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Abstract

Background: Cesarean section (CS) is one of the most important pregnancy concerns in the wotld. Increased
inflammation is associated with increased risk factors for cesarean section. Diet plays a major role in reducing
inflammation. This study aimed to investigate the relationship between dietary inflammatory index (DII) and
the risk of Cesarean section in Tehranian women.

Methods: This case-control study included 390 pregnant women in Tehran, Iran between 2020 and 2021 at
their initial visit to pregnancy clinics, selected by a cluster sampling method. Dietary intakes were determined
using valid reliable questionnaires and DII was calculated. Weight, height, and waist circumference were also
measured.

Results: The mean age of the subjects was 28.5 yr (£ 5.02) and weight, body mass index (BMI) and waist cit-
cumference (WC) in the case group with a higher DII were higher. Odds ratio (OR) of cesarean section in DII
quartiles was statistically significant. Confounding factors including age, BMI and total energy intake were ad-
justed in the first model and weight, waist circumference, physical activity and supplements in the second model
and the relationship remained significant (P<0.001).

Conclusion: High scores of dietary inflammatory index, possibly through an increase in inflammatory factors,
can increase the chances of having a cesarean section.
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Introduction

Cesarean section delivery is one of the most criti- WHO, the average rate of cesarean section was
cal issues in pregnancy all over the world (1). Re- 15%, and with a rate of 48%, it is three times
cent studies indicate an increasing trend in the higher than the standard rate (3).

prevalence of cesarean section in both developed Various factors affect the need for cesarean sec-
and developing countries (2). According to the tion delivery, including diabetes, high blood pres-

Copyright © 2024 Sheikholmolooki et al. Published by Tehran University of Medical Sciences.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license.
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited

1621 Available at:  http://ijph.tums.ac.ir




Sheikholmolooki et al.: Association between the Dietary Inflammatory Index ...

sure and preeclampsia, reduced uterine contrac-
tions, obesity, and breech (4). Social and econom-
ic factors also play a great role in increasing the
chance of cesarean delivery (5). Obesity as a ce-
sarean risk factor is considered as a chronic in-
flammation that causes increased CRP and pro-
inflammatory cytokines such as IL6 and TNF-a.
Thus, an increase in body mass index and obesity
in android shape is related to increased inflamma-
tion (0).
An unhealthy diet is associated with high levels of
inflammatory factors, while a healthy diet con-
taining fruits, vegetables, fish, omega-3 fatty acids
and fiber is associated with low levels of inflam-
matory indices (7). Dietary inflammatory index
(DII) is a nutritional index that was developed in
2009 and introduced in 2014 (8), and based on
extensive studies its main purpose is to assess the
inflammatory and anti-inflammatory potential of
the diet (9). A diet with a higher score of DII is
associated with hypertension (10), high blood
triglyceride and decreased HDL (High-Density
Lipoprotein) levels (11), cardiovascular disorders
(circulatory disorders, congestive heart failure,
coronary heart disease, angina pectoris, heart at-
tack, myocardial infarction) (12) and stroke (13).
Also, according to some studies, a diet with a
high DII is associated with a higher body mass
index (BMI) and waist circumference (WC) (14).
In recent years, several studies have been con-
ducted in Western countries on the correlation
between DII and various diseases (15, 16). The
diets of Asian countries are different from those
of Western countries, and changes in Asian food
patterns as a result of the introduction of West-
ern food patterns in recent years have caused
many changes, such as increased consumption of
foods rich in refined sugar, sodium, saturated fats
and trans fats leading to the spread of obesity and
inflammation in these countries (17). Some pre-
vious studies have examined the effect of healthy
eating patterns on birth outcomes (18) or the im-
pact of quality improvement in reducing unnec-
essary cesarean sections (19). Still, none of them
have directly mentioned the relationship between
DII and cesarean.
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Considering that inflammatory factors can be risk
factors for cesarean section (20), and since dietary
control is the easiest way to reduce the complica-
tions and costs of cesarean delivery, we decided
in this study to investigate the relationship be-
tween inflaimmation and the need for cesarean
section. We hypothesized that increasing dietary
inflammatory index might be associated with in-
creased chances of cesarean section delivery.

