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Objective: To examine the association between preconception diet quality, sedentary behavior,
and physical activity with gestational weight gain (GWG) among Hispanic/Latina women

Methods: This was a prospective cohort study of participants from visits 1 (2008-2011)

and 2 (2014-2017) of the Hispanic Community Health Study/Study of Latinos and singleton
pregnancies between the 2 visits. Diet quality (alternative healthy eating index/AHEI-2010),
sedentary behaviors, and physical activity (Global Physical Activity Questionnaire) were
measured at visit 1 and accounted for preconception health behaviors. GWG was evaluated as

a continuous and categorical variable according to the 2009 Institute of Medicine guidelines
(inadequate, adequate, excessive). Linear and generalized logit survey regressions were used to
study the association between health behaviors and GWG, using adequate GWG as the reference.

Results: Of the 457 women included, deliveries occurred at 3.2 years (mean) from visit 1;
48.7% of women had excessive GWG. Mean AHEI-2010 scores were <45% for women of

all Hispanic/Latina backgrounds. Sedentary behavior was 269.5 (SE 9.7) minutes/day and total
physical activity was 122.8 (SE 9.3) minutes/day. There was no association between each 10-unit
increase in AHEI-2010 or a 500kcal/day increase in energy intake for mean and categorical GWG.
There was no association between 30 minutes/day higher sedentary behavior, 30 minutes/day
higher total physical activity, or meeting the 2008 US physical activity guidelines for mean and
categorical GWG.

Conclusions: We did not find associations between diet quality, sedentary behavior, and
physical activity measured at visit 1 with GWG in pregnancies occurring between visits 1 and

2. We noted widespread poor diet quality as measured by the AHEI-2010, high sedentary behavior,
and low physical activity among Hispanic/Latina women.

Background

The amount of weight gained during pregnancy, also referred to as gestational weight gain
(GWG) is associated with important short- and long-term health outcomes. Both inadequate
and excessive GWG negatively influence fetal development and may contribute to chronic
diseases later in life. While non-Hispanic Black women and Hispanic/Latina women have
lower mean GWG than whites, 36-51% of non-Hispanic Black women and Hispanic/Latino
women also experience excessive GWG (Brawarsky et al., 2005; Chasan-Taber et al., 2008;
Siega-Riz & Hobel, 1997; Walker, Hoke, & Brown, 2009).

Pre-pregnancy body mass index (BMI) is the most important risk factor for GWG.
Approximately two-thirds of women with obesity exceed the Institute of Medicine (IOM)
recommendations of 11-20 pounds of GWG, compared with almost half of normal-weight
women who exceed the recommendation of 25-35 pounds of GWG (Bodnar et al., 2010).
The prevalence of obesity is particularly high among Hispanic/Latina women in the US
compared with non-Hispanic whites, increasing their risk for excessive GWG (Hales et al.,
2020). Similarly, BMI is also related to inadequate GWG, such that 39% of women with an
underweight pre-pregnancy BMI had inadequate GWG in a cross-sectional population-based
US study in 2015 (Deputy et al., 2015) In general, health behaviors (e.g., diet, physical
activity) are associated with weight status and they are also considered modifiable risk
factors for GWG. Other social, economic and structural factors also contribute to GWG. For
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example, culture and acculturation, race-ethnicity, parity, marital status, partner and family
support, depression, and stress are associated with GWG (Institute of Medicine, 2009).
Health behaviors are important because they can be targeted at an individual level through
weight management interventions. Several studies have examined physical activity and diet
during pregnancy and their association with GWG in Hispanic/Latina women (Dolin et al.,
2020; Tovar et al., 2009). Some of these studies have reported mean daily caloric intake
and selected dietary variables and the proportion of participants meeting physical activity
recommendations (Dolin et al., 2020; Tovar et al., 2009). The limitations of these studies
include a focus on health behaviors during pregnancy as opposed to preconception and a
focus on GWG in the context of gestational diabetes screening. Other studies that have
examined physical activity prior to pregnancy found low adherence to recommendations
and no differences among women from Puerto Rican or Dominican backgrounds (Chasan-
Taber et al., 2010; Chasan-Taber et al., 2014). Although diet, sedentary behavior, and
physical activity are associated with weight gain in non-pregnant individuals, our knowledge
is limited by the association between these factors and GWG among women of diverse
Hispanic/Latina backgrounds.

