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Prenatal Health Behavior Scale. Regression models demon-
strated that, after adjustment for income, race/ethnicity, age, 
relationship status, pre-pregnancy body mass index, greater 
social support was associated with better self-rated health 
(p = 0.001), greater sleep quality (p = 0.001), fewer health-
impairing behaviors (p = 0.02), and higher RBC omega-3 
fatty acids (p = 0.003). Associations among social support 
with health-promoting behaviors, RBC omega-6 fatty acids, 
or gestational weight gain were not significant. Findings 
underscore the benefits of perceived social support in the 
context of pregnancy. Examination of pathways that link 
social support with these outcomes will be meaningful in 
determining the ways in which perinatal psychosocial inter-
ventions may promote health.

Keywords Social support · Pregnancy · Health behavior · 
Sleep · Fatty acids · Weight gain

Abstract Perinatal health and health behaviors play a cru-
cial role in maternal and neonatal health. Data examining 
psychosocial factors which predict self-reported health and 
health behaviors as well as objective indicators downstream 
of health behaviors among pregnant women are lacking. In 
this longitudinal study design with 131 pregnant women, 
perceived social support was examined as a predictor of 
self-rated health and average levels of sleep quality, health-
promoting and health-impairing behaviors, and red blood 
cell (RBC) polyunsaturated fatty acids across early, mid, and 
late pregnancy. Participants provided a blood sample and 
fatty acid methyl esters were analyzed by gas chromatogra-
phy. Measures included the Multidimensional Scale of Per-
ceived Social Support, Pittsburgh Sleep Quality Index, and 
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Introduction

Maternal health behaviors are especially important in preg-
nancy because they affect not only the self, but also fetal 
development and neonatal health outcomes. Health behav-
iors, such as physical activity, nutrition, and substance use, 
have been shown to influence the risk for pregnancy com-
plications, neurodevelopmental disorders, and adverse birth 
outcomes (Blair et al., 2015; Dunkel Schetter & Lobel, 2012; 
Klebanoff et al., 2011; Liu et al., 2008; Lobel et al., 2008). 
The Centers for Disease Control and Prevention (CDC) and 
the American Congress of Obstetricians and Gynecologists 
(ACOG), recommend that pregnant women reduce or avoid 
some behaviors (e.g., caffeine, alcohol, and tobacco use), 
adapt their diet (e.g., increasing folic acid intake), adhere to 
vaccination recommendations, attend regular prenatal care 
visits, and engage in adequate physical activity (ACOG, 
2015; CDC, 2016). Moreover, a growing body of literature 
indicates that poorer sleep, as measured by duration, quality, 
and clinical diagnoses, are associated with adverse mater-
nal health (e.g., gestational diabetes) and birth outcomes 
(e.g., preterm birth; Blair et al., 2015; Carroll et al., 2019; 
Christian et al., 2019; Facco et al., 2017; Felder et al., 2017; 
Micheli et al., 2011; Okun & Coussons-Read, 2007; Okun 
et al., 2011). In addition to the influence of biological fac-
tors (e.g., hormones; Lee et al., 2000; Sowers et al., 2008), 
sleep hygiene (e.g., routines, electronic devise use) and 
other health behaviors (e.g., physical activity; Bacaro et al., 
2020) contribute to sleep quality in pregnancy. Accordingly, 
sleep is largely recognized as a health behavior pathway in 
perinatal health models (Christian, 2015; Dunkel Schetter, 
2011). Finally, poorer self-rated health has been associated 
with increased medical care utilization during pregnancy, 
increased childbirth complications, and elevated maternal 
inflammatory markers (Christian et al., 2013; Rodriguez 
et al., 1999; Stepanikova et al., 2016). Importantly, self-rated 
health may capture the broader context of one’s experience 
of their health and health behaviors (Bombak, 2013).

Dietary choices illustrate one parameter of health behav-
iors and clearly impact maternal and neonatal health. Con-
sideration of objective health indicators downstream from 
health behaviors provides an additional layer in under-
standing one’s health. One such indicator relevant for fetal 
development and neonatal health is polyunsaturated fatty 
acids (PUFAs); omega-3 and omega-6 PUFAs. Two PUFAs, 
alpha-linolenate and linoleate are essential in the diet since 
they cannot be endogenously produced. Therefore, blood 
levels are good indicators of dietary intake (Sun et  al., 
2007). These fatty acids and their metabolites play critical 
roles in metabolism (Saini & Keum, 2018). Consumption 
of omega-3 PUFAs reduce the likelihood of preterm birth 
and are beneficial for fetal growth (Grootendorst-van Mil 
et al., 2018; Innis, 2007; Lauritzen et al., 2001; Middleton 

et al., 2018). The roles of omega-6 PUFAs in pregnancy 
are less explicit; however, some data have linked greater 
self-reported omega-6 PUFAs in the diet with adverse birth 
outcomes, using the one-day 24-h recall method (Lee et al., 
2018). In addition to PUFAs, total gestational weight gain is 
important in perinatal health. Depending on pre-pregnancy 
body mass index (BMI), recommendations for healthy 
weight gain range from 11 to 40 pounds by the end of preg-
nancy (ACOG, 2013). In a prior study of 1950 women, only 
17.3% achieved the recommended gestational weight gain, 
per the Institute of Medicine guidelines, with most women 
gaining more weight than was suggested (Chung et al., 
2013). This is relevant as insufficient or excessive weight 
gain increases the risk for adverse maternal and fetal out-
comes, such as preeclampsia and large for gestational age 
(Kiel et al., 2007; Stotland et al., 2006).

