
So unhappy that | have 0.35273 0.62032*  0.13952
difficulty sleeping
Sad or miserable 0.44192 0.60995%  0.22045
So unhappy that | have been 0.48246 0.52631*  0.21923
crying
Lack of confidence in 0.12972 0.13786 0.76308°
handling personal
problems
Things not going your way 0.22736 0.22692 0.7418°
Not on top of things 0.23656 0.20647 0.73725°
Unable to control irritations 0.22898 0.07861 0.72429°

?Factor loading scores >0.4.
Variance explained: 4.65% Factor 1; 2.96% Factor 2; 2.88% Factor 3.

ceipt of public assistance, having prepregnancy BMI
outside the normal range, smoking during pregnancy,
and poor diet quality were associated with higher
score for Domain 3 (Lack of Control).

Table 4 shows the multivariable results for perinatal
correlates of each domain. Model 1 shows the perina-
tal correlates of Domain 1 (Feeling Overwhelmed).
After mutual adjustment of variables associated with
Domain 1 in unadjusted analyses, household income,
parity, GWG, and HEI score remained significant.
Lower household income (0.22 confidence interval
[95% CI: 0.05-0.39]) in Domain 1 score for <$70,000
versus >$70,000, inadequate (0.22 [95% CI: 0.04-0.39])
or excessive (0.27 [95% CI: 0.11-0.42] for) GWG (vs.
adequate GWG), and poorer diet quality (0.14 [95%
CI: 0.00-0.28] for HEI <57 vs. >57) were each inde-
pendently associated with higher scores for Domain 1.
In addition, primiparas had a higher score for this
domain (0.36 [95% CI: 0.02-0.71]) than multiparas.

Model 2 in Table 4 shows the multivariable results
for Domain 2 (Anhedonia). Here, older age (0.02
[95% CI: 0.00-0.03] per 1 year), Hispanic ethnicity



Table 3. Bivariate Associations of Maternal Sociodemographic, Biological, and Health Behavioral Characteristics During
the Perinatal Period with Maternal Stress Domains

