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Abstract

Background—Lower socioeconomic status (SES) and psychosocial stress during pregnancy
have been associated with adverse birth outcomes. While hypothalamic-pituitary-axis activation is
thought to be the primary driver, oxidative stress may also be involved mechanistically. We used
data from the Puerto Rico Testsite for Exploring Contamination Threats (PROTECT) cohort
(N=476) to examine associations between self-reported psychosocial stress measures, SES
indicators, and urinary oxidative stress biomarker concentrations, hypothesizing that women with
lower SES and increased psychosocial stress would have elevated oxidative stress biomarkers.
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Methods—Maternal age, education, marital status, insurance status, alcohol use and smoking
status were obtained via self-reported questionnaires and were used as indicators of SES.
Perceived stress, depression, negative life experiences, neighborhood perceptions, and social
support were self-reported in questionnaires administered during pregnancy. Responses were
grouped into tertiles for analysis, where the highest tertile corresponded to highest level of
psychosocial stress. Urinary concentrations of 8-iso-prostaglandin Fy, (8-is0-PGF,.) and its
primary metabolite were measured at three study visits (median 18, 24, 28 weeks gestation) and
averaged to reflect oxidative stress across pregnancy. Linear models were used to examine
associations between SES indicators, tertiles of psychosocial stress and oxidative stress
biomarkers.

Results—Average levels of 8-iso-PGF,, and the 8-iso-PGF,, metabolite were higher among
pregnhant women who were younger, who had public compared to private insurance, and who were
unemployed compared to employed. However, no associations were observed between
psychosocial stress measures and biomarker concentrations in adjusted analyses.

Conclusions—Psychosocial stress during pregnancy, as indicated by self-reported questionnaire
measures, was not associated with biomarkers of oxidative stress in the PROTECT study.
However, results suggest that these biomarkers are elevated among women of lower SES, which is
typically associated with stress. Notably, compared to other populations, self-reported
psychosocial stress measures were lower in PROTECT compared to other populations.
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Introduction

Decreasing socioeconomic status (SES) and increasing psychosocial stress have been
associated with adverse pregnancy outcomes.! One potential pathway linking these factors
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to adverse birth outcomes may be elevated oxidative stress. Thus, understanding the origins
of oxidative stress during pregnancy may lead to improved intervention strategies for
preventing poor pregnancy endpoints, such as preterm birth.2

Certain health behaviors frequently associated with lower SES may contribute to higher
oxidative stress levels. For example, relative to higher SES individuals, smoking, alcohol
use, and unhealthy diets are more common among those with lower SES.34 These behaviors
are known to increase oxidative stress.>:6 Additionally, individuals of lower SES may be
disproportionately exposed to environmental contaminants, such as air pollution and
phthalates,” which have been associated with increased concentrations of oxidative stress
biomarkers.8:2

Individuals who are socioeconomically disadvantaged may also experience higher levels of
psychosocial stress, in part due to experiencing a greater number of daily hassles, anxiety,
and poorer living conditions.! Studies in non-pregnant populations have shown that
individuals with higher levels of psychosocial stress, such as those who experience stressful
life events and symptoms of depression and anxiety, have elevated oxidative stress
biomarkers compared to their less stressed counterparts.19-12 Few studies, however, have
been conducted among pregnant women1314 where it may be particularly important.
Furthermore, these studies have been limited by a small number of scales used to measure
psychosocial stress.11:14 Thus, we sought to examine the relationships between SES, 5
measures of psychosocial stress, and oxidative stress biomarkers in a cohort of pregnant
women residing in Puerto Rico. We hypothesized that increased psychosocial stress and
indicators of SES disadvantage would be associated with elevated oxidative stress levels.

