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Background: Research has shown that early exposure to added sugars from table food is related to increased intake of added sugars in later childhood. The earliest window of exposure to added sugars may be in infancy via infant formula. However, beyond the well-established factors of maternal lifestyle and modeling, there is a lack of research examining how exposure to added sugars from infant formula influences infant/toddler added sugar intakes from table foods and sugar sweetened beverages (SSB).

Objective: While accounting factors previously associated with infant/toddler added sugar intakes and maternal SSB consumption (proximal measure of maternal modeling), this study aims to examine if there is an association between added sugars in infant formula and added sugar intakes from table foods and SSB during the complementary feeding period.

Methods: This is a secondary, cross-sectional analysis using three-day caregiver-reported 24-h dietary recalls in a cohort of infant/toddlers (n = 95), ages 9- < 16 mos., enrolled in a music intervention trial. Hierarchical stepwise regression was used to estimate the association between exposure to added sugars from infant formula and (1) intake of added sugars from table food and (2) SSB consumption. Infant/toddler SSB consumption was transformed to account for distributional properties. We performed incremental F-tests to determine whether the addition of each step improved model fit (R2).

Results: Early exposure to added sugars via infant formula was associated with infant/toddler SSB (ΔR2 = 0.044, Finc (1, 87) =6.009, p = 0.016) beyond sociodemographic and maternal SSB consumption, but not with infant/toddler added sugar intakes from table foods (ΔR2 = 0.02, Finc (1, 87) =3.308, p = 0.072).

Conclusion: While past studies have identified circumstantial (i.e., sociodemographic), or indirect (i.e., maternal lifestyle and modeling), mechanisms contributing to higher infant/toddler added sugar intakes, this study identifies exposure to added sugars from infant formula as a possible direct mechanism explaining why some infants/toddlers consume more added sugars.
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1. Introduction

Despite recent preventative efforts, childhood obesity remains a prevalent health concern for children in the United States. Among the dietary factors related to childhood obesity risk, added sugars have emerged as a leading factor that contributes to the development of childhood obesity (1, 2). As a result, the Dietary Guidelines for Americans (3) and the American Heart Association (4) recommend that children under the age of 2 years avoid added sugars. Alongside obesity (1, 2), the intake of added sugars during infancy and toddlerhood has been associated with early rapid weight gain (5), dental caries (6), asthma (7), cardiovascular disease (4), elevated blood pressure (8), and elevated triglycerides (8).

One well-established factor associated with added sugar intakes is maternal lifestyle and behavioral modeling in relation to dietary intake. Several studies have demonstrated the association of maternal diet on children’s dietary preference. For instance, Scaglioni et al. reported that parental food habits are suggested to influence child food choices (9). Vepsäläinen et al. (10) found that a child’s diet most closely resembles the diet of whomever provides the food to the child, and that is typically the mother (11). Ha et al. (11) and Brekke et al. (12) specifically investigated child added sugar intakes in relation to maternal dietary habits, and they found that low fruit intake and the consumption of sweets during pregnancy was associated with child added sugar intakes. Furthermore, the study of Australian mother-infant dyads, conducted by Ha et al. reported that infants with mothers who consume sugar sweetened beverages (SSB) are 1.8 times more likely to consume added sugars in comparison to children whose mothers did not consume SSB (11). Our team’s recent publication further concurred the findings of Ha et al. supporting that maternal SSB intake is significantly associated with infant/toddler added sugar intakes (13).

Despite a substantial amount of literature relating maternal lifestyle and dietary modeling to infant/toddler added sugar intakes, this factor does not explain the direct mechanism leading to the high added sugar intakes. One possible understudied mechanism affecting infant/toddler added sugar intakes may be early exposure to added sugars via early feeding practices (i.e., infant formula feeding, breastfeeding, or mixture of the two) (14). Research has shown that early exposure to added sugars from table food is related to increased intake of added sugars in later childhood (15); however, this may not be the earliest exposure window to added sugars for most infants. The first nutrient source infants are exposed to is milk, either in the form of breastmilk or infant formula. Although the nutrient profile of infant formula is advertised to be similar to breastmilk, our recent research identified that there are substantial differences between the two sources (14, 16). Our study revealed that most infant formulas produced in the US contain added sugars up to 7.7 g/100 kcal serving (14, 16). As such, when formula is consumed exclusively, infants may yield a daily consumption of added sugars equivalent to two soft drinks (14, 16). Thus, exposure to added sugars through infant formula may be extensive in the first year of life, and particularly during the first 6 months.

