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Abstract

Background: The possible relationship between diet-related inflammation and the risk of 

gestational diabetes mellitus (GDM) requires further investigation, especially in non-Western 

populations. We examined the association between dietary inflammatory index (DII) scores and 

GDM in a case-control study conducted in Iran.

Methods: This study included 122 GDM cases and 266 controls hospitalized for acute non-

neoplastic diseases. Cases were pregnant women aged 18–40 years, who visited major general 

hospitals in different regions of Tehran. Pregnant women were screened for gestational diabetes 

between the 24th and 28th week of gestation with a 50-g who 1-hr glucose challenge test (GCT). 

Cases were diagnosed positive for GDM. Controls were pregnant women who had normal GCT 

test. DII scores were computed from dietary intake assessed by a previously validated 147-item 

food frequency questionnaire. Logistic regression models adjusted age, gestational age, energy, 

exercise, BMI, smoking exposure, family history of diabetes, and history of multivitamin intake 

were used to estimate odds ratios (ORs) and 95% confidence intervals (CI).
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Results: Subjects with higher DII scores (i.e., indicating a more pro-inflammatory diet) had a 

higher odd of GDM with the DII being used as both a continuous (OR=1.20; 95% CI=0.94–1.54) 

and as categorical (OR tertile 3vs1=2.10; 95% CI=1.02–4.34, P-trend=0.03)

Conclusion: These results indicate that a pro-inflammatory diet, as evidenced by higher DII 

scores, is associated with increased odds of GDM among Iranian women.

Introduction

Chronic inflammation is characterized by the continuous presence of inflammatory 

cytokines in circulation and systemically; and this might lead to chronic diseases such as 

obesity, diabetes and cancer (1, 2). One of the most common complications of pregnancy is 

gestational diabetes mellitus (GDM) (3). The prevalence of GDM in pregnancy varies 

widely according to the study population and the diagnostic test used, and ranges from 2.4% 

to 21% (4). GDM is defined as any degree of glucose intolerance recognized first during 

pregnancy (4). The prevalence of GDM is about 14% in the United States (5) and in Iran it is 

4.7% (95% CI, 3.91 – 5.64%) using Carpenter and Coustan criteria, and 3.97% using 

National Diabetes Data Group (NDDG) criteria (6).

Increasing incidence of GDM causes serious concerns for health systems worldwide (7). 

GDM is associated with maternal (premature birth, infectious complications, hydramnios, 

hypertensive complications) and fetal (still birth, altered fetus growth, metabolic 

disturbances, respiratory distress syndrome, obesity in childhood and diabetes) 

complications (8). Infants are more likely to become obese, have impaired glucose tolerance 

or develop diabetes in adolescence or early adulthood, compared to offspring of 

normoglycaemic females (9). As a result, this population needs special attention, particularly 

in the developing countries. There is strong evidence that specific dietary components 

influence both inflammation (10–13) and GDM (14, 15). Some food items such as fish and 

fruits exert an anti-inflammatory effect (16, 17), whereas dietary pattern rich in red meat 

increase inflammation (18). There is evidence showing inflammatory cytokines which 

regulate inflammation in GDM (19).

The literature-derived, population-based dietary inflammatory index (DII) was developed to 

assess the inflammatory potential of individuals’ diets (20), and has been validated with 

various inflammatory markers, including C-reactive protein (21, 22), interleukin-6 (23–25), 

and tumor necrosis factor-alpha (24). In this study, we explore the association between the 

DII and GDM in a case-control study in Iran (26). The DII has been used in Iranian 

populations in the past; with higher DII scores shown to be associated with lower bone 

mineral density (BMD) in lumbar spine among postmenopausal women (27), and increased 

risk of esophageal squamous cell cancer (ESCC) (28), multiple sclerosis (29), ulcerative 

colitis (30), prediabetes (31) and recurrent abortion (32).

