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Abstract

Purpose The potential dietary inflammatory index (DII) and the phenomenon of obesity have been linked in recent studies,
but it is unclear whether this connection is dependent on metabolic status. Therefore, it was thought that this research would
be useful in establishing the relationship between obesity phenotypes and DII.

Methods The 5956 people who took part in the Ravansar non-communicable diseases (RaNCD) cohort research (MHNO)
were put into four groups: metabolically unhealthy obesity (MUO), metabolically healthy obesity (MHO), metabolically
unhealthy non-obesity (MUNO), and metabolically healthy non-obesity. According to the International Diabetes Federa-
tion's criteria, MUO exhibits at least two metabolic disorders and have a body mass index of 30 kg/m?2 or higher. DII was
extracted from the participant's dietary consumption data.

Results When possible confounders like age, gender, smoking, drinking alcohol, and exercise were taken into account, more
adherence to DII was linked to a higher odds of MHO compared to MHNO (OR: 1.44; CI 95% 1.18, 1.75). Additionally, we
discovered that greater adherence to DII was significantly related to higher odds for MUO compared to MHNO (OR: 1.67;
CI95% 1.3, 2.15). However, we found no association between adherence to DII and MUNO.

Conclusions Our findings indicated that greater adherence to DII was significantly associated with higher odds of MUO.
However, it substantially increased the chances of both phenotypes of obesity.

Level of evidence Level V-Cross-sectional observational study.
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Introduction

Obesity is an inflammatory metabolic phenomenon that
appears as a result of excess fat accumulation and is con-
sidered a worldwide public health burden [1]. Nowadays,
one-third of the world's population suffers from overweight
and obesity [2]. As stated by the World Health Organization
(WHO) reports, the prevalence of overweight and obesity
among global adults was 46% and 13%, whereas in Iran it
was 62.3% and 26.1%, respectively, by 2016 [3]. If this trend
persists, projections indicate that by 2025, obesity will affect
over 18% of men, 21% of women, and 124 million children
and adolescents globally [4].

Studies have demonstrated that oxidative stress and pro-
inflammatory effects of obesity can cause metabolic disor-
ders such as dyslipidemia and insulin resistance, which lead
to several diseases such as cardiovascular diseases, various
cancers, type 2 diabetes mellitus, and non-alcoholic fatty
liver [5-7]. Despite various studies showing that a group of
overweight and obese individuals do not suffer from chronic
disease, they are referred to as "Metabolically Healthy Obese
(MHO) (MHO)" [8]. These individuals have favorable met-
abolic profiles, which include insulin sensitivity, a lipid
profile, low blood pressure, and lower levels of circulating
C-reactive protein (CRP). Therefore, they not only have
a lower risk of mortality but also have a better prognosis
compared to their metabolically unhealthy obese (MUO)
phenotype [9, 10].

Because diet is a significant modifiable risk factor for
obesity and its consequences, several dietary scores have
recently been developed to examine the relationship between
overall diet quality and different diseases. The Dietary
Inflammatory Index (DII) is an emerging analysis approach
to a literature-based algorithm scoring tool that was first
introduced in 2009 to measure the inflammatory potential of
a diet. DII consists of 45 pro-inflammatory and anti-inflam-
matory dietary components, categorized into healthy and
unhealthy (Western) patterns. The negative score indicates
anti-inflammatory effects of the diet, while the positive score
shows the inflammatory effects [11]. Many studies showed
the relationship between DII and chronic diseases such as
cardiovascular diseases [5], certain types of cancers [7], and
diabetes mellitus (5).

According to previous studies, the high prevalence of
overweight and obesity was seen in the Kurdish population
[12, 13]. Thus we conducted this study to find out whether
DII has any effect on healthy versus unhealthy obese phe-
notypes or not in the Ravansar non-communicable diseases
(RaNCD) cohort study.
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Methods
Study design and participants

In a nutshell, the PERSIAN (Prospective Epidemiological
Research Studies in Iran) mega cohort study is a large-scale,
multi-center investigation of non-communicable diseases
(NCDs) in Iran, and its protocol has been approved by the
ethics committees of the Ministry of Health and Medical
Education, the Digestive Diseases Research Institute, and
Tehran University of Medical Sciences [14, 15]. The RaNCD
study is the first cohort study to look into NCDs in a Kurd-
ish community (4764 men and 5283 women) aged 35-65 in
Ravansar, Kermanshah province, Western Iran. It is one of
the sites supported by the PERSIAN mega cohort study. The
Kermanshah University of Medical Sciences Ethics Commit-
tee gave its permission to all of the study's procedures (ethics
approval number: IR. KUMS.REC.1402.251). Additionally, a
written informed permission form was voluntarily signed by
each participant.

