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Maternal dietary patterns during pregnancy 2
and birth weight: a prospective cohort study
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Abstract

Background Existing data on maternal dietary patterns and birth weight remains limited and inconsistent, especially
in non-Western populations. We aimed to examine the relationship between maternal dietary patterns and birth
weight among a cohort of Chinese.

Methods In this study, 4,184 mother-child pairs were included from the lodine Status in Pregnancy and Offspring
Health Cohort. Maternal diet during pregnancy was evaluated using a self-administered food frequency questionnaire
with 69 food items. Principal component analysis was used to identify dietary patterns. Information on birth weight
and gestational age was obtained through medical records. Adverse outcomes of birth weight were defined
according to standard clinical cutoffs, including low birth weight, macrosomia, small for gestational age, and large for
gestational age.

Results Three maternal dietary patterns were identified: plant-based, animal-based, and processed food and
beverage dietary patterns, which explained 23.7% variance in the diet. In the multivariate-adjusted model, women
with higher adherence to the plant-based dietary patten had a significantly higher risk of macrosomia (middle
tertile vs. low tertile: odds ratio (OR) 1.45, 95% Cl 1.00-2.10; high tertile vs. low tertile: OR 1.55,95% Cl 1.03-2.34;
P-trend=0.039). For individual food groups, potato intake showed positive association with macrosomia (high tertile
vs. low tertile: OR 1.72, 95% Cl 1.20-2.47; P-trend =0.002). Excluding potatoes from the plant-based dietary pattern
attenuated its association with macrosomia risk. No significant associations was observed for the animal-based or
processed food and beverage dietary pattern with birth weight outcomes.

Conclusions Adherence to a plant-based diet high in carbohydrate intake was associated with higher macrosomia
risk among Chinese women. Future studies are required to replicate these findings and explore the potential
mechanisms involved.
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Introduction

As the fundamental indicator of fetal development, birth
weight has been associated with various health outcomes
throughout the life span, including perinatal mortal-
ity, cognitive and behavioral development, and chronic
diseases in adulthood [1-5]. Abnormal birth weight has
been a global public health issue over the last decades.
For example, low birth weight (LBW) accounts for
15-20% of live births overall, of which 91.0% are in low-
to-middle income countries [6, 7], while the prevalence
of macrosomia has also been rapidly (10-15%) growing
[8, 9]. In this regard, studies on potential risk factors of
abnormal birth weights are needed [10].

Maternal diet during pregnancy plays a crucial role in
determining birth weight [11, 12], and high intakes of
fruits, vegetables, whole grains, low-fat dairy products,
vegetable oils, and fish have been strongly associated with
birth weight [13]. However, existing evidence was mostly
based on Western countries, and little is known about the
situation in the rest of the world [11, 13, 14]. Plant-based
diets, which are common among Asians, have been asso-
ciated with larger birth sizes in this population (+40.5 g,
P=0.01), compared to inverse associations among Euro-
peans [15-18]. One study in South Americans reported
that a diet pattern with high intake of fast food and
sweets was associated with over a 4-fold higher odds of
large for gestational age (LGA) [19], yet adherence to a
processed food and beverage dietary pattern during preg-
nancy was associated with a 9.4-fold higher risk of LBW
in Asians [20]. Collectively, these equivocal findings call
for further investigations regarding the role of maternal
diet on birth weight.

With a rapid socioeconomic shift, many Asian coun-
tries experienced drastically changing landscapes for
diet and health-related issues including a rapid decline in
birth rates in several areas observed recently [21-23]. In
China, a trend from the traditional plant-based diet pat-
tern to a high-fat diet has characterized dietary change
that is also shared by other Asian countries [24-26],
while existing data showed the prevalence of LBW and
macrosomia remain high (5.2% and 6.9% respectively) [8,
27]. Studies on maternal diet and birth outcomes in this
population are thus needed, yet findings remain scarce
and inconsistent [13]. In this regard, we derived major
maternal dietary patterns among a large sample of preg-
nant women in Shanghai, a well-developed metropolitan
in China, and examined their associations with key birth
weight outcomes, such as small for gestational age (SGA),
LGA, LBW, and macrosomia.

