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ABSTRACT

Background: Our prior studies revealed that infant somatic growth
is influenced by fructose in breast milk, and fructose in breast milk is
increased in response to maternal sugar-sweetened beverage (SSB)
intake in lactation. It is unknown whether infant neurodevelopmental
outcomes are also influenced by maternal SSBs in lactation.
Objectives: To determine whether infant cognitive development
at 24 postnatal months was influenced by maternal fructose
consumption during lactation, and whether this relation persisted
after accounting for maternal SSB and juice (SSB + J) intake.
Methods: Hispanic mother—infant pairs (n = 88) were recruited
across the spectrum of prepregnancy BMI. Mothers completed two
24-h dietary recalls at 1 and 6 postnatal months, and reported
breastfeedings per day. The Bayley-III Scales of Infant Development
were administered at 24 postnatal months to assess infant cognition.
Linear regressions were used to examine associations, reported as
unstandardized (B) coefficients, 95% Cls, and P values.

Results: Mothers consumed 1656 + 470 kcal, 21.8 £ 12 g
fructose, and 2.5 £ 2.6 servings SSBs + J, and reported 6.9 + 2.1
breastfeedings per day at 1 postnatal month. Controlling for maternal
age, prepregnancy BMI, education level, kilocalories, infant age, sex,
and birthweight revealed that infant cognitive development scores
at 24 postnatal months correlated inversely with maternal fructose
consumption at 1 postnatal month (B = —0.08; 95% CI = —0.13,
—0.03; P < 0.01). The association of infant cognitive development
scores with maternal fructose consumption was no longer significant
after adjustment for maternal SSB + J intake (B = —0.05; 95% CI
= —0.10, 0.00; P = 0.07), whereas maternal SSB + J intake was
significant in the same model (B = —0.29; 95% CI = —0.52, —0.05;
P = 0.02). Infant cognitive development scores were not associated
with maternal fructose and SSB + J consumption at 6 postnatal
months.

Conclusions: Our findings suggest that infant neurodevelopmental
outcomes at 24 postnatal months can be adversely influenced by
maternal fructose intake in early lactation, and this could be attributed
to maternal SSB + J intake.  Am J Clin Nutr 2020;112:1516—
1522.
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Introduction

The current food environment has widespread availability of
added sugar. Indeed, there has been a surge in sugar-sweetened
beverage (SSB) and juice (SSB + J) consumption (1, 2) that can
pose a risk to health outcomes, including obesity, type 2 diabetes,
and brain-based outcomes that span self-regulation of food intake
to cognitive function (3-5). This could be attributed to several
factors: 7) SSBs + J do not support satiety and can be consumed
in excess (6); 2) SSBs + J displace nutritious foods and beverages
in the diet that are beneficial (7, 8); and 3) SSBs + J contain
high-fructose corn syrup (HFCS) or are high in fructose (9, 10),
and fructose metabolism contributes to adverse outcomes at the
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organ and metabolic levels (11). Though the influence of SSB +J
intake has been examined in children and adults (12, 13), data are
limited earlier in life.

Our research team has particular interest in the influence of
maternal SSBs + J on fructose in breast milk, and its effects
on infant outcomes. Berger et al. (14) revealed that mothers
who consumed a beverage sweetened with HFCS had increased
fructose in breast milk. Moreover, Goran et al. (15) revealed
that fructose in breast milk was positively associated with
infant somatic growth. There is evidence that maternal SSB
consumption can alter additional infant outcomes. Cohen et al. (5)
revealed that maternal SSB intake during pregnancy correlated
inversely with intelligence test scores in children. Though
this suggests that acute exposure in utero can alter cognitive
development, no studies have examined maternal SSBs + J in
lactation, when fructose can conceivably be transmitted via breast
milk to affect infant brain function.

Animal studies offer evidence that acute exposure to maternal
SSBs + J underlies the association of maternal fructose consump-
tion with infant brain development, which supports cognitive
development. That is, maternal SSBs + J are a main source of
free fructose in the diet that can be an adverse influence on infant
cognition. Studies have shown that rats fed a fructose-sweetened
solution had altered brain structure and function (16-19). This
has been attributed to several mechanisms: /) fructose induces
oxidative stress in the frontal cortex (18); 2) fructose interferes
in actions of neurotrophins that regulate brain maturation (18,
20); and 3) fructose increases inflammatory mediators in the
hippocampus (17, 19). These results imply that acute exposure
to fructose during critical periods of brain development can
compromise maturation of neural systems in centers of the brain
that foster cognitive development (18, 21). On this basis, we
hypothesized that infant exposure to fructose from maternal
SSB + J intake in lactation could alter neurodevelopmental
outcomes in a similar manner.