Domain 1: Overwhelmed Domain 2: Anhedonia Domain 3: Lack of control
Estimate (95% Cl) p Estimate (95% Cl) p Estimate (95% Cl) p
Maternal sociodemographic characteristics
Age
16-24 years 0.00 (Reference) 0.20 0.00 (Reference) 0.003 0.00 (Reference) <0.0001
25-29 years —0.18 (—0.33 to —0.02) —0.12 (—0.28 to 0.03) —0.46 (—0.61 to —0.31)
30-34 years —0.15 (—0.30 to 0.01) —0.28 (—0.44 to —0.13) —0.70 (—0.84 to —0.55)
35 years or older —0.07 (—0.27 t0 0.12) —0.16 (—0.35 to 0.04) —0.42 (—0.61 to —0.23)
Race/ethnicity
Hispanic —0.02 (—0.16 to 0.13) 0.05 0.38 (0.24 to 0.53) <0.0001 0.48 (0.34 to 0.61) <0.0001
Non-Hispanic White 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
Non-Hispanic Black 0.13 (—0.04 to 0.31) 0.28 (0.10 to 0.45) 0.64 (0.47 to 0.81)
Non-Hispanic Asian 0.26 (—0.10 to 0.62) 0.04 (—0.31 to 0.4) 0.26 (—0.09 to 0.61)
Other 0.40 (0.07 to 0.74) 0.46 (0.13 to 0.78) 0.37 (0.04 to 0.69)
Birth country
United States 0.00 (Reference) 0.44 0.00 (Reference) <0.0001 0.00 (Reference) 0.006
Outside United States  —0.07 (—0.23 to 0.10) 0.37 (0.21 to 0.54) 0.24 (0.07 to 0.40)
Partner’s birth country
United States 0.00 (Reference) 0.93 0.00 (Reference) 0.0006 0.00 (Reference) <0.0001
Outside United States 0.01 (—=0.15 to 0.17) 0.27 (0.12 to 0.42) 0.37 (0.21 to 0.53)
Education level
Less than 12th grade 0.13 (—0.07 to 0.33) 0.05 0.60 (0.41 to 0.80) <0.0001 1.06 (0.87 to 1.25) <0.0001
High school degree 0.12 (—0.07 to 0.31) 0.44 (0.25 to 0.62) 0.55 (0.38 to 0.73)
or GED
Some college or 0.22 (0.05 to 0.40) 0.37 (0.20 to 0.54) 0.44 (0.28 to 0.61)
associate’s degree
Four years of college —0.03 (—0.21 to 0.15) 0.22 (0.04 to 0.40) 0.1 (—0.07 to 0.27)
(BA, BS)
Graduate degree 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
Annual household income
<$70,000 0.27 (0.14 to 0.40) <0.0001 0.27 (0.15 to 0.39) <0.0001 0.40 (0.27 to 0.52) <0.0001
>$70,000 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
No. of persons in household
1-2 0.00 (Reference) 0.62 0.00 (Reference) 0.06 0.00 (Reference) <0.0001
3-4 —0.09 (—0.22 to 0.03) 0.07 (—0.06 to 0.20) 0.15 (0.02 to 0.28)
5-6 0.01 (—0.20 to 0.21) 0.19 (—0.01 to 0.40) 0.57 (0.37 to 0.77)
7 or more —0.02 (—0.42 to 0.38) 0.17 (—0.23 to 0.57) 0.69 (0.29 to 1.09)
Receipt of public assistance
Yes 0.09 (—0.03 to 0.21) 0.15 0.39 (0.27 to 0.51) <0.0001 0.57 (0.46 to 0.70) <0.00001
No 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
Biological characteristics
Prepregnancy BMI
Underweight 0.17 (—0.18 to 0.51) 0.23 0.09 (—0.26 to 0.43) 0.06 0.03 (—0.31 to 0.38) 0.001
Normal weight 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
Overweight 0.11 (—0.03 to 0.25) 0.03 (—0.12 to 0.17) 0.13 (—0.01 to 0.27)
Obese 0.11 (—0.05 to 0.26) 0.19 (0.03 to 0.34) 0.25 (0.10 to 0.41)
Parity (pregnancy index)
1 0.00 (Reference) 0.02 0.00 (Reference) 0.30 0.00 (Reference) 0.50
2 —0.45 (—0.76 to —0.14) —0.36 (—0.68 to —0.05) 0.05 (—0.27 to 0.37)
3 0.86 (—1.09 to 2.82) 3.64 (1.70 to 5.59) 1.28 (—0.68 to 3.24)
Gestational weight gain
Inadequate 0.19 (0.02 to 0.34) 0.02 0.14 (—0.03 to 0.30) 0.09 0.16 (0.001 to 0.32) 0.09
Adequate 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
Excessive 0.20 (0.06 to 0.34) —0.03 (—0.17 to 0.12) 0.14 (—0.003 to 0.28)
Gestational diabetes
Yes 0.18 (—0.13 to 0.49) 0.26 —0.14 (—0.45 to 0.17) 0.39 0.04 (—0.27 to 0.35) 0.80
No 0.00 (Reference) 0.00 Reference
Gestational age at delivery
<37 weeks 0.13 (—0.11 to 0.38) 0.24 0.20 (—0.05 to 0.44) 0.12 —0.19 (—0.43 to 0.06) 0.13
>37 weeks 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
Health behaviors
Smoked during pregnancy
Did smoke 0.24 (0.02 to 0.46) 0.03 0.15 (—0.07 to 0.37) 0.18 0.45 (0.23 to 0.66) <0.0001
Did not smoke 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
HEI
HEIl >57 0.00 (Reference) 0.007 0.00 (Reference) 0.0003 0.00 (Reference) <0.0001
HEI <57 0.17 (0.05 to 0.29) 0.23 (0.10 to 0.35) 0.33 (0.21 to 0.45)
Physical activity
>150 min/week 0.07 (—0.05 to 0.19) 0.24 —0.10 (—0.22 to 0.02) 0.1 —0.09 (—0.21 to 0.03) 0.14
<150 min/week 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)

Bold text indicates characteristics that are statistically significantly associated with the respective Domain at alpha=0.10.
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Table 4. Multivariable Models of Maternal Sociodemographic and Perinatal Characteristics with Each Domain of Maternal

Psychosocial Stress (N=1,079)