Recently, our team proposed an application of the exposure-learning paradigm in order to explain how early exposure to added sugars via infant formula may lead to a greater preference for sweet tastes and therefore the consumption of more added sugars (14). Furthermore, the sugars (e.g., glucose and corn syrup) commonly found in infant formula are known to provoke a sense of pleasure. These sugars stimulate the brain’s reward system into releasing a greater amount of dopamine, reenforcing the consumption of added sugars (14). Research has shown that consumption of toddler formula, which typically contains high amounts of added sugars [10.5 g/8 fl. oz. serving calculated using Nutrition Data System for Research (NDSR)], is correlated to increased added sugar intakes later in childhood (17, 18). However, there are no studies to our knowledge that have examined the consumption of infant formula at the earliest possible window, which is during infancy. In this study, we examined whether exposure to added sugar in infant formula explains the variance in US infant/toddler consuming formula manufactured in the US (1) added sugar intakes from table foods (i.e., all other dietary sources outside of infant formula) and (2) SSB consumption at 9- < 16 mos., beyond the well-established factors such as sociodemographic and maternal lifestyles and dietary modeling. We hypothesize that exposure to added sugars via infant formula during infancy is associated with infant/toddler added sugar intakes from table foods and SSB consumption at 9- < 16 mos. We hypothesize these results will remain present despite accounting for sociodemographic and maternal modeling behavior. In our analysis, maternal SSB consumption will serve as the proxy measure of maternal lifestyles and behavioral modeling per our previous work, Griebel-Thompson et al. (13) and the work of Ha et al. (11).



2. Materials and methods


2.1. Participants

This cross-sectional analysis included baseline data from 95 mother-infant/toddler dyads, age 9- < 16 mos., (Figure 1) participating in a longitudinal randomized controlled trial (ClinicalTrials.gov Identifier: NCT02936284) (5). Trained study personnel obtained informed consent from parents of eligible participants. Participants were able to withdraw at any point of this study. Exclusion criteria included: infants born preterm (<37 weeks gestation), low-birth weight infants (<2,500 g), infants/toddlers with known medical problems, infants/toddlers consuming special diets, infants/toddlers with developmental delays or disabilities, maternal smoking, alcohol abuse, or controlled substance use during pregnancy, mother <18 years of age, high risk pregnancy (Gestational Diabetes Mellitus, pre-eclampsia, etc.), or multiple gestation (5). In accordance with the Institute of Medicine’s Food and Nutrition Board (19), two participants who consumed calories estimated to be ±2 SD from their estimated energy requirement were not included in the present analysis. The University at Buffalo Institutional Review Board (IRB) approved this study (protocol code STUDY00000472 and 5/24/2016).
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FIGURE 1
 Participant flow chart.




2.2. Demographic and pregnancy history and feeding practices questionnaire

Researchers applied the shortened form of the feeding questionnaire from the Infant Feeding Practices Study II (20) in order to collect information for this study. The short form of the Infant Feeding Practices Study II uses 13 questions which assess areas of feeding practices including, but not limited to, the initiation and duration of breastfeeding, timing of solid food introduction, age of infant/toddler at cessation of breastfeeding, and maternal pregnancy history. The questionnaire was administered online using SurveyMonkey (https://www.surveymonkey.com, accessed on 24 May 2016).



