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ABSTRACT
Background: Formulas often contain high amounts of added sugars, though little research has studied their connection

to obesity.

Objectives: This study assessed the contribution of added sugars from formulas during complementary feeding on

total added sugar intakes, and the association between these sugars and upward weight-for-age percentile (WFA%)

crossing (i.e., participants crossing a higher threshold percentile were considered to have an upward crossing).

Methods: Data from three 24-hour dietary recalls for infants (n = 97; 9–12 months) and toddlers (n = 44; 13–15 months)

were obtained in this cross-sectional analysis. Foods and beverages with added sugars were divided into 17 categories.

Pearson’s correlations were used to test relations between added sugar intake and upward WFA% crossing, followed

by multivariable regressions when significant. ANOVA compared intakes of all, milk-based, and table foods between

primarily formula-fed compared with breastfed participants. Multivariable regressions were used to test effects of added

sugars and protein from all foods compared with added sugars and protein from milk-based sources on upward WFA%

crossing.

Results: Added sugars from formulas comprised 66% and 7% of added sugars consumed daily by infants and toddlers,

respectively. A significant association was observed between upward WFA% crossing and added sugars from milk-based

sources after controlling for gestational age, sex, age, introduction to solid foods, mean energy intakes, and maternal pre-

pregnancy BMI and education (β = 0.003; 95% CI, 0.000–0.007; P = 0.046). Primarily formula-fed participants consumed

nearly twice the energy from added sugars (P = 0.003) and gained weight faster (upward WFA% crossing = 1.1 ± 1.2

compared with 0.3 ± 0.6, respectively; P < 0.001) than their breastfed counterparts.

Conclusions: Added sugars in formulas predict rapid weight gain in infants and toddlers. Educating mothers on lower-

sugar options may enhance childhood obesity prevention. J Nutr 2021;151:1572–1580.
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Introduction
Over the past few decades, the suitability of formulas as an
alternative to breast milk has attracted attention due to their
association with excessive weight gain (1). Given that breast
milk possesses a far more varied and complex nutritional profile
than commercialized formulas (2), elucidating the reasons
underlying this phenomenon has been challenging. The high
protein content in some types of formulas has been hypothesized
to drive early rapid weight gain (3), as trials comparing intakes
of low-protein compared with high-protein formulas (4) or of
breast milk compared with low- and high-protein formulas (3,

5–7) have found a positive relationship between protein and
excessive weight gain. And yet, a sizeable number of studies have
also failed to identify any connection to body weight (8–12) or
adiposity (13–15), suggesting that other or additional factors
are at play.

Against this background, research comparing dietary intakes
and growth rates in infants consuming cow’s milk formula
(CMF; 2.1 g protein/100 kcal) or protein hydrolysate formula
(PHF; 2.8 g protein/100 kcal) may offer clues into formula’s
obesogenic properties (16). Noteworthily, Mennella and col-
leagues (10, 11) discovered that infants who consumed the
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lower protein option of CMF gained more weight than PHF-
fed infants, which implies that the protein content may not
be the sole explanation for this phenomenon. To this end, a
recent nutritional assessment of 257 formula products from 11
countries demonstrated that formulas contain a mean of 5.9 g
of added sugars per 100 mL (range, 1.1–9.8 g) (17).

To our knowledge, little has been reported on the re-
lationship between added sugars [i.e., sugars or sweeteners
added to foods during processing, such as sucrose, dextrose,
syrup, honey, and concentrates from fruits and vegetables
(18)] in formulas and obesity risk. High intake of added
sugars is positively correlated with overweight and obesity in
children and adults (19). Our previous work also demonstrated
that rapid weight gain among infants/toddlers in this cohort
was positively associated with total added sugar intake from
all sources during the complementary feeding period (20).
However, the relation between added sugars specifically from
infant formulas and rapid weight gain is not clear. Therefore, we
aimed to determine the contribution of added sugars in formulas
compared with those in beverages and foods (namely, table
foods) consumed during the complementary feeding period on
total infant added sugar intakes (Aim 1), and the association
between added sugars in formulas compared with those in table
foods on rapid weight gain (Aim 2). Given that formula-fed
individuals are introduced to added sugars much earlier than
those who are breastfed, we also examined the amount of added
sugars consumed during the complementary feeding period
from table foods between primarily formula-fed compared with
breastfed infants/toddlers (Aim 3). As an ancillary analysis, we
compared the effect size of added sugar versus protein intakes
on rapid weight gain (Aim 4). To accomplish these aims, we
divided our cohort into infants (9–12 months; n = 97) and
toddlers (13–15 months; n = 44) because we expected the
sources of added sugars to differ between them. Currently, the
CDC recommends feeding breast milk or formula for a year
before fully transitioning to table foods (21), so we classified
consumption of breast milk and/or formula as a milk-based
diet and intake of all other energy sources as a diet of table
foods.

