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Abstract
Introduction: recent studies indicate that diet increases T2DM risk via inflammation. Fetuin-A, identified as an acute-phase protein, plays a role 
in insulin resistance and is an independent predictor of type-2 diabetes.

Objectives: the present study aimed to examine the association between diet and T2DM risk, and whether said association is mediated by 
fetuin-A, and to determine the effect of fetuin-A on T2DM risk.

Methods: the case group included 40 individuals with T2DM, whereas 40 individuals without T2DM comprised the control group. The Dietary 
Inflammatory Index (DII), was used to determine the inflammatory potential of diet. A simple mediation analysis was used to investigate whether 
diet was associated with T2DM risk and whether the association was mediated by fetuin-A.

Results: subjects who consumed a high pro-inflammatory diet had 2.0 times higher risk of developing T2DM (OR = 2.043; 95 % CI: 0.955 to 
4.371, p = 0.066). In addition, subjects who had higher levels of fetuin-A had a 1,2 times higher risk of developing T2DM (OR = 1.155; 95 % 
CI: 1.030 to 1.296, p = 0.014). Both fetuin-A and hs-CRP had a significant full mediator role on the association between DII and HOMA-IR 
[respectively; β = 0.371 (95 % CI: -0.029-0.770), β = 0.424 (95 % CI: -0.007-0.856)].

Conclusion: these findings suggest that a pro-inflammatory diet, by creating an environment of increased inflammatory markers, affects in 
particular insulin resistance through these markers and ultimately causes T2DM. In addition, fetuin-A also acts as an important novel mediator 
between diet and T2DM by inducing insulin resistance.
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INTRODUCTION

Type-2 diabetes mellitus (T2DM) has been defined as a me-
tabolic disease that develops due to a progressive loss of ade-
quate β-cell insulin secretion, frequently in the setting of insulin 
resistance.

It accounts for 90-95 % of all diabetes cases and includes 
individuals with insulin deficiency and/or peripheral insulin re-
sistance (1). The prevalence of T2DM is growing in many deve-
loping and most developed countries. The International Diabetes 
Federation (IDF) reported that there were 463 million people with 
diabetes worldwide in 2019 and that this number will increase 
to 700 million by 2045 (2). The cause of T2DM is poorly unders-
tood, but insulin resistance causing β-cell loss or dysfunction 
appears to be the main reason for T2DM development (1).

Fetuin-A, also called Alpha 2-Heremans Schmid Glycoprotein 
(AHSG), is an endogenous glycoprotein predominantly secreted 
by the liver  (3). First discovered in 1944, it has been reported 
to have a protective effect from ectopic calcium deposition and 
vascular calcification. Since then, it has been shown to be a 
multifunctional protein with effects on multiple cellular pathways 
and associated with the skeletal system, cardiovascular system, 
metabolism, and nervous system (4). In recent years, emerging 
evidence suggests that fetuin-A plays a role in insulin resistance, 
especially in individuals with T2DM, and is an independent pre-
dictor of type-2 diabetes (3-5).

One of the effector mechanisms of fetuin-A on insulin resistan-
ce and diabetes development is that fetuin-A is a natural endo-
genous inhibitor of the insulin-stimulated insulin receptor tyrosi-
ne kinase (6). In epidemiological studies, it has been shown that 
there is a relationship between serum fetuin-A level and the risk 
of developing insulin resistance and diabetes (6,7). Another me-
chanism that may explain the relationship between high fetuin-A 
levels and insulin resistance is that fetuin-A causes inflammation 
by inducing inflammatory cytokines, which in turn causes insulin 
sensitivity (8). Previous studies have shown that fetuin-A induces 
the expression of pro-inflammatory cytokines (8,9).

In recent years, diet has been identified as an important modu-
lator of chronic inflammation (10). Besides, it has been suggested 
that diet may also increase T2DM risk via inflammation (11). In 

this regard, many nutrients with anti-inflammatory effects have 
been associated with a lower risk of T2DM whereas nutrients 
with pro-inflammatory effects have been associated with a hi-
gher risk of T2DM in previous studies (12,13).

There is an increasing number of studies investigating the effect 
of the inflammatory potential of diet on diseases, and the dietary 
inflammatory index (DII) has been widely used in these studies 
(14,15). DII is a literature-derived, validated index that was desig-
ned to measure the inflammatory potential of diet. Regarding the 
index, a higher DII score represents a pro-inflammatory diet, whe-
reas a lower score represents an anti-inflammatory diet (16). Besi-
des, only a few studies have investigated the relationship between 
the inflammatory potential of diet as measured by DII and T2DM 
(14,17). To the best of our knowledge, no studies have focused on 
the mediator role of fetuin-A in this relationship. In addition, limited 
studies are evaluating the effect of fetuin-A on T2DM.