2.3. Dietary intake


2.3.1. Maternal dietary intake

The application of the Block 2014 Food and Activity Questionnaire, developed by NutritionQuest (Berkley, CA, USA) (21), gathered information on maternal dietary intake. The Block 2014 is a full-length food frequency questionnaire (FFQ) comprised of 127 food and beverage items. It utilizes questions that specifically measure fat, carbohydrate, sugar, and whole grain intakes (21). The 2007–2008 and 2009–2010 NHANES cycles were used to design the Block 2014, while the USDA’s Food and Nutrient Database for Dietary Studies (FNDDS 5.0), Food Pyramid Equivalents Database (FPED), and Nutrient Database for Standard Reference (SR27) were used to create the nutrient and food group analysis database (21). This FFQ assesses SSB intake of sugary beverages including fruit juice, soda, and energy drinks (21). Respondents are provided with options to select from for frequency of intake including: (1) every day, (2) 5–6 times per week, (3) 3–4 times per week, (4) 2 times per week, (5) once per week, (6) 2–3 times per month, (7) once per month, (8) a few times per year, and (9) never.



2.3.2. Infant or toddler dietary intake

Infant/toddler dietary intake, including intake of added sugars from infant formula (i.e., sugars added above the level of naturally occurring lactose in the milk-base used in infant formula manufacturing and other added sugars, such as corn syrup solids or glucose), was assessed by three caregiver-reported 24-h dietary recalls. As conducted in the Feeding Infants and Toddlers Study (FITS), trained study personnel collected 24-h dietary recalls from parents/caregivers by phone on random occasions (two weekday, one weekend day) within 10 days of anthropometric measurement (22). We provided parents with handouts in order to ensure accurate reporting. These handouts contained tips on how to report serving sizes, along with answers to frequently asked questions (5). Furthermore, study personnel, trained by a registered dietitian (MS/RD), collected information from parents regarding infant/toddler feeding. If parents reported that the infant/toddler did not have a normal eating day within the past 24-h period, then the recall was administered on a different day (5, 22). These 24-h dietary recalls were derive from the USDA Automated Multiple-Pass Method (23). All study personnel used a script to administer 24-dietary recalls in order to ensure adherence to protocol. We did not include the intake of medicine or supplements in this analysis. Kong et al. described this methodology previously (5).

Information regarding breastfeeding was obtained based on parents’ records of both the duration at the breast and the intake of human milk (5, 22). Reports on nutritional intake from human milk follow the methodology described by the FITS study (22). Briefly, for exclusively breastfed infants ages 7–12 mos, 600 mL of human milk was reported (5, 22). For those consuming both human milk and infant formula, the amount of formula reported was subtracted from 600 mL, and the remainder was reported as human milk (5, 22). For toddlers ≥12 mos., 1 fl. oz. of human milk was reported for every 5 min at the breast (5, 22). We also collected detailed information on the brand of formula consumed including preparation methods and amounts consumed. Finally, SSB are any sugary beverages excluding milk and infant formula/human milk.

Infant dietary intake data, including infant formula brand and types, were collected and analyzed using NDSR software version 2019, which was developed by the Nutrition Coordinating Center (NCC), University of Minnesota, Minneapolis, MN (24–26). Study personnel selected generic food in substitute of specific food that could not be found in the database. A total of 15 foods without a comparable generic food were not in the database. The NCC was contacted, and the foods were added to the database.




2.4. Statistical analysis

Participant demographic information is reported in either mean and standard deviation or sample size and percentage. Infant/toddler SSB consumption was log transformed to account for distributional properties. Hierarchal stepwise regression estimated whether added sugar intakes from formula (kcal) at 9- < 16 mos. Was associated with infant/toddler added sugar intakes from table foods (kcal) or SSB at 9- < 16 mos., beyond established predictors related to material dietary modeling. In model 1, we controlled for demographic characteristics reported to be associated with infant/toddler added sugar intakes. These include infant/toddler sex, infant/toddler age (mos.), birthweight (kg), parity, maternal body mass index (BMI) (kg/m2), maternal education (y), family income, first introduction of solid foods (mos.), and breastfeeding duration (mos.). In model 2, we controlled for our previously published (13) proxy of maternal modeling, maternal SSB consumption. In model 3, we included added sugars from infant formula (kcal). Incremental F-tests determined whether there was any occurrence of statistically significant change by comparing improvements in the model fit (R2). We also report the effect size of the F statistic which is a measure of the strength of relationship between two variables. The variance inflation factor (VIF) was calculated in all models, and multicollinearity was not observed. Statistical analysis was performed using SAS 9.4 (SAS Institute Inc., Cary, NC, United States, 2020) (27).




