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Abstract

Background—Allostatic load (AL) measures the cumulative impact of chronic stress and is
associated with adverse health outcomes. A novel scoring system has previously been developed
for AL in early pregnancy that is associated with pre-eclampsia. It was hypothesized that AL, as
identified by the present model, is associated with psychosocial stressors and, specifically, poor
sleep quality.

Methods—Women were selected from a low-risk, community-dwelling study population who
enrolled at <15 weeks gestation. Nine physiologic components were divided among the domains
of cardiovascular, metabolic, and inflammatory function. Spearman’s rank correlations were used
to examine the association of AL with age, income, the Revised Prenatal Distress Questionnaire
(NuPDQ), Inventory of Depressive Symptoms (IDS), and Pittsburgh Sleep Quality Index (PSQI).
The Wilcoxon rank-sum test was used to compare AL by race and educational attainment.

Results—A total of 103 women were identified, with: a mean age of 29.8 + 5.0 years, 17.5%
black, and mean gestational age 12.2 + 1.1 weeks. Allostatic load was positively correlated with
the PSQI (p=0.23, p=0.018). There were no associations with age, income, prenatal distress, race,
or depression scores. College-educated women had lower AL compared with those with less
education (0.57 £ 0.43 vs 0.81 + 0.55, p=0.045).
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Conclusion—Higher AL, measured by the pregnancy-specific model, was associated with
poorer sleep quality and lower educational attainment, both of which were considered to be
chronic stressors. These relationships were consistent with previous findings in non-pregnant
populations, and suggest that AL may be useful for capturing the physiologic impact of chronic
stress in early pregnancy.
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Introduction

Allostatic load (AL) is a measure of the cumulative impact of chronic stress, and represents
the ‘wear and tear’ the body experiences when repeated allostatic responses are activated
during stressful situations. The allostatic load model incorporates multiple subclinical
physiologic parameters into a single index score of risk for AL [1, 2]. It is often represented
by changes in primary mediators, such as stress hormones and inflammatory cytokines, and
secondary mediators subsequently, including metabolic and cardiovascular parameters. The
final stage, allostatic overload, is identified at the culmination of physiological dysregulation
resulting in disorder or disease. A caveat of studies using AL models is that not all indices/
measures are always available to enter into the model [1]; this limitation may obscure the
ability to compare studies [3].

Higher AL is associated with adverse health outcomes, including: cardiovascular disease,
impaired cognitive and physical functioning, and 5-year mortality [4]. It is known to be
higher among individuals who are considered to experience chronic psychosocial stress,
including African Americans and individuals of lower socioeconomic status [5-7]. Allostatic
load is also higher in individuals with more subtle chronic stressors, such as individuals
living in crowded or substandard housing and those who lack characteristics of resilience [8,
9]. Additionally, sleep is thought to modify the impact of chronic stress, and poor sleep
quality and sleep deprivation are considered to be chronic stressors [10, 11]. In many ways,
these previous findings demonstrate that AL may provide a biologically plausible
mechanism and capture the physiologic cumulative wear and tear of chronic stress that may
lead to higher rates of adverse health outcomes.

The majority of studies of AL have focused on non-pregnant populations. However, the
allostatic load model is also plausible in the study of adverse pregnancy outcomes. Despite
the numerous associations of AL with adverse health outcomes, few studies have examined
AL measured during pregnancy and with mixed results [12-15]. Wallace and colleagues, for
instance, did not find that AL predicted low birth weight or preterm birth in the models that
included race and neighborhood poverty level. Then again, they did not have measures of
psychosocial stress in their study [15].