Methods
Participants
Participants comprised a convenience sample of individuals (n = 141;
ages 9–15 months at baseline) recruited between 2017 and 2019 for
involvement in an ongoing longitudinal intervention. To ensure that
the sample was generally healthy, we excluded individuals if they were
born preterm (<37 weeks gestation); born with a low birth weight
(<2500 g); born with known medical problems; on any special diets;
experiencing developmental delays or disabilities; born to a mother who
was <18 years at the time of birth; born to a mother who smoked, used
controlled substances, or consumed excessive alcohol during pregnancy;
born in a high-risk pregnancy (i.e., to a mother with gestational diabetes
mellitus, pre-eclampsia, etc.); or not a singleton. In the analyses, we
also excluded data from 3 participants who consumed calories that
were ±2 SDs from their estimated energy requirements, per the equation
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published by the Institute of Medicine’s Food and Nutrition Board
(22).

Procedures
Parents who expressed interest were screened via a telephone interview,
and eligible dyads were scheduled for a 1-hour laboratory appointment.
The University at Buffalo’sInstitutional Review Board approved the
study (IRB #: STUDY0000472) and all parents provided written,
informed consent for their infant’s/toddler’s participation. During the
laboratory visit, parents received a packet of information explaining
the collection of dietary data and then had their infant’s/toddler’s
anthropometrics measured.

Pregnancy history and feeding practices questionnaire
Information on breastfeeding duration and timing of solid food
introduction were obtained from parents through a shortened version
of the feeding questionnaire used in the Infant Feeding Practices Study
II (23). Since data on exclusive breastfeeding were not collected, we
relied upon information regarding the duration of breastfeeding to
create a primarily breastfed group and a formula-fed group. Those
breastfed ≥3 months were classified as primarily breastfed (n = 110)
and those breastfed ≤2 months were classified as primarily formula-fed
(n = 31).

Infant/toddler dietary collection
Upon receiving the packet for collecting data on dietary intakes, parents
were informed that they would be contacted via telephone on 3 separate
occasions (i.e., on 2 weekdays and 1 weekend day) to report three
24-hour recalls. All telephone calls took place within 10 days of
obtaining anthropometric measurements at a time deemed suitable for
the participating parent. At the beginning of the call, research staff (i.e.,
dietetic students and interns who had been extensively trained by a
registered dietitian) always inquired whether the infant/toddler had a
normal eating day 24 hours prior; if that was not the case, a new day
to complete the recall would be scheduled. The procedure used was a
modified version of that utilized in the Feeding Infants and Toddlers
Study (24), wherein information on foods and beverages given by the
parent or other caregivers (i.e., daycare providers) was collected. (Note:
if the infant/toddler was still breastfeeding, the parent reported their
duration at the breast.) In order to maintain protocol integrity and
consistency, the staff utilized a script for each recall, which was captured
using the USDA’s Automated Multiple-Pass Method (25).

At the beginning of the telephone calls, parents verbalized a quick
list of everything that their infant/toddler had consumed 24 hours
prior. Next, a research member would look over the list they had
written down for any major feeding gaps and inquire about possible
foods or beverages consumed during those times. Following this, the
research member verbalized what they had written down and asked
the parent whether they wanted them to modify anything. After
completing the first run-through, the research member would ask
detailed questions about the infant’s/toddler’s intakes by going through
each item on the list, and would also seek clarity when something
seemed unusual or unclear. If the parent struggled in estimating the
amount of a food/beverage consumed, the research member would refer
them to the serving size guide in their packet. Information pertaining
to supplements, medications, and the eating typicality of the day in
question was gathered at the end of the call, though this was not
included in final analyses since it was not the main focus of the current
study.