3. Results

Table 1 presents demographic information of mothers and infants/toddlers. Table 2 shows the results of the hierarchical stepwise regression models depicting the association between exposure to added sugars via infant formula and the outcome of infant/toddler added sugar intakes from table foods. In step 1, 43.9% of variance was accounted for by demographic characteristics that were reported in prior literature to be associated with infant/toddler added sugar intakes. By adding maternal SSB intakes (a proxy maternal modeling) in step 2, the total variance increased to 45.4%. However maternal SSB intakes were not significantly associated with infant/toddler added sugar intakes from table foods (ΔR2 = 0.015, Finc (1, 88) = 2.418, p = 0.124). Model 3 accounts for exposure to added sugars via infant formula. The total variance increased to 47.4%, and early exposure of added sugars via infant formula was not significantly associated with infant/toddler added sugar intakes from table foods (ΔR2 = 0.02, Finc (1, 87) =3.308, p = 0.072).



TABLE 1 Participant characteristics (n = 95).
[image: Table1]



TABLE 2 Hierarchical regression models of added sugar intakes from formula [R2, change statistics (ΔR2), and regression coefficients (β)] predicting infant added sugar from table food intake (n = 95).
[image: Table2]

Table 3 displays the results of the hierarchical stepwise regression models regarding the association between exposure to added sugars via infant formula and infant/toddler SSB consumption as the outcome. Step 1, which controlled for demographic variables associated with infant/toddler added sugars intake, accounted for 31.3% of variance. The addition of maternal SSB consumption in step 2 increased the amount of variance accounted for to 31.9% (ΔR2 = 0.006, Finc (1, 88) = 0.775, p = 0.381). Maternal SSB consumption was, however, not significantly associated with infant SSB intake. Finally, the addition of exposure to added sugars via infant formula in step 3 accounted for 36.3% of the variance, and the exposure to added sugar via infant formula was significantly associated with infant/toddler SSB consumption (ΔR2 = 0.044, Finc (1, 87) =6.009, p = 0.016*).



TABLE 3 Hierarchical regression models of added sugar intakes from formula [R2, change statistics (ΔR2), and regression coefficients (β)] predicting infant sugar sweetened beverage intake (n = 95).
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4. Discussion

The intake of added sugars is emerging as a major contributing factor in the development of childhood obesity (1, 2, 13). The earliest possible exposure window to added sugars is via infant formula, but little research has investigated how consumption of infant formula may explain variance in infant added sugar intakes from table foods and SSB within the complementary feeding period. Informed by our recently presented paradigm for the etiology of obesity in early childhood (14), this study examined whether consumption of added sugars in infant formula may be a direct mechanism explaining high intake of added sugar from both table foods and SSB among infants/toddlers during the complementary feeding period. Notably, we examined whether the consumption of added sugars from infant formula explained variance in added sugar intake beyond the factors of sociodemographic and maternal lifestyle and dietary modeling.

Our findings suggest that exposure to added sugars from infant formula is associated with added sugar intakes from SSB of infants/toddlers 9- < 16 mos. of age. While studies investigating this association during infancy are limited, those that have examined it do concur with our findings. Redruello-Requejo et al. (17) studied a cohort of Spanish children and found that those who consumed adapted milks (i.e., toddler formula and enriched milks) in toddlerhood experienced an increase of added sugar intakes with age compared to their counterparts who did not consume adapted milks. Those who did not consume adapted milks experienced more stable levels of added sugar intakes with age. Kostecka et al. (18) studied children ages 13–24 mos. and found that children who drank toddler formula consumed more beverages with sugar including fruit juice, nectars, and sweetened hot beverages (18). While these studies support the premise of our paradigm, that exposure to added sugars from formula may result in an increased consumption of added sugars found in other sources, these studies do not focus on the earliest exposure window (i.e., infant formula during the first year of life). Furthermore, these studies did not consider other potential contributors in their analyses.