Pregnancy can provide unique motivation for health 
behavior change. Prospective studies from pre-pregnancy 
to the perinatal period have documented positive changes for 
some health behaviors (e.g., reducing caffeine and alcohol 
intake, smoking cessation or reduction, improving diet) and 
limited change for others (e.g., diet; Crozier et al., 2009; 
Lee et al., 2016; Malek et al., 2016). In an epidemiologi-
cal survey, fruit and vegetable intake remained unchanged 
from pre-pregnancy to early pregnancy and late pregnancy, 
with nearly half of pregnant women not meeting the rec-
ommended 5 serving minimum (Crozier et al., 2009). In a 
separate study, moderate physical activity declined among 
women from pre-pregnancy to the second trimester (Pereira 
et al., 2007). While access to resources (e.g., income to 
purchase fruits and vegetables) is crucial to consider when 
contextualizing health behaviors and health behavior change 
(Crozier et al., 2009; Malek et al., 2016); identifying inter-
personal predictors of health and health behaviors in preg-
nancy also provides an opportunity to inform interventions.

One key relational factor that may affect health and 
health behaviors is social support. A substantial literature 
base has examined the effects of social support on maternal 
psychological distress and birth outcomes (Dunkel Schet-
ter, 2011; Lancaster et al., 2010; Littleton et al., 2007; Yim 
et al., 2015). Across systematic reviews and a meta-analysis, 
greater social support has been linked with reduced psycho-
logical distress during both pregnancy and postpartum (Lan-
caster et al., 2010; Littleton et al., 2007; Yim et al., 2015). 
Although mixed findings have been reported regarding direct 
associations between social support and birth outcomes, data 
suggest that social support may serve a protective role in 
the relationship between stress with preterm birth as well as 
birth weight (Dunkel Schetter, 2011; Shapiro et al., 2013). In 
any case, data demonstrate that social support is important 
to consider in the context of perinatal health.

In addition to affecting stress and birth outcomes, social 
support can influence perinatal health and health behaviors. 
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This is consistent with proposed relationships in perinatal 
health models (Christian, 2015; Dunkel Schetter, 2011). 
Moreover, studies have shown that greater social support is 
linked to greater exercise frequency, healthier eating hab-
its, and reduced cigarette smoking among perinatal women 
(Elsenbruch et al., 2006; Fowles et al., 2012; Harley & 
Eskenazi, 2006; Jesse et al., 2006; Thornton et al., 2006). 
However, this body of literature is limited by its empha-
sis on singular health behaviors and self-report measures 
of health and health behaviors. Psychosocial predictors 
of health-promoting and health-impairing behaviors may 
vary, including in pregnancy (e.g., Auerbach et al., 2014). 
Examination of social support with both health-promoting 
and health-impairing behaviors, as well as expanding our 
conceptualization of health and health behavior to include 
sleep and self-rated health, has the potential to better inform 
research on multiple health behavior change (Prochaska 
et al., 2008). In addition, the inclusion of objective health 
indicators downstream from health behaviors will strengthen 
our understanding of one’s health.

The current analyses sought to extend the current lit-
erature by examining perceived social support as a predic-
tor of self-rated health, sleep (i.e., average levels of sleep 
quality across early, mid, and late pregnancy), self-reported 
health behavior across pregnancy (i.e., average levels of 
health-promoting and health-impairing behaviors across 
early, mid, and late pregnancy), and objective indicators 
of health across pregnancy (i.e., average levels of omega-3 
and omega-6 PUFAs across early, mid, and late pregnancy 
and weight gain from pre-pregnancy to last maternal weight 
recorded prior to birth) among 131 pregnant women. It was 
hypothesized that greater perceived social support would 
be linked with better self-rated health, better sleep quality, 
greater engagement in health-promoting behaviors (e.g., 
exercise, healthy diet), less engagement in health-impairing 
behaviors (e.g., smoking, caffeine use), more favorable RBC 
PUFA status, and healthier gestational weight gain.

Method

Study design and participants

Data were collected as part of a broader prospective study 
examining stress and immune adaptation among 144 Black 
and white women across pregnancy and early postpartum. 
Women were recruited from the  Ohio State University 
Wexner Medical Center (OSUWMC) and the community 
of Columbus, Ohio. Women completed study visits from 
2009 to 2014 which included psychosocial assessments and 

blood sampling in early, mid, and late pregnancy as well 
as postpartum. Exclusion criteria included any known fetal 
anomaly, illicit drug use, consumption of more than two 
alcoholic drinks per week during pregnancy (per self-report 
or medical record), or major immunological or endocrine 
conditions (e.g., rheumatoid arthritis, hypothyroidism) due 
to implications for immune adaptation. Written informed 
consent was obtained at the first study visit, and participants 
received modest financial compensation upon completion of 
each visit. The study was approved by the Ohio State Univer-
sity Biomedical Institutional Review Board. Primary analy-
ses of the broader study with subsamples or the full cohort 
have been published. Of the constructs included in the cur-
rent analyses, one prior study has examined social support as 
a predictor of telomere length in a subsample of this cohort 
(Mitchell et al., 2018). Other studies have included RBC 
PUFA status (Christian et al., 2016), gestational weight gain 
(Jara et al., 2020), or sleep (Blair et al., 2015, Christian et al., 
2016, 2018, 2019, 2021) in relation to other constructs in 
subsamples or the full cohort.