Study Population

Pregnant women included in this analysis delivered between August 2012 and April 2017
and are a subset of women enrolled to date in the Puerto Rico Testsite for Exploring
Contamination Threats (PROTECT) cohort. Recruitment methods have been previously
described in detail. 1516 Inclusion criteria for PROTECT were as follows: maternal age
between 18-40 years, residence in the Northern Karst aquifer region, and no known
obstetric and medical complications (e.g., diabetes). Women who used /n vitro fertilization
to become pregnant and who used oral contraceptives for 3 months prior to conception were
excluded. Participants completed up to 3 study visits, targeted at approximately 2042, 24+2,
and 28+2 weeks gestation, and demographic information is obtained via questionnaire at the
first visit. Spot urine samples were obtained at each study visit. All women provided written
informed consent prior to participating and the Institutional Review Board at all
participating locations (University of Georgia, University of Michigan, Northeastern
University, University of Puerto Rico) approved this study.

We included the following categorical covariates as indicators of SES or as

sociodemographic characteristics in our analyses: maternal age in years (18-24, 25-29, 30—
34, 235), marital status (single, married, living together and unmarried), maternal education
(<high school, high school degree or equivalent, some college or technical school, >college
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degree), employment status (unemployed, employed), insurance status (public, private,
uninsured), alcohol use (never, before pregnancy, current at visit 1) and smoking status
(never, before pregnancy, current at visit 1).

Psychosocial Stress

Five questionnaire measures of psychosocial stress were administered to participants in
PROTECT. The Life Experience Surveyl’ and two questions assessing perceptions of
neighborhood safety and quality’8 were administered at the 2" visit as indicators of
negative life experiences and neighborhood perceptions, respectively. The 10-item Perceived
Stress Scale,19 20-item Center for Epidemiologic Studies-Depression scale (CES-D),2° and
7-item ENRICHD Social Support Instrument?! were administered at the 3" visit.

Responses to individual questions on each scale were summed to create continuous
measures of stress. If the response to any individual question on the scale was missing, the
overall scale was coded as missing for that individual. Continuous measures for each scale
were grouped into tertiles (i.e., low, medium, high stress) for analyses, where the highest
tertile corresponded to high stress for all scales, except the ENRICHD Social Support
Instrument where the lowest tertile indicated low social support (i.e., high stress). Additional

information regarding classification of psychosocial stress measures is provided elsewhere.
22

Oxidative Stress Biomarker Assessment

The Eicosanoid Core Laboratory at Vanderbilt University Medical Center (Nashville, TN)
analyzed free 8-isoprostane-prostaglandin-F,, (8-iso-PGF,,) as a biomarkers of oxidative
stress using stable isotype dilution gas chromatography-negative ion chemical ionization-
mass spectrometry in 476 participants (N= 272 samples at visit 1, N= 345 samples at visit 2,
N= 221 samples at visit 3).23 The major 8-iso-PGF,, metabolite, 2,3-dinor-5,6-dihydro-15-
Fo-isoprostanes, was also measured, as is thought to be a superior biomarker of oxidative
stress than 8-iso-PGF,, in urine.24 We additionally measured prostaglandin-Fo, (PGFo,)
which can be used to distinguish whether 8-iso-PGF,, derive from chemical or enzymatic
pathways.2> As a sensitivity analysis, we quantified the proportion of 8-iso-PGF,, derived
from chemical and enzymatic fractions using the ratio of PGF,, to 8-iso-PGF5, as
calculated by a custom interface for the R package “Constrained Linear Mixed Effects
(CLME)”, and examined associations with these endpoints.25 For all biomarkers measured,
values below the limit of detection (LOD; 0.101 ng/mL) were replaced by LOD/the square
root of 2.

Urinary specific gravity (SpG) was measured using a digital handheld refractometer to
indicate urine dilution. All urinary oxidative stress biomarker concentrations were corrected
for SpG using the equation Ox; = Ox[(1.019-1)/(SpG-1)], where 1.019 is the median SpG in
the PROTECT population, Ox is the measured oxidative stress concentration, and OX. is the
SpG-corrected measure. We then took the geometric mean of the available SpG-corrected
oxidative stress concentrations across visits to reflect pregnancy averages. All averages were
natural log transformed for normality in statistical models.
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Statistical Analysis

