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Abstract

This study investigated whether the amount of third trimester added
sugar consumption interacted with pre-pregnancy BMI (PPBMI) to
predict gestational weight gain (GWG) and postpartum mental health
in Health Professional Shortage Area (HPSA) for primary care and
mental health. Participants included pregnant women aged 18 to 36,
with data collected in-person at 33-37 weeks gestation and 6 months
postpartum using an anthropometric measurement, Dietary Screener
Questionnaire (DSQ), Edinburg Postnatal Depression Scale (EPDS),
Prenatal Anxiety Screening Scale (PASS), and the 14-item Perceived
Stress Scale (PSS). No moderated mediation models were statistically
significant. Results indicated that greater PPBMI predicted decreased
GWG and increased 6-month postpartum depression symptoms.
There was a significant, positive correlation between prenatal
added sugar intake and 6-month postpartum depression, anxiety,
and perceived stress symptoms. Support for associations between
increasing PPBMI and increasing depression symptoms at 6 months
postpartum in this sample of women in an HPSA for primary care and
mental health highlights the importance of starting preventative care
for women prior to pregnancy. Correlations between greater added
sugar intake in the third trimester and increased depression, anxiety,
and perceived stress symptoms at 6 months postpartum supports the
need for more research directly investigating those relationships,
which could inform perinatal prevention/intervention research.
Keywords: Antenatal; diet; underserved area; third trimester;
postnatal

Introduction

From 2011-2016, pre-pregnancy body mass index (PPBMI)
increased, with 52% of those giving birth having had a PPBMI in the
overweight or obese range [1]. Greater rates of maternal gestational
diabetes, gestational hypertension, preeclampsia [2-3], preterm
or cesarean delivery, stillbirth [2, 4], and antenatal depression and
anxiety [5] occur in obese women compared to those with a normal
PPBMI. Further, those with pre-pregnancy obesity are more likely
exceed Institution of Medicine (IOM) guidelines for weight gain
over pregnancy [6], which predicts greater difficulties with antenatal
[7] and postpartum mental health [8].

Maternal diet impacts gestational weight gain (GWG) in similar
ways as PPBMI, with diets high in sugar predicting depression

symptoms [9] and increased GWG for women with pre-pregnancy
obesity [10-11]. Given the high incidence and salient mental and
physical health effects of pre-pregnancy obesity and excessive
weight gain, further studies are needed to understand these complex
relations, with preliminary research supporting the importance of
concurrently considering sugar consumption.

It is also essential to consider salient contextual factors that predict
women’s health. In particular, Health Professional Shortage Areas
(HPSAs) are defined as those within which there is a shortage of
health services for a population, or subset of the population, within
an established geographic area [12]. While residents of HPSAs
have unique barriers to care, research investigating relations among
PPBMI, GWG, and postpartum mental health of women in HPSAs
is lacking. The high rates of obesity in US women disproportionately
impact those with barriers to healthcare, and it is important to address
this gap in the literature to identify modifiable prenatal health factors
that increase risk of postpartum distress. Therefore, the current study
attempts to bridge these gaps by examining moderated mediation
models of relations among maternal PPBMI, GWG, prenatal added
sugar intake, and postpartum distress using a sample of women
residing in an HPSA for primary care and mental health.
Hypothesis 1-3a (mediation)

GWG up to the third trimester will mediate the positive relation

between PPBMI and maternal (1a) depression, (2a) anxiety, and (3a)
perceived stress symptoms at 6 months postpartum (see Figure 1).

Hypothesis 1-3b (moderation with added sugar)

The relation between elevated PPBMI and maternal mental health
will be moderated by added sugar intake in the third trimester in the
mediation model, such that elevated PPBMI will be more robustly
related to increased maternal (1b) depression, (2b) anxiety, and (3b)
perceived stress symptoms at 6 months postpartum for women with
greater added sugar intake in the third trimester (see Figure 1).
Hypothesis 1-3¢ (moderated mediation with added sugar)

Elevated PPBMI will be more robustly related to greater GWG in
women with greater added sugar intake, which will predict increased
maternal (1c) depressive, (2c) anxiety, and (3c) perceived stress
symptoms at 6 months postpartum (see Figure 1).
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Materials and Methods
Procedures

