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Abstract
Background  Fetal growth restriction (FGR) is characterized by the fetus’s inability to reach its growth potential 
and affecting approximately 10% of the population. The etiology of late-onset FGR, which occurs after 32 weeks, is 
unclear but may be influenced by maternal weight. A proinflammatory diet can cause chronic inflammation and, 
Dietary Inflammatory Index (DII) was developed to evaluate of the diet’s impact on inflammation. A high DII indicates 
a pro-inflammatory diet, known to increase serum inflammatory markers, with oxidative stress playing a key role 
in inflammatory diseases. The study aimed to investigate the correlation between maternal DII, total oxidant status 
(TOS), total antioxidant status (TAS), interleukin-6 (IL-6), interleukin-10 (IL-10), and tumor necrosis factor-alpha (TNF-α) 
levels in FGR-diagnosed pregnant women.

Methods  This prospective-observational study included FGR-diagnosed pregnant women and healthy pregnant 
women with gestational ages of 32–38 weeks (n = 23 per group). Chronic diseases, hypertension, fetal anomalies, 
membrane ruptures, and multiple pregnancies were excluded. The DII was calculated using the BeBiS-9 program 
based on 3-day dietary records kept by an expert dietician. Blood samples were collected, centrifuged, and analyzed 
for IL-6, TNF-α, IL-10, TAS, and TOS.

Results  The study group had significantly higher DII scores (p < 0.001), lower energy (p = 0.004), carbohydrate 
(p = 0.002), protein (p = 0.011), fiber (p < 0.001) intake than the control group. TNF-α levels were elevated in the FGR 
group (p < 0.001), while IL-6 levels were higher but not statistically significant (p = 0.06). IL-10 levels were lower in 
the study group (p = 0.05). TAS, TOS, and TAS/TOS levels showed no significant differences between groups. Logistic 
regression indicated a 62% increase in FGR probability with higher DII levels (p = 0.001, CI 1.209–2.195). Correlation 
analysis revealed a strong positive correlation between DII and maternal serum TNF-α (r = 0.375, p = 0.01) and a strong 
negative correlation between birth weight and TNF-α (r=-0.478, p < 0.001) and DII (r=-0.446, p = 0.002).

Conclusion  This study showed that a pro-inflammatory maternal diet increased dietary inflammatory index and 
increased maternal inflammatory markers, and this was more significant in fetuses with FGR than in normal weight 
fetuses.
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Introduction
Good maternal nutritional and metabolic status is essen-
tial for maintaining a healthy pregnancy. It is known 
that many chronic adult diseases are associated with the 
fetal period. The placenta is the major organ that is con-
stantly growing and providing feto-maternal transport 
for the needs of the fetus. This transport can be directly 
influenced by the concentration of essential nutrients in 
maternal plasma, which are important for fetal develop-
ment. Therefore, an adequate and balanced diet during 
pregnancy is very important [1].

Fetal growth restriction (FGR) denotes the fetus’s fail-
ure to attain its growth potential due to several factors, 
including genetic, infectious, and placental anomalies. 
FGR affects 10% of the general population and is a sig-
nificant contributor to perinatal morbidity and mortal-
ity [2]. Fetal growth restriction (FGR) is often diagnosed 
when the estimated fetal weight or abdominal circum-
ference (AC) falls below the 10th percentile for the cor-
rected gestational age [3, 4]. The Delphi agreement states 
that a fetal AC or estimated fetal weight (EFW) below 
the 10th percentile, accompanied by Doppler abnormali-
ties, or either AC or EFW below the 3rd percentile with-
out Doppler findings, validates the diagnosis of FGR [5]. 
The classification of FGR is contingent upon the timing 
of onset; early-onset FGR is defined by the emergence of 
symptoms prior to 32 weeks of gestation, whereas late-
onset FGR is defined by the emergence of symptoms sub-
sequent to 32 weeks of gestation [6]. Early onset FGR is 
observed in 1% of the population and is predominantly 
associated with pathological processes including pre-
eclampsia, genetic disorders and TORCH infections. In 
contrast, late-onset FGR is more prevalent, from 5% up 
to 10% [2]. The reason of late-onset FGR is still uncertain, 
although studies have shown a relationship with maternal 
weight [7].