Nutrition analysis
Research staff entered the dietary recalls into Nutrition Data System
for Research (NDSR) software (version 2019; Nutrition Coordinating
Center, University of Minnesota) for analysis (16). This software allows
for the entry of 24-hour dietary recalls using a multiple pass method,
and it analyzes the nutritional profiles of foods, beverages, and personal
recipes. Its database is supremely comprehensive and contains over
18,000 foods (∼7500 are brand-specific; >1000 are baby foods) but if
on a rare occasion a specific food was lacking, a research member would

Added sugars in formulas and weight gain 1573

https://academic.oup.com/jn/
mailto:kkong@cmh.edu


select a generic food with a comparable nutrition profile. Failing to
locate a decent substitute, the Nutrition Coordinating Center would be
contacted to update their database. This approach was utilized to ensure
that energy and macronutrient intakes were recorded as accurately as
possible. In total, 15 foods were added.

The method described by the Feeding Infants and Toddlers Study (8)
was used for participants who were still breastfeeding. For exclusively
breastfed infants aged 7–12 months, research members would input
600 mL of breast milk per day into their calculations; for infants who
consumed both breast milk and formula, the volume of formula listed in
their dietary recalls was subtracted from 600 mL and the remainder was
entered as breast milk. The new formula volume was always entered in
separately. For toddlers >12 months of age, 1 fluid ounce (29.6 mL) per
every 5 minutes of feeding was entered. NDSR offers “milk, human”
as their only breast milk representation, so this was selected whenever
breast milk was noted in a dietary recall (16). Supplementary Table 1
lists the formula products consumed by the formula-fed participants,
which vary in their protein and added sugar contents.

Once all dietary recalls were entered into the NDSR, mean intakes
of calories, carbohydrates, protein, fat, and total and added sugars
were extracted (16). Considering added sugars, which the Nutrition
Coordinating Center had made available since 2005, were the main
focus of this study, that information was extracted for further analysis.
Foods and beverages with added sugars were then grouped into 16
categories (i.e., yogurt, baby snacks and sweets, quick breads, savory
snacks, sweet bakery products, flavored milks and dairy drinks, fruits,
fruit drinks, sugar and candy, ready-to-eat cereals, breads/rolls/tortillas,
ice cream/pudding/gelatin, mixed dishes, protein foods, baby and
cooked cereals, and sweetened beverages), as described by Herrick et
al. (26), and an additional category was created for infant formulas.
All condiments were put into the “mixed food” category because they
were likely to be eaten with another food. Items such as peanut butter
and wheat bread were separated into their respective groups (i.e., peanut
butter under protein foods and wheat bread under breads/rolls/tortillas).

Infant/toddler and parent anthropometrics
Research staff measured each infant’s/toddler’s weight using a Seca
374 Digital Baby Scale, and length (in the supine position) using a
Seca 416 Infantometer, per the WHO’s Multicentre Growth Reference
Study protocols (27). All length measurements were taken and recorded
independently by 2 staff members, who then compared values. If
the difference between their values was greater than 7.0 mm, the
infant/toddler would be remeasured and the mean of the last 2 values
would be recorded as the length (27). The infant’s/toddler’s weight-for-
length, weight-for-age, and length-for-age z-scores were calculated using
the WHO infant growth chart (0 to 5 years) (28). The infant’s/toddler’s
birth weight was reported by the participating parent. Rapid weight
gain was classified using upward weight-for-age percentile (WFA%)
crossing (29), an established method that we have employed previously
(20). In brief, it calculates the number of major percentile (5th, 10th,
25th, 50th, 75th, 90th, and 95th) thresholds that have been crossed
from birth to the time of the baseline assessment. Participants crossing a
higher threshold percentile were considered to have an upward crossing;
participants crossing a lower threshold or staying in the same band
between major percentiles were considered to have no upward crossing
(29). Participating parents (all of whom were mothers) reported their
pre-pregnancy BMI. Individuals were classified as normal weight if their
BMI was between 18.5–24.9 kg/m2 and overweight/obese if their BMI
was ≥25 kg/m2 (30).