Model 1: Domain 1

Model 2: Domain 2

Model 3: Domain 3

(Feeling Overwhelmed) (Anhedonia) (Lack of Control)
Estimate (95% ClI) p Estimate (95% Cl) p Estimate (95% Cl) p
Maternal sociodemographic characteristic
Maternal age — — 0.02 (0.00 to 0.03) 0.02 0.00 (—0.01 to 0.02) 0.77
Mother’s race/ethnicity
Hispanic —0.09 (—0.27 to 0.10) 0.32 0.19 (0.00 to 0.39) 0.04 —0.07 (—0.28 to 0.14) 0.02
Non-Hispanic White 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
Non-Hispanic Black —0.02 (—0.24 to 0.20) 0.14 (—0.12 to 0.39) 0.37 (0.10 to 0.63)
Other 0.20 (—0.08 to 0.47) —0.20 (—0.45 to 0.06) 0.12 (—0.14 to 0.39)
Mother’s education
Less than college graduate 0.01 (—0.17 to 0.19) 0.93 0.08 (—0.09 to 0.26) 0.36 0.16 (—0.02 to 0.35) 0.08
College graduate or higher 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
Mother's birth country
United States — — 0.00 (Reference) 0.61 0.00 (Reference) 0.12
Outside United States — 0.05 (—0.15 to 0.26) 0.17 (—0.04 to 0.39)
Mother's partner’s birth country
United States — — 0.00 (Reference) 0.21 0.00 (Reference) 0.08
Outside United States — 0.12 (—0.07 to 0.31) 0.17 (—0.02 to 0.37)
Household income
<$70,000 0.22 (0.05 to 0.39) 0.01 0.10 (—0.06 to 0.25) 0.23 0.03 (—0.13 to 0.20) 0.69
>$70,000 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
No. of persons in household
<5 — — 0.00 (Reference) 0.83 0.00 (Reference) 0.08
>5 — —0.02 (—0.24 to 0.20) 0.21 (—0.02 to 0.44)
Receipt of public assistance
Yes — — 0.11 (—0.07 to 0.29) 0.23 0.18 (—0.01 to 0.37) 0.06
No — 0.00 (Reference) 0.00 (Reference)
Biological characteristics
Prepregnancy BMI — — 0.00 (—0.02 to 0.01) 0.61 0.00 (—0.01 to 0.02) 0.41
Parity (at the time of index pregnancy)
1 0.36 (0.02 to 0.71) 0.04 — — — —
2-3 0.00 (Reference) — —
Gestational weight gain
Inadequate 0.22 (0.04 to 0.39) 0.003 — — — —
Adequate 0.00 (Reference) — —
Excessive 0.27 (0.11 to 0.42) — —
Health behaviors
Smoked during pregnancy
Did smoke 0.11 (—=0.15 to 0.36) 0.42 — — 0.32 (0.05 to 0.59) 0.02
Did not smoke 0.00 (Reference) — 0.00 (Reference)
HEI
HEI >57 0.00 (Reference) 0.06 0.00 (Reference) 0.03 0.00 (Reference) 0.53
HEI <57 0.14 (0.00 to 0.28) 0.15 (0.02 to 0.28) 0.04 (—0.09 to 0.18)

All sociodemographic and perinatal characteristics with estimates provided in Table 4 were included in the multivariable models, respectively, as

predictors.

Bold text indicates characteristics that are statistically significantly associated with the respective Domain at alpha=0.10.

(0.19 [95% CI: 0.00-0.39], and poor diet quality (0.15
[95% CI: 0.02-0.28]) were each independently associ-
ated with higher scores for this domain.

Model 3 in Table 4 shows the multivariable results
for Domain 3 (Lack of Control). Non-Hispanic Black
women had a higher score for this domain than non-
Hispanic White women (0.37 [95% CI: 0.10-0.63]).
Women with lower educational attainment (0.16
[95% CI: —0.02 to 0.35]), a partner born outside the
United States (0.17 [95% CI: —0.02 to 0.37]), and
households of =5 people (0.21 [95% CI: —0.02 to
0.44]), and those who received public assistance (0.18

[95% CI: —0.01 to 0.37]) and smoked during preg-
nancy (0.32 [95% CI: 0.05-0.59]) also had higher
Domain 3 scores.

Discussion

Summary of main findings

In this analysis of 1,079 racially/ethnically and socio-
economically diverse pregnant women, we identified
three domains of maternal stress based on EPDS
and PSS responses. The first domain, which we
named “Feeling Overwhelmed,” represented feelings
of nervousness/stress, upset because of unexpected
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occurrences, and an inability to cope with responsibil-
ities. The second domain, named “Anhedonia,” was
driven by feeling unable to look forward to things
with enjoyment or an inability to laugh at things.
The third domain, named “Lack of Control,” was char-
acterized by responses indicating a lack of confidence
in handling personal problems, perceptions that things
are not going one’s way, and an inability to control
irritations.