Our hypothesis is that higher DII scores (indicating a more pro-inflammatory diet) are 

associated with increased odds of incident GDM.
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Material and methods

Study population

This hospital-based case-control study was conducted in Tehran, a province of Iran at high-

risk of diabetes. Cases were pregnant women aged 18–40 years, who visited major general 

hospitals in different regions of Tehran (11 million inhabitants). Pregnant women were 

screened for gestational diabetes between the 24th and 28th week of gestation with a 50-g, 1-

hr glucose challenge test (GCT). If the screening test was positive (blood glucose greater 

than 130 mg per ml), diagnostic testing was performed using a 100 g, 3-hour oral glucose 

tolerance test (OGTT). Women meeting Carpenter and Coustan criteria: fasting, 5.3 mmol/l; 

1 h, 10.0 mmol/l; 2 h, 8.6 mmol/l; 3h, 7.8 mmol/l (33), were diagnosed with GDM (any two 

values at or above established thresholds).

Controls were pregnant women whose GCT tests at 24–28 weeks of pregnancy were in 

normal range. The exclusion criteria were multiple pregnancies, history of gestational 

diabetes or diabetes (pre-pregnancy) and undergoing a weight-reduction diet one year before 

pregnancy. Furthermore, controls were followed up until the end of pregnancy. If they 

developed GDM, they were excluded from the study. In this study, two controls were 

recruited within the same medical center for each case. Controls were matched to cases on 

age (within 5 years). During analysis, three patients (1 cases and 2 controls) with extreme 

energy intakes that probably reflected careless completion of the dietary questionnaire 

(below or above the mean ± 3 SD for loge-transformed calories; cutpoints: 244 kcal and 

5284 kcal) were excluded. The final sample for statistical analysis was 122 cases and 266 

controls.

Dietary assessment

Dietary habits of participants (one year before the interview) were obtained by trained 

dietitians using a valid and reproducible 147-item semi-quantitative food frequency 

questionnaire (FFQ) (34). The consumption frequency of each food items was gathered on a 

daily, weekly, or monthly basis; the portion sizes were assessed using household measures 

and then converted to grams (35). A validated food album [2] and a set of household 

measurements (e.g., cup, tablespoon, teaspoon plate, glass, small bowl, and spatula) were 

used to assist respondents to estimate the portion size and type of food items. Respondents 

were asked to report the frequency of consumption of a given serving of each food item on a 

daily, weekly, monthly and yearly basis and data were then converted to daily intake 

frequency. Portion size of each food item consumed was converted to grams. Intake of each 

food item in grams was then determined by multiplying the portion size by daily intake 

frequency. The edible fraction of foods also was considered using household measurement 

guidelines (35). Total energy intake was estimated by adding the energy value of each food 

in the FFQ. Nutrients value was based on the Nutrient Composition of Iranian Foods (36). 

The USDA Food Composition Data (37) was used for foods or food ingredients that were 

not available in Nutrients Composition of Iranian Foods.
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Other variables

Information on age, pre-pregnancy weight, education level, socioeconomic status, smoking 

status, family history of diabetes and taking supplements were obtained from all cases and 

controls through a general questionnaire. Height was measured without shoes to the nearest 

0.5 cm using meter installed on the wall. BMI was calculated by dividing weight in 

kilograms by the square of height (m). Physical activity was assessed through valid and 

reliable questionnaire (38). Physical activity was calculated considering Metabolic 

Equivalent (MET) and reported as MET-h/wk (39).

FFQ-derived dietary data were used to calculate DII scores for all participants. The DII is 

based on literature published through 2010 linking diet to inflammation. Individuals’ intakes 

of food parameters on which the DII is based are then compared to a world intake standard 

database. A complete description of the DII is available elsewhere (20). A description of 

validation work, including derivation of the DII from both dietary recalls and a structured 

questionnaire similar to an FFQ and related to interval values of hs-CRP, also is available 

(21). Briefly, the literature relating to the association between dietary components and six 

different inflammatory markers (IL-1β, IL-4, IL-6, IL-10, TNF-α and C-reactive protein) 

published from 1950 to 2010 was reviewed. Each of the 45 different food parameters 

identified as being related to the six inflammatory biomarkers in this massive search was 

assigned a “food parameter-specific inflammatory effect score” through a process of 

counting the number of studies reporting pro-inflammatory, anti-inflammatory, and no 

effects on the six inflammatory markers, and weighting the scores by study design and size 

of the literature pool. A total of 32 food parameters were available from the FFQ and 

therefore could be used to calculate DII scores (energy, carbohydrate, protein, total fat, fiber, 

cholesterol, saturated fat, mono-unsaturated fat, poly unsaturated fat, omega-3, omega-6, 

trans fat, niacin, thiamin, riboflavin, vitamin B12, vitamin B6, iron, magnesium, selenium, 

zinc, vitamin A, vitamin C, vitamin D, vitamin E, folic acid, beta carotene, garlic, turmeric, 

onion, caffeine).

