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Abstract: We investigated the associations between maternal dietary patterns during pregnancy and
early childhood growth trajectories and overweight/obesity risk in offspring. Maternal diet was
assessed using a food frequency questionnaire during the second trimester, and dietary patterns
were derived by reduced rank regression. The associations between maternal dietary pattern scores
and body mass index (BMI) trajectories from birth to age four (rising-high, moderate, and low BMI
trajectories) as well as overweight/obesity risk at age four were analyzed (n = 1257). Two maternal
dietary patterns were identified. The fast food pattern included a higher intake of fried chicken and
fish, fruit juices, mayonnaise, and sugar-sweetened beverages, while the processed food pattern
included a higher intake of dairy, salad dressing, processed meat, and cold breakfast cereal. Women
with greater adherence to the fast food pattern were more likely to have children in the rising-high
BMI trajectory group [OR (95% CI) = 1.32 (1.07–1.62); p = 0.008] or having overweight/obesity at
age four [OR (95% CI) = 1.31 (1.11–1.54); p = 0.001]. The processed food pattern was not associated
with these outcomes. The maternal dietary pattern during pregnancy represented by fried foods and
sugar-sweetened beverages may contribute to rapid early childhood growth and increased risk for
obesity in offspring.
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1. Introduction

Childhood obesity continues to be a major public health concern in the US. According to national
data, one-third of children and adolescents aged 2–19 years were overweight (16.6%) or obese (18.5%) in
2015–2016 [1]. Children who are overweight or obese are not only more likely to be overweight or obese
as adults [2–4], but also have increased risk for type 2 diabetes [5,6], cardiovascular disease [7,8], and
psychological or behavioral consequences, such as anxiety, depression, stress, and social withdrawal [9].
Childhood obesity has imposed a heavy economic burden on the health care system [10–12]. Identifying
the early risk factors of childhood obesity will guide prevention efforts to reduce this burden and
promote long-term health.

According to the Developmental Origins of Health and Disease (DOHaD) hypothesis, changes
in the intrauterine environment at critical/sensitive periods of the developmental process could have
irreversible, lifelong consequences in offspring metabolism [13]. Maternal diet during pregnancy is
the primary source of energy for the fetus [14] and supplies key nutrients for fetal development [15].
Previous studies have provided some evidence that intake of individual foods or nutrients during
pregnancy, such as refined grains [16] and n-6 polyunsaturated fatty acid [17], impacts childhood
obesity risk. However, foods and nutrients are not consumed in isolation, but rather these components
of the whole diet may form complex synergy and interaction effects [18]. Indeed, dietary pattern
analysis has emerged as an alternative approach to investigate the effects of overall diet on the risk of
disease, helping to deliver a clearer public health message regarding how individuals might improve
their diets [18].

Very few studies have examined the associations of maternal dietary patterns during pregnancy
and childhood growth and obesity risk, and results across these prior studies are inconsistent [19–22].
For example, an Irish birth cohort identified a mother’s processed food pattern, enriched with pizza,
processed meat, chips, and roast potatoes, was positively associated with offspring being overweight
and obese at age 5 [20]. A recent Asian study also identified a vegetable, fruit, and white rice pattern
that was associated with lower offspring triceps skinfold from birth through 54 months of age [22].
In contrast, the Generation R study, a Dutch cohort, found that a vegetable, fish, and vegetable
oil dietary pattern, a high-fiber cereals dietary pattern and a margarine, snacks and sugar dietary
pattern were not associated with BMI, fat mass index, and risk of being overweight at age 6 after
adjustment for sociodemographic and lifestyle factors [19]. However, a birth cohort of 389 mother-child
pairs (91.5% nonblack and 8.5% black) in the US couldn’t identify any significant maternal dietary
patterns during pregnancy associated with child growth outcomes in the first three years of life after
adjustment for confounding factors [21]. The aim of this study was to identify maternal dietary
patterns during pregnancy which were associated with offspring growth trajectories derived from the
repeated measurement of child body size conducted annually from birth to age four years as well as
overweight/obesity risk at age four. Furthermore, our large-scale birth cohort includes a sufficient
number of black and white mother-child dyads to explore race-specific links between maternal diet
and childhood growth outcomes.

