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Abstract

Introduction To examine the association between dietary inflammatory index (Dll) and risk of gestational diabetes
mellitus (GDM).

Methods A prospective birth cohort study was conducted in Iran. During the first trimester of pregnancy, food
intake was measured using a food frequency questionnaire. Each participant’s DIl score was calculated, and then, the
Cox proportional hazard model was used to calculate the hazard ratio (HR) and 95% Cl of GDM across the quartiles
of DII. We systematically searched the literature to conduct a meta-analysis of observational studies (PROSPERO:
CRD42022331703). To estimate the summary relative risk for the highest versus lowest category of DII, a random-
effects meta-analysis was performed. The certainty of evidence was assessed using the GRADE approach.

Results In the prospective cohort study (n=635 pregnant mothers), the multivariable HRs of GDM for the third and
fourth quartiles of DIl were 2.98 (95%Cl: 1.98, 6.46) and 2.72 (95%Cl: 1.11, 6.63), respectively. Based on a meta-analysis
of six prospective cohorts and a case-control study (1014 cases of GDM in 7027 pregnant mothers), being in the
highest category of the DIl was associated with a 27% higher risk of GDM (relative risk: 1.27,95%Cl: 1.01, 1.59; 12=50%;
low certainty of evidence). A dose-response meta-analysis suggested a positive monotonic association between DI
and GDM risk.

Conclusions Our prospective cohort demonstrated a positive correlation between GDM risk and the inflammatory
potential of diet in the first trimester of pregnancy. The results need to be confirmed by larger cohort studies.
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Introduction

The World Health Organization (WHO) defines ges-
tational diabetes mellitus (GDM) as “any degree of glu-
cose intolerance that manifests during pregnancy” [1].
The overall prevalence of GDM is increasing world-
wide [2]. According to the current evidence, the preva-
lence of GDM ranges from approximately 6% in Europe
to approximately 15% in China [3, 4]. The prevalence of
GDM varies across the Middle East and North Africa
region, including Iran. However, the total prevalence of
GDM in Iran was reported in 7.6% of pregnancies [5].

Several adverse health consequences, such as an
increased risk of preeclampsia during pregnancy [6] and
higher future risk of type 2 diabetes [7], macrosomia,
preterm birth, and comorbid conditions such as cardio-
vascular disease for both women and their children [8],
linked to GDM. Maternal age, family history of diabetes,
history of GDM, and history of macrosomia in infants [9],
black race [10], overweight or obesity during pregnancy,
and smoking [2] are risk factors for GDM. Evidence from
epidemiological studies suggests that maternal inflam-
matory lifestyle factors such as overweight and obesity,
as well as unhealthy dietary habits, either before or dur-
ing pregnancy, may be associated with an increased risk
of GDM [2, 11]. Low-grade systemic inflammation may
trigger insulin resistance and thus be associated with a
higher risk of developing GDM during pregnancy [12,
13].

The population-based Dietary Inflammatory Index
(DII) is a new diet quality index developed based on the
literature to assess the inflammatory potential of the diet
[14]. The DII takes into account the effect of nutritional
parameters on inflammatory markers such as C-reactive
protein [15, 16], interleukin 6 [17, 18], and tumor necro-
sis factor-alpha [19]. Previous studies suggested that
a diet with high inflammatory potential, represented
by a higher DII value, may be associated with a higher
risk of all-cause mortality, cardiovascular disease, and
site-specific cancers [20, 21]. Elevated DII, indicating a
more pro-inflammatory diet, may be associated with an
increased risk of GDM in women who were obese before
pregnancy, according to a prospective birth cohort study
conducted in China [22]. However, there is limited data
on the association between the inflammatory potential of
diet and GDM in the Middle East [23]. We aimed to con-
duct a prospective cohort study to investigate the asso-
ciation between dietary inflammatory characteristics,
as indicated by the inflammatory potential of diet, and
GDM in Iranian women.
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Materials and methods

Persian birth cohort

Participants

The current study was carried out as part of the Persian
Birth Cohort (Prospective Epidemiological Research
Studies in IRAN) [24]. The Persian Birth Cohort is a
prospective cohort study conducted nationwide in five
districts of Iran. Its aim is to advance knowledge and
provide scientific evidence for the development of evi-
dence-based national policies on various aspects of the
developmental origins of health and disease [24]. Previ-
ous publications provided detailed information about
study participants and recruitment procedures. Long
story short, participants were selected from pregnant
women living in the central Iranian city of Semnan. Preg-
nant women referred to Semnan health centers between
2018 and 2020 were invited to participate in this prospec-
tive cohort study. In addition, we placed advertisements
on social and local media platforms as well as in medical
clinics across the city to motivate women to participate in
this prospective cohort study. Women of Iranian nation-
ality who met the following criteria were included in the
study: mothers who (1) were in the first trimester of preg-
nancy, regardless of their pregnancy history (including
parity) or whether they had received fertility treatment;
(2) had to have resided in Semnan for at least one year
and intended to give birth in a Semnan hospital; and (3)
pregnancies that ended in either cesarean section or vagi-
nal delivery. Exclusion criteria included (1) birth of twins
and (2) having any diagnosed endocrine or hormone-
related disorders such as thyroid disorders, polycystic
ovary syndrome, diabetes, or adrenal gland disorders.

A total of 1024 women agreed to participate in the
research. Of these, 635 pregnant women were eligible for
the current study. Exclusions included mothers who did
not complete dietary questionnaires in the first trimester
(n=293), mothers who dropped out of the study before
completion and had incomplete information about the
study results (7 =45), mothers whose total energy intake
was less than 500 or more than 3500 kcal/day (n=18)
[25], mothers who smoked cigarettes (7 =10), and moth-
ers with a history of gestational diabetes (n=23). Each
participant received an explanation of the study pro-
tocol and signed an informed consent form. The Ethics
Committee of Semnan University of Medical Sciences
approved the protocol of the study (Code of Ethics:
IR.SEMUMS.REC.1400.251).

Assessment of dietary intake
Nutritional intake evaluation
In this prospective cohort study, a 90-item food fre-
quency questionnaire (FFQ) was developed and validated
to assess participants’ dietary intake during the first tri-
mester of pregnancy [24]. Dietary assessments were
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conducted by trained interviewers who conducted face-
to-face interviews. We collected information about the
frequency of food consumption in the first trimester of
pregnancy. The frequency of consumption of each food
item in the FFQ included nine possible items, ranging
from “never or less than once a month” to “six or more
times per day” We then converted this information into
grams per day using household measurements. We cal-
culated total energy and nutrient intake using Nutrition-
ist IV software modified for Iranian foods (version 7.0;
N-Squared Computing, Salem, OR).