The association between preconception health behaviors and GWG has not been extensively
examined in Hispanic/Latina women. Within the context of a cohort study, we examined

the association of preconception diet, sedentary behavior, and physical activity with GWG
among Hispanic/Latina women who gave birth over a 6-year period. We hypothesized that
suboptimal diet, higher sedentary behavior, and lower physical activity in the preconception
period would be associated with not meeting GWG goals during pregnancy and would vary
among Hispanic/Latina backgrounds.

The Hispanic Community Health Study/Study of Latinos (HCHS/SOL) is a prospective
cohort study of individuals who self-identified as having Hispanic/Latino ethnicity. The
HCHS/SOL methodology has been previously described (Lavange et al., 2010). The four
communities included in HCHS/SOL are located in the Bronx, NY, Chicago, IL, Miami,
FL, and San Diego, CA. Probability sampling within these areas was used to ensure a
broad representation of the target population and to minimize the various sources of bias
that may otherwise enter into the cohort selection and recruitment process (Lavange et al.,
2010). Individuals were eligible to participate in the cohort study if they were 18-74 years
old, able to give informed consent, not planning to move in the next 3 years, not currently
pregnant, and spoke English or Spanish. The 16,415 participants completed a survey and
health assessment between 2008-2011 (visit 1). HCHS/SOL participants were followed up
in 2014-2017 (visit 2), at which time they reported lifetime pregnancy complications. The
sampling methods for SOL study are available in Table 1 of Lavange et al. (2010). All
participants provided written informed consent. The Institutional Review Board of each site
approved this study, which was registered at clinicaltrials.gov as NCT02060344.

For this analysis, women were included if they participated in both visits 1 and 2 and
had one or more singleton pregnancies between these visits that resulted in a live birth.
For women who had more than one pregnancy between visits 1 and 2, only the first
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pregnancy was included in the analysis. Women who did not report GWG or were missing
BMI at visit 1 were excluded. The primary outcome of self-reported weight gain was
measured according to the response to the question, “How much weight did you gain

during this pregnancy?” as collected at visit 2. The distribution of GWG was checked

using QQ plots. GWG was analyzed both as a continuous variable (pounds) and categorized
according to recommendations from the IOM Guidelines (28—40 pounds for pre-pregnancy
BMI <18.5 kg/m?, 25-35 pounds for pre-pregnancy BMI 18.5-24.9 kg/m?, 15-25 pounds
for pre-pregnancy BMI 25.0-29.9 kg/m?, and 11-20 pounds for pre-pregnancy BMI = 30
kg/m?2) (Institute of Medicine, 2009). Categories of GWG included inadequate (below GWG
guidelines), adequate (met GWG guidelines), and excessive (higher than GWG guidelines)
based on the GWG and pre-pregnancy BMI. Similar to Savitz et al (2011), gestational age
at delivery was accounted for by calculating the weekly rate of GWG (weeks of gestation

at delivery divided by total weight gain), multiplied by 40 to estimate the amount of weight
gain projected had the pregnancy lasted 40 weeks, and used the same category cut points

as for GWG among term births. This adjustment was done for all participants, regardless

of whether the delivery was pre-term. Because BMI immediately before conception was not
available, we used BMI from visit 1 as a proxy for pre-pregnancy BMI.