Data analysis
Descriptive statistics are presented as means (± SDs), ranges, or
percentages. Added sugars consumed by individuals in our cohort were
extracted from 3-day dietary recalls for further analysis to address Aim
1. To determine the percentage contribution of added sugars from each
category to an infant’s/toddler’s total added sugar intakes, the amount
of added sugars (g) from each category was divided by the total amount
consumed and then multiplied by 100. To address Aim 2, Pearson’s
correlation coefficients were used to test bivariate relationships between

intakes from different energy sources and rapid weight gain (i.e.,
upward WFA% crossing). If significant correlations were observed,
a multivariable regression analysis was performed, controlling for
covariates (i.e., gestational age, sex, age, first introduction to solid foods,
and mean energy intakes, as well as maternal pre-pregnancy BMI and
education). We addressed Aim 3 by conducting an ANOVA to compare
dietary intakes from all, milk-based, and table foods between those who
were primarily formula-fed compared with breastfed. Pertaining to Aim
4, we created 2 multivariable regression models (which employed the
aforementioned covariates) for predicting rapid weight gain: 1 analyzed
intakes of added sugar and protein from all food sources, and the other
analyzed intakes of added sugar and protein from milk-based sources.
We calculated appropriate effect sizes for these 2 regression models
using Cohen’s f 2 (31). Of note, an f 2 value of 0.35 is considered to
be a large effect size, an f 2 value of 0.15 is considered to be a medium
effect size, and an f 2 value of 0.02 is considered to be a small effect
size (32). SYSTAT 11 (Systat Software, 2004) was used to conduct all
analyses.

Results
Participant characteristics

Characteristics of the participants and their mothers are in
Table 1. On the whole, the sample consisted of highly educated
families of Caucasian ethnicity, with mothers having a mean age
of 32 years (±4.4 years) and a mean pre-pregnancy BMI of 28.3
kg/m2 (±7.2 kg/m2).

Sources of added sugars between infants and
toddlers

Pertaining to Aim 1, infants consumed a mean of 863 ± 200 kcal
daily. Mean intakes from a milk-based diet were 368 ± 175 kcal,
which translated to 42.6% of an infant’s energy intakes. Almost
90% consumed a milk-based diet during the 9–12-month period
(n = 37 consumed only breast milk; n = 37 consumed only
formulas; n = 13 consumed both). Additionally, the majority
of infants (97.3%) consumed added sugars on any given day,
which contributed to 7% of their energy intakes (15.0 ± 13.8
g; 60.2 ± 55.1 kcal). In total, 65.5% of the added sugars they
consumed came from formulas. Table 2 lists their top 8 sources
of added sugars.

Toddlers consumed a mean of 1030 ± 232 kcal daily. Mean
intakes from a milk-based diet were 88.9 ± 134.5 kcal (8.7%
of their daily energy intakes), and the majority of their energy
intakes came from table foods (937 ± 263 kcal). Just 19 toddlers
consumed a milk-based diet (n = 16 consumed only breast milk;
n = 3 consumed only formulas). All toddlers consumed added
sugar daily (10.7 ± 7.0 g; 42.8 ± 27.9 kcal, or 4.2% of total
energy intake). Table 2 lists their top 8 sources of added sugars.
Importantly here, formulas were not a major source of added
sugars.

Added sugars in formulas and rapid weight gain

In our previous publication, we showed that added sugar
intakes from all sources correlated positively with upward
WFA% crossing. To address Aim 2, we broke down the sources
of added sugars into either milk–based or table foods. We
observed a significant correlation between upward WFA%
crossing and added sugars from the milk-based diet (r = 0.218;
P < 0.001), and a positive but nonsignificant correlation
between upward WFA% crossing and added sugars from table
foods (Table 3). The association between upward WFA%
crossing and added sugars from the milk-based diet remained
significant after controlling for gestational age, sex, age, first
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TABLE 1 Participant characteristics1

Child
Male sex, n (%) 63 (44.7)
Age, mo 11.9 ± 1.9 (9.1–15.8)
Caucasian, n (%) 110 (78.0)

Refuse to answer, n (%) 4 (2.8)
Gestational age, wk 39.4 ± 1.3 (37–43)
Birthweight, kg 3.5 ± 0.5 (2.5–5.2)
Weight-for-length z-score 0.6 ± 0.9 (-1.3 to 3.1)
Weight-for-age z-score 0.2 ± 0.9 (-2.4 to 2.9)
Length-for-age z-score −0.4 ± 1.1 (-3.1 to 2.9)
Exclusively formula-fed, n (%) 4 (2.8)
Breastfeeding duration, mo 7.7 ± 4.6 (0–15.8)

≤1 mo, n (%) 18 (12.8)
≤2 mo, n (%) 9 (6.4)
≥6 mo, n (%) 96 (68.1)