Materials and Methods

Study population

This was a case-control study on women refer-
ring to pregnancy clinics in Tehran, Iran. Gpower
3.1.9.2 software (Kiel University, Kiel, Germany)
was used to calculate the sample size. The re-
quired sample size was calculated based on Effect
Size = 0.1, « = 0.05, B = 0.1 (power = 0.9) and
with seven degrees of freedom, equal to 190
people in each group. Considering the probability
of dropping out of 10% of the samples, finally,
210 women in either group (cesarean section and
normal delivery) were selected.

The inclusion criteria were a reproductive age of
18 to 45 years, agreeing to participate in the pro-
ject, completing the informed consent, and being
referred to pregnancy clinics in Tehran, Iran,
which required either a cesarean section or a
normal delivery based on the diagnosis by a gy-
necologist, not being an immigrant, not having
any diseases, not taking certain medications, not
being on a diet, no alcohol consumption, and
should not be smokers. The exclusion criteria
were lack of cooperation and failure to complete
the questionnaire.

A written consent was obtained from all partici-
pants in the survey, approved by Iran national
committee for ethics in biomedical research (Eth-
ical approval number:
IR.IAU.SRB.REC.1398.147).

Data collection

Dietary intake: This was assessed using a food
frequency questionnaire with 147 items designed
according to the Willett method (21). Food items
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consumed by individuals were converted to
grams per day using the home-scale.

Calculating the dietary inflammatory index (DII):
DII is based on 45 food parameters using 1943
peer-reviewed articles till 2010; these parameters
have pro-inflammatory or anti-inflammatory ef-
fects on the inflammatory markers (IL-18, 1L-4,
IL-6, IL-10, TNF-a, and CRP). The DII scoring
system uses a global reference database that in-
cludes foods consumed by 11 populations
around the world and ranges from -8.87 (anti-
inflammatory) to 7.98 (pro-inflammatory) (10).
Anthropometric measurements using standard
protocols: Anthropometric measurements, in-
cluding weight (with least clothing, without
shoes, using Seca scale made in Germany), height
(without shoes in a standing position, the whole
body in one direction, and looking forward, using
Seca scales) and waist circumference. The accura-
cy of height and waist measurements was 0.1 cm
and that of weight was 100 g.

Statistical analysis

The software used for data analysis was SPSS 26
(IBM Corp., Armonk, NY, USA). Food intake
was analyzed by the Nutritionist 4 software. The
range of DII quartiles was calculated and individ-
uals were divided based on quartiles. To deter-
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mine the existence of a statistically significant
relationship between quantitative and qualitative
variables with the quartiles of DII, one-way anal-
ysis of variance and chi-square test were used,
respectively. Linear logistic regression was used
to determine the relationship between DII and
cesarean section. Except for the raw model, two
other models were used for the study. The first
model was moderated based on age, energy in-
take and BMI, and the second model, in addition
to model one, was moderated for physical activi-
ty, socioeconomic status, marriage, and taking
supplements. Finally, all three models were stud-
ied and a P-value less than 0.05 was considered to
show statistical significance.

Results

Overall, 390 women between the ages of 18 and
45 years old with a mean age of 28.5 (£5.02) yr
were included in this study. The means (£SD) of
weight, body mass index, waist circumference,
and level of physical activity between case and
control groups were significant, shown in Fig. 1.
Comparison of demographic and anthropometric
factors and lifestyle of participants based on DII
score quartiles are indicated in Table 1.