2. Materials and Methods

2.1. Study Subjects

All mothers and children in this analysis were participants in the Conditions Affecting
Neurocognitive Development and Learning in Early Childhood (CANDLE) study, a prospective
birth cohort of mother-child dyads in Shelby County, Tennessee [23–25]. Briefly, 1503 healthy women
aged 16–40 years and in their second trimester of a singleton pregnancy were enrolled between 2006 and
2011. Exclusion criteria included an existing chronic disease requiring medication (e.g., hypertension,
diabetes, and sickle cell disease), known pregnancy complications (e.g., complete placenta previa
and oligohydramnios), or plans to deliver at a nonparticipating hospital [24]. This study included
1257 CANDLE mother-child pairs with available maternal dietary data, of whom 820 mothers were
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black (65.2%) and 437 were white (34.8%). The CANDLE study was conducted in accordance with the
Helsinki Declaration and approved by the Institutional Review Board of The University of Tennessee
Health Science Center. Informed consent was given by participants 18 years or older, while assent was
given by those less than 18 years and consent provided by their legally authorized representative prior
to enrollment.

2.2. Maternal Measures

Self-administered questionnaires were used to collect sociodemographic information (age,
race/ethnicity, education, insurance type, and marital status), lifestyle (cigarette smoking and alcohol
use during pregnancy), parity, and medical history at enrollment. Self-reported height and weight
prior to pregnancy were collected at enrollment and used to calculate pre-pregnancy BMI (pBMI) as
weight (in kilograms) divided by the square of height (in meters). Gestational weight gain (GWG)
was calculated by subtracting self-reported pre-pregnancy weight from maternal weight at delivery
extracted from medical records. Gestational diabetes was assessed at clinical visits during second and
third trimesters and at delivery.

2.3. Maternal Dietary Assessment during Pregnancy

The Block Food Frequency Questionnaire (FFQ) was administered by interview at enrollment
(the second trimester) to assess usual intake of 111 food and beverage items during the previous three
months. The Block FFQ has been shown to be a valid and reliable instrument to rank individuals
according to dietary and nutrient intake [26]. Interviewers were trained by registered dietitians and
re-certified by a registered dietitian based on a taped interview every six months to estimate the
frequency and quantity of intake. The FFQ was processed by NutritionQuest (Berkeley, CA, USA)
to assess macro and micronutrient intake. The 111 food items were categorized into 36 pre-defined
food groups that were based on similarities in nutrient composition, culinary, or consumption habits.
An overview of these predefined food groups and the corresponding food items derived from the FFQ
are shown in Table S1. Energy-adjusted serving data for each of the food groups were used for dietary
pattern analyses.

2.4. Maternal Dietary Pattern Analysis

We used the reduced rank regression (RRR) method to identify maternal dietary patterns during
pregnancy [27]. The RRR method identifies linear functions of food groups (dietary patterns) explaining
most of the variation in intermediate response variables, which are preselected by investigators and
believed to be related to the outcome of interest [28]. Therefore, the RRR method is more likely to
identify dietary patterns that are associated with outcomes of interest, rather than breaking down the
study population by all the possible dietary patterns among the studied subjects. The number of dietary
patterns derived by the RRR method is equal to the number of selected intermediate response variables.
In this study, maternal pBMI and GWG were selected as the intermediate response variables based on
the evidence of their associations with child growth trajectories and obesity risk from previous studies,
including our prior study [29–32]. It was also based on the biological plausibility that maternal weight
and weight gain during pregnancy might mediate the effects of maternal diet on fetal development
and growth outcomes after birth. In a certain dietary pattern derived from the RRR method, a factor
loading was calculated for each food group, indicating the direction and strength of correlation with
the dietary pattern. Food groups with factor loadings ≥0.2 were considered the major foods associated
with the dietary pattern [33–36]. We named each dietary pattern based on these major foods and their
overlapping with previously reported dietary patterns to facilitate description. Once these patterns
were identified, a continuous dietary pattern score was calculated by summing up the servings intake
of each food group multiplied by its factor loading for each mother to indicate that participant’s
adherence to a certain dietary pattern, with a higher pattern score indicating greater adherence to a
dietary pattern.
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2.5. Child Measures

