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Abstract

Objective

Identify the socio-economic correlates of sugar sweetened beverage (SSB) consumption
among pregnant women and analyze to what extent SSB consumption is associated with
diet quality and total energy intake. Additionally, we aim to predict how diet quality scores
and totally energy intakes would change if SSB consumption was artificially set to 0.

Design
Repeated Cross Sectional Study.

Setting
United States.

Subjects

SSB consumption was estimated from 1-2 24-hour dietary recalls from 1,154 pregnant
women who participated in the 1999-2006 National Health and Nutrition Examination
Survey.

Methods

Linear regression models were used to identify socioeconomic and demographic factors
associated with SSB consumption and to assess the associations between SSB consump-
tion and diet quality and total energy intake. Diet quality was measured with the Alternate
Healthy Eating Index modified for Pregnancy (AHEI-P).
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Results

The mean SSB intake was 1.3 servings per day (sd 1.5). Having a household income
<100% of the Federal Poverty Level, being born in the United States, and not being married
or living with a partner were positively associated with SSB consumption. Every 12 oz. of
SSBs consumed was associated with a 2.3 lower AHEI-P score (95% Cl: 1.6, 2.9) and the
consumption of 124 more calories (95% ClI: 85, 163), after adjusting for age, country of birth,
race/ethnicity, educational attainment, marital status, household income, survey year and
day/s of the week the recall/s were collected. Our predictive models indicated that average
AHEI-P would be 6.4 (5.4, 7.6) higher and average total energy intakes would be 203.5 calo-
ries (122.2, 284.8) lower if SSB intake was set to 0.

Conclusions

SSB consumption is associated with poorer diet quality and higher total energy intake
among pregnant women.

Introduction

Sugar sweetened beverages (SSBs) are the single largest contributor of added sugars to the Amer-
ican diet, accounting for 45% of all added sugars consumed [1]. SSBs include non-diet soft
drinks, energy drinks, sweetened frozen coffee drinks, fruitades, smoothies, sports drinks, sweet-
ened fruit drinks and sweetened beverages, but not natural juices that may be high in sugar. The
2015-2020 Dietary Guidelines Advisory Committee recommended limiting added sugar intake
to <10% of total energy intake, however the average American intake is close to 15% [1,2]. In
non-pregnant populations, SSB consumption has been associated with poor diet quality [3, 4],
weight gain [5], obesity [6, 7], cardiovascular disease and some cancers [8]. Among pregnant
women, SSB consumption has been associated with an elevated odds for preterm delivery [9],
greater weight-for-age at birth [10], and offspring obesity [11]. Despite the potentially harmful
health effects of consuming SSBs both before and during pregnancy, the amount of SSBs being
consumed and the correlates of consumption during pregnancy are unknown.

American pregnant women have diets that need improvement [12], and approximately half
of American pregnant women gain weight in excess of the Institute of Medicine’s (IOM)
guidelines (S1 Table)[13]. Excessive weight gain and poor diet quality during pregnancy lead
to an array of adverse maternal and child health outcomes [14, 15], including preterm birth
[16] and obesity in the mother [17] and child [18]. SSB consumption in pregnancy may lead to
both excessive weight gain and poor diet quality by increasing total energy intakes [19] and
replacing healthier foods in the diet [20]. However, the extent to which caloric intake and diet
quality would change if women abstained from consuming SSBs is unknown. Using National
Health and Nutrition Examination Survey (NHANES) data from 1999-2006, we aimed to (1)
identify sociodemographic characteristics associated with SSB consumption; (2) analyze the
extent to which SSB consumption is associated with diet quality and total energy intake; and
(3) investigate how caloric intake and diet quality would change if all pregnant women did not
consume SSBs.

Methods

This cross-sectional study used 1999-2006 data from NHANES; an ongoing multistage survey
administered by the National Center for Health Statistics that selects a nationally
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representative sample of the noninstitutionalized U.S. civilian population [21]. The data
underlying this study are publicly available via the Centers for Disease Control website. Please
see S1 File for details regarding the construction of the dataset analyzed in the present study.
Waves 1999-2006 were selected because NHANES oversampled pregnant women during
these cycles to ensure better estimates of this subpopulation [21]. We excluded four pregnant
women because they had implausible daily total energy intakes (>6,000 calories), and two
pregnant women because they had implausible SSB intakes (>10 12 oz. servings per day). The
remaining pregnant women in NHANES waves 1999-2006 with complete dietary data were
included in this study (n = 1,154). This secondary data analysis was considered exempt by the
University of California Berkeley Institutional Review Board.

Diet quality

The Alternate Healthy Eating Index modified for Pregnancy (AHEI-P) was used to measure
diet quality from 1-2 24 hour dietary recalls [22]. From 1999-2002, NHANES collected one
24-hour dietary recall, and from 2003-2006, NHANES collected two 24-hour dietary recalls.
Dietary recalls were conducted by interviewers, and when subsequent recalls were collected
this was done via telephone approximately 3 to 10 days later. Diet quality was averaged
across the 24-hour recalls for those who had two recalls collected (n = 563, 49%). The
AHEI-P reflects a nutritious diet during pregnancy, and includes components for vegeta-
bles, fruit, ratio of white to red meat, fiber, ratio of polyunsaturated to saturated fatty acids,
folate, calcium, and iron. The Alternative Health Eating Index has a category for alcohol
which is not included in the AHEI-P as alcohol is not recommended for pregnancy. The
AHEI-P also does not include the nuts and soy protein component because women may
avoid nuts during pregnancy out of concern for allergen sensitization. The AHEI-P has
three categories not observed in the AHEI; folate, iron, and calcium as these nutrients are
important for healthy a healthy pregnancy [22]. Our modified index excluded the trans-fat
component because consumption of trans-fats was not available in NHANES [21]. Each
component contributes up to 10 points making the maximum score 80. Scoring for each
component is as follows (amount for minimum score, amount for maximum score); Vege-
tables (servings day) (0, > 5), fruit (servings day) (0, > 4), ratio of white to red meat (0, >
4), fiber grams/day (0, > 25 grams), polyunsaturated to saturated fatty acids ratio (< 0.1, >
1), calcium (0, > 1,200 mg), iron (0, > 27 mg), and folate (0, 600 mcg). Intermediate intakes
are scored proportionately between 0 and 10 [22]. Supplementation is not considered in the
calculation of the nutrient scores.