Calculation of dietary inflammatory index

The DII score was calculated by multiplying the dietary
inflammatory weights of 29 nutrients or foods [26]. We
first adjusted food intake to total energy intake using the
residual method. These values were then summed. To
reduce the differences in dietary intake between individ-
uals, the daily intake of macro- and micronutrients (pro-
tein, carbohydrates, total fat, polyunsaturated fatty acids
(PUFA), monounsaturated fatty acids (MUFA), saturated
fatty acids, cholesterol, n-3-fatty acids, required acids,
n-6 fatty acids, iron, magnesium, selenium, zinc, caffeine,
[B-carotene, vitamin A, vitamin D, vitamin E, vitamin C,
vitamin B6, vitamin B12, iron fumarite, folic acid, niacin,
riboflavin, thiamine) were initially calculated. We did not
include flavanones, isoflavones, thyme/oregano, anthocy-
anidins, rosemary, garlic, ginger, saffron, turmeric, trans
fatty acids, benzophenon-3-ol, and tea in our calcula-
tion of the DII score because there was insufficient data
on their consumption. We standardized energy-adjusted
nutrient intake to the corresponding global mean and
standard deviation. Finally, the DII score was calculated
by adding all food parameter-specific DII scores. A more
pro-inflammatory diet is indicated by higher DII values,
whereas a more anti-inflammatory diet is indicated by
lower (more negative) DII values.

Outcome assessment

GDM in our study is defined according to the American
Diabetes Association (ADA) diagnostic criteria [27]. The
diagnosis was made using a two-step approach: first, a
50-g (non-fasting) glucose challenge test, followed by a
100-g oral glucose tolerance test for those who screened
positive. GDM was diagnosed if two or more of the fol-
lowing plasma glucose levels were met or exceeded: fast-
ing blood sugar higher than 95 mg/dL, one-hour blood
sugar higher than 180 mg/dL, two-hour blood sugar
higher than 155 mg/dL, and three blood sugar hours
greater than 140 mg/dL. Additionally, women who
required pharmacological treatment for GDM were also
considered to have GDM, with medical records and labo-
ratory measurements used to confirm the diagnosis [27].
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Assessment of other variables

Trained interviewers used structured questionnaires
designed for use in Persian birth cohorts to collect data
on study participants’ characteristics [24]. Trained
interviewers recorded details about age, medical his-
tory, education level, parental occupation, and family
income. To assess the levels of physical activity, we used
the International Physical Activity Questionnaire [28].
We divided study participants into two groups based on
metabolic equivalent minutes per week (MET minutes/
week) [29]: (1) no or low physical activity (<3000 MET
minutes/week), and (2) moderate to high physical activity
(>3000 min/week MET). Cohort interviewers measured
height and weight at multiple time points during the
pregnancy. Baseline weight was recorded using a digital
scale set to the nearest 0.5 kg while mothers were com-
fortably dressed and not wearing shoes. In the second
and third trimesters, pre-delivery weight measurements
were taken following the same protocol. For our analysis,
gestational weight gain was calculated by subtracting the
mother’s weight recorded during the first trimester from
her last recorded weight immediately before delivery. To
enhance accuracy, we accounted for gestational age by
calculating the average weekly weight gain. This was done
by dividing the total weight gain by the number of weeks
between the first-trimester measurement and the last
pre-delivery weight. Height was measured to the nearest
0.5 centimeters without shoes using a wall stadiometer,
and the calculation of body mass index (BMI) consisted
of dividing weight in kilograms by height in meters
squared.

Statistical analyses

We first calculated the DII for each participant and
divided the participants into quartiles based on their DII
values. Next, we summarized and compared the char-
acteristics of participants across the DII quartiles using
the ANOVA test for continuous variables and the x* test
for categorical variables. The associations between DII
quartiles and the risk of GDM were assessed using Cox
proportional hazard models, with hazard ratios (HR) and
95% confidence intervals (CI) estimated for each quar-
tile. In the multivariable analysis, we adjusted for poten-
tial confounders, including age, education level, physical
activity, weight gain during pregnancy, family income,
marital status, pre-pregnancy BMI, energy intake, and
histories of cardiovascular disease (CVD) and hyperten-
sion. The specific questions used to gather data on these
variables can be found in Supplementary Text 1. All sta-
tistical analyses were conducted using SPSS software
(version 22). A p-value of less than 0.05 was considered
statistically significant.
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Systematic review and meta-analysis

Literature search and study selection process

We searched PubMed, EMBASE, and Web of science
to find potential eligible studies. Our search strategy
included keywords related to dietary inflammatory index
and GDM. We submitted the protocol of the review with
PTOSPERO (CRD42022331703). The meta-analysis was
reported according to the Preferred Reporting Items for
Systematic Reviews of Interventions [30].

Study selection and eligibility criteria

We selected studies that (1) had an observational design,
including prospective and retrospective cohort or case-
control studies; (2) included pregnant women aged>18
years; (3) considered the DII as an exposure either before
or during pregnancy; (4) considered GDM as an out-
come; and (5) reported adjusted effect size (relative risk
(RR), hazard ratio, odds ratio) with 95% confidence inter-
val (CI) of GDM across all DII score categories.

Data extraction

Two reviewers (HSF and NP) independently reviewed the
full texts of the prospective eligible studies. The same two
authors extracted the first author’s name, study design,
and name, country, number of participants and events,
age range or mean age, techniques used to identify expo-
sure and outcomes, level of statistical adjustment, and
effect estimates provided. When disagreements arose,
they were resolved by consensus.

Risk of bias assessment

Risk of bias assessment was performed using the ROB-
INS-I tool for observational studies [31]. Two reviewers
(MH and MM) conducted risk of bias assessments inde-
pendently and in duplicate. When disagreements arose,
they were resolved by consensus.

Data analysis

Our analysis of the relationship between DII and GDM
risk involved calculating summary RRs and 95% ClIs using
random effects models (DerSimonian and Laird method)
[32]. The hazard ratios were considered equivalent to RR
[33]. When studies reported the odds ratio as an effect
estimate, we converted the effect estimates into RR [34].
To determine the RR and 95% CI of GDM for the highest
versus lowest category of DII, we performed a pairwise
meta-analysis. We then conducted a dose-response meta-
analysis using studies with sufficient information for
analysis. We calculated the summary RR for a one-unit
increase in DII in each study and then summarized the
study-specific RRs using a random effects model. We also
conducted a single-stage, weighted, mixed-effects dose-
response meta-analysis to test the possible dose-response
relationship between the DII and GDM risk according to
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the method of Crippa and colleagues [35]. We assessed
heterogeneity using the I statistic and performed a x>
test for homogeneity [36]. Due to the small number of
studies (n<10), we did not conduct a subgroup analysis
and did not assess the potential for publication bias [36].
The statistical software STATA, version 17.0, was used
for the analyses.