The present study aimed to investigate the effect of an in-
flammatory diet on the risk of developing T2DM via fetuin-A, an 
acute phase reactant, and to determine the effect of fetuin-A on 
T2DM risk.

MATERIALS AND METHODS

STUDY POPULATION

This case-control study included a total of 80 patients aged 
between 30 and 50 years, with 40 obese women (BMI, 30-35) 
with T2DM as the case group and 40 obese women (BMI, 30-
35) as the control group. The study sample size was calculated 
using the G*Power, version 3.1.9.2, software package, taking 
into account the results of previous studies; the error rate was 
0.05 and power was 80  %. Individuals who attended the Fa-
mily Medicine Outpatient Clinic of Health Sciences University  
Dı kapı Yıldırım Beyazıt Training and Research Hospital, referred 
to the Nutrition and Dietetics Department, and matching inclu-
sion criteria were included in the study. The individuals excluded 
from the study were as follows; type-1 diabetes patients, type-2 
diabetes patients receiving insulin treatment, those in the me-
nopause period, pregnant or breastfeeding women, those with 
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acute or chronic inflammatory diseases, liver or kidney failure, 
severe psychiatric disorder, cancer patients, those who received 
steroid/antibiotic treatment, anti-inflammatory drugs, medication 
for obesity for the previous six months, and those who regularly 
used drugs (except oral antidiabetics).

The study protocol was reviewed by the Clinical Research 
Ethics Committee of University of Health Sciences, Dı kapı Yıl-
dırım Beyazıt Training and Research Hospital and approved by the 
report of the decision number 70/04 on 26.08.2019. All partici-
pants provided a written informed consent.

ANTHROPOMETRIC MEASUREMENTS

Anthropometric measurements, including height, weight, 
waist and, hip circumference, were measured with as few and 
as thin clothes as possible and without shoes. These measure-
ments were done by the researcher in the morning. Body hei-
ght (m) was measured using a stadiometer attached to the digital 
weight scale (Seca 769). To measure weight (kg), a digital weight 
scale with an accuracy of 0.1 kg (Seca 769) was used. Body 
mass index (BMI) was calculated as weight over height squa-
red (kg/m2). Individuals between 30 and 35 kg/m2 were included 
in the study, considering the World Health Organization (WHO) 
criteria (18). Waist circumference (cm) was measured at the mi-
dpoint between the inferior margin of the last rib and the iliac 
crest with an inelastic tape in the horizontal plane. Hip circum-
ference (cm) was also measured at the same position, using the 
same tape at the widest point of the hip. The waist-hip ratio was 
calculated by dividing the waist circumference of the participants 
by their hip circumference.

ASSESSMENT OF DIETARY INTAKE AND 
DIETARY INFLAMMATORY INDEX

The dietary intake of individuals was assessed using a quan-
titative food frequency questionnaire (QFFQ). The consumed 
amount of each food was multiplied by the specific coefficient of 
frequency of consumption, and the average daily amounts of the 
foods were obtained. The Nutrient Database Programme (BeBiS, 
Ebispro for Windows, Germany; Turkish Version/BeBiS 8.2) was 
used to determine average daily energy and nutrient intake for 
each individual. To measure the dietary inflammatory potential of 
the diet, the dietary inflammatory index (DII), which is a valid and 
reliable tool, was used. The calculation steps of the DII have been 
previously described in detail in its methods paper (16). Briefly, 
the DII is based on a literature review and analysis of articles 
published up to 2010  linking dietary components with inflam-
matory markers, including TNF-α, CRP, IL-1β, IL-4, IL-6, and IL-
10. Each dietary parameter associated with inflammation in the 
articles was scored according to its effects on these six inflam-
matory markers. Each was assigned a ‘food parameter-specific 
inflammatory effect score’. A global data set including these in-
flammation-related food parameters’ standard global daily intake 

(mean values and standard deviations of  45  food parameters) 
and food parameter-specific inflammatory effect score was crea-
ted. The DII is calculated using this global composite database. 
When calculating the DII, firstly the inflammatory effect score is 
calculated separately for each food parameter consumed by the 
individuals in the dataset, then the sum of these obtained scores ​​
represents the inflammatory index score of an individual’s diet. 
In this study, DII was calculated for each individual as follows: 
Z-scores were obtained by subtracting the standard global mean 
from the reported amount and dividing that value by the standard 
deviation. To reduce the effects of right-skewing (a common oc-
currence with dietary data), Z-scores for each food parameter 
were converted to percentiles. The percentile score is converted 
to the center percentile score [(percentile score x 2) – 1]. The 
central percentile score for each intake parameter was multiplied 
by the “food parameter-specific inflammatory effect score”. The 
overall DII was calculated by summing the inflammatory effect 
scores calculated for each nutrient parameter consumed by the 
individual. In this study, 44 of the original 45 DII food parameters 
were available from the FFQ and were used for DII calculation. 
These included mean daily intakes of energy, carbohydrates, fi-
ber, protein, total fat, saturated fat, monounsaturated fatty acids 
(MUFAs), polyunsaturated fatty acids (PUFAs), omega-3 fatty 
acids, omega-6 fatty acids, cholesterol, alcohol, vitamin A, vita-
min D, vitamin E, vitamin B