The current secondary analysis focused on data from early 
(mean = 12.5 weeks, SD = 1.89), mid (mean = 22.06 weeks, 
SD = 2.15), and late (mean = 30.73 weeks, SD = 2.02) preg-
nancy. Data from the postpartum visit were not necessary 
to address the current hypotheses. Most constructs of focus 
were measured at all three visits and aggregated to describe 
experiences, on average, across pregnancy: sleep, health-
promoting behaviors, health-impairing behaviors, and RBC 
PUFA status. There were three exceptions to measurement 
at each time point. First, the independent variable of social 
support was only assessed in late pregnancy for the full 
cohort. However, perceived social support is generally con-
sidered a stable construct formulated by early life relation-
ships (Uchino, 2009). Second, gestational weight gain was 
calculated with two points of measurement: pre-pregnancy 
weight and last weight prior to delivery. Third, self-rated 
health was only assessed in early pregnancy. Participants 
were excluded from current analyses if they did not complete 
the social support scale due to missing the late pregnancy 
study visit at which this was administered (n = 13), resulting 
in a final analytic sample of 131.

Demographics

Maternal age, race/ethnicity, annual household income, edu-
cation level, relationship status, and number of prior births 
(parity) were collected by self-report at the early pregnancy 
visit. Pre-pregnancy body mass index (BMI; kg/m2) was 
calculated using self-reported pre-pregnancy weight and 
measured height at the early pregnancy visit.
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Self‑report measures

Social support

Perceived social support was measured using the Multi-
dimensional Scale of Perceived Social Support (MSPSS) 
administered at the late pregnancy visit (Zimet et al., 1988). 
This 12-item, 7-point scale (very strongly disagree to very 
strongly agree) assesses perceived social support from fam-
ily, friends, and a special person (boyfriend, husband, or 
other romantic partner), with scale items such as “I get the 
emotional help and support I need from my family”. This 
scale has demonstrated strong internal consistency (α = 0.88) 
and test–retest reliability (α = 0.85), and good construct 
validity for use with pregnant women (Zimet et al., 1988, 
1990). The original scale instructions ask about support 
from a “special person”; however, research has shown that 
a high percentage of people think of children, friends, or 
family members, in addition to romantic partners, as their 
“special person” (Prezza & Giuseppina Pacilli, 2002). As 
such, the language in MSPSS was adapted to include clari-
fication of special person as “husband, boyfriend, or other 
romantic partner”. The total score for this measure was used 
in analyses. For participants who reported single as their 
relationship status, their scores on the special person sub-
scale were retained in the total with the expectation that rat-
ing “strongly disagree” to receiving support from a romantic 
partner was still relevant.

Self‑rated health

Global self-rated health was assessed at the early pregnancy 
visit using a single item “In general, would you say your 
health is: excellent; very good; good; fair; or poor,” with 
lower ratings indicating better self-rated health. Drawn from 
the RAND Health Survey, this measure has demonstrated 
predictive validity for cardiovascular events and all-cause 
mortality (DeSalvo et al., 2006; Idler & Benyamini, 1997; 
Ware & Sherbourne, 1992). In pregnancy, it has been linked 
with elevated inflammatory markers and childbirth compli-
cations (Christian et al., 2013; Stepanikova et al., 2016).

Sleep quality

Sleep quality was measured in early, mid, and late pregnancy 
using the Pittsburgh Sleep Quality Index (PSQI). A score > 5 
is indicative of clinically disturbed sleep, and has shown 
high sensitivity and specificity in identifying good and poor 
sleepers (Buysse et al., 1989). This self-report measure 
includes seven subscales: subjective sleep quality, sleep 
latency (i.e., time to fall asleep), sleep duration, habitual 
sleep efficiency (i.e., time asleep/time in bed * 100), sleep 
disturbance (i.e., trouble sleeping due to disruptions such 

as temperature and bathroom use), use of sleeping medica-
tions, and daytime dysfunction. Previous research has dem-
onstrated strong test–retest reliability and predictive validity 
for health outcomes associated with pregnancy (Backhaus 
et al., 2002; Skouteris et al., 2009).

Prenatal health behaviors

Maternal prenatal health behaviors were assessed in early, 
mid, and late pregnancy using the Prenatal Health Behavior 
Scale (PHBS) (Lobel, 1996). Based on factor analysis, two 
subscales have been recommended consisting of an 8-item 
subscale assessing health-promoting behaviors (exercise for 
at least 15 min; get enough sleep; drink milk, eat dairy prod-
ucts or take a calcium supplement; take vitamins; eat enough 
food to satisfy your hunger; eat high fiber foods such as 
whole grain breads or cereals; drink enough fluids; eat a bal-
anced diet, including fruit and vegetables) and a 7-item sub-
scale for health-impairing behaviors (smoke cigarettes; skip 
a meal such as breakfast or lunch; eat snack foods instead 
of a regular meal; stand on your feet for long periods of 
time; drink things with caffeine such as coffee or colas; lift 
heavy objects or do lots of bending; overstretch or twist your 
body; Auerbach et al., 2014). The frequency of behaviors 
over the previous two weeks was measured using a 5-point 
scale ranging from never to very often. Within the present 
sample, the health-promoting subscale demonstrated good 
reliability across pregnancy (α = 0.64–0.68) and the health-
impairing subscale had adequate reliability across pregnancy 
(α = 0.54–0.58), consistent with previous research with preg-
nant women (Auerbach et al., 2014).

