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Abstract
Background  Studies have shown that plant-based foods have a protective effect against gestational diabetes (GDM). 
We examined the association between plant-based dietary patterns and the risk of GDM in a sample of Iranian adults.

Methods  We enrolled 635 pregnant women for the present study. Dietary intakes were evaluated by using a 90-item 
food frequency questionnaire during the first trimester of pregnancy. Three plant-based including plant-based 
(PDI), unhealthy (uPDI) and healthy (hPDI) were calculated. Cox proportional hazard model were fitted to estimate 
hazard ratio (HR) and 95% confidence interval (CI) of GDM across categories of the plan-based dietary indices, while 
controlling for age, educational level, physical activity, family income, prepregnancy body mass index, gestational 
weight gain, and total energy intake.

Results  A total of 635 mothers were included, of whom 79 participants were diagnosed with GDM. Those in the third 
tertile of the PDI (HR: 0.55, 95% CI: 0.30, 0.98) and hPDI (HR: 0.43, 95% CI: 0.24, 0.78) had a lower risk of developing 
GDM during their current pregnancy as compared to the first tertile. There was no association between uPDI and risk 
of GDM.

Conclusions  We found that higher adherence to a plant-based diet during early pregnancy may be associated with 
a lower GDM risk among Iranian women. Confirmation of this finding is necessary in larger cohort studies, taking into 
account other pregnancy outcomes such as birth weight.
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Background
Pregnancy is one of the physiological conditions that 
may be associated with various complications. Gesta-
tional diabetes mellitus (GDM) is a common complica-
tion, affecting 1 to 30% of pregnancies worldwide [1]. The 
prevalence of GDM has increased steadily during the past 
decades, including 14% of pregnancies in the US, 5.7% of 
pregnancies in Australia and 5 to 10% of pregnancies in 
Asian countries [2, 3]. In Iran, the prevalence of GDM is 
estimated to be about 3.4% of total annual pregnancies 
[4]. The incidence of rising pregnant women of GDM 
across the world is partly due to the concurrent increases 
in well-known risk factors, including advanced maternal 
age [5], pre-pregnancy overweight or obesity [6], exces-
sive gestational weight gain [7] and family history of 
diabetes are associated with an increased risk of devel-
oping GDM [8]. Women with GDM are at greater risks 
of several complications such as preeclampsia, shoulder 
dystocia, type 2 diabetes, high blood pressure, and car-
diovascular disease (CVD) later in their life [9–11]. Also, 
children born to mothers with GDM are at greater risks 
for overweight/obesity, impaired glucose tolerance, and 
metabolic syndrome later in their life [12–14].

Cohort studies have greatly contributed to the evidence 
needed to identify disease risk factors and the cause of 
the disease. Birth cohort studies can explore the pattern 
of lifelong exposures and allow to investigate the poten-
tial association between these exposures and maternal 
and neonatal outcomes [15]. Several epidemiological 
studies have shown that adverse environmental and life-
style factors during pregnancy play an important role 
in health status of infants and possibly contribute to the 
development of some chronic and degenerative diseases 
in later life of children [16, 17].

Epidemiological studies have shown that diet, as a 
modifiable key factor, plays a role in the development of 
GDM. Studies have shown that plant-based foods and 
nutrients such as cereals, fruits, legumes and dietary 
fibers have a protective effect against GDM [18–20]. 
However, a study of vegan diet reported a modest no 
significant association with GDM [21]. Previous stud-
ies about the health effects of maternal plant-based 
diets have mainly focused on vegetarian diets. In gen-
eral, people adhering to vegetarian dietary patterns tend 
to avoid some or all of the major animal foods in their 
dietary choices. Therefore, the general Plant-based Diet 
Index (PDI) has been created to compensate for this lim-
itation. PDI evaluates the degree of adherence to a diet 
rich in plant-based foods and food groups [22]. The PDI 
positively weights plant foods and negatively weights ani-
mal foods and measures the plant-based diet on a con-
tinuous scale. Prospective cohort studies have suggested 
that higher PDI score is associated with a reduced insulin 

resistance and a lower risk of developing prediabetes and 
type 2 diabetes [22–24].