We used data from the RaNCD cohort study requirement
phase with 5956 participants for the present cross-sectional
analysis. Participants with CVDs (n=1684), diabetes mellitus
(n=490), hypertension (n=372), thyroid disease (n=507),
cancer (n=57), and expectant and nursing women (rn=138)
were excluded. Furthermore, we excluded participants whose
calorie intake was less than 800 kcal/day or 4200 kcal/day for
males and 600 kcal/day or 3500 kcal/day for women (n="788).
After we excluded 55 individuals due to insufficient data, we
were left with 5956 individuals with evaluable data.

Measurements

We obtained demographic data (age, gender, and socio-
economic status (SES)), physical activity data, smoking and
drinking history, blood pressure assessment, anthropometric
measurements, biochemical indices, as well as dietary intake.
Anthropometric measurements were assessed using stand-
ard protocols in the RaNCD cohort center. Moreover, blood
samples were collected to assess biochemical indices using
standard protocols designed by Persian mega cohort. The lev-
els of total cholesterol (TC), high-density lipoprotein (HDL),
triglycerides (TG), and low-density lipoprotein (LDL) were
checked using enzymatic kits, and the levels of fasting blood
sugar (FBS) were checked using the glucose oxidase technique
(Pars Azmun, Iran). Earlier studies published the specifics of
these measurements [15, 16].

Dietary inflammatory index

DII was calculated using dietary intake from a standard-
ized semi-quantitative food frequency questionnaire (FFQ)
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[17, 18]. Shivapa et al. [19] have detailed the DII's design
and development. They introduced 45 dietary parameters
to impact inflammatory and pro-inflammatory factors such
as interleukins (IL-1B, IL-4, IL-6, IL-10), tumor necrosis
factor-a (TNF-a), and CRP.

In the current study, we only had access to 31 of the 45
food parameters introduced by Shivapa, which included:
vitamin A, vitamin B6, vitamin B12, vitamin C, vitamin
D, vitamin E, folic acid, niacin, iron, zinc, selenium, mag-
nesium, beta-carotene, caffeine, thiamin, riboflavin, onion,
garlic, tea, omega 3, omega 6, trans fat, saturated fats
(SFAs), cholesterol, and monounsaturated. To create the
DII, the "standard global mean" was subtracted from the
actual amount of dietary intake and divided by its stand-
ard deviation. The Z-scores were then converted to a per-
centile by doubling the number and subtracting 1. Lastly,
the total of the DII scores was calculated. Furthermore, DII
were divided into three groups to examine the connection
between various variables. The first and third tertiles reflect
the less inflammatory diet and the more pro-inflammatory
diet, respectively.

Outcome

We defined MUO as having a BMI of more than 30 kg/m2
and at least two metabolic disorders, such as HDL levels of
40 mg/dl in men and 50 mg/dl in women, TG levels of more
than 150 mg/dl, SBP levels of more than 130 mmHg or DBP
levels of more than 80 mmHg or taking antihypertensive
medication, and FBS levels of more than 100 mg/dl or tak-
ing diabetes medication [20]. MHO was defined as having
a BMI greater than 30 kg/m?2 and having at least one of the
metabolic disorders listed above. The MUNO phenotype is
characterized by a BMI less than 30 kg/m?2 and at least two
of the aforementioned metabolic disorders. Finally, MHNO
participants were classified as either healthy or having at
least one metabolic disorder.