Grading the evidence

The updated Grading of Recommendations Assessment,
Development, and Evaluations (GRADE) tool was used
by AJ and SS-B to assess the certainty of the evidence [37,
38].

Results
Prospective cohort study
The baseline characteristics of participants in the quar-
tiles of DII are presented in Table 1. A total of 635 par-
ticipants were included in this study. Participants in the
fourth quartile of DII were significantly older, had lower
BMI values, and were less likely to experience nausea
and use multivitamin during the current pregnancy than
participants in the first quartile of DII. There were no
significant differences in other characteristics between
quartiles of DIL

The baseline dietary intake of nutrients and food
groups among quartiles of DII were indicated in Table 2.

The HRs (95% CI) of the incidence of GDM across
quartiles of DII are shown in Table 3. In the crude model,
those who were in the fourth quartile of DII, compared
to the first quartile, were more likely to develop GDM
[HR=2.97, 95% CI=1.44, 6.11; P-value=0.003]. After
adjusting for potential confounders (age, education,
occupation, family income, marital status, physical activ-
ity, prepregnancy body mass index, energy intake, his-
tory of hypertension, and weight gain during current
pregnancy), those in the third (HR: 2.98, 95%CI: 1.98,
6.46; P=0.006) and fourth (HR: 2.72, 95%CI: 1.11, 6.63;
P=0.02) quartiles of DII had a higher risk of developing
GDM during their current pregnancy.

Meta-analysis

Through database searching, 28 records were identified
for full-text assessment (Supplementary Fig. 1). After
excluding 22 articles that did not meet our inclusion
criteria, six articles were found to have sufficient data
and met our inclusion criteria [22, 23, 39-42] (Table 4).
Then, along with the results of the present study (Per-
sian Birth Cohort), a total of seven observational studies
with a total of 7027 pregnant mothers and 1014 cases of
GDM, reporting the association between DII and the risk
of GDM, were considered eligible for the analyses. Our
meta-analysis included articles published between 2016
and 2021. One of the studies was a case-control study
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Table 1 Characteristics of the participants in the Persian birth cohort study across categories of the dietary inflammatory index

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 P
Age (years) 283+5.10 284+£502 283+487 29.8+5.05 0.02
Prepregnancy BMI (kg/m?) 255+4.54 249+447 254+445 24.1+£4.06 0.01
Weight gain during current pregnancy (kg) 1324536 13.5+4.83 134+5.16 13.7+£4.49 0.80
Having job with income (%) 28.1 24.7 22.5 24.7 0.63
University graduate (%) 45 44 58 44 0.23
Physical activity 0.60
Low (%) 24.5 24.7 26.3 245

Moderate (%) 26.1 26.1 209 268

History of CVD (%) 286 143 286 286 093
History of hypertension (%) 14.3 286 357 214 0.69
History of hypothyroidism (%) 216 306 20.7 270 032
History of hyperthyroidism (%) 14.3 14.3 286 429 0.66
Order of pregnancy (=3, %) 20.8 176 16.3 22.7 0.21
Nausea during current pregnancy (%) 30.1 248 217 233 0.01
Multivitamin use during pregnancy (%) 229 414 14.3 214 0.006

Abbreviations: CVD, cardiovascular disease

[23], and the other studies, including the present study,
were prospective cohort studies [22, 39-42].

In five studies, including the present study [22, 23,
41, 42], an FFQ was used for dietary assessment, while
in the other two studies [39, 40], a three-day food diary
was used. Included studies were from Iran [23, 41], the
US [42], China [22], Ireland [40], and Finland [39]. Based

on the ROBINS-I tool, three studies were rated to have a
serious risk of bias [39, 40, 42], and the other four studies,
including the present study, were rated to have a moder-
ate risk of bias [23, 41, 43] (Supplementary Table 1).

Of the studies, six studies, including the present study,
reported information on the highest versus lowest cat-
egory meta-analysis [22, 23, 39-41]. Being in the highest

%

Author Country RR (95% ClI) Weight
Shivappa 2018 Iran :: - 210 (1.02, 4.34) 7.65
Zhang 2021 China i 1.43 (1.05, 1.95) 22.01
Pajunen 2021 Finland . 1.27 (1.08, 1.49) 31.75
Soltani 2021 Iran { 0.97 (0.66, 1.41) 18.17
Killeen 2021 Ireland *.— 0.86(0.55,135) 1504
Persian cohort 2022 Iran i . 272 (1.11,6.63) 539
Overall (I-squared = 50.1%, p = 0.075) @ 127 (1.01,159)  100.00
NOTE: Weights are from random effects analysis ;

T - T

6

1

2

Fig. 1 The relative risk of gestational diabetes for the highest versus lowest category of the dietary inflammatory index
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Table 2 Dietary intake of the study participants across categories of the dietary inflammatory index

Variable Quartile 1 Quartile 2 Quartile 3 Quartile 4 P
Energy (kcal/d) 1758+283 1688+313 1778 +387 1810+ 686 0.36
Nutrients