Methods

Study population and design

In 2017, 5,042 pregnant women were enrolled in the
Iodine Status in Pregnancy and Offspring Health Cohort
(ISPOHC) study, which used a multistage, stratified ran-
dom sampling method to obtain a representative sample
of pregnant women from all 16 districts in Shanghai [28].
Specifically, each district was subdivided into five sam-
pling areas, with one street randomly chosen from each
area, and 40 to 70 pregnant women selected from each
street. Participants were involved during the whole preg-
nancy period, with 1/3 recruited in each trimester. At
baseline, they completed initial questionnaires that col-
lected detailed information on demographics, medical
history, lifestyle, and medications, as well as a 69-item
food frequency questionnaire (FFQ). In this study, partic-
ipants were excluded if they were without a live, singleton
infant (n=76), with implausibly high or low energy intake
(less than 500 kcal/day or more than 5,000 kcal/day;
n=295), with gestational diabetes or hypertension dur-
ing the pregnancy at baseline (n=307), or with missing
values on offspring birth weight (#=180), leaving 4,184
women for analysis.

ISPOHC obtained ethical approval from the Ethics
Committee of the Shanghai Centre for Disease Control
and Prevention. All participants provided informed con-
sent through a written signature at baseline assessment.

Dietary assessment and dietary patterns

Food intake during the previous three months of base-
line was assessed by trained staff through face-to-face
interviews [29]. The semi-quantitative FFQ was adapted
from a longer version that has been used for nutrition
surveys in Shanghai, and the validation results have been
reported elsewhere [30]. We converted food frequencies
into daily intakes (g/day) and energy intake (kcal/day)
using the China Food Composition Database [31], and
further aggregated the 69 food items into 25 non-overlap-
ping food groups, based on nutrients or common char-
acteristics (Table S1) [32]. When combining food items,
such as soy milk and tofu, we converted wet weight into
dry weight based on conversion factors provided in the
China Food Composition Database (Table S2) [31].

After the Bartlett test of sphericity and Kaiser-Mayer-
Olkin tests, we used principal component analysis (PCA)
with varimax rotation to characterize maternal dietary
patterns. The number of components (dietary patterns)
retained was based on a Scree plot, eigenvalue, and
meaningful interpretation of the patterns. Dietary pat-
terns were named based on food groups with high fac-
tor loadings (r>0.4). We calculated dietary pattern scores
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for each participant by summing the standardized intakes
of food groups (g/day) weighted by their factor loadings.
Higher dietary pattern scores indicated greater adher-
ence to the pattern. The dietary pattern scores were fur-
ther divided into tertile 1 (reference), tertile 2, and tertile
3 for regression analyses.

Outcome ascertainment

The primary outcomes of the study were LBW and mac-
rosomia, and the secondary outcomes were SGA and
LGA. Birth weight in grams and gestational age in weeks
was obtained through medical records. The newborns
were classified as LBW (birth weight<2,500 g), normal
birth weight (birth weight 2,500-4,000 g), and macroso-
mia (birth weight>4,000 g) based on standard clinical
cutoffs [33]. Moreover, SGA was defined as birth weight
below the 10th percentile of sex-and-gestational-age-
specific birth weight, while LGA was defined as above
90th percentile, according to the China neonatal growth
standards for gestational age of 24—42 weeks [34]. Infants
with gestational age beyond this range were excluded
from the SGA and LGA analysis (n=2 excluded).

Covariate assessment

Baseline questionnaires collected information on mater-
nal age, baseline season, parity, gestational periods,
pre-pregnancy weight, maternal education, household
income, alcohol drinking, smoking, physical activity, and
uses of micronutrient supplementation for multivitamin,
calcium, and folic acid. Baseline height (cm) was mea-
sured by trained staffs, and pre-pregnancy body mass
index (BMI) was calculated as pre-pregnancy weight
(kg)/height squared (m?) [35]. Maternal domicile place
was identified using national ID number, and grouped
as south China, north China, and Shanghai surrounding
area. Physical activities were measured using the long
format, the Chinese version of the International Physi-
cal Activity Questionnaire, and sufficient leisure-time
physical activity was defined as at least 150 min/week
of moderate activity or 75 min/week of vigorous activity
or an equivalent combination [36]. Passive smoking was
defined as being exposed to second-hand smoking for at
least one day per week. Infant sex and gestational age at
birth in weeks were obtained at delivery.