At visit 1, two 24-hour dietary recalls were typically collected, one in person and then one
over the phone, usually within a month of the first. For dietary data, we used the scores

for the alternative healthy eating index (AHEI-2010) calculated from a 24-hour dietary
recall using the National Cancer Institute method to predict usual intake to measure diet
quality (Guenther et al., 2013; Siega-Riz et al., 2014). The AHEI-2010 is derived from 11
components (whole fruits, total vegetables, whole grains, sugar-sweetened beverages and
fruit juice, nuts and legumes, fresh red meat, processed meat, fish, unsaturated fatty acid
rich foods, alcohol, sodium), each taking a value of 0 (worst) to 10 (best) with final scores
ranging from O to 110, with higher scores signified healthier diet quality. Additionally, mean
total energy intake (kcal) per day was calculated.

Physical activity was assessed at visit 1 with the Global Physical Activity Questionnaire,
which has acceptable reliability and validity with other physical activity measures (Bull et
al., 2009). Self-reported minutes/day of total moderate to vigorous physical activity from a
typical week were calculated from work, transportation, and leisure activities. Total physical
activity was also categorized as to whether participants met the 2008 US physical activity
guidelines of at least 150 minutes/week of moderate-intensity activity, at least 75 minutes/
week of vigorous intensity activity, or an equivalent combination of the two (US Department
of Health and Human Services, 2008). Self-reported minutes/day in sedentary behavior on a
typical day was evaluated from a single question on time spent sitting or reclining.

Visit 1 characteristics included self-reported age, self-reported type of Hispanic/Latina
background or heritage (Cuban, Central American, Dominican, Mexican, Puerto Rican,
South American, and other), site, education, marital status, household income, sleep
duration, employment, health insurance, language of interview, nativity (born in the 50
United States vs. born in a United States territory or foreign country), immigration age if
applicable, anxiety (measured with Spielberger trait anxiety scale (Spielberger C, 1983)),
and depressive symptoms (measured with the Center for Epidemiologic Studies Depression

Matern Child Health J. Author manuscript; available in PMC 2023 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kominiarek et al.

Results

Page 5

Scale, CES-D-10 (Radloff, 1977)). Height and weight were measured at visit 1, and these
values were used to calculate pre-pregnancy (or pre-conception) BMI. At visit 2, women
self-reported the number of pregnancies before visit 1 (gravidity), and all pregnancies after
visit 1 that lasted at least six months including length of gestation (in weeks or months), and
the date when each pregnancy ended.

Analysis was performed using SAS version 9.4 (SAS Institute, Cary, NC) and accounted for
the complex sample design in which visit 2 weights, cluster sampling, and stratification are
all considered in the analysis.

Descriptive statistics on maternal demographics and other covariates for the study sample by
GWG categories were calculated and compared with Chi-square tests. Mean AHEI-2010,
energy intake, moderate to vigorous physical activity, meeting 2008 physical activity
guidelines, and sedentary behavior with standard errors (SE) by GWG category were
calculated and compared with analysis of variance (ANOVA) or Chi-squared tests, as
appropriate. Differences in health behaviors were also compared by background and the
three GWG categories. Tests for interactions between GWG and background were done with
ANOVA tests. A p-value <0.05 was considered statistically significant.

Linear and generalized logit survey regression analyses were then conducted to quantify
the association between diet, sedentary behavior, and physical activity separately with
continuous GWG and GWG categories using adequate GWG as the reference. After an
evaluation of LOESS plots and restricted cubic splines, we opted to use linear measures of
diet and physical activity since all p-values were <0.05. For diet, the association of a 10-unit
increase of AHEI-2010 and 500 kcal/day increase of total energy intake with continuous
GWG and by GWG category were calculated. For sedentary behavior and physical activity,
the association of continuous measures of total sedentary behavior and physical activity in
minutes/day with continuous GWG and with GWG category were calculated. Models for
diet, sedentary behavior, and physical activity were separately adjusted for age at the time
of delivery, Hispanic/Latina background, marital status, years in the United States, BMI at
visit 1, gravidity (number of previous pregnancies) (model 1). Model 2 covariates included
model 1 covariates in addition to education, household income, anxiety (Spielberger scale),
depression (CES-D 10), length of gestation, and time between visit 1 and delivery to
separately account for social, economic and structural factors. Beta coefficients or odds
ratios (OR) with 95% CI were reported. To account for the time lapse from visit 1 and
subsequent pregnancy, a sensitivity analysis was performed limiting the participants to
women who delivered within 2 years of visit 1.