Red blood cell (RBC) polyunsaturated fatty acids (PUFA)

Blood samples were obtained in early, mid, and late preg-
nancy via venipuncture and each RBC PUFA sample was 
collected in a 6 mL EDTA tube on ice. The sample was 
centrifuged at 1932 g for 10 min, the plasma was removed, 
and the RBCs were stored in 1 mL cryovials. Samples 
were stored at − 80 °C until the time of assay. Lipids were 
extracted and methylated from RBC samples using boron-
trifluoride in methanol (Harris et al., 2008; Pottala et al., 
2012). Fatty acid methyl esters were analyzed by gas chro-
matography (Shimadzu, Columbia, MD) using a 30-m 
Omegawax 320 (Supelco-Sigma) capillary column. The 
helium flow rate was 30 mL/min and oven temperature 
began at 175 °C for 4 min then increased to 220 °C at a 
rate of 3 °C/min as previously described (Belury & Kempa-
Steczko, 1997). Retention times were compared to authen-
tic standards for fatty acid methyl esters (Supelco-Sigma, 
St. Louis, MO and Matreya, Inc., Pleasant Gap, PA) and 
fatty acids are reported as percent of total identified. For 
calculating total ω-3 fatty acids, 18:3n3 (alpha-linolenate), 
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20:5n3 (eicosapentaenoate), 22:5n3 (docosapentaenoate), 
and 22:6n3 (docosahexaenoate) were summed. Similarly, for 
calculating total ω-6 fatty acids, 18:2n6 (linoleate), 20:2n6 
(eicosadienoate), 20:3n6 (dihomo-gamma-linoleate), 20:4n6 
(arachidonate), 22:4n6 (adrenate), and 22:5n6 (docosapen-
taenoate) were summed.

Gestational weight gain

Gestational weight gain was calculated using self-reported 
pre-pregnancy weight in the early pregnancy visit and last 
maternal weight prior to birth collected via medical record 
review.

Statistical analyses

All analyses were conducted in SPSS 26.0. The PHBS was 
added to the study after data collection was underway and 
some women were missing gestational weight gain in their 
medical records, therefore responses for 20 and 12 women 
were not included in such models, respectively. Descriptive 
statistics were calculated for all participants. To reflect aver-
age self-reported health and health behaviors across preg-
nancy, mean scores for sleep quality, health-promoting and 
health-impairing behaviors, omega-3, and omega-6, were 
calculated. Assumptions were assessed using histograms, 
P-P plots, and residual scatter plots. Standardized and stu-
dentized residuals (> 3 or < 3) as well as Cook’s Distance 
(> 1) were used to determine outliers (Osborne & Overbay, 
2004). Standardized or studentized residual outliers were 
detected in models with sleep quality (n = 1) and weight gain 
(n = 1). Results were not meaningful changed when these 
outliers were individually excluded from models; thus, these 
participants were retained in reported analyses.

Because perceived social support was negatively skewed, 
Spearman’s correlations were utilized to examine associa-
tions of social support with self-reported and objective 
health and health behaviors. A series of hierarchical linear 
regression analyses were conducted to predict self-rated 
health, sleep quality (per PSQI total score), health-promot-
ing behaviors and health-impairing behaviors (per subscale 
scores on the PHBS), RBC levels of omega-3 and omega-6 
fatty acids, and gestational weight gain. Income, race/eth-
nicity, maternal age, relationship status, and pre-pregnancy 
BMI were entered into the first block of each analysis as 
covariates. Income and education were included in models 
as described in Table 1. Race/ethnicity (Black, White, Mul-
tiracial/Hispanic), relationship status (single, in a relation-
ship/married), and pre-pregnancy BMI (underweight/normal 
weight, overweight/obese) were recoded in order to interpret 
model parameters. Perceived social support was entered into 
the second block to assess if it served as an independent pre-
dictor. Exploratory analyses using source of social support 

as a predictor (family, friends, special person), as opposed 
to the total social support score, were conducted, and are 
reported in supplementary materials (Appendix).

Results

Sample characteristics

As detailed in Table 1, the present sample was on average 
24.8 years of age (SD = 4.1, range = 18–33) and identified 
as Black (54.2%), White (40.5%), multiracial (2.3%), and/or 
Hispanic (3.8%). The majority of participants were in a rela-
tionship or married (81.7%) and reported an annual house-
hold income of less than $30,000 (71%). The average pre-
pregnancy BMI for the sample was 28.1 kg/m2 (SD = 6.8), 
with 61.8% of participants reporting a weight consistent 
with overweight or obese status. Descriptive statistics for 