A proinflammatory diet may result in persistent low-
grade inflammation. The dietary inflammatory index 
(DII) was enhanced to objectively assess the impact 
of food on inflammation [8]. Increased inflammatory 
cytokines have been found to cause a maternal immune 
reaction and this is associated with pregnancy complica-
tions [9, 10]. A pro-inflammatory diet, characterized by 
a high DII, may negatively impact fetal growth and ele-
vate inflammatory markers in maternal serum [11]. Fur-
thermore, oxidative stress is recognized to be pivotal in 
inflammatory disorders [12].

The current study aimed to examine the correlation 
between maternal DII, maternal circulating total oxidant 
status (TAS), total antioxidant status (TOS), interleukin-6 

(IL-6), interleukin-10 (IL-10), and tumor necrosis factor-
alpha (TNF-α) levels in pregnant women diagnosed with 
FGR.

Materials and methods
Study population
This observational study encompassed pregnant women 
diagnosed with fetal growth restriction who were admit-
ted to the Perinatology Clinic of Ankara Bilkent City 
Hospital for delivery between 2022 and 2023, with ges-
tational ages ranging from 32 to 38 weeks (n = 23), 
alongside healthy pregnant women possessing identi-
cal demographic characteristics (n = 23). According to 
the power analysis performed on the sample article, the 
minimum number of patients was calculated to be 28, 14 
in the study group and 14 in the control group with 80% 
power [13]. Pregnant women with chronic diseases such 
as chronic kidney disease, chronic liver disease, asthma, 
chronic hypertensive diseases, diabetes (gestational or 
pregestational) fetal anomalies, membrane ruptures, 
and multiple pregnancies were excluded from the study. 
In this study, according to the Delphi agreement, fetal 
abdominal circumference (AC) or estimated fetal weight 
(EFW) below the 10th percentile, accompanied by Dop-
pler abnormalities, or either AC or EFW below the 3rd 
percentile without Doppler findings, validates the diag-
nosis of FGR [5].

Nutritional assessment and dietary inflammatory index 
(DII)
An expert dietitian (İ.S.G.) recorded the patients’ dietary 
patterns. Dietary records were taken daily during the 
3-day follow-up, two days on weekdays and one on the 
weekend, in order to include dietary changes, based on 
their frequencies of objective measurements such as cups 
and spoons, in order to minimize memory bias. Portion 
sizes of the consumed foods were assessed with the help 
of a photographic atlas to minimize recollection bias 
[14]. Active smoking and alcohol consumption were not 
included in this analysis because of their effects on the 
inflammatory and oxidative markers. In our study, the 
3-day dietary recording period was designed to mitigate 
the potential impact of seasonal variations by ensuring 
that data collection was distributed across different times 
of the year. Additionally, participants who reported fast-
ing or significant deviations from their usual diet (e.g., 
during holidays) were excluded from the analysis to 
minimize confounding effects. Research has shown that 
the dietary records performed similarly to web-based 
24HDR ASA24, with both methods being more accurate 
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than food frequency, and fairly well compared to bio-
markers in the assessment of energy, protein, potassium 
and sodium [15]. Daily energy and nutrient intakes were 
assessed using computer-based nutrition database soft-
ware [(Ebispro for Windows, Stuttgart, Germany; Turk-
ish Version (BeBiS 9) Istanbul Program uses data from 
Bundeslebensmittelschlussel (BLS) 3.01B and USDA-SR] 
[16]. The dietary intake of 29 food parameters, includ-
ing energy, macronutrients (carbohydrate, protein, total 
fat, cholesterol, saturated fats, MUFAs, PUFAs, n-3, n-6 
fats), fiber, caffeine, β-carotene, vitamins (C, A, E, D, B1, 
B2, B3, B6, folate, B12) and essential minerals (iron, zinc, 
magnesium, selenium), were used to calculate the Dietary 
Inflammatory Index [17]. Z-scores were computed utiliz-
ing a comprehensive database of means and SDs, normal-
ized and multiplied with food parameter-specific scores 
to derive the total DII score. Elevated scores correlated 
with a more pro-inflammatory food pattern, whereas 
diminished scores indicated a more anti-inflammatory 
dietary pattern.