Birth weight and length of the children were extracted from medical charts by research
assistants [37]. The body weight and length/height were also measured at each annual visit until
4 years old using the methods guided by the National Health and Nutrition Examination Survey
protocol [38]. Body weight was measured using a digital scale. Recumbent length was obtained at the
year 1 visit and standing height was obtained for those 2 years or older. The sex- and age-specific BMI
z-score and percentile for each child were calculated based on the World Health Organization growth
standards (<2 years) and the Center for Disease Control and Prevention (CDC) growth charts (≥2 years)
as recommended by CDC [39]. Three BMI z-score trajectories (rising-high, moderate, and low BMI)
among the CANDLE children were identified using the latent class growth modeling approach in our
previous study (Figure S1) [29]. Briefly, the rising-high BMI trajectory group started from an average
birth size followed by a rapid BMI gain during the first year and stable high BMI until four years old;
the moderate-BMI trajectory group characterized by an average size at birth followed by a moderate
BMI z-score gain rate; and the low-BMI trajectory group exhibited relatively lower birth size and
rapid BMI gain during the first year and stayed at a relatively lower but normal BMI level until four
years old [29]. Childhood overweight and obesity at age 4 was defined according to CDC criteria [40].
Overweight was defined as a BMI at or above the 85th percentile and below the 95th percentile for
children of the same age and sex. Obesity was defined as a BMI at or above the 95th percentile for
children of the same age and sex.

2.6. Child Dietary Assessment

The information of breastfeeding was collected at the 4-week home visit as well as 1- and 4-year
clinic visits by asking the question “Did you breastfeed your child?”. In addition, a 24-h dietary recall
for the child including food and beverage consumed was administered every 3 months from birth
to 1 year and every 6 months afterword until 3 years old. All the 24-h dietary recall data have been
processed using Nutrition Data System for Research software (http://www.ncc.umn.edu/products/) to
yield energy, macro, and micronutrient intakes. These repeated measurements were used to generate
energy intake trajectories during early childhood using the latent class growth modeling approach.
Different energy intake trajectories were observed among the children of black (three trajectory groups)
and white (two trajectory groups) mothers of CANDLE (Figure S2).

2.7. Statistical Analysis

Descriptive statistical analysis was conducted to assess clinical characteristics of the overall
sample as well as according to the quartiles of the fast food dietary pattern score. Multinomial logistic
regression models were used to examine the associations of mothers’ dietary pattern scores with child
growth trajectories (three categories) and overweight or obesity risk at age 4. Two regression models
were constructed. The first one included potential confounding factors, including maternal age, race,
education, insurance type, marital status, total energy intake, alcohol intake and smoking during
pregnancy, parity, and gestational diabetes and child sex. Considering maternal gestational diabetes
and children’s birth weight, gestational age at birth, breastfed status, and energy intake trajectories
might mediate the effects of prenatal dietary patterns on childhood outcomes, we further included
these variables in the second regression model and conducted mediation analyses for these variables
using the R package “mediation” [41]. The interaction terms of dietary pattern scores with maternal
race were added in regression models to examine the potential differences in the associations between
dietary patterns and childhood outcomes between blacks and whites. Since the fast food dietary
pattern was significantly associated childhood outcomes of interest in the aforementioned methods,
logistic regression models were further used to calculate the children’s ORs of being in the low BMI
and rising-high BMI trajectories as well as being overweight/obese at age 4 for the 2nd, 3rd, and 4th
quartiles of the fast food pattern score as compared with the lowest quartile. Both SAS (Version 9.4;

http://www.ncc.umn.edu/products/
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SAS Institute, Cary, CA, USA) and R (Version 3.6.1; https://www.r-project.org/) were used for the data
analysis. All statistical tests were 2-sided, and a p-value < 0.05 was considered statistically significant.

3. Results

3.1. Identified Dietary Patterns in CANDLE

Using the RRR method with maternal pBMI and GWG as intermediate response variables,
we identified two maternal dietary patterns, the fast food pattern and the processed food pattern
(Table 1). The fast food pattern included higher intakes of food groups such as fried chicken and fish,
fruit juices, mayonnaise (as well as margarine and butter), and sugar-sweetened beverages (factor
loadings ≥0.20). The processed food pattern included higher intakes of food groups such as dairy,
salad dressing, processed meat, cold breakfast cereal, canned fruit, and French fries (factor loadings
≥0.20). Details of the consumption of the 36 food groups across the quartiles of the two dietary pattern
scores are listed in the Tables S2 and S3.

Table 1. Factor loadings of major food groups associated with the fast food and processed food patterns a.

Food Group Fast Food Pattern Processed Food Pattern

Fried chicken and fish 0.45
Fruit juices 0.22

Mayonnaise (as well as margarine and butter) 0.21
Sugar-sweetened beverages 0.21

Cold breakfast cereal 0.26
Dairy 0.38

Salad dressing 0.35
Processed meat 0.31

Canned fruit 0.25
French fries 0.24

a Food groups with a factor loading ≥0.2 are considered to have a strong positive association with a dietary pattern.