Sugar sweetened beverage intake

We created a categorical SSB intake variable for the number of 12 oz. servings consumed per
day (0, >0 & < 1, >1 & <2, >2) to describe the distribution of SSB consumption in the sample
and determine how diet quality and total energy intake varied across different levels of SSB
consumption. These values were chosen because they are easy to interpret, and values were
well-distributed across the categories. Both energy-adjusted and unadjusted measures of SSB
intake were examined in the analysis. Energy-unadjusted SSB intakes were used when we mea-
sured an association between SSB consumption and total energy intake, to avoid adjusting for
the outcome of interest. Energy-adjusted SSB intakes were used when we measured an associa-
tion between SSB consumption and AHEI-P. SSB intake was adjusted for total energy intake
using the residual method [23].
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Covariates

Age (<20, 20-24, 25-30, >30), educational attainment (no high school diploma or General
Education Diploma [GED]), high school diploma or GED, some college or Associates Degree
(AA) degree, college degree)), race/ethnicity (non-Hispanic White, Mexican American, Other
Latino, non-Hispanic Black, other/multicultural), household income (<100% of the Federal
Poverty Level (FPL), >100% & <200%, >200% & <300%, >300%), and survey year (1999-
2000, 2001-2002, 2003-2004, 2005-2006) were considered a priori to be included as con-
founders in the associations between SSB consumption and diet quality and total energy intake
because previous research indicated these variables were associated with SSB consumption in
pregnancy and total energy intake and diet quality [12, 22, 24-27]. Household food security
status (food secure, marginally food secure, food insecure), household size (1-2 people, 3-5
people, >6 people), marital status (married or living with a partner, divorced/separated/single/
widowed), country of birth (born in the U.S., born outside of the U.S.), Previous number of
live births (0, >1), and trimester (1%, 2", 3*%) were considered potential confounders. The
day/s of the week the recall/s were collected (1 or 2 weekdays, 1 weekend day and 1 weekday,
and 1 or 2 weekend days, where a weekend day refers to Friday, Saturday or Sunday) was
included in all models to reduce the variability in SSB consumption, diet quality, and total
energy intake. Household food security status was derived from the 18 question United States
Department of Agriculture’s Standard Food Security Survey Module [28].

Statistical methods

Total energy intake was measured in calories and was square-root transformed to improve
normality. All measures of total energy intake reported in the manuscript were transformed
back to represent calories. To ensure the sample was nationally representative, dietary sam-
pling weights were recalculated to reflect the probability of being sampled in the 8 year period
[21].

Random effect models were implemented to identify the proportion of the total variance
due to between-person variability for the SSB intakes. For the descriptive statistics, the stan-
dard deviations reflect only the between-person variability in the estimates; within-person var-
iation due to having multiple recalls has been partitioned out.

For descriptive analysis, F tests were conducted to assess the associations between SSB con-
sumption and each variable. Wald tests were conducted on linear regression coefficients when
categorical variables were assessed. To determine which of the socio-economic correlates were
significantly associated with SSB consumption when all variables were considered, we con-
ducted a linear regression that included age, country of birth, race/ethnicity, educational
attainment, marital status, household income, survey year and day/s of the week the recall/s
were collected. Additionally, a sensitivity analysis was conducted that included this set of vari-
ables and those not associated with SSB intake in bivariate analysis; household size, number of
live births a mother had had previously, trimester, and household food security status. Simi-
larly, linear regressions were conducted to assess the relationship between SSB consumption
and AHEI-P and total energy intake and adjusted for this set of confounders.

The models implemented to analyze the extent to which SSB consumption was associated
with diet quality and total energy intake were also applied to generate the population average
diet quality and total energy intake values that would result from removing SSBs from the pop-
ulation’s diet. After analyzing the associations between SSB consumption and diet quality and
SSB consumption and total energy intake in separate linear regression models, these same
models were applied to generate predicted diet quality scores and total energy intakes for each
individual based on their covariate profiles, and assuming they did not consume SSBs. The

PLOS ONE | https://doi.org/10.1371/journal.pone.0215686  April 25, 2019 4/13


https://doi.org/10.1371/journal.pone.0215686

@ PLOS |IONE

Sugary beverages in pregnancy

diet quality and energy intakes that were generated by these models under the assumption that
no SSBs were consumed were then compared to the observed population average intakes.

STATA (version 12.0, StataCorp, College Station, TX) was used for all statistical analysis.
This study was considered exempt from review by the University of California Berkeley’s Insti-
tutional Review Board.

Results

Table 1 describes the study sample and the relationships between unadjusted SSB consump-
tion and the covariates. On average, women were 27 + 6 years of age. Fifty-three percent of the
sample was non-Hispanic White, 17% were Mexican American, 17% were non-Hispanic

Table 1. Average unadjusted sugar sweetened beverage intake of pregnant women by sociodemographic &
descriptive characteristics in the National Health and Nutrition Examination Survey from 1999-2006 (n = 1,154).