First introduction to solid foods 5.3 ± 1 (2–9)
<4 mo, n (%) 5 (3.5)
4–5 mo, n (%) 62 (44.0)
≥6 mo, n (%) 74 (52.5)

Mother
Age, y 33 ± 4.4 (24–46)
Education level

Some college or less, n (%) 36 (25.5)
College graduate or more, n (%) 103 (87.1)
Refuse to answer, n (%) 2 (1.4)

Parity
Nulliparous, n (%) 79 (56)
Parous ≥ 1, n (%) 62 (44)
Pre-pregnancy BMI, kg/m2 28.3 ± 7.2 (19–52.9)

Normal weight, 18.5–24.9 kg/m2, n (%) 54 (38.6)
Overweight/obese, ≥25 kg/m2, n (%) 86 (61.4)

Household total income
<$30,000, n (%) 13 (9.2)
$30,000–$69,999, n (%) 35 (24.8)
$70,000–$109,999, n (%) 53 (37.6)
≥$110,000, n (%) 33 (23.4)
Refuse to answer, n (%) 7 (5)

1Values are means ± SD (range), unless otherwise indicated. n = 141. Participant
weight-for-length z-score, weight-for-age z-score, and length-for-age z-score were
calculated using the WHO’s growth charts (28).

introduction to solid foods, and mean energy intakes, as well as
maternal pre-pregnancy BMI and education (β = 0.003; 95%
CI, 0.000–0.007; P = 0.046).

As shown in the results for Aim 1, the sources of energy
based on food sources were vastly different between the infants
and toddlers, so we further broke them down (Table 3).
Among infants, we observed a significant correlation between
upward WFA% crossing and added sugars from milk-based
sources (r = 0.263; P = 0.009) but not table foods. Among
toddlers, contrarily, we observed a significant correlation
between upward WFA% crossing and added sugars from
table foods (r = 0.370; P = 0.013) but not milk-based
sources.

Amounts of added sugars from table foods between
primarily breastfed compared with formula-fed
participants

Pertaining to Aim 3, when we examined overall diets, there were
no differences in terms of total calorie, carbohydrate, protein,
and fat intakes, but a significant difference was observed for

TABLE 2 Percent contribution of added sugars in the diets of
infants (9–12 months) and toddlers (13–15 months) from the top
8 sources they consumed1

Source of added sugars Contribution, %

Infants, n = 97
Formula 65.5
Baby snacks and sweets 5.69
Sweet bakery products 5.44
Yogurt 4.08
Mixed dishes 3.16
Ready-to-eat cereals 2.83
Sugar and candy 2.20
Quick breads and bread products 1.89

Toddlers, n = 44
Sweet bakery products 20.6
Yogurt 16.8
Mixed dishes 11
Cooked and baby cereals 7.47
Formula 7.37
Sugar and candy 6.06
Ready-to-eat cereals 5.72
Bread, rolls, tortillas 5.48

1Percent contribution of added sugars was calculated by dividing the amount of
added sugars consumed from a specific category by the total amount consumed,
according to participants’ dietary recalls. Sources of added sugars consumed were
categorized into 16 groups [as described by Herrick et al. (26)], plus an additional
category for formula.

added sugar energy intake (48.3 ± 45.9 kcal/d for the breastfed
group compared with 77.5 ± 53.0 kcal/d for the formula-fed
group; P = 0.003; Table 4; Figure 1). Primarily formula-fed
participants consumed greater amounts of added sugars from
milk-based sources and table foods than primarily breastfed
participants (40.7 ± 55.0 kcal/d vs. 24.4 ± 43.7 kcal/d from
milk-based sources, P = 0.088; 36.8 ± 29.6 kcal/d vs.
23.9 ± 22.1 kcal/d from table foods, P < 0.001) . The formula-
fed individuals also experienced significantly faster weight gain
than the breastfed group (upward WFA% crossing = 1.1 ± 1.2
compared with 0.3 ± 0.6, respectively; P < 0.001).

Effect size of added sugar compared with protein
intakes on rapid weight gain

To address Aim 4, the full multivariable regression model for
overall intakes of protein and added sugars demonstrated that
added sugars were a significant predictor of rapid weight gain
(P = 0.022), while protein was not (Table 5). We observed a
larger effect size (f 2 = 0.042) for added sugars than for protein
(f 2 < 0.001) in predicting rapid weight gain. For the model
specifically focusing on milk-based protein and added sugars
(Table 6), milk-based added sugars did not reach statistical
significance but the effect size (f 2 = 0.024) was still bigger than
that of milk-based protein (f 2 < 0.001).

