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Abstract
Objective: To describe prenatal and postpartum consumption of water, cows’milk,
100 % juice and sugar-sweetened beverages (SSB) among women enrolled in the
Special Supplemental Nutrition Program for Women, Infants and Children (WIC)
programme in New York City (NYC) and to identify correlates of SSB intake in this
population.
Design: Cross-sectional data were collected from structured questionnaires that
included validated beverage frequency questionnaires with the assistance of con-
tainer samples. The association of maternal and household factors and non-SSB
consumptionwith habitual daily energetic (kJ (kcal)) intake from SSBwas assessed
by using multivariable median regression.
Setting: WIC programme in NYC, NY. Data were collected in 2017.
Participants: 388 pregnant or postpartum women (infant aged <2 years) from the
NYC First 1000 Days Study.
Results: Median age was 28 years (interquartile range (IQR) 24–34); 94·1% were
Hispanic/Latina, and 31·4 % were pregnant. Overall, 87·7% of pregnant and 89·1%
of postpartumwomen consumed SSB≥ onceweekly, contributing to a median daily
energetic intake of 410 kJ (98 kcal) (IQR (113–904 kJ) 27–216) and 464 kJ (111 kcal)
(IQR (163–1013 kJ) 39–242), respectively. In adjusted analyses, only consumption of
100% juice was associated with greater median energetic intake from SSB (adjusted
β for each additional ounce= 13; 95% CI 8, 31 (3·2; 95% CI 2·0, 7·3).
Conclusions: Among pregnant and postpartum women in WIC-enrolled families,
interventions to reduce SSB consumption should include reduction of 100 % juice
consumption as a co-target of the intervention.
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The first 1000 d (e.g., the period from gestation through age
2 years) is a critical period for the development of child-
hood obesity(1). The importance of nutrition during the first
1000 d is increasingly recognised, and the impending
Dietary Guidelines for Americans 2020–2025 will include
comprehensive dietary guidelines on this life course period
for the first time ever(2). Sugar-sweetened beverages (SSB),
including soda, sports/energy drinks, lemonade and

sweetened fruit drinks, are known contributors to the
obesity epidemic(3) and prime targets for prevention strat-
egies. In particular, targeting women’s SSB consumption
during pregnancy and postpartum could have downstream
benefits for preventing obesity in children. This idea is sup-
ported by prospective research showing higher adiposity
among school-aged children whose mothers consumed
more SSB during pregnancy(4) and by cross-sectional data
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noting positive associations of parent SSB consumption
with SSB consumption in their children(5). A better under-
standing of factors associated with women’s SSB con-
sumption during this time would further inform obesity
prevention strategies, especially given that pregnant women
are motivated for behaviour change to promote offspring
health(6).

The Special Supplemental Nutrition Program for
Women, Infants, and Children (WIC) provides nutrition
counselling, education and a food package to qualifying
women and children under age 5 years. Given its focus
on early life, WIC is a platform for early childhood obesity
prevention(7), which is particularly important for racial/
ethnic minority and low-income populations because they
experience higher rates of childhood obesity(8–12). Reports
of dietary patterns of WIC participants exist, but they focus
almost exclusively on infants and children, while evidence
on diet quality of pregnant and parenting women in WIC,
particularly with regard to beverage intake, is more limited.
We recently found a high prevalence of SSB consumption
among parents in a multi-site WIC programme located in
northern Manhattan, New York City (NYC), NY(13). In order

to inform future interventions to promote healthy beverage
consumption in this population, the current study describes
prenatal and postpartum consumption of water, cows’
milk, 100 % juice and SSB and analyses demographic
and beverage correlates of SSB intake in this high-risk
population.