However, there is limited evidence about the asso-
ciation between PDI and risk of GDM. Only one case-
control study in Iran reported an inverse relationship 
between PDI and GDM risk [25]. Hence PDI is associated 
with a reduced risk of type 2 diabetes in the general pop-
ulation, we proposed the hypothesis that PDI may also be 
associated with a lower risk of GDM and its associated 
complications in pregnant women. Therefore, the pur-
pose of this prospective cohort study was to evaluate the 
potential relationship between PDI and risk of GDM in a 
sample of Iranian women.

Methods
Participants
This prospective cohort study was conducted within 
the framework of the Persian (Prospective Epidemio-
logical Research Studies in IRAN) Birth Cohort [26]. An 
ongoing prospective cohort study is being conducted in 
five districts of Iran nationwide as part of the Persian 
Birth Cohort to present scientific evidence and enhance 
knowledge for the development of national policies that 
are grounded in evidence on different aspects of the 
developmental origins of health and diseases [26]. This 
cohort study investigates the potential associations of 
lifestyle, environmental, and socioeconomic factors with 
pregnancy outcomes and mother-child mental and physi-
cal health and well-being. Pregnant women who lived 
in Semnan, a city situated in central Iran, were selected 
for the study. This prospective cohort study was open to 
pregnant women who were referred to healthcare centers 
in Semnan during 2018–2021. Additionally, we utilized 
advertisements on local and social media, as well as med-
ical clinics in the city, to encourage women to take part 
in this prospective cohort study. Inclusion criteria were 
women of Iranian nationality who were within the first 
trimester of pregnancy, irrespective of gravidity, parity 
or use of fertility treatment, who have resided in Semnan 
for at least one year and plan to give birth in a hospital 
located in Semnan. All pregnancy outcomes, regardless 
of whether they resulted in a natural vaginal delivery or a 
caesarean section, were included. The criteria for exclud-
ing were twin gestations and hormone-related diseases or 
hormone therapy.

In all, 1024 women agreed to take part in the study. Of 
those, mothers who did not complete dietary question-
naires during the first trimester (n = 293), those who did 
not continue the study until the end and had incomplete 
information about study outcomes (n = 45), mothers with 
total energy intake outside the range of 800 to 4200 kcal/
day (n = 18), those who used cigarette smoking (n = 10) 
and had a history of GDM (n = 23) were excluded from 
the analyses, leaving 635 pregnant women for the present 
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study. All participants were educated about the study 
protocol and signed the informed consent form. The pro-
tocol of the study was approved by the ethic committee 
of Semnan University of Medical Sciences (Ethic code: 
IR.SEMUMS.REC.1400.252).

Assessment of dietary intake
A 90-item food frequency questionnaire (FFQ) was 
used to evaluate the participants’ dietary intake during 
the first trimester of pregnancy that was developed and 
validated for use in this prospective cohort study [26]. 
Trained interviewers conducted face-to-face interviews 
for dietary assessments. Mothers were asked to provide 
information on their frequency of consumption of food 
items in the FFQ, based on commonly used units or 
portions sizes, during their first trimester of pregnancy. 
The frequency response categories were nine multiple-
choice categories varying from “never or less than once 
a month” to “6 or more times per day” depending on 
the nature of food items. The household measures were 
used to convert all reported consumption frequencies to 
grams per day. We used Nutritionist IV software (version 
7.0; N-Squared Computing, Salem, OR), modified for 
Iranian foods, to calculate the total energy and nutrient 
intakes.

Calculation of plant-based-diet
We calculated PDI score using the method introduced 
by Martínez González et al. [27]. Three plant-based diet 
indices including PDI, unhealthy (uPDI) and healthy PDI 
(hPDI) were calculated. We classified foods into three 
food groups according to the characteristics of nutrients 
and foods, including healthy plant-based foods (fruits, 
vegetables, nuts, legumes, vegetable oils, tea and cof-
fee), less healthy plant-based foods (fruit juices, refined 
grains, potatoes, sugar-sweetened beverages, sweets 
and desserts), and animal-based foods (animal fat, dairy, 
eggs, fish and seafood, meat, animal fat). We ranked food 
groups into deciles and gave positive or reverse scores to 
each food group. To calculate PDI, we classified plant-
based food groups into deciles and assigned a score of 
10 to the highest category and a score of 1 to the lowest 
category. An inverse scoring system was used for animal-
based food groups. We summed the score of all food 
groups to calculate PDI.