Covariates' n (%) 12 oz. Servings of Sugar Sweetened Beverages™®
Whole Population 1154 (100) 1.3+0.9
Age (years)*
>30 294 (27.7) 1.0+ 0.8
25-30 327 (30.6) 14+1.0
20-24 331 (30.0) 1.4+0.9°
<20 202 (11.8) 1.8 +1.2°
Household Size
1 or 2 persons 266 (24.8) 1.3+0.9
3-5 persons 696 (62.9) 1.2+0.9
>6 persons 192 (12.3) 1.7+1.2
Country of birth*
Born in the U.S. 839 (77.6) 1.5+1.0
Not born in the U.S. 315 (22.4) 0.7 +0.7°
Race/Ethnicity*
Non-Hispanic White 515 (53.3) 1.3+0.9
Mexican American 337 (16.7) 1.1+1.0
Other Latino 56 (4.9) 1.0 +£0.8
Non-Hispanic Black 178 (17.3) 1.7 £ 1.0°
Other/Multiracial 68 (7.9) 1.3+0.8
Educational Attainment*
College degree 260 (27.6) 1.1+0.8
Some college or AA degree 285 (30.4) 1.4+09
High school diploma/GED 246 (19.5) 1.4+1.0
No High School diploma/GED 362 (22.5) 1.5+ 1.1°
Missing 1(<0.1) -
Marital Status*
Married/living with a partner 828 (72.1) 1.1+0.8
Divorced/separated/single/widowed 284 (23.3) 1.9+ 1.1°
Missing 42 (4.6) -
Household Income**
>300% 391 (35.7) 1.1£0.9
200% < 300% 154 (17.5) 14+0.8
100% < 200% 246 (20.1) 14+1.0
<100% 285 (19.8) 1.7+ 1.1°
Missing 78 (7.0) -
(Continued)
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Table 1. (Continued)

Covariates' n (%) 12 oz. Servings of Sugar Sweetened Beverages™®
Household Food Security Status
Food secure 804 (75.4) 1.3+0.9
Marginally food secure 121 (10.4) 1.3+0.9
Food insecure 179 (10.7) 1.5+1.2
Missing 50 (3.5)
Number of Live Births
0 57 (6.0) 1.3+0.8
>1 1,097 (94) 1.3+0.9
Trimester
1st Trimester 194 (19.7) 1.3+0.8
2nd Trimester 405 (31.6) 1.2+1.0
3rd Trimester 386 (29.7) 14+1.0
Missing 169 (19.0) -
Year the Survey was collected
1999-2000 269 (24.5) 14+1.1
2001-2002 322 (24.5) 1.3+1.0
2003-2004 245 (23.0) 1.5+0.9
2005-2006 318 (28.0) 1.1+0.8
Recall collection day/s
1 or 2 weekdays 338 (44.6) 1.3+0.8
1 weekday & 1 weekend day 417 (30.2) 1.3+0.9
2 weekend days 399 (25.2) 14+1.1

! Covariates labeled with an * indicate that the variable was significantly associated with unadjusted SSB
consumption p<0.20 according to an f-test of independence

% Values represent the average number of 12 oz. servings + the standard deviation

? Wald tests on linear regression coefficients were implemented to determine if the observed value was significantly
different than the reference value; the first row below each covariate name represents the reference value

* Measured as a percent of the Federal Poverty Level

* Significantly different than the reference value at p<0.05

® Significantly different than the reference value at p<0.01

© Significantly different than the reference value at p<0.001

https://doi.org/10.1371/journal.pone.0215686.t001

Black, 5% were Other Latino and 8% were of another race or multicultural. Seventy-eight per-
cent of the women were born in the U.S. and 72% were married or living with a partner. Preg-
nant women in the United States consumed an average of 1.3 + 1.5 12 ounce unadjusted
servings of SSBs per day, or 15.6 oz. SSB consumption declined from 1999-2006 from 1.4
(95% CI: 1.1-1.8) to 1.1 (0.8-1.4) servings per day (Table 1). A sensitivity analysis analyzing
adjusted measures of SSB intake produced consistent results.

The average AHEI-P score was 44.5 (43.3-45.7) and the average total energy intake was
2,272 calories (2,176-2,369). Table 2 highlights the negative association between SSB con-
sumption and diet quality and the positive association between SSB consumption and total
energy intake. Women who did not consume SSBs had an average AHEI-P of 52.6 (49.5, 55.7)
and an average total energy intake of 2,072 calories (1,925-2,219). In contrast, those who con-
sumed 2 or more 12 oz. servings of SSBs had a lower average AHEI-P score of 39.7 (37.6—
41.8), and a higher average total energy intake of 2,492 calories (2,354-2,630) (p<0.001).
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Table 2. Average Alternative Healthy Eating Index modified for Pregnancy (AHEI-P) score and total energy
intake by level of sugar sweetened beverage (SSB) intake for pregnant women in the National Health and Nutri-
tion Examination Survey 1999-2006 (n = 1,154).

12 oz. Servings of | n' | Average Observed AHEI-P* (95% | n® Average Observed total energy intake

SSBs cI (95% CI)

0 131 52.6 (49.5, 55.7) 307 2072 (1925, 2219)
0-<1 421 46.8 (45.0, 48.6)°" 255 2181 (1900, 2461)
1-<2 303 41.7 (40.0, 43.4)° 287 2364 (2257, 2470)°

>2 299 39.7 (37.6,41.8)° 305 2492 (2354, 2630)"

! This n represents the number of individuals who were in each category of SSB consumption when SSB values
adjusted for energy were assessed

% Wald tests on linear regression coefficients were implemented to determine if a value was significantly different
than the AHEI-P score or total energy intake among those who did not consume SSBs

? This n represents the number of individuals who were in each category of SSB consumption when SSB values were
not adjusted for energy were assessed

* Significantly different than the value for those who did not consume SSBs at p<0.01

" Significantly different than the value for those who did not consume SSBs at p<0.001

https://doi.org/10.1371/journal.pone.0215686.t002

Our first aim was to identify the socio-economic correlates of SSB consumption. Our linear
regression analysis found having an income >300% of the federal poverty level compared to
having an income <100% of the FPL was negatively associated with SSB consumption
(p < 0.05), as was being born outside of the U.S. compared to being born in the U.S. and being
married or living with a partner compared to being single, widowed, divorced, or separated
(Table 3). Marital status was no longer a significant predictor of SSB consumption in our sen-
sitivity analysis, when variables not associated with SSB consumption in bivariate analysis
were included in the model; household size, number of live births a mother had previously, tri-
mester, and household food security status.

