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Abstract: Despite increased interest in promoting nutrition during pregnancy, the
association between maternal dietary patterns and birth outcomes has been equivocal.
We examined maternal dietary patterns during pregnancy as a determinant of offspring’s
birth weight-for-length (WLZ), weight-for-age (WAZ), length-for-age (LAZ), and head
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circumference (HCZ) Z-scores in Southern United States (n = 1151). Maternal diet during
pregnancy was assessed by seven dietary patterns. Multivariable linear regression models
described the association of WLZ, WAZ, LAZ, and HCZ with diet patterns controlling for
other maternal and child characteristics. In bivariate analyses, WAZ and HCZ were
significantly lower for processed and processed-Southern compared to healthy dietary
patterns, whereas LAZ was significantly higher for these patterns. In the multivariate
models, mothers who consumed a healthy-processed dietary pattern had children with
significantly higher HCZ compared to the ones who consumed a healthy dietary pattern
(HCZ β: 0.36; p = 0.019). No other dietary pattern was significantly associated with any of
the birth outcomes. Instead, the major outcome determinants were: African American race,
pre-pregnancy BMI, and gestational weight gain. These findings justify further investigation
about socio-environmental and genetic factors related to race and birth outcomes in
this population.
Keywords: nutrition; pregnancy; birth weight; birth length; birth head circumference;
African American; diet patterns