The present authors previously developed a novel model of AL in early pregnancy that
demonstrated an association between higher AL scores and increased odds of developing
pre-eclampsia; it used data collected in the Prenatal Exposures and Pre-eclampsia Prevention
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(PEPP) study at the University of Pittsburgh, 1997-2001 [12]. This model included
biomarkers that are representative of the metabolic, cardiovascular, and inflammatory
domains of AL measured in early pregnancy, defined as <15 weeks gestation. This novel
first study of AL was limited both in its size and study design. Specifically, the use of a
matched case control did not allow completion of a high-quality analysis of race and
socioeconomic status. The assessment of study participants in the PEPP study also did not
include detailed survey measures of psychosocial stress. Pregnancy itself is a dynamic state
during which typical markers of AL may vary widely from a non-pregnant state and from
one time point in gestation to another. A pregnancy-specific model of AL cognizant of the
physiologic changes that occur during pregnancy and of the timing of sample collection is
essential to the study of AL in pregnancy. Therefore, in order to ensure that this model
captured AL and not solely pre-eclampsia risk, further investigation was necessary.

The present study aimed to validate this previously developed novel model of AL in early
pregnancy by evaluating the associations between AL scores and subjective measures of
stress by validated questionnaires and proxies of chronic stress, including race/ethnicity,
sleep quality, and socioeconomic status. It was hypothesized that higher AL scores would be
associated with higher levels of subjectively measured psychosocial stress, as well as well-
accepted proxies of chronic stress.

Study population

A subset of women was identified who were enrolled in the Sleep in Pregnhancy Study
(SLIP) at the University of Pittsburgh [16, 17]. Women in this study were recruited from the
greater Pittsburgh area. Participants were recruited from self-referral, physician referrals,
local advertisements or via participation in the University research registries. Women were
eligible if they were 10-14 weeks pregnant, having a singleton pregnancy, and between the
ages of 18-45 years. Only women intending to deliver were enrolled. Exclusion criteria
included self-report of psychopathology, sleep disorders, or current pharmacological/
therapeutic treatment for depression. In addition, women with pre-existing diabetes, HIV or
uterine abnormalities were excluded. Physiological screening for sleep-disordered breathing
or restless legs syndrome/periodic limb movements during sleep was not conducted.

The University of Pittsburgh Institutional Review Board granted approval for this study (#
08010142). All participants provided written, informed consent prior to participation, and in
accordance with the Code of Ethics of the World Medical Association (Declaration of
Helsinki) for experiments involving humans. Participants in the parent study completed
questionnaires, and provided fasting blood samples at the three times points (~12, 16 and 20
weeks gestation). Eligible participants (A=103) for inclusion in this analysis had available
plasma samples collected at approximately 12 weeks gestation and had completed the
questionnaires in the first cycle (12 weeks estimated gestational age). Pregnancy and
delivery outcomes were ascertained from the medical record following delivery.
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Measures of stress—Stress was captured using both well-known proxies of stress and
subjective measures of stress. Socioeconomic status and self-reported race/ethnicity were
included as proxies of chronic stress that are known to be associated with AL [1, 6, 7].
Socioeconomic status was considered to be multidimensional and measured in two ways. A
continuous socioeconomic index variable was generated by averaging the component scores
of two variables: income and education [18]. Participants first reported income and
education as categorical variables. To determine the component score for each variable, a
cumulative percentage distribution for each was computed, and the midpoint of the
percentage interval for each level of the variable was used as the score for that level [19].
The cumulative distribution for income and education was based on nationally representative
data from the pregnant women in the National Health and Nutrition Examination Surveys
(NHANES) 1999-2006, and from women giving birth in the state of Pennsylvania in 2011,
respectively. The Bureau of Health Statistics and Research, Pennsylvania Department of
Health provided the Pennsylvania state birth data. The Pennsylvania Department of Health
specifically disclaims responsibility for any analyses, interpretations or conclusions. The
final socioeconomic index score was obtained by these two cumulative percentage
distribution scores and dividing by 10, as described by Bodnar et al. [18]. Socioeconomic
status was also captured by examining educational attainment as self-reported education
level; this was used as a binary variable (college educated vs non-college education) to
divide the population.