Statistical analysis

Maternal characteristics were summarized according
to the tertiles of each diet pattern. Continuous variables
were presented as mean (SD), and categorical variables
were described as proportions. Missing values were
imputed using medians or modes if missing rate of the
covariates was <5%, otherwise, coded as an indepen-
dent category. Detailed information on missing rates and
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imputation methods of covariates can be found in Table
S3.

We built three multivariate logistic regression models
to estimate the odds ratios (ORs) and 95% confidence
intervals (95% CIs) of the association between dietary
pattern scores and birth weight outcomes. Model 1 was
adjusted for maternal age (continuous variables, in years)
and infant sex (male or female). Model 2 further included
maternal domicile place (south China, north China, or
Shanghai surrounding area), pre-pregnancy BMI (<18.5,
18.5-23.9, or >24.0 kg/m?), household income (< 100,000,
100,000-350,000, or =350,000 yuan/year), education
(<13 or 213 years), baseline season (spring/winter, sum-
mer, or autumn), parity (primiparous or multiparous),
gestational periods at recruitment (first, second, or third
trimester), passive smoking (yes or no), alcohol drinking
(yes or no), physical activity (active or inactive), uses of
multivitamin supplements (yes or no), uses of calcium
supplements (yes or no), uses of folic acid supplements
(yes or no), and total energy intake (continuous variables,
in kcals/day). Model 3 was mutually adjusted for other
dietary patterns based on model 2. For LBW and mac-
rosomia, we further adjusted for gestational age at birth
(continuous variables, in weeks) in the final model. P for
trend was obtained by modeling the median values of
diet pattern score in each tertile into the models.

When significant associations between dietary patterns
and birth outcomes were observed, we further examined
the associations between food groups and birth out-
comes using logistic regression models after adjusting for
the same set of covariates used in model 2 of the main
analysis.

We conducted prespecified subgroup analyses by
maternal age (<29 or 229 years, median), gestational
periods at baseline (first, second, or third trimester),
passive smoking (yes or no), physical activity (active or
inactive), and infant sex (male or female). In this analy-
sis, diet patterns and birth weight were modeled as con-
tinuous variables. Potential effect modification was tested
in a model that includes diet patterns, stratification fac-
tors (categorical variables), and their interaction terms,
with P values of the interaction term used as tests for
significance.

Several sensitivity analyses were conducted. First, we
limited analyses to women with spontaneous labor to
exclude the influence of delivery mode. Second, we per-
formed analyses in women with term (born between 37
to <42 completed weeks) infants. Third, we excluded
women of were less than six weeks pregnant at assess-
ment to improve the accuracy of dietary intake dur-
ing pregnancy. Fourth, we assessed whether imputation
methods affected the findings by repeating analyses after
multiple imputations of missing data in covariates using
chained equations. We created 5 imputed datasets and
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pooled the estimates from logistic regression models
across imputed datasets [37]. Lastly, for food groups that
showed significant associations with birth weight out-
comes, we conducted a sensitivity analysis by leaving it
out of the PCA to test the robustness of the findings.

A two-sided P value<0.05 was considered statistically
significant. All statistical analyses were performed in R
(v4.2.1, R Foundation for Statistical Computing).