1. Introduction
Pregnancy is a critical period for the offspring’s metabolic development [1]. Inadequate maternal
nutrient or energy intake during pregnancy is thought to lead to low birth size [2–4], a risk factor for
infant and child mortality and morbidity, and potential risk factor for predisposition to cardiometabolic
diseases later in life [5–8]. In the context of an increasingly energy-dense, nutrient-poor food
environment in the US [9–11], there is increased interest in the promotion of nutrient-rich diets during
pregnancy, with emphasis on iron-rich foods, folic acid, calcium-rich foods, and plenty of fruits and
vegetables [12,13]. Dietary patterns are a way to capture the quality of the entire diet consumed by
study populations.
Dietary patterns integrate dietary behaviors of a population through food and nutrient-group analyses.
They are therefore more intuitive to public health nutrition recommendations than analyses that focus on
single nutrients. Dietary patterns consider beneficial or harmful interactions among nutrients in different
foods consumed together, as well as different food sources of the same nutrient [14]. The two most
common approaches to study dietary patterns are a priori and a posteriori approaches [15]. The first one
establishes a priori scores of foods and nutrients based on a hypothesis (e.g., adherence to the
Mediterranean Diet Score [16], the Healthy Eating Index [17,18] or a score for junk food
intake [19]). The second approach is exploratory, usually employing principal component analysis or
factor analysis to generate patterns that maximally explain the variance in food intake in a population,
where the results are data-driven and context-specific. Both approaches have been shown to be
biologically meaningful [20,21]. For example, patterns characterized by a high intake of nutrient-poor,
highly refined foods containing added sugar or unhealthy fats have been associated with biomarkers of
inflammation and increased risk factors for cardiovascular disease, type 2 diabetes, and obesity
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compared to patterns characterized by high intake of lean proteins, vegetables, fruits and whole-grain
cereals [15,22–29].
Few studies have examined the association between pregnancy or preconception dietary patterns and
birth outcomes; most used principal component analysis or factor analysis [21,30–35] and approaches
such as a priori scores [16–19,36–38]. In general, these studies suggest that energy-dense, nutrient-poor
dietary patterns characterized by foods high in saturated and trans fats, refined sugar, or sodium are
negatively associated with birth size outcomes [30,31,34,35,39], and that patterns characterized with
nutrient-rich foods such as fruits, vegetables, and whole grains, were positively associated with birth
size outcomes [30,31,33–35,39]. However, there are some inconsistencies in findings, probably due to
the variation in birth size outcome measures, context of the population and resulting dietary
patterns [31,32,39]. The majority of these studies have been conducted among white European or
European American populations and, to date, no study has examined the association between maternal
dietary patterns and birth size outcomes in a population with a high burden of low birth weight.
Due to the important differences in eating patterns by geography, culture and other context-specific
characteristics of the population, we sought to determine the influence of specific dietary patterns on
birth size outcomes in a diverse, largely black African-American and low-income population residing in
the South of the US. The objective of this study was to examine the extent to which maternal dietary
patterns are associated with offspring size at birth (birth weight, length, and head circumference). Dietary
patterns were used to describe patterns that emerge from the data and display the unique features of that
population which may not be captured by any predefined score. We hypothesized that dietary patterns
characterized by energy-dense, nutrient-poor processed foods that are high in saturated and trans fats,
sodium, and refined sugars would be associated with lower birth weight, length, and head circumference
compared to healthy dietary patterns during pregnancy.
2. Materials and Methods
This analysis was conducted in a pregnancy cohort of 1151 women who were followed from the
second trimester of pregnancy until delivery.
2.1. Setting
The Conditions Affecting Neurocognitive Development and Learning in Early Childhood (CANDLE)
study is a longitudinal cohort study set in Shelby County, the southwestern corner of the state of
Tennessee. Shelby County is largely African-American with mid-level education, and low income status
(<200% poverty level). The CANDLE study aims to investigate the effects of different exposures such
as mother’s prenatal habits and characteristics, home environment and childhood experiences, genetics,
and exposure to potentially harmful substances on the neurocognitive development of children from birth
to age three years. The study was conducted in accordance with the Helsinki Declaration and was
approved and reviewed by the Institutional Review Board of the University of Tennessee Health Science
Center on 17 June 2014 (approval code: 06-08495-FB).
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2.2. Participants
Women were eligible to enroll in the CANDLE study if they were between 16–28 weeks pregnant,
were a resident of Shelby County, had a low medical risk pregnancy, were between the ages of
16–40 years, spoke and understood English, had a single pregnancy and were willing to give consent.
The CANDLE study recruited a total of 1503 pregnant women; 1474 mother-child dyads were
available for follow up after excluding post-consent ineligibilities, pre-delivery withdrawals, and fetal
demises. Of the 1474 participants, 1151 had diet data at the visit between 16–26 weeks, when their diet
was assessed.
2.3. Variables
Outcomes were Z-scores for weight-for-length (WLZ), weight-for-age (WAZ), length-for-age (LAZ),
and head circumference (HCZ). Exposure of interest was the maternal dietary patterns that have been
previously assessed via factor analysis [40]. Independent variables were socio-demographic, behavioral,
and medical history characteristics that would be considered as confounding variables in the association
between pregnancy outcomes and diet.
2.4. Data Sources
Data used for this study were collected during the second trimester and at birth. During the second
trimester, participants completed questionnaires asking about demographics, health status, diet, and
medical history. At birth, research assistants conducted medical chart abstractions for birth outcomes
(weight, length, head circumference).
Diet Instrument: Diet was assessed at enrollment (16–26 weeks of pregnancy) using the Block
2005 food frequency questionnaire (FFQ) that asks consumption of 111 food and drink items during the
previous three months [41–43]. The Block FFQ has been shown to be a valid and reliable instrument to
rank individuals according to dietary and nutrient intake [44]. 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. Nutrient values were obtained from NutritionQuest (Berkeley, CA,
USA). Over and under-reporters of total caloric intake (>5000 kcal per day or <1000 kcal per day) were
excluded (n = 152).
Dietary patterns: Seven dietary patterns were identified previously using exploratory factor analysis
with principal component extraction and varimax rotation method to determine the frequency of
111 food and beverage groups that made up distinct dietary patterns. Volgyi et al. [40] describe these
patterns as: healthy (characterized by high factor loadings of vegetables, fruits, non-fried fish and
chicken, and water); processed (i.e., processed meat, fast food items, snacks, sweets, and soft drinks);
Southern (i.e., cooked cereals, peaches, corn, fried fish, beans, greens, pig’s feet, neck bones oxtails,
tongue, pork); healthy-processed; healthy-Southern; Southern-processed, and mixed. The “mixed”
pattern reflects foods from all of the other patterns together. In brief, to create the patterns, Volgyi and
colleagues [40] estimated a factor score for each participant as a sum of daily frequency of intake of each
food group, multiplied by the loading score for the food group. A large segment of the population
belonged to mixed patterns rather than to single pure patterns (such as healthy, processed or Southern),
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so they then created combined food patterns based on the individual’s rank order in each single factor.
Dietary patterns were assigned based on the individuals’ scoring in the quintiles for each food factor.
These dietary patterns are distinct from each other in their content of energy-adjusted nutrients and
explain more than 80% of the variance in macronutrient intake for this study population [40].
The demographic survey: Administered during enrollment asked respondents about formal education,
medical insurance, annual household income, age, race and ethnicity.
Maternal baseline data form: At the time of enrollment, researchers collected the participant’s
self-reported pre-pregnancy length and weight, tobacco use, alcohol use, and total number of pregnancies
(including abortions, miscarriages, stillbirths and current pregnancy). Pre-pregnancy body mass index
(BMI) was calculated using the self-reported heights and weights.
Labor and delivery forms and neonatal summary forms: At the time of labor and delivery, the
following information was abstracted from the medical charts: maternal weight and newborn birth
weight, length, and head circumference.
2.5. Data Analyses
For full term infants (≥37 weeks), WHO Child Growth Standards were used to calculate Z-scores for
each outcome WLZ, WAZ, LAZ and HCZ [45]. Normal distribution of scores was assessed via
Q-Q plots of residuals for each birth outcome. Descriptive statistics (i.e., mean, standard deviation,
frequencies and percent frequencies) were reported for all socio-demographic, behavior, and health
characteristics. These variables were cross-tabulated by race, dietary patterns, and birth outcomes, and
significant differences were assessed. Pearson correlations were conducted to assess linear relationship
between birth outcomes and dietary patterns. Bivariate associations (least square means comparisons)
were conducted between outcomes of interest (WLZ, WAZ, LAZ, HCZ) and maternal socio-demographic
(age, length, race, education, health insurance) and health characteristics (BMI, tobacco use, gestational
age, gravidity, total pregnancy weight gain, alcohol use, dietary patterns, use of multivitamin) and sex
of the newborn.
Multivariable models for each outcome variable were constructed to describe their association
with the exposure of interest (e.g., dietary patterns). These models were adjusted for any maternal
socio-demographic or health characteristic that was independently and significantly associated with the
outcomes of interest and with the exposure of interest in bivariate models. An alpha level of 0.05
was used for all statistical tests and p-values reported were not adjusted for multiplicity; therefore,
the results must be considered in a hypothesis generating context. All analyses were performed using
SAS version 9.3.