3.2. Study Participant Characteristics

Study participant characteristics according to the quartiles of the fast food pattern score are shown
in Table 2. With increasing adherence to the fast food pattern score, mothers were more likely to be
black, single, Medicaid or Medicare-insured, and multiparous, and had less education and higher
pBMI levels. Children of the mothers with greater adherence to the fast food pattern were less likely to
be breastfed, but more likely to be obese at age four.

3.3. Associations of Prenatal Dietary Patterns with Childhood Outcomes

After adjusting for potential confounders, a higher maternal fast food pattern score was significantly
associated with a greater risk of being in the rising-high BMI trajectory among children (Table 3).
In addition, the maternal fast food pattern score was also positively associated with the risk of
overweight and obesity in children at age 4. However, the maternal processed food pattern score was
not significantly associated with these childhood outcomes. The effects of these two maternal dietary
patterns during pregnancy on the studied childhood outcomes were not different by race (all P values
for the interaction terms of race and dietary patterns >0.05) (Table 3). Gestational diabetes, birth weight,
gestational age at birth, breastfed, and childhood energy intake trajectories did not mediate the effect
of maternal fast food pattern on the childhood growth trajectories and obesity risk (Table S4). Further
including these variables in the regression models didn’t significantly change the associations between
maternal dietary patterns and childhood outcomes (Table 3). The fast food pattern was associated with
higher intakes of fat and lower intakes of important micronutrients for fetal development (e.g., vitamin
D, zinc, and folic acid) (Table S5).

https://www.r-project.org/
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Table 2. Characteristics of the CANDLE mothers and children overall and according to quartiles of the fast food pattern score.

Characteristic All Q1 (−5.3~−0.5) Q2 (−0.5~0) Q3 (0~0.6) Q4 (0.6~5.0) p Value a

n 1257 314 314 314 315
Maternal
Age, years 26.3 ± 5.4 26.4 ± 5.8 26.3 ± 5.2 26.5 ± 5.3 25.9 ± 5.3 0.33
Black, % 65.2 59.9 51.9 66.6 82.5 <0.001
Education (≤12 years), % 57.6 56.7 51.9 52.4 69.2 0.002
Marital status (single), % 41.2 37.9 34.7 40.8 51.4 <0.001
Insurance (Medicaid or Medicare), % 57.0 52.9 50.3 53.8 70.8 <0.001
Smoking during pregnancy, % 9.2 7.6 11.8 8.6 8.9 0.94
Alcohol drinking during pregnancy, % 8.8 13.7 7.0 5.8 8.6 0.02
Parity (primiparous), % 30.8 29.9 39.2 31.2 22.9 0.01
Pre-pregnancy BMI, kg/m2 27.5 ± 7.5 25.4 ± 6.2 26.6 ± 6.4 28.0 ± 7.3 30.2 ± 8.9 <0.001
Gestational weight gain, kg 14.7 ± 7.3 14.9 ± 6.8 14.6 ± 6.7 14.9 ± 8.2 14.3 ± 7.5 0.41
Gestational diabetes, % 5.7 4.8 5.1 7.1 5.8 0.41
Total energy intake, kcals 2726.4 ± 1666.5 3195.7 ± 1985.6 2223.0 ± 1177.3 2357.2 ± 1484.8 3128.4 ± 1681.6 0.88
Gestational age at enrollment, weeks 23.1 ± 3.0 23.3 ± 3.0 23.1 ± 3.1 23.0 ± 3.1 23.1 ± 2.9 0.52
Child
Gestational age at birth, weeks 38.7 ± 1.9 38.7 ± 2.0 38.8 ± 1.9 38.7 ± 1.9 38.7 ± 1.9 0.79
Male, % 50.8 48.4 49.7 54.8 50.5 0.37
Birth weight, kg 3.2 ± 0.6 3.2 ± 0.5 3.3 ± 0.6 3.2 ± 0.6 3.2 ± 0.6 0.53
Birth length, cm 50.1 ± 3.1 50 ± 3.2 50.4 ± 3.0 50.1 ± 3.0 50.1 ± 3.0 0.81
Breastfed, % 66.6 71.5 66.5 68.6 59.9 0.01
BMIz at birth −0.4 ± 1.1 −0.4 ± 1.0 −0.4 ± 1.0 −0.4 ± 1.1 −0.5 ± 1.1 0.22
BMIz at age 1 0.7 ± 1.1 0.7 ± 1.1 0.7 ± 1.1 0.8 ± 1.1 0.8 ± 1.2 0.26
BMIz at age 2 0.3 ± 1.2 0.2 ± 1.1 0.3 ± 1.3 0.4 ± 1.3 0.2 ± 1.2 0.67
BMIz at age 3 0.3 ± 1.3 0.3 ± 1.2 0.3 ± 1.3 0.3 ± 1.2 0.3 ± 1.4 0.74
BMIz at age 4 0.5 ± 1.1 0.4 ± 1.1 0.5 ± 1.0 0.6 ± 1.2 0.6 ± 1.3 0.04
Rising-high BMI trajectory, % 12.6 8.6 13.1 13.7 14.9 0.02
Overweight at age 4, % 14.1 12.7 14.3 12.0 16.9 0.29
Obesity at age 4, % 16.4 12.7 13.4 22.2 17.7 0.03
Overweight/obesity at age 4, % 30.5 25.4 27.7 34.3 34.5 0.01