Results

Diet patterns

PCA identified three major dietary patterns, and the
variance in diet explained was 8.90% for the plant-based
dietary pattern, 8.48% for the animal-based dietary pat-
tern, and 6.31% for the processed food and beverage
dietary pattern (Table 1). The ranges of dietary pattern
scores (Table S4), average intakes of individual food

Table 1 Structures of three dietary patterns extracted by
principal component factor analysis among 4,184 pregnant
women in Shanghai, China

Food Groups Plant- Animal- Processed
based based food and
dietary dietary beverage di-
pattern pattern etary pattern
Other fruits 0.61 0.05 -0.04
Potato 0.51 0.08 0.12
Berries 0.49 0.07 -0.06
Refined grains 0.48 0.01 0.22
Other vegetables 0.45 0.33 0.08
Whole grain 0.43 0.04 0.04
Oranges 0.43 -0.10 -0.04
Legumes and legume 033 0.23 0.14
products
Nuts 0.32 0.18 -0.04
Leafy vegetables 0.32 032 -0.03
Freshwater seafood 0.06 0.66 -0.12
Seafood -0.01 0.65 0.04
Red Meat 0.11 0.59 0.20
Poultry 0.09 0.55 0.21
Fungi and algae 0.22 0.31 0.10
Dairy 012 0.28 -0.16
Eqgs 0.16 0.24 -0.14
Rice -0.04 0.15 0.02
Processed meat 0.12 0.10 0.55
Sauce 0.04 -0.02 0.46
Tea -0.11 0.12 0.45
Coffee -0.14 0.11 0.43
Pickled vegetables 0.07 -0.05 0.42
Fried food 0.09 -0.02 0.38
Pastry 0.24 -0.02 0.29
Proportion of explained 8.90 848 6.31

variance (%)

Factor loading represents the relative contribution of each food group to the
dietary pattern. The food groups whose factor loading>0.4 in each dietary
pattern are shown in bold characters
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groups according to diet pattern tertiles (Table S5), inter-
correlations of food intakes (Figure S1), and differences
in food intake per one unit of diet pattern score (Table
S6) were presented in the supplementary material. The
plant-based pattern was characterized by high consump-
tion of fruits and vegetables, potatoes, and refined and
whole grains. Women in the animal-based pattern con-
sumed relatively high amounts of fish, red meat, and
poultry. Processed food and beverage pattern was loaded
for processed meats and vegetables, sauce, tea and coffee.

Baseline characteristics

Baseline characteristics of the participants by dietary
patterns were presented in Table 2. Women with higher
plant-based diet pattern were more likely to come from
north China, with passive smoking, sufficient physical
activity, and higher intakes of multivitamins and calcium
supplements, and higher energy from carbohydrates.
They were more likely to be recruited in summer with
later trimesters. Women with higher scores of the ani-
mal-based dietary pattern were more likely to be born in
Shanghai and surrounding areas, with higher childbear-
ing age, incomes and education, passive smoking, lower
physical activities, using multivitamins and folic acids,
and more energy from fat and protein. They were more
likely to be recruited in summer and autumn during the
third trimester. Women with higher scores of the pro-
cessed food and beverage diet pattern were more likely
to be with higher pre-pregnancy BMI, less passive smok-
ing, more alcohol drinking, physical activity, uses of mul-
tivitamins, and with more energy from carbohydrate and
fat. They were more likely to be recruited during winter,
being nulliparous, and with male infants.

Dietary patterns in relation to birth weight traits

In total, 105 (2.5%) infants were born with LBW and 219
(5.2%) with macrosomia. In the maternal age and infant
sex adjusted model (Table 3), a higher plant-based dietary
pattern score was significantly associated with higher
risks of macrosomia, and the findings remained after
multivariate adjustment in model 2 and 3. The adjusted
odds ratio (OR) for the highest tertile compared with
the lowest was 1.55 (95% CI 1.03-2.34; P-trend=0.039).
Compared with individuals in the lowest tertile of ani-
mal-based dietary pattern score, those in the middle ter-
tile had a higher risk of macrosomia (adjusted OR 1.72;
95% CI 1.20-2.45) but no significant trend was observed
(P-trend=0.502). The association between processed
dietary pattern and LBW or macrosomia was not signifi-
cant in any models.