3. Results
3.1. Dietary Patterns and Nutrient Content
Table 1 describes each dietary pattern by its nutrient content and MyPyramid equivalents [46]. All of
the dietary patterns were distinct in their macro and micronutrient contents. Below is a description of the
most notable differences between patterns. The processed-Southern dietary pattern had the highest
content in energy, total fat (% energy and total grams, including saturated, omega 3 fatty acids,
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monounsaturated, and polyunsaturated fats), total sugar, iron, zinc, sodium, and meats, and had the
lowest content in whole grains. The processed dietary pattern was the highest in trans fats, total grains
and potato servings. In contrast, the healthy-Southern dietary pattern had the highest content of fiber,
folate, egg-meat equivalents, oils, vegetables (including dark green and orange vegetables, and tomatoes,
excluding legumes and potatoes) and fruits (including fruit juice). The healthy-processed was
characterized by high intake of nuts, seeds, whole grains, and dairy, as well as highly refined foods that
are higher in simple sugars and fat. The healthy dietary pattern had the lowest energy, fat, total sugar,
sodium, egg-meat equivalents and meats, and highest content of protein, carbohydrate, and soy legumes.
3.2. CANDLE Study Population Characteristics
Table 2 shows the socioeconomic characteristics of the CANDLE population sample for this study
by race. There were significant differences in socio-demographic and behavioral characteristics of the
racial groups. The African American mothers tended to be younger, have a higher body mass index
(mean 28.8 kg/m2), be less likely to smoke, less likely to have completed higher education, and more
likely to have Medicaid/Medicare insurance compared to the European Americans. Dietary patterns were
significantly different by racial group, with European Americans and other race more likely to report a
healthy dietary pattern. Mean birth weight for age, length for age, and head circumferences were
significantly lower for African American offspring. European Americans were less likely to have more
than one pregnancy.
3.3. Modeling
In bivariate analyses, eating processed and processed-Southern dietary patterns compared to healthy
dietary pattern were negatively associated (p < 0.05) with weight-for-age Z-Score (WAZ), and head
circumference Z-Score (HCZ), and positively associated with length-for-age Z-score (LAZ).
Variables that were associated with the various outcomes of interest in the bivariate analyses and also
with the exposure of interest were included in the final multivariable model using race as a control
variable. We also constructed each model for each race sub-group independently, controlling for
potential confounders identified in the bivariate analyses. Since results by race groups were similar, we
show the multivariable model that includes race as a control variable (Table 3), which is more powerful
than the race-based analysis. For the outcome of HCZ, the healthy-processed dietary pattern was a
positive significant predictor (HCZ β: 0.36; p = 0.019 compared to the healthy dietary pattern).
None of the other dietary patterns were significant predictors of any birth size outcome after adjusting
for confounders.
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Table 1. Nutrient and MyPyramid values (per day) for dietary patterns in the Conditions Affecting Neurocognitive Development and Learning
in Early Childhood (CANDLE) cohort. Values are means (SE).
Nutrient Values

Healthy
(n = 135)

Healthy-Southern
(n = 98)

Energy (kcal)
Fat (% energy)
Protein (% energy)
Carbohydrate (% energy)
Total fat (g)
Omega 3 fatty acids (g)
Saturated fat (g)
Monounsaturated fat (g)
Polyunsaturated fat (g)
Trans fats (g)
Total sugar (g)
Fiber (g)
Fe (mg)
Zn (mg)
Folate (ug)
Sodium (mg)

1807 (38.6)
34.3 (0.44)
16.6 (0.20)
52.02 (0.53)
69.01 (1.78)
1.67 (0.05)
21.78 (0.64)
26.89 (0.72)
15.35 (0.44)
2.22 (0.07)
109.19 (2.97)
22.81 ( 0.73)
15.01 (0.44)
11.34 (0.33)
352.91 (10.57)
3058.62 (73.51)

2319 (84.7)
35.8 (0.53)
15.9 (0.26)
50.71 (00.72)
92.44 (3.7)
2.36 (0.11)
28.63 (1.28)
35.07 (1.4)
21.17 (0.87)
2.82 (0.15)
141.99 (6.74)
25.66 (0.99)
18.92 (0.77)
13.04 (0.48)
439.75 (19.48)
4050.77 (157.30)

Southern
(n = 116)

Mixed
(n = 440)

1899 (62.1)
2337 (46.8)
36.3 (0.56)
36.3 (0.24)
14.7 (0.21)
14.9 (0.12)
50.95 (0.74)
50.64 (0.30)
77.22 (2.91)
94.94 (2.06)
1.66 (0.07)
2.05 (0.05)
25.61 (1.04)
31.15 (0.69)
29.25 (1.13)
36.21 (0.80)
15.96 (0.60)
20.12 (0.46)
2.84 (0.14)
3.67 (0.10)
123.77 (5.49)
145.90 (3.26)
16.79 (0.64)
19.96 (0.42)
14.07 (0.47)
17.31 (0.38)
10.22(0.34)
12.91 (0.27)
250.90 (10.38)
306.41 (7.46)
3190.14 (109.85) 3891.66 (85.42)

Healthy-Processed Processed Southern
(n = 130)
(n = 136)
2653.93 (72.31)
36.36 (0.37)
14.85 (0.17)
50.73 (0.45)
107.58 (3.18)
2.28 (0.07)
35.21 ( 1.11)
41.36 (1.24)
22.94 (0.70)
4.41 (0.19)
158.5 (5.60)
24.19 (0.83)
19.59 (0.60)
14.38 (0.38)
359.08 (14.06)
4393.10 (122.54)

3051.51 (76.17)
37.97 (0.39)
14.27 (0.19)
49.01 (0.54)
129.10 (3.60)
2.39 (0.08)
42.86 (1.30)
49.90 (1.39)
25.74 (0.73)
5.15 (0.18)
193.36 (6.75)
20.20 (0.62)
20.71 (0.56)
15.88 (0.45)
279.95 (8.95)
5113.76 (136.66)

Processed
(n = 99)

p-value

2945.14 (85.79)
37.66 (0.48)
13.31 (0.24)
50.46 (0.68)
123.37 (3.95)
2.19 (0.10)
41.32 (1.42)
47.32 (1.51)
25.08 (0.85)
5.36 (0.22)
191.75 (8.46)
19.40 (0.65)
19.26 (0.66)
14.77 (0.50)
251.20 (9.13)
4636.01 (143.01)