1
 vitamin B

2
, niacin, vitamin B

6
, vitamin 

B
12

, folic acid, vitamin C, beta-carotene, magnesium, iron, zinc, 
selenium, flavon-3-ols, flavones, flavonols, flavanones, antho-
cyanidins, isoflavones, caffeine, tea, onion, garlic and pepper, 
eugenol, ginger, thyme, rosemary, turmeric, and saffron. Higher 
DII scores (positive or close to positive) represent a pro-inflam-
matory diet quality and lower DII scores (negative or close to 
negative) represent an anti-inflammatory diet quality.

SERUM COLLECTION AND LABORATORY 
MEASUREMENTS

Fasting blood glucose (FBG), glycosylated hemoglobin (HbA1c), 
fasting insulin, white blood cell (WBC), lymphocyte (LYM), neutro-
phile (NEU), triglycerides, total cholesterol, low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), 
and hs-CRP levels were analyzed using standard techniques from 
blood samples taken after an overnight fast (at least 8 hours). The 
homeostatic model assessment of insulin resistance (HOMA-IR) 
value, the indicator of insulin resistance, was calculated with the 
following formula: fasting blood glucose (mg/dL) x fasting insulin 
(µU/mL) / 405. Blood samples (10 mL, 2 gel tubes), which were 
taken to analyze serum fetuin-A, IL-6, and TNF-α levels, were cen-
trifuged and preserved at −80 °C with the serum separated until 
the analysis. Fetuin-A (Human Fetuin-A ELISA BioVendor Laborato-
ries, Modrice, Czech Republic) (Catalog No.: RD191037100), IL-6 
(DIAsource ImmunoAssays S.A., Belgium) (Catalog No.: KAP1261), 
and TNF-α (DIAsource ImmunoAssays S.A., Belgium) (Catalog No.: 
KAP1751) were measured using enzyme-linked immunosorbent 
assay (ELISA) test kits according to the manufacturer’s protocol.
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Table I. Baseline characteristics, 
biochemical measurements, and DII 

scores of the case and control groups

Variables
Cases
(n = 40)

Controls
(n = 40)

p-value*

Age (years) 43.5 ± 4.2 36.5 ± 5.7 < 0.001

Family history of DM 27 (67.5) 8 (20.0) < 0.001

BMI (kg/m2) 33.4 ± 1.6 32.7 ± 1.7 0.044

Waist circumference (cm) 101.2 ± 6.8 98.5 ± 6.1 0.074

Hip circumference (cm) 118.1 ± 6.1 115.6 ± 6.2 0.067

Waist-to-hip ratio 0.86 ± 0.04 0.85 ± 0.05 0.783

Waist-to-height ratio 0.64 ± 0.04 0.63 ± 0.04 0.232

DII score
0.23 

(-0.88-2.84)
-0.32 

(-2.20-1.51)
0.007

Fasting blood glucose 
(mg/dL)

127.0 
(83.0-201.0)

88.50 
(69.00-
109.00)