In this study, 247 (5.9%) infants were born with
SGA and 701 (16.8%) with LGA. No associations were
observed between the three dietary patterns and SGA or
LGA (Table S7).
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© o Individual food groups with macrosomia
-~ |a g o Table S8 showed the associations between individual
8 food groups highly related to the plant-based dietary pat-
3 o g < tern (r>0.4) and macrosomia. In multivariable-adjusted
qgfv % o 5 logistic regression models, pregnant women in the high-
g |Fle™ est tertile of potato intake were associated with a higher
3 I~ o & risk of having macrosomia infants, when compared to
E % b= those of the lowest tertile (adjusted OR 1.72; 95% CI
B |[FIR® 1.20-2.47; P-trend=0.002). No significant associations
% were observed between other components of the plant-
% £ o g i based dietary pattern and macrosomia.
§EIEln o
< &80 8 Subgroup analyses
5 o In stratified analyses, higher birth weight associated
alS 3 with plant-based dietary pattern score turned to be
—~ observed in participants who did not reach the recom-
£ 2‘_} é < mended level of physical activity (beta 36.4; 95% CI 9.0,
£ E S (% 63.7 g per l-unit increase in plant-based dietary pat-
> = tern score) compared to those who reached the recom-
N ES mendation (beta —19.8; 95% CI -52.1, 12.5 g per l-unit
g g N g increase in plant-based dietary pattern score; P for inter-
A A R action=0.067; Fig. 1). As for infant sex, a higher animal-
:; < o< based dietary pattern was associated with lower birth
£ |z D= weight in males (beta —33.6; 95% CI -63.7, -3.5 g per
< RS & 1-unit increase in plant-based dietary pattern score; P for
- o interaction=0.030) rather than female. Consistent results
ol g were observed in analyses with stratification by maternal
age, gestational periods at baseline, and passive smoking.
m| R F
% 3 g: Sensitivity analyses
£ 23 g When we repeated the analysis among women with
£ spontaneous labor (N=2,231 with 83 cases of macroso-
§ Y g s mia), the association of plant-based dietary pattern score
s B2 o with macrosomia was attenuated (adjusted OR com-
g |BIR & paring top with bottom tertile 1.40; 95% CI 0.73-2.69;
§ . P-trend=0.393; Table S9). The association remained
{?j P § i when limiting the analysis to women with term infants
s |E 0o (N=4,001), to those with >6 weeks of gestation at base-
N A R line (N=4,153), or when missing covariates were imputed
|z = (N=4,184; Tables S10 to S12). After excluding potatoes,
?; 3 ;:; T the association between the plant-based diet pattern and
8~ 3 S macrosomia was largely attenuated (Fig. 2).
o
vl o
I Discussion
% g In this study, three major dietary patterns, namely plant-
a 2 based, animal-based, and processed food and bever-
5 igJ age, were derived among pregnant women in China. We
S E g found that adherence to a dietary pattern rich in plant-
g = s based foods with high carbohydrate contents was associ-
% B =8 ated with a higher risk of macrosomia. Potato intake was
8 g 9= significantly associated with macrosomia and excluding it
: 8 g % from the plant-based diet pattern attenuated the positive
% £ E 5 associations with macrosomia.
L £ 8|8
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Table 3 Associations between three dietary patterns and low birth weight and macrosomia among pregnant women in Shanghai,

