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ARTICLE INFO ABSTRACT

Keywords: Background & Objective: High prevalence of non-alcoholic fatty liver disease (NAFLD) in patients
Type-2 diabetes with type 2 diabetes mellitus results in deleterious complications and morbidities related to both
Diet

diseases. Thus, we aimed to investigate dietary and anthropometric risk factors for progression of

Inﬂar.nmatlon Non-alcoholic Fatty Liver Disease (NAFLD) in diabetic people.
Obesity . . . . . X . .
TLR Methods: Anthropometric, and dietary intakes, and hepatic steatosis and fibrosis were assessed in

METS-VE two hundred participants with type two diabetes (T2DM). Subjects with CAP score of more than

270 dB/m were considered to have NAFLD. Multivariable-adjusted ORs and 95% ClIs were used to
investigate the association between NAFLD and dietary inflammatory index (DII) score and
anthropometric indices.
Results: Participants in the highest tertile of DII had 2.41 (95% CI:1.16-4.97), 2,53 (95% CI: 1.04-
6.16), 2.78 (95% CI: 1.09-7.13) times higher odds of developing NAFLD in comparison to the
lowest tertile in crude, adjusted model 1 and 2, respectively. Among those with the highest
relative to the lowest tertile of trunk-to-leg fat ratio (TLR), ORs and 95% CI were OR = 1.88, 95%
CI = 0.9-3.91, and OR = 7.99, 95% CI = 2.43-26.26 in crude and full-adjusted models. Odds of
NAFLD in the third tertile of metabolic score for visceral fat (METS-VF) was higher than the first
tertile in crude (OR = 9.5, 95% CI = 4.01-22.46) and full-adjusted models (OR = 4.55, 95% CI =
1.46-14.2).
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Conclusions: In conclusion, this study highlighted an association between greater DII (pro-in-
flammatory diet) and higher NAFLD risk. Moreover, TLR and METS-VF are known as novel es-
timators of central obesity as a risk factor for NAFLD in diabetes.

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is recognized by excessive hepatic accumulation of fat especially triglycerides that is
defined in the absence of secondary causes of hepatic steatosis including alcohol consumption, chronic viral hepatitis, and medica-
tions, among other things [1]. NAFLD is commonly accompanied with the other metabolic risk factors including insulin resistance,
obesity and dyslipidemia [2]. There is an upward trend in the incidence of NAFLD worldwide, its prevalence is reported to be roughly
25% in western countries, and up to 40% in Asian populations [3]. Diabetes mellitus type 2 (T2DM) is known as a risk factor that
increases in the prevalence and severity of fatty liver disease. Globally, 56% and 37% diabetic people are affected by NAFLD and
NASH, respectively [4]. The coexistence of NAFLD and T2DM is associated with more severe liver tissue damage like NASH, fibrosis,
cirrhosis, and hepatocellular carcinoma (HCC) [5]. Moreover, it can lead to a worse metabolic profile, atherogenic dyslipidemia such
as hypertriglyceridemia, higher LDL levels, decreased levels of HDL and ultimately an increased risk of cardiovascular diseases [6,7].
NAFLD can also increase the severity of T2DM and results in exacerbation of risks related to diabetes like microvascular complications
[8]. Obesity is known as one of the main risk factors for NAFLD [9]. It is suggested that central obesity is a stronger factor for prediction
of metabolic disorders and NAFLD may be developed in people with no general obesity [10,11]. Previous studies have revealed that
people with NAFLD had higher visceral fat content and waist circumference compared with the control group after adjusting for body
mass index (BMI) [11-13]. Metabolic dysfunction is influenced by distribution of body fat that cannot be detected using BMI alone
[14]. A higher ratio of trunk-to-lower body fat as reported in obese subjects with steatosis is compared with those with no steatosis
[15]. In addition, Cioffi et al. found that adolescents with higher trunk-to-leg fat ratio (TLR) had higher triglycerides, total cholesterol,
homeostasis model assessment of insulin resistance (HOMA-IR), c-reactive protein, and alanine aminotransferase (ALT), and lower
high-density lipoprotein (HDL) cholesterol [16]. In Kim et al. study, subjects with metabolic syndrome showed a greater ratio of trunk
to leg fat [17]. Mariani et al. found that higher TLR is positively associated with steatosis in individuals with severe hepatic fat
accumulation [18]. Furthermore, metabolic score for visceral fat (METS-VF) is introduced as an efficient estimator of visceral fat and
has been a good indicator to predict diabetes and hypertension [19,20]. It is also demonstrated that subjects who had higher METS-VF
progressed from metabolically healthy to unhealthy phenotype and an increased visceral fat tissue (VAT) is associated with devel-
opment of unhealthy phenotype even if weight loss occurs [21]. Inflammation is hypothesized as one of the underlying factors in
pathogenesis of NAFLD that can cause stress response in hepatocytes and result in progression of NAFLD [22]. Dietary modifications,
physical activity and weight loss are considered main tools to manage NAFLD [23]. Specific dietary patterns may play protective or
destructive roles in development of NAFLD [24]. An unhealthy diet which is characterized by higher content of fat, refined carbo-
hydrate and protein can increase inflammatory markers. In contrast, a healthy diet which is known as anti-inflammatory diet includes
greater proportion of fruits, vegetables, fish, omega-3 and fiber that is associated with less inflammatory potential [25,26]. It is
suggested that the key point of an anti-inflammatory diet is the stabilization of insulin and decreased omega-6 fatty acids consumption
[27]. Dietary inflammatory index (DII) has been described as a tool to assess the contribution of dietary exposure to inflammation and
by using 45 anti-inflammatory and pro-inflammatory dietary components represents how inflammatory potential of diet can influence
chronic diseases [28]. Higher dietary inflammatory index (DII) was suggested in subjects with higher liver damage, and a direct as-
sociation was observed between DII and fatty liver index values (>50th percentile FLI) [24]. Ramirez-Vélez et al. found that lower DII
score (anti-inflammatory diet) can reduce AST:ALT ratio and FLI. Odds ratio (OR) for NAFLD decreased in the lowest DII tertile
(anti-inflammatory) compared to the highest DII tertile (pro-inflammatory) [29]. The same findings showing the inverse link between
lower DII and FLI were reported in a cross-sectional study [30]. Results of a case-control study revealed that participants in the third
tertile of DII had 2.02 times risk for developing of NAFLD [31].