Discussion

Presently, limited research has examined the link between added
sugars in formulas and the obesity risk, though this is not too
surprising when considering that few government mandates

exist to list the inclusion of added sugars on product labels or to
make them distinguishable from other carbohydrates (33, 34).
Presumably, this in turn causes many to believe the primary or
only carbohydrate type in formulas is lactose. This oversight
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TABLE 3 Pearson’s correlation coefficients for the relationship between intakes of different energy
sources and rapid weight gain (upward weight-for-age percentile crossing) among infants (9–12
months) and toddlers (13–15 months)1

r

All, n = 141 Infants, n = 97 Toddlers, n = 44

All food sources
Energy, kcal/d 0.073 − 0.026 0.3182

Carbohydrates, kcal/d 0.073 − 0.059 0.4033

Protein, kcal/d 0.025 − 0.012 0.161
Fat, kcal/d 0.036 0.026 0.065
Added sugars, kcal/d 0.2804 0.2693 0.3853

Milk-based sources
Energy, kcal/d 0.059 0.118 − 0.099
Carbohydrates, kcal/d 0.076 0.141 − 0.090
Protein, kcal/d 0.111 0.186 − 0.102
Fat, kcal/d 0.032 0.076 − 0.104
Added sugars, kcal/d 0.2184 0.2633 0.080

Table food sources
Energy, kcal/d 0.012 − 0.092 0.3312

Carbohydrates, kcal/d 0.017 − 0.121 0.3983

Protein, kcal/d − 0.003 − 0.056 0.169
Fat, kcal/d 0.004 − 0.033 0.129
Added sugars, kcal/d 0.143 0.061 0.3702

1Pearson’s correlation coefficients assessed bivariate relationships between intakes from different energy sources and upward
weight-for-age percentile crossing. Then, if significant correlations were observed, a multivariable regression analysis was
performed, controlling for covariates (i.e., gestational age, sex, age, first introduction to solid foods, and mean energy intakes, as
well as maternal pre-pregnancy BMI and education). Weight-for-age percentile was calculated using the WHO’s growth charts (29).
2P < 0.05.
3P < 0.01.
4P < 0.001.

or misconception is apparent in the contemporary National
Health and Nutrition Examination Survey, wherein Herrick and
colleagues (26) neglected to account for the added sugars in
formulas when assessing sources of this ingredient in the diets
of infants and toddlers.

As a cross-sectional study, we found that infants consumed
more added sugars daily than toddlers. Our analyses also
revealed that added sugars from all sources were significantly
related to rapid weight gain, and these sources differed by age
group. Specifically, the majority of added sugars consumed by

TABLE 4 Different energy sources consumed by participants who were primarily formula-fed
(breastfed ≤ 2 months) or breastfed (breastfed ≥ 3 months) and the upward weight-for-age
percentile crossed1

Formula-fed, n = 31 Breastfed, n = 110 P

All food sources
Energy, kcal/d 934 (224) 906 (223) 0.466
Carbohydrates, kcal/d 461 (119) 436 (131) 0.335
Protein, kcal/d 149 (65.2) 127 (61.4) 0.087
Fat, kcal/d 343 (98.4) 368 (118) 0.295
Added sugars, kcal/d 77.5 (53) 48.3 (45.9) 0.003

Milk-based sources
Energy, kcal/d 190 (232) 306 (195) 0.006
Carbohydrates, kcal/d 82.8 (101) 125 (81.1) 0.017
Protein, kcal/d 17.0 (20.5) 21.1 (15.0) 0.216
Fat, kcal/d 90.9 (111) 163 (103) 0.001
Added sugars, kcal/d 40.7 (55.0) 24.4 (43.7) 0.088

Table food sources
Energy, kcal/d 749 (348) 600 (336) 0.033
Carbohydrates, kcal/d 378 (161) 310 (164) 0.044
Protein, kcal/d 132 (76.7) 106 (71.1) 0.080
Fat, kcal/d 252 (150) 205 (155) 0.130
Added sugars, kcal/d 36.8 (29.6) 23.9 (22.1) 0.009