To calculate DII for the participants of this study, the dietary data were first linked to the 

regionally representative world database that provided an estimate of a mean intake and 

standard deviation for each food parameter (20). These then become the multipliers to 

express an individual’s exposure relative to the “standard global mean” as a z-score. This is 

achieved by subtracting the “standard global mean” from the amount reported and dividing 

this value by the standard deviation. To minimize the effect of “right skewing” (a common 

occurrence with dietary data), this value was then converted to a centered percentile score. 

The centered percentile score for each food parameter for each individual was then 

multiplied by the respective food parameter-specific inflammatory effect score, which is 

derived from the literature review, as described above, in order to obtain a food parameter-

specific DII score for an individual. All of the food parameter-specific DII scores are then 

summed to create the overall DII score for every participant in the study (20).

Statistical Analyses:

Study characteristics were examined by case-control status. The DII was analyzed both as a 

continuous variable and as tertiles with cutpoints derived from controls. The DII, as tertiles, 
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was examined across the following characteristics: age, gestational age, BMI, exercise, 

smoking exposure, family history of diabetes and history of multivitamin intake in the year 

before pregnancy. Student t-tests and ANOVA were used for continuous and χ2 tests was 

used for categorical variables. Odds ratios and 95% confidence intervals (OR; 95% CI) were 

estimated using logistic regression models, adjusting only for age and energy, and then 

fitting a model with additional adjustment for gestational age, BMI, exercise, smoking, 

family history of diabetes and history of multivitamin intake in the year before pregnancy. P-

value for trend was determined with value of the median DII in each tertile. Statistical tests 

were performed using SAS® 9.3 (SAS Institute Inc., Cary, NC); all p values were based on 

two-sided tests.

Results

DII scores in this study ranged from −4.03 (most anti-inflammatory score) to +4.72 (most 

pro-inflammatory score). Table 1 shows the socio-demographic and lifestyle characteristics 

of the 122 cases and 266 controls. The mean age of women at diagnosis of GDM was 

29.76±4.26 years and 29.64±4.52 years for controls. Women with GDM had significantly 

higher BMI and family history of diabetes and significantly lower gestational age, physical 

activity and. Cases had significantly higher mean DII scores compared to controls 

(0.15±0.89 vs −0.07±1.05, p-value=0.04). Control characteristics across categories of DII 

are provided in Table 2. There were some differences in sociodemographic factors, and 

lifestyle habits across DII categories. In particular, participants in the third tertile of DII 

were less likely to have history of supplement use and had lower gestational age, but none of 

these results were statistically significant.

ORs and 95% CIs for the risk of GDM are shown in Table 3. Results obtained from 

modeling DII as a continuous variable in relation to risk of GDM showed a positive 

association after adjustment for age and energy intake (OR=1.25; 95% CI=1.01–1.56); and 

were nearly identical in the multivariable analyses (OR=1.20; 95% CI=0.94–1.54); however, 

the result was not longer significant. When analyses were carried out with DII expressed as 

tertiles, and adjusting for age and energy, subjects in tertile 3 had an OR of 2.65 (95% CI= 

1.39–5.07, ptrend=0.007) in comparison to subjects in tertile 1. Again, after multivariable 

adjustment, results were essentially identical as in the model adjusting only for age and 

energy (OR tertile 3vs1=2.10; 95% CI=1.02–4.34, ptrend=0.03).

Discussion

In this Iranian case-control study, we found that women with a higher DII score (i.e., those 

who had more pro-inflammatory diets) were at increased odds of GDM compared to 

subjects with more anti-inflammatory diets. This is the first study to explore this association. 

These results support the hypothesis that consuming a more pro-inflammatory diet is 

associated with increased GDM risk.