< 0.001

Insulin (uIU/mL)
12.9 

(5.5-24.1)
9.9 

(4.1-32.7)
0.049

HbA1c (%)
7.1 

(6.2-11.2)
5.4 (4.8-5.7) < 0.001

HOMA-IR 3.8 (1.3-7.9) 2.3 (0.8-7.2) < 0.001

WBC (103/μL) 8.4 ± 2.0 7.6 ± 1.4 0.049

LYM (103/μL) 2.9 ± 0.7 2.4 ± 0.5 0.002

NEU (103/μL) 4.6 ± 1.4 4.4 ± 0.9 0.479

NEU/LYM 1.6 (0.9-3.2) 1.8 (1.3-3.5) 0.039

Triglycerides (mg/dL)
172.0 

(63.0-415.0)
112.5 

(44.0-305.0)
0.015

Total cholesterol (mg/dL)
210.0 

(143.0-276.0)
174.5 

(122.0-271.0)
< 0.001

LDL-cholesterol (mg/dL)
140.0 

(86.0-214.0)
122.4 

(89.0-204.0)
0.024

HDL-cholesterol (mg/dL) 51.3 ± 9.3 51.1 ± 9.9 0.902

Fetuin-A (mg/dL)
67.3 

(20.9-97.2)
53.0 

(10.1-97.4)
0.004

IL-6 (pg/mL)
36.3 

(27.4-306-1)
32.9 

(26.9-56.5)
< 0.001

TNF-α (pg/mL)
2.9 

(1.8-11.1)
2.1 

(0.8-4.6)
< 0.001

hs-CRP (mg/dL)
5.7 

(1.9-16.4)
5.2 

(0.3-12.5)
0.055

Data were presented as mean ± SD, n (%), or median (lower-upper limit), 
where appropriate. *p-values were obtained using Student’s t-test, Mann-
Whitney U-test, χ² test, and Fisher’s exact test, as appropriate. BMI: body 
mass index; DII: dietary inflammatory index; HbA1c: glycosylated hemoglobin; 
HOMA-IR: homeostatic model assessment of insulin resistance; WBC: white 
blood cell; LYM: lymphocyte; NEU: neutrophile; LDL: low-density lipoprotein; 
HDL: high-density lipoprotein; IL-6: interleukin 6; TNF-α: tumor necrosis 
factor alpha; hs-CRP: high-sensitivity C-reactive protein.

STATISTICAL ANALYSIS

Chi-square tests were used for categorical variables, and Stu-
dent’s t-test and Mann-Whitney U-test were used for continuous 
variables to evaluate differences between different groups. De-
finitive statistics were presented as mean ( ) ± standard devia-
tion (SD) or median, minimum-maximum (min-max) or frequen-
cy, percentage (%), where appropriate. Spearman’s correlation 
analysis was performed to assess the strength of the relationship 
between continuous variables. Binary logistic regression was 
used to evaluate the relationship between some predictors and 
T2DM risk. The simple mediation analysis as described by Prea-
cher and Hayes (19) was used to investigate whether the DII was 
associated with glucose metabolism markers or whether the as-
sociation was mediated by fetuin-A and other inflammatory mar-
kers (Fig. 1). Total, direct, and indirect effects of DII on glucose 
metabolism markers were evaluated by using independent, de-
pendent, and mediator variables. Path “c” shows the ‘total effect’ 
of DII on glucose metabolism markers without adjusting mediator 
variables (Fig. 1A); the product of regression coefficients α and 
β (αβ) shows the ‘indirect effect’ (mediated effect) of DII on glu-
cose metabolism markers via the mediator variables (Fig. 1B); 
path “c’” shows the ‘direct effect’ of DII on glucose metabolism 
markers after adjusting the effect of the mediator variables (Fig. 
1B). When the total and indirect effects are significant, and the 
direct effect is non-significant  (NS), a ‘full or complete media-
tion’ occurred; when the total and indirect effects are significant, 
and the direct effect remains significant, a ‘partial or incomple-
te mediation’ occurred. When both the total and indirect effects 
are NS, the result was designated ‘inconsistent mediation’. The 
mediation effect proportion was calculated using the following 
equation: [αβ / αβ + c’]. The statistical analyses were perfor-
med using the IBM SPSS (Statistical Package for Social Sciences, 
SPSS Company, IL, USA) program, version 23. Statistical signifi-
cance was defined as p < 0.05.

RESULTS

The baseline clinical data of the study population for the case 
and control groups are shown in table I. The average age of 
the case group was 43.5 ± 4.2 years, and that of the control 
group was 36.5 ± 5.7 years, with a statistically significant di-
fference between groups (p < 0.05). A statistically significant 
difference was noted between the groups in terms of BMI 
(p < 0.05). However, there was no statistically significant diffe-
rence between groups in the values of waist circumference, hip 
circumference, and waist-to-height ratio (p > 0.05). The median 
value of the DII scores of the case group was significantly hi-
gher than that of the control group (p < 0.05). The case group 
had significantly higher WBC, LYM, NEU/LYM, triglyceride, total 
cholesterol, LDL-cholesterol, and all glucose metabolism mar-
kers, including fasting blood glucose (FBG), insulin, HbA1c, and 
HOMA-IR values, in comparison to the control group (p < 0.05). 
Inflammatory markers including fetuin-A, IL-6, and TNF-α were 
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Table II. Correlation analysis of DII with energy, nutrients, and dietary components 
between both the case and control groups, and the total study population

Variables
Cases (n = 40) Controls (n = 40) Total (n = 80)

r value p value r value p value r value p value

Energy (kcal/day) -0.226 0.161 0.058 0.723 -0.074 0.517

Macronutrients

Protein (% TE) -0.025 0.879 0.123 0.451 0.059 0.602

Carbohydrates (% TE) 0.069 0.674 -0.144 0.376 0.052 0.646

Fiber (g) -0.270 0.092 -0.309 0.052 -0.283 0.011

Fat (% TE) -0.154 0.343 0.164 0.313 0.021 0.853

Saturated fat (% TE) 0.104 0.524 0.209 0.195 0.047 0.678

MUFA (% TE) -0.165 0.308 0.191 0.237 -0.021 0.851

also found to be significantly higher in the case group than in 
the control group (p < 0.05). Table II presents the relationship 
between DII score and energy, nutrients, and food component 
intake for both the case and control groups and the total study 
population. As shown in the table, there was a significant ne-

gative correlation between the DII score and dietary fiber, iron, 
vitamin A, β-carotene, vitamin E, vitamin B