According to the high prevalence of NAFLD among diabetic people and negative complications following this coexistence, the focal
purpose of this research was pinpointing the nutritional and anthropometrical risk factors leading to development of NAFLD in type-2
diabetes which is less addressed compared to each one individually. In fact, previous findings revealed that NAFLD can predict the
development of T2DM and vice versa [32]. Therefore, we hypothesized to identify underlying risk factors that may pertain to pro-
gression of NAFLD in diabetic patients. This study was designed to evaluate the link between inflammatory burden of diet and severity
of NAFLD in people with diabetes on account of influences that inflammatory pathways exert on NAFLD and its development. In
addition, since obesity plays an outsize role in incidence of NAFLD, we aimed to assess the relation between central obesity using
various examination tools and exacerbation of NAFLD in type-2 diabetes. Thus, current study is the first study that investigates the
association of DII and central obesity with NAFLD in diabetic participants using TLR and METS-VF.

2. Methods
2.1. Study design

This cross-sectional study was conducted on two-hundred people with T2DM, aged 18-70 years who referred to the Institute of
Diabetes and Metabolism, Iran University of Medical Sciences Fig. 1. Out Of these, 133 participants were diagnosed to have NAFLD,
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based on a controlled attenuation parameter (CAP) score more than 270 dB/m (NAFLD group) and 67 participants had a CAP <270 dB/
m (control group). Subjects were excluded if they met the following criteria: (1) body mass index less than 23 kg/m? (2) diabetes
duration less than 2 years (3) alcohol consumption more than 21 units/week for men and 14 units/week for women (4) individuals
with acute or chronic liver disorders (hepatitis), gallbladder diseases, cancer, autoimmune and hereditary diseases that affect liver
status, chronic inflammatory diseases, renal diseases, and heart failure (5) pregnancy and lactation (6) taking insulin (7) use of certain
drugs including anti-inflammatory and drugs affecting liver, hormones, corticosteroids (8) being on a weight loss diet and weight loss
of more than 10% in the past six months. This study was approved by the Ethics Committee of the Shahid Beheshti University of
Medical Sciences (NO: IR. SBMU.NNFTRI.REC.1400.010) on May 12, 2021.

Hepatic steatosis and fibrosis were assessed by transient elastography (Fibroscan®) (Echosens, Paris, France) [33]. Blood pressure
was measured using an automatic sphygmomanometer according to standard protocols (OMRON, Germany). Moreover, Metabolic
equivalent of task (MET) questionnaire was employed to assess the physical activity of participants [34]. Serum fasting blood sugar
(FBS), serum triglyceride (TG), serum high density lipoprotein (HDL), and serum cholesterol were measured by enzymatic assays
method using standard biochemical kits (Pars Azmoon Co., Iran), and Roche Diagnostics kits (Roche Cobas 6000 analyzer) were used

18-70 years-old type-2 diabetic people
screened
(N =682)

identification

Ineligible
Diabetes duration <2y
BMI < 23 Kg/m?
Insulin therapy
History of hepatic diseases or
other diseases affecting liver
function
e  Taking hepatotoxic or steatogenic
drugs
Recent weight-loss diet
Pregnancy or lactation
Significant weight reduction
Clear drinking history
Declining participation in study

Screening

Included in study
(N=227)

Excluded
e Incomplete dictary data (N =4)
e  Unwillingness to continue
participation (N = 23)

Eligibility

Included in analysis
(N =200)

Included

NAFLD group Non-NAFLD group
(N=133) (N=67)
(Female = 78, Male = 55) (Female = 30, Male = 37)

Fig. 1. Flowchart of the study participants Clinical, paraclinical and physical activity assessment.
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for serum insulin measurement via ECLIA method. Homeostatic model assessment for insulin resistance (HOMA) was calculated using
the formula: fasting insulin (pU/L) x fasting glucose (nmol/L)/22.5.

2.2. Anthropometric assessment

Weight measurement was carried out using a digital scale (Seca 808, Germany) with an accuracy of 0.1 kg and height was measured
by the use of a wallmounted stadiometer with a sensitivity of 0.1 cm (Seca, Germany). Afterwards, Body mass index (BMI = weight
(kg)/height (m?)) was calculated. To measure waist circumference, the point between the lowest rib and the iliac crest was considered.
Hip circumference was measured by a non-elastic tape considering the maximum level. Then, waist to hip ratio (WHR) and waist to
height ratio (WHtR) were calculated.