In multivariable analyses, correlates of Feeling
Overwhelmed included biological traits during the
perinatal period (primiparity, inadequate or excessive
gestational weight gain), as well as health behav-
ioral (poor diet quality) and sociodemographic (lower
household income) characteristics. On the other
hand, correlates of Anhedonia were primarily socio-
demographic characteristics (older age and Hispanic
ethnicity) and poor diet quality. Correlates of Lack
of Control comprised several sociodemographic char-
acteristics, including nonmodifiable traits/heritage
(non-Hispanic Black race/ethnicity, non-United States
nativity) and indicators of socioeconomic status (lower
educational attainment, living with >5 persons in a
household, and receipt of public assistance), and
smoking during pregnancy. We discuss our findings
below, including plausible biological and psychosocial
pathways, acknowledging that this analysis was not
designed to attribute causality to the correlates of
each stress domain.

Domain 1: Feeling Overwhelmed. In unadjusted anal-
ysis, we identified several perinatal correlates of Feeling
Overwhelmed, which were also associated with the
other two stress domains. These variables included
sociodemographic characteristics: non-White race/
ethnicity, lower educational attainment, and lower
household income; biological traits during the perina-
tal period: primiparity, and inadequate or excessive
GWG; and health behaviors: poor diet quality and
smoking during pregnancy. However, after mutual
adjustment of these variables for one another, only
one sociodemographic correlate (lower household in-
come) remained significant, whereas all the biological
traits (higher parity, and inadequate and exces-
sive weight gain) and poor diet quality remained
significant.

Because the sociodemographic characteristics are
likely upstream of the biological and behavioral path-
ways, the attenuation of effects for the sociodemo-
graphic characteristics in the multivariable models
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suggests that they may be operating through biologi-
cal and behavioral variables associated with feeling
overwhelmed.

Domain 2: Anhedonia. In unadjusted analyses, all
sociodemographic characteristics, and some biological
(prepregnancy BMI, GWG) and behavioral character-
istics (diet quality) were associated with Anhedonia.
In multivariable analyses, only older age, Hispanic
ethnicity, and poor diet quality remained signifi-
cant. Given that age and ethnicity are nonmodifiable
characteristics, the persistent association of these two
variables with Anhedonia after accounting for down-
stream perinatal characteristics and health behaviors
likely points toward the role of social experiences in
influencing Anhedonia. This notion is supported by a
recent study showing that experiences of racialized
bias or discrimination affect emotional dysregulation.”®
We also note some recent studies indicating a genetic
contribution to anhedonia®”*® through this assessment
were outside the scope of this analysis.

Domain 3: Lack of Control. Similar to Domain 2, all
sociodemographic characteristics were associated with
Lack of Control in unadjusted analyses, as were some
biological (prepregnancy BMI, GWG) and behavioral
traits (smoking during pregnancy and diet quality).
In the multivariable model, several sociodemographic
characteristics (non-Hispanic Black race/ethnicity,
educational attainment, partner’s nativity, household
size, and receipt of public assistance) and one behavioral
characteristic (smoking during pregnancy) remained
significant.

The persistent associations of the sociodemographic
characteristics with Lack of Control are not unexpected,
and may represent correlated features of a specific group
of individuals. For instance, non-Hispanic Black race/
ethnicity, lower educational attainment, non-United
States nativity, larger household size, and receipt of pub-
lic assistance are shared characteristics of migrants in
the Denver area.’® Recent migration is associated with
uncertainty in personal and professional aspects of
life,"” which may result in feeling a lack of control.

Comparison to prior studies

Similar to Maxson et al.'” and Goldenberg et al.,*! we
used individual responses from validated question-
naires to create latent constructs that capture distinct,
multidimensional aspects of psychosocial stress. Max-
son et al.'” used a group-based algorithm to categorize
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women into mutually exclusive stress domains,
whereas Goldenberg et al. used factor analysis to iden-
tify components to create in a single abbreviated ques-
tionnaire from five distinct questionnaires that assess
psychosocial status during pregnancy. We observe
consistency in correlates of the psychosocial stress
domains across studies. Maxson et al.'” found that
women in the “vulnerable” stress profile group char-
acterized by high depression and perceived stress,
and low interpersonal support, paternal support, and
self-efficacy, had higher odds of “risky health corre-
lates” (e.g., tobacco use and sexually transmitted infec-
tions) compared to those in the other groups.