China
Score category
Variables Tertile 1 Tertile 2 Tertile 3 P-trend
Low birth weight
Plant-based dietary pattern
N Cases/Total 36/1341 32/1315 37/1309
Model 1 1.00 (ref) 0.90 (0.55-1.46) 1.06 (0.67-1.69) 0.745
Model 2 1.00 (ref) 0.78 (0.44-1.38) 0.74 (0.38-1.43) 0.383
Model 3 1.00 (ref) 0.80 (0.45-1.44) 0.76 (0.38-1.52) 0493
Animal-based dietary pattern
N Cases/Total 28/1335 38/1303 39/1327
Model 1 1.00 (ref) 1.38 (0.84-2.26) 1.38 (0.84-2.26) 0.251
Model 2 1.00 (ref) 1.71(0.94-3.12) 1.70 (0.87-3.31) 0.167
Model 3 1.00 (ref) 1.57 (0.85-2.89) 1.44(0.72-2.90) 0403
Processed food and beverage
dietary pattern
N Cases/Total 44/1318 32/1333 29/1314
Model 1 1.00 (ref) 0.71 (045-1.13) 0.66 (0.41-1.06) 0.109
Model 2 1.00 (ref) 0.79 (046-1.37) 0.55 (0.31-1.00) 0.054
Model 3 1.00 (ref) 0.84 (0.48-1.47) 0.59 (0.32-1.08) 0.073
Macrosomia
Plant-based dietary pattern
N Cases/Total 54/1359 79/1362 86/1358
Model 1 1.00 (ref) 149 (1.05-2.13) 1.66 (1.17-2.36) 0.007
Model 2 1.00 (ref) 144 (0.99-2.07) 149 (0.99-2.24) 0.079
Model 3 1.00 (ref) 1.45(1.00-2.10) 1.55(1.03-2.34) 0.039
Animal-based dietary pattern
N Cases/Total 60/1367 91/1356 68/1356
Model 1 1.00 (ref) 1.56 (1.12-2.19) 1.14(0.80-1.63) 0.766
Model 2 1.00 (ref) 1.69 (1.19-2.39) 1.17(0.78-1.75) 0.723
Model 3 1.00 (ref) 1.72 (1.20-2.45) 1.22 (0.80-1.84) 0.502
Processed food and beverage
dietary pattern
N Cases/Total 77/1351 61/1362 81/1366
Model 1 1.00 (ref) 0.79(0.56-1.12) 1.07 (0.78-1.48) 0435
Model 2 1.00 (ref) 0.77 (0.54-1.10) 0.98 (0.70-1.37) 0.862
Model 3 1.00 (ref) 0.82(0.58-1.18) 1.07 (0.76-1.51) 0.673

ORs and 95% Cls were calculated in logistic model: model 1 adjusted for maternal age (continuous variables, in years), and infant sex (male or female); model 2
also included maternal domicile place (south China, north China, or Shanghai surrounding area), pre-pregnancy BMI (< 18.5, 18.5-23.9, or >24.0 kg/m?), household
income (< 100,000, 100,000-350,000, or 350,000 yuan/year), education (<13 or 213 years), baseline season (spring/winter, summer, or autumn), parity (primiparous
or multiparous), gestational periods at recruitment (first, second, or third trimester), passive smoking (yes or no), alcohol drinking (yes or no), physical activity (active
or inactive), multivitamin (yes or no), calcium tablets (yes or no), folic acid (yes or no), total energy (continuous variables, in kcal/day), and gestational week at birth
(continuous variables, in weeks) on model 2. Model 3 mutually adjusted for all extracted dietary scores in the same model based on model 2

Pfor trend was obtained by modelling the median value of the tertiles into the logistic regression models

N Cases/Total=number of cases and total participants in the study. OR=0dds ratio. Cl=confidence interval. Ref=reference

Results in the context of other studies

Existing studies on the relationship between maternal
dietary patterns and birth outcomes have mainly focused
on low birth weight, rather than macrosomia, and shown
large inconsistencies in findings [13, 38—41]. We reported
a 55% higher risk for macrosomia associated with a
higher adherence to a plant-based dietary pattern. How-
ever, in 3 studies of Europeans, the relative risks of mac-
rosomia associated with high plant-based food intake
were between 0.76 and 4.67 with high between-study