Current study data were collected as part of the longitudinal Infant
Development and Healthy Outcomes in Mothers (IDAHO Mom)
Study at Idaho State University. The Idaho State University Human
Subjects Committee approved the study, which was conducted
in accordance with American Psy-chological Association ethical
principles. The IDAHO Mom Study was completed from April 2015
to June 2018. Study details have been published for two projects.
One project used some overlapping data with the current project (i.e.,
perinatal stress and anxiety), but investigated these factors in relation
to different variables (i.e., infant perceptions and breastfeeding)
[13]. The other project used distinct variables (i.e., maternal prenatal
cortisol, breastfeeding, and infant growth) [14]. Study eligibility
included adult women with singleton pregnancies, fluent in English,
and between 33-37 weeks gestation. Exclusion criteria included
multiparous pregnancy, major physical or mental health diagnosis
that may impact infant outcomes, Federal Drug Administration
Category D or X medication use, or excessive consumption of
recreational substances or alcohol during pregnancy.

Participants were recruited from regional service providers and
social media advertisements. Prospective participants were screened
for eligibility and to provide study information. Those interested in
participation who did not meet exclusion criteria were invited to
attend the prenatal session. Participants met with a trained research
assistant (RA) in the lab during their third trimester, where they
completed written informed consent. Participants (n=125) completed
interviews or self-report measures of current and past pregnancy-
related information, health history, sociodemographic characteristics,
and diet (Dietary Screener Questionnaire; DSQ). Weight and
height were taken by RAs, and participants were reimbursed $30.
Participants who endorsed critical items or reported distress during
the visit, were provided a list of resources reviewed by the RA.

RAs contacted participants approximately 1 month after the
participant’s due date to schedule their 6-month postnatal session.
Participants (n=96) were weighed, measured, and completed the
Edinburgh Postnatal Depression Scale (EPDS), Perceived Stress
Scale (PSS-14), and Prenatal Anxiety Screening Scale (PASS), among
other measures for the larger study. Participants were reimbursed $30.

Participants

Due to underrepresentation, participants with a PPBMI in the
underweight category (BMI<18.5; n=4) were excluded from the
current study, leaving 92 participants. Researchers determined
a sample size of 71 gives sufficient power for testing moderated
mediation [15]. A G*Power a-priori power analysis was used with a
medium effect size (f?=0.15), low Type I error probability (=0.05),
and power of 0.80, which resulted ina required sample size of 77
[16]. Thus, the sample of 92 was considered adequate.

Measures

Maternal PPBMI was determined using participants’ self-reported
pre-pregnancy weight and measured height using an adult stadiometer
(Shorr Productions, Olney MD; accuracy to 0.1 cm) at the prenatal
session.

GWG was determined by calculating the difference between
measured weight at the prenatal session using a battery powered,
calibrated scale (Seca 876; accuracy to 0.1 kg), and self-reported pre-
pregnancy weight.

The DSQ is a 26-item self-report dietary intake screener developed
by the National Cancer Institute [17]. The DSQ records the frequency
of consumption of 19 specific food items over the previous month
to infer specific food group and nutrient intake, including added
sugars [17]. Reported frequencies of consumption were converted
to estimates of daily intake using scoring algorithms developed for
NHANES 2009-2010 [17-18], and generated using SAS software.
The regression coefficient from DSQ added sugar intake in relation
to 24-hour recall estimates was 0.77 among women [18].

The 10-item EPDS evaluates experiences and feelings over the
previous 7 dayson a 4-point Likert scale, with high scores indicating
elevated distress [19]. Postpartum, the EPDS has high concurrent
validity with the General Health Questionnaire (GHQ-12) [20]. The
EPDS demonstrated good reliability (Cronbach’s 0=0.81) in the
present sample.

The PASS was developed to screen for problematic anxiety
symptoms in perinatal samples [21]. The PASS evaluates symptoms
over the past month on a 4-point Likert scale with higher scores
indicating increased anxiety. The PASS demonstrates high convergent
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validity with the DASS-21 Anxiety scale and the State-Trait Anxiety
Inventory (STAI) subscales, and adequate test-retest reliability
between the third trimester and 2-6 months postpartum [21]. The
PASS demonstrated high reliability (Cronbach’s ¢=0.93) in the
present sample.