Upward WFA% crossed 1.1 (1.2) 0.3 (0.6) <0.001

1Values are means (SDs). Differences in intakes from all, milk-based, and table food sources were calculated using an ANOVA.
Weight-for-age percentile was calculated using the WHO’s growth charts (29).
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FIGURE 1 Daily energy intakes in total and from specific macronu-
trients by infants and toddlers who were primarily formula-fed
(breastfed ≤ 2 months; n = 31) compared with those who were
primarily breastfed (breastfed ≥ 3 months; n = 110). Values are
means ± SDs. ∗Different from breastfed at P = 0.003.

infants were from formulas, while the majority of added sugars
consumed by toddlers were from table foods. Although there
was no difference in mean energy intakes between primarily
formula-fed and breastfed participants, the former ate more
added sugars from all sources during the complementary
feeding period. It is well documented, for better or worse,
that early dietary exposures shape food preferences that endure
through adulthood (35, 36) and modulate risks of later
obesity (37). Thus, it was likely that the primarily formula-
fed participants in our study, having been introduced to added
sugars earlier than their breastfed counterparts, would also eat
table foods with higher contents of added sugars and display
accelerated weight gain. This is concerning because 30–50%
of commercial foods for infants and toddlers (i.e., snacks,
desserts, and juices/drinks) contain at least 1 type of added
sugar (38).

To date, reasons for rapid weight gain during infancy are
many and are still being explored, yet factors like responsive
parenting (39), infant sleep (40), and maternal obesity (41, 42)
have been identified as some of the prominent contributors.
Maternal obesity has been associated with a variety of offspring
health problems (41). In particular, the Danish National Birth
Cohort (n = 3768) discovered that a high BMI prior to
pregnancy related positively to child weight gain up through

12 months (β = 18.6; SE = 3.9; P < 0.0001) (42). In our study,
although we did not capture data on all of the abovementioned
variables, we were able to determine that the correlation
between a mother’s pre-pregnancy BMI and an infant’s rapid
weight gain was r = 0.276. This effect size is similar to those
we observed between added sugar intakes and rapid weight
gain (ranging from 0.280 to 0.385). Thus, we speculate that the
effect size of added sugar intakes is just as strong as that of
maternal pre-pregnancy BMI in estimating weight gain among
infants/toddlers.

Furthermore, we demonstrated that the contribution from
added sugars in predicting rapid weight gain was stronger than
that of protein. Approximately 80% of formulas consumed
in the United States are made from cow’s milk (43), which is
lower in protein than PHF but markedly higher in added sugars.
Among the formula products consumed by our participants, the
protein content per serving (100 kcal) differed slightly (1.97–
2.78 g) while the variance for added sugar content per serving
(100 kcal) was much wider (2.94–7.73 g; Supplementary Table
1). This range of added sugar contents per serving is marginally
smaller than that found in the global study conducted by Bridge
et al. (17) and is probably due, in part, to underreporting and
the lack of a universal definition for added sugars (18, 33,
44). A multiplicity of studies has reported that infants ingest
more when feeding on CMF over PHF (10, 11, 45–48), so it is
plausible that higher infant intakes of CMF are predominantly
tied to its sweetness, given infants’ innate preferences for this
basic taste (49). As such, the higher amount of added sugars in
CMF, in conjunction to the higher intakes of CMF in infants,
might shed light on their higher weight gain.

The early protein hypothesis proposes that high protein
intakes promote rapid infant weight gain by triggering release
of insulin and insulin-like growth factor 1 (3). However, data
on the role of added sugars (i.e., glucose and fructose) are
sparse. Increased levels of blood glucose trigger the release of
insulin to promote its uptake into peripheral tissues, where it
is then stored as glycogen or fat (triglycerides) (50). Fructose,
in comparison, is mostly metabolized and stored in the liver as
glycogen and triglycerides (51), and thus it does not stimulate
secretion of insulin or leptin (52). Since these hormones are
responsible for energy storage and satiety (52), low levels of
fructose could be perceived by the brain as an energy deficit,
thereby leading to overeating and subsequent weight gain.
Emerging human data indicate a positive correlation between
the fructose content in breast milk and infant growth and

TABLE 5 Multivariable regression model for predicting rapid weight gain (upward weight-for-age
percentile crossing) by infants and toddlers from protein and added sugar from all food sources1

Effect β t P f 2

Child
Sex 0.042 0.296 0.767 0.001
Age, mo 0.008 0.158 0.874 0.001
Gestational age, wk − 0.124 − 2.207 0.029 0.039