Statistical analysis

We used mean + standard deviation (SD) and frequency (%)
to describe all variables. We described each measure using
its mean, standard deviation (SD), and frequency (%). Using
the Chi-square and ANOVA tests, the basic features of the
study subjects were revealed based on the tertiles of DII
and the obesity phenotypes. We used multinomial logis-
tic regression, along with crude and modified odds ratios
(OR) and 95% confidence intervals (CI), to look into the
link between the tertiles of DII and the different types of
obesity. In modified model 1, the age (continuous) and sex
variables were controlled (categorical). Additionally, we
took into account sex (categorical), history of drinking and
smoking, SES (categorical), menopause status (categorical),

and physical activity (continuous) as possible confounders in
adjusted Model 2. The reference group for DII was thought
to be the first tertile. On top of that, binary logistic regres-
sion with crude and adjusted odds ratios and 95% confidence
intervals was used to find the link between different aspects
of obesity across tertiles of DII. Along with logistic regres-
sion correction for the above variables, a figure of linear
regression OR across elevated DII and parts of the obesity
phenotypes was also looked at to help show this link even
more clearly. The significance threshold for all statistical
analyses was set at 0.05 using Stata, version 14, and SPSS
20, both from IBM Corp. in Chicago, Illinois, and College
Station, Texas, respectively.

Results

51.9% of the 5956 participants who fulfilled our study's
inclusion criteria were men. In comparison to other pheno-
types, the mean of weight, BMI, and WC was significantly
greater in the MUO phenotype (p <0.001). In comparison
to other phenotypes, the mean PA in the MHNO phenotype
was considerably higher (p <0.001). Both MHO and MUO
were found to have higher levels of inflammatory diets, but
MUO had the substantially highest DII score (p <0.001) of
any phenotype. Based on obesity phenotypes, the basic char-
acteristics of the study subjects are described in Table 1. On
the other hand, we observed that greater adherence to DII
was significantly associated with higher weight, BMI, an
inappropriate glycemic profile, blood pressure, and a lipid
profile, as well as these factors (Table 2). Our research had
5956 participants, 51.9% of whom were men. The MUO
phenotype had substantially higher mean weight, BMI, and
WC than the other phenotypes (p <0.001). The MHNO phe-
notype had a substantially higher mean PA than the other
phenotypes (p <0.001). Both MHO and MUO had more
inflammatory dietary habits, but the MUO phenotype had
the highest DII score (p <0.001). In total, 14.5% of the stud-
ied women were in menopause, and its distribution was not
significantly different between obesity phenotypes and DII
categories. Table 2 describes the basic characteristics of the
research participants based on their DII categories.

Higher adherence to DII, on the other hand, was strongly
associated with increased weight, BMI, an inappropriate gly-
cemic profile, blood pressure, and lipid profile.

Higher adherence to DII was significantly associated with
higher odds for MHO compared to MHNO (OR: 1.28; CI
95% 1.06, 1.54). This was demonstrated by multinomial
regression logistic odds ratios and 95% confidence intervals
for obesity phenotypes across DII tertiles. This association
was strengthened after adjusting for potential confounders
like age, gender, smoking, drinking alcohol, SES, meno-
pause, and physical activity (OR: 1.44; CI1 95% 1.18, 1.75).
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Table 1 Baseline characteristics of studied participants based on obesity phenotypes
Characteristics Total (n=5956) MHNO (n=3567) MHO (n=_848) MUNO (rn=1073) MUO (n=458) P
Age (year) 45.80+7.82% 45.74+8.05 44.98+7.04 46.61+7.86 45.82+7.10 <0.001
Sex, male% 51.9 56.5 27.8 61.2 38.6 <0.001
SES, %
Weak 324 33.8 31.5 29.1 31.2 0.047
Moderate 35 31.9 33.8 325 35.2
Well 35 342 34.7 38.5 33.6
Weight (kg) 71.87+13.41 66.72+11.14 84.87+10.83 72.12+10.20 87.36+12.12 <0.001
BMI (kg/m?) 26.85+4.60 24.69+3.34 33.06+291 26.43+2.49 33.19+3.15 <0.001
WC (cm) 96.05+10.27 92.07+8.65 106.93 +£8.20 95.88 +7.06 107.32+£8.75 <0.001
PA (MET/day) 41.28+8.39 42.10+8.95 39.87+6.55 40.49+7.97 39.34+6.81 <0.001
FBS (mg/dl) 89.97+9.43 88.04+8.03 89.04+8.11 94.34+11.20 96.45+10.89 <0.001
SBP (mmHg) 103.69 +12.38 101.85+11.79 104.35+11.49 107.17+13.01 108.66 +13.62 <0.001
DBP (mmHg) 67.54+7.81 66.49+7.36 67.92+7.54 69.48 +8.29 70.44 +8.85 <0.001
TG (mg/dl) 130.85+74.72 102.50+47.11 115.47+49.14 207.97 £88.29 199.47 +84.55 <0.001
TC (mg/dl) 183.86 +36.54 180.02 +36.98 187.00+32.94 190.09 +37.03 193.35+34.00 <0.001
HDL (mg/dl) 46.61 +£11.37 49.45+11.11 49.68+10.56 37.78+7.41 39.60+8.32 <0.001
DII —2.55+141 —-2.61+1.39 —246+142 —-2.52+143 —-236+1.42 <0.001
Smoking, % 12.8 14.2 5.6 15.5 8.8 <0.001
Drinking, % 5 5.1 22 6.9 5 <0.001
Menopause, % 14.5 14 15.6 14.9 15.7 0.513