Several subjective measures of acute and chronic stress, which were administered at the 10—
12 week visit, were also included. For acute stress, several validated measures were used:
the Inventory of Depressive Symptoms (IDS) [20] rates the nine criterion symptom domains
(0-27) needed to diagnose a major depressive episode by the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV); the Revised Prenatal Distress Questionnaire
(NuPDQ) [21] assesses pregnancy-related distress. Participants are asked to indicate if they
are currently feeling bothered, upset, or worried about different aspects of pregnancy on a 3-
point scale ranging from “not at all” (0) to “very much” (2). An average pregnancy-specific
distress score is calculated for each respondent by summing item responses and dividing by
the total number of items. Pregnancy-specific distress scores range from 0-2; the Perceived
Stress Scale (PSS) [22] assesses the degree to which situations in one’s life are appraised as
stressful during the last month. It is one of the most commonly administered subjective
stress questionnaires. Scores range from 0 (no stress) to 40 (very stressed). The present study
also included the Pittsburgh Sleep Quality Index (PSQI), which is an 18-item questionnaire
used to measure sleep quality complaints. Seven component scores assess habitual duration
of sleep, nocturnal sleep disturbances, sleep latency, sleep quality, daytime dysfunction,
sleep medication usage, and sleep efficiency. The seven components (range 0-3) are
summed to yield a measure of global sleep quality with a range of 0 (good sleep quality) to
21 (poor sleep quality) [23]. This was used as a measure of chronic stress, as poor sleep is
thought to increase AL [10, 24].

Allostatic load—To capture AL in early pregnancy, the methods described by Hux and
Roberts were used, as summarized below [12]. The allostatic load index score was
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determined for each subject using measurements and lab values from stored plasma samples
collected at <15 weeks gestation. To calculate AL, nine components representative of three
domains of systemic function were used: systolic blood pressure, diastolic blood pressure,
and pulse pressure were used for the cardiovascular domain; pre-pregnancy body mass index
(BMI), total cholesterol, high-density lipoprotein (HDL), and triglycerides were used for the
metabolic domain; and tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) were
used for the inflammatory domain. For each component, subjects received a single point for
each component in the high-risk range. The domain score was then calculated as the
proportion of components that were in the high-risk range for that given domain. High-risk
ranges for each component were previously defined by Hux and Roberts [12] using
nationally representative data and are listed as part of Table 2. Therefore, each individual
domain score was a continuous variable ranging from 0-1. The allostatic load score was a
continuous measure derived as the sum of the three domain scores and ranged from 0-3
[12].

High-risk values were determined using empirical and national survey data of values
obtained during the first trimester of pregnancy and study-specific data when this
information was not available in a national dataset. Excluding inflammatory markers, the
same high-risk values as those used in the previous study were used [12]. Briefly, high-risk
quartiles were determined using weighted 75th or 25th (HDL only) percentiles from
NHANES from 1999-2006 for systolic blood pressure, diastolic blood pressure, pulse
pressure, total cholesterol, HDL, and triglycerides. The present study used data in NHANES
that was obtained from women with positive urine pregnancy tests who self-reported being
between 1-3 months of gestation. These data were analyzed using an appropriate protocol
and variables were weighted, as defined in the NHANES tutorial [25]. Briefly, as the
NHANES is a cross-sectional study that uses a complex survey design and weighting of
participants from data collected in 2-year cycles, the present study generated an 8-year
weighting variable from assigned weights that were incorporated into the statistical analyses
in STATA. The World Health Organization guidelines define obesity as a BMI =30 kg/m?,
which was used for the high-risk cut-off of BMI in the present study. Given variability
among different assay Kits for inflammatory markers (eg, IL-6 and TNF-a.), inflammatory
marker data from the study population was used to generate a distribution of values for I1L-6
and TNF-a, and used the 75th percentile values for each marker as the high-risk quartile cut-
off for calculating AL. These cut-offs are also described alongside results in Table 2.