The PSS-14 [22] evaluates thoughts, feelings, and coping
behaviors in relation to life issues over the past month on a 5-point
Likert scale from O=never to 4=very often. After considering four
reversed scored items, greater total scores indicate higher perceived
stress [22]. The PSS-10 was validated for pregnant and postpartum
women in Canada, in the second and third trimesters, and at 4 and
12 months postpartum, demonstrating high reliability for all time
periods, moderate test-retest reliability between the second and third
trimesters, and significant correlations with the STAI State Anxiety
subscale [23]. Participants in the current study demonstrated good
reliability (Cronbach’s a=0.78) on the PSS-14.

Statistical Analyses

All analyses were conducted using IBM SPSS Statistics for
Macintosh, Version 25.0. Descriptive statistics for all variables also
included potential covariates. Regression assumptions of normality,
linearity, and homoscedasticity were tested to determine data
transformation needs. EPDS and PASS scores were transformed
via square root transformations, PPBMI via log transformation,
and added sugar intake via inverse transformation [24]. No other

violations of regression assumptions were found. All models were
tested using Hayes (2013) PROCESS macro v2.16. A mediation
model was tested for Hypotheses 1a-3a. The indirect effect was
assessed using a bias-corrected bootstrap confidence interval with
5,000 iterations. A conditional process model was utilized to estimate
conditional direct effects for Hypotheses 1b-3b and conditional
indirect effects for Hypotheses 1c-3c¢ [25].

Results

Descriptive statistics indicated a mean participant age of 27.29
(SD=3.85) years. The majority of participants identified as White/
Cauc-asian (88%), with 14% identifying as Hispanic or Latina. The
majority of participants earned an annual income of $50,000-74,999
(28%), had earned a college or university degree (39%), were exp-
ecting their first child (40%), and were living in an HPSA for primary
care (80%) and mental health (100%).

Potential covariates included maternal age at prenatal session,
ethnicity, educational attainment, household income, and parity.
Bivariate Pearson correlations (see Table 1) indicated expected
significant correlations among scores on the EPDS, PASS, and PSS-
14. Prenatal added sugar intake was significantly correlated with
postpartum EPDS, PASS, and PSS-14 scores. Maternal age was
significantly negatively correlated with added sugar intake, PASS,
and PSS-14 scores, and was included as a covariate in models
including added sugar intake with PASS and PSS-14 outcomes.

-~

~

N

1 2 3 4 5 6 7 8 9 10 11

1. Age 1
2. Income A446%* | 1
3. Grade 341%% [ .457%* |1
4. Parity .533*%* 10.186 | -0.163 | 1
5. Ethnicity -0.161 |-.235% 1-0.010 | -0.114 | 1
6. Hispanic/|-0.015 |-0.084 |-0.178 | 0.164 [.267* |1

Latina
7. Sugar Intaket | -.226% | -0.071 |-0.163 [ 0.061 |-0.094 | .270** | 1

PPBMI+} 0.065 1-0.037 ]-0.079 |-0.103 | 0.080 |0.065 |-0.146 |1

GWG 0.154 ]0.168 ]0.170 |0.102 [0.025 ]0.003 ]0.024 |-.250* |1
10. | EPDS¥} -0.184 |-0.140 |-0.151 | -0.148 1 0.117 |0.076 |.234* |.220* [0.017 |1
11. | PASSY -207* |-0.142 |-0.088 | -.210% | -0.013 | -0.042 | .250* ] 0.159 |-0.031 | .626** |1
12. | PSS-14 -256* |-0.144 |[-0.156 | -0.118 |1 0.007 |-0.051 |.299** [ 0.165 |-0.052 | .653** | .607**
This table contains bivariate or point-biserial correlations between primary study variables and potential covariates.
PPBMI=Pre-pregnancy body mass index; GWG=Gestational weight gain; Sugar=Added sugar intake in the third trimester;
EPDS=Edinburgh Postnatal Depression Scale; PASS=Perinatal Anxiety Screening Scale; PSS-14=14-item Perceived Stress
Scale. fdenotes a transformed variable, *p<0.05, **p<0.01

Table 1.Correlations among Primary Study Variables

J

None of the mediation models were significant (p=.085-.317). Indirect
effect 95% confidence intervals around the relationship between
GWG and postpartum mood allincluded 0. Greater PPBMI predicted
lower GWG (b=-21.974, t-(90)=-2.450, SE=8.968, p=0.016),
indicating a significant a-path for all mediation models. Further,
PPBMI significantly predicted maternal depression symptoms at 6
months postpartum (b=1.919, #(89)=2.246, SE=0.854, p=0.027), but
not anxious (h=2.109, #(89)=0.090, SE=0.016, p=0.929) or perceived
stress symptoms (6=10.335, #89)=1.500, SE=6.891, p=0.137).