Methods

Cross-sectional data were from 388 pregnant and
postpartum, WIC-enrolled women (infant aged <2 years)
participating in the NYC First 1000 Days Study, an observa-
tional research study that took place at the NewYork-
Presbyterian Hospital WIC locations(13). Study staff
administered questionnaires to collect data on beverage
consumption and maternal and household characteristics,
including age, race/ethnicity, pre-pregnancy weight,
education and income. We obtained written informed
consent; all materials were available in English and
Spanish. The authors’ institutional review board approved
the study.

Table 1 Characteristics of study sample overall and by pregnancy status, among women in WIC households

Pregnancy status

Overall
(n 388)

Pregnant
(n 122)

Postpartum
(n 266)

n % n % n %

Maternal characteristics
Maternal age, years
18–24 107 27·6 40 32·8 67 25·2
25–29 107 27·6 31 25·4 76 28·6
30–34 98 25·3 34 27·9 64 24·1
≥35 76 19·6 17 13·9 59 22·2

Maternal race/ethnicity
White/other, non-Hispanic 11 2·8 4 3·3 7 2·6
Black, non-Hispanic 12 3·1 5 4·1 7 2·6
Hispanic/Latina 365 94·1 113 92·6 252 94·7

Pre-pregnancy BMI
<25 kg/m2 164 42·3 46 37·7 118 44·4
25–<30 kg/m2 109 28·1 39 32·0 70 26·3
≥30 kg/m2 111 28·6 34 27·9 77 29·0
Unknown 4 1·0 3 2·5 1 0·4

Household characteristics
Highest parental education
High school degree or less 190 49·0 60 49·2 130 48·9
Some college 125 32·2 37 30·3 88 33·1
Bachelor’s degree 63 16·2 20 16·4 43 16·2
Graduate or professional degree 10 2·6 5 4·1 5 1·9

Annual household income
<$15 000 153 39·4 45 36·9 108 40·6
$15 000 to <$35 000 134 34·5 41 33·6 93 35·0
≥$35 000 38 9·8 14 11·5 24 9·0
Unknown 63 16·2 22 18·0 41 15·4

Maternal habitual beverage consumption
(≥ once weekly)
Water 386 99·5 122 100·0 264 99·3
Milk 328 84·5 112 91·8 216 81·2
100% juice 328 84·5 104 85·3 224 84·2
SSB* 344 88·7 107 87·7 237 89·1

WIC, Special Supplemental Nutrition Program for Women, Infants, and Children; SSB, sugar-sweetened beverages.
*Includes regular soda, sports drink, energy drink and sweetened coffee/tea drink.
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Beverage consumptionwasmeasuredby theBEVQ-15(14),
a validated questionnaire that assesses beverage consump-
tion across fifteen individual categories. We used container
samples as visual aids to facilitate participants’ responses to
serving size information. We estimated median daily intake
of SSB in kilocalories (kcal) and ounces using validatedmeth-
ods(14); daily intake was assessed by converting frequency of
consumption over the past month to average daily consump-
tion and thenmultiplying by the reported volumeper serving.
We defined SSB as liquids containing added energetic sweet-
eners (e.g., fructose, glucose or high-fructose maize syrup)
and habitual beverage consumers as thosewho reported con-
suming beverages at least once weekly.

Analyses were conducted using SAS 9.4. We summar-
ised the sample characteristics overall and by women’s
pregnancy status (i.e., pregnant, postpartum). We then
used multivariable quantile regression to assess associa-
tions of maternal and household factors and other
beverage consumption on median daily SSB consumption.
Maternal and household factors were selected a priori
based on their association with SSB consumption in other
populations(15). The model included self-reported maternal
and household factors, as well as median daily intake of
water, milk and 100 % juice. Throughout, we present
95 % CI, corresponding to a two-sided α level of 0·05.

Results

The sample consisted of 388 low-income (<185 % federal
poverty level) predominately Hispanic/Latina women
enrolled in WIC; 31 % (n 122) were pregnant (Table 1)
and 89 % reported habitual consumption of SSB.