<0.0001
<0.0001
<0.0001
0.0259
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
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MyPyramid Values
Dairy-milk, cheese (1 cup equivalent)
Eggs-meat equivalent (1 egg = 1 oz)
Grain-total (1-oz equivalents)
Grain-whole (1-oz equivalent)
Legumes, soy (cup equivalent)
Meat-fish, chicken, meat (1 oz)
Nuts, seeds-(1-oz meat equivalent)
Beneficial Oils-dressings, fish,
nuts, avocado (1 tsp)
Vegetables-dark green (cups)
Vegetables-not legumes/potatoes (cups)
Vegetables-orange (cups)
Vegetables-other, including tomatoes (cups)
Vegetables-potato (cups)
Fruit-total, including juice (cups)

Healthy
(n = 135)

Healthy-Southern
(n = 98)

Southern
(n = 116)

Mixed
(n = 440)

Healthy-Processed Processed Southern
(n = 130)
(n = 136)

Processed
(n = 99)

p-value

1.90 (0.09)
0.35 (0.03)
5.52 (0.15)
1.66 (0.07)
0.22 (0.03)
3.23 (0.13)
0.69 (0.06)

1.79 (0.11)
0.92 (0.08)
6.67 (0.33)
1.88 (0.12)
0.16 (0.03)
4.53 (0.27)
0.64 (0.07)

1.35 (0.08)
0.71 (0.06)
5.41 (0.23)
1.30 (0.09)
0.05 (0.01)
3.79 (0.17)
0.26 (0.04)

1.84 (0.05)
0.61 (0.03)
7.00 (0.17)
1.58 (0.05)
0.10 (0.01)
4.61 (0.13)
0.48 (0.03)

2.06 (0.09)
0.47 (0.05)
8.45 (0.26)
2.03 (0.09)
0.18 (0.04)
4.84 (0.19)
0.79 (0.05)

1.73 (0.08)
0.89 (0.07)
8.49 (0.25)
1.53 (0.08)
0.07 (0.01)
6.98 (0.27)
0.30 (0.03)

1.68 (0.09)
0.61 (0.06)
8.6 (0.29)
1.57 (0.10)
0.06 (0.01)
5.75 (0.28)
0.40 (0.05)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

2.66 (0.14)

3.06 (0.20)

1.71 (0.11)

2.48 (0.08)

3.00 (0.13)

2.37 (0.13)

2.42 (0.17)

<0.0001

0.62 (0.03)
1.92 (0.08)
0.16 (0.01)
1.14 (0.05)
0.22 (0.01)
1.68 (0.07)

0.81 (0.05)
2.39 (0.12)
0.22 (0.02)
1.36 (0.07)
0.28 (0.03)
2.55 (0.13)

0.37 (0.03)
1.24 (0.07)
0.11 (0.01)
0.74 (0.04)
0.25 (0.02)
1.82 (0.11)

0.45 (0.02)
1.50 (0.04)
0.10 (0.004)
0.94 (0.03)
0.37 (0.01)
1.68 (0.05)

0.50 (0.04)
1.75 (0.09)
0.10 (0.01)
1.13 (0.05)
0.45 (0.03)
1.65 (0.10)

0.29 (0.02)
1.25 (0.06)
0.08 (0.01)
0.84 (0.04)
0.57 (0.03)
1.78 (0.09)

0.23 (0.02)
1.10 (0.06)
0.06 (0.01)
0.76 (0.04)
0.60 (0.03)
1.43 (0.10)

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
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Table 2. Population characteristics of mothers and newborns of the CANDLE study
(n = 1151). Values are number (%) or means (standard deviation).
Characteristics
Maternal characteristics
Length, m
Age, years
Total weight gain, kg
Multivitamin, (% yes)
Body Mass Index, kg/m2
Tobacco, (% yes)
>1 pregnancy, (% yes)
Education, n (%)
<High school
>High school
Insurance, n (%)
No insurance
Medicaid/Medicare
Private
Alcohol use (% yes)
Premature delivery (% yes) *
Diet Pattern, n (%)
Healthy
Healthy-Southern
Southern
Mixed
Healthy-processed
Processed-Southern
Processed
Newborn characteristics, mean (SD)
Weight-for-Length Z-score
Weight-for-Age Z-score
Length-for-Age Z-score
Head Circumference Z-score

African American
(n = 718)

European American
(n = 401)

Other Race
(n = 32)

1.64 (0.07)
25.13 (5.32)
14.78 (7.67)
656 (91.4)
28.75 (8.07)
49 (6.8)
512 (71.3)

1.65 (0.07)
28.65 (4.78)
14.83 (6.48)
391 (97.5)
25.69 (6.02)
49 (12.2)
254 (63.3)

1.64 (0.06)
30.00 (4.59)
13.41 (5.34)
31 (96.9)
25.75 (5.58)
5 (15.6)
23 (71.9)

489 (69.4)
219 (30.5)

123(30.7)
278 (69.3)

12 (37.5)
20 (62.5)

p-value

0.002
<0.0001
0.80
0.015
<0.0001
0.004
0.021
<0.0001

<0.0001
15 (2.1)
511 (71.2)
192 (26.7)
43 (6.0)
68 (9.5)

4 (1.0)
86 (21.4)
311 (77.6)
59 (14.7)
26 (6.5)

2 (6.3)
9 (28.1)
21 (65.6)
3 (9.4)
2 (6.3)

7 (1.0)
74 (10.3)
109 (15.2)
286 (39.8)
30 (4.2)
131 (18.2)
81 (11.3)

121 (30.2)
13 (3.2)
5 (1.2)
143 (35.7)
98 (24.4)
3 (0.7)
18 (4.5)

7 (21.9)
11 (34.4)
2 (6.3)
9 (28.1)
2(6.3)
1 (3.1)
0 (0)