Evaluation of body composition was implemented by dual-energy X-ray absorptiometry (DEXA). The fat mass in different regions of
body was obtained. Then, trunk to leg fat mass ratio was calculated (Trunk to leg fat ratio = Trunk fat (kg)/Right and Left leg fat (kg))
[35].

Metabolic score for visceral fat (METS-VF) was designed to estimate VAT that includes a non-insulin-based metabolic score for
insulin resistance (METS-IR). In comparison to imaging method, it indicated a better performance to predict incidence of type 2
diabetes and hypertension [36]. To calculate METS-IR, the formula below is used:

METS-IR = [Ln ((2 x FG) + TG)] x BMI/ [Ln (HDL cholesterol)] (€D)]

By considering waist to height ratio (WHtR) and sex that is expressed by male (1) and female (0) and age which is given is years, the
METS-VF can be calculated:

METS-VF = 4.466 + 0.011[(Ln (METS-IR))’] -+ 3.239[(Ln (WHIR))? + 0.319(Sex) + 0.594(Ln (Age)) (2)
The following transformation is required to estimate VAT:

VAT (g) = e4.466 + 0.011[(Ln (METS-IR))’] + 3.239[(Ln (WH(R))* + 0.319(Sex) + 0.594(Ln (Age)) 3)

2.3. Food intake assessment and calculation of the DII

A validated semi-quantitative food frequency questionnaire (FFQ) with 147 food items was used for dietary data collection [37]. All
FFQ questionnaire was completed by a trained expert. Analysis of food items was conducted by Nutritionist 4 software (First Databank
Inc., Hearst Corp, San Bruno, CA, USA) modified for Iranian foods. Dietary inflammatory index (DII) that explains a link between diet
and inflammation was first introduced by Shivappa et al. In fact, it is suggested that specific nutrients and food items are associated
with pro-inflammatory [(IL-1B), (IL-6), (TNF-a) or CRP] or anti-inflammatory [(IL-4) and (IL-10)] biomarkers [38]. A total of 31 food
parameters were included to calculate DII (energy, carbohydrate, fat, protein, fiber, cholesterol, monounsaturated fatty acids
(MUFAs), polyunsaturated fatty acids (PUFAs), saturated fats (SFAs), trans fatty acids, omega-3, omega-6, thiamin, riboflavin, niacin,
pyridoxine, folic acid, cobalamin, vitamin A, C, D, E, -carotene, zinc, selenium, magnesium, iron, caffeine, garlic, onion, and black
tea). First, the energy-adjusted amount of nutrients was calculated using residual method [39]. Second, the ratio of the standard global
mean from the quantity of food parameters consumed by each individual to the global standard deviation was calculated in order to
obtain the Z score for all the 31 parameters using Shivappa et al. data [38]. Then it was converted to the percentile score. The
calculated value was multiplied by the effect score for all food items derived from Shivappa et al. [38]. In the end, sum of each DII score
from all the components generated the overall DII score for every participant. DII score is either negative or positive. The more positive
score is related with more pro-inflammatory effects of diet and more anti-inflammatory effects is indicated when the score is more
negative [30].

2.4. Statistical analysis

To examine normality of the data, The Kolmogorov-Smirnov test was performed. Chi-square test was used for comparison of
qualitative variables between the study groups as well as different tertiles of DII. The quantitative variables with normal and non-
normal distribution were compared using independent t-test and Mann-Whitney test, respectively. Comparisons across tertiles of
DII were performed using one-way ANOVA and Kruskal-Wallis H tests for normal and non-normal distributions, respectively. Binary
logistic regression was used to evaluate the association of DII and different anthropometric indices with NAFLD as a dependent
variable. We synthesized two regression models for DII and three models for anthropometric indices. The crude and adjusted odds
ratios (95% CI) for NAFLD in tertiles 2 and 3 of each index were compared to the first tertile as the reference. SPSS Version 16.0; (SPSS
Inc., Chicago, IL) was used to carry out statistical analysis and P < 0.05 was considered statistically significant.

3. Results

Two-hundred people with T2DM including 133 participants (78 women and 55 men) with (NAFLD group) and 67 (30 women and
37 men) without NAFLD (control group) were studied. The mean age of participants in the NAFLD and control groups were 52.19 +
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9.06 years and 52.24 £ 9.75 years, respectively. General characteristics, anthropometric indices and energy-adjusted dietary in-
flammatory index (E-DII) of the study participants are shown in Table 1.

Compared to the control group, participants in the NAFLD group had greater weight, BMI, waist circumference, hip circumference,
waist to hip ratio (WHR), waist to height ratio (WHtR), trunk fat mass, and total leg fat mass. Moreover, trunk-to-leg fat ratio (TLR),
metabolic score for visceral fat (METS-VF), and DII were significantly higher in participants with NAFLD compared to those without
NAFLD. In addition, participants in NAFLD group were more likely to have higher visceral adiposity tissue (VAT) estimated from
METS-VF. However, no significant difference was observed between the NAFLD and control groups in terms of age, sex, blood pressure,
physical activity and smoking status. Also, participants’ characteristics and anthropometric indices did not significantly differ in the
two study groups across various tertiles of DII. Nevertheless, trunk fat mass was significantly higher in the third tertile of DII compared
to the first tertile as presented in Table 2.