Nearly all women reported drinking water, milk and
100 % fruit juice (Table 2). Pregnant and postpartum
women consumed a median of 8 (interquartile range
(IQR) 2–18) and 10 (IQR 4–20) fluid ounces of SSB, respec-
tively, contributing to a median daily energetic intake of
410 kJ (IQR 113–904) 98 kcal (IQR 27–216) and 464 kJ
(IQR 163–1013) (111 kcal (IQR 39–242)). Milk was the
most frequently consumed energy-containing beverage
among pregnant women, accounting for 628 median daily
beverage kJ (IQR 326–1151) (150 kcal (IQR 78–275)), fol-
lowed by 100 % juice, which was consumed by 85 % of
pregnant women and accounted for median 590 daily kJ
(IQR 84–598) (141 daily kcal (IQR 20–143)). SSB were the
most frequently consumed energy-containing beverage
(89 %) among postpartum women, and accounted for the
most kJ intake (median 464 kJ; IQR 163–1013) kcal intake
(median 111 kcal; IQR 39–242). Eighty-four percent of
postpartum women consumed 100% juice, a daily average
of 6 fluid ounces and 423 kJ (101 kcal).

During pregnancy, any 100 % juice and milk consump-
tion were positively correlated (Spearman r 0·2; P 0·03),
while 100 % juice and SSB consumption were positively cor-
related during the postpartum period (Spearman r 0·2;T
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P 0·005). In both pregnancy and postpartum periods, greater
100% juice consumption was correlated with lower water
consumption (P 0·07 and 0·04, respectively; data not shown).

In our multivariable analysis (Table 3), only consump-
tion of 100 % juice was associated with greater median
SSB energetic intake (adjusted β for each additional
100 % juice ounce (approximately 74 kJ (17·7 kcal))= 13
SSB kJ; 95% CI 8, 31 (3·2 SSB kcal; 95 % CI 2·0, 7·3).

Discussion

Nearly all of the pregnant and postpartum women in our
sample – almost 90 % – drank SSB during the past month,
contributing approximately 418 kJ (100 kcal) to overall
daily energy intake. The median consumption of SSB kJ
(kcal) in our sample was lower than mean estimates found
in previous research among women aged 20–39 years from
nationally representative National Health and Nutrition
Examination Survey data(16). This discrepancy may be
due to population differences, as our sample of low-
income WIC participants was not population based
or nationally representative like the National Health

and Nutrition Examination Survey sample. Measurement
differences may also play a role, as the National Health
and Nutrition Examination Survey study reports mean daily
consumption of 622 and 646 kJ (158·3 and 154·4 kcal) for
pregnant and non-pregnant women, respectively(16), while
we examined habitual consumption as median (not mean)
daily kcal and ounces.

The types of beverages consumed by women varied
across pregnancy status. Among pregnant women, the
main sources of SSB kJ (kcal) were sweetened fruit drinks
and soda, v. sweetened coffee/tea drinks and soda among
women postpartum. Pregnant women did not consume
sweetened coffee/tea drinks, aligned with recommenda-
tions to limit caffeine intake during pregnancy(17,18).

In our sample, 100 % juice was the second largest con-
tributor to kJ (kcal) intake from beverages among pregnant
women, after cows’ milk, and a major source of kJ (kcal)
intake for women postpartum. Juice was also the only cor-
relate of SSB consumption in adjusted analyses. Several
mechanisms may explain this association. First, women
may not know the difference between 100 % fruit juice
and fruit drinks that contain added sugars. In prior qualita-
tive research in the same population(6), we found that

Table 3 Associations of maternal and household characteristics with maternal daily sugar-sweetened (SSB) consumption. Parameter
estimates from quantile regression models. Data from 388 women in the first 1000 d*

Median maternal SSB kilojoules (kilocalories†)