Carbohydrate (g/d) 2524385 263+41.3 265+39.2 325+94.0 0.01
Total fat (g/d) 581+129 53.0+138 613+13.8 7711244 0.01
Total protein (g/d) 454+10.2 503+165 580+14.8 66.2+25.7 0.02
Saturated fat (g/d) 172+433 19.3+4.71 206+4.79 246+6.67 0.001
PUFA (g/d) 263+6.22 21.8+6.14 19.6+£6.25 18.0+£6.34 <0.001
MUFA (g/d) 20.5+3.25 18.7+3.65 16.9+3.50 143+5.50 <0.001
Dietary fiber (g/d) 20.5+£2.57 18.7+2.54 16.2+2.99 14.6+6.80 <0.001
Vitamin C (mg/d) 456+£584 352+62.1 272+81.2 201 +241 <0.001
Magnesium (mg/d) 365+39.1 272 +38.1 2214493 199+108 <0.001
Calcium (mg/d) 530+252 623+271 752+336 931+458 <0.001
Zinc (mg/d) 504+1.64 7.18+342 8.40+3.08 11.26+£4.86 <0.001
Iron (mg/d) 12.1+£9.85 21.6+30.1 24.7+253 383+385 <0.001
Copper (mg/d) 0.78+0.23 1.08+0.22 134+0.26 1.81+£0.78 <0.001
Vitamin A 425+233 587+205 7534239 1122+652 <0.001
Vitamin E 7.20+£2.54 9.17+£2.82 9.99+2.58 11.8+3.59 <0.001
Vitamin D 1.39+1.19 228+1.54 2784221 3.67+2.10 <0.001
Vitamin K 69.3+44.7 88.5+386 1154423 152+69.3 <0.001
Vitamin B1 08+0.18 1.08+0.24 123+£022 1.63+0.67 <0.001
Vitamin B2 0.79+0.33 1.06+0.36 1.27+0.36 1.71+0.63 <0.001
Vitamin B3 9.16+2.06 12.02+267 1394220 17.53+4.49 <0.001
Vitamin B6 1.24+047 1.75+042 225+0.72 3.08+1.24 <0.001
Folate 165+539 236+553 300+67.6 435+783 <0.001
Vitamin B12 2.03+1.80 257+1.54 293+1.61 390+2.27 <0.001
Pantothenic Acid 267+0.82 3.69+0.95 448+1.08 6.02+2.21 <0.001
Biotin 245+7.14 32.7+9.32 34.7+8.55 4324127 <0.001
Food groups

Grains (g/d) 166+58.7 173+64.9 1794588 201+79.8 <0.001
Dairy (g/d) 223177 273+182 313+203 413+301 <0.001
Fruits (g/d) 423+£118 396+ 146 306+174 287+273 <0.001
Vegetables (g/d) 367+894 292+77.2 2544917 212+140 <0.001
Legumes and nuts (g/d) 264+9.78 232+10.1 214+106 196+165 <0.001
Red and processed meat (g/d) 9.43+8.33 12.1+8.68 14.1+9.50 158+125 <0.001
Poultry (g/d) 6.83+6.68 8.82+6.66 109+10.6 123+119 <0.001
Fish (g/d) 1.12+1.66 1.57+243 1.67+£233 232+2.50 <0.001
Egg (g/d) 155+140 2344290 2254203 28.7+21.7 <0.001

Abbreviations: MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids

category of the DII score, as compared to the lowest cate-
gory, was associated with a 27% higher risk of GDM (rel-
ative risk: 1.27, 95%CI: 1.01, 1.59; I*=50%, Fig. 1). Each
one-unit increase in DII score was associated with a 7%
higher risk (relative risk: 1.07, 95%CI: 0.94, 1.22; I* = 80%;
n =7 studies; Supplementary Fig. 2). Based on the infor-
mation that was reported in four studies including the
present study [22, 23, 41], the nonlinear dose-response
meta-analysis indicated a positive monotonic association
between DII score and risk of GDM (P,,qyjinearity <0-001,
P jose-response<0-001; Fig. 2). Due to the very low number
of studies, we did not perform subgroup analyses and did
not assess the potential for publication bias. The certainty

of the evidence was rated low as assessed by the GRADE
tool (Supplementary Table 2).

Discussion

During the present cohort study of Iranian pregnant
mothers, we observed a significant increase in the risk
of developing GDM in women who consumed a high-
inflammatory diet in the first trimester of pregnancy. A
meta-analysis of recent observational studies confirmed
the results of the Persian cohort study and suggested low-
certainty evidence for a positive association between DII
during early pregnancy and the risk of developing GDM.
The dose-response meta-analysis suggested a positive



Payandeh et al. BMC Endocrine Disorders (2025) 25:29

Page 7 of 12

Table 3 The hazard ratio and 95%Cl of gestational diabetes across categories of the dietary inflammatory index in the persian cohort

study

Quartile Q1 Q2 Q3 Q4

Dil score -532to0-1.35 -1.35t00.21 0.21to 1.51 1.51t04.69
Participants (n) 158 159 159 159
Person-week 5973 5919 5617 5672

Cases (n) 10 15 27 28

HR and 95% Cl

Crude 1 1.52 (0.68-3.38) 2.88(1.39-5.96) 297 (144-6.11)
P-value 0.30 0.004 0.003
Multivariable adjusted* 1 1.70 (0.75-3.85) 2.98 (1.37-6.46) 2.72(1.11-6.63)
P-value 0.20 0.006 0.02

*Adjusted for age, education, occupation, family income, marital status, physical activity, prepregnancy body mass index, energy intake, history of hypertension

and weight gain during current pregnancy
Abbreviations: DI, dietary inflammatory index; Q, quartile

monotonic association, with the risk of GDM increasing
proportionally with the increase in DII score.

The DII is a newly developed, priori-defined diet qual-
ity index that focuses on the inflammatory potential
of the diet and was therefore used in the present study
to assess whether there is an association between a

Relative risk

pro-inflammatory diet during early pregnancy and the
risk of GDM. Previous studies have shown that higher
intakes of some pro-inflammatory nutrients such as total
fat, cholesterol, and heme iron [44—47], as well as pro-
inflammatory foods or food groups such as red and pro-
cessed meat and eggs during pregnancy, were associated

I I
-3.5 -2.5 -1.5 -0.5

Dietary inflammatory index (unit)

Pdcse-response = OOO7~ Pncn—hneanvy = 0121

Fig. 2 Dose-response association between the dietary inflammatory index and risk of gestational diabetes (P,

T I
0.5 1.5 2.5 3.5

<0.001, Pyoge.response<0.001; N=4

nonlinearity

cohorts). Solid line represents the summary relative risk and dashed lines represent 95%Cl. Circles are category-specific effect estimates in the included
studies with the sizes of the circles proportional to inverse of the standard error. Small vertical black lines are baseline category in each study
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with a higher risk of developing GDM [46, 48-50].
Regarding dietary patterns, existing evidence suggests
the need for the adoption of healthy dietary patterns [11,
51], or greater adherence to a priori defined low-inflam-
matory diet quality indices such as the Mediterranean
[52, 53] or the Dietary Approaches to Stop Hyperten-
sion (DASH) [54] during pregnancy may be associated
with a lower risk, and, in contrast, greater adherence to
unhealthy dietary patterns such as Western dietary pat-
terns with strong inflammatory properties during preg-
nancy may be associated with a higher risk of GDM [11].

