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BACKGROUND/OBJECTIVES: Plant-based dietary patterns are becoming more popular worldwide. We aimed to examine the
relationship between plant-based dietary patterns and the risk of inadequate or excessive gestational weight gain (GWG) in Iranian
pregnant women.
METHODS: We prospectively followed 657 pregnant women in Iran. Adherence to the plant-based diet, represented by plant-
based (PDI), healthy (hPDI) and unhealthy plant-based (uPDI) dietary indexes was evaluated by applying a 90-item food frequency
questionnaire during the first trimester of pregnancy. Multivariable-adjusted Cox proportional-hazards regression model was used
to compute hazard ratios (HRs) and 95% confidence intervals (CIs) across quartiles of plant-based diet scores.
RESULTS: Over 25,562 person-weeks of follow-up, we documented 106 and 294 participants with inadequate and excessive GWG,
respectively. We found a strong inverse association between adherence to the PDI and inadequate GWG after adjustment for
demographic and confounding variables. Women in the highest quartile of the PDI had 50% lower risk of inadequate GWG than
those in the lowest quartile (adjusted HR: 0.50; 95%CI 0.29, 0.89; P= 0.02). No significant association was found between hPDI and
uPDI and inadequate GWG. There was no association between PDI, hPDI, and uPDI and the risk of excessive GWG.
CONCLUSIONS: Greater adherence to a plant-based diet during the first trimester of pregnancy may be associated with a lower risk
of inadequate GWG. This finding needs to be confirmed in larger cohort studies, considering other pregnancy outcomes such as
birth weight and the potential changes across the trimester in terms of food types and quantity.
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INTRODUCTION
Gestational weight gain (GWG), defined as the overall amount of
weight obtained during pregnancy, is a complicated physiologic
response to pregnancy, resulting from fetal development and
gestational fat deposition [1]. GWG is a vital health marker during
pregnancy and is associated with important maternal and infant
health outcomes [2, 3]. According to the evidence, mothers with
inadequate GWG are more prone to have infants with low birth
weight and intrauterine growth retardation [4]. In contrast,
mothers with excessive GWG are at a greater risk of preterm
delivey and are more prone to have infants with increased birth
weight and childhood obesity [5]. Moreover, mothers with
excessive weight gain during pregnancy are at risk of greater
maternal diseases including gestational diabetes and preeclamp-
sia [6].
In 2018, 43% of Iranian pregnant women had excessive GWG,

defined based on the Institute of Medicine recommendations [7].
Maternal diet is a prominent modifiable risk factor for inappr

opriate GWG [8, 9]. A recent systematic review exploring the
association of dietary intake with GWG suggested that energy
intake and macronutrient composition of the diet may be
associated with the magnitude of weight gain during pregnancy
[10]. Although the relation between single nutrients and GWG has
been previously investigated, a more comprehensive dietary
approach has emerged in nutritional epidemiology, which focuses
on dietary pattern analysis. People consume nutrients and foods
together, and hence, the dietary patterns might present a broader
picture of an individual’s eating styles and might be a better
predictor of health outcomes compared with single foods or
nutrients [11].
It has been shown that plant-based and vegetarian dietary

patterns are becoming more popular worldwide, particularly
among women of reproductive age; however, little is known
about the effect of these dietary patterns on pregnancy outcomes
[12]. Although studies are limited and the information is
inconsistent, childbearing mothers who adhered to a vegetarian

Received: 19 July 2022 Revised: 26 January 2023 Accepted: 30 January 2023
Published online: 14 February 2023

1Social Determinants of Health Research Center, Semnan University of Medical Sciences, Semnan, Iran. 2Department of Community Nutrition, School of Nutritional Science and
Dietetics, Tehran University of Medical Sciences, Tehran, Iran. 3Food Safety Research Center (salt), Semnan University of Medical Sciences, Semnan, Iran.
✉email: s_shabbidar@tums.ac.ir

www.nature.com/ejcn European Journal of Clinical Nutrition

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-023-01275-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-023-01275-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-023-01275-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41430-023-01275-x&domain=pdf
http://orcid.org/0000-0003-4231-3147
http://orcid.org/0000-0003-4231-3147
http://orcid.org/0000-0003-4231-3147
http://orcid.org/0000-0003-4231-3147
http://orcid.org/0000-0003-4231-3147
http://orcid.org/0000-0002-0167-7174
http://orcid.org/0000-0002-0167-7174
http://orcid.org/0000-0002-0167-7174
http://orcid.org/0000-0002-0167-7174
http://orcid.org/0000-0002-0167-7174
https://doi.org/10.1038/s41430-023-01275-x
mailto:s_shabbidar@tums.ac.ir
www.nature.com/ejcn