BMI: Body mass index; WC: Waist circumference; PA: Physical activity; FBS: fasting blood sugar; SBP: systolic blood pressure; DBP: diastolic
blood pressure; TG: triglyceride; TC: total cholesterol; HDL: high density lipoprotein; DII: dietary inflammatory index; MHNO: metabolically

healthy non-obese; MHO: metabolically healthy obese; MUNO: metabolically unhealthy non-obese; MUO: metabolically unhealthy obese

Data are shown as means and standard deviations

P-values were obtained from ANOVA and Chi square test

Additionally, we discovered that in both crude and adjusted
models, increased adherence to DII was significantly associ-
ated with higher odds for MUO when compared to MHNO
(OR: 1.53; CI1 95% 1.2, 1.95) and (OR: 1.67; C195% 1.3,
2.15), respectively. The link between adherence to DII and
MUNO, however, was not observed. Despite this, no rela-
tionship could be detected after adjusting for potential con-
founders (P-trend =0.302). (Table 3).

As in the present study, we assessed the relationship
between adherence to DII and the components of obesity
phenotypes (Table 4). Figure 1 shows that higher adherence
to DII was significantly associated with a higher risk of obe-
sity (OR: 1.49; CI1 95% 1.28, 1.76) (Fig. 1a), lower HDL
(OR: 1.26; C1 95% 1.11, 1.44) (Fig. 1b), and higher blood
pressure (OR: 1.42; C195% 1.06, 1.9) (Fig. 1c).

Discussion

The present study used DII as a representative of dietary
inflammation. As our results indicated, higher adherence
to DII was significantly associated with higher odds for
both MHO and MUO. Moreover, the odds for BMI, blood
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pressure, and low HDL were increased with greater follow-
ing DII. As expected, we also observed higher adherence to
DII was accompanied by higher weight, BMI, unappropri-
ated glycemic profile, blood pressure, as well as, lipid pro-
file. However, odds for MUNO were increased; this associa-
tion was not significant.

Since obesity is accompanied by an increased risk of
NCDs, it boosted the burden of health system costs [21,
22]. Furthermore, numerous studies have established a con-
nection between the inflammatory potential of a diet and
factors such as overweight, obesity, cardiovascular disease,
and cancer [23, 24]. Considering the high prevalence of obe-
sity in the Kurdish ethnicity [12] and its importance in the
occurrence of NCDs [8], it is essential to study both obesity
phenotypes and diet.

As Saghafi-Asl and colleagues mentioned, higher adher-
ence to DII was related to the lower healthy food intake and
a higher BMI [25]. A cross-sectional study of obese indi-
viduals mirrored our findings, showing a positive correlation
between a higher DII score and MUO phenotypes [26]. In
addition, a cohort study indicated that higher adherence to
DII was associated with a higher body fat percentage [27].
It is due to the mutual association between inflammation and
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Table 2. Baseli.n? characteristics Characteristics Tertiles of dietary inflammatory index P-value

of studied participants based

on the tertiles of dietary T1 (n=1979) T2 (n=1984) T3 (n=1983)