BMI, body mass index; BMIz, sex-specific BMI-for-age z score. a P For trend tests across quartiles.
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Table 3. Associations between maternal fast food pattern and processed food pattern scores during pregnancy and children’s growth trajectories and overweight/obesity
risk at age 4.

Childhood Outcome
Fast Food Pattern Processed Food Pattern

OR (95% CI) a p Value pint Value b OR (95% CI) a p Value pint Valueb

Model 1 c

Low vs. moderate BMI trajectory 1.04 (0.91–1.19) 0.58 0.06 0.91 (0.78–1.06) 0.21 0.82
Rising-high vs. moderate BMI trajectory 1.31 (1.08–1.58) 0.006 0.85 1.04 (0.85–1.28) 0.68 0.98
Overweight vs. normal weight 1.27 (1.04–1.55) 0.02 0.37 1.08 (0.88–1.33) 0.47 0.76
Obesity vs. normal weight 1.24 (1.03–1.50) 0.03 0.53 1.12 (0.93–1.36) 0.23 0.61
Overweight/obesity vs. normal weight 1.25 (1.08–1.46) 0.004 0.89 1.10 (0.94–1.28) 0.23 0.90

Model 2 d

Low vs. moderate BMI trajectory 1.02 (0.88–1.19) 0.79 0.09 1.05 (0.88–1.26) 0.58 0.70
Rising-high vs. moderate BMI trajectory 1.32 (1.07–1.62) 0.008 0.70 0.99 (0.80–1.23) 0.91 0.89
Overweight vs. normal weight 1.31 (1.06–1.61) 0.01 0.23 1.01 (0.81–1.26) 0.92 0.75
Obesity vs. normal weight 1.30 (1.06–1.61) 0.01 0.82 1.08 (0.88–1.33) 0.47 0.48
Overweight/obesity vs. normal weight 1.31 (1.11–1.54) 0.001 0.52 1.04 (0.88–1.24) 0.61 0.80

BMI, body mass index; SE, standard error. a Associated with a unit increase in the dietary pattern score. b P value for the interaction between the dietary pattern score and maternal race. c

Adjusted for maternal age, race, education, insurance type, marital status, total energy intake, alcohol intake and smoking during pregnancy, parity, and child sex. d Further adjusted for
gestational diabetes, gestational age at birth, birthweight, breastfed status, and childhood energy intake trajectory in addition to the covariables included in Model 1.
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Figure 1 shows the odds ratios (ORs) for the rising-high BMI trajectory and overweight/obesity
in children according to the fast food pattern score quartiles in mothers. Compared with children of
mothers who were in the lowest quartile of the fast food pattern score, those of mothers who were in
the highest quartile had increased risk of being in the rising-high BMI trajectory [OR (95% CI): 2.15
(1.23–3.77); p = 0.008] and being overweight or obese at age four [OR (95% CI): 1.57 (1.05–2.36); p =

0.029].
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4. Discussions

In this large-scale prospective birth cohort, we found that greater maternal adherence to a fast
food dietary pattern during pregnancy was significantly associated with increased risk for child
rapid growth after birth and overweight and obesity at age four. These findings further highlight the
important role of maternal diet during pregnancy in child growth and obesity risk.