heterogeneities (1°=95.9%) [13, 39]. One multiethnic
study has shown that a plant-based diet in pregnancy
was associated with larger birth sizes among Asians but
not Europeans [42], yet in a study of 7,934 Chinese, a diet
pattern similar to our plant-based dietary pattern was not
associated with macrosomia (OR 1.17, 95% CI 0.93, 1.48])
[43]. Further studies are needed to explore potential rea-
sons for inconsistencies in plant-based diet pattern and
macrosomia before clinical recommendations are made.
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Plant-based dietary pattern Animal-based dietary pattern Processed food and beverage dietary pattern
Variables N Total Beta (95% CI) Pinteraction Beta (95% CI) Pinteraction Beta (95% CI) Pineraction
Maternal age, years 0.888 0361 0.496
<29 2078 20.0 (-8.8,48.8) -~ 0.1(-29.5,29.8) —l— 27.1(-7.8, 62.0) —-—l—
>29 2102 7.8 (-21.4,36.9) —— 21,9 (-51.2,7.4) + 4.4(:29.6,38.4) +
Gestational periods . 0.782 0.295 0816
First trimester 1387 13.7 (-21.8,49.2) + 25.2(-62.8, 12.4) + 15.8 (:25.7, 57.4) —-—I—
Second trimester 1624 21.0 (-12.3, 54.3) —-—I— -17.5(-513,16.2) + 12.3 (284, 53.1) —-—.—
Third trimester 1170 2.3(-36.0, 40.6) —a— 11.4 (:26.1,49.0) —‘I— 22.9(:21.8, 67.6) +
Passive smoking i 0.883 é 0.948 g 0.245
No 2416 14.9 (-11.8,41.7) + -10.2(-37.3, 17.0) + 31.1 (0.6, 62.8) +
Yes 1721 7.5(-24.7,39.8) + -11.8 (-44.9,21.4) + 0.8 (-37.8,39.4) +
Physical activity, min/week : 0.067 0.995 0.250
<150 2331 36.4 (9.0, 63.7) —— -2.5(-30.5,25.5) —I— 8.2(-24.7,41.1) +
=150 1698 -19.8 (-52.1, 12.5) + 9.9 (-42.7,23.0) + 29.2(-9.1,67.5) +
Infant sex 0.702 0.030 0.109
Male 2145 9.8 (-19.6,39.3) + -33.6 (-63.7, -3.5) + 37.2(1.9, 72.6) —.—
Female 2039 17.4(-10.8, 45.6) + 13.6 (-15.1,42.3) ——I— 6.2(-39.5,27.2) +
T T T T T T T T T T T T T T T
80 -40 0 40 80 80 -40 0 40 80 80 -40 0 40 80

Birth weight change for per-unit score increase Birth weight change for per-unit score increase Birth weight change for per-unit score increase

Fig. 1 Subgroup analyses for the association between three dietary pattern scores (continuous, per 1-unit increase) and birth weight (continuous, in
grams), stratified by maternal age, gestational periods, passive smoking, physical activity, and infant sex. Beta and 95% Cl were calculated in linear model
adjusted for maternal age (continuous variables, in years), and infant sex (male or female), maternal domicile place (south China, north China, or Shanghai
surrounding area), pre-pregnancy BMI (< 18.5, 18.5-23.9, or >24.0 kg/mz), household income (< 100,000, 100,000-350,000, or > 350,000 yuan/year), edu-
cation (< 13 or > 13 years), baseline season (spring/winter, summer, or autumn), parity (primiparous or multiparous), gestational periods at recruitment
(first, second, or third trimester), passive smoking (yes or no), alcohol drinking (yes or no), multivitamin (yes or no), calcium tablets (yes or no), folic acid
(yes or no), total energy (continuous variables, in kcal/day), gestational week at birth (continuous variables, in weeks), and the other two dietary scores.
The corresponding stratification variable was excluded in the corresponding subgroup analysis, for example, infant sex was not adjusted in the analyses

stratified by infant sex. N Total = number of total participants in the study. Cl=confidence interval

The positive association between the plant-based diet
and birth weight could be attributed to specific food
groups loaded in this pattern. In our study, potato intake
was associated with higher macrosomia risk, and exclud-
ing it from plant-based diet pattern attenuated the posi-
tive association with macrosomia. Potato consumption
has been associated with certain risk factors of macroso-
mia, including gestational diabetes and long-term weight
gain [44—46], which has been explained by hyperglyce-
mia, insulin resistance, oxidative stress, and epigenetic
modifications. For macrosomia, high carbohydrate foods
that are heavily loaded in the plant-based diet pattern
may increase glucose influx into the fetal circulation, ele-
vating the fetal metabolic rate and excess fat deposition
[44, 47, 48]. One previous study suggested a greater inci-
dence of LGA births and higher birth weight in infants
born to mothers consuming high-GI diets during preg-
nancy [49]. Furthermore, several studies found intakes
of vegetables and fruits during pregnancy could be posi-
tively associated with birth weight [50, 51]. Collectively,
these findings highlighted the potential role of high-car-
bohydrate foods in developing macrosomia, which needs
to be confirmed by more evidence from experimental
settings.