Our second aim was to assess the relationship between SSB’s and AHEI-P and total energy
intake. Consuming an additional 12 oz. of SSBs was associated with a 2.3 point lower AHEI-P
score (1.6, 2.9), adjusting for potential confounders (Table 4). The linear regression model
analyzing the association between SSB consumption and total energy intake showed that con-
suming an additional 12 oz. of SSBs was associated with consuming an additional 124 calories
per day (85-163), adjusting for potential confounders (Table 4).

Finally, our last aim was to investigate how caloric intake and diet quality would change if
all pregnant women did not consume SSBs. Compared to the observed average values of diet
quality and total energy intake, when we set the model to reflect no SSB consumption, the
average diet quality score was 6.4 points higher (5.4-7.6) and the average total energy intake
was 203.5 calories lower (122.2, 284.8) (Table 4).

Discussion

Pregnant women were found to consume more SSBs on average than women who were not
pregnant. On average, pregnant women consumed 15.6 oz. of SSBs per day, which equates to
approximately 176 calories. A report analyzing survey data from NHANES 2005-2006 found
women aged 20-39 consumed an average of 138 calories, or roughly 13 oz. of sugar drinks
(defined similarly to SSBs) per day, which is about 2.6 o0z. less than observed in this sample
[29]. Although pregnant women typically need to consume additional calories during preg-
nancy, the observed increase in SSB consumption during pregnancy is worrying considering
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Table 3. Associations between sociodemographic and descriptive factors and unadjusted sugar sweetened bever-
age (SSB) intake among pregnant women in the National Health and Nutrition Examination Survey 1999-2006

(n=1,154).

Characteristics 12 oz. Servings of SSBs" >
Age (years)
>30 reference
25-30 0.2 (-0.1,0.5)
20-24 0.1(-0.3,0.4)
<20 0.1(-0.4,0.6)
Country of birth
Born in the U.S. reference
Not born in the U.S. -0.7 (-1.0, -0.4)
Race/Ethnicity
Non-Hispanic White reference
Mexican American -0.1(-0.4,0.3)
Other Latino -0.1 (-0.6, 0.4)
Non-Hispanic Black -0.0 (-0.5, 0.4)
Other/Multiracial 0.2 (-0.6, 1.0)
Educational attainment
College degree reference
Some college or AA degree 0.0 (-0.4, 0.5)
High school diploma/GED 0.1 (-0.4, 0.5)
No high school diploma/GED 0.1 (-0.4, 0.5)
Marital Status
Married/living with a partner reference
Divorced/separated/single/widowed 0.6 (0.1, 1.0)*
Household Income®
>300% reference
200% < 300% 0.3 (-0.1,0.8)
100% < 200% 0.3 (-0.2,0.8)
<100% 0.5 (0.0, 0.9)
Year the Survey was collected
1999-2000 reference
2001-2002 -0.1(-0.5,0.3)
2003-2004 0.1(-0.4,0.5)
2005-2006 -0.3(-0.8,0.2)

! Values represent the 88 coefficient and 95% confidence interval from the regression model where SSB was the

outcome and age, country of birth, race/ethnicity, educational attainment, marital status, household income, and day

of the week the recall/s were collected were all included as independent variables in the same model

% Wald tests on linear regression coefficients were implemented to determine if the observed value was significantly

different than the reference value

? Measured as a percent of the Federal Poverty Level

* Significant at p<0.05
® Significant at p<0.001

https://doi.org/10.1371/journal.pone.0215686.t1003

the adverse health effects associated with SSB consumption [8-10, 30, 31] and the importance
of diet during pregnancy [14, 16, 22, 32].

Income, country of birth and marital status were found to be predictive of SSB consump-
tion. Our finding that having a lower income predicts higher SSB consumption is consistent
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Table 4. Sugar Iweetened beverage consumption and associated changes in energy consumption and Alternative
Healthy Eating Index modified for Pregnancy (AHEI-P) scores among pregnant women in the National Health
and Nutrition Examination Survey 1999-2006 (n = 1,154).

Change in SSB Consumption' Changesin | Changes in energy intake (calories)®
AHEI-P*
Consuming 1 additional 12 oz of SSBs -2.3(-1.6,-2.9)* 124 (85, 163)*
Changing SSB consumption to 0 for the whole population | 6.4 (5.4,7.6)" -203.5 (-122.2, -284.8)*

! Linear regression model adjusted for age, country of birth, race/ethnicity, educational attainment, marital status,
household income, survey year and day/s of the week the recall/s were collected

% Linear regression models assessed energy adjusted SSB intake

? Linear regression models assessed energy unadjusted SSB intake

* Significantly different than 0 at p<0.01

https://doi.org/10.1371/journal.pone.0215686.t004

with past research [24, 25, 33], however studies have not previously identified country of birth
and marital status as correlates of SSB consumption. This is likely due to these factors not
being considered as potential correlates in previous studies [24, 25, 33]. Of the 2 studies that
analyzed the association between country of birth and SSB consumption, neither found signifi-
cant associations with SSB intake [34, 35]. The discrepancy in findings may because these stud-
ies analyzed populations from Mexico, which has very high per capita SSB intake [36].
Additionally, they did not study pregnant populations, and women born outside of the United
States may have culturally specific diets they adhere to during pregnancy that do not typically
include SSBs [37]. Marital status may influence SSB consumption through stress and loneli-
ness, as both have been positively associated with SSB consumption [38-40]. In future studies,
country of birth and marital status should be considered as independent correlates of SSB con-
sumption during pregnancy.