Biochemical evaluation
Evaluation of cytokine levels
Blood specimens were obtained from individuals and 
subjected to centrifugation at 3000  rpm for 5  min at 
4  °C. Final supernatants were used for the measure-
ment of cytokine, total antioxidant and oxidant levels. 
All measurements were determined spectrophotometri-
cally using a UV-VIS Spectrophotometer (Epoch; BioTek, 
USA). The human TNF, IL-6, and IL-10 ELISA kits are an 
enzyme-linked immunosorbent assay for the quantitative 
detection of cytokine levels (e-BioSciences ELISA Ready 
SET-Go Affymetrix, Thermo Scientific). The capture 
antibody (100 ug/ml) was prepared in 1  ml phosphate-
buffered saline (PBS) so that it would be 1 ug/ml, and 100 
µL was added to each well of the high-affinity binding 
microwell plates. The plates were incubated for 16 h, then 
blocked with 200 µL of blocking solution. Samples and 
standards were added, incubated for 2 h, and then added 
to the plates. The detection antibody was added, and 
the plate was washed four times. Substrate solution was 
added, and the plate was incubated for 15 min. Stop solu-
tion was added and read in an ELISA reader at 450 nm. 
Standard curve ranges of TNF, IL-6, and IL-10 are evalu-
ated and the detection limits of the kits were in the fol-
lowing order: TNF-α: 16–2500 pg/mL, IL-6: 30–2000 pg/
mL, and IL-10: 15–1000 pg/mL.

Biochemical analysis of Oxidant / Antioxidant levels
Total antioxidant status (TAS), and total oxidant sta-
tus (TOS) were measured with the spectrophotometric 
method by commercial kits (Rel Assay Kit Diagnostics, 
Turkey). Calculations are made by ΔAbs of standard 
or samples. Assay principle of the TAS measurement 

method depends on ABTS radical cation decolorization 
assay. The acetate buffer (0.4  mol/L pH: 5.8) and ABTS 
(30 mmol/l pH 3.6) are used as reagents. Antioxidants 
in a sample accelerate the bleaching rate proportional to 
their concentrations, measured time-dependently using 
spectrophotometry under 0.04 nm at 660 nm. The discol-
oration rate is inversely related to the Total Antioxidant 
Concentration (TAC). Trolox, a water-soluble vitamin E 
analog, calibrates the reaction rate. The TOS evaluations 
use a buffer solution and subtrate solution, based on the 
ferrous ion chelator complex to ferric ion in the samples. 
Assay methodology is based on the ferrous ion chelator 
complex to ferric ion in the samples. Hydrogen perox-
ide was used as a calibrator for TOS. The results were 
expressed in H₂O₂ equiv./L and concentration of stan-
dard units as µmol/L [18, 19].