diet had lower postpartum depression, cesarean delivery and
maternal or neonatal mortality, probably due to receiving more
fiber and lower fat and sugar [13–16].
Despite previous studies from Western countries examining the

association of plant-based diets with GWG [17, 18], there has been
no study to investigate this association in Middle-Eastern
countries. Considering the increasing prevalence of obesity in
women of reproductive age and the adverse health effect of
inappropriate GWG on pregnancy outcomes, it seems that plant-
based diets might be an appropriate eating style to reach
adequate weight gain during pregnancy. In this regard, this
prospective cohort study was conducted to examine the relation
between plant-based dietary patterns during first trimester of
pregnancy, represented by plant-based (PDI), healthy (hPDI) and
unhealthy plant-based dietary indexes (uPDI), with the risk of
inadequate or excessive GWG in Iranian pregnant women.

MATERIALS AND METHODS
Participants
This prospective cohort study was carried out within the framework of the
Persian (Prospective Epidemiological Research Studies in IRAN) Birth
Cohort [19]. The Persian Birth Cohort is a prospective, ongoing cohort
study carried out in five districts of Iran to provide scientific evidence and
advance knowledge for developing evidence-based national policies on
different aspects of developmental origins of health and diseases [19]. This
cohort study explores the potential relation of environmental, socio-
economic and lifestyle factors with gestational outcomes and mother-child
physical and cognitive well-being and health. For the present study, we
used data from the Semnan branch of the Persian Birth Cohort. For
inclusion in the present study, pregnant women living in Semnan, Iran,
were recruited from health care centers between 2018 and 2020.
Moreover, we used advertisements by medical clinics and local and social
media across the city to motivate women to participate in this prospective
study. Women were regarded as eligible for inclusion in the study if they
lived in Semnan for at least 1 year, were during the first trimester of
pregnancy, regardless of gravidity, congruity, or indication of fertility
treatment, and aim to have a birth in one of the Semnan hospitals.
Pregnancies ending in either natural vaginal delivery or cesarean section
were eligible. Women who had twin gestations, hormonal diseases, or
hormone therapy were excluded.
At first, 1024 women were qualified to participate in the present study.

Of those, women who did not complete the dietary history questionnaire
within the first trimester (n= 293), those with incomplete outcomes
information or who did not stay until the end (n= 46), and women with
energy intake <800 and >4200 kcal/d (n= 18), and those who were
cigarettes smokers (n= 10) were additionally excluded from the study,
leaving 657 mothers for final analyses.
All of the pregnant women were informed about the study procedures and

all of them provided written informed consent before their inclusion in this
study. The ethics committee of the Semnan University of Medical Sciences
approved the study protocol (Ethics code: IR.SEMUMS.REC.1400.213).

Assessment of dietary intake
Usual dietary intakes of the mothers during the first trimester of pregnancy
were assessed by applying a 90-item food frequency questionnaire (FFQ)
that was previously developed and validated for use in this prospective
cohort study [19]. Data about dietary intakes were collected through face-
to-face interviewing using a trained nutritionist. We asked participants to
report their usual frequency of intake of food items listed in the FFQ, over
their first trimester of pregnancy, based on commonly used units or
portion sizes. The frequency of food consumption in each group was nine
multiple-choice groups varying from “never or less than monthly” to “6 or
more times every day” based on the nature of food items. All recorded
consumption frequencies were converted to grams per day using
household measures. We used Nutritionist IV software (version 7.0;
N-Squared Computing, Salem, OR), revised for Iranian foods to measure
the overall energy and nutrient intakes.