Type of
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Fig. 1: Demographic, anthropometric and lifestyle characteristics of participants in case and control groups [mean & SD)]. Case: caesarean
section. Control: natural vaginal delivery. Waist circumference and weight with a scale of 0.1 and physical activity with a scale of 0.01 are given

in the graph
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Table 1: Comparison of Demographic and Anthropometric Variables and Lifestyle of Participants Based
on DII Score Quartiles (Q)

DII (Dietary Inflammatory Index)

Variable Q1 Q2 Q3 Q4 P value
Age(yr) 29.05(5.22) 27.3(5.05) 29.02(5.32) 28.63(4.29) 0.049
Weight(kg) 63.26(8.77) 62.82(8.45) 63.9509.12) 09.18(8.45) <0.001
Waist circumference (cm) 83.36(6.7) 81.09(6.84) 81.84(7.84) 84.94(9.73) 0.005
Physical activity( MET-h/wk)  1690.71(618.17) 1886.43(690.18) 1841.14(631.76)  1649.78(660.78) 0.03
Educational level 0.134
Body mass index (BMI) 0.05
Socio-economic status (SES) 0.11
Vitamin C supplementation 18(18.8) 22(22.4) 14(14.3) 17(17.5) 0.54
(yes)

Folate supplementation (yes)  94(96.6) 97(99) 97(99) 96(99) 0.56
Vitamin D supplementation  91(93.8) 91(92.9) 89(90.8) 92(94.8) 0.72
(yes)

Mineral multivitamin  sup-  30(30.9) 28(28.0) 30(30.6) 37(38.1) 0.5
plement (yes)

zinc supplementation (yes) 22(22.9) 26(20.5) 19(19.4) 22(22.7) 0.7
Iron supplementation (yes) 88(90.7) 94(95.9) 85(806.7) 88(90.7) 0.16
Iodine supplementation (yes) — 26(27.1) 28(28.6) 17(17.3) 17(17.5) 0.1
Calcium supplementation  18(18.8) 24(24.5) 13(13.3) 16(16.5) 0.22
(yes)

Magnesium supplementation  22(22.9) 23(23.5) 14(14.3) 11(11.3) 0.06
{es)

The obtained values and reported P value were calculated using by ANOVA test (for quantitative data) or chi-square test (for qualitative data) and

the numbers are mean (standard deviation) or number (percentage)

Subjects in the fourth quartiles with the highest
score of DII consumed less vegetables and grains
than those in the first quartile, while the con-
sumption of refined grains was higher. The quar-
tiles also differ in terms of dairy and cereal con-
sumption. According to Table 2 in the raw mod-
el, the ratio of the chances of cesarean delivery in
the quartiles of the inflammatory index of the
diet was statistically significant. After moderating
the confounding factors, including age, BMI and
total energy intake in the first model and adjust-
ing for weight, waist circumference, physical ac-
tivity and supplements in the second model, the
relationship remained significant (P <0.001).

Available at:  http://ijph.tums.ac.ir

After comparing the average food intake in both
groups, we found that in the case group, the per-
centage of fat intake was significantly higher than
the control group. The average intake of saturat-
ed fatty acids, monounsaturated fatty acids, lino-
lenic acid and cholesterol was higher in the case
group. In addition, the average intake of dairy
products and vitamin B12 was observed to be
higher in the case group. Further analysis of the
data showed that the mean DII in the case group
(0.95 £ SD) was significantly higher (P<0.001)
than that in the control group (0.85% SD).
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Table 2: Odds ratio (OR) of cesarean section delivery and 95% confidence interval (CI) based on quartiles
(Q) of Dietary Inflammatory Index (DII) in women with cesarean section delivery

Variable 01 02 03 04 Prrena
The ratio of the number of women in  97.34 98.37 98.47 97.64

the case group to the total population

Crude model 1 1.39(0.75-2.56) 2.02(1.11-3.60) 4.27(2.29-7.96)  <0.001

Model 1t 1 1.76(0.92-3.38) 2.34(1.25-4.39) 5.37(2.71- <0.001
10.64)
Modified Model 2 1 1.93(0.9-4.13) 2.06(1-4.26) 452(2.05:9.92)  <0.001

The values in the table are equal to the value of the odds obtained (95% confidence interval).