Consistent with our results, a study by Shin et al. con-
ducted in the United States found that adherence to a
diet high in refined grains, fats, and added sugars and low
in fruits and vegetables was associated with an increased
risk of GDM during pregnancy [55]. A systematic review
of 21 observational studies also found that diets rich
in whole grains, vegetables, fruits, and fish and low in
refined grains, red and processed meats, and high-fat
dairy products may have a protective effect against GDM
[56].

Several mechanisms may explain the above results
of the present study and other prospective cohort stud-
ies. Excessive consumption of dietary sugar, an inflam-
matory dietary component, is associated with excessive
energy intake and obesity, an important risk factor for
GDM [57]. In addition, fasting blood glucose levels and
insulin resistance may be increased by a high intake of
rapidly absorbed carbohydrates in pro-inflammatory
sugar-sweetened beverages [54, 55]. Additionally, diets
high in whole grains, low in glycemic index, and low in
simple sugars, such as the DASH or Mediterranean diet,
may slow the body’s glucose absorption and consequently
reduce the need for insulin [58]. In addition, consump-
tion of PUFAs and MUFAs in vegetable oils can improve
glucose tolerance [59]. There is evidence that consump-
tion of whole grains, an important anti-inflammatory
dietary component, may reduce levels of systemic inflam-
matory markers that play a key role in diabetes risk [60].
According to previous studies, pro-inflammatory dietary
components can trigger chronic systemic inflammation,
which in turn can increase insulin resistance and plasma
glucose levels [61-63]. Certain anti-inflammatory dietary
components associated with DII, such as vitamin C,
fiber, and carotenoids, may reduce the risk of GDM and
improve insulin sensitivity due to their anti-inflammatory
properties and biological antioxidant capacity [56, 64—
67]. The gut microbiota of pregnant women is another
possible hypothesis [68]. Immune homeostasis is modu-
lated by the gut microbiota [69]. Diet composition affects
the balance of gut microbiota, which regulates insulin
resistance and inflammation. Furthermore, diet influ-
ences intestinal inflammation either directly or indirectly
by altering gut bacteria [70].

Page 9 of 12

Our study has several important strengths, such as
using a prospective observational design with a priori
defined protocol, including a wide range of information
from validated questionnaires, conducting a meta-analy-
sis of observational studies, and assessing the certainty of
evidence using the GRADE approach. In addition, we are
not aware of any previous systematic literature review on
the association of the DII and GDM. Thus, by incorporat-
ing the results of the present cohort study, we performed
a systematic literature review to present a balanced
understanding of the association between adherence
to a diet with high inflammatory potential and risk of
GDM. However, some potential limitations are unavoid-
able and need to be considered in future studies. First,
the conclusion of the present study is based on observa-
tional studies and therefore cannot prove a causal rela-
tionship between DII during early pregnancy and GDM
risk. However, results from randomized trials suggested
that greater adherence to low-inflammatory diets such as
the Mediterranean diet may reduce the risk of GDM [71,
72]. Further studies are needed to assess whether adopt-
ing a low-inflammatory diet can reduce the risk of GDM.
Second, due to the observational design of the studies,
the potential impact of unmeasured confounders as well
as remaining confounders should be considered. Third,
of the seven studies included in the meta-analysis, three
studies were from Iran, which limits the generalizability
of the results due to indirectness. Additionally, as almost
all studies included in the present meta-analysis were
small studies, there is a possibility of publication bias in
this meta-analysis, which in turn may result in an overes-
timated effect estimate. This underscores the importance
of interpreting the findings with caution and highlights
the need for further research that addresses these limi-
tations. Therefore, further large-scale cohort studies are
needed to determine the association between the inflam-
matory potential of diet during early pregnancy and
GDM risk.

Conclusion

Our prospective cohort study of Iranian mothers found
that a diet with higher inflammatory potential during
early pregnancy may be associated with a higher risk of
GDM. A meta-analysis of seven observational studies
confirmed this finding and presented low-certainty evi-
dence of a positive association between DII during preg-
nancy and GDM risk. However, due to the small number
of studies included in the meta-analysis and the small
sample size, larger cohort studies are required to confirm
the results.

Abbreviations

BMI Body mass index
Dl Dietary inflammatory index
FFQ Food frequency questionnaire



Payandeh et al. BMC Endocrine Disorders (2025) 25:29

GDM Gestational diabetes

GRADE  Grading of recommendations assessment, development, and
evaluation (GRADE) approach

MET Metabolic equivalents

MUFA Monounsaturated fatty acids

PUFA Polyunsaturated fatty acids

Supplementary Information
The online version contains supplementary material available at https://doi.or
g9/10.1186/512902-025-01852-0.

[ Supplementary Material 1 ]

Acknowledgements
We thank participants in the prospective birth cohort study.

Author contributions

HSF, NP, and AE contributed to the data gathering, literature search, data
extraction, and manuscript drafting. AJ contributed to the study conception,
data extraction, data analysis, and manuscript drafting. MMK and SSB
contributed to study conception and data analysis. S5-B and MMK critically
revised the manuscript. All authors have read and approved the final
manuscript. SSB had primary responsibility for final content.

Funding
This study was supported by Semnan University of Medical Sciences (Grant
number: 1923).

Data availability
All data indicated and analyzed for this study are available by request to the
corresponding author.

Declarations

Ethical approval and consent to participate

This study was conducted in accordance with the guidelines set forth in

the Declaration of Helsinki, and all procedures involving participants in the
research study were approved by the Ethics Committee of Semnan University
of Medical Sciences (Code of Ethics: IRSEMUMS.REC.1400.251). Written
informed consent was obtained from all subjects/patients. The protocol of the
study was explained to all participants, and all participants provided signed
informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Registry and registry number
PROSPERO (CRD42022331703).

Received: 17 May 2023 / Accepted: 20 January 2025
Published online: 03 February 2025

References

1. Organization WH. Classification of diabetes mellitus. Geneva: World Health
Organization; 2019.

2. ChenPWangs,JiJ, Ge A Chen C, Zhu, Xie N, Wang Y. Risk factors and man-
agement of gestational diabetes. Cell Biochem Biophys. 2015;71(2):689-94.

3. Gao G, Sun X LuL, LiuF,Yuan J. Prevalence of gestational diabetes mellitus
in mainland China: a systematic review and meta-analysis. J Diabetes Invest.
2019;10(1):154-62.

4. ZhuY, Zhang C. Prevalence of gestational diabetes and risk of progression to
type 2 diabetes: a global perspective. Curr Diab Rep. 2016;16(1):7-7.

20.

21.

22.

23.

24.

25.
26.