Of the 16,415 HCHS/SOL participants at visit 1, 9835 were women. Of the 11,623
participants at visit 2, 7324 were women. For the current study, 557 women participated

in both visit 1 and visit 2 and had one or more singleton pregnancies between visit 1 and
visit 2 that resulted in a live birth. For women who had more than one pregnancy between
visit 1 and 2, only the first pregnancy was included in the analysis (n=539 women). Women
who did not report GWG or were missing BMI were excluded (n=60). For the 60 women
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excluded due to missing GWG or BMI, we noted higher energy intake (1665.2 kcal/d,

SE 50.5 vs. 1789.5 kcal/d, SE 20.9; p=0.02), but no other difference in health behaviors
(AHEI-2010 scores, sedentary behavior, total physical activity, and meeting 2008 physical
activity guidelines) compared with those who were included in the analysis. In addition, 22
participants were excluded from analyses because of missing data on pregnancy length, time
elapsed between visit 1 and delivery, diet, physical activity, or other covariates. Thus, these
analyses are based on data from 457 participants (Figure 1).

In the target population, we estimated 23.0%, 28.3%, and 48.7% of women had inadequate,
adequate, and excessive GWG, respectively (Table 1). About half of the women were of
Mexican background (52.5%), followed by Cuban (14.3%), Dominican (10.3%), and Puerto
Rican (9.2%). At visit 1, 31.4% of all women were nulligravida and 32.6% had a BMI = 30
kg/mZ2. Overall, the mean gestational age at delivery was 38.8 weeks. The deliveries occurred
at a mean of 3.2 years (range 0.5-8.9 years) after visit 1.

We found no differences in maternal sociodemographic (age at delivery, Hispanic/

Latina background, site, education, marital status, household income, employment, health
insurance coverage, language preference) across the three GWG categories (p>0.05 for all
comparisons, Table 1). However, we found tdifferences in age categories; women > 35
years had higher frequency of inadequate GWG compared with women <35 years, p=0.003.
Additionally, women with overweight or obesity at visit 1 had a higher frequency of
excessive GWG compared with women who were underweight or normal weight (p<0.001).

Preconception Diet and GWG

Overall, mean energy intake was 1798 (SE 23) kcal/d and was highest for women with
adequate GWG, but mean energy intake was not statistically different among the three
GWG categories (p=0.33). Mean energy intake did vary by background (p<0.001 for each
of the three GWG categories), with Dominican women having the lowest energy intake

in the inadequate and excessive GWG categories (Table 2). The total AHEI-2010 scores
were low (e.g., mean values of 44.0-44.1 for all GWG categories). The scores did not
differ statistically across the GWG categories, but were different among background, with
Mexican women having the highest AHEI-2010 scores in all GWG categories (p<0.001)
(Table 2). Tests for interactions between background and GWG for energy intake and
AHEI-2010 were not statistically significant (p>0.05 for both comparisons).