−0.60 (1.23)
−0.12 (0.91)
0.35 (1.18)
−0.27 (1.22)

−0.57 (1.19)
0.35 (0.92)
0.91 (1.23)
0.33 (1.23)

−0.63 (0.98)
0.32 (0.91)
0.87 (1.27)
0.36 (1.22)

<0.0001
0.18
<0.0001

0.92
<0.0001
<0.0001
<0.0001

Significant differences across groups were tested using Chi-square or Kruskal Wallis. * Premature delivery
defined as gestational age <37 weeks.
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Table 3. Crude least square means (standard errors) and adjusted βeta estimates (standard
errors) from generalized linear models of dietary patterns of mothers and newborn birth
outcomes in Z-scores.
Dietary Patterns

Weight-for-Length
Z-score (WLZ)
(n = 923)

Weight-for-Age
Z-score (WAZ)
(n = 1011)

Length-for-Age
Z-score (LAZ)
(n = 1008)

Head Circumference
Z-score (HCZ)
(n = 999)

Healthy

Crude: −0.66 (0.10)
Adjusted: Ref

0.33 (0.08)
Ref

0.93 (0.12)
Ref

0.19 (0.11)
Ref

Healthy Processed

Crude: −0.49 (0.11)
Adjusted: 0.16 (0.16)

0.36 (0.08)
0.12 (0.11)

0.89 (0.10)
0.07 (0.15)

0.45 (0.10)
0.36 (0.15) *

Healthy Southern

Crude: −0.76 (0.13)
Adjusted: 0.17 (0.19)

−0.00 (0.09) *
−0.09 (0.14)

0.60 (0.12)
0.05 (0.18)

−0.08 (0.13)
0.04 (0.18)

Mixed

Crude: −0.45 (0.06)
Adjusted: 0.15 (0.14)

0.06 (0.05) *
−0.01 (0.10)

0.47 (0.06) *
−0.09 (0.14)

−0.02 (0.06)
0.09 (0.14)

Processed

Crude: −0.5 (0.15)
Adjusted: 0.23 (0.19)

−0.05 (0.09) *
−0.03 (0.14)

0.32 (0.13) *
−0.17 (0.19)

−0.33 (0.14) *
−0.18 (0.19)

Processed Southern

Crude: −0.74 (0.12)
Adjusted: −0.07 (0.19)

−0.26 (0.08) *
−0.15 (0.14)

0.30 (0.11) *
−0.12 (0.18)

−0.39 (0.11) *
−0.06 (0.19)

Southern

Crude: −0.89 (0.12)
Adjusted: −0.28 (0.19)

−0.10 (0.09) *
−0.07 (0.14)

0.59 (0.11)
0.17 (0.18)

−0.25 (0.12) *
0.05 (0.18)

This model was adjusted for age, race, pre-pregnancy BMI, education, alcohol and total weight gain. * p ≤ 0.05.

4. Discussion
This study examined the potential association between maternal dietary patterns during pregnancy
and birth outcomes in a diverse population with historical high burden of low birth weight and other
adverse birth outcomes [47–49]. The dietary patterns examined emerged from the foods that this
population eats, and captured cultural food items related to traditional Southern cuisine, including
fried fish, pig’s feet, tongue, pork, and dark green vegetables [40]. However, after controlling for
confounders, our results do not offer strong evidence for the association between dietary patterns and
birth outcomes in this population. Our findings indicate that only one dietary pattern (healthy-processed)
characterized by intake of nuts, seeds, whole grains, and dairy, as well as highly refined foods that are
higher in simple sugars and fat, is uniquely associated with higher HCZ compared to a healthy dietary
patterns characterized by water, fruits and vegetables.
Our findings are somewhat comparable to those from previous publications in which dietary patterns
characterized with nutrient-rich foods such as fruits and vegetables, whole grains, and water were
associated with larger birth size outcomes[30,31,33–35,39]. The healthy-processed pattern was rich in
whole grains, although one of the lowest in terms of dark green or orange vegetables. Our findings do
not offer any evidence that either the “healthy” dietary pattern or the “processed” dietary pattern in this
population was uniquely associated with birth weight or any other outcome, which is in contrast to what
has been observed in other populations [30,31,34,35,39].
A potential explanation for this discrepancy is the antagonistic interaction among nutrients and
food sources in the combined dietary patterns consumed by this population. For example, the healthy
dietary pattern in the current study includes vegetables, fruits, non-fried fish and chicken, and water,
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similar to other studies, with the caveat that other studies have also included oils in their healthy
pattern [16,17,33,34,50], contrary to the current study. In addition, the “healthy-Southern” pattern,
but not the healthy pattern, is characterized by the highest intake of fruits, dark green and orange
vegetables, fiber and folate. This division between healthy and “healthy-Southern” perhaps diluted
the potential beneficial effects that a healthy diet may have had on birth outcomes. Similarly, the
“healthy-processed” pattern, was characterized by high intake of nuts, seeds, dairy, whole grains, but
also included processed and red meats, relatively high levels of saturated and trans fats, and refined
sugars, which may have diluted some of the beneficial effects of the healthy foods on the other birth
outcomes. Nuts, seeds and whole grains have high concentrations of unsaturated fats, protein, fiber,
a variety of micronutrients and phytonutrients [51], and have been identified as part of a healthy diet
pattern that was associated with favorable birth outcomes in other population studies [30,33,52].
The healthy-processed pattern was also characterized by dairy; dairy intake from milk and cheese
can potentially provide optimum amounts of calcium and vitamin D. A few studies suggest that
low calcium intake could have effects on the skeletal growth of the fetus, affecting birth, length and
weight [53]. Optimum intake of calcium and vitamin D and low levels of parathyroid hormone are
associated with decreased risk of SGA birth and a significantly higher birth weight, birth length, and
head circumference [54]. These potentially antagonistic relationships could be assessed in a future study
by nutrient-based patterns.
Although each dietary pattern has a variety of foods containing nutrients that have been shown to be
antagonistic in their health effects, these dietary patterns were distinct in their nutrient profile and
explained a large variance in food intake. Other potential explanations for our findings may have to do
with socioeconomic or racial characteristics of the study population. Volgyi and colleagues [40] showed
that women who were older and had higher level of education were more likely to eat a healthy dietary
pattern than processed, Southern or mixed. Only seven African-American mothers consumed a healthy
dietary pattern, whereas most European Americans consumed healthy or mixed patterns. Twenty-four
percent of European American compared to only 4% of African American mothers consumed a healthy
processed diet. Although our analyses statistically controlled for race, there may be contextual factors
that affect birth weight and that are covariant with race, but are not completely captured by race.
The results of this study are limited by their reliance on self-reported dietary intake, the inherent
limitations of quantifying dietary intake with a food frequency questionnaire, and the inevitable overlap
between different dietary patterns. However, we took measures to overcome some of these limitations
by excluding from the analyses all potential over and under-reporters of total caloric intake. In addition,
the dietary patterns did show distinct factor loadings, suggesting that this population does eat diet
patterns that combine “healthy” and “unhealthy” food items in an overlapping manner (i.e., the mixed
diet patterns).
5. Conclusions
In sum, our findings do not provide sufficient evidence that either the healthy or the processed dietary
pattern in this population is uniquely associated with positive or negative birth outcomes. The mixed
dietary patterns consumed by this study population may provide antagonistic relationships between
foods and nutrients that result in null associations with birth outcomes. To further investigate this
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hypothesis, it would be necessary to discriminate the population by nutrient or micronutrient status,
perhaps using biomarkers to potentially disentangle any antagonistic effects in foods or preparations.
Our results also imply that there are other socio-environmental and maybe genetic aspects related to race
in the Southern US that require careful further investigation in their association with birth outcomes.
Author Contributions
Uriyoán Colón-Ramos conceptualized and designed the study, and led the drafting and revisions of
the manuscript. Susan B. Racette and Jody Ganiban contributed to the design of the study, interpretation
and presentation of results. Thuy G. Nguyen led the acquisition of data, completed the analyses, and
drafted the methods section. Mehmet Kocak contributed importantly to the interpretation and revisions
of analysis and tables, as well as redrafting of methods section. Frances A. Tylavsky, Kecia N. Carroll,
and Eszter Völgyi provided substantial guidance on analysis and interpretation of the data. All authors
were involved in revising the manuscript for important intellectual content, and have given final approval
of the version to the published.
Conflict of Interest
The authors declare no conflict of interest.
References
1.