Page 10 of 12

Sadeghi S, Khatibi SR, Mahdizadeh M, Peyman N, Zare Dorniani S. Prevalence
of gestational diabetes in Iran: a systematic review and Meta-analysis. Med J
Islamic Repub Iran. 2023,37:83.

Bokslag A, van Weissenbruch M, Mol BW, de Groot CJ. Preeclampsia; short
and long-term consequences for mother and neonate. Early Hum Dev.
2016;102:47-50.

Vounzoulaki E, Khunti K, Abner SC, Tan BK, Davies MJ, Gillies CL. Progression
to type 2 diabetes in women with a known history of gestational diabetes:
systematic review and meta-analysis. BMJ (Clinical Res ed). 2020;369:m1361.
Reece EA. The fetal and maternal consequences of gestational diabetes melli-
tus. J maternal-fetal Neonatal Medicine: Official J Eur Association Perinat Med
Federation Asia Ocean Perinat Soc Int Soc Perinat Obstet. 2010;23(3):199-203.
Xiong X, Saunders LD, Wang FL, Demianczuk NN. Gestational diabetes mel-
litus: prevalence, risk factors, maternal and infant outcomes. Int J Gynaecol
Obstet. 2001;75(3):221-8.

Hedderson MM, Darbinian JA, Ferrara A. Disparities in the risk of gestational
diabetes by race-ethnicity and country of birth. Paediatr Perinat Epidemiol.
2010;24(5):441-8.

Hassani Zadeh S, Boffetta P, Hosseinzadeh M. Dietary patterns and risk of ges-
tational diabetes mellitus: a systematic review and meta-analysis of cohort
studies. Clin Nutr ESPEN. 2020;36:1-9.

Parisi F, Milazzo R, Savasi VM, Cetin |. Maternal low-Grade chronic inflam-
mation and Intrauterine Programming of Health and Disease. Int J Mol Sci.
2021,22(4):1732.

Pantham P, Aye ILMH, Powell TL. Inflammation in maternal obesity and gesta-
tional diabetes mellitus. Placenta. 2015;36(7):709-15.

Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and devel-
oping a literature-derived, population-based dietary inflammatory index.
Public Health Nutr. 2014;17(8):1689-96.

Shivappa N, Steck SE, Hurley TG, Hussey JR, Ma Y, Ockene IS, Tabung F,

Hébert JR. A population-based dietary inflammatory index predicts levels

of C-reactive protein in the Seasonal variation of blood cholesterol study
(SEASONS). Public Health Nutr. 2014;17(8):1825-33.

Wirth MD, Burch J, Shivappa N, Violanti JM, Burchfiel CM, Fekedulegn D,
Andrew ME, Hartley TA, Miller DB, Mnatsakanova A, et al. Association of a
dietary inflammatory index with inflammatory indices and metabolic syn-
drome among police officers. J Occup Environ Med. 2014;56(9):986-9.
Ruiz-Canela M, Zazpe |, Shivappa N, Hébert JR, Sdnchez-Tainta A, Corella

D, Salas-Salvado J, Fité M, Lamuela-Raventds RM, Rekondo J, et al. Dietary
inflammatory index and anthropometric measures of obesity in a population
sample at high cardiovascular risk from the PREDIMED (PREvencién con Dleta
MEDiterranea) trial. Br J Nutr. 2015;113(6):984-95.

Wood LG, Shivappa N, Berthon BS, Gibson PG, Hebert JR. Dietary inflamma-
tory index is related to asthma risk, lung function and systemic inflamma-
tion in asthma. Clin Experimental Allergy: J Br Soc Allergy Clin Immunol.
2015;45(1):177-83.

Tabung FK, Steck SE, Zhang J, Ma Y, Liese AD, Agalliu |, Hingle M, Hou L,
Hurley TG, Jiao L, et al. Construct validation of the dietary inflammatory index
among postmenopausal women. Ann Epidemiol. 2015;25(6):398-405.

Jayedi A, Emadi A, Shab-Bidar S. Dietary inflammatory index and site-specific
Cancer risk: a systematic review and dose-response Meta-analysis. Adv Nutr
(Bethesda Md). 2018;9(4):388-403.

Shivappa N, Godos J, Hébert JR, Wirth MD, Piuri G, Speciani AF, Grosso G.
Dietary Inflammatory Index and Cardiovascular Risk and Mortality-A Meta-
Analysis. Nutrients 2018;10(2).

Zhang Z, WuY, Zhong C, Zhou X, Liu C, Li Q, Chen R, Gao Q, Li X, Zhang

H et al. Association between dietary inflammatory index and gestational
diabetes mellitus risk in a prospective birth cohort study. Nutrition. 2021 Jul-
Aug:87-88:111193. doi:10.1016/j.nut.2021.111193.

Shivappa N, Hébert JR, Akhoundan M, Mirmiran P, Rashidkhani B. Association
between inflammatory potential of diet and odds of gestational diabetes
mellitus among Iranian women. J Matern Fetal Neona. 2019;32(21):3552-8.
Zare Sakhvidi MJ, Danaei N, Dadvand P, Mehrparvar AH, Heidari-Beni

M, Nouripour S, Nikukar H, Daniali SS, Saffarieh E, Noorishadkam M. The
prospective epidemiological research studies in IrAN (PERSIAN) birth cohort
protocol: Rationale, design and methodology. Longitud Life Course Stud.
2021;12(2):241-62.

Willett W. Nutritional epidemiology. Oxford University Press; 2012.

Cavicchia PP, Steck SE, Hurley TG, Hussey JR, Ma Y, Ockene IS, Hebert JR. A
new dietary inflammatory index predicts interval changes in serum high-
sensitivity C-reactive protein. J Nutr. 2009;139(12):2365-72.


https://doi.org/10.1186/s12902-025-01852-0
https://doi.org/10.1186/s12902-025-01852-0

Payandeh et al. BMC Endocrine Disorders

27.

28.

29.

30.

31.

32.
33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

(2025) 25:29

Association AD. 2. Classification and diagnosis of diabetes. Diabetes Care.
2015;38(Supplement 1):58-16.

Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, Pratt
M, Ekelund U, Yngve A, Sallis JF. International physical activity questionnaire:
12-country reliability and validity. Med Sci Sports Exerc. 2003;35(8):1381-95.
Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Tudor-Locke
C, Greer JL, Vezina J, Whitt-Glover MC, Leon AS. 2011 Compendium of Physi-
cal activities: a second update of codes and MET values. Med Sci Sports Exerc.
2011,43(8):1575-81.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ2021 Mar 29:372:n71.
doi: 10.1136/bmj.n71. (.