Estimate 95% CI

kJ kcal kJ kcal

Maternal characteristics
Maternal age, years
18–24 0·0 0·0 Ref
25–29 –192·3 –46·0 –409·1, 21·0 –97·8, 5·0
30–34 –225·8 –54·0 –379·0, 2·0 –90·6, 0·5
≥35 –216·6 –51·8 –447·2, 125·5 –106·9, 30·0

Pre-pregnancy BMIb

<25 kg/m2 0·0 0·0 Ref
25 to <30 kg/m2 5·7 1·4 –118·3, 125·9 –28·3, 30·1
≥30 kg/m2 151·2 36·1 –43·3, 293·8 –10·3, 70·2

Pregnancy status
Pregnant 0·0 0·0 Ref
Postpartum 54·9 13·1 –60·9, 218·4 –14·6, 52·2

Household characteristics
Household income
<$15 000 0·0 0·0 Ref
$15 000 to <$35 000 116·8 27·9 –71·1, 294·2 –17·0, 70·3
≥$35 000 102·2 24·4 –183·3, 150·6 –43·8, 36·0
Unknown –5·2 –1·2 –209·4, 156·8 –50·0, 37·5

Highest parental education
High school degree or less 0·0 0·0 Ref
Some college –152·4 –36·4 –311·2, 27·3 –74·4, 6·5
Bachelor’s degree –191·9 –45·9 –350·4, 55·0 –83·7, 13·1
Graduate or professional degree –172·3 –41·2 –474·1, 211·6 –113·3, 50·6

Maternal beverage consumption
(for each additional ounce)
Water –1·9 –0·4 –6·1, 3·9 –1·5, 0·9
Milk 0·11 0·03 –5·6, 2·8 –1·3, 0·7
100% juice 13·3 3·2 8·3, 30·6 2·0, 7·3

*We estimated medians and used quantile regression due to the non-normal distribution of SSB consumption; β estimates represent the median difference in kJ (kcal)
consumption compared with the reference group.
†Adjusted for maternal age, pre-pregnancy BMI and pregnancy status; household income and highest educational level; and maternal beverage consumption.
‡Effect estimates and CI for eight participants with unknown pre-pregnancy BMI are not estimable.
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women were unaware of the sugar content in 100 % juice
and were confused about the difference between 100 %
juice, which does not contain added sugars, and sweetened
fruit drinks, which do. Cravings and taste preferences could
also play a role. Sonneville proposed that drinking 100 %
juice may impact the early development of taste prefer-
ences and lead to a partiality for other sweetened bever-
ages. Their study(19) found that higher 100 % juice intake
at 1 year of age was associated with higher 100 % juice
intake, SSB intake and BMI z-score during early and mid-
childhood.

WIC provides a monthly allotment of 100 % fruit juice
that equates to an average of 3–5 ounces/d to pregnant
and postpartum women, presenting an opportunity for
intervention(20). A study in South Carolina revealed
that more than 80 % of WIC participants would prefer
fresh fruit over juice(21), suggesting that reducing
juice consumption in this population is a realistic goal.
In 2017, an expert review of WIC food packages pub-
lished by the National Academy of Sciences recom-
mended specific changes to packages formulated for
women and children, including WIC, in order to increase
the value of the cash value benefit for fruits and vegeta-
bles, reduce the allocation of 100 % fruit juice and cows’
milk and provide the option for WIC participants to
replace 100 % fruit juice with a greater cash value benefit
amount(22). Our results suggest that implementation of
these recommendations may possibly have secondary
benefits of reducing SSB consumption among pregnant
and postpartum women.

We acknowledge several limitations. Our sample is
taken from a large urban setting and findings might not
be generalisable toWIC families in other areas. Our sample
was also predominately Hispanic/Latina. The sample size
was not sufficient to conduct subgroup analyses of race/
ethnicity, income or other factors associated with beverage
consumption. Moreover, data are cross-sectional so we
cannot establish temporality.