Results

Descriptive statistics were used to summarize participant sociodemographic characteristics.
Linear regression models were used to calculate crude estimates and 95% confidence
intervals (ClI) for the associations between SES indicators, psychosocial stress and each
oxidative stress biomarker pregnancy average. Adjusted estimates were also obtained from
linear regression models in which psychosocial stress was the exposure. QQ-plots were
examined for each model to check linear regression assumptions, including linearity,
normality, and homoscedasticity. Beta estimates were converted to percent difference in
oxidative stress biomarker concentration in association with SES indicators and
psychosocial stress. Tests for linear trend across tertiles were conducted using the Cochrane
Armitage test.28 SES indicators retained in adjusted models changed point estimates by
>10%.

Missing data for psychosocial stress measures and covariates (<10% for each imputed
variable) was imputed using multiple imputation via chained equations (MICE), which was
implemented using the “mice’ package in R. Oxidative stress biomarker concentrations were
not included as predictors in the imputation procedure. All analyses were conducted in R
Version 3.5.0 and SAS 9.4 (Cary, NC).

This analytic sample included 476 women who had at least one urine sample analyzed for
oxidative stress biomarkers. Most women were between 18-24 years of age (39.7%), were
married (53.8%), had a college degree or higher (41.6%), and were non-smokers (82.6%;
Table 1). The geometric mean of 8-iso-PGF,, and the 8-iso-PGF,, metabolite was 1.84
(geometric standard deviation [SD]=1.66) and 0.88 (geometric SD=1.72), respectively.

In bivariate analyses, indicators of lower SES were associated with elevated pregnancy
averages of both oxidative stress biomarkers (Table 2). For example, compared to women
who were employed, women who were unemployed had 9.19% (95% CI=1.40-17.6) and
14.3% (95% CI1=5.71-23.7) higher 8-iso-PGF,, and 8-iso-PGF,, metabolite levels,
respectively. Women with public insurance also had elevated levels of 8-iso-PGF, (%
difference=14.2, 95% CIl=6.01-23.0) and 8-iso-PGF,, metabolite (% difference=18.1, 95%
Cl1=9.23-27.8) compared to women with private insurance. Additionally, women who had
less than a college education and who were between 18-24 years of age had elevated levels
of both biomarkers compared to those who had a college education and who were between
25-29. Associations between SES indicators and PGF,, and the chemical and enzymatic
fractions of 8-iso-PGF,, were similar to those observed with 8-iso-PGF,, and the 8-iso-
PGF,, metabolite (Table S1).

In crude models of the associations between psychosocial stress and 8-iso-PGF5., women
with high compared to low scores on the Life Experience Survey had increased 8-iso-PGFy,
(% difference=9.59, 95% Cl=0.24-19.8; p-trend=0.04). High compared to low scores on the
CES-D were also somewhat associated with elevated 8-iso-PGF5, in crude models (%
difference=6.70, 95% CI=-3.09-17.5). Maternal age, education, and marital status were
retained as covariates in final adjusted models. No associations were observed in adjusted
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models examining associations between psychosocial stress measures and 8-iso-PGF,
(Table 3).

For the 8-iso-PGF,, metabolite, point estimates were generally elevated among women in
the upper two tertiles of each stress scale compared to reference groups in crude and
adjusted models (Table 4). In crude models, medium and high levels of the ENRICHD
Social Support Instrument were associated with an 9.46% (95% CI1=-0.18-20.0) and 12.3%
(95% Cl1=1.87-23.7) increase in the 8-iso-PGF,, metabolite relative to women in the lowest
tertile (p-trend=0.01). Women with high compared to low scores on the Perceived Stress
Scale also had moderately increased levels of the metabolite (% difference=7.83, 95% Cl=
-2.43-19.2; p-trend=0.14). However, no associations between psychosocial stress measures
and the 8-iso-PGF,, metabolite were observed in adjusted models (Table 4). These
associations, as well as associations between psychosocial stress measures and 8-iso-PGFo,
were similar in unimputed data (data not shown). No associations between psychosocial
stress measures and PGF,, were observed in crude or adjusted models (Table S2).
Additionally, our sensitivity analysis revealed no associations between psychosocial stress
measures and the chemical and enzymatic fractions of 8-iso-PGFy, (Table S3-S4).