To calculate hPDI, we assigned a score of 10 to those in 
the highest category of healthy plant-based food groups, 
while an inverse scoring system was used for unhealthy 
plant-based foods and animal based foods. To calculate 
uPDI, a score between 10 and 1 was given to the high-
est through the lowest consumption of unhealthy plant 
foods.

Participants with the highest to the lowest consump-
tion of animal-based foods and healthy plant foods were 

given a score between 1 and 10. Scores were summed to 
obtain a score ranging from 18 to 180 for PDI, hPDI, and 
uPDI indexes.

Outcome assessment
Diagnosis of GDM was made using a computer question-
naire and during a structured interview with a pregnant 
mother. The pregnant mother was asked if the doctor has 
told her that she has GDM and whether she was treated 
or hospitalized for GDM or not. In the next stage, all 
tests and medical records of the mother (separately for 
the first, second and third trimesters) were taken from 
the mother at 38–39 weeks of pregnancy and scanned in 
the system. If the mother responded positively, the diag-
nosis of GDM was confirmed by examining the mother’s 
medical records.

Criteria for diagnosing GDM was elevated blood glu-
cose levels and symptoms of diabetes in a pregnant 
woman who has not previously been diagnosed with dia-
betes. Diagnosis of GDM was based on an oral glucose 
tolerance test. Having at least two of the following crite-
ria was considered as a diagnosis of GDM: fasting plasma 
glucose higher than 95 mg/dL, one-hour plasma glucose 
higher than 180 mg/dL, two-hour plasma glucose higher 
than 155 mg/dL, plasma glucose three hours greater than 
140 mg/dL and/or pharmacological treatment for GDM 
[28].

Assessment of other variables
Structured pre-tested questionnaires that were developed 
for Persian Birth Cohorts were used by trained interview-
ers to obtain information about the characteristics of the 
study participants [26]. Information about age, history of 
diseases, educational level, mother- and father’s occupa-
tional status, and family income were recorded by trained 
interviewers.

Physical activity
We used the generally validated International Physi-
cal Activity Questionnaire (IPAQ) to evaluate physical 
activity levels [29]. Based on Metabolic Equivalents min-
utes per week (MET-min/week) [30], participants were 
grouped into two categories no or low physical activity 
(< 3000 MET-minute/week) and moderate and high low 
physical activity (> 3000 MET-minute/week).

Anthropometric measures
Weight and height were measured by a trained inter-
viewer. Weight was measured at the study baseline using 
a digital scale to the nearest 0.5 kg with light clothes and 
without shoes. Weight measurement was repeated in 
the second and third trimesters. The final weight of the 
mothers was measured using the same protocol in the 
hospital before delivery. Weight gain was calculated by 
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subtracting the first weight from the last weight. Height 
was measured in a standing position with a tab measured 
to the nearest 0.5 centimeter by asking the participants 
to stand without shoes and shoulders touching the wall. 
Body mass index (BMI) was calculated based on the 
weight in kilograms divided by height in meters squared.

Statistical analyses
Firstly, we classified study participants across tertiles of 
PDI, hPDI, and uPDI indexes. Secondly, we compared the 
characteristics of participants across categories of PDI, 
hPDI, and uPDI scores by performing ANOVA for con-
tinuous variables and χ2 test for categorical variables. The 
hazard ratio (HR) and 95% confidence interval (CI) of 
GDM were calculated by utilizing both an ANOVA test 
and a Cox proportional hazard model for each category 
of the plan-based dietary indices. For multivariable anal-
yses, we included age, educational levels (illiterate, under 
diploma, diploma, University graduate), physical activity 
(no or low/moderate to high), history of CVD, prepreg-
nancy hypertension, hypothyroidism and hyperthyroid-
ism, (yes/no), prepregnancy BMI, gestational weight gain, 
total energy intake and father income. All statistical anal-
yses were carried out using SPSS (SPSS Inc., version 22). 
P values were considered significant at < 0·05.