Table 3 demonstrates dietary intake of participants in different tertiles of DII. Consumption of energy, total fats, saturated fat,
cholesterol, MUFA was significantly higher in the third tertile of DII than those in the first tertile. Furthermore, dietary intake of
vitamin K, biotin, beta-carotene, alpha-carotene, and lutein significantly decreased from the first to the third tertile of DII. Third tertile
of DII score was associated with lower intakes of whole-grains, vegetables, nuts, white meat, and olive oil as well as greater intakes of
refined-grains, high-fat dairy, fast foods, and salt.

Multivariable-adjusted ORs and 95% CIs were used to investigate the association between NAFLD and DII score in different cat-
egories as displayed in Table 4. Overall, participants in highest tertile of DII had 2.41 (95% CI:1.16-4.97), 2,53 (95% CI: 1.04-6.16),
2.78 (95% CI: 1.09-7.13) times higher odds of developing NAFLD in comparison to lowest tertile in crude, model 1 (adjusted for age,
sex, diabetes duration, smoking status, physical activity, energy intake, BMI and WHtR), model 2 (further adjustment for HOMA,
serum fasting blood sugar, serum triglyceride and serum cholesterol), respectively. In addition, men in third tertile of DII showed
nearly a three-fold (OR = 3.09, 95% CI = 1.08-8.81), five-fold (OR = 5.26, 95% CI = 1.22-22.62), and seven-fold (OR = 6.84, 95% CI
= 1.32-35.48) increase in likelihood of NAFLD compared with the first tertile, respectively. The similar relation was not significant in
women.

Table 5 shows multivariable-adjusted ORs and 95% CI for progression of NAFLD in various categories of anthropometric indices.
Overall, different indices for assessment of central obesity were positively associated with development of NAFLD. The third tertile of
WC was associated with approximately 9 (OR = 9.03, 95% CI = 3.82-21.34), 12 (OR = 12.41, 95% CI = 4.77-32.23), 14.5 (OR = 14.56,
95% CI = 5.28-40.16), 4 (OR = 3.71, 95% CI = 1.03-13.31) times higher risk of NAFLD compare with lowest tertile in crude, model 1
(age, sex, diabetes duration, smoking status, physical activity, energy intake), model 2 (additional adjustment for HOMA, serum fasting
blood sugar, serum triglyceride, and serum cholesterol), model 3 (further adjustment for BMI), respectively. Risk of NAFLD increased
in third tertile of WHR by factor of roughly 3 (OR = 2.69, 95% CI = 1.21-5.99), 4.5 (OR = 4.42, 95% CI = 1.74-11.21), 5 (OR = 4.64,
95% CI = 1.77-12.15), 3 (OR = 2.94, 95% CI = 1.05-8.25) in crude, model 1, model 2, model 3 respectively. Participants in highest
tertile of WHtR had nearly 23 (OR = 23.18, 95% CI = 8.17-65.74), 29 (OR = 29.15, 95% CI = 9.45-89.86), 33 (OR = 33.06, 95% CI =
10.25-106.59), and 13 (OR = 13.1, 95% CI = 2.68-63.99) times greater odds of NAFLD in crude, model 1, model 2 and model 3,
respectively. Among those with the highest relative to the lowest tertile of TLR, ORs and 95% CI were OR = 1.88, 95% CI = 0.9-3.91,

Table 1
comparison of participants’ characteristics, anthropometric indices and DII between NAFLD and non-NAFLD group.®.
NAFLD group (n = 133) Non-NAFLD group (n = 67) p-value*
Age (years) 52.19 (9.06) 52.24 (9.75) 0.846
Female (%) 58.64 44.77 0.072
Diabetes duration (year) 8.47 (5.26) 9.74 (6.77) 0.278
CAP score (dB/m) 320.75 (33) 247.67 (21.66) 0.000
Physical activity (MET-min/week) 950.83 (1757.85) 738.06 (683.27) 0.374
Current smoker (%) 18.04 16.41 0.846
SBP (mmHg) 123.14 (14.55) 124.72 (16.03) 0.581
DBP (mmHg) 77.86 (10.42) 75.37 (9.02) 0.116
Weight (kg) 81.4 (15.08) 72.7 (10.91) 0.000
BMI (kg/mz) 30.07 (4.06) 26.17 (3.42) 0.000
WC (cm) 103.56 (10.88) 94.44 (7.67) 0.000
HC (cm) 108 (8.06) 101.73 (7.18) 0.000
WHR 0.95 (0.06) 0.92 (0.06) 0.000
WHtR 0.63 (0.06) 0.56 (0.05) 0.000
Trunk fat mass (kg) 17.75 (4.29) 13.15 (3.01) 0.000
Total leg fat mass (kg) 9.81 (3.03) 7.97 (3.04) 0.000
TLR 1.89 (0.43) 1.76 (0.4) 0.045
METS-VF 7.2 (0.26) 6.9 (0.349) 0.000
VAT () 1387.88 (360.31) 1054.89 (344.82) 0.000
E-DII —2.72 (0.67) —2.93 (0.75) 0.041