In linear regression analyses, we found no association between each 10-unit increase in
AHEI-2010 and a 500kcal/day increase in energy intake for a continuous measure of GWG
in models 1 and model 2 (Table 3). Similarly, in logistic regression analyses, we found no
association between a 500kcal/day increase in energy intake and each 10-unit increase in
AHEI-2010 in models 1 and 2 for the GWG categories. In a sensitivity analysis limited to
women who delivered within 2 years of visit 1 (n=154), we similarly found no association
between AHEI-2010 or energy intake and GWG as a linear or categorical measure (data not
shown).
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Preconception Sedentary Behavior and Physical Activity

Discussion

Overall sedentary behavior was 269.5 (SE 9.7) minutes/day and total physical activity

was 122.8 (SE 9.3) minutes/day. We found no association between sedentary behavior

and GWG, total physical activity and GWG, or meeting 2008 physical activity guidelines
and GWG (Table 4). Sedentary behavior did vary by GWG categories and background

for women with inadequate GWG (p=0.004), with Central American women having the
lowest sedentary behavior (148.3, min SE 52.3). We noted wide variations in total physical
activity by background. For example, within the inadequate GWG category, Puerto Rican
women had the highest total physical activity (280.9 min, SE 96.6) and women of other
background had the lowest physical activity (26.3 min, SE 6.5). Differences among physical
activity and background for women with inadequate GWG and excessive GWG were found
(Table 4). Tests for interactions between background and GWG for sedentary behavior, total
physical activity, and physical activity goals were not statistically significant (p>0.05 for all
comparisons).

In linear regression analyses, we found no association between 30 minutes/day higher
sedentary behavior, 30 minutes/day higher total physical activity, or meeting the 2008 US
physical activity guidelines and GWG in models 1 or 2. Similarly, in logistic regression
analyses, we found no association between 30 minutes/day higher sedentary behavior, 30
minutes/day higher total physical activity, and meeting the 2008 physical activity guidelines
with the GWG categories in models 1 and 2 (Table 5). In a sensitivity analysis limited to
women who delivered within 2 years after visit 1 (n=154), we similarly did not find an
association between sedentary behavior or total physical activity and GWG as a linear or
categorical measure (data not shown).

In our study of 457 Hispanic/Latina women, we did not find an association between diet,
sedentary behavior, or physical activity at visit 1 with GWG in pregnancies that occurred
between visits 1 and 2 (approximately 6 years of follow-up). We noted widespread low

diet quality as measured by AHEI-2010 and low total physical activity as measured by the
Global Physical Activity Questionnaire. Less than 75% of all women met the 2008 physical
activity recommendations across all GWG categories. When evaluating diet by background,
differences in total energy intake and AHEI-2010 among all GWG categories were found

(p < 0.001), but consistent trends among backgrounds and diet were not noted. We also
noted differences in sedentary behaviors for women with inadequate GWG and in physical
activity for women with inadequate and excessive GWG by background. In the unadjusted
and adjusted models, we also did not find significant associations between diet, sedentary
behavior, or physical activity and GWG as a continuous or categorical measure. We theorize
that the lack of association between pre-conception health behaviors and GWG may be
attributed to the overall low diet quality and low physical activity among all the women and
therefore a lack of range in values. Lastly, social determinants of health such as access to
care and food security are also known to be associated with health behaviors and weight, but
they were not specifically measured in this study.

Matern Child Health J. Author manuscript; available in PMC 2023 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kominiarek et al.

Limitations

Page 8

Our findings confirm and extend other studies of Hispanic/Latina women during pregnancy.
For example, Tovar et al. reported the results of a semi-quantitative food frequency
questionnaire among 423 Hispanic pregnant women in the US with and without diabetes
(Tovar et al., 2009). The mean daily caloric intake range was around 2500 kcal, but the
relationship between diet and GWG could not be completely assessed because the weight
gain was only accounted for up until the time of screening for gestational diabetes (i.e.,

< 28 weeks). Dolin et al. evaluated the relationship between diet with the 2005 Block

Food Frequency Questionnaire and physical activity with the 2011 Behavioral Risk Factor
Surveillance System questions in 508 Hispanic/Latina women in the US during pregnancy,
the majority of whom were not able to meet the recommended daily intakes of selected
dietary variables (<25% for dairy, vegetables, whole fruit, whole grains) or physical activity
recommendations (32% met recommendations) (Dolin et al., 2020). Among these women,
meeting physical activity recommendations of at least 150 min per week was associated with
1 kg lower total GWG (-1.00 kg; 95% CI -1.99, —0.03), but no associations between GWG
and adhering to dietary recommendations were found.