Biological measures—Systolic blood pressure, diastolic blood pressure, and pulse
pressure were obtained from a single measurement at <15 weeks estimated gestational age
obtained at the first visit and the time of first blood sample collection. The standard for
measure at <15 weeks was previously used for criteria in the first pregnancy-specific model
of AL described by Hux and Roberts, and thus has been duplicated in the present study [12].
Pulse pressure was calculated as the difference between systolic and diastolic blood
pressures. Pre-pregnancy BMI was determined from self-reported weight and measured
height. If pre-pregnancy weight could not be recalled, weight at enrollment was used.
Morning blood samples (20 mL) were obtained from participants during the physical
examination between 07:00 to 10:00 for assay of IL-6 and TNF-a.. The mean time of
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collection in this study was at 12.2 + 1.1 weeks. Samples were centrifuged, aliquoted, and
stored at —80 °C until assay. Plasma levels of IL-6 and TNF-a were determined by high-
sensitivity enzyme-linked immunosorbent assay (R & D Systems, Minneapolis, Minnesota),
according to the manufacturer’s instructions. The range for IL-6 was 0.156-10 pg/mL; and
for TNF-a, the range was 0.5-32 pg/mL. All samples were run in duplicate, and the
coefficient of variation between samples was 10%. Cholesterol, HDL, and triglyceride were
measured by colorimetric assays (Pointe Scientific, Canton, Ml). Coefficients of variation
(COV) were 6.5%, 4.7%, and 2.3%, respectively.

Statistical analyses—Allostatic load was analyzed as a continuous variable. The
distribution for AL in this population was not normally distributed; therefore, using non-
parametric approaches in these analyses was used with caution. Spearman’s rank
correlations were used to examine the association of AL to age, income, the NuPDQ,
socioeconomic index score, the IDS, the PSS and the PSQI. Furthermore, given the well-
reported associations between race and AL, and educational status and AL, partial
correlations were determined for the NuPDQ, IDS, PSS, and PSQI, adjusting for black race
and attainment of a college degree. Spearman’s rank correlations were used, as the
distribution of the data was not normal. The AL scores of blacks were compared to those of
non-blacks using the Wilcoxon rank-sum test. For educational attainment, the AL scores of
women who achieved a college degree or greater were compared to those that did not, using
the Wilcoxon rank-sum test. Significance was defined as a p-value of <0.05. All statistical
analyses were performed using STATA, Version 12 (College Station, TX).

A total of 103 eligible women were idnetified for inclusion in the study. Women were aged
29.8 + 5.0 years and were 12.2 + 1.1 weeks pregnant at the time of the collection of plasma
samples. Most women identified their race/ethnicity as white (75.7%), while 17.5%
identified as black and 6.8% identified as other races/ethnicities. More than half of subjects
had attained at least a college degree. Overall, there were low rates of complications in this
cohort with only two diagnoses of pre-eclampsia, two of gestational diabetes, and no
preterm birth. The complete demographic description of participants included in this study is
in Table 1.

Mean AL in this study was 0.71 + 0.52. The mean values and standard deviations for each of
the individual components of AL were listed alongside the high-risk cut-offs for each in
Table 2. Descriptive data on AL as well as each survey measure of psychosocial stress is
provided in Table 3.

Allostatic load was positively correlated with the Pittsburgh Sleep Quality Index Score
(p=0.2321, p=0.018) (Table 4). There were no significant associations of AL with age,
income, the NuPDQ, PSS, or DS (Table 4). In an adjusted partial correlation analysis of
subjective measures of stress, the correlation between the PSQI became non-significant
(p=0.1928, p=0.0510), and there was still no significant association between AL and the
NuPDQ, PSS, and IDS. Allostatic load tended to be higher among blacks than non-blacks
(0.97 £ 0.62 vs 0.66 £ 0.48, p=0.054), although this was not a statistically significant

Sleep Med. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hux et al. Page 7

finding. Allostatic load was lower among college-educated women in comparison with those
who were not (0.57 £ 0.43 vs 0.81 + 0.55, p=0.045).

Discussion

This study demonstrated significant associations between a novel model of AL in early
pregnancy and poor sleep quality, which is a known chronic stressor. Additionally, it
demonstrated higher allostatic load scores in early pregnancy among those with lower
educational attainment, which is a proxy for socioeconomic status and yet again another
association observed in the non-pregnant population. Notably, these relationships were not
observed in other subjective measures of stress. The demonstrated associations between the
model of AL and socioeconomic status, as measured through education and sleep quality,
were consistent with previous well-accepted associations in the literature [5, 7, 26]. These
findings validate this model, which was previously associated with increased pre-eclampsia
risk in a different study population [12], and it is believed that this is the first study, to date,
to report an association between AL and these measures that are detectable in early
pregnancy.