2.
3.
4.
5.
6.

7.

8.

Barker, D.J.; Bergmann, R.L.; Ogra, P.L. Concluding remarks. The Window of Opportunity:
Pre-pregnancy to 24 months of age. Nestle Nutr. Workshop Ser. Pediatr. Program 2008, 61,
255–260.
Godfrey, K.; Robinson, S.; Barker, D.J.; Osmond, C.; Cox, V. Maternal nutrition in early and late
pregnancy in relation to placental and fetal growth. BMJ 1996, 312, 410–414.
Godfrey, K.M.; Barker, D.J. Maternal nutrition in relation to fetal and placental growth. Eur. J.
Obstet. Gynecol. Reprod. Biol. 1995, 61, 15–22.
Godfrey, K.; Robinson, S. Maternal nutrition, placental growth and fetal programming.
Proc. Nutr. Soc. 1998, 57, 105–111.
Hales, C.N.; Barker, D.J. Type 2 (non-insulin-dependent) diabetes mellitus: The thrifty phenotype
hypothesis. Diabetologia 1992, 35, 595–601.
Whincup, P.H.; Kaye, S.J.; Owen, C.G.; Huxley, R.; Cook, D.G.; Anazawa, S.; Barrett-Connor, E.;
Bhargava, S.K.; Birgisdottir, B.E.; Carlsson, S.; et al. Birth weight and risk of type 2 diabetes:
A systematic review. JAMA 2008, 300, 2886–2897.
White, S.L.; Perkovic, V.; Cass, A.; Chang, C.L.; Poulter, N.R.; Spector, T.; Haysom, L.;
Craig, J.C.; Salmi, I.A.; Chadban, S.J.; et al. Is low birth weight an antecedent of CKD in later life?
A systematic review of observational studies. Am. J. Kidney Dis. 2009, 54, 248–261.
Huxley, R.R.; Shiell, A.W.; Law, C.M. The role of size at birth and postnatal catch-up growth in
determining systolic blood pressure: A systematic review of the literature. J. Hypertens. 2000, 18,
815–831.

Nutrients 2015, 7
9.
10.
11.

12.
13.
14.
15.
16.

17.

18.

19.
20.

21.
22.
23.
24.
25.