Within the moderated mediation models, the interaction between
PPBMI and added sugar intake in the third trimester did not
significantly predict maternal distress at 6 months postpartum, and
a significant amount of explained variance in symptom scores was
notadded by the interaction term above and beyond other predictors
in the models (p=.274-.905).

The relationship between PPBMI and GWG was not moderated by
added sugar intake in the third trimester in any of the moderated
mediation models, and there was not a significant amount of explained
variance in GWG added by the interaction term above and beyond the
other predictors in the models (p=.789-.963). The conditional indirect
effect of PPBMI on maternal distressat 6 months postpartum via
GWG was not statistically significant as evidenced by 95% confidence
intervals surrounding the index of moderated mediation all including 0.

Discussion

Current study strengths and weaknesses should be considered
when interpreting results. Strengths of the current study included
the longitudinal nature of the study and the limited attrition
rate, established and well-validated variable measures, and the
novelty of the sample (HPSA) and findings. Limitations included
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sociodemographic homogeneity, a limited number of underweight
women and those with clinically significant psychopathology, lack
of differentiation regarding the source and timing of added sugar
intake, and utilizing continuous GWG and PPBMI data rather than
categorical.

Increased PPBMI predicted increased postpartum depression
symptoms, which replicates previous findings. Compared to women
in the normal weight category prior to pregnancy, women classified
as obese (i.e., BMI > 30 kg/m?) are at greater risk of depression up
to 1 year postpartum [5]. These significant relations in a sample
with few participants reaching threshold for elevated depression
symptoms suggests that considering subclinical levels is important.
Further, this finding has been extended to women in HPSAs.

PPBMI did not predict symptoms of anxiety or perceived stress at
6 months postpartum, failing to replicate prior literature indicating
a relation between pre-pregnancy obesityand prenatal anxiety
and perceived stress [26]. This may have been due to the fact that
the 2009 study examined prenatal distress and PPBMI was coded
on a categorial rather than continuous scale. Additionally, while
depression, anxiety, and perceived stress symptoms are significantly
correlated, constructs are distinct. The pattern of findings may
indicate that PPBMI is predictive of postpartum symptoms unique to
depression, but not those unique to anxiety or perceived stress.

GWG for this sample was not predictive of 6-month postpartum
distress. While one research team demonstrated a relation between
GWG and 1-month postpartum depression risk, another found
no association between GWG and elevated 6-month postpartum
depression [8, 27]. Additionally, a unique study found third-trimester
GWG predicted depression symptoms at 45-60 days postpartum,
butnosuch relation when using total GWG [28]. This may support
the importance of distinguishing trimester-specific weight gain when
investigating postpartum mental health risk.

Increased added sugar intake did not significantly interact with
increased PPBMI to predict distress at 6 months postpartum.
However, added sugar intake in the third trimester had significant,
positive correlations with EPDS, PASS, and PSS-14 scores at 6
months postpartum. These findings replicate prior findings of a
significant, positive association between added sugar intake at 14-18
weeks gestation and increased EPDS scores at 6-8 weeks postpartum,
with current study findings supporting a long-lasting effect of sugar
intake over pregnancy on a broader range of postpartum distress
variables [9].

Moderated mediation hypotheses were not supported. This may be
because our study did not specifically investigate sugar from sugar-
sweetened beverages, nor did it investigate PPBMI as a categorical
variable. Therefore, future research may wish to investigate distinct
sources of added sugar intake as well as coding PPBMI on different
measurement scales to determine whether/how it may influence
associations.

Conclusions: The current study further extended existing
literature by replicating established relations between PPBMI and
GWG in a novel US sample in an HPSA for primary care and mental
health. This study is the first known to find significant associations
between increased prenatal sugar intake in the third trimester and
increased depressive, anxious, and perceived stress symptoms at 6
months postpartum. The implications of this study involve prevention
efforts for postpartum depression, including identifying women prior
to pregnancy who could benefit from weight management strategies
to reduce risk of long-term postpartum depression, and maintaining
efforts to reduce added sugar consumption during pregnancy given
their role in predicting multiple indices of postpartum distress. Future
directions for research include examining the direct relation between
added sugar intake during pregnancy and postpartum mood, timing
effects, and potential moderators in more diverse samples.
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