6
, folic acid, flavones, 

and flavonols in total (p < 0.05). The relationship between the 
DII score and both glucose metabolism markers and inflam-
matory markers is displayed in table III. In the total study group, 

Macronutrients

PUFA (% TE) -0.368 0.020 0.101 0.537 -0.147 0.193

Omega-3 (g) -0.312 0.049 0.001 0.997 -0.147 0.194

Omega-6 (g) -0.366 0.020 0.060 0.715 -0.152 0.180

Micronutrients

Magnesium (mg) -0.227 0.159 -0.170 0.292 -0.190 0.092

Iron (mg) -0.311 0.051 -0.373 0.018 -0.340 0.002

Zinc (mg) -0.307 0.054 -0.027 0.869 -0.150 0.185

Vitamin A (µg) -0.323 0.042 -0.451 0.003 -0.413 < 0.001

Beta-carotene (µg) -0.249 0.121 -0.441 0.004 -0.440 < 0.001

Vitamin E (mg) -0.339 0.032 -0.181 0.264 -0.248 0.026

Vitamin B
6
 (mg) -0.390 0.013 -0.412 0.008 -0.417 < 0.001

Vitamin B
12 

(µg) -0.138 0.395 0.056 0.732 -0.011 0.920

Total folic acid (µg) -0.369 0.019 -0.256 0.110 -0.302 0.006

Vitamin C (mg) -0.186 0.251 -0.640 0.000 -0.449 < 0.001

Dietary components

Flavan-3-ols (mg) -0.029 0.861 -0.168 0.300 -0.200 0.076

Flavones (mg) -0.279 0.081 -0.504 0.001 -0.419 < 0.001

Flavonols (mg) -0.239 0.138 -0.476 0.002 -0.392 < 0.001

Flavonones (mg) -0.055 0.737 -0.245 0.127 -0.118 0.299

Spearman’s rank correlation coefficient. MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid.
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Table III. Correlation analysis of DII with glucose metabolism markers and inflammatory 
markers between both the case and control groups and the total study population

Variables
Cases (n = 40) Controls (n = 40) Total (n = 80)

r value p value r value p value r value p value

Fasting blood glucose (mg/dL) 0.225 0.163 -0.009 0.954 0.304 0.006

Insulin (uIU/mL) 0.171 0.291 0.119 0.464 0.185 0.101

HbA1c (%) 0.360 0.023 0.192 0.234 0.391 < 0.001

HOMA-IR 0.295 0.065 0.146 0.370 0.268 0.016

Fetuin-A (mg/dL) 0.351 0.026 0.300 0.060 0.384 < 0.001

IL-6 (pg/mL) 0.375 0.017 0.318 0.046 0.406 < 0.001

TNF-α (pg/mL) 0.129 0.429 -0.001 0.997 0.166 0.142

hs-CRP (mg/dL) 0.361 0.022 0.365 0.021 0.444 < 0.001

Spearman’s rank correlation coefficient. HbA1c: glycosylated hemoglobin; HOMA-IR: homeostatic model assessment of insulin resistance; IL-6: interleukin 6; TNF-α: 
tumor necrosis factor alpha; hs-CRP: high-sensitivity C-reactive protein.

Table IV. Odds ratios (ORs) and 95 % confidence intervals (95 % CIs) for T2DM for DII 
score and inflammatory markers (n: 80)

Model 1 Model 2 Model 3

Variables OR (95 % CI) p value OR (95 % CI) p value OR (95 % CI) p value

DII 2.316 (1.276-4.205) 0.006 2.312 (1.094-4.890) 0.028 2.043 (0.955-4.372) 0.066

Fetuin-A (mg/dL) 1.122 (1.025-1.228) 0.012 1.333 (1.171-1.518) < 0.001 1.155 (1.030-1.296) 0.014

IL-6 (pg/mL) 1.038 (1.010-1.066) 0.007 1.053 (1.014-1.093) 0.007 1.053 (1.006-1.102) 0.028

TNF-α (pg/mL) 7.301 (2.644-20.162) < 0.001 7.384 (2.399-22.731) < 0.001 7.234 (2.312-22.631) 0.001

hs-CRP (mg/dL) 1.152 (0.993-1.337) 0.062 1.186 (0.985-1.427) 0.071 1.129 (1.153-1.450) 0.239