To expand on prior studies in pregnancy (5) and build on our
work in lactation (14, 15), the aim of this study was to determine
whether infant cognitive development at 24 postnatal months
was associated with maternal fructose consumption in lactation,
and whether this relation persisted after accounting for maternal
SSB + ] intake.

Methods

Subjects

Participants were 88 mother—infant pairs recruited from
maternity clinics in Los Angeles County for a prospective
observational study. As described in Berger et al. (22, 23),
mothers were included based on these criteria: /) self-identified
Hispanic ethnicity; 2) >18 y of age at delivery; 3) gave birth to
a term, singleton newborn; 4) enrolled within 1 postnatal month;
5) intended to breastfeed for 6 postnatal months; and 6) able to
read English or Spanish at a fifth-grade level. Mothers reported
prepregnancy weight and height so as to recruit uniformly across
the spectrum of prepregnancy BMI status (24). Mothers were
excluded based on these criteria: /) reported medications or
medical conditions that could affect physical/mental health or
nutrition/metabolism; 2) used tobacco or recreational drugs; or 3)
had a clinical diagnosis of fetal abnormalities. The Institutional
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Review Board of Children’s Hospital Los Angeles and the
University of Southern California approved all procedures.
Participants provided written informed consent prior to data
collection (22, 23).

Study design

Mother—infant pairs completed 3 visits for the purposes of
this study at 1, 6, and 24 postnatal months. At 1 postnatal
month, mothers completed historical health-related information
and reported infant characteristics at birth. At 1 and 6 postnatal
months, mothers completed 24-h dietary recalls and information
on breastfeeding practices. At 24 postnatal months, the Bayley-
IIT Scales of Infant Development were administered to all infants
to assess cognitive development.

Dietary intake

At 1 and 6 postnatal months, daily maternal consumption of
kilocalories, total sugar, added sugar, fructose, and SSBs + J
was assessed. In addition, daily maternal consumption of whole
fruits (as opposed to SSBs + J) was assessed. Whole fruits are
also a source of fructose (bound to fiber), and we wanted to
better determine whether maternal SSB + J consumption was
the main contributor of fructose (free fructose) that influenced
our outcome. A trained registered dietitian conducted two 24-
h dietary recalls at each time point using the Nutrition Data
System for Research software (version 2018) from the National
Coordinating Center at the University of Minnesota with the
multiple-pass technique. The first recall was performed in person
at our laboratory with the use of food models, portion booklets,
or serving containers to assist in estimating serving sizes. The
remaining recalls were conducted by telephone. To minimize the
potential for undereating or underreporting in the time frame for
subsequent recalls, participants were not aware of the telephone
recall schedule. Mothers also reported breastfeeding frequency
at 1 and 6 postnatal months, as well as infant dietary intake at 24
postnatal months using the same protocol described above.

Cognitive developmental assessment

As described in Berger et al. (23), the Bayley-III Scales of
Infant Development (third edition) were administered by a trained
and supervised research assistant to assess cognitive, language,
and motor capacities at 24 postnatal months. The cognitive scale
assesses sensorimotor integration, concept formation, attention,
habituation, and memory. Based on the premise of this study
(5, 19), analyses were limited to the cognitive scale from
this assessment. Scaled (age-standardized) scores, rather than
raw scores, were used as the primary outcome variable. The
scaled score is a transformation of the raw score to the average
performance of a normative sample at a given age. It corresponds
to a set position on a normal distribution curve. The internal
consistency of the Bayley-III cognitive scale is 0.91 (25).

Statistical analysis

Descriptive statistics are presented as mean =+ SD for
continuous variables, and as frequency (percentage) for
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categorical variables. Normal distribution and homogeneity
of variances were confirmed by Shapiro—-Wilk W and Levene
tests, respectively. Because mothers were recruited uniformly
across the spectrum of prepregnancy BMI status, differences
between maternal prepregnancy BMI status groups (normal
weight compared with overweight compared with obese) were
tested using an ANOVA with polynomial contrast for continuous
variables and a Mantel-Haenszel linear-by-linear association x>
test for categorical variables. Also, differences between maternal
dietary intake variables and reported breastfeedings per day at
1 and 6 postnatal months were assessed using paired samples
t tests.