CAP, controlled attenuation parameter; MET, metabolic equivalents; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass
index; WC, waist circumference; HC, hip circumference, WHR, waist circumference to hip circumference ratio, WHtR, waist to height ratio; TLR,
trunk to leg fat ratio, METS-VF, metabolic score for visceral fat; VAT, visceral adiposity tissue; E-DII, energy-adjusted dietary inflammatory index.
@ Data were presented as mean (SD) except for gender and smoking status which (%) were given.
" P values were obtained from Mann Whitney U test or chi-square test. Independent sample test was applied for TLR, METS-VF, VAT and E-DIL
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Table 2
Participant characteristics and anthropometric indices across tertiles of E-DIL*

Energy-adjusted dietary inflammatory index tertiles”

T1 (n = 66) T2 (n = 67) T3 (n = 67) P-value”
<-311 (-3.11) - (—2.49) —2.49 <
Age (years) 52.3(9.39) 51.37 (9.07) 52.94 (9.43) 0.616
Female (%) 57.57 53.73 50.74 0.731
Diabetes duration (year) 9.23 (5.4) 8.5 (5.94) 8.8 (6.16) 0.576
CAP score (dB/m) 281.3 (43.24) 306.56 (43.65) 300.71 (46.41) 0.004
Physical activity (MET-min/week) 14.98 (18.75) 17.72 (36.32) 11.27 (12.95) 0.837
Current smoker (%) 15.15 29.85 29.85 0.198
SBP (mmHg) 123.94 (16.51) 125.27 (14.34) 121.79 (14.2) 0.485
DBP (mmHg) 77.12 (11.39) 77.49 (9.28) 76.46 (9.4) 0.548
Weight (kg) 75.04 (11.64) 81.4 (14.88) 78.98 (15.79) 0.06
BMI (kg/m?) 27.93 (3.98) 29.65 (4.2) 28.7 (4.49) 0.054
WC (cm) 98 (8.75) 102.16 (11.94) 101.31 (11.14) 0.147
HC (cm) 104.52 (7.21) 107.34 (8.32) 105.82 (9.13) 0.154
WHR 0.93 (0.06) 0.95 (0.06) 0.95 (0.07) 0.218
WHtR 0.59 (0.05) 0.61 (0.07) 0.61 (0.06) 0.196
Trunk fat mass (kg) 14.81 (3.65) 16.82 (4.52) 16.97 (4.86) 0.011
Total leg fat mass (kg) 8.86 (3.16) 9.39 (2.86) 9.34 (3.43) 0.466
TLR 1.77 (0.44) 1.85(0.39) 1.9 (0.43) 0.216
METS-VF 7.04 (0.33) 7.13 (0.28) 7.11 (0.36) 0.192
(n = 65) (n = 66) (n = 66)
VAT (g) 1202.37 (385.61) 1309.79 (361.36) 1310.64 (411.12) 0.186
(n = 65) (n = 66) (n = 66)

CAP, controlled attenuation parameter; MET, metabolic equivalents; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass
index; WC, waist circumference; HC, hip circumference, WHR, waist circumference to hip circumference ratio, WHtR, waist to height ratio; TLR,
trunk to leg fat ratio, METS-VF, metabolic score for visceral fat; VAT, visceral adiposity tissue; E-DII, energy-adjusted dietary inflammatory index.
@ Data were presented as mean (SD) except for gender and smoking status which (%) were given.
b DII score of individuals in first tertile was less than (—3.11), second tertile was between (—3.11) and (—2.49), third tertile was more than (—2.49).
" P values were obtained from Kruskal-Wallis test, chi-square test and one-way ANOVA.

OR =4.66, 95% CI =1.77-12.27, OR = 5.27, 95% CI = 1.93-14.39, and OR = 7.99, 95% CI = 2.43-26.26 in crude, model 1, model 2,
model 3, respectively. Odds of NAFLD in third tertile of METS-VF were higher than first tertile in crude (OR = 9.5, 95% CI =
4.01-22.46), model 1 (OR = 10.87, 95% CI = 4.45-26.53), model 2 (OR = 13.85, 95% CI = 5.38-35.63) and model 3 (OR = 4.55, 95%
CI = 1.46-14.2).

4. Discussion

The findings of this study support this hypothesis that central obesity and following a pro-inflammatory diet may be associated with
higher odds of NAFLD in patients with diabetes. The associations between DII, central obesity and NAFLD in general population were
reported in several studies previously [11,24,29]. A cohort study of 8520 adults revealed that DII score was associated with the
non-invasive liver markers (ALT, AST, and GGT) [30]. Consistently, in examining the relationship between the Mediterranean dietary
pattern as an anti-inflammatory diet and NAFLD in obese individuals, it was found that there is a positive association between DII and
fatty liver index [24]. The study of Mazidi et al. [40] also disclosed a significant impact of adiposity on the relation between NAFLD and
DII score. The association of DII with the rise in BMI has also been reported [30].

Pro-inflammatory diets have been proposed as potential threat for NAFLD because they might disturb hepatic p-oxidation, increase
endogenous lipid production, and up-regulate the expression of pro-inflammatory molecules and oxygen reactive species [31]. Given
that obesity is an inflammatory condition and is directly related to fatty liver, it seems that inflammatory dietary patterns and higher
DII scores are positively associated to adiposity and NAFLD, which confirms the findings of the present study.