In a prospective study conducted in China, a vegetarian dietary pattern was associated with a 

decreased risk of GDM, while the sweets and seafood pattern was associated with an 

increased risk of GDM (40). Results from a study conducted in the US, showed high 
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consumption of refined grains, fat, added sugars and low intake of fruits and vegetables 

during pregnancy to be associated with higher odds for GDM (41). Reports from systematic 

review from 34 articles comprising 21 individual studies (10 prospective cohorts, 6 cross-

sectional, and 5 case-control) showed dietary pattern rich in fruit, vegetables, whole grains, 

and fish and low in red and processed meat, refined grains and high-fat dairy to be beneficial 

against GDM (42). Consumption of food items such as fiber, vegetables and fruits has been 

shown to reduce inflammation (43, 44), while other foods, such as red and processed meat, 

increase inflammation (45). In a case-control study conducted in Iran, adherence to either 

the Dietary Approaches to Stop Hypertension (DASH) or Mediterranean diet is associated 

with decreased risk for GDM (46).

This is the first study in a Middle-Eastern population to examine the DII in relation to GDM. 

In a recently published study, after multivariate adjustment, subjects in the most pro-

inflammatory DII group had 19 times higher odds of developing pre-diabetes compared to 

subjects in tertile 1 (DIIT3VS1: OR=18.88; 95%CI 7.02, 50.82) (31), in the same study 

subjects in tertile 3 of DII had significantly higher fasting plasma glucose (FPG) (DIIT3VS1: 

b=4.49; 95%CI 1.89, 7.09), OGT (DIIT3VS1: b=8.76; 95%CI 1.78, 15.73), HbA1c 

(DIIT3VS1: b=0.30; 95%CI 0.17, 0.42) (47). During pregnancy, some degree of immune 

system modulation occurs wherein there is a reduction of pro-inflammatory cytokines, such 

as tumour necrosis factor-alpha (TNF-α), IL-1ß, and IL-6 and an increase of counter 

regulatory cytokines, such as IL-10 (48). This process is disturbed during GDM wherein 

pancreatic ß-cell destruction occurs resulting in pro-inflammatory imbalance created by a 

sustained elevation of cytokines like IL-1ß and TNF-α and reduction of IL-10 (49).

There are several limitations worth noting in the present study. First, the possibility of 

selection bias is difficult to avoid in hospital-based case–control studies. The present study 

minimized this problem because of the high (approximately 80%) participation rate of 

eligible subjects who were approached to participate. Errors in self-reported intake 

estimates, through which cases may recall their diets differently after a disease diagnosis, 

may be common in case-control studies (50, 51). The probability of recall bias may have 

been reduced by using hospital controls and administering a validated FFQ by trained 

interviewers in a hospital setting. We also know that such dietary self-reports may be 

plagued by disease-independent response sets, such as social approval and social desirability 

(47, 52, 53). These were not measured in the study, nor do we know how they would 

function in Iranian culture. Also, our participants were generally of low literacy and 

socioeconomic status, and likely to have little knowledge about the role of diet and nutrients 

in the abortion. This should have reduced the possibility of recall bias.

Having information on measurement errors may help to control for inaccuracies in dietary 

recall (53–56). Another limitation is that only 32 of possible 45 food parameters were 

available for DII calculation. The food parameters that are missing are flavonoids, turmeric, 

thyme and others that are usually consumed in relatively small amounts or not consumed at 

all; hence, they may not have had a major impact on the scoring.

One common practice is to use patients with another disease as a control group, with the 

assumption that the exposure under study (diet or DII) is unrelated to the condition of this 

Shivappa et al. Page 6

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



control group (for example orthopedics conditions). Because diet may well affect many 

diseases, it is often difficult to identify disease groups that are definitely unrelated to the 

aspects of diet under investigation. Another limitation is that pregnant women with chronic 

inflammation related diseases like rheumatoid arthritis and preeclampsia were not excluded 

from the study. However, the overall age-adjusted prevalence of rheumatoid arthritis in Iran 

is low (0.33% (95% CI: 0.22–0.46)) (57), similarly, reports from a recent study conducted in 

Iran, showed the prevalence of preeclampsia to be very low (0.05 (95% CI: 0.05, 0.06)) (58). 

Hence, the low prevalence of these diseases would not have affected our results.

One important strength of the study is that this is one of the first in a Middle Eastern 

population to explore the association between the inflammatory property of diet and GDM. 