We conducted a set of linear regression models to test the
associations of maternal fructose consumption during lactation
with infant cognitive development scores at 24 postnatal months,
and to determine whether these relations persisted after ad-
justment for maternal SSB + J intake during lactation. Model
I included only maternal fructose consumption at 1 postnatal
month as an exposure variable. Model II included maternal age,
prepregnancy BMI, education level, kilocalories, infant age, sex,
and birthweight as control variables. Model III included maternal
SSB + J intake at 1 postnatal month as an additional exposure
variable. The same set of linear regression models was used
substituting maternal fructose and SSB + J consumption at 1
postnatal month with maternal fructose and SSB + J consumption
at 6 postnatal months.

In addition, we conducted exploratory analyses to test
associations of other explanatory variables of interest with infant
cognitive development scores. This was done to help confirm
that maternal fructose from SSB + J consumption in lactation
was associated with infant cognitive development scores, and
not driven or mediated by related factors that could be on
the causal pathway, including maternal whole fruit intake at
1 and 6 postnatal months, and infant fructose and SSB + J
consumption at 24 postnatal months. Analyses were conducted
with SPSS software (version 25; IBM SPSS Statistics). Statistical
significance was set at P < 0.05.

Results

The sample was composed of 88 Hispanic mother—infant pairs
(Supplemental Figure 1). Mothers were 29.9 £+ 6.7 y old at
delivery, had a prepregnancy BMI (kg/m?) of 27.6 + 5.7 and a 1
postnatal month BMI of 29.5 + 5.0, and 69.6% were high-school
graduates. Mothers consumed 1656 + 470 kcal/d, of which
22.6% was total sugar and 13.4% was added sugar. Mothers
also consumed 21.8 4 12 g fructose/d and 2.5 £ 2.6 servings
SSB + J/d at 1 postnatal month. There was a positive association
between maternal fructose consumption and maternal SSB + J
intake at 1 postnatal month (B = 2.83; 95% CI = 2.21, 3.45;
P < 0.01), because maternal fructose in the diet was likely derived
from maternal SSB + J intake during early lactation. There were
no differences in reported intake at 6 postnatal months (all P
values > 0.10). This indicated that maternal consumption of
kilocalories, fructose, and SSBs + J were consistent over time. In
contrast, mothers reported a decrease in breastfeeding frequency
from 1 to 6 postnatal months (6.9 & 2.1 compared with 3.6 &= 3.3
breastfeedings/d; P < 0.01).

Berger et al.

Characteristics of the mother—infant dyads grouped by ma-
ternal prepregnancy BMI status are shown in Table 1. The
percentages of mothers classified as normal weight, overweight,
and obese were 31.8%, 38.6%, and 29.6%. Mean values of
maternal kilocalories, fructose, and SSBs + J did not differ
between groups, nor did mean values of infant age, sex,
birthweight, or breastfeedings per day and other dietary variables.
Similar to findings reported in Berger et al. (23), infant cognitive
development scores were lower in those born to mothers
classified as obese (P < 0.01).

Coefficients from linear regression models are presented
in Table 2. Maternal fructose consumption at 1 postnatal month
was negatively associated with infant cognitive development
scores at 24 postnatal months in the unadjusted model (model
I) (B =—0.06; 95% CI = —0.10, —0.02; P < 0.01) and adjusted
model that controlled for maternal age, prepregnancy BMI,
education level, kilocalories, infant age, sex, and birthweight
(model 1I) (B = —0.08; 95% CI = —0.13, —0.03; P < 0.01).
The association of maternal fructose consumption at 1 postnatal
month with infant cognitive development scores was no longer
significant when maternal SSB + J intake at 1 postnatal month
was added to the model (model III) (B = —0.05; 95% CI =
—0.10, 0.00; P = 0.07), whereas the association of maternal
SSB + J intake at 1 postnatal month with infant cognitive
development scores was significant (B = —0.29; 95% CI =
—0.52, —0.05; P = 0.02) (Figure 1). In contrast, maternal
fructose consumption at 6 postnatal months was not associated
with infant cognitive development scores in the unadjusted model
or adjusted model (B = —0.05;95% CI = —0.10, 0.01; P =0.09),
nor was maternal SSB + J intake at 6 postnatal months (B = 0.05;
95% CI = —0.32,0.43; P = 0.78).