Other studies of physical activity prior to pregnancy in Hispanic women also found low
adherence to physical activity guidelines. Among 632 Hispanic women (Puerto Rican or
Dominican Republican) who completed the Pregnancy Physical Activity Questionnaire
(PPAQ) 1 year prior to pregnancy, 18.7% met the American College of Obstetricians

and Gynecologists’ recommendations for physical activity (Chasan-Taber et al., 2010). Of
further interest, the proportion of women meeting physical activity goals dropped to 5.2%
when the PPAQ was completed early in the pregnancy (Chasan-Taber et al., 2010). In

a separate study of 1160 Puerto Rican or Dominican women, no differences in type or
intensity of physical activity and GWG, as assessed by the PPAQ prior to pregnancy, were
found (Chasan-Taber et al., 2014).

With respect to BMI and GWG in general, we found that both pre-conception obesity

and excessive GWG were common. Our findings are similar to other studies of GWG in
Hispanic/Latina women. In a study of 282 Hispanic/Latina women, 45% had excessive
GWG, 32% had inadequate GWG, and only 24% had adequate GWG (Sangi-Haghpeykar et
al., 2014). Chasan-Taber et al reported that among 1359 Puerto Rican or Dominican women,
20.2% had inadequate, 27.3% had adequate, and 52.5% had excessive GWG in the total
cohort (Chasan-Taber et al., 2016). We did not find significant differences in GWG among
women from 7 Hispanic/Latina background groups. Nearly one-third of the women in our
study had obesity at visit 1.

We acknowledge several limitations to this study, including self-reported diet, sedentary
behavior, and physical activity that were recorded a mean of 3.2 years (range 0.5-8.9

years) prior to delivery. These behaviors were not measured during pregnancy, so it was

not possible to determine the extent to which they may have changed with pregnancy. Pre-
pregnancy BMI category may have been misclassified if women changed BMI categories
between visit 1 and conception. GWG was also based on maternal self-report. Although
GWG misclassification based on maternal self-report may have occurred, evidence supports
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the reliability of this measure in the absence of birth certificate data or medical records
(Hinkle et al., 2013), including a systematic review concluding that misclassification

of GWG post-pregnancy was moderate and did not largely bias associations with birth
outcomes (Headen et al., 2017). For some analyses, including those testing interactions
between background and health behaviors, the sample size was small and a larger sample
would be ideal to examine differences among Hispanic/Latina background.

Among diverse Hispanic/Latinas from four communities in the US, preconception

diet, sedentary behavior, and physical activity were not associated with GWG. These
reproductive-age women had low AHEI-2010 scores, indicating poor diet quality, as well

as suboptimal physical activity and sedentary behavior. These findings need to be interpreted
in the context of other factors that contribute to health behaviors and GWG, such as access
to healthy food, opportunities for safe physical activity, and support from a partner and
family. An opportunity for Hispanic/Latina women to improve both diet quality and daily
physical activity prior to pregnancy. Although pregnancy and the preconception period are
windows of opportunity to intervene for health behaviors, interventions need to consider to
other specific systemic and structural factors that influence diet and physical activity among
Hispanic/Latina women.
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Figure 1:

16,415 participants in HCHS/SOL
atvisit 1

11,623 participants in
HCHS/SOL at visit 2

A

7,345 women at visit 2

A

557 women had > 1 singleton
pregnancies between visit 1
and visit 2 resulting in a live

birth

539 women with 1% singleton
pregnancy between visit 1 and 2

resulting in a live birth

479 women had gestational
weight gain and BMI data
available

A 4

457 women included in analyses
after excluding missing
covariates (n=22)

Flow diagram of participant selection
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