Consuming an additional 12 oz. SSB was associated with consuming an additional 124 (85-
163) calories per day, which is consistent with past research showing consumption of SSBs
may lead to consuming extra calories [6, 7]. Similar results were found among 3,098 children
and adolescents from NHANES, where the consumption of one 12 oz. SSB was associated with
consuming an additional 159 calories per day [41]. Research analyzing how SSBs may engen-
der weight gain suggests caloric compensation is greater when calories are ingested as food
compared to liquids; when liquid calories are consumed along with calories from food, people
are likely to consume more calories than if all the calories were consumed via foods [42-44].
Additionally, compelling evidence indicates substituting water for SSBs leads to lower total
energy intakes and weight loss [45-47], which further supports the research on differential
energy adjustment. Given that liquid calories may be treated differently by the body than calo-
ries from solid foods during pregnancy [42-44] a reduction in SSB consumption and the asso-
ciated lower total energy intake may help lead to appropriate total energy intake and
gestational weight gain.

We observed an average AHEI-P score of 44.5 (43.3, 45.7), which is indicative of a diet that
needs improvement. Consuming an additional 12 oz. serving of SSBs was associated with a 2.3
point lower AHEI-P score (1.6, 2.9), which is disconcerting given past research has shown a 5
point improvement in AHEI-P is associated with lower blood glucose levels and lower odds of
having preeclampsia during pregnancy [22]. There is no component for SSB intake in the
AHEI-P, which means the lower diet quality score associated with consuming more SSBs
reflects lower scores in the other dietary components. This is in part because those who are
likely to consume SSBs are also more likely to consume other unhealthy food choices that are
associated with lower diet quality [48, 49]. The negative association between SSB consumption
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and diet quality may also be because the calories ingested from SSBs are preventing the con-
sumption of healthier foods. Although previously mentioned studies [31-33] indicate there is
a larger adjustment by the body in response to calories ingested as foods compared to liquids,
there is still a weak caloric compensation for calories ingested as liquids, [50] especially when
consumed without food [51]. Therefore, if women no longer consumed SSBs, the subsequent
caloric deficit could be filled in part by healthier foods.

To further understand the extent to which SSB consumption is associated with poor diet
quality and higher total energy intake, we estimated the difference in diet quality and total
energy intake by creating a prediction model using our regression coefficients for high and
low levels of SSB intake. If pregnant women who currently consume SSBs no longer consumed
any SSBs, the average AHEI-P score of the population would be substantially improved and
the caloric intake would be lower. Although the changes in diet quality and total energy intake
are significant, these models assume that the changes in SSB intake occur while no other die-
tary or lifestyle changes are made, which is an unverifiable assumption. Additionally, it is diffi-
cult to contextualize the lower total energy intake associated with not consuming SSBs because
we do not have information on the women’s pre-pregnancy body mass indices, and therefore
do not know which women are on pace to gain excessive weight. However, if we assume that
women who are gaining excessive weight consume SSBs and that lower total energy intakes
lead to smaller gestational weight gain, then our results suggest a decrease in SSB consumption
may lead to a reduced prevalence of excessive gestational weight gain. Observing a significant
negative association between SSB consumption and diet quality, and a significant positive
association between SSB consumption and total energy intake supports the hypothesis that
reducing SSB consumption during pregnancy may help lead to appropriate weight gain and
better health outcomes.

NHANES is a cross-sectional study, which prevents determining causality. Social desirabil-
ity bias may have influenced women to report lower intakes of SSB consumption, especially
among women with higher BMD’s [52]. This may have biased our results to underestimate the
true difference in diet quality and energy intakes among SSB consumers and non-consumers.
Estimating usual energy intake from one or two dietary recalls can be problematic given the
day to day variability in food consumption, an individual’s likelihood of changing their intake
in anticipation of the recall, and its dependence on the memory, cooperation, and communica-
tion ability of the subject [53]. Despite these limitations, the extensive data available in
NHANES allowed us to analyze an array of variables which may have limited unmeasured con-
founding. Additionally, this is one of the first studies to analyze how SSB consumption is asso-
ciated with diet quality and total energy intake among pregnant women.

During pregnancy, income, country of birth and marital status are associated with SSB
intake. A greater intake of SSBs during pregnancy was associated with poorer diet quality and
greater total energy intakes. When setting the population SSB consumption to 0, we observed
the average AHEI-P to be significantly higher and the average total energy intake to be signifi-
cantly lower. Future research should continue to assess the correlates of SSB consumption dur-
ing pregnancy so we can better identify high consumer populations to tailor public health
interventions.

Supporting information

S1 Table. Institute of Medicine Weight Gain Recommendations for Pregnancy.
(DOCX)

S1 File. Data Availability Information.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0215686  April 25, 2019 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215686.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0215686.s002
https://doi.org/10.1371/journal.pone.0215686

@ PLOS|ONE

Sugary beverages in pregnancy

Author Contributions

Conceptualization: Barbara Abrams.

Data curation: Ryan ]. Gamba.

Formal analysis: Ryan J. Gamba, Cindy W. Leung, Lucia Petito, Barbara A. Laraia.
Investigation: Ryan J. Gamba.

Methodology: Cindy W. Leung.

Supervision: Barbara A. Laraia.

Writing - original draft: Ryan J. Gamba, Barbara Abrams, Barbara A. Laraia.

Writing - review & editing: Ryan J. Gamba, Cindy W. Leung, Barbara Abrams, Barbara A.
Laraia.

References

1.  Welsh JA, Sharma AJ, Grellinger L, Vos MB. Consumption of added sugars is decreasing in the United
States. The American journal of clinical nutrition. 2011; 94(3):726—34. https://doi.org/10.3945/ajcn.111.
018366 PMID: 21753067

2. Department of Health and Human Services 2015-2020 Dietary guidelines for Americans. Washington
(DC): USDA. 2015.

3. Libudal, Alexy U, Buyken AE, Sichert-Hellert W, Stehle P, Kersting M. Consumption of sugar-sweet-
ened beverages and its association with nutrient intakes and diet quality in German children and adoles-
cents. British Journal of Nutrition. 2009; 101(10):1549-57. https://doi.org/10.1017/
S0007114508094671 PMID: 19079950

4. Rodriguez-Artalejo F, Lépez Garcia E, Gorgojo L, Garcés C, Royo MA, Martin Moreno JM, et al. Con-
sumption of bakery products, sweetened soft drinks and yogurt among children aged 67 years: associ-
ation with nutrient intake and overall diet quality. British Journal of Nutrition. 2003; 89(03):419-28.