In our study, the positive association between the
plant-based dietary pattern and birth weight turned to
be mainly observed among individuals who did not meet

the recommended physical activity level. Physical activity
has been shown to prevent excessive gestational and fetal
weight gain, possibly by balancing surplus energy from
diet [52, 53]. One meta-analysis of 117 randomized clini-
cal trials involving 34,546 pregnancies showed that par-
ticipants not engaging in sufficient physical activity was
associated with high risks of gestational diabetes, which
is a known risk factor of fetal overgrowth [53-55]. In
addition, we observed higher animal-based dietary pat-
tern score was associated with lower birth weight among
male infants rather than their female counterparts. Ani-
mal-based products (such as red meat and whole-fat
dairy) are major contributors to a higher dietary inflam-
matory index [56], and a recent study found an inverse
association between pro-inflammatory dietary score and
birth weight only among male infants [33]. Clearly, more
observational studies are needed to validate our find-
ings and explore potential mechanisms for modifying
role of physical activity or sex on diet and birth weight
outcomes.

Strengths and limitations

A strength of our study is that we used a large sample of
pregnant women. Meanwhile, the study also has limita-
tions. Firstly, based on the observational nature of the
results, it is not possible to establish a cause-and-effect
relationship. Secondly, although known risk factors and
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Fig. 2 Associations between plant-based dietary pattern with and without potatoes and macrosomia. ORs and 95% Cls were calculated in logistic model
adjusted for maternal age (continuous variables, in years), infant sex (male or female), maternal domicile place (south China, north China, or Shanghai
surrounding area), pre-pregnancy BMI (< 18.5,18.5-23.9, or = 24.0 kg/m?), household income (< 100,000, 100,000-350,000, or = 350,000 yuan/year), educa-
tion (< 13 or > 13 years), baseline season (spring/winter, summer, or autumn), parity (primiparous or multiparous), gestational periods at recruitment (first,
second, or third trimester), passive smoking (yes or no), alcohol drinking (yes or no), physical activity (active or inactive), multivitamin (yes or no), calcium
tablets (yes or no), folic acid (yes or no), total energy (continuous variables, in kcal/day), and gestational week at birth (continuous variables, in weeks)

P for trend was obtained by modelling the median value of the tertiles into the logistic regression models

OR=o0dds ratio. CI=confidence interval. Ref=reference

potential confounding factors were carefully considered,
residual confounding including gestational weight gain
cannot be ruled out. Thirdly, self-reported questionnaires
were used to collect dietary and maternal information
during pregnancy, which may have been susceptible to
recall bias. Fourth, the FFQ used in our study is short and
may not fully capture the complexity of diet, although the
number of food items is comparable to other studies on
maternal diet and birth outcomes among Chinese (61 to
64 items) [16, 57]. Fifth, PCA is based on the inter-cor-
relations of major food groups, but is unable to distin-
guish healthy effects of components/food groups within
a dietary pattern. For example, the potato was included
in the plant-based pattern, while the processed food and
beverage dietary pattern includes both processed foods
with unhealthy potentials and tea/coffee that are often
considered as healthy components of a diet. Finally, we
could not capture potential changes in diet during preg-
nancy, although previous studies have suggested that
maternal diets tend to be stable from preconception to
the end of pregnancy [58, 59].

Conclusions

In conclusion, we found that a plant-based diet pattern
during pregnancy was associated with a higher risk of
macrosomia, possibly owing to high carbohydrate con-
tent. Future work is required to replicate these findings in
independent studies and to clarify the potential mecha-
nisms that are responsible for these associations.
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