Results
General characteristics of the study participants across 
tertiles of PDI, hPDI, and uPDI scores are shown in 
Table 1. Subjects in the third tertile of PDI had a lower 
prepregnancy BMI as compared to those in the second 
and first tertiles (P = 0.004). Comparing participants 
across tertiles of hPDI score, those in the highest tertile 
were more likely to be in their third or higher pregnancy 
order (P = 0.04). Participants in the highest tertile of uPDI 
were also more likely to have nausea during their current 
pregnancy (P = 0.001). No other significant differences 
were observed in terms of other general characteristics 
across tertiles of PDI, hPDI, and uPDI scores.

Table  2 presents the dietary intakes of the study par-
ticipants across tertiles of PDI, hPDI, and uPDI scores. 
Subjects in the highest tertile of PDI had higher intakes 
of total energy, carbohydrate, fat, protein, saturated fat, 
polyunsaturated fatty acids, monounsaturated fatty acids, 
dietary fiber, and vitamin C (P < 0.001 for all) as com-
pared to those in the lowest tertile. In addition, these 
participants had significantly different intakes of fruits, 
vegetables, nuts, legumes, grains, potato, sweets, sugar-
sweetened beverages (P < 0.001 for all), tea (P = 0.03), 
dairy (P = 0.04), and fish and seafoods (P = 0.03). Women 
with the greatest hPDI score had lower intakes of 
energy (P < 0.001), carbohydrate (P = 0.001), fat, pro-
tein, saturated fat, monounsaturated fatty acids, choles-
terol (P < 0.001 for all) and polyunsaturated fatty acids Ta
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(P = 0.007). Also, intakes of grains, sweets, sugar-sweet-
ened beverages, animal fat, dairy, egg, red and pro-
cessed meat, fish and seafood (P < 0.001 for all) and tea 
(P = 0.006) were significantly different among tertiles 
of hPDI. Participants with the highest score of uPDI 
had lower intakes of energy, carbohydrate, fat, protein, 
saturated fat, polyunsaturated fatty acids, monounsatu-
rated fatty acids, cholesterol, dietary fiber and vitamin C 
(P < 0.001 for all) compared to the participants with low-
est score of uPDI.

Table  3 indicates the multivariable-adjusted HRs of 
GDM across tertiles of PDI, hPDI, and uPDI scores. 
We found no significant association between PDI score 
and risk of GDM in the crude model. After adjust-
ment for multiple confounders, there was a significant 
association between PDI score and risk of GDM (HR 
third versus first tertile: 0.55; 95% CIs: 0.30, 0.98, p-value = 0.04). 
In addition, third compared to the first tertile of hPDI 
score was associated with a lower risk of GDM in both 
crude (HR: 0.49; 95% CIs: 0.27, 0.88, p-value = 0.01) and 
multivariable adjusted models (HR: 0.43; 95% CIs: 0.24, 
0.78, p-value < 0.001). With regards to uPDI, there was a 
significant association between uPDI and risk of GDM in 
the crude model (HR third tertile: 0.57; 95% CIs: 0.32, 0.98, 
p-value = 0.04). However, this association became non-
significant after adjustment for potential confounders 
(HR: 0.72; 95% CIs: 0.40, 1.30, p-value = 0.27).

Discussion
In this prospective birth cohort study, we found that there 
was an inverse association between PDI and risk of GDM 
in Iranian women. We found that being in the third ter-
tile of PDI was associated with a 45% lower risk of GDM. 
In addition, women who were in the third tertile of hPDI 
had a 57% decreased risk of GDM compared to those in 
the first tertile. There was no association between uPDI 
and risk of GDM. To the best of our knowledge, this is 
the first prospective cohort study to evaluate the asso-
ciation between maternal plant-based diet indices during 
pregnancy and GDM risk in Iranian women.