Logistic regression analysis. Model 1: crude model; Model 2: adjusted for age, physical activity, and standardized energy intake; Model 3: adjusted for age, physical 
activity, standardized energy intake, and BMI. DII: dietary inflammatory index; IL-6: interleukin 6; TNF-α: tumor necrosis factor alpha; hs-CRP: high-sensitivity 
C-reactive protein.

there was a significant positive correlation between DII and 
FBG, hbA1c, HOMA-IR, fetuin-A, IL-6, and hs-CRP, whereas a 
significant positive correlation was found between hbA1c, fe-
tuin-A, and IL-6 in the case group, and IL-6 and hs-CRP in the 
control group. Table IV shows the ORs and 95 % CIs of the DII 
score and inflammatory markers for T2DM. After adjusting for 
potential confounding factors (age, physical activity, standardi-
zed energy intake, and BMI), the participants who consumed a 
high pro-inflammatory diet had a 2.0 times higher risk of deve-
loping T2DM (OR = 2.043; 95 % CI: 0.955, 4.371, p = 0.066). 
Considering the ORs of inflammatory markers, the participants 
who had higher levels of fetuin-A had a 1,2  times higher risk 
of developing T2DM (OR = 1.155; 95 % CI: 1.030, 1.296, p = 
0.014). Likewise, the participants who had higher levels of IL-6 
had 1.1 times (OR = 1.053; 95 % CI: 1.006, 1.102, p = 0.028), 

and those who had higher levels of TNF-α had a 7.2 times hi-
gher risk of developing T2DM (OR = 7.234; 95 % CI: 2.312, 
22.631, p = 0.001). Table V presents the β-coefficients (95 % 
CIs) of the association between DII and glucose metabolism 
markers. A consistent finding was that IL-6 had a significant 
partial mediator role on the association between DII and gluco-
se metabolism markers, including FBG [β = 10.574 (95 % CI: 
3.705-17.443)], hbA1c [β = 0.469 (95 % CI: 0.174-0.764)] 
and HOMA-IR [β = 0.544 (95 % CI: 0.143-0.946)]. Both fe-
tuin-A and hs-CRP had a significant full mediator role on the 
association between DII and HOMA-IR [respectively, β = 0.371 
(95 % CI: -0.029-0.770), β = 0.424 (95 % CI: -0.007-0.856)]. 
The proportion of the effect mediated by fetuin-A was 35.2 %, 
whereas the proportion of the effect mediated by hs-CRP was 
25.9 % (p < 0.05).
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Table V. Total, direct and indirect effects of DII on glucose metabolism markers  
with inflammatory markers as mediators (n: 80)

Variables Total effect (c) Direct effect (c’) Indirect effect (αβαβ)

Mediators and 
outcomes

ββ (95 % CI)
p 

value
ββ (95 % CI)

p 
value

ββ (95 % CI)
Proportion of
mediation (%)

Fasting blood glucose (mg/dL) 11.175 (4.321-18.028) 0.002

Via fetuin-A (mg/dL) 8.749 (1.670-15.829) 0.016 2.425 (-0.019-5.865) -

Via IL-6 (pg/mL) 10.574 (3.705-17.443) 0.003 0.601 (0.168-5.633)* 5.3

Via TNF-α (pg/mL) 9.301 (2.559-16.043) 0.008 1.873 (-0.165-5.172) -

Via hs-CRP (mg/dL) 9.780 (2.271-17.289) 0.011 1.395 (-0.807-4.214) -

Figure 1.

Model used in the simple mediation analysis of the association between the dietary inflammatory index (DII) and glucose metabolism markers, including fasting glucose, glycated 
hemoglobin (hbA1c), insulin, and homeostatic model assessment of insulin resistance (HOMA-IR) [adapted from Preacher and Hayes (33)]. Path “c” shows the total effect 
of DII on glucose metabolism markers without adjusting mediator variables (A); path α shows the regression coefficient between the DII and the mediator variables (b); path 
β, shows the regression coefficient between the mediator variables and glucose metabolism markers (B); path “c’” shows the ‘direct effect’ of DII on glucose metabolism 
markers after adjusting the effect of the mediator variables (B). The product of regression coefficients α and β (αβ) shows the ‘indirect effect’ (mediated effect) of DII on 
glucose metabolism markers via the mediator variables (B).