Sterne JA, Herndn MA, Reeves BC, Savovic¢ J, Berkman ND, Viswanathan M,
Henry D, Altman DG, Ansari MT, Boutron |. ROBINS-I: a tool for assessing risk of
bias in non-randomised studies of interventions. BMJ2016 Oct 12:355:i4919.
doi: 10.1136/bm;.i4919.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7(3):177-88.

Symons M, Moore D. Hazard rate ratio and prospective epidemiological stud-
ies. J Clin Epidemiol. 2002;55(9):893-9.

Zhang J, Kai FY. What's the relative risk? A method of correcting the odds
ratio in cohort studies of common outcomes. JAMA. 1998;280(19):1690-1.
Crippa A, Discacciati A, Bottai M, Spiegelman D, Orsini N. One-stage
dose-response meta-analysis for aggregated data. Stat Methods Med Res.
2019,28(5):1579-96.

Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, Thomas J.
Updated guidance for trusted systematic reviews: a new edition of the
Cochrane Handbook for Systematic Reviews of Interventions. Cochrane
Database Syst Rev. 2019;10(101002):14651858.

Schunemann H. GRADE handbook for grading quality of evidence and
strength of recommendation. Version 3.2. http://www.cc-ims-net/gradepro
2008.

Schtinemann HJ, Cuello C, Akl EA, Mustafa RA, Meerpohl JJ, Thayer K,
Morgan RL, Gartlehner G, Kunz R, Katikireddi SV. GRADE guidelines: 18. How
ROBINS-I and other tools to assess risk of bias in nonrandomized studies
should be used to rate the certainty of a body of evidence. J Clin Epidemiol.
2019;111:105-14.

Pajunen L, Korkalo L, Koivuniemi E, Houttu N, Pellonperd O, Mokkala K,
Shivappa N, Hébert JR, Vahlberg T, Tertti K, et al. A healthy dietary pattern
with a low inflammatory potential reduces the risk of gestational diabetes
mellitus. Eur J Nutr. 2022;61(3):1477-90.

Killeen SL, Phillips CM, Delahunt A, Yelverton CA, Shivappa N, Hébert JR,
Kennelly MA, Cronin M, Mehegan J, McAuliffe FM. Effect of an Antenatal
Lifestyle Intervention on Dietary Inflammatory Index and Its Associations
with Maternal and Fetal Outcomes: A Secondary Analysis of the PEARS Trial.
Nutrients 2021;13(8).

Soltani S, Aminianfar A, Hajianfar H, Azadbakht L, Shahshahan Z, Esmaillzadeh
A. Association between dietary inflammatory potential and risk of develop-
ing gestational diabetes: a prospective cohort study. Nutr J. 2021;20(1):48.
Sen S, Rifas-Shiman SL, Shivappa N, Wirth MD, Hébert JR, Gold DR, Gillman
MW, Oken E. Dietary inflammatory potential during pregnancy is Associated
with lower fetal growth and breastfeeding failure: results from Project viva. J
Nutr. 2016;146(4):728-36.

Zhuang W, Lv J, Liang Q, Chen W, Zhang S, Sun X. Adverse effects of gesta-
tional diabetes-related risk factors on pregnancy outcomes and intervention
measures. Experimental Therapeutic Med. 2020;20(4):3361-7.

Ley SH, Hanley AJ, Retnakaran R, Sermer M, Zinman B, O'Connor DL. Effect of
macronutrient intake during the second trimester on glucose metabolism
later in pregnancy. Am J Clin Nutr. 2011;94(5):1232-40.

Bowers K, Yeung E, Williams MA, Qi L, Tobias DK, Hu FB, Zhang C. A prospec-
tive study of prepregnancy dietary iron intake and risk for gestational
diabetes mellitus. Diabetes Care. 2011;34(7):1557-63.

Qiu C, Frederick 10, Zhang C, Sorensen TK, Enquobahrie DA, Williams MA. Risk
of gestational diabetes mellitus in relation to maternal egg and cholesterol
intake. Am J Epidemiol. 2011;173(6):649-58.

Gonzélez-Clemente JM, Carro O, Gallach |, Vioque J, Humanes A, Sauret

C, Abella M, Giménez-Pérez G, Mauricio D. Increased cholesterol intake in
women with gestational diabetes mellitus. Diabetes Metab. 2007;33(1):25-9.
Zhang C, Schulze MB, Solomon CG, Hu FB. A prospective study of dietary pat-
terns, meat intake and the risk of gestational diabetes mellitus. Diabetologia.
2006;49(11):2604-13.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Page 11 of 12

Bao W, Bowers K, Tobias DK, Hu FB, Zhang C. Prepregnancy dietary protein
intake, major dietary protein sources, and the risk of gestational diabetes
mellitus: a prospective cohort study. Diabetes Care. 2013;36(7):2001-8.
Zhou X, Chen R, Zhong C, Wu J, Li X, Li Q, Cui W, Yi N, Xiao M, Yin H, et al.
Maternal dietary pattern characterised by high protein and low carbohy-
drate intake in pregnancy is associated with a higher risk of gestational
diabetes mellitus in Chinese women: a prospective cohort study. Br J Nutr.
2018;120(9):1045-55.

Asadi M, Shahzeidi M, Nadjarzadeh A, Hashemi Yusefabad H, Mansoori A. The
relationship between pre-pregnancy dietary patterns adherence and risk of
gestational diabetes mellitus in Iran: a case-control study. Nutr Dietetics: J
Dietitians Association Australia. 2019;76(5):597-603.

Karamanos B, Thanopoulou A, Anastasiou E, Assaad-Khalil S, Albache N,
Bachaoui M, Slama CB, El Ghomari H, Jotic A, Lalic N, et al. Relation of the
Mediterranean diet with the incidence of gestational diabetes. Eur J Clin Nutr.
2014,68(1):8-13.

Olmedo-Requena R, Gdmez-Fernandez J, Amezcua-Prieto C, Mozas-Moreno
J, Khan KS, Jiménez-Moledn JJ. Pre-pregnancy Adherence to the Mediter-
ranean Diet and Gestational Diabetes Mellitus: a case-control study. Nutrients
2019;11(5).

IzadiV, Tehrani H, Haghighatdoost F, Dehghan A, Surkan PJ, Azadbakht

L. Adherence to the DASH and Mediterranean diets is associated with
decreased risk for gestational diabetes mellitus. Nutr (Burbank Los Angeles
Cty Calif). 2016;32(10):1092-6.