We found a similar pattern with respect to health
behaviors in our study. Specifically, women with poorer
diet quality had higher factor scores for Feeling Over-
whelmed and Anhedonia, and women who smoked dur-
ing pregnancy had higher factor scores for Lack of
Control. Characteristics indicating disadvantage, such as
lower household income, or upstream interpersonal and
social experiences based on one’s race/ethnicity identity,
were also associated with higher stress scores, although
the associations were not consistent across all domains.**

Of note, the stress domains retained from PCA
accounted for a relatively low percentage of variance in
the EPDS and PSS questionnaire responses (~ 11%),
suggesting that there are other aspects of psychosocial
stress that were not captured by these latent con-
structs. However, the percent variance accounted for
by the individual domains (2.9% to 4.7%) is compara-
ble to fifth (5%) and sixth (3.5%) factors retained in
Goldenberg et al.’s study.*' It is also worth mentioning
that, despite a general focus on latent constructs that
account for a large amount of variance in the original
dataset, the variance accounted for by a latent construct
does not necessarily correlate with its relevance to an
exposure or outcome. Prior studies have demonstrated
that low variance factors (i.e., 3%-4%, as in this analysis)
were more relevant to a response variable than those that
accounted for more variance in the dimension reduction
step.”” This phenomenon transpires from the fact that the
relationship of the latent construct(s) with an exposure or
outcome is independent of variance accounted for in the
high-dimensional dataset during dimension reduction.

Strengths and limitations

Strengths of this study include the unsupervised data-
driven approach to characterizing maternal stress
during pregnancy, which allowed us to capture the
complexity and multidimensional nature of psychoso-
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cial stress; a diverse study population recruited in a
general risk setting, thereby enhancing generalizability;
and rich covariate data, which allowed us to evaluate a
number of sociodemographic, biological, and health
behavioral characteristics during the perinatal period
as correlates of stress domains that may serve as points
of intervention for future studies.

This study also had some limitations. First, as men-
tioned above, the psychosocial stress domains identi-
fied in our study explained a relatively low percentage
of interindividual variance in EPDS and PSS question-
naire responses. While the low variance does not dis-
count the relevance of our findings, we acknowledge
that there are likely other aspects of psychosocial stress
that are not captured by the domains we retained in
this analysis.

Second, we did not collect information on other im-
portant forms of stress, such as perceptions of racism
and discrimination. Although we assessed race/ethnicity
as a correlate of psychosocial stress, these are crude prox-
ies and several racial/ethnic identities are not represented
in our sample (e.g, American Indian or Alaska Native
and Asian). Therefore, we cannot comment on the factor
scores in these groups in comparison to other groups.

Third, there is discourse surrounding the replicabil-
ity of latent variables derived by PCA. We note, how-
ever, that studies reporting poor replicability of PCA
factors used this procedure to reduce a large number
of variables—for example, thousands of SNPs for der-
ivation of ancestry principal components in genetic an-
alyses.** Such findings are countered by original
research and systematic reviews demonstrating replica-
bility of PCA-derived dietary patterns across popula-
tions in a homogenous cultural context.*>*® These
studies used PCA to reduce a comparable number of
variables to those of this study (i.e., 20-35 variables)
for construction of dietary patterns.‘ls’46 Furthermore,
we followed the PCA with an orthogonal rotation proce-
dure, which has been shown to improve replicability.*”
Future studies are required to assess the extent to which
the stress domains identified herein are replicable in
and generalizable to other populations.

Finally, the exploratory nature of this analysis and
the relaxed threshold for statistical significance (alpha=
0.10) may be vulnerable to type 1 error. However, we
emphasize that the data science task at hand was to ex-
plore and interpret associations as a way to inform fu-
ture studies,*®*® as opposed to build a predictive
model of maternal stress, the latter of which would suffer
more from type 1 error.
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Conclusion

In a diverse population of pregnant women in Colo-
rado, we identified Feeling Overwhelmed, Anhedonia,
and Lack of Control as three distinct domains of
psychosocial stress with differential associations to
upstream sociodemographic, biological, and behavioral
characteristics during the perinatal period. Our find-
ings provide insight on patterns of maternal psychoso-
cial stress during pregnancy that may have long-term
implications for both the woman as well as her off-
spring. Moreover, the correlates of domains shed
light on upstream determinants as well as possible bio-
logical and/or psychosocial pathways through which
these experiences of stress manifest, thereby setting
the stage for future studies to further explore these
pathways and identify potential strategies for support
or intervention.

Given the complexities of assessing psychosocial
stress, future studies should consider mixed-method
approaches that query women’s lived experiences to
inform interpretation of quantitative analyses such as
the type performed herein. Examples include use of
open-ended questions to better capture perceived
stress, experiences of bias or discrimination, and
other lived experiences of participants, followed by a
quantitative analyses of such data®’; or collection and
use of qualitative data on stressors during pregnancy
to inform development of stress management interven-
tions.”" Such approaches create space for participants
to provide cultural and contextual insight into their
lived experiences, which lead not only to richer data
but also more tailored and effective interventions.>
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