Table 1  Descriptive statistics for demographic characteristics

Data are reported in Mean (SD) or n (%). n = 131

Maternal age (years) 24.8 (4.1)
Race
Black 71 (54.2%)
White 53 (40.5%)
Multiracial 3 (2.3%)
Ethnicity
Hispanic 5 (3.8%)
Not hispanic 126 (96.2%)
Relationship status
Single 24 (18.3%)
In a relationship 68 (51.9)
Married 39 (29.8)
Annual income
< $15,000 59 (45%)
$15,000–$29,999 34 (26%)
≥ $30,000 38 (29%)
Education
Some high school 19 (14.5%)
High school graduate 31 (23.7%)
Some college 52 (39.7%)
College graduate 29 (22.1%)
Pre‑pregnancy BMI (kg/m2) 28.1 (6.8)
Underweight 3 (2.3%)
Normal weight 47 (35.9%)
Overweight 38 (29.0%)
Obese 43 (32.8)
Parity
Nulliparous 30 (22.9%)
Primiparous 50 (38.2%)
Multiparous 51 (38.8%)
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perceived social support, self-reported health behaviors, and 
objective health indicators are presented in Table 2.

Correlations of perceived social support with health 
indicators

Spearman correlations were used to assess relationships of 
perceived social support with both self-reported (self-rated 
health, sleep quality, health-promoting behaviors, health-
impairing behaviors) and objective (RBC fatty acid status 
and gestational weight gain) health and health behaviors. As 
shown in Table 3, greater social support, per total score on 
the MSPSS, was significantly associated with greater self-
rated health (r = − 0.34, p < 0.001), better sleep quality per 
total score on PSQI (r = − 0.35, p < 0.001), greater engage-
ment in health-promoting behaviors (r = 0.23, p = 0.017), and 
lower engagement in health-impairing behaviors (r = − 0.32, 
p = 0.001). In addition, greater social support was related to 
higher RBC omega-3 levels (r = 0.35, p < 0.001), and greater 
gestational weight gain (r = 0.22, p = 0.015). No significant 
association emerged between perceived social support and 
RBC omega-6 levels (r = − 0.13, p = 0.14).

Independent effects of perceived social support 
on health indicators

Next, to determine the independent predictive value of social 
support after accounting for key covariates, hierarchical linear 
regression analyses were conducted. Covariates were consist-
ent across analyses and included in step one of regression mod-
els: income, race/ethnicity, maternal age, relationship status, 
and pre-pregnancy BMI. Detailed test statistics for each step 
of the linear regression analyses are presented in Tables 4 & 5.

Table 2  Descriptive statistics for social support, health behaviors, 
and health indicators

Data are reported in Mean (SD), range
a Higher scores reflect poorer health
b Higher scores reflect poorer sleep quality
MSPSS: Multidimensional Scale of Perceived Social Support; 
PHBS: Prenatal Health Behavior Scale; PSQI: Pittsburgh Sleep Qual-
ity Index. Fatty acids are reported as percent of total identified. For 
calculating total ω-3 fatty acids, 18:3n3 (alpha-linolenate), 20:5n3 
(eicosapentaenoate), 22:5n3 (docosapentaenoate), and 22:6n3 (doco-
sahexaenoate) were summed. For calculating total ω-6 fatty acids, 
18:2n6 (linoleate), 20:2n6 (eicosadienoate), 20:3n6 (dihomo-gamma-
linoleate), 20:4n6 (arachidonate), 22:4n6 (adrenate), and 22:5n6 (doc-
osapentaenoate) were summed. n’s = 111–131

MSPSS: Social support 66.67 (16.44)
12–84

Self-rated  healtha 2.36 (0.84)
1–4

PSQI: Sleep  qualityb 6.79 (3.10)
0.67–16.00

PHBS: Health-promoting behaviors 22.78 (4.22)
13–31.33

PHBS: Health-impairing behaviors 9.40 (4.08)
0.33–20.50

ω-3 fatty acids 5.51 (0.82)
3.63–8.08

ω-6 fatty acids 36.90 (1.68)
32.44–40.27

Gestational weight gain (lbs) 29.95 (14.99)
−14.00–69.90

Table 3  Spearman correlations between perceived social support, health, and health behaviors during pregnancy

*p < 0.05; **p < 0.01; ***p < 0.001; Self-rated health: Higher scores reflect poorer health; Sleep quality: Higher scores reflect
poorer sleep quality. n’s = 100–131

Self-report health indicators Objective health indicators

Self-rated
health

Sleep
quality

Health
promoting

Health
impairing

Omega-3 Omega-6 Weight
Gain

Social support − 0.34*** − 0.35*** 0.23* − 0.32** 0.35*** − 0.13 0.22*
Self-rated
health

– 0.33*** − 0.15 0.15 − 0.07 − 0.05 0.001

Sleep
Quality

– − 0.38*** 0.15 − 0.06 0.05 − 0.01

Health
promoting

– − 0.40*** 0.30** − 0.16 0.23*

Health
impairing

– − 0.34*** 0.34*** − 0.14

Omega-3 – − 0.41*** 0.06
Omega-6 – − 0.13
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Self‑rated health

As expected, after inclusion of specified covariates, greater 
perceived social support predicted better self-rated health 
(β = − 0.30, p = 0.001).

Sleep quality

Consistent with the previous analysis, perceived social 
support (per MSPSS total score) was a significant predic-
tor of PSQI total scores, with greater social support pre-
dicting lower PSQI scores, indicating better sleep quality 
(β = − 0.31, p = 0.001).