1330

Ervin, R.B.; Ogden, C.L. Consumption of Added Sugars among U.S. Adults, 2005–2010;
NCHS Data Brief No. 122; National Center for Health Statistics: Hyattsville, MD, USA, 2013.
Briefel, R.R.; Johnson, C.L. Secular trends in dietary intake in the United States. Annu. Rev. Nutr.
2004, 24, 401–431.
Wang, H.; Steffen, L.M.; Zhou, X.; Harnack, L.; Luepker, R.V. Consistency between increasing
trends in added-sugar intake and body mass index among adults: The Minnesota Heart Survey,
1980–1982 to 2007–2009. Am. J. Public Health 2013, 103, 501–507.
Kramer, M.S. Maternal nutrition, pregnancy outcome and public health policy. CMAJ 1998, 159,
663–665.
Fowles, E.R. What’s a pregnant woman to eat? A review of current USDA dietary guidelines and
MyPyramid. J. Perinat. Educ. 2006, 15, 28–33.
Hu, F.B. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol.
2002, 13, 3–9.
Barbaresko, J.; Koch, M.; Schulze, M.B.; Nothlings, U. Dietary pattern analysis and biomarkers of
low-grade inflammation: A systematic literature review. Nutr. Rev. 2013, 71, 511–527.
Timmermans, S.; Steegers-Theunissen, R.P.; Vujkovic, M.; den Breeijen, H.; Russcher, H.;
Lindemans, J.; Mackenbach, J.; Hofman, A.; Lesaffre, E.E.; Jaddoe, V.V.; et al. The Mediterranean
diet and fetal size parameters: The Generation R Study. Br. J. Nutr. 2012, 108, 1399–1409.
Rodriguez-Bernal, C.L.; Rebagliato, M.; Iniguez, C.; Vioque, J.; Navarrete-Munoz, E.M.;
Murcia, M.; Bolumar, F.; Marco, A.; Ballester, F. Diet quality in early pregnancy and its effects on
fetal growth outcomes: The Infancia y Medio Ambiente (Childhood and Environment) Mother and
Child Cohort Study in Spain. Am. J. Clin. Nutr. 2010, 91, 1659–1666.
Rifas-Shiman, S.L.; Rich-Edwards, J.W.; Kleinman, K.P.; Oken, E.; Gillman, M.W. Dietary quality
during pregnancy varies by maternal characteristics in Project Viva: A US cohort. J. Am. Diet.
Assoc. 2009, 109, 1004–1011.
Wen, L.M.; Simpson, J.M.; Rissel, C.; Baur, L.A. Maternal “junk food” diet during pregnancy as a
predictor of high birthweight: Findings from the healthy beginnings trial. Birth 2013, 40, 46–51.
Hu, F.B.; Rimm, E.; Smith-Warner, S.A.; Feskanich, D.; Stampfer, M.J.; Ascherio, A.; Sampson, L.;
Willett, W.C. Reproducibility and validity of dietary patterns assessed with a food-frequency
questionnaire. Am. J. Clin. Nutr. 1999, 69, 243–249.
Northstone, K.; Ness, A.R.; Emmett, P.M.; Rogers, I.S. Adjusting for energy intake in dietary
pattern investigations using principal components analysis. Eur. J. Clin. Nutr. 2008, 62, 931–938.
Schulze, M.B.; Fung, T.T.; Manson, J.E.; Willett, W.C.; Hu, F.B. Dietary patterns and changes in
body weight in women. Obesity (Silver Spring) 2006, 14, 1444–1453.
Martinez-Ortiz, J.A.; Fung, T.T.; Baylin, A.; Hu, F.B.; Campos, H. Dietary patterns and risk of
nonfatal acute myocardial infarction in Costa Rican adults. Eur. J. Clin. Nutr. 2006, 60, 770–777.
Fung, T.T.; Schulze, M.; Manson, J.E.; Willett, W.C.; Hu, F.B. Dietary patterns, meat intake, and
the risk of type 2 diabetes in women. Arch. Intern. Med. 2004, 164, 2235–2240.
Lopez-Garcia, E.; Schulze, M.B.; Fung, T.T.; Meigs, J.B.; Rifai, N.; Manson, J.E.; Hu, F.B.
Major dietary patterns are related to plasma concentrations of markers of inflammation and
endothelial dysfunction. Am. J. Clin. Nutr. 2004, 80, 1029–1035.