Discussion

We examined associations between indicators of SES as well as self-reported psychosocial
stress and oxidative stress biomarkers during pregnancy. Overall, our results suggest that
women at a socioeconomic disadvantage have higher levels of oxidative stress, but we did
not observe associations between self-reported psychosocial stress and oxidative stress
biomarkers.

Our finding that women of lower SES have higher oxidative stress biomarker concentrations
is consistent with the literature. For example, another pregnancy cohort found that women
who had less than a college degree and were unmarried had elevated 8-is0-PGF,, in the 3'd
trimester.14 Additionally, in a population of pregnant women from Boston, MA, participants
with higher education levels had lower 8-iso-PGF,, compared to women with a high school
education only.13

Other evidence has shown that 8-iso-PGF,,, levels are elevated among pregnant and
nonpregnant individuals who experience extreme stressful life events and elevated levels of
perceived stress.12.14 Although our results do not support this hypothesis, other studies in
nonpregnant populations have shown that psychosocial stress is associated with other
oxidative stress biomarkers, specifically 8-hydroxy-2’-deoxyguanosine (8-OH-dG), a
measure of oxidative DNA damage. For example, women who experienced anxiety and
anger had elevated 8-OH-dG concentrations compared to women with lower scores on these
scales.2” An additional study found that increasing workplace social support was associated
with decreasing 8-OH-dG.28

We did not observe any associations between psychosocial stress measures and oxidative
stress biomarkers in adjusted analyses. Some of our previous work has shown that the mean
levels of self-reported psychosocial stress questionnaires in PROTECT are lower than mean
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stress levels observed in other cohorts.22 For example, in PROTECT, the mean CES-D score
was 11 as compared to 24.4 among women in the Boston Puerto Rico Health Study?2® or
21.8 among women recruited from primary care clinics in San Juan, PR.30 The lower levels
of reported stress in our population may be a result of differences in self-report across scales
or due to features of the cohort’s institutional context. For example, participants in
PROTECT receive multiple prenatal care visits as a result of their participation in the study.

An important limitation of our study was that our scales only measured psychosocial stress
during pregnancy. We had no measure prior to pregnancy and some literature suggests that it
is the accumulation of stress across the life course that is more relevant for adverse health
outcomes.31 Additionally, oxidative stress biomarkers measured in our study are markers of
lipid peroxidation only. Future research should examine associations between SES,
psychosocial stress, and other biomarkers of oxidative stress, such as metabolites of DNA or
RNA oxidation, as SES and psychosocial stress may be influencing oxidative stress through
different pathways. Nonetheless, our study has many strengths, as we examined multiple
indices of psychosocial stress and SES. We also had repeated measures of oxidative stress
biomarkers across pregnancy, which were averaged across study visits and allowed us to
obtain a more stable measure of oxidative stress. Lastly, 8-iso-PGF,, and its metabolite are
considered to be the best biomarkers of oxidative stress3? and these biomarkers were
quantified using a highly sensitive and specific mass-spectrometry method which is
preferred over immunoassay-based methods.33

Conclusions

In conclusion, demographics indicative of a socioeconomic disadvantage were associated
with elevated oxidative stress biomarkers in our analyses. However, we did not observe any
associations between psychosocial stress and oxidative stress biomarkers. It is possible that
women enrolled in PROTECT experience lower levels of psychosocial stress or respond to
these questionnaires differently than other cohorts, which could explain our inability to
detect associations. Future research should explore other pathways through which
psychosocial stress may lead to adverse pregnancy outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Oxidative stress levels were elevated among women with lower
socioeconomic status
. Self-reported psychosocial stress was not associated with urinary oxidative
stress biomarkers
. Self-reported stress levels in this population are lower than other cohorts
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Table 1.

Distribution of demographic characteristics in the PROTECT study population (N=476).