Furthermore, the present study revealed that higher DII score was associated with higher energy intake, total fat, saturated fat,
cholesterol and MUFA. Also, the increase in DII score was significantly allied with lower intake of legumes, nuts, white meat, olive oil
and higher intake of fast food and salt. Although inconstant, previous studies have reported similar findings. An inverse association of
healthy foods with inflammation and inflammatory diseases has been reported frequently [24,41]. Furthermore, it has been reported
previously that anti-inflammatory nutrients favorably affect NAFLD [42].

Another finding of this study was that mean TLR, VAT, METS-VF, weight, waist circumference and WHR were significantly higher
in diabetic subjects with NAFLD compared to diabetic participants without NAFLD. A positive association has been also found between
TLR, METS-VF, waist circumference, WHtR and WHR with odds of NAFLD. Previously, it has been reported that the association of
trunk-to-peripheral fat ratio with cardiometabolic risk factors is independent of whole-body fat mass [43]. Visceral obesity appears to
be a predictor of NAFLD, even mild disease, in non-obese individuals [44]. Visceral obesity is an important risk factor for NAFLD, not
only in obese and diabetic patients but also in relatively healthy individuals [44]. It has been shown that the risk of NAFLD is higher in
lean people with visceral obesity than in lean people with normal waist circumferences [45].

Although BMI is the most common parameter associated with obesity, it does not reflect body fat distribution. While, WHR, TLR,
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Energy-adjusted dietary inflammatory index tertiles”

T1 (n = 66) T2 (n = 67) T3 (n = 67) P-value”
< -311 (-3.11) - (—2.49) —2.49 <

Energy (kcal/d) 2331.61 (821.56) 2378.21 (802.90) 2787.87 (1086.38) 0.007
Nutrients

Proteins (g/d) 90.01 (32.41) 117.38 (256.19) 125.79 (261.20) 0.599
Carbohydrates (g/d) 355.91 (135.17) 352.66 (176.71) 374.69 (163.98) 0.690
Total Fats (g/d) 71.5 (27.88) 82.11 (41.03) 111.42 (58.77) 0.000
SFA (g/d) 20.29 (7.01) 26.82 (23.47) 37.65 (21.93) 0.000
Cholesterol (mg/d) 266.42 (251.85) 236.9 (114.93) 347.48 (275.75) 0.001
MUFA (g/d) 24.77 (9.4) 26.43 (8.91) 36.57 (20.16) 0.000
PUFA (g/d) 16.69 (7.34) 17.05 (6.57) 22.37 (16.18) 0.149
Omega 3 (g/d) 1.06 (0.69) 1.29 (1.79) 1.75 (2.45) 0.013
Omega 6 (g/d) 1.75 (2.61) 2.17 (3.23) 2.63 (4.79) 0.297
Vitamin A (RAE/d) 713.48 (373.33) 723.22 (667.4) 755.28 (598.96) 0.386
Vitamin C (mg/d) 189 (102.83) 244.91 (545.18) 213.72 (305.73) 0.323
Vitamin D (mcg/d) 1.86 (1.63) 1.74 (2.39) 2.17 (3.09) 0.468
Vitamin E (mg/d) 14.25 (5.66) 13.86 (5.43) 16.1 (10.67) 0.861
Vitamin K (mcg/d) 318.14 (307.56) 218.5 (141.31) 178.33 (129.09) 0.000
Vitamin B12 (mcg/d) 3.71 (2.17) 18.26 (116.12) 11.84 (52.58) 0.016
Biotin (mg/d) 43.23 (18.53) 33.89 (13.89) 38.83 (23.02) 0.006
Zn (mg/d) 13.69 (5.37) 18.82 (49.7) 19.86 (50.88) 0.699
Cu (mg/d) 2.03 (0.75) 2.06 (1.52) 1.97 (1.25) 0.224
Mn (mg/d) 10.37 (4.67) 8.98 (4.44) 7.49 (4.04) 0.000
Beta-carotene (mcg/d) 5156.56 (2971.1) 3798.28 (2415.14) 3083.05 (1800.06) 0.000
Alpha-carotene (mcg/d) 1312.59 (990.38) 888.24 (849.13) 713.33 (576.98) 0.000
Lutein (mcg/d) 3391.32 (2417.81) 2309.55 (1374.85) 1936.78 (1199.59) 0.000
Food groups

Whole grains (g/d) 201.21 (159.47) 146.27 (132.56) 106.9 (132.14) 0.000
Refined grains (g/d) 224.48 (138.09) 268.1 (128.28) 336.06 (168.76) 0.000
Vegetables (g/d) 493.7 (282.99) 375.81 (204.59) 375.21 (240.96) 0.006
Fruits (g/d) 505.3 (304.93) 568.92 (552.71) 565.96 (373.29) 0.574
High-fat dairy (g/d) 47.87 (84.68) 73.42 (113.29) 92.16 (128.56) 0.012
Legumes (g/d) 33.89 (46.23) 29.49 (27.6) 22.57 (22.77) 0.079
Nuts (g/d) 10.44 (11.61) 6.13 (6.62) 8.05 (10.49) 0.018
White meat (g/d) 45.23 (30.04) 40.86 (36.81) 42.53 (64.54) 0.016
Fast foods (g/d) 3.23(6.74) 3.87 (5.71) 7.34 (15.85) 0.004
Olive oil (g/d) 1.56 (2.69) 0.93 (1.6) 0.79 (1.96) 0.032
Salt (g/d) 4.29 (4.91) 4.89 (5.07) 8.43 (7.73) 0.001

@ Data were presented as mean (SD).

b DII score of individuals in first tertile was less than (—3.11), second tertile was between (—3.11) and (—2.49), third tertile was more than (—2.49).
MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.