These findings represent a valuable contribution to the limited literature on AL and
pregnancy. Although many have proposed an association between adverse pregnancy
outcomes, psychosocial stressors, and even AL [27-29], few studies have examined AL in a
pregnant population and replicated findings in the pregnant population similar to those in the
non-pregnant population. Wallace and Harville studied AL at 26—28 weeks gestation and
found that black women actually had lower AL [15]. Likewise, Morrison et al. studied AL in
pregnant women in the National Health and Nutrition Examination Survey (NHANES), with
lower income or age [13]. It is believed that the inconsistency in these results may be
attributable to dynamic physiologic adaptations that occur throughout pregnancy. At 26-28
weeks gestation, the placenta is well established and many of these changes that make
pregnhancy physiologically different from the non-pregnant state have occurred [30].
Additionally, since Morrison et al. combined data from all pregnant women, irrespective of
their gestational age, differences in AL may have been masked in the statistical analyses. By
focusing on a narrow and early time point in gestation, this study examined AL prior to
more dynamic changes in a state more closely resembling non-pregnant physiology.

These findings align with previous work on the physiologic impact of stress among pregnant
women. Psychosocial and prenatal stress are associated with higher levels of inflammatory
markers and cytokines throughout pregnancy [31, 32] and the present findings are consistent,
given that AL is a composite measure of the physiologic impact of stress. Particularly
interesting was the positive correlation of AL and worsening sleep quality. Previous work
has shown poorer sleep quality among pregnant women, particularly those of lower
socioeconomic status, and increased risk for both preterm birth and post-partum major
depression, with the strongest effect being in early pregnancy [16, 33, 34]. Furthermore,
poor sleep quality and chronic deprivation is considered to be a chronic stressor with known
physiologic impact and increased risk for disease [35]. It is believed that the present findings
may contribute to a physiologic rationale for how stress and sleep may contribute to adverse
pregnancy outcomes.
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Although these findings demonstrate an association between AL measured in pregnancy and
the known stressors, this study had several limitations. Many of these limitations came from
the study population. This particular population was a healthy, community dwelling
population, as evidenced by their low number of pregnancy complications. It is uniquely
different from the PEPP study population used in the development of the pregnancy-specific
allostatic load model described by Hux and Roberts [12]. This population was unique for a
relatively high socioeconomic status, small number of non-white participants, higher but still
small distribution of age, and low frequency of pregnancy complications. These
demographics specifically limited ability to detect some associations that were otherwise
expected, notably in age, income, race, and composite socioeconomic status index score.
Further work building upon these findings should include a more diverse population with
larger number of participants.

A peculiar finding was also the lack of association between AL and other subjective survey
measures of stress. This was initially a surprising finding; however, the included subjective
stress measures — the Inventory of Depressive Symptoms, Perceived Stress Scale, and
Prenatal Distress Questionnaire — capture ongoing depressive symptomatology and more
acute stress events. That said, although these measures capture psychological stress, they do
not capture or characterize long-lasting stressors. The allostatic load concept models
allostatic load as a measure of cumulative physiologic wear and tear. Although few studies
have explored the relationship between subjective measures of acute stress and allostatic
load, the lack of a strong correlation between measures of acute stress and AL is
unsurprising and consistent with the conceptual model [1, 3, 36]. Thus, the AL model is
positively correlated with chronic stressors, such as low socioeconomic status or poor sleep
quality, but not acute stressors.

Conclusion

This study reinforces the model of AL in early pregnhancy and also demonstrates a clear
association between AL and sleep quality, a known chronic stressor evident in early
pregnancy. Importantly, it was also able to replicate a well-established relationship of AL to
educational attainment, which is one indicator of socioeconomic status. These findings
suggest that this model indeed captures AL, as it has been previously understood in the
stress-disease literature, and further supports that AL may be a useful tool for studying the
physiologic impact of chronic stress in pregnancy and adverse outcomes. The finding of a
correlation between sleep quality and AL also provides a possible point of intervention
between a readily modifiable risk factor for adverse pregnancy outcomes.
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Highlights
Higher allostatic load is associated with adverse health outcomes.
Allostatic load is also higher in individuals with more subtle chronic stressors.