N (%)

Maternal Age, years
18-24 189 (39.7)
25-29 148 (31.1)
30-34 85(17.9)
235 54 (11.3)

Maternal Education
<High school 35 (7.35)
High school or equivalent 72 (15.1)
Some college or technical school 171 (35.9)
>College degree 198 (41.6)

Employment Status
Employed 295 (62.0)
Unemployed 181 (38.0)

Marital Status
Single 91 (19.1)
Married 256 (53.8)
Living together 129 (27.1)

Alcohol Use
Never 210 (44.1)
Before pregnancy 241 (50.6)
Current 25 (5.25)
Smoking

Never 392 (82.4)
Before pregnancy 65 (13.7)
Current 19 (4.00)

Insurance Status
Private 293 (61.6)
Public 177 (37.2)
Uninsured 6 (1.26)

Note: percentages may not sum to 100 due to rounding. The number of imputed values for each variable were as follows: maternal age=0, maternal
education=4, employment status=5,marital status=2, alcohol use=6, smoking=2, insurance status=17.
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Table 2.

Associations between specific gravity corrected urinary oxidative stress concentrations (ng/mL) and selected
demographic characteristics (N=476).

8-iso-prostaglandin-F,q 8-iso-prostaglandin-F,, metabolite

% Difference (95% CI) p % Difference (95% CI) p

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Maternal Age, years

18-24 17.8(8.31, 28.2) <0.01 22.5(12.0,33.9) <0.01
25-29 Ref Ref Ref Ref
30-34 -1.10 (-10.9, 9.78) 0.84 -1.99 (-12.3, 9.50) 0.72
235 -7.62 (-18.2, 4.37) 0.20 0.88 (-11.4, 14.9) 0.89
Maternal Education
<High school 14.6 (-0.73, 32.3) 0.06 21.1 (4.29, 40.7) 0.01
High school or equivalent 19.3 (7.11, 32.9) <0.01 28.1(14.5,43.4) <0.01
Some college or technical school 13.8 (4.90, 23.4) <0.01 18.7 (8.98, 29.3) <0.01
2College degree Ref Ref Ref Ref
Employment Status
Unemployed 9.19 (1.40, 17.6) 0.02 14.3 (5.71, 23.7) <0.01
Employed Ref Ref Ref Ref
Marital Status
Single 6.01 (-3.64, 16.6) 0.23 11.1 (0.49, 22.8) 0.04
Married Ref Ref Ref Ref
Living together 9.86 (0.89, 19.6) 0.03 18.7 (8.61, 29.8) <0.01
Alcohol Use
Never Ref Ref Ref Ref
Before pregnancy —-2.43 (-9.42, 5.10) 0.52 —-2.36 (-9.77, 5.66) 0.55
Current -5.90 (-20.8, 11.8) 0.49 -2.59 (~18.8, 16.8) 0.78
Smoking
Never Ref Ref Ref Ref
Before pregnancy 8.62 (-2.36, 20.8) 0.13 5.07 (6.11, 17.6) 0.39
Current 12.6 (-6.30, 35.4) 0.21 2.67 (157, 25.1) 0.79
Insurance Status
Private Ref Ref Ref Ref
Public 14.2 (6.01, 23.0) <0.01 18.1 (9.23, 27.8) <0.01
Uninsured 30.0 (-6.62, 80.9) 0.12 36.6 (-2.31, 91.0) 0.07

Note: associations are unadjusted. The number of imputed values for each variable were as follows: maternal age=0, maternal education=4,

employment status=5,marital status=2, alcohol use=6, smoking=2, insurance status=17.

Abbreviations: Cl, confidence interval; Ref, reference.
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Table 3.

Associations between specific gravity corrected urinary 8-iso-prostaglandin-F,, concentrations (ng/mL) and
psychosocial stress measures (N=476).