Calculation of plant-based dietary patterns
We generated PDI, hPDI, and uPDI scores as exposure in the present study
[20, 21]. Based on the method introduced by Sajita et al. [21]. we created 18

food groups based on nutrient content within a larger group of healthy
plant-based foods (whole grains, fruits, vegetables, nuts, legumes, vegetable
oils, tea/coffee), less healthy plant-based foods (fruit juices, refined grains,
potatoes, sugar-sweetened beverages, sweets/desserts), and animal-based
foods (animal fat, dairy, eggs, fish/seafood, meat, miscellaneous animal-
based foods). We classified food groups into tertiles and assigned increasing
or decreasing scores to each food group. With regards to increasing scores,
participants in the highest tertile of a food group were given a score of 3,
and those who were at the lowest tertile were assigned a score of 1. An
inverse scoring system was used for decreasing scores.
To calculate PDI, healthy and less healthy plant-based food groups were

given increasing scores, while animal-based food groups were given
decreasing scores. For generating hPDI, increasing scores were given to
healthy plant-based food groups and decreasing scores were given to both
less healthy plant-based food groups and animal-based food groups.
Finally, for calculating uPDI, increasing scores were given to less healthy
plant-based food groups and decreasing scores were given to both healthy
plant-based food groups and animal-based food groups. The scores of
food groups were summed together to generate the indexes [20].

Outcome assessment
GWG was calculated by subtracting the mother’s weight during the first
trimester (first weight) from the last weight before delivery. Weight was
measured four times (first, second, and third trimesters and in the hospital
before delivery) by trained staff with the same scales in the cohort center.
According to the guidelines provided by the IOM, GWG was classified into
three categories according to prepregnancy body mass index (BMI):
inadequate, adequate and excessive [22]. Weight gain less than the following
values was defined as inadequate GWG and weight gain above the following
values was defined as excessive GWG; (1) Underweight (BMI < 18.5 kg/m2):
12.8–18 kg; (2) Normal weight (18.5–24.9 kg/m2): 11.5–16 kg; (3) Overweight
(25–29.9 kg/m2): 7–11.5 kg; and (4) Obese (BMI ≥ 30 kg/m2): 5–9 kg.

Assessment of other variables
Maternal demographic characteristics were collected by trained interviewers
by applying structured pre-tested questionnaires that were designed for use
in Persian Birth Cohorts [19]. Information on age, disease history, nausea
during pregnancy, family income, level of education, prepregnancy BMI,
pregnancy order, multivitamins usage and physical activity was collected by
trained interviewers at recruitment. Physical activity levels were assessed by
applying the validated International Physical Activity Questionnaire (IPAQ)
[23]. The physical activity of participants was calculated based on Metabolic
Equivalents minutes per week (MET-min/week) [24], and then, participants
were classified into two categories including no or low physical activity
(<3000 MET-min/week) and moderate and high low physical activity (>3000
MET-min/week). Trained interviewers assessed weight (to the nearest 0.5 kg)
and height (to the nearest 0.5 cm) during the first, second, and third
trimesters. Individuals wore light clothes and had no shoes when assessing
their weight and height. Finally, the same protocol was used to evaluate
maternal weight in the hospital before delivery. BMI was calculated as the
ratio of weight (in kg) divided by the square of height (in m).

Statistical analyses
We calculated plant-based dietary indices and then categorized study
participants according to quartiles of PDI, hPDI, and uPDI scores. The analysis
of variance and Chi-square tests were applied, respectively, to compare
continuous and categorical variables of the study participants across quartiles
of PDI, hPDI and uPDI. We used Cox proportional-hazards model to compute
hazard ratios (HRs) and 95% confidence intervals (CIs) of inadequate and
excessive GWG in relation to PDI, hPDI and uPDI scores. In the multivariable-
adjusted models, we adjusted for age, university graduate (yes/no),
occupation (full-time job, part-time job, no job with salary), income
(<1 million, 1–3 million, 3–5 million, >5 million), physical activity (no or low/
moderate to high), energy intake, prepregnancy supplement intake (yes/no),
multivitamin use during pregnancy (yes/no), pre-pregnancy BMI, history of
gestational diabetes mellitus (yes/no) and history of cardiovascular disease
(yes/no). All analyses were performed using SPSS (SPSS Inc., version 26).
Statistical tests were two-sided and considered significant with P values <0.05.