Evidence on dietary patterns of pregnant and parenting
women in WIC is limited, although a recent study of
pregnant WIC enrollees found low consumption of dark
green vegetables, beans/plant proteins and whole
grains(23). Our results add to the literature by characterising
energetic and non-energetic beverage consumption in this
population. Our data reveal that SSB consumption is preva-
lent among low-income predominantly Hispanic/Latina
women enrolled in WIC who are either pregnant or within
2 years of giving birth, along with 100 % juice, accounts for
a large portion of beverage kcal they consume. Targeting
healthy beverage consumption for women inWIC-enrolled
families may be important to fight the child obesity
epidemic. Interventions targeting SSB reduction in this
population should also target reduction of 100 % juice
consumption. Further understanding why 100 % juice
consumption is associated with SSB consumption could
help with the design of such interventions.

Acknowledgements

Acknowledgements: The authors have no acknowledge-
ments to disclose. Financial support: The current study
was supported by the Robert Wood Johnson Foundation
New Connections Grants through Healthy Eating Research
Program (RWJF Grant #74198). Research reported in
this publication was supported by the National Institute
of Diabetes and Digestive and Kidney Diseases of the
National Institutes of Health under Award Number
K23DK115682 and Award Number K01DK114383. The
study sponsor had no role in the study design, collection,
analysis and interpretation of data; writing of the manuscript
or decision to submit the report for publication. Conflict
of interest: The authors declared no conflict of interest.
Authorship: E.R.C. helped conceptualise the study, inter-
preted data, drafted the manuscript and critically reviewed
the manuscript for important intellectual content. E.B.
collected data and helped conceptualise the study. L.C.
carried out analyses and interpretation of results. K.N. coor-
dinated and supervised data collection. S.P. helped with
interpretation of data. N.C. helped with conceptualising the
study. J.W.B. conceptualised and designed the study, super-
vised data collection, interpreted results and drafted the
manuscript. All authors critically reviewed the manuscript
for important intellectual content and approved the final
manuscript as submitted and agree to be accountable
for all aspects of the work. Ethics of human subject
participation: The current study was conducted according
to the guidelines laid down in the Declaration of Helsinki
and all procedures involving research study participants
were approved by the Columbia University Irving Medical
Center Institutional Review Board. Written informed consent
was obtained from all subjects/patients.

References

1. Woo Baidal JA, Locks LM, Cheng ER et al. (2016) Risk factors
for childhood obesity in the first 1000 days: a systematic
review. Am J Prev Med 50, 761–779.

2. Dietary Guidelines Advisory Committee (2020) Scientific
Report of the 2020 Dietary Guidelines Advisory Committee:
Advisory Report to the Secretary of Agriculture and the
Secretary of Health and Human Services. Washington, DC:
U.S. Department of Agriculture, Agricultural Research Service.

3. Woodward-Lopez G, Kao J & Ritchie L (2011) To what extent
have sweetened beverages contributed to the obesity
epidemic? Public Health Nutr 14, 499–509.

4. Gillman MW, Rifas-Shiman SL, Fernandez-Barres S et al.
(2017) Beverage intake during pregnancy and childhood
adiposity. Pediatrics 140, 1–12.

5. MazarelloPaes V, Hesketh K, O’Malley C et al. (2015)
Determinants of sugar-sweetened beverage consumption in
young children: a systematic review. Obes Rev 16, 903–913.

6. Morel K, Nichols K, Nong Y et al. (2019) Parental and pro-
vider perceptions of sugar-sweetened beverage interven-
tions in the first 1000 days: a qualitative study. Acad
Pediatr 19(7), 748–755.

7. Koleilat M, Whaley SE, Esguerra KB et al. (2017) The role of
WIC in obesity prevention. Curr Pediatr Rep 5, 132–141.

2500 ER Cheng et al.

https://doi.org/10.1017/S1368980020003390 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980020003390


8. Andreyeva T, Luedicke J, Henderson KE et al. (2013)
Grocery store beverage choices by participants in federal
food assistance and nutrition programs. Am J Prev Med 43,
411–418.