To our knowledge, only a limited number of observa-
tional studies have investigated the association between 
adherence to plant-based diets during pregnancy and risk 
of GDM. In their case-control study, Behzad et al. found 
that being in the third tertile of PDI score was associ-
ated with a 53% lower risk of GDM in Iranian pregnant 
women; however, there was no association between 
hPDI, uPDI, and GDM risk [25]. Another prospective 
cohort study among 2099 Chinese women suggested 
that greater adherence to a plant-based diet during the 
second trimester of pregnancy, as assessed by the overall 
pant-based diet index, was associated with a 57% lower 
GDM risk [22]. A meta-analysis of 14 epidemiologic 
studies also indicated that adherence to vegetarian diets 

may be associated with a 27% lower risk of type 2 diabe-
tes [31]. Similarly, in a meta-analysis of nine prospective 
cohort studies, Qian et al. indicated that higher adher-
ence to plant-based dietary patterns was associated with 
a 23% lower risk of developing type 2 diabetes compared 
to poorer adherence [32]. Likewise a systematic review 
found that a vegan diet was associated with lower preva-
lence or incidence of type 2 diabetes [33].

The term “plant-based” diet represents a wide defi-
nition [34] as it could either partially include a limited 
amount of foods derived from animals, such as the Medi-
terranean diet, or contain only plant-based foods like 
fruits, vegetables, and legumes, as seen in vegetarian and 
vegan diets [35]. Existing evidence suggests that greater 
adherence to the Mediterranean diet, characterized by 
high intake of vegetables, fruits, grains, fish, and legumes 
and low intake of red meat, poultry, and dairy products, 
is associated with a lower risk of GDM in a low-risk pop-
ulation [36–38]. Moreover, a high intake of dietary fiber 
during pregnancy seems to be particularly beneficial in 
preventing GDM [18, 39].

In spite of the 2020–2025 Dietary Guidelines for Amer-
icans recommendations a healthy plant-based diet is safe 
and effective for all stages of the life cycle [40]. Studies 
suggest that vegetarian diets may pose significant nutri-
tional challenges, especially during pregnancy [41]. It is 
proposed that adherence to these diets may increase the 
risk of nutritional deficiencies, including inadequate sup-
plies of vitamin B12 and vitamin D, iron, calcium, zinc, 
iodine, proteins, and essential fatty acids [42]. Therefore, 
pregnant women need to be fully aware of the quality 
of their diet to obtain all necessary nutrients. Since the 
association between adhering to plant-based diets and 
other pregnancy outcomes, such as birth weight, was 
not evaluated during our study, the potential health ben-
efits of plant-based diets during pregnancy need further 
investigation.

There is a lack of information on the hormonal inter-
actions that occur during the first and second trimesters 
of pregnancy and the molecular changes that are asso-
ciated with insulin resistance in the third trimester of 
pregnancy [43–45]. In an intervention study, Bligh et al. 
indicated that plant-rich meals significantly enhanced the 
serum levels of glucagon-like peptide-1, a hormone that 
increases the secretion of insulin [46]. A plant-based diet 
is characterized by high intakes of dietary fibers, antioxi-
dants, and micronutrients. Evidence from experimental 
studies has shown that viscous dietary fibers aid post-
prandial glucose metabolism immediately by slowing gas-
tric emptying rates [47]. Likewise, the products derived 
from dietary fibers by microbiota (e.g., short chain fatty 
acids) are known to reduce liver glucose output, improve 
fat homeostasis, and affect gut microbiota [48, 49]. Anti-
oxidant compounds, including polyphenols, naringenin, 
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and vitamin C, can also improve insulin sensitivity, 
inflammation, and oxidative stress associated with GDM 
[50, 51]. Simultaneously, a plant-based diet has less satu-
rated fat and animal protein, which may adversely affect 
insulin sensitivity [52, 53]. All of these possible biological 
mechanisms help explain why adherence to a plant-based 
diet could be linked to a lower risk of GDM.