inflammatory index
Age (Year) 46.74 +8.09* 45.58+7.77 45.07+7.5 <0.001
Sex, male, % 454 50.5 59.7 <0.001
SES, %
Weak 45 29 23.4 <0.001
Moderate 28.3 34.5 349
Well 26.7 36.6 41.7
Weight (kg) 69.52+13.10 72.00+13.31 74.10+13.41 <0.001
BMI (kg/m?) 26.46+4.56 26.89+4.58 27.19+4.63 <0.001
WC (cm) 95.94+10.41 96.19+10.16 96.01+10.24 0.718
FBS (mg/dl) 90.33+9.19 90.11+9.43 89.46+9.64 0.011
SBP (mmHg) 103.00+12.44 103.48 +12.46 104.59+12.18 <0.001
DBP (mmHg) 67.21+7.73 67.27+7.76 68.15+7.91 <0.001
TG (mg/dl) 129.27 +76.05 128.56+72.32 134.74+75.61 0.017
TC (mg/dl) 185.07+37.43 183.45+35.75 183.05+36.40 0.182
HDL (mg/dl) 47.93+11.48 46.84+11.54 45.07+10.89 <0.001
Smoking, % 12.5 132 12.6 0.756
Drinking, % 3.5 4.5 7 <0.001
Menopause, % 15.1 139 145 0.580

Table 3 Multinomial regression

BMI: Body mass index; WC: Waist circumference; FBS: fasting blood sugar; SBP: systolic blood pressure;
DBP: diastolic blood pressure; TG: triglyceride; TC: total cholesterol; HDL: high density lipoprotein

* . .
Data are shown as means and standard deviations

P-values were obtained from ANOVA test

o . Variables Tertiles of dietary inflammatory index P-trend
logistic odds ratios and 95%
confidence intervals for obesity T1 (n=1366) T2 (n=1426) T3 (n=1479)
phenotypes across the tertiles of
dietary inflammatory index OR (95% CI) OR (95% CI)
MHO Crude 1 1.19(0.99, 1.43) 1.28 (1.06, 1.54) 0.009
Model 1 1 1.26 (1.05,1.53) 1.53 (1.26,1.85) <0.001
Model 2 1 1.18 (0.98,1.44) 1.44 (1.18, 1.75) <0.001
MUNO Crude 1 0.97 (0.82, 1.15) 1.1 (0.93,1.3) 0.252
Model 1 1 0.98 (0.82,1.16) 1.09 (0.92,1.29) 0.28
Model 2 1 0.97 (0.82, 1.15) 1.08 (0.92, 1.29) 0.302
MUO Crude 1 1.3 (1.01, 1.67) 1.53 (1.2, 1.95) 0.001
Model 1 1 1.37 (1.07,1.76) 1.75 (1.36,2.24) <0.001
Model 2 1 1.33 (1.03,1.71) 1.67 (1.3,2.15) <0.001

MHO: metabolically healthy obese; MUNO: metabolically unhealthy non-obese; MUO: metabolically

unhealthy obese

Model 1: Adjustments of age and gender

Model 2: Adjustments of age and gender, smoking, drinking, SES, menopause status, and physical activity

body fat that higher body fats may increase inflammatory
cytokines and pre-inflammatory diets may increase adipose
tissue [28]. However, the underlying mechanisms of DII on
BMI are not clearly understood. In the animal models, it has
been observed that a high-fat diet increases the production of
inflammatory factors that potentially induce inflammation or
ER stress markers in NPY/AgRP neurons, which stimulate

appetite in the hypothalamus, and play a role in increas-
ing appetite [29, 30]. Since the increase in fat consumption
is an important factor in DII calculation, its consumption
modification should be recommended. One study found that
diets with a higher DII score do increase the level of CRP
and the risk of metabolic syndrome [31]. Another theory
asserted that diet plays a role in causing inflammation. Diet
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Tab.le.4 Binary .regression Variables Models Tertiles of dietary inflammatory index P-trend
logistic odds ratios and
95% confidence intervals T1 (n=1366) T2 (n=1426) T3 (n=1479)
for components of obesity
phenotypes across the tertiles of OR (95%CT) OR (95%CT)
dietary inflammatory index BMI > 30 kg/m> Crude 1 124 (1.06,1.45)  130(1.11,1.53)  <0.001
Adjusted* 1 1.25 (1.07,1.47) 1.49 (1.28,1.76) <0.001
TG > 150 mg/dl Crude 1 0.97 (0.84,1.11) 1.19 (1.04,1.36) 0.012
Adjusted 1 0.95 (0.82,1.09) 1.11 (0.97,1.29) 0.121
HDL <40 (men) and  Crude 1 1.11(0.98,1.26)  1.21(1.07,1.37) 0.003
50 (women) mg/dl Adjusted 1 1.1(0.97,1.25)  1.26 (1.11,1.44) <0.001
FBS > 100 mg/dl Crude 1 0.97 (0.81,1.17) 0.92 (0.76,1.11) 0.375
Adjusted 1 1(0.84,1.2) 0.96 (0.79,1.16) 0.7
BP> 130/80 mmHg Crude 1 1.28 (0.97,1.70) 1.33 (1.00,1.76) 0.05
Adjusted 1 1.4 (1.05,1.87) 1.42 (1.06,1.9) 0.021