Health behaviors

After controlling for the covariates, the association between 
perceived social support (per MSPSS total score) and 
health-promoting behaviors was not statistically significant 
(β = 0.16, p = 0.09). As predicted, the relationship between 
greater perceived social support and fewer health-impairing 
behaviors remained significant after accounting for covari-
ates (β = − 0.21, p = 0.024).

Red blood cell (RBC) polyunsaturated fatty acids

Consistent with expectations, after accounting for the 
covariates, greater social support predicted higher RBC 
omega-3 fatty acid levels (β = 0.24, p = 0.003). The rela-
tionship between perceived social support and RBC 
omega-6 fatty acid levels was not significant (β = − 0.05, 
p = 0.572).

Gestational weight gain

After inclusion of covariates, the association between per-
ceived social support and gestational weight gain was not 
significant (β = 0.16, p = 0.098).

Supplementary analyses

Analyses using source of social support as a predictor 
(family, friends, special person) showed that after control-
ling for covariates, family social support was a significant 
predictor of a greater number of indicators of health and 
health behaviors than friends or special person subscales 
(Appendix).

Table 4  Regression models predicting prenatal health behaviors, self-rated health, and sleep quality

*p < 0.05; **p < 0.01; Self-rated health: Higher scores reflect poorer health; Sleep quality: Higher scores reflect poorer sleep quality; BMI: Body 
mass index, 0 = Not overweight or obese, 1 = Overweight or obese
a 0 = Not Black, 1 = Black
b 0 = Not multiracial and/or Hispanic, 1 = Multiracial and/or Hispanic
c 0 = Single, 1 = In relationship or married. n’s = 111–131

Full model statistics Self-rated Health Sleep
Quality

Health Promoting Behaviors Health Impairing Behaviors

F(7, 123) = 2.64, 
p = 0.014,  R2 = 0.13,
ΔR2 = 0.08, ΔF = 11.45**

F(7, 123) = 2.25, 
p = 0.034, 
 R2 = 0.11,
ΔR2 = 0.09, 
ΔF = 12.23**

F(7, 103) = 3.76, 
p = 0.001,  R2 = 0.20,
ΔR2 = 0.02, ΔF = 2.92

F(7, 103) = 3.61, 
p = 0.002,  R2 = 0.20,
ΔR2 = 0.04, ΔF = 5.22*

Step 1 β β β β
Income − 0.17 − 0.11 0.07 − 0.31**
Race/Ethnicitya − 0.01 0.09 − 0.29** − 0.02
Race/Ethnicityb 0.13 0.07 0.07 0.07
Maternal Age 0.06 0.05 0.24* − 0.09
Relationship  Statusc 0.16 0.02 − 0.02 − 0.06
Pre-pregnancy BMI 0.06 − 0.07 − 0.05 0.05
Step 2
Income − 0.14 − 0.08 0.05 − 0.28*
Race/Ethnicitya − 0.03 0.07 − 0.29** − 0.03
Race/Ethnicityb 0.13 0.06 0.08 0.07
Maternal age 0.06 0.04 0.25* − 0.10
Relationship  statusc 0.23* 0.09 − 0.05 − 0.02
Pre-pregnancy BMI 0.04 − 0.09 − 0.04 0.05
Social support − 0.30** − 0.31** 0.16 − 0.21*
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Discussion

This study examined associations of perceived social support 
with self-reported and objective health and health behav-
iors among pregnant women. Results demonstrated that 
greater perceived social support was associated with better 
self-rated health, greater sleep quality, and fewer health-
impairing behaviors (e.g., smoking use, skipping meals, 
caffeine consumption). Although a significant positive rela-
tionship emerged between social support with self-reported 
health-promoting behaviors and gestational weight gain in 
correlations, these associations were no longer significant 
after adjusting for covariates in the first step of regression 
models, with significant contributions from age, race/ethnic-
ity, and/or BMI depending on the model. Overall, consist-
ent with prior studies, these findings underscore the ben-
efits of perceived social support on self-reported health and 
health behaviors (Dunkel Schetter, 2011; Elsenbruch et al., 
2006; Fowles et al., 2012; Harley & Eskenazi, 2006; Jesse 
et al., 2006; Thornton et al., 2006). Literature has shown 
that poorer self-rated health and health behaviors are linked 
with adverse perinatal outcomes, including greater psycho-
logical distress and serum inflammatory markers, as well as 
increased risk for preterm birth (Blair et al., 2015; D’Anna-
Hernandez et al., 2016; Felder et al., 2017; Jesse et al., 2014; 

Lobel et al., 2008; Schytt & Hildingsson, 2011; Tomfohr 
et al., 2015). While data in non-pregnant adults have sup-
ported the association between greater social support and 
better self-reported health indicators (Chung, 2017; DiMat-
teo, 2004; Park et al., 2004), the current study describes the 
positive impact of social support on these indicators in the 
context of pregnancy.