In a separate set of linear regression analyses, we found that
other explanatory variables of interest were not associated with
infant cognitive development scores at 24 postnatal months.
Maternal whole fruit consumption at 1 postnatal month (B =
0.20; 95% CI = —0.15, 0.54; P = 0.26) and 6 postnatal months
(B = —0.01; 95% CI = —0.40, 0.38; P = 0.95) were not
associated with infant cognitive development scores. Moreover,
infant fructose (B = —0.05;95% CI = —0.12,0.03; P =0.22) and
SSB + J intake (B = —0.35; 95% CI = —0.82, 0.12; P = 0.14)
at 24 postnatal months were not associated with infant cognitive
development scores.

Discussion

In this study of Hispanic mothers, we found that maternal fruc-
tose consumption at 1 postnatal month correlated inversely with
infant neurodevelopmental outcomes at 24 postnatal months. We
also found that maternal SSB + J intake at 1 postnatal month
partially accounted for the association between maternal fructose
consumption and infant outcomes. Maternal SSB + J intake
was therefore determined to be the source of maternal fructose
intake responsible for the effect on infant neurodevelopmental
outcomes, and not maternal whole fruits. In contrast, maternal
fructose and SSB + J consumption at 6 postnatal months and
infant fructose and SSB + J intake at 24 postnatal months were
not associated with infant cognition. This suggests the presence
of a critical window of vulnerability during early lactation when
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TABLE 1 Characteristics of the Hispanic mother—infant pairs'

Maternal prepregnancy BMI group

Characteristic Total Normal Overweight Obese P?
n 88 28 34 26
Mothers
Age at delivery, y 299 + 6.7 295 £ 6.7 293 £ 6.9 312 £ 6.6 0.36
Prepregnancy BMI, kg/m? 27.6 £ 5.7 216 £ 1.5 275 £ 13 347 £ 4.2 <0.01
BMI at 1 mo 295 £ 50 249 £ 29 294 £ 22 346 + 44 <0.01
Education level,® % 0.26
Less than eighth grade 7.8 34 14.3 5.3
Completed eighth grade 2.9 0.0 5.7 2.7
Some high school 19.6 22.0 17.1 20.0
Completed high school 26.5 30.5 22.9 26.7
Some college 28.4 16.9 28.6 37.3
Completed college 10.3 18.6 8.6 5.3
Completed graduate school 44 8.5 2.9 2.7
Kilocalories per day at 1 mo 1656 £+ 470 1753 £ 508 1595 £ 468 1629 £ 427 0.34
Fructose per day at 1 mo, g 21.8 £ 12 244 £ 11 18.6 &= 9.0 23.1 £ 14 0.84
SSBs + J per day at 1 mo (servings) 25 + 26 2.7 £ 28 21 £ 19 2.8 £ 3.0 0.73
Whole fruits per day at 1 mo (servings) 1.5+ 1.6 20 £ 1.6 12 £ 12 14 £ 19 0.19
Infants
Female,? % 54.1 51.6 57.1 532 0.80
Age, d 730 £ 42 724 + 72 734 + 10 731 £ 9.3 0.55
Birthweight, kg 34 £ 04 34+ 04 34+ 04 34 £ 04 0.97
Breast feedings per day at 1 mo (number) 6.9 £ 2.1 75 £ 12 6.6 £ 2.2 6.6 £ 2.6 0.12
Breast feedings per day at 6 mo (number) 3.6 £33 39 £ 34 32 £ 35 39 £+ 3.1 0.99
Kilocalories per day at 24 mo 1097 + 335 1098 + 346 1154 + 288 1020 + 376 0.32
Fructose per day at 24 mo, g 113 £ 69 11.0 £ 7.3 114 £ 7.3 11.6 £ 6.2 0.94
SSBs + J per day at 24 mo (servings) 12+ 14 1.0 £ 1.1 1.1 £ 1.1 1.6 £ 1.9 0.28
Cognitive development at 24 mo (score) 92 £ 24 94 £ 20 10.0 &+ 2.3 79 £ 2.6 0.02

!'Values are mean + SD or %. Normal weight, overweight, and obese groups based on maternal BMI at prepregnancy. SSBs + J, sugar-sweetened

beverages and juice.
2Tests of significance between groups calculated with ANOVA.
3Tests of significance between groups were based on y? test.

maternal nutrition can be most influential in shaping infant
cognitive capacities.