An association was observed between allostatic load and various stressors that
are detectable in early pregnancy.

There was a positive correlation of allostatic load and worsening sleep quality.

This model captures allostatic load, as it has previously been understood in
stress-disease literature.
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Fig 1.
Allostatic load score versus Pittsburgh Sleep Quality Index score for study participants in
early pregnancy (A=103)
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Table 1
Demographics of study participants (A=103).
Mean age, years = SD 29.8+5.0
Race
Black, % (M) 17.5 (18)
White, % (M) 75.7 (78)
Other, % (N) 6.8 (7)
Income, % (N)
(<$20,000) 15.5 (16)
($20,000-50,000) 21.7 (22)
($50,000-100,000) 35.9 (37)
(>$100,000) 23.3(24)
Do not know/wish to answer 3.9(4)
Education, % (N)
<high school graduate 8.7(9)
Technical or trade school/some college 16.5 (17)
College degree 34.0 (35)
Some post-graduate work 11.7 (12)
Post-graduate degree 29.1 (30)
Mean Socioeconomic Index Score + Standard Deviation | 6.0 2.3
Primiparious*, % (N) 63 (63)
Mean gestational age at sample collection, weeks + SD 122+11
Mean gestational age at delivery, weeks + SD 39.8+12
Preterm birth, % (A\) 0(0)
Pre-eclampsia, % (N) 2(2)
Gestational diabetes, % (N) 2(2)

*
Missing data from three women
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Allostatic load scores, individual component high cut-off values, and individual component means and

standard deviations.

Participant meeting risk

Mean + SD | Median (interquartile range) | High-risk cut-off value (%)
Allostatic load 0.71+0.52 | 0.58 (0.25-1.17) - -
Systolic blood pressure, mmHg 107 £ 12 104 (100-114) 2115 24.3
Diastolic blood pressure, mmHg | 67 +9 64 (60-72) 269 37.9
Pulse pressure, mmHg 40+9 40 (34-46) =55 6.8
BMI, kg/m? 25759 23.5(21.6-27.9) 230 21.4
Triglycerides, mg/dL 118 + 59 102 (75-144) 2118 36.9
Cholesterol, mg/dL 169 + 27 165 (149-188) 2185 27.2
HDL, mg/dL 61+13 61 (54-68) <50 16.5
TNF-alpha, pg/mL 1.8+19 0.63 (0.27-3.31) 23.316 23.3
IL-6, pg/mL 0.19+0.44 | 0.007 (0.0015-0.125) >0.145 223
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Distributions of survey measures.

Table 3

Mean £ SD | Range | Median (interquartile range) | N
Prenatal Distress Score 0.38+£0.29 | 0-1.22 | 0.33(0.22-0.56) 91
Perceived Stress Scale 13.3+6.3 1-33 12 (9-17) 101
Inventory of Depressive Symptoms | 6.8 £ 3.0 2-22 6 (5-8) 102
Pittsburgh Sleep Quality Index 56+25 1-14 5(4-7) 103
Allostatic load 0.71+ 0.52 0-2 0.583 (0.25-1.17) 103

Sleep Med. Author manuscript; available in PMC 2018 May 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Hux et al.

Table 4

Correlation of allostatic load with demographics and subjective measures of stress.

Unadjusted coefficent

Race- and education-adjusted coefficient

Spearman Rho | p Spearman Rho p
Age —0.0055 0.96 - -
Income 0.0853 0.39 - -
Socioeconomic Index Score -0.1035 0.30 - -
Prenatal Distress Questionnaire Score 0.031 0.77 0.0387 0.72
Perceived Stress Scale 0.0593 0.56 -0.0007 0.99
Inventory of Depressive Symptoms Score | 0.0281 0.78 0.0260 0.80
Pittsburgh Sleep Quality Index 0.2321 0.018 0.1928 0.051
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