5. Malik VS, Schulze MB, Hu FB. Intake of sugar-sweetened beverages and weight gain: a systematic
review. The American journal of clinical nutrition. 2006; 84(2):274—88. https://doi.org/10.1093/ajcn/84.1.
274 PMID: 16895873

6. HuF. Resolved: there is sufficient scientific evidence that decreasing sugar-sweetened beverage con-
sumption will reduce the prevalence of obesity and obesity-related diseases. Obesity Reviews. 2013;
14(8):606—19. https://doi.org/10.1111/0br.12040 PMID: 23763695

7. Woodward-Lopez G, Kao J, Ritchie L. To what extent have sweetened beverages contributed to the
obesity epidemic? Public health nutrition. 2011; 14(03):499-509.

8. Singh GM, Micha R, Khatibzadeh S, Lim S, Ezzati M, Mozaffarian D. Estimated Global, Regional, and
National Disease Burdens Related to Sugar-Sweetened Beverage Consumption in 2010. Circulation.
2015:CIRCULATIONAHA. 114.010636.

9. Englund-Ogge L, Brantsaeter AL, Haugen M, Sengpiel V, Khatibi A, Myhre R, et al. Association
between intake of artificially sweetened and sugar-sweetened beverages and preterm delivery: a large
prospective cohort study. The American journal of clinical nutrition. 2012; 96(3):552-9. https://doi.org/
10.3945/ajcn.111.031567 PMID: 22854404

10. Phelan S, Hart C, Phipps M, Abrams B, Schaffner A, Adams A, et al. Maternal behaviors during preg-
nancy impact offspring obesity risk. Experimental diabetes research. 2011; 2011:985139. https://doi.
org/10.1155/2011/985139 PMID: 22110475

11. Chiang PH, Wahlqvist ML, Lee MS, Huang LY, Chen HH, Huang ST. Fast-food outlets and walkability
in school neighbourhoods predict fatness in boys and height in girls: a Taiwanese population study.
Public health nutrition. 2011; 14(9):1601-9. https://doi.org/10.1017/S1368980011001042 PMID:
21729476

12. GambaR, Leung CW, Guendelman S, Lahiff M, Laraia BA. Household Food Insecurity Is Not Associ-
ated with Overall Diet Quality Among Pregnant Women in NHANES 1999-2008. Maternal and child
health journal. 2016:1-9.

PLOS ONE | https://doi.org/10.1371/journal.pone.0215686  April 25, 2019 11/13


https://doi.org/10.3945/ajcn.111.018366
https://doi.org/10.3945/ajcn.111.018366
http://www.ncbi.nlm.nih.gov/pubmed/21753067
https://doi.org/10.1017/S0007114508094671
https://doi.org/10.1017/S0007114508094671
http://www.ncbi.nlm.nih.gov/pubmed/19079950
https://doi.org/10.1093/ajcn/84.1.274
https://doi.org/10.1093/ajcn/84.1.274
http://www.ncbi.nlm.nih.gov/pubmed/16895873
https://doi.org/10.1111/obr.12040
http://www.ncbi.nlm.nih.gov/pubmed/23763695
https://doi.org/10.3945/ajcn.111.031567
https://doi.org/10.3945/ajcn.111.031567
http://www.ncbi.nlm.nih.gov/pubmed/22854404
https://doi.org/10.1155/2011/985139
https://doi.org/10.1155/2011/985139
http://www.ncbi.nlm.nih.gov/pubmed/22110475
https://doi.org/10.1017/S1368980011001042
http://www.ncbi.nlm.nih.gov/pubmed/21729476
https://doi.org/10.1371/journal.pone.0215686

@ PLOS|ONE

Sugary beverages in pregnancy

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Deputy NP, Sharma AJ, Kim SY, Hinkle SN. Prevalence and characteristics associated with gestational
weight gain adequacy. Obstetrics & Gynecology. 2015; 125(4):773-81.

Rodriguez-Bernal CL, Rebagliato M, Ifiiguez C, Vioque J, Navarrete-Mufioz EM, Murcia M, et al. Diet
quality in early pregnancy and its effects on fetal growth outcomes: the Infancia y Medio Ambiente
(Childhood and Environment) Mother and Child Cohort Study in Spain. The American journal of clinical
nutrition. 2010; 91(6):1659-66. https://doi.org/10.3945/ajcn.2009.28866 PMID: 20410088

Seligman LC, Duncan BB, Branchtein L, Gaio DSM, Mengue SS, Schmidt MI. Obesity and gestational
weight gain: cesarean delivery and labor complications. Revista de saude publica. 2006; 40(3):457—65.
PMID: 16810370

Martin CL, Sotres-Alvarez D, Siega-Riz AM. Maternal Dietary Patterns during the Second Trimester Are
Associated with Preterm Birth. The Journal of nutrition. 2015; 145(8):1857—64. https://doi.org/10.3945/
jn.115.212019 PMID: 26084362

Rooney BL, Schauberger CW. Excess pregnancy weight gain and long-term obesity: One decade later.
Obstetrics & Gynecology. 2002; 100(2):245-52.

Oken E, Rifas-Shiman S, Field A, Frazier A, Gillman M. Maternal Gestational Weight Gain and Off-
spring Weight in Adolescence. Obstetric Anesthesia Digest. 2009; 29(4):189-90.

Bray GA, Popkin BM. Dietary sugar and body weight: have we reached a crisis in the epidemic of obe-
sity and diabetes? Health be damned! Pour on the sugar. Diabetes care. 2014; 37(4):950-6. https://doi.
org/10.2337/dc13-2085 PMID: 24652725

Marshall TA, Eichenberger Gilmore JM, Broffitt B, Stumbo PJ, Levy SM. Diet quality in young children is
influenced by beverage consumption. Journal of the American College of Nutrition. 2005; 24(1):65-75.
PMID: 15670987

National Health and Nutrition Examination Survey Data: Centers for Disease Control and Prevention.
National Center for Health Statistics. Hyattsville (MD): U. S. Department of Health and Human Ser-
vices; 2013 [March 2013]. Available from: http://www.cdc.gov/nchs/tutorials/nhanes/surveydesign/
Weighting/intro.htm.