Data analyses
The data was analyzed using Statistical Package for Social 
Sciences (SPSS) version 26.0 (SPSS Inc., Chicago, IL, 
USA). Descriptive statistics were employed to ascertain 
the demographic characteristics of the research individu-
als, including gestational age at labor, birth weight, DII, 
IL-6, IL-10, TNF-α, and TAS/TOS levels, which were 
compared across groups. The Kolmogorov-Smirnov 
and Shapiro-Wilk tests were employed to evaluate the 
normality of the distribution. Descriptive statistics, 
including mean ± SD, were utilized for the participants’ 
fundamental characteristics, whereas demographic data 
were presented as median and minimum-maximum 
values. Relationships among continuous variables were 
examined using Pearson’s correlation coefficients, while 
logistic regression analysis was conducted to ascertain 
the correlations between categorical variables and out-
comes of interest. Furthermore, to assess the diagnos-
tic efficacy, ROC curve analysis was performed, and the 
Youden index (J) was utilized to ascertain the best cut-
off point of DII for predicting precision. The threshold 
for statistical significance was established at p < 0.05. All 
study protocols received approval from the Ethics Review 
Committee of Ankara City Hospital (No. E2-22-2948) 
and were executed in compliance with the Declaration 
of Helsinki. All participants submitted signed informed 
consent before enrolling in the study. Written informed 
consent forms included that the biological materials col-
lected for the study would be safely stored and not used 
for any other purpose. This measure safeguards the pri-
vacy and rights of the participants, promoting trust in the 
research process. Additionally, all data collected will be 
anonymized to further safeguard patient confidentiality. 
This study was supported by the Turkish Health Insti-
tutes (TUSEB) (project no: 37268), which had no role in 
the study’s design, data collection, analysis, interpreta-
tion, or manuscript preparation.
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Results
The demographic data and clinical characteristics of the 
cases were summarized in Table 1. A significant increase 
in DII was observed in the study group (p < 0.001). 
The study group exhibited significantly lower energy 
(p = 0.004), carbohydrate (p = 0.002), protein (p = 0.011) 
and fiber (p < 0.001) intakes than the control group. Con-
versely, no statistically significant variation was observed 
in fat intake, particularly saturated fat and cholesterol 
intake. TNF-α levels were elevated in the FGR group 
(p < 0.001). IL-6 levels, although elevated in the FGR 
group, did not reach statistical significance (p = 0.06). 
The IL-10 levels were lower in the study group than in 
the control group (p = 0.05). Conversely, no statistically 
significant differences were observed in TAS, TOS and 
TAS/TOS levels between the groups. Logistic regression 
analysis demonstrated that elevated DII levels increased 
the probability of FGR by 62% [p = 0.001, CI (1.209–
2.195)], and that the risk of FGR increased significantly 
with decreased energy, carbohydrate, and protein intake. 
The data are presented in Table 2. According to the cor-
relation analysis, there was a positive correlation between 
IL-6 and TOS (r = 0.297, p = 0.045), a strong positive cor-
relation between the DII and maternal serum TNF-α 
(r = 0.375, p = 0.01) and a strong negative correlation 
between birth weight and TNF-α (r=-0.478, p < 0.001) 
and DII (r=-0.446, p = 0.002). The data are presented in 
Table  3. When the ROC curve was drawn for the DII, 
AUC: 0.866 was determined. Figure 1. The optimal cutoff 
point for the DII was determined as 1.21 with 82% sensi-
tivity and 79% specificity.

Discussion
In this study, DII was compared between late-onset 
FGR diagnosed pregnant women and healthy pregnant 
women, and significant differences were found between 
the inflammatory / anti-inflammatory markers in mater-
nal serum and the nutrition type.

The main findings of the study revealed that the DII 
was significantly higher in pregnant women diagnosed 
with FGR, and a negative correlation was found between 
the DII and birth weight. Additionally, women with FGR 
were found to have diets that were low in energy, protein, 
and fiber intake. The study also highlighted that TNF-α 
levels were elevated in the serum of pregnant women 
with FGR, with a positive correlation between TNF-α 
levels and DII, as well as a negative correlation between 
TNF-α levels and birth weight. However, no significant 
differences were observed between the groups in terms of 
IL-6 levels or TAS/TOS.

Inflammation has been associated with the etiology of 
numerous diseases, including cancer, dementia, hyper-
tension, and insulin resistance. In recent years, the DII 
has been established to objectively illustrate the impact 