BMI: Body mass index; TG: triglyceride; HDL: high density lipoprotein; FBS: fasting blood sugar; BP:
blood pressure; DII: dietary inflammatory index

Results are obtained from binary logistic regression test

* Adjustments of age, gender, smoking, drinking, SES, menopause status, and physical activity

could be an amplifier for the level of oxidative stress in the
body, which alters the inflammatory status. For example,
a high-fat diet activated a pro-inflammatory pathway that
increased inflammatory cytokines [32]. Whereas obesity is
propounded as an inflammatory status, a feasible mechanism
for the relationship between obesity and chronic disease
is based on the theory of inflammation and inflammatory
markers like TNF-a, CRP, and IL-6 [33]. For instance, in
obesity situations, the excessive adipose tissues not only
increase leptin and cytokines production but also decrease
anti-inflammatory immune cells, which cause inflamma-
tion [34]. That is why adherence to DII leads in obesity.
Moreover, as is presented in this study, higher adherence to
DII was related to lower HDL levels, higher blood pressure,
and serum triglyceride, which is correlated with metabolic
syndrome and CVDs in obese individuals [35]. Despite the
unknown mechanism, a theory declared that a pro-inflam-
matory diet may increase the level of cytokines, which lead
to attraction and migration of inflammatory cells into vas-
cular tissues [36]. A systematic review and meta-analyses
showed that a higher DII is strongly linked to MetS and its
components, such as abdominal obesity, high blood pressure,
hyperglycemia, and hyperglycerolaemia [37]. Our study
aligns with previous research, showing a significant corre-
lation between a higher DII score and an increased risk of
metabolic syndrome and its associated complications [38].

Strength and limits
Our study had some limitations, the most important of
which was the cross-sectional design, which does not spec-

ify cause and effect. Also, we did not have information
about all of the items that Shivapa mentioned to calculate
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DII, so the range of DII in our study may be different
from other studies. On the other hand, FFQ data were used
for dietary intake, which may have recall bias, although a
trained nutritionist was used to collect nutritional informa-
tion to reduce this error.

Conclusion

In conclusion, our findings demonstrated that higher
adherence to DII was significantly associated with higher
odds for MUO compared to MHNO. Nevertheless, it sig-
nificantly increased the odds of both phenotypes of obe-
sity. Furthermore, a higher DII score was linked to higher
weight, BMI, an inappropriate glycemic profile, blood
pressure, and a lipid profile, while it did decrease the level
of HDL. However, further studies are necessary to clarify
the potential effects of DII on the four types of obesity.

What is already known on this subject?

In general, the prevalence of obesity is increasing. There
are many obese people who are metabolically healthy and
are called metabolically healthy obesity (MHO). But some
people with obesity have an unhealthy metabolic profile,
which is called metabolically unhealthy obesity (MUO),
and these people are at a greater risk of developing NCDs.
Knowing the dietary factors affecting them can be helpful
in reducing the risk of developing NCDs.
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Fig. 1 Liner regression odds
ratios and 95% confidence inter-
vals for a obesity; b low HDL;
and c high blood pressure across
dietary inflammatory index
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What this study adds?

This present study indicated that higher adherence to DII
was significantly associated with higher odds for MUO com-
pared to MHNO. Nevertheless, it significantly increased the
odds of both phenotypes of obesity. In addition to that, a
greater score in DII was associated with higher weight, BMI,
inappropriate glycemic profile, blood pressure, as well as
lipid profile, but it does lower the level of HDL.
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