A key strength of this study was the use of objective 
health indicators downstream from health behaviors in addi-
tion to self-report measures. Prior data have linked greater 
social support with healthy eating habits, as assessed via 
surveys (Fowles et al., 2012; Harley & Eskenazi, 2006). 
In the present study, greater perceived social support was 
associated with higher RBC levels of omega-3 PUFAs. The 
association between social support with these fatty acid lev-
els may be attributable to better dietary practices, such as 
greater consumption of foods high in omega-3 PUFAs (e.g., 
salmon), and/or regular intake of recommended supple-
ments in pregnancy containing the key omega-3 fatty acids 
of docosahexaenoic acid (DHA) and eicosapentaenoic acid 
(EPA). The inclusion of ecological momentary assessments 
of eating behaviors in future studies may be informative in 
elucidating this relationship. In contrast to omega-3 PUFAs, 
no significant relationship was found between social sup-
port and omega-6 PUFAs, which are primarily obtained 

Table 5  Regression models 
predicting objective health 
indicators

*p < 0.05; **p < 0.01; ***p < 0.001; BMI: Body mass index, 0 = Not overweight or obese, 1 = Overweight 
or obese
a 0 = Not Black, 1 = Black
b 0 = Not multiracial and/or Hispanic, 1 = Multiracial and/or Hispanic
c 0 = Single, 1 = In relationship or married. n’s = 119–131

Full model statistics Omega-3 Omega-6 Gestational Weight 
Gain

F(7, 123) = 6.67, 
p < 0.001,  R2 = 0.28,
ΔR2 = 0.05, ΔF = 9.05**

F(7, 123) = 6.05, 
p < 0.001,  R2 = 0.26,
ΔR2 = 0.002, ΔF = 0.32

F(7, 111) = 1.99, 
p = 0.063,  R2 = 0.11,
ΔR2 = 0.02, 
ΔF = 2.78

Step 1 β β β
Income 0.33** − 0.20* 0.13
Race/Ethnicity1 − 0.06 0.32*** − 0.08
Race/Ethnicity2 0.01 0.06 0.12
Maternal age 0.22* − 0.27** − 0.08
Relationship  status3 − 0.06 0.13 − 0.07
Pre-pregnancy BMI − 0.08 0.06 − 0.19*
Step 2
Income 0.31** − 0.19* 0.11
Race/Ethnicitya − 0.04 0.32*** − 0.07
Race/Ethnicityb 0.01 0.06 0.12
Maternal age 0.22* − 0.27** − 0.08
Relationship  statusc − 0.11 0.14 − 0.11
Pre-pregnancy BMI − 0.06 0.05 − 0.18
Social support 0.24** − 0.05 0.16
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through the consumption of certain oils and nuts. This may 
be a reflection of routine health behaviors during pregnancy 
involving omega-3 fatty acids (e.g., DHA and EPA supple-
ment) but not omega-6 fatty acids. Nevertheless, associa-
tions among PUFAs with birth outcomes and neonatal health 
(Grootendorst-van Mil et al., 2018; Innis, 2007; Lauritzen 
et al., 2001; Middleton et al., 2018; Qawasmi et al., 2013), 
including the benefits of arachidonic (omega-6 fatty acid) on 
visual acuity among infants (Qawasmi et al., 2013), highlight 
the importance of research to clarify the roles and mecha-
nisms of these fatty acids in perinatal health outcomes.

Perceived social support has been described as a stable 
construct informed by early life interactions, such as parental 
affection and familial conflict (Uchino, 2009), and it is likely 
activated during stress or significant life events. Of note, 
substantial changes in relationships, psychological distress, 
and physiological functioning occur during the perinatal 
period (Christian & Porter, 2014; Dunkel Schetter, 2011; 
Heron et al., 2004), providing meaningful opportunities for 
these changes to affect perceived social support and its rela-
tionship with health and health behaviors. While the current 
secondary analyses only included a one-time assessment of 
perceived social support during pregnancy, future studies 
carefully considering potential changes over time will sig-
nificantly contribute to the literature. Theoretical models 
have posited both direct and indirect pathways linking social 
support with psychological distress (e.g., pregnancy-specific 
anxiety), health behaviors, and physiological stress (Chris-
tian, 2015; Dunkel Schetter, 2011). Though the current study 
tested the direct relationships between social support and 
self-reported health and health behaviors, examinations of 
comprehensive biopsychosocial models will help identify 
the underlying mechanisms, or mediators, of these associa-
tions (e.g., psychological distress, better dietary practices).

After adjusting for demographic characteristics, per-
ceived social support was no longer significantly associated 
with self-reported health-promoting behaviors or weight 
gain. Regression results indicate that specific covariates (i.e., 
maternal age, race/ethnicity, and pre-pregnancy BMI) played 
key roles in the first step of these models when compared to 
models with other outcomes. Furthermore, these variables 
have been associated with health-promoting behaviors and 
weight gain in other studies (Brawarsky et al., 2005; Viau 
et al., 2002). While prior studies and correlations in the cur-
rent study suggest that perceived social support is meaning-
ful to consider in relation to health-promoting behaviors and 
weight gain (Omidvar et al., 2018; Thornton et al., 2006), 
the process by which these relationships are modeled may 
be influential (e.g., direct versus indirect effects). Associa-
tions between social identities with health and health behav-
iors reflect the ways in which oppression and privilege are 
embedded into our systems and structures (e.g., disparities 
in access to healthy foods). Studies which consider social 

support alongside variables at other levels of influence (e.g., 
community, societal; National Institute on Minority Health 
& Health Disparities, 2017) in relation to health and health 
behaviors will greatly contribute to the literature.