Table 1  Comparative analysis of mother’s characteristics, daily 
nutritional consumption, and plasma cytokines and oxidative 
equilibrium
Variables FGR Control P value
Age 27 (20–38) 29 (21–41) 0.782
Gravida 2 (1–8) 2 (1–5) 0.162
Parity 1 (0–2) 1 (0–4) < 0.001
Abortus 0 (0–5) 0 (0–3) 0.999
Pre-Pregnancy BMI 24.6±4.8 26.6 ±5 0.166
Prior to Delivery BMI 28.6±5 30.7±5.1 0.183
Gestasional Age of Delivery 37.3±1.2 38.6±1.2 < 0.001
Weights of Delivery (Gram) 2456±282 3357±399 < 0.001
Dietary Inflammatory Index (DII) 3.44±2.2 -2.86 ± 5.5 < 0.001
Energy Intake (calori) 1799±195 2032±303 0.004
Protein Intake (gram) 62.9±10 72.7±14 0.011
Protein Intake % 14.3±2.2 14.7±2.8 0.602
Fat Intake (gram) 82.4±15.6 85±23.7 0.625
Fat Intake % 40.6±5.1 37.1±6.5 0.05
Saturated Fat Intake (mg) 34.2±8 34.7±14.7 0.876
Carbonhydrate Intake (gram) 197±30.4 236 ±47.6 0.002
Carbonhydrate Intake % 45±5.7 47.9±7 0.143
Cholesterol Intake (mg) 371±116 373±179 0.959
Fiber (gram/day) 16.15±3.73 27.08±6.28 < 0.001
TAS/TOS 0.05 ±0.02 0.06±0.03 0.362
TOS mmol/L 17.7±6.8 16.8±9.6 0.708
TAS mmol/L 0.76±0.2 0.82±0.2 0.364
TNF pg/mL 91.6 ±42.4 35.7±46.4 < 0.001
IL-10 pg/mL 82±39.1 123.1±91.3 0.05
IL-6 pg/mL 97.1±68.2 64.2±46.6 0.062
* Variables were shown as mean and standard deviation or median and 
interquartile range depending on the distribution of the data. BMI, body-
mass index, DII, dietary inflammatory index, TAS, total oxidant status, TOS, 
total antioxidant status, IL-6, interleukim-6, IL-10 interleukin-10, TNF-α, tumor 
necrosis factor-alpha

Table 2  Regression analysis of factors associated with fetal 
growth restriction risk
Variables Coefficient Sig. 

(p-value)
Odds 
Ratio

95% 
CI 
Lower

95% 
CI 
Upper

Dietary Inflam-
matory Index

0.448 0.001 1.62 1.209 2.194

Energy Intake -0.004 0.009 0.99 0.993 0.999
Carbonhydrate 
intake

-0.026 0.006 0.97 0.956 0.992

Protein intake -0.096 0.009 0.91 0.845 0.976
Fat intake 0.013 0.648 1.013 0.957 1.072
Cholesterol 
intake

0.004 0.168 1.004 0.998 1.010

Pre-pregnancy 
BMI

-0.088 0.168 0.916 0.809 1.038

Prior to delivery 
BMI

-0.081 0.184 0.922 0.817 1.039

*BMI, body-mass index, DII, dietary inflammatory index
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of nutrition on inflammation, spanning a continuum 
from proinflammatory to anti-inflammatory [8]. The DII 
is deemed positive if the nutrient has an inflaming effect 
and negative if it demonstrates an anti-inflammatory 
effect. A study conducted in the USA reported that a high 
BMI prior to pregnancy was associated with higher lev-
els of DII and CRP, and that babies born to these moth-
ers were more likely to be diagnosed with FGR [11]. 
Although there was no significant difference between 
the BMI of the control and study groups in this study, 
the study revealed that the DII was significantly elevated 
in the FGR group, with a very significant negative con-
nection between the DII and birth weight. This out-
come aligns with other research findings. A 2023 study 
in China shown that elevated DII scores correlate with 
reduced baby weight, premature birth, and congenital 
anomalies [20]. This indicates that an inflammatory diet 
elevates the likelihood of fetal growth restriction and is 
strongly correlated with birth weight. However a recent 
study evaluating the impact of DII on fetal growth pat-
terns indicated that proinflammatory diet might be asso-
ciated with both FGR and large for gestational age (LGA). 
Although, the hypothesis of the mentioned study had 
similarities with the present study, there were main dif-
ferences like higher number of obese/overweight par-
ticipants, a large range for DII values, absence of other 
inflammatory markers and the investigation of pregnant 
women between 24-39th weeks of gestation [21].