Interestingly, the association between early exposure to added sugars through infant formula and intake of added sugars from table foods was not significant in our cohort. While more studies in this area are needed to confirm our result, there are plausible explanations for this finding. First, our sample included infants/toddlers 9- < 16 mos of age who might be consuming little solid food outside of human milk or infant formula. Thus, added sugar intakes from tables foods might be insufficient to estimate its relationship with early exposure to added sugars from infant formula. In the future, a longitudinal study starting at birth may be warranted to pursue this line of work. Next, the fact that our population was rather homogeneous and consisted of highly educated, non-Hispanic/Latino White participants of high-income families may impact this finding. It is well-known that social and demographic factors influence not only the choice to feed infants human milk or infant formula, but also intake of added sugars (28, 30). Finally, it is possible that early exposure to added sugars through infant formula may have a greater influence on SSB intake compared to table food because infant formula is like a beverage, and the exposure learning may be specific to beverages in our present analyses.

In the present study, we recognize that infant/toddler added sugar intakes during the complementary feeding period is complex and multifactorial. Therefore, in our analyses, we first controlled for known or well-established factors such as sociodemographic variables (1, 28), age of introduction of solid foods (31), and lastly maternal SSB consumption (a proxy measure of maternal modeling) in a stepwise manner. To date, the existing literature has only identified circumstantial (i.e., sociodemographic factors) or indirect factors, such as maternal lifestyles and behavioral modeling, as contributors to infant added sugar intakes. Thus, our work may be significant in understanding potential drivers of unhealthful dietary habits. We posit that the consumption of added sugars in infant formula is a direct mechanism, as well as a form of early exposure to artificially reinforcing nutrient sources among children, as described in our recent publication (14). The early exposure to added sugars in infant formula teaches infants that food should be sweet, and this strengthens the inherent preference for sweet foods (e.g., foods high in added sugars) (32–34). This yields to the high intake of added sugars, suggesting it to be a direct mechanism. Furthermore, exposure learning is most influential when there has been no occurrence of prior exposure. This means that infancy may possibly be the most pivotal time for the development of food preference and eating behaviors, making infant formula the most pivotal food source (35, 36).

From a larger, societal perspective, the current food environment makes avoiding added sugars extremely difficult. Popkin et al. found 68% of barcoded foods available in US grocery stores contain added sugars (37). Nearly all the participants in this study consumed added sugars. This demonstrates how difficult it is to follow the recommendation by the Dietary Guidelines for Americans and the American Heart Association that children <2 years avoid added sugars (3, 4). Furthermore, marketing practices in the food industry are problematic. Marketing of infant formula to expecting, new mothers is predatory because not only does it undermine a woman’s right to choose how to feed and care for her infant, but it also undermines public health efforts to promote breastfeeding (38). Similarly, marketing of foods towards children is unethical because children are especially vulnerable to persuasive marketing tactics (39). This is a known contributor to childhood obesity (40). Future research and policy should address both individual and societal level factors in order to reduce the added sugar intakes of children.

A major strength of this study is the use of dietary recall methodology, consisting of three 24-h dietary recalls, which assessed infant intake. Additionally, to ensure accurate reporting, we used the USDA Automated Multiple-Pass Method to collect the 24-h dietary recalls and a registered dietitian (MS/RD) trained all study personnel on this protocol. Application of the hierarchical stepwise regression to statistical analysis strengthened this study. This theory driven technique allowed us to estimate how each step contributed to the overall model. A limitation, however, of this study is likely overestimation from maternal reports on infant/toddler dietary intake (41). It is also a limitation that parenting style (i.e., awareness and perception of the diet-health relationship) and the fact parents provide the food consumed by infants/toddlers 9- < 16 months of age were not accounted for. Lastly, this cohort is predominately white, highly educated, and includes mostly medium and high-income families making results less generalizable, especially to lower income families. Furthermore, the cohort social and demographic homogeneity may explain why previously described variables related to infant/toddler added sugars intake were not significant.



5. Conclusion

The current study suggests that early exposure to added sugars via infant formula may play a critical role in added sugar intakes during the complementary feeding period, even with the consideration of established sociodemographic and maternal dietary modeling variables.
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