The study has the advantage of being able to adjust for 
a wide range of covariates in the analyses. This is the first 
prospective birth cohort study to investigate the rela-
tionship between PDI, hPDI, and uPDI and the risk of 
developing GDM in the Middle East area. We also gath-
ered a substantial amount of information using a stan-
dard protocol and valid and reliable tools that decreased 
information bias related to food intakes, demographic 
characteristics, and lifestyle-related behaviors. In addi-
tion, we used several valid and reliable questionnaires 
that were developed for use in the present birth cohort 
study [26]. Several limitations also need to be acknowl-
edged when interpreting our findings. First, misclassifica-
tion of dietary intakes could be caused by the use of FFQ 

to assess dietary intake. Second, even though we included 
multiple potential covariates, it’s important to keep in 
mind the possibility of residual confounding. Third, due 
to a small number of participants, we need more large-
scale cohort studies to confirm the findings. Fourth, we 
evaluated the dietary intake during the first trimester, 
and the association between adherence to plant-based 
diets during the second and third trimesters and GDM 
should be investigated in future research. Since preg-
nancy is a dynamic physiological state, dietary patterns 
could largely change across the trimesters in terms of 
food types and quantities. Often, nutrition counseling 
also plays a role in changing dietary habits. Therefore, it 
is critical to consider the temporal shift in dietary intakes 
in future research.

Conclusions
In conclusion, the results of this prospective birth cohort 
study suggest that greater adherence to the PDI and hPDI 
is associated with a reduced risk of GDM. No association 
was found between uPDI and GDM risk. Our findings 

Table 3  Hazard ratio and 95% confidence intervals of GDM risk across tertiles of plant-based diet scores
Tertiles T1 T2 T3
PDI score 52–79 80–106 107–134
Participants 221 204 210
Person-week 7919 7610 7652
Cases 36 19 24
HR and 95%CI
Crude 1 0.55 (0.31, 0.96) 0.69 (0.41, 1.15)
P-value - 0.03 0.16
Multivariate adjusted1 1 0.56 (0.32, 1.00) 0.55 (0.30, 0.98)
P-value - 0.05 0.04
hPDI score 62–85 86–108 109–132
Participants 214 215 206
Person-week 7619 7923 7639
Cases 34 28 17
HR and 95%CI
Crude 1 0.78 (0.47, 1.29) 0.49 (0.27, 0.88)
P-value - 0.35 0.01
Multivariate adjusted1 1 0.74 (0.44, 1.23) 0.43 (0.24, 0.78)
P-value - 0.25 < 0.001
uPDI score 58–82 83–107 108–132
Participants 207 230 198
Person-week 7348 8516 7317
Cases 35 24 20
HR and 95%CI
Crude 1 0.58 (0.35, 0.99) 0.57 (0.32, 0.98)
P-value - 0.04 0.04
Multivariate adjusted1 1 0.72 (0.42, 1.25) 0.72 (0.40, 1.30)
P-value - 0.25 0.27
1 adjusted for age, educational levels, physical activity, history of cardiovascular disease, prepregnancy hypertension, hypothyroidism and hyperthyroidism, 
prepregnancy body mass index, gestational weight gain, dietary energy intake and father income

Abbreviations: GDM, gestational diabetes mellitus; PDI, overall plant-based diet index; hPDI, healthful plant-based diet index; uPDI, unhealthful plant-based diet 
index; T, tertile
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suggest that adopting a plant-based diet during early 
pregnancy may be protective against GDM among the 
Iranian population. To confirm our findings regarding 
the association of plant-based diet patterns with GDM, 
further large-scale cohort studies are needed, consider-
ing the potential changes across trimesters in terms of 
food types and quantities, as well as other pregnancy out-
comes such as birth weight.

List of abbreviations
BMI	� Body mass index
CI	� Confidence interval
CVD	� Cardiovascular disease
FFQ	� Food frequency questionnaire
GDM	� Gestational diabetes mellitus
HR	� Hazard ratio
hPDI	� healthy plant-based dietary index
IPAQ	� International physical activity questionnaire
MET	� Metabolic Equivalents
PDI	� Plant-based dietary index
uPDI	� unhealthy plant-based dietary index
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