In the present study, macronutrient intake of partici-
pants was also examined. Macronutrients are nutrients 
that must be consumed in large amounts daily to pro-
vide the energy required to maintain body functions [22]. 
Upon evaluation of the groups, no significant changes 
were noted in pre-pregnancy and pre-delivery BMI; how-
ever, caloric intake, consumption of carbohydrates, and 
protein intake were considerably reduced in the FGR 
group. Despite no notable variation in fat consumption 
across the groups, the proportion of dietary fat consumed 
was markedly greater in the FGR group. No significant 
variations were observed in saturated fat or intake of cho-
lesterol when fat consumption was analyzed in depth.

These results suggest that adequate daily energy intake, 
adequate protein intake, and balanced fat intake may pro-
tect against FGR development. The present study exam-
ined dietary fiber intake in pregnant women. Adequate 
fiber intake balances glucose and insulin levels and acts 
as a powerful anti-inflammatory prebiotic that alters 
intestinal microbiota and microbial metabolism [23]. A 
notable observation was the low fiber intake documented 
in the cohort of women diagnosed with FGR. These find-
ings suggest that a diet consisting of low-glycemic index 
grains (e.g., coarse cracked wheat, quinoa, brown rice), 
vegetables (e.g., cabbage, spinach, beans, peas, lentils), 
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and fruits (e.g., apples) may contribute to a reduced risk 
of developing FGR.

Hébert et al. examined the impact of the inflammatory 
potential of foods on health, revealing that a high dietary 
inflammatory index exerts a pro-inflammatory effect by 
modulating the levels of inflammatory and anti-inflam-
matory cytokines (IL-1β, 4, 6, 10, TNF-α) and CRP, while 
a low dietary inflammatory index demonstrates an anti-
inflammatory effect [24]. A further study indicated that 
a diet rich in saturated fats, refined grains, and simple 
carbs was associated with elevated levels of CRP and IL-6 
[25].

Inflammatory cytokines such as TNF-alpha and IL-6 
are necessary for maternal vascular and decidual invasion 
during implantation. However, from the second trimes-
ter onwards until delivery, an anti-inflammatory environ-
ment is required for the healthy development of the fetus. 
If this anti-inflammatory environment cannot be estab-
lished, pregnancy complications such as preeclampsia, 
preterm labor, and preterm premature rupture of mem-
branes (PPROM) may be occur [26]. In other studies that 
examined inflammatory markers in maternal serum to 
demonstrate the relationship between FGR and sterile 

inflammation of the placenta, higher levels of IL-6 and 
TNF-α were reported in the FGR group [27]. Some stud-
ies have suggested that trophoblastic hypoxia and pro-
tein-poor low-calorie diets may play a role in increasing 
IL-6 production by peripheral blood mononuclear cells 
[28]. One study reported elevated plasma IL-6 levels in 
pregnant women diagnosed with FGR between 25 and 35 
weeks of gestation [27].

Conversely, it has been shown that IL-6 levels decrease 
in the cord blood after birth in low-birth-weight new-
borns. However, IL-6 remains a significant biomarker 
for identifying postnatal hypoxia [29]. Significant differ-
ence was not found between the groups for IL-6 in the 
current study. The observed discrepancy in IL-6 levels, in 
contrast to the findings reported in most studies, may be 
attributable to the participation of pregnant women who 
had reached 32 weeks of gestation, had no cases of very 
low birth weight, and were delivered in a hospital setting 
without experiencing hypoxic conditions.

Similarly, the levels of TAS/TOS did not differ signifi-
cantly between groups, indicating that oxidative balance 
is an indirect marker of hypoxia. Some studies report 
that women diagnosed with FGR experience oxidative 

Fig. 1  ROC curve analysis to evaluate the diagnostic performance of dietary inflammatory index for fetal growth restriction. *Area under the curve (AUC) 
value is 0.866
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stress, particularly those with hypertension [30, 31]. Oth-
ers indicate oxidative damage in both underweight and 
large for gestational age (LGA) fetuses [32] or found no 
changes in FGR pregnancies [33]. In addition to the con-
flicting results in the literature, the absence of significant 
differences in this study may be attributed to some fac-
tors such as interventions prior to the development of 
hypoxia and selection of normotensive patients in the 
study group. Another finding of this study is the signifi-
cant positive correlation between IL-6 and TOS, sug-
gesting that both markers may tend to increase due to 
hypoxia.