Maternal
Pre-pregnancy BMI, kg/m2 0.017 1.653 0.101 0.024
Education level, y − 0.015 − 0.409 0.684 0.002

Dietary intakes
Introduction of solid foods, mo − 0.046 − 0.627 0.532 0.004
Total energy, kcal/d 0.000 0.081 0.936 0.001
All protein, kcal/d 0.000 0.145 0.885 0.001
All added sugars, kcal/d 0.004 2.316 0.022 0.042

1Weight-for-age percentile crossing was calculated using the WHO’s growth charts (29).
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TABLE 6 Multivariable regression model for predicting rapid weight gain (upward weight-for-age
percentile crossing) by infants and toddlers from protein and added sugar in milk-based sources1

Effect β t P f 2

Child
Sex 0.051 0.356 0.722 0.001
Age, mo 0.012 0.203 0.840 0.000
Gestational age, wk − 0.130 − 2.28 0.024 0.044

Maternal
Pre-pregnancy BMI, kg/m2 0.018 1.758 0.081 0.024
Education level, y − 0.023 − 0.646 0.519 0.005

Dietary intakes
Introduction of solid foods, mo − 0.056 − 0.749 0.455 0.005
Total energy, kcal/d 0.000 0.792 0.430 0.005
Milk-based protein, kcal/d − 0.002 − 0.327 0.744 0.001
Milk-based added sugars, kcal/d 0.004 1.77 0.080 0.024

1Weight-for-age percentile crossing was calculated according to the WHO’s growth charts (29).

body composition (53), although studies evaluating the effect
of fructose in infant formulas are necessary to confirm this
relationship.

This study had many strengths, including assessments made
during a critical window of development and the use of three 24-
hour dietary recalls, which is an optimal measure for estimating
nutrient intakes (54). Furthermore, our study focused uniquely
on consumption of added sugars, in contrast with related
investigations that assessed types or groups of foods (e.g.,
sweetened beverages). Measuring this allowed us to employ
it as a continuous variable in statistical analyses and draw
meaningful associations to infant/toddler growth. Lastly, we
performed our nutrition analysis using the research-graded
program NDSR, which provided detailed information on the
added sugar contents for all foods consumed by the participants
(16).

There are limitations to this study. Dietary intakes of infants
and toddlers were based on maternal reports. Research evalu-
ating the accuracy of 24-hour recalls performed by mothers of
infants and toddlers has noted that they tend to overestimate
energy intakes (55). Furthermore, although participants’ birth
weights were reported by their mothers, evidence shows that
a maternal report of a child’s birth weight is quite accurate,
especially if the mother hails from a higher socioeconomic
status background or if the infant was of a normal weight,
as predominantly observed here (56). In addition, our sample
consisted primarily of families with a high socioeconomic
background, so our findings may not generalize to more diverse
cohorts. This may be a reason why the majority (∼68%) of
parents in our study breastfed their infants/toddlers beyond 6
months of age. Even though data on breastfeeding duration
were collected, we did not obtain information on exclusive
breastfeeding, and instead needed to rely upon the dichotomous
variables of “primarily breastfed” and “primarily formula-
fed” for our analyses. According to the 2018 breastfeeding
report card from the CDC, only about a third of babies are
breastfed exclusively at 3 months (57). Moreover, daily amounts
of added sugars consumed by our participants were calculated
based on values from NDSR, which were gathered from the
USDA National Nutrient Database for Standard Reference,
other nutritional databases, and scientific publications rather
than laboratory analyses (58). Lastly, due to the cross-sectional
nature of our study, we do not have information on the
types or brands of formulas consumed by participants prior
to the point of contact. Research demonstrates that most

infants consume the same type of formula during the first
year of life if they don’t have allergic reactions (59), and
the prevalence of allergic reactions necessitating adjustments
in formula selections is modest, ranging from 0.25%–5%
(60, 61).

In conclusion, our work has deepened insight pertaining
to the etiology of infant rapid weight gain. Added sugars are
pervasive throughout the entire US food system. The present
findings reveal that their inclusion in formulas predicts rapid
weight gain as early as 9 months, and daily amounts of
added sugars consumed by primarily formula-fed individuals
are almost double those of primarily breast-fed individuals.
Efforts by policymakers and pediatricians to educate mothers
on lower-sugar options when breastfeeding is not feasible may
enhance preventive measures of childhood obesity.
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