Rifas-Shiman SL, Rich-Edwards JW, Kleinman KP, Oken E, Gillman MW. Dietary quality during preg-
nancy varies by maternal characteristics in Project Viva: a US cohort. Journal of the American Dietetic
Association. 2009; 109(6):1004—11. https://doi.org/10.1016/j.jada.2009.03.001 PMID: 19465182

Willett WC, Howe GR, Kushi LH. Adjustment for total energy intake in epidemiologic studies. The Amer-
ican journal of clinical nutrition. 1997; 65(4):1220S—-8S.

Han E, Powell LM. Consumption patterns of sugar-sweetened beverages in the United States. Journal
of the Academy of Nutrition and Dietetics. 2013; 113(1):43-53. https://doi.org/10.1016/j.jand.2012.09.
016 PMID: 23260723

Park S, Pan L, Sherry B, Blanck HM. Peer Reviewed: Consumption of Sugar-Sweetened Beverages
Among US Adults in 6 States: Behavioral Risk Factor Surveillance System, 2011. Preventing chronic
disease. 2014; 11.

Park S, Onufrak S, Blanck HM, Sherry B. Characteristics associated with consumption of sports and
energy drinks among US adults: National Health Interview Survey, 2010. Journal of the Academy of
Nutrition and Dietetics. 2013; 113(1):112-9. https://doi.org/10.1016/j.jand.2012.09.019 PMID:
23260728

Headen IE, Davis EM, Mujahid MS, Abrams B. Racial-ethnic differences in pregnancy-related weight.
Advances in Nutrition: An International Review Journal. 2012; 3(1):83-94.

U.S. Household Food Security Survey Module: United States Department of Agriculture Economic
Research Service; 2015 [5/31/2016]. Available from: http://www.ers.usda.gov/topics/food-nutrition-
assistance/food-security-in-the-us/survey-tools.aspx#household.

Ogden CL, Statistics NCfH. Consumption of sugar drinks in the United States, 2005-2008: US Depart-
ment of Health and Human Services, Centers for Disease Control and Prevention, National Center for
Health Statistics; 2011.

Chen L, Hu FB, Yeung E, Willett W, Zhang C. Prospective study of pre-gravid sugar-sweetened bever-
age consumption and the risk of gestational diabetes mellitus. Diabetes care. 2009; 32(12):2236—41.
https://doi.org/10.2337/dc09-0866 PMID: 19940226

Maslova E, Strom M, Olsen SF, Halldorsson TI. Consumption of artificially-sweetened soft drinks in
pregnancy and risk of child asthma and allergic rhinitis. PloS one. 2013; 8(2):€57261. https://doi.org/10.
1371/journal.pone.0057261 PMID: 23460835

Zhang C, Ning Y. Effect of dietary and lifestyle factors on the risk of gestational diabetes: review of epi-
demiologic evidence. The American journal of clinical nutrition. 2011; 94(6 Suppl):1975S-9S.

PLOS ONE | https://doi.org/10.1371/journal.pone.0215686  April 25, 2019 12/13


https://doi.org/10.3945/ajcn.2009.28866
http://www.ncbi.nlm.nih.gov/pubmed/20410088
http://www.ncbi.nlm.nih.gov/pubmed/16810370
https://doi.org/10.3945/jn.115.212019
https://doi.org/10.3945/jn.115.212019
http://www.ncbi.nlm.nih.gov/pubmed/26084362
https://doi.org/10.2337/dc13-2085
https://doi.org/10.2337/dc13-2085
http://www.ncbi.nlm.nih.gov/pubmed/24652725
http://www.ncbi.nlm.nih.gov/pubmed/15670987
http://www.cdc.gov/nchs/tutorials/nhanes/surveydesign/Weighting/intro.htm
http://www.cdc.gov/nchs/tutorials/nhanes/surveydesign/Weighting/intro.htm
https://doi.org/10.1016/j.jada.2009.03.001
http://www.ncbi.nlm.nih.gov/pubmed/19465182
https://doi.org/10.1016/j.jand.2012.09.016
https://doi.org/10.1016/j.jand.2012.09.016
http://www.ncbi.nlm.nih.gov/pubmed/23260723
https://doi.org/10.1016/j.jand.2012.09.019
http://www.ncbi.nlm.nih.gov/pubmed/23260728
http://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/survey-tools.aspx#household
http://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/survey-tools.aspx#household
https://doi.org/10.2337/dc09-0866
http://www.ncbi.nlm.nih.gov/pubmed/19940226
https://doi.org/10.1371/journal.pone.0057261
https://doi.org/10.1371/journal.pone.0057261
http://www.ncbi.nlm.nih.gov/pubmed/23460835
https://doi.org/10.1371/journal.pone.0215686

@ PLOS|ONE

Sugary beverages in pregnancy

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Mendy VL, Vargas R, Payton M, Cannon-Smith G. Association Between Consumption of Sugar-Sweet-
ened Beverages and Sociodemographic Characteristics Among Mississippi Adults. Preventing chronic
disease. 2017; 14:E137. https://doi.org/10.5888/pcd14.170268 PMID: 29267157

Park S, Blanck HM, Dooyema CA, Ayala GX. Association Between Sugar-Sweetened Beverage Intake
and Proxies of Acculturation Among U.S. Hispanic and Non-Hispanic White Adults. American journal of
health promotion: AJHP. 2016; 30(5):357-64. https://doi.org/10.1177/0890117116646343 PMID:
27404644

Sharkey JR, Johnson CM, Dean WR. Nativity is associated with sugar-sweetened beverage and fast-
food meal consumption among Mexican-origin women in Texas border colonias. Nutrition journal. 2011;
10(1):101.