The inflammatory marker TNF-α was significantly 
raised in the study group, while the anti-inflammatory 
agent IL-10 was dramatically lowered in pregnant women 
who were diagnosed with FGR. A positive and signifi-
cant connection was found amongst maternal TNF-α 
and DII scores. This data indicates a substantial cor-
relation between TNF levels and DII, highlighting the 
possibility for food to directly modulate TNF expres-
sion. TNF-α is a significant inflammatory marker that 
is essential in various physiological processes, including 
folliculogenesis, embryogenesis, conception, and par-
turition. Previous investigations identified higher levels 
of TNF-α throughout the final trimester of pregnancy, 
suggesting that TNF-α may be implicated in parturition. 
Moreover, elevated levels of TNF-α have been observed 
in pregnant women who have undergone recurrent abor-
tion, premature rupture of membranes, preeclampsia, 
and fetal growth restriction (FGR) [34]. Furthermore, 
increased TNF-α and reduced IL-10 levels have been 
noted in pregnant women who were diagnosed with FGR 
[35]. In a study in which placentas from normal-weight 
fetuses and fetuses with FGR were examined immunohis-
tochemically, increased TNF-alpha tissue expression was 
reported in placentas of fetuses with FGR [36]. As a result 
of the toxic effect of TNF-alpha on the endothelium and 
its ability to cause placental thrombosis, it is thought that 
it causes inadequate perfusion of the uteroplacental bed 
and predisposes to FGR [37, 38]. A separate investiga-
tion indicated a connection between increased DII and 
TNF-α levels [39]. One of the main hypothesis for FGR 
is excessive inflammation in the maternal-fetal interface 
resulting in insufficient perfusion to the developing fetus. 
We believe that diet of pregnant women may affect basal 
inflammation in the maternal-placental unit and TNF-a 
may reflect this inflammation.

IL-10 is classified as an anti-inflammatory cytokine. 
Studies have associated high DII levels with low IL-10 
levels in pregnant women [40]. Studies have shown that 
IL-10 expression is reduced in the placenta of preg-
nant women diagnosed with FGR [41]. The present 
study confirms the findings of previous studies. Mater-
nal pro-inflammatory diet has been shown to elevate 

inflammatory cytokines and reduce anti-inflamma-
tory substances in maternal serum. Consequently, an 
atmosphere favorable to the advancement of FGR is 
established.

The present study has the following limitations: chal-
lenges in recalling the daily dietary record throughout 
DII interviews, small sample size, the absence of a longi-
tudinal design, the cross-sectional study design, unmea-
sured cofactors such as pollution, genetic variations of 
inflammation pathways, stress levels, access to healthcare 
and the focus solely on pregnant women receiving a diag-
nosis of late-onset FGR. Conversely, the interdisciplinary 
approach, the inclusion of pregnant women who were 
diagnosed with isolated FGR, and the simultaneous eval-
uation of DII, cytokines, and TAS/TOS are significant 
attributes of this study.

Conclusion
The findings of the present study indicate that a pro-
inflammatory diet may be associated with an increased 
risk of FGR. Individualized management of obstetric 
complications has been a rising trend in maternal-fetal 
medicine. Thus, healthy dietary habits should be an 
important part of perinatal care. Consequently, even if 
altering dietary habits may reduce the likelihood of devel-
oping FGR, as well as perinatal neonatal mortality and 
morbidity, it is important to acknowledge that the study 
design does not allow for definitive conclusions regard-
ing causality. Further population-based research using 
larger sample sizes is required to investigate the impact 
of nutrition on pregnancy-related problems.
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