As diets vary considerably across the globe, it is important to examine the association in a 

variety of populations with different ways of eating. Of note, the range in DII scores in this 

Iranian population was narrower than in other populations that we have studied in North 

America. This may be a reflection of the reduced number of DII food parameters available 

from the dietary data in this study, or a true difference in the heterogeneity of inflammatory 

potential of diets across populations. Future work with larger study populations and more 

detailed dietary assessment is warranted to confirm these findings. Other strengths include 

ability to control for total energy intake and major potential confounding factors.

In conclusion, subjects who consumed a more pro-inflammatory diet were at increased odds 

of GDM compared to those who consumed a more anti-inflammatory diet. Thus, 

encouraging intake of more anti-inflammatory dietary factors, such as plant-based foods rich 

in fiber and phytochemicals, and reducing intake of pro-inflammatory factors, such as fried 

or processed foods rich in saturated fat or trans-fatty acids, may be a strategy for reducing 

risk of GDM.
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Table 1.

Characteristics of patients in an Iranian GDM Case-Control Study, Tehran, Iran (n=388).

Characteristics Controls Cases aP-value

N =266 N =121

Age, (years): mean ± sd 29.76±4.26 29.64±4.52 0.81

Gestational age, (months): mean± sd 31.19±3.53 29.39±4.74 <0.0001

Body Mass Index, (kg/m2): mean ± sd 24.64±3.32 27.25±3.82 <0.0001

Dietary Inflammatory Index (DII) Score: mean ± sd* −0.07±1.05 0.15±0.89 0.04

Physical activity, (MET, h/d); mean ± sd* 21.75±26.37 12.92±16.43 0.001

Family history of diabetes, n (%) 89 (33.46) 66 (54.55) <0.0001

Supplement use a year before pregnancy, n (%) 84 (31.58) 45 (37.19) 0.28

Smoking exposure n (%) 24 (9.02) 8 (6.61) 0.42

**
P-values were estimated using chi-square (χ2) statistics, independent t-test for the difference between case and control groups.
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Table 2.

Participant characteristics by level of dietary inflammatory index (DII) among controls, Iranian GDM Case-

Control Study, Tehran, Iran (n=266).

Tertile 1 ≤ −1.32 Tertile 2 −1.31 to −0.38 Tertile 3 >−0.38 P-Value
a,b

Age, (years): mean ± sd 30.10±4.13 29.54±4.10 29.62±4.56 0.46

Gestational age, (months): mean± sd 31.39±3.46 31.65±3.80 30.52±3.25 0.10

Body Mass Index (kg/m2): mean ± sd 24.48±2.79 24.86±3.75 24.59±3.38 0.82

Physical activity, (MET, h/d) 21.11±22.39 20.35±23.20 23.81±32.56 0.50

Family history of diabetes, n (%) 27 (30.34) 31 (34.83) 31 (35.23) 0.74

Supplement use a year before pregnancy, n (%) 35 (39.33) 29 (32.58) 20 (22.73) 0.06

Smoking exposure n (%) 8 (8.99) 8 (8.99) 8 (9.09) 0.99

a
Student t-test was used for continuous variables;

b
Chi-square test was used for categorical variables

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2020 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shivappa et al. Page 14

Table 3.

Odds ratios and 95% confidence intervals for the association between DII and GDM in an GDM case-control 

study, Tehran, Iran, (n=388).

Dietary Inflammatory Index (Tertiles) OR (95% CI) Ptrend-value
a

DII (Continuous)
b 

OR (95% CI)

P-Value

DII Tertile 1 ≤ 
−1.32

Tertile 2 −1.31 to 
−0.38

Tertile 3 >−0.38

Cases/controls 40/89 31/89 51/88 122/266

Age and energy-adjusted 1 (ref.) 1.16 (0.62, 2.18) 2.65 (1.39, 5.07) 0.007 1.25 (1.01, 1.56) 0.04

Multivariable-adjusted 
c 1 (ref.) 0.82 (0.42, 1.57) 2.10 (1.02, 4.34) 0.03 1.20 (0.94, 1.54) 0.15

a
P-value for trend derived using the median approach.

b
One unit increase corresponding to ≈34% of its range in the current study.

c
Adjusted for age, energy, gestational age, exercise, BMI, history of diabetes, history of exposure to smoking and history of supplemental intake.
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