A limited number of studies have investigated the impact of maternal dietary patterns during
pregnancy on childhood obesity, and the findings are still not conclusive [19–22]. These discrepant
findings may be attributed, perhaps in part, to the variation in study populations and dietary assessment
tools. Food intake varies among different populations, so dietary patterns tend to be population-specific
and vary a lot among studies. In our study, we identified a fast food dietary pattern during pregnancy
associated with child growth trajectories and overweight/obesity risk at age four. These findings
are in line with previous studies reporting a relationship between maternal consumption of these
food groups and offspring growth outcomes [42,43]. For example, the Omega study, a prospective
pregnancy cohort in the US, reported that regular intake of fried fish and fried chicken was associated
with an elevated risk of gestational diabetes [42], which is an established risk factor for childhood
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obesity [44]. In addition, the Generation R study identified a significant positive association between
maternal consumptions of sugar-containing beverages and children’s BMI during early childhood [43].
Additionally, we did not observe significant associations between the maternal processed food pattern
and child growth outcomes, although previous studies have shown some evidence of its impact on
childhood obesity [20,21]. All the reported processed food patterns included processed meat but varied
in other food items. In other words, although these dietary patterns were all called the “processed-food”
pattern in different studies, the food components and contributions varied. For example, the Irish birth
cohort identified a mother’s processed food pattern, enriched with pizza, chips, and roast potatoes
in addition to processed meat which were different from the major food items of the processed-food
pattern we identified. Dietary patterns tend to be population-specific because different populations
may have different culture, eating habits, and food availability. This might explain these inconsistent
findings about the processed food dietary patterns to some extent.

The mechanisms linking maternal fast food diet pattern and childhood obesity are unclear. We
examined the potential mediation effects of gestational diabetes, birth outcomes (birth weight and
gestational age at birth) and feeding practice (breastfeeding and childhood energy intake trajectories)
during early childhood. However, we did not find that these factors mediated the effect of the maternal
fast food dietary pattern on children’s weight gain and obesity risk. The poor nutrient profile of the
fast food dietary pattern, which includes high fat and sugar content and low micronutrients essential
during pregnancy, may have direct impacts on placental and fetal growth and metabolism, leading to
adverse postnatal outcomes in offspring [40]. On the other hand, the fast food dietary pattern was
significantly associated with maternal obesity. Metabolic changes caused by obesity in the mother may
influence fetal programming and the development of obesity in offspring. Animal studies have shown
that prenatal overnutrition (e.g., high-fat diet) results in substantial changes in the development of the
central appetitive structures, mainly the hypothalamic neural network [45,46], as well as epigenetic
changes in adiponectin and leptin gene expression in offspring which are both adipocytokines and
influence insulin sensitivity and the development of metabolic diseases [47]. It also has been reported
that a maternal “junk food” diet during pregnancy promotes an exacerbated taste for junk food and
leads to a greater propensity for obesity in offspring [48,49].

Our study also has several strengths. First, the longitudinal birth cohort with repeated
anthropometric measure in children enabled us to prospectively examine the effects of maternal
dietary patterns during pregnancy on child growth trajectories, which have been shown to be more
predictive for obesity later in life than a single growth measurement [50]. In addition, no previous
studies were able to examine the associations between dietary patterns and child growth trajectories.
Second, a validated FFQ was used to assess maternal dietary intakes during early pregnancy and
enabled dietary pattern analysis. Third, child diet and nutrition change dramatically during infancy
and early childhood. Although we could not evaluate children’s dietary patterns from birth to age
four, the trajectory analysis of energy intake using the repeated 24-h dietary records collected from the
CANDLE children enabled a comprehensive assessment of childhood energy intake over time. This
allowed the control for children’s dietary factors to a certain extent when testing the effects of prenatal
dietary patterns on childhood fast growth and obesity risk. Finally, the inclusion of both black and
white women enabled the generalization of study findings to understudied populations as well as
the examination of potential racial disparities in the associations of interest. However, our study did
have some limitations. We only conducted the FFQ once during pregnancy, which may not capture
the changes in dietary intakes during the entire pregnancy. In addition, we did not collect mothers’
physical activity during pregnancy, which may be another confounding factor. However, the variation
of physical activity is very likely to decrease because of reduced physical activity during pregnancy,
which may diminish its confounding effect [51–53].
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5. Conclusions

In conclusion, we identified a maternal fast food dietary pattern associated with increased risk for
early childhood rapid weight gain and overweight/obesity risk in both black and white populations.
Reducing fried food and sugar-sweetened beverage intake during pregnancy may provide an effective
approach for reducing the continuing high burden of childhood obesity in the US.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/2/465/s1,
Figure S1: BMI-z-score trajectories among the CANDLE children; Figure S2: Early childhood energy intake
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