Path c
Total effects of DII without mediators

Path c'

Path α Path ß

DII
Fasting blood glucose

HbA1c
Insullin

HOMA-IR

DII
Fasting blood glucose

HbA1c
Insullin

HOMA-IR
Mediators:
Fetuin-A

IL-6
THF-α
hs-CRP

A

B

HbA1c (%) 0.498 (0.203-0.793) 0.001

Via fetuin-A (mg/dL) 0.416 (0.108-0.729) 0.008 0.082 (-0.006-0.212) -

Via IL-6 (pg/mL) 0.469 (0.174-0.764) 0.002 0.029 (0.124-0.238)* 5.8

Via TNF-α (pg/mL) 0.400 (0.116-0.684) 0.006 0.098 (-0.003-0.224) -

Via hs-CRP (mg/dL) 0.485 (0.160-0.810) 0.003 0.013 (-0.090-0.124) -

Insulin (uIU/mL) 1.016 (-0.371-2.403) 0.148

via fetuin-A (mg/dL) 0.325 (-1.065-1.715) 0.642 0.690 (0.051-1.580)* -

Via IL-6 (pg/mL) 0.950 (-0.452-2.352) 0.181 0.065 (-0.452-2.352) -

Via TNF-α (pg/mL) 0.747 (-0.648-2.143) 0.289 0.268 (-0.064-0.673) -

Via hs-CRP (mg/dL) 0.499 (-1.001-1.999) 0.509 0.516 (0.018-1.358)* -

HOMA-IR 0.573 (0.174-0.972) 0.006

Via fetuin-A (mg/dL) 0.371 (-0.029-0.770) 0.068 0.202 (0.025-0.430)* 35.2

Via IL-6 (pg/mL) 0.544 (0.143-0.946) 0.009 0.028 (0.000-0.279)* 4.9

Via TNF-α (pg/mL) 0.470 (0.076-0.865) 0.020 0.103 (-0.005-0.236) -

Via hs-CRP (mg/dL) 0.424 (-0.007-0.856) 0.054 0.148 (0.001-0.374) 25.9

Simple mediation analysis as described by Preacher and Hayes. *p < 0.05. IL-6: interleukin 6; TNF-α: tumor necrosis factor alpha; hs-CRP: high-sensitivity C-reactive 
protein; HbA1c: glycosylated hemoglobin; HOMA-IR: homeostatic model assessment of insulin resistance.
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DISCUSSION

In the present study, it was demonstrated that DII scores, 
which indicate the inflammatory potential of diet, were associa-
ted with inflammatory markers and T2DM risk, and that inflam-
matory markers including fetuin-A, IL-6, and TNF-α were also 
significantly associated with T2DM risk. In addition, the mediation 
analysis suggested that these relationships were fully mediated 
by fetuin-A and were also fully/partly mediated by hs-CRP and 
IL-6. To the best of our knowledge, this is the first study that 
investigated the mediator effects of fetuin-A on the association 
between diet and T2DM.

Studies in the past few decades have shown that inflammation 
may be one of the important factors in T2DM risk (20,21). It may 
be said that diet also affects T2DM by causing inflammation. 
Previous studies have indicated that a western diet, which re-
presents a pro-inflammatory diet, is associated with a high risk 
of T2DM. In contrast, the Mediterranean diet, which represents 
an anti-inflammatory diet, has been associated with a low risk 
of T2DM (12-14). Recently, the DII has been used frequently 
in studies investigating the effect of the inflammatory load of 
diet on non-communicable diseases, including diabetes. Deno-
va-Gutiérrez et al.  (22)  reported having a higher risk of diabe-
tes in participants with high DII scores (who consume a more 
pro-inflammatory diet) than in those with low DII scores (who 
consume a more anti-inflammatory diet). In another study that 
investigated DII and diabetes risk, it was shown that the risk of 
diabetes increased by 13 % with every 1-point increase in DII 
score (17). The findings of the present study are in line with these 
studies, and it was found that the risk of diabetes also became 
higher as the DII scores of individuals increased.

The utility of the DII for assessing the inflammatory potential 
of the diet was shown in many studies (23,24). It was shown 
that individuals with high DII scores had a high consumption of 
pro-inflammatory nutrients, and individuals with low DII scores 
had a high consumption of nutrients with anti-inflammatory pro-
perties (15,22). Consistent with these findings, in the current 
study there was also a negative correlation between the DII score 
and anti-inflammatory nutrients such as MUFA, PUFA, n-3 and 
n-6 fatty acids, and antioxidant food components, as well as a 
positive correlation between the DII score and pro-inflammatory 
nutrients such as carbohydrates, total fat, and saturated fatty 
acids. Moreover, the DII has been constructed and was validated 
using inflammatory markers such as hs-CRP and IL-6 in the pre-
vious studies (23,24). The results of the present study are also 
in agreement with other studies in the literature where a signi-
ficant association was reported between DII and inflammatory 
biomarkers.

In the current study, a relationship was found between all in-
flammatory markers and T2DM (hs-CRP was non-significant). In-
dividuals with higher levels of fetuin-A, IL-6, TNF-α, and hs-CRP 
had a higher risk of developing T2DM. Proinflammatory cytoki-
nes that lead to inflammation cause β-cell damage and chronic 
hyperglycemia by affecting various pathways, and T2DM occurs 
as a result (25). Stefan et al. (5) demonstrated that fetuin-A was 

associated with the risk for incident diabetes, and was indepen-
dently involved in the pathogenesis of T2DM. Their findings su-
pport that fetuin-A is a reliable predictor of T2DM. In addition, in 
many studies a positive correlation of TNF-α and IL-6 with T2DM 
was shown, and evidence that the pattern and variation of these 
pro-inflammatory cytokines are important in the pathogenesis of 
T2DM was provided (26).