Mothers make mindful decisions about when and how much to
feed their infants (26-28). Mothers are less aware, however, that
their own nutritional intake also affects their infant’s nutritional

status, both during pregnancy and lactation. Indeed, others
have examined maternal fructose consumption in pregnancy and
cognitive capacities in childhood. Cohen et al. (5) found that there
was no association of maternal fructose intake during gestation
with intelligence test scores at age 7 y, but that maternal SSB

TABLE 2 Associations of maternal fructose consumption at 1 postnatal month with infant cognitive development scores at 24 postnatal months'

Model I Model 1T Model IIT
2 =0.10 =024 2 =030
B 95% CI P B 95% CI P B 95% CI P

Fructose per day at 1 mo —0.06 —-0.10,—0.02 <0.01 —0.08 —0.13,-0.03 <0.01 —0.05 —0.10, 0.00 0.07
SSBs + J per day at 1 mo — — — — -029 —-0.52,-0.05 0.02
Kilocalories per day at 1 mo — — 0.00 0.00, 0.00 0.69 0.00 0.00, 0.00 0.56
Age at delivery — — —0.01 —0.09, 0.07 0.82 —0.02 —0.10, 0.05 0.55
Prepregnancy BMI — — —-0.13 -0.21, -0.04 <0.01 -0.13 -0.21, —-0.05 <0.01
Education level — — 0.32 —0.04, 0.68 0.08 0.29 —0.06, 0.64 0.11
Infant sex — — —0.27 —1.25,0.72 0.59 —0.36 —1.31,0.59 0.45
Infant age — — —0.02 —0.07, 0.03 0.41 —0.01 —0.06, 0.03 0.56
Infant birthweight — — —-0.22 —1.40, 0.96 0.71 —0.27 —1.42,0.88 0.65

ILinear regression analyses were conducted to obtain unstandardized (B) coefficients, 95% Cls, and P values. Model I includes only maternal fructose
consumption at 1 postnatal month as an exposure variable; model II includes maternal age, prepregnancy BMI, education level, kilocalories, infant age, sex,
and birthweight as covariates; model III includes maternal SSBs + J at 1 postnatal month as an additional exposure variable (n = 88). SSBs + J,

sugar-sweetened beverages and juice.
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Maternal fructose per day,
1-postnatal month

B =2.83; P<0.01

Maternal SSB/J per day,
1-postnatal month

Berger et al.

maternal age, prepregnancy
BMI, education level, kilocalories,
infant age, sex, birthweight

Infant cognitive development,
24-postnatal months

FIGURE 1 Model of the pathway from maternal fructose consumption at 1 postnatal month to infant cognitive development scores at 24 postnatal months
after adjustment for maternal SSBs + J and covariates. Unstandardized (B) coefficients and P values are presented, and were obtained using linear regression

analyses (n = 88). SSBs + J, sugar-sweetened beverages and juice.

intake correlated inversely with cognitive outcomes in children.
In contrast, our results are to our knowledge, the first to reveal
that maternal fructose consumption during lactation correlated
inversely with neurodevelopmental outcomes at 24 postnatal
months, and that this association was attributed to maternal
SSB + J intake. That is, the link between maternal fructose
consumption and infant neurodevelopmental outcomes in our
cohort was maternal SSBs + J, and not maternal whole fruits.
Maternal SSBs + J are a source of free fructose, whereas whole
fruits contain fructose bound to fiber and in lower amounts.
We posit that free fructose can be more detrimental to infant
neurodevelopmental outcomes than fructose bound to fiber due
to differences in the rate of metabolism and potential for adverse
health events (5, 29, 30).

There are several differences between the described studies
that could explain inconsistent observations. These include
timing and duration of exposure to maternal nutrition, mode of
transmission to infant, and age at cognitive assessment. Cohen
et al. (5) measured maternal fructose consumption and SSBs
separate from juice during pregnancy. The authors therefore
hypothesized that exposure to maternal nutrition in utero was
what influenced cognitive outcomes in children. In contrast,
the present study measured maternal fructose consumption and
SSBs with juice during lactation. We posit that exposure to
maternal nutrition through breast milk was what influenced
outcomes in infants (14, 15). This premise is bolstered by
our finding that infant SSB + J intake was not associated
with cognitive development, which lends support to a direct
influence of maternal SSBs + J. However, this is speculative,
because maternal fructose and SSB 4+ J consumption could
have also persisted from pregnancy to lactation. We are not
able to distinguish between pre- and postnatal effects on infant

neurodevelopmental outcomes, and acknowledge the potential
for a cumulative effect.