9. Sekhobo JP, Egglefield K, Edmunds LS et al. (2012) Evidence
of the adoption and implementation of a statewide childhood
obesity prevention initiative in the New York State WIC
Program: the NY Fit WIC process evaluation. Health Educ
Res 27, 281–291.

10. Black MM, Quigg AM, Cook J et al. (2012) WIC participation
and attenuation of stress-related child health risks of house-
hold food insecurity and caregiver depressive symptoms.
Arch Pediatr Adolesc Med 166, 444–451.

11. Barkin SL, Gesell SB, Po’e EK et al. (2012) Culturally tailored,
family-Centered, behavioral obesity intervention for Latino-
American preschool-aged children. Pediatrics 130(3),
445–446.

12. Bocca G, Corpeleijn E, Stolk RP et al. (2012) Results
of a multidisciplinary treatment program in 3-year-old to
5-year-old overweight or obese children: a randomized
controlled clinical trial. Arch Pediatr Adolesc Med 166,
1109–1115.

13. Woo Baidal J, Morel K, Nichols K et al. (2018) Sugar-
sweetened beverage attitudes and consumption during the
first 1000 days of life. Am J Pub Health 108, 1659–1665.

14. Hedrick VE, Savla J, Comber DL et al. (2012)Development of
a brief questionnaire to assess habitual beverage intake
(BEVQ-15): sugar-sweetened beverages and total beverage
energy intake. J Acad Nutr Diet 112, 840–849.

15. Han E & Powell LM (2013) Consumption patterns of
sugar-sweetened beverages in the United States. J Acad
Nutr Diet 113, 43–53.

16. Cioffi CE, Figueroa J & Welsh JA (2018) Added sugar intake
among pregnant women in the United States: national health
and nutrition examination survey 2003–2012. J Acad Nutr
Diet 118, 886–895.e1.

17. ACOGCommittee Opinion No. 462 (2018)Moderate caffeine
consumption during pregnancy. Obstet Gynecol 116(Pt 1),
467–468.

18. World Health Organization (2018) Restricting caffeine
intake during pregnancy. https://www.who.int/elena/
titles/caffeine-pregnancy/en/ (accessed May 2019).

19. Sonneville KR, Long MW, Rifas-Shiman SL et al. (2015) Juice
and water intake in infancy and later beverage intake and
adiposity: could juice be a gateway drink? Obesity (Silver
Spring) 23, 170–176.

20. Food and Nutrition Servie (FNS) USDA (2014) Special
Supplemental Nutrition Program for Women, Infants and
Children (WIC): Revisions in the WIC Food Packages; Final
Rule. In. Vol 7 CFR Part 246 Food and Nutrition Service
(FNS), USDA.

21. McElligott JT, Roberts JR, Varadi EA et al. (2012) Variation
in fruit juice consumption among infants and toddlers:
associations with WIC participation. South Med J 105,
364–369.

22. National Academies of Sciences, Engineering, and Medicine
Health and Medicine Division, Food and Nutrition Board
Committee to Review WIC Food Packages. Review of WIC
Food Packages: Improving Balance and Choice: Final
Report. Washington, DC: National Academies Press.

23. Hill AM, Nunnery DL, Ammerman A et al. (2020) Racial/
ethnic differences in diet quality and eating habits among
WIC pregnant women: implications for policy and practice.
Am J Health Promot 34, 169–176.

Perinatal sugar-sweetened beverage consumption 2501

https://doi.org/10.1017/S1368980020003390 Published online by Cambridge University Press

https://www.who.int/elena/titles/caffeine-pregnancy/en/
https://www.who.int/elena/titles/caffeine-pregnancy/en/
https://doi.org/10.1017/S1368980020003390

	Correlates of sugar-sweetened beverage intake among low-income women during the first 1000 days
	Methods
	Results
	Discussion
	Acknowledgements
	References