Shin D, Lee KW, Song WO. Dietary patterns during pregnancy are Associated
with Risk of Gestational Diabetes Mellitus. Nutrients. 2015;7(11):9369-82.
Schoenaker DA, Mishra GD, Callaway LK, Soedamah-Muthu SS. The role

of Energy, nutrients, foods, and dietary patterns in the development of
gestational diabetes Mellitus: a systematic review of Observational studies.
Diabetes Care. 2016;39(1):16-23.

Najafi F, Hasani J, Izadi N, Hashemi-Nazari SS, Namvar Z, Shamsi H, Erfanpoor
S. Risk of gestational diabetes mellitus by pre-pregnancy body mass index:
a systematic review and meta-analysis. Diabetes Metabolic Syndrome.
2021;15(4):102181.

de Munter JS, Hu FB, Spiegelman D, Franz M, van Dam RM. Whole grain, bran,
and germ intake and risk of type 2 diabetes: a prospective cohort study and
systematic review. PLoS Med. 2007;4(8):e261.

Asemi Z, Tabassi Z, Samimi M, Fahiminejad T, Esmaillzadeh A. Favourable
effects of the Dietary approaches to stop Hypertension diet on glucose toler-
ance and lipid profiles in gestational diabetes: a randomised clinical trial. Br J
Nutr. 2013;109(11):2024-30.

Hajihashemi P, Azadbakht L, Hashemipor M, Kelishadi R, Esmaillzadeh A.
Whole-grain intake favorably affects markers of systemic inflammation in
obese children: a randomized controlled crossover clinical trial. Mol Nutr
Food Res. 2014;58(6):1301-8.

Festa A, D'Agostino R Jr, Howard G, Mykkénen L, Tracy RP, Haffner SM. Chronic
subclinical inflammation as part of the insulin resistance syndrome: the
insulin resistance atherosclerosis study (IRAS). Circulation. 2000;102(1):42-7.
Hirabara SM, Gorjao R, Vinolo MA, Rodrigues AC, Nachbar RT, Curi R. Molecu-
lar targets related to inflammation and insulin resistance and potential
interventions. J Biomed Biotechnol. 2012,2012:379024.

van Woudenbergh GJ, Theofylaktopoulou D, Kuijsten A, Ferreira I, van
Greevenbroek MM, van der Kallen CJ, Schalkwijk CG, Stehouwer CD, Ocké
MC, Nijpels G, et al. Adapted dietary inflammatory index and its association
with a summary score for low-grade inflammation and markers of glucose
metabolism: the Cohort study on diabetes and atherosclerosis maastricht
(CODAM) and the Hoorn study. Am J Clin Nutr. 2013;98(6):1533-42.

ZhuY, Li M, Rahman ML, Hinkle SN, Wu J, Weir NL, Lin Y, Yang H, Tsai MY, Fer-
rara A, et al. Plasma phospholipid n-3 and n-6 polyunsaturated fatty acids in
relation to cardiometabolic markers and gestational diabetes: a longitu-
dinal study within the prospective NICHD fetal growth studies. PLoS Med.
2019;16(9):21002910.

Liu C, Zhong C, Chen R, Zhou X, Wu J, Han J, Li X, Zhang Y, Gao Q, Xiao

M, et al. Higher dietary vitamin C intake is associated with a lower risk

of gestational diabetes mellitus: a longitudinal cohort study. Clin Nutr.
2020;39(1):198-203.

Gao Q, Zhong C, Zhou X, Chen R, Xiong T, Hong M, Li Q, Kong M, Han W,
Sun G, et al. The association between intake of dietary lycopene and other
carotenoids and gestational diabetes mellitus risk during mid-trimester: a
cross-sectional study. Br J Nutr. 2019;121(12):1405-12.

Zhou X, Chen R, Zhong C, Wu J, Li X, Li Q Cui W, Yi N, Xiao M, Yin H, et al.
Fresh fruit intake in pregnancy and association with gestational diabetes


https://www.cc-ims-net/gradepro

Payandeh et al. BMC Endocrine Disorders

68.

69.

70.

(2025) 25:29

mellitus: a prospective cohort study. Nutr (Burbank Los Angeles Cty Calif).
2019,60:129-35.

Ponzo V, Fedele D, Goitre |, Leone F, Lezo A, Monzeglio C, Finocchiaro C,
Ghigo E, Bo S. Diet-Gut Microbiota interactions and gestational diabetes Mel-
litus (GDM). Nutrients 2019;11(2).

Hooper LV, Littman DR, Macpherson AJ. Interactions between the microbiota
and the immune system. Sci (New York NY). 2012,336(6086):1268-73.

Koren O, Goodrich JK, Cullender TC, Spor A, Laitinen K, Backhed HK, Gonzalez
A, Werner JJ, Angenent LT, Knight R, et al. Host remodeling of the gut micro-
biome and metabolic changes during pregnancy. Cell. 2012;150(3):470-80.
Dodds BHAW, Placzek J, Beresford A, Spyreli L, Moore E, Gonzalez Carreras A,
Austin FJ, Murugesu F, Roseboom N. Mediterranean-style diet in pregnant

72.

Page 12 of 12

women with metabolic risk factors (ESTEEM): a pragmatic multicentre ran-
domised trial. PLoS Med. 2019;16(7):1002857.

Assaf-Balut C, Garcfa de la Torre N, Durdn A, Fuentes M, Bordit E, Del Valle L,
Familiar C, Ortold A, Jiménez |, Herraiz MA, et al. A Mediterranean diet with
additional extra virgin olive oil and pistachios reduces the incidence of ges-
tational diabetes mellitus (GDM): a randomized controlled trial: the St. Carlos
GDM prevention study. PLoS ONE. 2017;12(10):e0185873.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The association between the dietary inflammatory index during pregnancy and risk of gestational diabetes: a prospective cohort study and a meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Persian birth cohort
	﻿Participants


	﻿Assessment of dietary intake
	﻿Nutritional intake evaluation

	﻿Calculation of dietary inflammatory index
	﻿Outcome assessment
	﻿Assessment of other variables
	﻿Statistical analyses
	﻿Systematic review and meta-analysis
	﻿Literature search and study selection process

	﻿Study selection and eligibility criteria
	﻿Data extraction
	﻿Risk of bias assessment
	﻿Data analysis
	﻿Grading the evidence
	﻿Results
	﻿Prospective cohort study
	﻿Meta-analysis

	﻿Discussion
	﻿Conclusion
	﻿References