Nutrients 2015, 7

1331

26. Fung, T.T.; Stampfer, M.J.; Manson, J.E.; Rexrode, K.M.; Willett, W.C.; Hu, F.B. Prospective study
of major dietary patterns and stroke risk in women. Stroke 2004, 35, 2014–2019.
27. Fung, T.; Hu, F.B.; Fuchs, C.; Giovannucci, E.; Hunter, D.J.; Stampfer, M.J.; Colditz, G.A.;
Willett, W.C. Major dietary patterns and the risk of colorectal cancer in women. Arch. Intern. Med.
2003, 163, 309–314.
28. Fung, T.T.; Willett, W.C.; Stampfer, M.J.; Manson, J.E.; Hu, F.B. Dietary patterns and the risk of
coronary heart disease in women. Arch. Intern. Med. 2001, 161, 1857–1862.
29. Fung, T.T.; Rimm, E.B.; Spiegelman, D.; Rifai, N.; Tofler, G.H.; Willett, W.C.; Hu, F.B.
Association between dietary patterns and plasma biomarkers of obesity and cardiovascular disease
risk. Am. J. Clin. Nutr. 2001, 73, 61–67.
30. Grieger, J.A.; Grzeskowiak, L.E.; Clifton, V.L. Preconception dietary patterns in human
pregnancies are associated with preterm delivery. J. Nutr. 2014, doi:10.3945/jn.114.190686.
31. Knudsen, V.K.; Orozova-Bekkevold, I.M.; Mikkelsen, T.B.; Wolff, S.; Olsen, S.F. Major dietary
patterns in pregnancy and fetal growth. Eur. J. Clin. Nutr. 2008, 62, 463–470.
32. Thompson, J.M.; Wall, C.; Becroft, D.M.; Robinson, E.; Wild, C.J.; Mitchell, E.A. Maternal dietary
patterns in pregnancy and the association with small-for-gestational-age infants. Br. J. Nutr. 2010,
103, 1665–1673.
33. Englund-Ogge, L.; Brantsaeter, A.L.; Sengpiel, V.; Haugen, M.; Birgisdottir, B.E.; Myhre, R.;
Meltzer, H.M.; Jacobsson, B. Maternal dietary patterns and preterm delivery: Results from large
prospective cohort study. BMJ 2014, 348, g1446, doi:10.1136/bmj.g1446.
34. Okubo, H.; Miyake, Y.; Sasaki, S.; Tanaka, K.; Murakami, K.; Hirota, Y.; Osaka Maternal and
Child Health Study Group; Kanzaki, H.; Kitada, M.; Horikoshi, Y.; et al. Maternal dietary patterns in
pregnancy and fetal growth in Japan: The Osaka Maternal and Child Health Study. Br. J. Nutr.
2012, 107, 1526–1533.
35. Wolff, C.B.; Wolff, H.K. Maternal eating patterns and birth weight of Mexican American infants.
Nutr. Health 1995, 10, 121–134.
36. Ferland, S.; O’Brien, H.T. Maternal dietary intake and pregnancy outcome. J. Reprod. Med. 2003,
48, 86–94.
37. Rao, S.; Yajnik, C.S.; Kanade, A.; Fall, C.H.D.; Margetts, B.M.; Jackson, A.A.; Shier, R.; Joshi, S.;
Rege, S.; Lubree, H.; et al. Intake of micronutrient-rich foods in rural Indian mothers is associated
with the size of their babies at birth: Pune maternal nutrition study. J. Nutr. 2001, 131, 1217–1224.
38. Moore, V.M.; Davies, M.J.; Willson, K.J.; Worsley, A.; Robinson, J.S. Dietary composition of
pregnant women is related to size of the baby at birth. J. Nutr. 2004, 134, 1820–1826.
39. Northstone, K.; Emmett, P.M.; Rogers, I. Dietary patterns in pregnancy and associations with
nutrient intakes. Br. J. Nutr. 2008, 99, 406–415.
40. Volgyi, E.; Carroll, K.N.; Hare, M.E.; Ringwald-Smith, K.; Piyathilake, C.; Yoo, W.;
Tylavsky, F.A. Dietary patterns in pregnancy and effects on nutrient intake in the Mid-South: The
Conditions Affecting Neurocognitive Development and Learning in Early Childhood (CANDLE)
study. Nutrients 2013, 5, 1511–1530.
41. Block, G.; Coyle, L.M.; Hartman, A.M.; Scoppa, S.M. Revision of dietary analysis software for the
Health Habits and History Questionnaire. Am. J. Epidemiol. 1994, 139, 1190–1196.

Nutrients 2015, 7

1332

42. Block, G.; Hartman, A.M.; Dresser, C.M.; Carroll, M.D.; Gannon, J.; Gardner, L. A data-based
approach to diet questionnaire design and testing. Am. J. Epidemiol. 1986, 124, 453–469.
43. Block, G.; Sinha, R.; Gridley, G. Collection of dietary-supplement data and implications for
analysis. Am. J. Clin. Nutr. 1994, 59 (Suppl. 1), 232S–239S.
44. Subar, A.F.; Thompson, F.E.; Kipnis, V.; Midthune, D.; Hurwitz, P.; McNutt, S.; McIntosh, A.;
Rosenfeld, S. Comparative validation of the Block, Willett, and National Cancer Institute food
frequency questionnaires: The Eating at America’s Table Study. Am. J. Epidemiol. 2001, 154,
1089–1099.
45. The WHO Child Growth Standards. Available online: http://www.who.int/childgrowth/
standards/en/ (accessed on 15 January 2015).
46. United States Department of Agriculture and Agricultural Research Service. MyPyramid
Equivalents. Available online: www.ars.usda.gov/News/docs.htm?docid=8503 (accessed on
15 January 2015).
47. David, R.J.; Collins, J.W., Jr. Differing birth weight among infants of U.S.-born blacks,
African-born blacks, and U.S.-born whites. N. Engl. J. Med. 1997, 337, 1209–1214.
48. Kleinman, J.C.; Kessel, S.S. Racial differences in low birth weight. Trends and risk factors.
N. Engl. J. Med. 1987, 317, 749–753.
49. Kessel, S.S.; Kleinman, J.C.; Koontz, A.M.; Hogue, C.J.; Berendes, H.W. Racial differences in
pregnancy outcomes. Clin. Perinatol. 1988, 15, 745–754.
50. Bouwland-Both, M.I.; Steegers-Theunissen, R.P.; Vujkovic, M.; Lesaffre, E.M.; Mook-Kanamori, D.O.;
Hofman, A.; Lindemans, J.; Russcher, H.; Jaddoe, V.W.; Steegers, E.A.; et al. A periconceptional
energy-rich dietary pattern is associated with early fetal growth: The Generation R study. BJOG
2013, 120, 435–445.
51. Slavin, J.L.; Martini, M.C.; Jacobs, D.R., Jr.; Marquart, L. Plausible mechanisms for the
protectiveness of whole grains. Am. J. Clin. Nutr. 1999, 70, 459S–463S.
52. Hillesund, E.R.; Bere, E.; Haugen, M.; Overby, N.C. Development of a New Nordic Diet score and
its association with gestational weight gain and fetal growth—A study performed in the Norwegian
Mother and Child Cohort Study (MoBa). Public Health Nutr. 2014, 17, 1909–1918.
53. Buppasiri, P.; Lumbiganon, P.; Thinkhamrop, J.; Ngamjarus, C.; Laopaiboon, M. Calcium
supplementation (other than for preventing or treating hypertension) for improving pregnancy and
infant outcomes. Cochrane Database Syst. Rev. 2011, doi:10.1002/14651858.CD007079.pub2.
54. Scholl, T.O.; Chen, X.; Stein, T.P. Maternal calcium metabolic stress and fetal growth. Am. J. Clin.
Nutr. 2014, 99, 918–925.
© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).