* P values were obtained from Kruskal-Wallis test and one-way ANOVA.

WHtR and METS-VF can reflect visceral fat distribution, independently of weight. These indicators are good predictors of cardio-
vascular risk factors and related diseases such as NAFLD [20,46]. Waist circumference and WHR have been introduced as two reliable
indicators for assessing visceral adiposity and fatty liver disease [47]. In agreement with the findings of the present study, Atri et al.
[48] in a study of 106 morbid obese women showed a link between waist circumference and WHtR with steatosis.

These findings support the idea that diet-induced inflammation and visceral adiposity may increase the risk of metabolic abnor-
malities and NAFLD. Similar to these results, recent examination of the relationship between DII and body fat percent (BF%) in boys
showed that higher BF% is associated with higher DII [49]. Andrade et al. [50] found in 6-month follow-up of obese women who
underwent bariatric surgery that women with higher DII experienced less weight loss and less fat loss. In a study conducted by Aslani
etal. [51], the association of pro-inflammatory diets with higher obesity indices including waist circumference, hip circumference and
abdominal obesity in children and adolescents was reported. Contradictorily, Correa-Rodriguez et al. [52] failed to show a correlation
between DII and BMI and fat mass in adults.

The association between body fat and inflammation appears to be bidirectional. Pro-inflammatory diets increase adipose tissue,
and increased fat mass in turn increases inflammation and related diseases such as NAFLD [53,54]. Underlying mechanism of asso-
ciation between DII, obesity and NAFLD is not yet fully understood. Previous studies, however, have indicated that pro-inflammatory
diets stimulate the production of cytokines such as TNF-q, IL-1, and IL-6 which increase appetite and calorie intake [55].

Considering the role of inflammation in the pathogenesis of NAFLD and the high prevalence of NAFLD in people with T2DM, based
on the findings of this study, it seems that anti-inflammatory diets can play a significant role in alleviating development of NAFLD in
diabetic patients and central obesity using the assessed indices especially METS-VF and TLR is identified as a risk factor that can be
conducive to progression of NAFLD in T2DM.

Our study had several strengths. The main strength of this study was its novelty and originality as this is the first study investigating
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Table 4
Odds ratios (ORs) and 95% confidence intervals (95% Cls) for NAFLD in diabetic people according to tertiles of energy-adjusted dietary inflammatory
index.
Energy-adjusted dietary inflammatory index quartiles® P trend”
T1 (n = 66) T2 (n = 67) T3 (n = 67)
< -3.11 (-3.11) - (—2.49) —2.49 <
OR (95% CI) OR (95% CI) OR (95% CI)
P-value P-value
Crude
Overall 1 (ref.) 2.41 (1.16-4.97) 2.41 (1.16-4.97) 0.015
P =0.017 P =0.017
Women 1 (ref.) 1.75 (0.64-4.76) 2.25 (0.77-6.5) 0.124
P =0.274 P=0.134
Men 1 (ref.) 3.77 (1.27-11.17) 3.09 (1.08-8.81) 0.039
P =0.016 P =0.035
Model 1
Overall 1 (ref.) 2.05 (0.87-4.81) 2.53 (1.04-6.16) 0.035
P = 0.096 P =0.04
Women 1 (ref.) 1.46 (0.43-4.92) 2.2 (0.55-8.67) 0.255
P =0.538 P=0.26
Men 1 (ref.) 3.51 (0.89-13.87) 5.26 (1.22-22.62) 0.025
P =0.073 P =0.025
Model 2
Overall 1 (ref.) 2.52 (1.02-6.22) 2.78 (1.09-7.13) 0.025
P =0.04 P =0.032
Women 1 (ref.) 2.12 (0.5-9.05) 1.56 (0.33-7.38) 0.5
P=03 P =0.574
Men 1 (ref.) 5.45 (1.13-26.22) 6.84 (1.32-35.48) 0.022
P =0.034 P =0.022

Model 1: Adjusted for age (continuous), sex (except for sex-stratified models) (female/male), diabetes duration (continuous), smoking (smoker/non-
smoker), physical activity (continuous), energy intake (kcal/d), BMI (continuous) and WHtR (continuous).
Model 2: further adjustments for serum fasting blood sugar (continuous), serum triglyceride (continuous), serum cholesterol (continuous) and HOMA
(continuous).
2 DII score of individuals in first tertile was less than (—3.11), second tertile was between (—3.11) and (—2.49), third tertile was more than (—2.49).
b Odds ratios (ORs) and 95% Cls were obtained using binary logistic regression models. The overall trend of ORs was examined by the use of tertiles
of the DII as an ordinal variable in the model.

the association between nutritional factors like DII and anthropometric factors related to central obesity and development of NAFLD in
people with T2DM. Moreover, all confounding variables were identified and added to models. Also, a validated and reliable FFQ was
applied to assess dietary intakes of participants via a face-to-face interview done by an expert nutritionist. Furthermore, Inclusion
criteria were designed in a way to limit the possible effects of underlying factors to some extent. Lastly, Evaluation of body composition
was done using DEXA as a gold standard. Our study faced several limitations as follows: it was not possible to infer the causality
relationship because the study was designed to be cross-sectional. Using FFQ is inevitably associated with recall bias. Also in this study,
inflammatory markers were not measured, which is suggested to be considered in future studies. For the first time, this study
investigated the relationship between diet-induced inflammation and central obesity with severity of NAFLD in people with T2DM, so
confirming the results requires further studies. It is suggested that in future studies, a larger sample size and prospective design should
be considered.