RESULTS
Overall, 657 pregnant women with a mean age of 28.8 ± 5.08 years
were included. Demographic characteristics and dietary intake of
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the study participants across quartiles of PDI, hPDI, and uPDI
scores are presented in Tables 1 and 2, respectively. The mean age
of the participants across quartiles of indices ranged from
28.4–28.6 years in the bottom quartiles, to 28.5–29.2 years in the
top quartiles of the PDI, hPDI and uPDI.
Compared with the individuals in the lowest quartile, indivi-

duals in the highest quartile of the PDI had a lower prepregnancy
BMI and higher intake of energy, carbohydrate, total protein, total
fat, dietary fiber, monounsaturated fatty acids (MUFA), polyunsa-
turated fatty acids (PUFA), vitamin C, magnesium, total grains,
fruits, vegetables, legumes and nuts and lower intake of egg, dairy
products, saturated fatty acids (SFA), and calcium (all P < 0.05). In
terms of hPDI, individuals with highest score had a lower
multivitamin use during pregnancy. Also, they had lower intake
of energy, carbohydrate, total protein, total fat, SFA, MUFA, PUFA,
magnesium, calcium, total grains, dairy, red and processed meats,
poultry and egg, as well as higher intake of fruits than those with
lowest score (all P < 0.05). Higher uPDI was related to higher
percent of nausea during the current pregnancy. Individuals in the
highest quartile of uPDI had lower intake of energy, carbohydrate,
total protein, total fat, dietary fiber, SFA, MUFA, PUFA, vitamin C,
magnesium, calcium, dairy, fruit, vegetable, legumes and nuts, red
and processed meats, poultry and egg than those in the lowest
quartile (all P < 0.05). Other demographic characteristics and
dietary intakes were similar across quartiles of the PDI, hPDI,
and uPDI scores.
Table 3 presents crude and multivariable-adjusted HRs and 95%

CIs of inadequate and excessive GWG across quartiles of the PDI,
hPDI, and uPDI scores. Over 25,562 person-weeks of follow-up, we
documented 106 and 294 participants with inadequate and
excessive GWG, respectively. We found an inverse association
between adherence to the PDI and inadequate GWG after
adjustment for age, education, occupation, income, physical
activity, energy and alcohol intake, prepregnancy supplement
intake, multivitamin use during pregnancy, prepregnancy BMI,
history of gestational diabetes mellitus and cardiovascular disease.
Women in highest quartile of the PDI had 50% lower risk of
inadequate GWG than those in the lowest quartile (adjusted HR
0.50; 95%CI 0.29, 0.89; P= 0.02). No significant association was
found between hPDI and uPDI and inadequate GWG. There was
no association between PDI, hPDI, and uPDI and the risk of
excessive GWG (all P > 0.05; Table 3).

DISCUSSION
In this prospective cohort study, we examined the relationship
between adherence to plant-based dietary patterns during the
first trimester of pregnancy and risks of inadequate or excessive
GWG in a small sample of pregnant women in a Middle-Eastern
country. We found an inverse association between PDI and
inadequate GWG after adjustment for potential confounders.
However, we failed to find any significant association between
hPDI and uPDI and inadequate GWG. There was no evidence of a
relation between PDI, hPDI and uPDI with excessive GWG.
The American Dietetic Association position for childbearing

women suggested the use of a healthy dietary pattern, rich in
legumes, fish, fruits, vegetables and vegetable oils, combined with
physical activity, to avoid inadequate or excessive GWG [25]. Our
preliminary results confirmed that recommendation and indicated
that greater adherence to the PDI during first trimester of
pregnancy may be associated with a lower risk of inadequate
GWG. However, possibly due to the small sample size, we did not
find any association between uPDI and hPDI and risks of
inadequate or excessive GWG.
A systematic review of 12 observational studies indicated that

adherence to a vegetarian diet was inversely associated with
excessive GWG and in contrast, greater adherence to dietary
patterns rich in animal fats, proteins and energy-dense foods was

associated with a higher risk [26]. In a cohort study of 1388
pregnant women in the US, adherence to a vegetarian diet in the
first and second trimesters of pregnancy was related to a lower
risk of excessive GWG [27]. In a retrospective web-based study of
1419 pregnant women, Kesary et al. indicated that different forms
of plant-based diets were inversely related to excessive GWG, but
were also associated with a higher risk of lower birth weight and
small for gestational age [28]. In a Spanish retrospective study of
503 pregnant women, Cano-Ibáñez et al. indicated that greater
compliance with the Mediterranean diet, rich in vegetables, nuts,
legumes, whole cereals and olive oil during different stages of
pregnancy was related to a lower weight gain during pregnancy
[29].
A systematic review of nine observational and experimental