Crude Adjusted1

% Difference (95% CI) p % Difference (95% CI) p

ENRICHD Social Support Instrument
High Ref Ref Ref Ref
Medium 2.41 (-6.83, 12.6) 0.62 -2.44 (-13.1, 9.48) 0.68
Low 4.26 (-5.03, 14.5) 0.38 -1.77 (-11.7,9.32) 0.74

1duosnuen Joyiny

1duosnuey Joyiny

1duosnuen Joyiny

p trend 0.37 0.75
Perceived Stress Scale
Low Ref Ref Ref Ref
Medium -3.17 (-11.5, 5.98) 0.48 -5.65 (-13.7, 3.15) 0.20
High 2.09 (-7.05, 12.1) 0.67 -2.11 (-10.8, 7.41) 0.65
p trend 0.71 0.61
CES-D
Low Ref Ref Ref Ref
Medium -1.18 (-9.66, 8.10) 0.80 -1.62 (-9.95, 7.48) 0.72
High 6.70 (-3.09, 17.5) 0.19 2.89 (-6.50, 13.2) 0.56
p trend 0.21 0.60
Life Experience Survey
Low Ref Ref Ref Ref
Medium 6.85 (-2.39, 17.0) 0.15 5.13 (-3.82, 14.9) 0.27
High 9.59 (0.24, 19.8) 0.04 7.74 (-1.36, 17.7) 0.10
p trend 0.04 0.09
Neighborhood Perceptions
Low Ref Ref Ref Ref
Medium -1.38(-9.73, 7.74) 0.76 0.16 (-8.15, 9.23) 0.97
High 0.84 (-9.89, 12.8) 0.88 -1.35(-11.8,10.3) 0.81
p trend 0.99 0.86

1 . . .
Models are adjusted for maternal age, maternal education, and marital status.

Note: the number of imputed values for each variable were as follows: ENRICHD Social Support Instrument=36, Perceived Stress Scale=37, CES-
D=45, Life Experience Survey=35, Neighborhood Perceptions=17.

Abbreviations: Cl, confidence interval; Ref, reference; CES-D, Center for Epidemiologic Studies-Depression.
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Table 4.

Associations between specific gravity corrected urinary 8-iso-prostaglandin-Fo, metabolite concentrations and
psychosocial stress measures (N=476).

Crude Adjusted1

% Difference (95% CI) p % Difference (95% CI) p

ENRICHD Social Support Instrument

1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

High Ref Ref Ref Ref
Medium 9.46 (~0.18, 20.0) 0.06 1.68 (-8.84, 13.4) 0.77
Low 12.3 (1.87, 23.7) 0.02 3.31(-7.23, 15.0) 0.55
p trend 0.01 0.55
Perceived Stress Scale
Low Ref Ref Ref Ref
Medium 3.72 (-5.68, 14.1) 0.45 0.46 (-8.51, 10.3) 0.92
High 7.83 (-2.43,19.2) 0.14 1.93 (-7.67, 12.5) 0.70
p trend 0.14 0.71
CES-D
Low Ref Ref Ref Ref
Medium 0.36 (-8.62, 10.2) 0.94 -0.14 (-8.81, 9.36) 0.98
High 7.22 (-2.96, 18.5) 0.17 1.87 (-7.74, 12.5) 0.71
p trend 0.18 0.73
Life Experience Survey
Low Ref Ref Ref Ref
Medium -0.98 (-10.0, 8.99) 0.84 -3.57 (-12.1,5.82) 0.44
High 2.73 (-6.59, 13.0) 0.58 0.30 (-8.61, 10.8) 0.95
p trend 0.62 0.97
Neighborhood Perceptions
Low Ref Ref Ref Ref
Medium -0.52 (-9.38, 9.20) 0.91 0.84 (~7.84, 10.3) 0.86
High 453 (-7.20, 17.8) 0.47 1.78 (-9.42, 14.4) 0.77
p trend 0.58 0.75

1duosnuen Joyiny

1 . . .
Models are adjusted for maternal age, maternal education, and marital status.

Note: the number of imputed values for each variable were as follows: ENRICHD Social Support Instrument=36, Perceived Stress Scale=37, CES-
D=45, Life Experience Survey=35, Neighborhood Perceptions=17.

Abbreviations: Cl, confidence interval; Ref, reference; CES-D, Center for Epidemiologic Studies-Depression
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