The values obtained for P trend are considered using logistic test and odds ratio for the first quarter.

T Modified model based on age, body mass index and energy.

¥ Modified model based on weight, waistline, physical activity and supplementation with vitamin C, multivitamin mineral, zinc, iron, io-
dine, calcium and magnesium

Discussion

Diets may play a role in the factors involved in
cesarean section by altering systemic inflamma-
tion and the immune response. High oxidative
stress in the placenta and inflaimmatory response
were closely related to cesarean delivery (22).

Kyozuka et al. aimed to investigate the pro-
inflammatory diet in pregnant women and its
consequences in the pregnancy process and
found that the pro-inflammatory diet during
pregnancy may create the risk of intrapartum fe-
tal Asphyxia, which is one of the indications for
emergency cesarean section (23). On the other
hand, inflammation before delivery affects the
manner of delivery to cesarean section and in-
creases bleeding afterward (20). Diet as an envi-
ronmental factor can increase or decrease in-
flammation (24). Casas et al. examined the diets
of 1028 pregnant women between 19 and 23
weeks of gestation and found a positive correla-
tion between DII score and maternal BMI (25).
DII is associated with inflammatory diseases such
as multiple sclerosis, ulcerative colitis, and meta-
bolic syndrome (26, 27). Natércia Paula Alves de
Freitas et al. used DII as a tool to predict preg-
nancy outcomes in a systematic review in 2023,
and the results indicated a direct correlation be-
tween DII and preeclampsia and premature de-
livery (28). An inflaimmatory diet with high DII
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scores is associated with an increased risk of
GDM in pregnant women (29, 30).

Healthy diets are high in fruits and vegetables,
which are high in antioxidants and fiber. Antioxi-
dants play an important role as part of the de-
fense mechanism against tissue damage caused by
oxidants (31). Some components of the diet have
antioxidant properties (32). Soluble fibers can be
fermented in the gut to produce short-chain fatty
acids that activate the GPR43 receptor, thereby
stimulating the production of anti-inflammatory
mediators (33).

High-quality diets during pregnancy were associ-
ated with lower diastolic blood pressure (34).
Pregnancy hypertension or preeclampsia is one of
the main risk factors for cesarean delivery (35). In
a study including 75,432 pregnant women from
Jan 1998 to Dec 2009, adverse pregnancy out-
comes were associated with maternal obesity.
One of the adverse complications of the mother
and fetus includes neonate death related to ma-
ternal BMI (20). In a cohort study on 3,772 preg-
nant women between 2010-2009 and 2012-2013,
Jenny Bjorklund and colleagues investigated the
effect of obesity on cesarean delivery after labor
induction and concluded that higher BMI is di-
rectly related to increased risk of cesarean deliv-
ery after labor induction (36). Weight, BMI and
walst circumference are significantly (P<0.001)
higher in women who had a cesarean delivery
compared to the control group.
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A higher quality diet during pregnancy was asso-
ciated with lower diastolic blood pressure (34).
Consumption of vitamin C supplements in a
group of 384 pregnant women reduces the hospi-
talisation time even if there is no access to fruit
and vegetables (37). Changamir et al. conducted a
study on 8468 pregnant women in 2015 and
found that women who took multivitamins dur-
ing pregnancy had better gestational weights,
which is a significant predictor of birth weight
(38). One of the strengths of our study was ad-
justing confounders such as age, total energy in-
take, level of physical activity, social-economic
status, marital status, and consumption of sup-
plements. In addition, validated tools and ques-
tionnaires were used for gathering data.

Conclusion

Increased DII may increase the need for cesarean
delivery. Further studies will help to examine the
related mechanisms and effects in more detail.
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