studies showed that pregnant mothers with vegetarian or vegan
dietary patterns were more likely to have higher diet quality
scores, as assessed bt Healthy Eating Index 2010, than their
nonvegetarian counterparts [30]. A cross-sectional study among
Brazilian vegetarian population showed an improved diet quality
including adequate daily intake of fruits and vegetables and lower
soft drinks consumption, as well as higher intake of natural foods
and a lower intake of processed foods [31]. The abovementioned
studies suggest that higher adherence to the PDI may be
associated with a higher diet quality and thus, can explain our
findings regarding the inverse association between adherence to
the PDI and lower risk of inadequate GWG.
Current evidence indicated that people living in Middle-Eastern

countries had a higher intake of refined grains and a lower intake
of legumes, fruits, vegetables, dairy products and whole grains
than those of Western countries [31–35]. For instance, previous
studies showed that intake of fruits and vegetables among Iranian
adults (on overage: 2.58 servings per day) was lower than the
current recommendations by the World Health Organization
(5 servings/d) [36]. Therefore, more efforts is needed in Iran to
increase the adherence to plant-based diets among adluts.
Despite the current recommendation by the American Dietetic

Association that promotes a well-balanced plant-based diet as a
safe dietary pattern for all stages of life and in every physiological
condition [37, 38], some studies have proposed that adherence to
the vegetarian diets may be associated with considerable
nutritional challenges, especially during pregnancy [39]. It is
proposed that adherence to these diets may increase the risk of
nutritional deficiencies, including inadequate supply of vitamin
B12 and D, iron, calcium, zinc, iodine, proteins, and essential fatty
acids [40]. Therefore, pregnant women require to have vigorous
awareness about the overall quality of their diet to obtain all of the
essential nutrients. Since we did not evaluate the association
between adherence to plant-based diets and other pregnancy
outcomes such as birth weight, more research is required to
investigate the potential health outcomes of plant-based diets
during pregnancy.
Our analysis showed a higher energy intake in the fourth

quartile of uPDI as compared to the first quartile. Indeed, the foods
considered in the uPDI groups include fruit juices, refined grains,
potatoes, sugar-sweetened beverages, sweets/desserts, are high
calorie food sources. The lower intake of energy at the highest
category of uPDI may be due to lower intake of fruits, grains, and
animal-based food groups that resulted in a lower energy intake.
Indeed, Iranian traditional diet is a high carbohydrate diet and
thus, the lower energy intake in the highest category of uPDI may
be partly due to lower carbohydrate intake. This finding was
consistent with that reported in another observational study in
Iran, indicating lower energy intake in the highest category of
uPDI [41].
The plausible biological mechanism for the relation between

plant-based dietary patterns and the risk of inappropriate GWG
might be due to a higher intake of fiber that is present in fruits,
vegetables, whole grains and nuts [20, 42]. Dietary fiber influences
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weight regulation by improving the release of satiety hormones and
subsequent contributing to reduced hunger [43] and decreasing the
glucose response and postprandial insulin, that in turn, induces
lipolysis and fat oxidation over lipid storage [44]. Furthermore, these
effects might be incorporated into the prebiotic effects of fiber to
alter the gut microbiota [45] and gastrointestinal actions, including
gastric emptying, transition time of the intestine and colon and
permeability of the intestine [46].
The strengths of the study include adjustments for a wide range

of covariates in the analyses and being the first prospective cohort
study in the Middle East area. We also gathered a substantial
amount of information using a standard protocol and valid and
reliable tools that decreases information bias related to food
intakes, demographic characteristics and lifestyle-related behaviors.
However, there are some limitations that deserve consideration.
First, using FFQ to assess dietary intake might lead to misclassifica-
tion of dietary intakes. Second, although we adjusted for a wide
range of potential covariates, the likelihood of residual confounding
should not be ignored. Third, we included a relatively small number
of participants and thus, more large-scale cohort studies are needed
to confirm the findings. Fourth, we evaluated the dietary intake
during the first trimester and thus, the association between
adherence to the plant-based diets during the second and third
trimesters with GWG should be investigated in future research.
Since, pregnancy is a dynamic physiological state, the dietary
patterns could largely change across the trimester in terms of food
types and quantity. Often nutrition counseling also plays a role to
change the dietary habits. Therefore, it was critical to consider the
temporal shift in the dietary intakes in future research.

CONCLUSIONS
In conclusion, we found that greater adherence to the plant-based
diets during the first trimester of pregnancy may be associated
with a lower risk of inadequate GWG. Further large-scale cohort
studies are required to confirm our findings about the association
of plant-based dietary patterns with GWG, considering the
potential changes across the trimester in terms of food types
and quantity and other pregnancy outcomes such as birth weight.
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