Stern D, Piernas C, Barquera S, Rivera JA, Popkin BM. Caloric Beverages Were Major Sources of
Energy among Children and Adults in Mexico, 1999-2012-3. The Journal of nutrition. 2014; 144
(6):949-56. https://doi.org/10.3945/jn.114.190652 PMID: 24744311

Gutierrez YM. Cultural factors affecting diet and pregnancy outcome of Mexican American adolescents.
Journal of Adolescent Health. 1999; 25(3):227-37. PMID: 10475499

Liu H. Marital dissolution and self-rated health: age trajectories and birth cohort variations. Social sci-
ence & medicine. 2012; 74(7):1107-16.

Watt TT, Appel L, Roberts K, Flores B, Morris S. Sugar, stress, and the supplemental nutrition assis-
tance program: Early childhood obesity risks among a clinic-based sample of low-income hispanics.
Journal of community health. 2013; 38(3):513-20. https://doi.org/10.1007/s10900-012-9641-1 PMID:
23197136

Henriksen RE, Torsheim T, Thuen F. Loneliness, social integration and consumption of sugar-contain-
ing beverages: testing the social baseline theory. PloS one. 2014; 9(8):e104421. https://doi.org/10.
1371/journal.pone.0104421 PMID: 25105408

Wang YC, Ludwig DS, Sonneville K, Gortmaker SL. Impact of change in sweetened caloric beverage
consumption on energy intake among children and adolescents. Archives of pediatrics & adolescent
medicine. 2009; 163(4):336—43.

Mattes RD. Dietary compensation by humans for supplemental energy provided as ethanol or carbohy-
drate in fluids. Physiology & behavior. 1996; 59(1):179-87.

Mattes RD. Fluid energy—Where’s the problem? Journal of the American Dietetic Association. 2006;
106(12):1956—61. https://doi.org/10.1016/j.jada.2006.10.026 PMID: 17126624

DiMeglio DP, Mattes RD. Liquid versus solid carbohydrate: effects on food intake and body weight.
International Journal of Obesity. 2000; 24(6):794-800. PMID: 10878689

Stookey JD, Constant F, Gardner CD, Popkin BM. Replacing sweetened caloric beverages with drink-
ing water is associated with lower energy intake. Obesity (Silver Spring, Md). 2007; 15(12):3013-22.

Stookey JD, Constant F, Popkin BM, Gardner CD. Drinking water is associated with weight loss in over-
weight dieting women independent of diet and activity. Obesity (Silver Spring, Md). 2008; 16(11):2481—
8.

Daniels MC, Popkin BM. Impact of water intake on energy intake and weight status: a systematic
review. Nutrition reviews. 2010; 68(9):505-21. https://doi.org/10.1111/j.1753-4887.2010.00311.x
PMID: 20796216

Ranjit N, Evans MH, Byrd-Williams C, Evans AE, Hoelscher DM. Dietary and activity correlates of
sugar-sweetened beverage consumption among adolescents. Pediatrics. 2010; 126(4):e754—e61.
https://doi.org/10.1542/peds.2010-1229 PMID: 20876172

Mathias KC, Slining MM, Popkin BM. Foods and beverages associated with higher intake of sugar-
sweetened beverages. Am J Prev Med. 2013; 44(4):351-7. hitps://doi.org/10.1016/j.amepre.2012.11.
036 PMID: 23498100

Almiron-Roig E, Chen Y, Drewnowski A. Liquid calories and the failure of satiety: how good is the evi-
dence? Obesity Reviews. 2003; 4(4):201-12. PMID: 14649371

Rolls BJ, Kim S, Fedoroff IC. Effects of drinks sweetened with sucrose or aspartame on hunger, thirst
and food intake in men. Physiology & behavior. 1990; 48(1):19-26.

Kretsch MJ, Fong AK, Green MW. Behavioral and body size correlates of energy intake underreporting
by obese and normal-weight women. Journal of the American Dietetic Association. 1999; 99(3):300—6.
https://doi.org/10.1016/S0002-8223(99)00078-4 PMID: 10076581

Thompson FE, Subar AF. Dietary assessment methodology. Nutrition in the Prevention and Treatment
of Disease: Elsevier; 2017. p. 5-48.

PLOS ONE | https://doi.org/10.1371/journal.pone.0215686  April 25, 2019 13/13


https://doi.org/10.5888/pcd14.170268
http://www.ncbi.nlm.nih.gov/pubmed/29267157
https://doi.org/10.1177/0890117116646343
http://www.ncbi.nlm.nih.gov/pubmed/27404644
https://doi.org/10.3945/jn.114.190652
http://www.ncbi.nlm.nih.gov/pubmed/24744311
http://www.ncbi.nlm.nih.gov/pubmed/10475499
https://doi.org/10.1007/s10900-012-9641-1
http://www.ncbi.nlm.nih.gov/pubmed/23197136
https://doi.org/10.1371/journal.pone.0104421
https://doi.org/10.1371/journal.pone.0104421
http://www.ncbi.nlm.nih.gov/pubmed/25105408
https://doi.org/10.1016/j.jada.2006.10.026
http://www.ncbi.nlm.nih.gov/pubmed/17126624
http://www.ncbi.nlm.nih.gov/pubmed/10878689
https://doi.org/10.1111/j.1753-4887.2010.00311.x
http://www.ncbi.nlm.nih.gov/pubmed/20796216
https://doi.org/10.1542/peds.2010-1229
http://www.ncbi.nlm.nih.gov/pubmed/20876172
https://doi.org/10.1016/j.amepre.2012.11.036
https://doi.org/10.1016/j.amepre.2012.11.036
http://www.ncbi.nlm.nih.gov/pubmed/23498100
http://www.ncbi.nlm.nih.gov/pubmed/14649371
https://doi.org/10.1016/S0002-8223(99)00078-4
http://www.ncbi.nlm.nih.gov/pubmed/10076581
https://doi.org/10.1371/journal.pone.0215686