Of note, over 70% of the current study sample described 
an annual household income of less than $30,000 per year, 
and the independent contribution of income in models 
with health behaviors and RBC fatty acids was clearly 
documented. Economic resources (e.g., food security, 
access to healthcare), environmental considerations (e.g., 
greater exposure to pollution), and occupational expecta-
tions (e.g., lifting heavy objects, standing versus sitting) 
play critical roles in whether someone is able to adhere to 
suggested guidelines for health behaviors (Solar & Irwin, 
2010). Consistent with calls in the literature (Tucker 
et al., 2019), this broader sociopolitical context must be 
considered as interventions are developed with the intent 
of targeting psychosocial factors to promote health and 
well-being.

Social support was operationalized as perceived sup-
port from family, friends, and a special person in the cur-
rent study. Some data suggest type of social support (e.g., 
emotional, information, religious) may be relevant in elu-
cidating the effects on health and health behaviors (e.g., 
Debnam et al., 2012; Hetherington et al., 2018). For exam-
ple, in a sample of 2370 non-pregnant African American 
adults, greater religious social support was associated with 
increased fruit and vegetable consumption, greater physi-
cal activity, and less alcohol use independent of effects 
of general social support (Debnam et  al., 2012). The 
degree of ambivalence within relationships is also receiv-
ing increasing attention in the literature regarding the 
link between social processes and health (Uchino, 2012; 
Uchino et al., 2016). Notably, this concept may not con-
tribute to health behaviors in particular (e.g., Kent et al., 
2015). Studies which consider the rich operationalization 
of social support will be fruitful in elucidating the link 
between social support and health and health behaviors.

Overall, the consistent relationship between perceived 
social support with self-reported and objective health 
and health behaviors warrants attention in the context of 
perinatal health interventions. Of note, reviews of social 
support interventions have not yielded promising results 
in relation to perinatal health outcomes (e.g., Hodnett 
& Fredericks, 2003; Lu et al., 2005). However, this area 
of research has been largely described as atheoretical 
with critical methodological limitations such as miss-
ing important pre-intervention assessment information 
(Dunkel Schetter, 2011), leading to scholars calling for 
theoretically and methodologically sound intervention 
investigations (e.g., Hodnett & Fredericks, 2003; Lu et al., 
2005). Theoretical models describing the construct of per-
ceived support outline factors that may be informative for 
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intervention development (Uchino, 2009). The early life 
environment (e.g., familial conflict, attachment) has been 
proposed to contribute to “positive psychosocial profiles,” 
consisting of perceptions of support and other related vari-
ables like dispositional traits (e.g., neuroticism), social 
skills, and self-esteem (Uchino, 2009, p. 237). In turn, 
these variables relate to health via coping mechanisms and 
health behaviors (Uchino, 2009). This conceptualization of 
perceived support highlights several points of intervention 
that may be effective to target in social support interven-
tions with pregnant women.

Limitations

The current study is not without limitations. While the inclu-
sion of RBC fatty acid levels provides a nuanced conceptu-
alization of health and health behaviors, particularly in rela-
tion to dietary habits, sleep quality was only captured using 
the PSQI. The PSQI is a widely used self-report instrument 
which has demonstrated strong psychometric properties 
(Mollayeva et al., 2016); however, these data in conjunction 
with wrist-actigraphy data may provide a more complete 
picture of sleep patterns. For this secondary analysis, con-
structs were captured at different time points in pregnancy, 
and some were measured less than three times in the full 
cohort (i.e., perceived social support, gestational weight 
gain, self-rated health). This necessitated the conceptualiza-
tion of experiences, on average, across pregnancy. Because 
of this, the present analysis is considered cross-sectional 
in nature and the corresponding limitations apply (e.g., no 
causal inferences). Given the dynamic nature of pregnancy 
and to elucidate the causal contributions of social support 
on health and health behaviors, future research should model 
a longitudinal approach. In addition, the support needed, 
perceived, and received during pregnancy likely varies by 
person and across time. Future research should take a com-
prehensive approach in the way social support is operational-
ized and the frequency with which it is assessed. Finally, this 
study was focused on the relationship between social support 
and self-reported or objective health and health behaviors. 
Theoretical models of health behavior posit a multitude of 
factors that influence health behaviors, including attitudes, 
self-efficacy, perceived control, and perceived cultural 
humility of medical provider (Tucker et al., 2019). The role 
of social support in the context of health behaviors may be 
best understood when examined in models with other salient 
theoretical constructs.

Conclusion

In conclusion, in this sample of pregnant women, perceived 
social support significantly contributed to self-rated health, 
sleep quality, health-impairing behaviors, and RBC omega-3 

fatty acid levels even after adjustment for key demographic 
characteristics. While associations between social support 
and self-reported health-promoting behaviors and gesta-
tional weight gain were observed, these were no longer 
statistically significant after the inclusion of income, race/
ethnicity, maternal age, relationship status, and BMI in mod-
els. Further, a significant relationship was not found between 
social support and omega-6 fatty acids. These findings 
underscore the benefits of greater perceived social support 
on self-reported and objective indicators of health and health 
behaviors in pregnancy. Studies examining the psychologi-
cal, behavioral, and physiological pathways by which social 
support is associated with these outcomes are warranted. 
These studies will have clear implications for informing the 
development of effective perinatal interventions situated in 
a broader sociopolitical context.
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