These new findings build on our prior work. We previously
found that maternal SSB consumption in lactation increased
fructose in breast milk within 3 h, and concentrations remained
elevated for 5 h (14). It is conceivable that mothers who are
habitual consumers of SSBs + J are at risk of elevated fructose in
breast milk before and during breastfeeds, because SSBs tend to
be made with HFCS (a mixture of free fructose and free glucose),
and juice is a natural source of free fructose that contains more
of this simple sugar than a commercial soft drink (31). Moreover,
we previously found that fructose in breast milk was positively
associated with infant somatic growth, including weight, fat
mass, and lean mass, in an apparently healthy cohort of infants
born at term (15). Because infants tend to feed every 2 to 3 h in
the first postnatal month (26), they are well within the window for
multiple exposures to fructose from breast milk, the likely result
of maternal SSB + J consumption (14).

Though this is a concern for infant somatic growth, it could be
an even greater concern for brain development, with the potential
for lasting effects. Early postnatal life is a critical period for
neural circuit formation (32). Construction and use of new brain
circuits creates a high metabolic demand that requires a continual
drawing from the available pool of nutrients in breast milk
(33, 34). This pool can be compromised with transmission
of fructose from the maternal diet, which is likely derived
from maternal SSB + J consumption (17-19). This premise
is strengthened by our findings: /) maternal fructose and
SSB + J intakes were similar at 1 and 6 postnatal months; 2)
breastfeedings per day decreased from 1 to 6 postnatal months;
and 3) maternal fructose and SSB + J consumption at 1 postnatal
month correlated inversely with infant neurodevelopmental
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outcomes in our models, whereas maternal fructose and SSB + J
consumption at 6 postnatal months were not associated.

Animal studies have shown that early exposure to a fructose-
sweetened solution (similar to SSB + J) can interfere in
systems that support early neural circuit formation. Rodents fed
a fructose-sweetened solution had increased oxidative stress,
increased advanced glycation end products, and decreased
antioxidant enzymes in the frontal cortex (18). Animals exposed
to a fructose-sweetened solution also had decreased brain-derived
neurotrophic factor, a protein that supports brain development
and circuit formation (18, 20). Moreover, rodents fed a fructose-
sweetened solution had increased mediators of inflammation,
including IL-6 and IL-18 in the hippocampus (17, 19). These
studies suggest that fructose alters the development of neural
systems that support cognitive development (18, 21). These
findings also indicate that the source of fructose (as free fructose
in solution) is important. This is in line with our findings that the
link between maternal fructose consumption and infant outcomes
was maternal SSB + J consumption and not whole fruits.

This study has several limitations. The prospective obser-
vational design cannot be used to establish causality, and
randomized controlled trials that manipulate maternal SSB + J
consumption would be required to yield that level of causal infer-
ence. Though multiple covariates were carefully adjusted for in
our analyses, residual confounding caused by unmeasured factors
could exist. Information regarding maternal and infant nutrition
was based on self-report, not direct observation/measurement.
We did not assess maternal intake in pregnancy, and we
cannot determine whether intrauterine exposure influenced infant
outcomes. We did not assess concentrations of simple sugars
in breast milk (e.g., fructose), and so we cannot be certain
that exposure through breastfeeds influenced infant outcomes.
Our findings are also limited to a relatively small sample
of Hispanic mothers and infants in the Southwestern United
States; differences in built environment, food choice, and other
characteristics might limit generalizability of overall findings
(22, 23).

In conclusion, our findings revealed that maternal fructose
consumption at 1 postnatal month correlated inversely with
infant cognitive development at 24 postnatal months, and this
was partially attributed to maternal SSB + J consumption at 1
postnatal month. The absence of the same significant associations
at 6 postnatal months raises 2 potential hypotheses: ) there is a
diminished influence of maternal SSB + J consumption on infant
brain development as breastfeeding frequency decreases and in
turn the extent to which infants are exposed to maternal fructose
consumption transmitted through breast milk; and 2) there is
a window of temporal vulnerability when maternal nutrition
during lactation can pose a risk to infant brain development.
Although there is ample evidence that breast milk is beneficial
for infant brain development (23, 35), our data indicate that
this can be compromised when mothers eat a lower-quality diet
during lactation that is high in free fructose from SSBs + J. Our
findings can be used to guide interventions to improve maternal
nutrition to better complement the timing of breastfeeds and
thereby optimize infant cognitive capacities.
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