The effects of diet on inflammation and inflammation on dia-
betes suggest that diet may also increase T2DM risk through 
inflammation (11). One of the possible mechanisms to explain 
the relationship between diet and T2DM may be that a pro-in-
flammatory diet causes insulin resistance via inflammatory 
markers. Diet is a crucial predictor of inflammatory marker 
levels in the circulation. An anti-inflammatory Mediterranean 
diet supplemented with virgin olive oil or nuts reduced serum 
C-reactive protein, IL-6, and endothelial and monocytic adhe-
sion molecules and chemokines in 772 subjects at high risk for 
CVD (27). In contrast, a pro-inflammatory high-fat diet promo-
tes inflammation  (28).  Unhealthy diets promote a pro-inflam-
matory setting marked by higher cytokine levels (IL-1β, IL-6, 
and TNF-α) and CRP. As a result, a prolonged pro-inflammatory 
state induced by diet could cause insulin resistance  (29).  In 
the present study, inflammatory markers including fetuin-A, 
IL-6 and hs-CRP had a fully/partly mediator role between DII, 
indicating dietary inflammatory potential, and HOMA-IR. These 
results supported the hypothesis that inflammation mediates 
the relationship between diet and insulin resistance. Van Wou-
denbergh et al.  (11)  also showed a significant mediating role 
of low-grade inflammation in the association between diet and 
insulin resistance. Conversely, in a study with a black South 
African population, the mediating effect of inflammation was 
not found in the association between diet and HOMA-IR and 
other glucose metabolism markers; however, adiposity had a 
mediator role (14).  It might be that the direct effect of inflam-
mation might be diminished in the presence of obesity, the most 
detrimental risk factor. Besides, ethnicity may modify the effect 
of risk factors on insulin resistance (30). In addition, since the 
inflammation mechanism of action is mediated by paracrine and 
autocrine effects, the specific effects of inflammation may not 
be entirely determined (14).

Notably, fetuin-A explained the highest significant proportion of 
the association between DII and HOMA-IR. The fact that fetuin-A 
is an endogenous inhibitor of the insulin receptor tyrosine kinase 
is a major factor in this result (6). It has been shown that fetuin-A 
inhibits insulin signaling by inhibiting insulin receptor tyrosine 
kinase in skeletal muscle and hepatocytes, and causes insulin 
resistance in these target tissues in vitro (31,32). In addition, 
Stefan et al. (33) demonstrated that fetuin-A in rodents inhibited 
insulin receptor tyrosine kinase phosphorylation. Moreover, hu-
man studies showing the relationship between serum fetuin-A 
and insulin resistance are limited, although increasingly common 
as of today (7,34,35).

The inability to infer cause-effect relationships due to its de-
sign may be considered the main limitation of this study. Besides, 
the small sample size may have affected the statistical power to 
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identify some effects. In addition, the study population consists 
exclusively of women. Therefore, the results should be verified by 
future prospective longitudinal studies with larger sample sizes 
including both genders. However, there are several strengths of 
the present study. First, this is the first study investigating the 
mediator effects of fetuin-A in the association between diet and 
T2DM. Because the participants were women, an age limitation 
was applied due to the unknown effects of the menstrual cycle 
on fetuin-A and to eliminate the effects of the physiological chan-
ges related to menopause. In addition, BMI inclusion criteria were 
kept within narrow ranges in terms of study homogeneity. Finally, 
although the FFQ may cause measurement errors even in healthy 
individuals, it provided access to 44 of the 45 food parameters 
required to calculate the DII. Many previous studies used fewer 
parameters (17,22).

In conclusion, these findings suggest that a pro-inflammatory 
diet, by creating an environment of increased inflammatory 
markers, may affect glucose metabolism, in particular insulin 
resistance, through these markers and ultimately cause T2DM. 
In addition, fetuin-A may also act as an important novel mediator 
between diet and T2DM by inducing insulin resistance. These 
results strengthen the fact that diet has an important role in de-
veloping T2DM risk in obese women. Considering these findings, 
adopting an anti-inflammatory diet approach may be a helpful 
strategy for preventing insulin resistance and reducing risk of 
diabetes. Further prospective longitudinal studies with a larger 
sample size are needed to investigate the effects of fetuin-A on 
insulin resistance, and its mediating role in diet and T2DM. In 
these studies, the molecular mechanism of fetuin-A may be exa-
mined, and whether fetuin-A may be used as a clinical marker in 
T2DM may also be tested.
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