5. Conclusion

In conclusion, this study highlighted an association between greater DII (pro-inflammatory diet) and higher risk of progression of
NAFLD in diabetic patients. Also, it was shown that central obesity estimated specifically by TLR and METS-VF were positively
associated with an increased risk of developing NAFLD in diabetic subjects.
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Odds ratios (ORs) and 95% confidence intervals (95% CIs) for NAFLD in diabetic individuals according to tertiles of anthropometric indices.

Crude OR (95% CI)
P-value

Model 1 OR (95% CI)
P-value

Model 2 OR (95% CI)
P-value

Model 3 OR (95% CI)
P-value

wcC
T1 (n =63) < 95
T2 (n = 67) 95-104

T3 (n =70) > 104

P trend*

WHR

T1 (n = 66) < 0.91
T2 (n = 69) 0.91-0.97

T3 (n = 65) > 0.97

P trend*

WHtR

T1 (n = 66) < 0.57
T2 (n = 67) 0.57-0.62

T3 (n = 67) > 0.62

P trend*

TLR

T1 (n = 66) < 1.65
T2 (n = 67) 1.65-2.02

T3 (n = 67) > 2.02

P trend*

METS-VF

T1 (n = 65) < 6.99
T2 (n = 66) 6.99-7.26

T3 (n = 66)
>7.26
P trend*

1 (ref.)

2.72 (1.33-5.56)
P = 0.006

9.03 (3.82-21.34)
P = 0.000

0.000

1 (ref.)

0.79 (0.39-1.57)
P =0.508

2.69 (1.21-5.99)
P =0.015

0.02

1 (ref.)

4.72 (2.26-9.83)

P = 0.000

23.18 (8.17-65.74)
P = 0.000

0.000

1 (ref.)

1.41 (0.69-2.87)
P =0.335

1.88 (0.9-3.91)
P = 0.089
0.088

1 (ref.)

3.71 (1.79-7.68)
P = 0.000

9.5 (4.01-22.46)
P = 0.000
0.000

1 (ref.)

2.97 (1.39-6.34)

P = 0.005

12.41 (4.77-32.23)
P = 0.000

0.000

1 (ref.)

0.97 (0.45-2.08)
P =0.946

4.42 (1.74-11.21)
P = 0.002

0.002

1 (ref.)

6.16 (2.73-13.91)
P = 0.000

29.15 (9.45-89.86)
P = 0.000

0.000

1 (ref.)

2.45 (1.05-5.68)
P = 0.036

4.66 (1.77-12.27)
P = 0.002

0.002

1 (ref.)

4.06 (1.91-8.61)

P = 0.000

10.87 (4.45-26.53)
P = 0.000

0.000

1 (ref.)

3.53 (1.6-7.82)

P = 0.002

14.56 (5.28-40.16)
P = 0.000

0.000

1 (ref.)

0.94 (0.43-2.07)
P =0.889

4.64 (1.77-12.15)
P =0.002

0.002

1 (ref.)

6.93 (2.92-16.47)

P = 0.000

33.06 (10.25-106.59)
P = 0.000

0.000

1 (ref.)

3.07 (1.26-7.51)
P =0.014

5.27 (1.93-14.39)
P = 0.001

0.001

1 (ref.)

4.34 (1.97-9.53)

P = 0.000

13.85 (5.38-35.63)
P = 0.000

0.000

1 (ref.)

1.88 (0.77-4.54)
P =0.161

3.71 (1.03-13.31)
P = 0.044

0.04

1 (ref.)

0.83 (0.34-1.98)
P =0.678

2.94 (1.05-8.25)
P =0.04

0.049

1 (ref.)

4.7 (1.76-12.49)
P = 0.002

13.1 (2.68-63.99)
P = 0.001

0.001

1 (ref.)

4.92 (1.65-14.64)
P = 0.004

7.99 (2.43-26.26)
P = 0.001

0.001

1 (ref.)

2.47 (1.04-5.84)
P = 0.039

4.55 (1.46-14.2)
P = 0.009
0.007

Model 1: age (except for METS-VF) (continuous), sex (except for METS-VF) (female/male), diabetes duration (continuous), smoking (smoker/non-
smoker), physical activity (continuous), energy intake (kcal/d). Model 2: further adjustment for serum fasting blood sugar (except for METS-VF)
(continuous), serum triglyceride (except for METS-VF) (continuous), serum cholesterol (continuous) and HOMA (continuous). Model 3: addition-
ally adjusted for BMI (continuous). WC, waist circumference; WHR, waist circumference to hip circumference ratio; WHtR, waist circumference to
height ratio; TLR, trunk to leg fat ratio; METS-VF, metabolic score for visceral fat. * Odds ratios (ORs) and 95% CIs were obtained using binary logistic
regression models. The overall trend of ORs was examined by the use of tertiles of the anthropometric indices as an ordinal variable in models.
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