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Abstract

Background: Metabolic syndrome (MetS) is a global public health concern,

although its association with the inflammatory potential of the diet is still

indefinite. The main objective of the present study was to investigate the

association of MetS and its components with the inflammatory potential of

the diet in a Croatian working population with sedentary occupations.

Methods: In a cross-sectional study, Croatian workers (n = 366) self-admin-

istrated questionnaires for sociodemographic and health-related data. Their

anthropometric measurements and fasting blood samples were collected for

evaluation of MetS. The inflammatory potential of the diet was assessed

with a Dietary Inflammatory Index (DII)�, scored using dietary data col-

lected from a food frequency questionnaire. Multivariable logistic regression

analysis, adjusted for sex, age, body mass index, education, smoking, physi-

cal activity and energy intake, was used to establish the association between

DII and MetS.

Results: MetS prevalence was 25% and was significantly associated with a

pro-inflammatory diet [mean (SD) 3.28 (1.45); P < 0.01]. The pro-inflam-

matory diet was statistically associated with women, university degree, mod-

erate physical activity, snacking between meals, central obesity,

hypertriglyceridaemia, hypertension, low high-density lipoprotein-choles-

terol, MetS prevalence and lower adherence to a Mediterranean diet. Multi-

variable logistic regression analysis showed a statistically positive association

for a one-unit increase in the DII and MetS prevalence (odds ratio = 2.31;

95% confidence interval = 1.61–3.31; P < 0.01) and hypertension (odds

ratio = 1.28; 95% confidence interval = 1.01–1.64; P = 0.04).

Conclusions: Further longitudinal studies in different parts of Croatia,

including inflammation biomarkers, are needed to enable a more defined

view of the inflammatory potential of a diet and its association with various

inflammatory-based health conditions. The results obtained in the present

study indicate the need for the development of anti-inflammatory dietary

interventions for population health protection.

Introduction

A multifactorial condition known as the metabolic syn-

drome (MetS) is a global public health concern (1,2) as a

result of its associated risk of cardiovascular disease

(CVD), type 2 diabetes, non-alcoholic fatty liver disease

and other diseases (3). Obesity is associated with an

inflammation process that can be a precursor for meta-

bolic disease (2), whereas chronic low-grade inflammation

may have a great influence on developing MetS (4). The
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most studied dietary pattern in relation to MetS and

other diseases is the Mediterranean diet (MD). The MD

could decrease inflammation because of its high content

of polyphenols, as a result of their high presence in fruits,

extra-virgin olive oil, red wine and nuts (5,6). To estimate

the inflammatory potential of an individual’s diet, the

Dietary Inflammatory Index (DII)� (7) was developed and

validated (8) as a scoring algorithm of 45 food parameters.

The DII was shown to be a valuable tool for assessing a

diet’s inflammatory potential. It was investigated in asso-

ciation with MetS, although the results obtained are still

not definitive (9–18). A recent meta-analysis of DII associa-

tion with the risk of CVD, MetS and mortality revealed

that the most pro-inflammatory versus the most anti-in-

flammatory diet showed no association with an increased

risk of MetS (19). It was assumed that this could be the

result of a small number of studies dealing with that asso-

ciation, as well as the different study designs, dietary

assessment tools and participant characteristics. The need

for further cohort studies in different populations was

emphasised to explain that association (19). A prospective

French study (11) and recent cross-sectional Korean (15)

and Irish (18) studies found a pro-inflammatory diet to be

associated with MetS prevalence, whereas other similar

studies (9,10,12–14,16,17) did not report any association.

However, DII was related to MetS or its components in

five studies (10,16,18,20,21). Among the Croatian population,

MetS investigations are sparse, mostly having been con-

ducted among populations in the Adriatic Islands (22–25).

There is only one study indicating an association with the

diet (26), which showed a departure from the traditional

MD, and a significant association of high meat, alcohol

and fish consumption with MetS. The traditional MD

departure was also noted among younger southern Croa-

tia inhabitants (27). The Croatian Adult Health Survey

showed that one-quarter of Croatians had an unhealthy

diet, mostly men (28). The prevalence of MetS in Croatia

varies between 25% and 39% (24,29,30), reaching 47% on

the isolated Adriatic island of Vis (22). The main objective

of the present study was to investigate the association of

MetS and its components with the inflammatory potential

of the diet in Croatian working population with sedentary

occupations.

Materials and methods

Study population

Overall, 366 workers with sedentary type occupations, out

of 547 employees at the oil and gas company from the city

of Rijeka on the Croatian northern coast of the Adriatic

Sea, participated in the present cross-sectional study. They

agreed to participate in a survey named ‘Determination of

Vitamin D: importance in the prevention of osteoporosis,

cardiovascular diseases, type II diabetes, autoimmune dis-

eases and cancer’, as organised by the Teaching Institute

of Public Health of Primorsko-Goranska County, in

December 2014, during their regular health examinations

as a part of workplace wellness programme. Based on pro-

vided survey results, the participants were referred to see a

dietician and health specialist.

Data collection

Trained nutritionists interviewed participants with the

questionnaire on sociodemographics, which included

information about age, sex, education, physical activity,

smoking, leisure lifestyle and particular dietary habits

(snacking between meals, adding salt/sugar to meals and

beverages). The anthropometric measurements were taken

using an electronic scale (BC-544; Tanita, Tokyo, Japan).

The waist circumference (WC) measurement of each par-

ticipant was measured to the nearest 0.1 cm with non-

elastic tape. Blood pressure was measured on right arm

after 10 min of rest with an automatic monitor (HEM

705 CP; Omron Healthcare Co., Kyoto, Japan). Blood

samples were collected in the morning by an experienced

nurse after at least 12 h of fasting and were analysed

within 1 day of collection. Fasting plasma glucose, triglyc-

erides, total cholesterol and cholesterol linked to high-

density lipoproteins (HDL-C) were analysed enzymatically
(31–33) with an automatic analyser (model 7600; Hitachi,

Tokyo, Japan). The fraction of cholesterol linked to low-

density lipoproteins (LDL-C) was calculated using the

Friedewald equation (34).

Definition of the metabolic syndrome

The definition of MetS as declared by the International

Diabetes Federation Task Force on Epidemiology and

Prevention (1) was used for MetS diagnosis, comprising

the presence of three or more of the components:

WC ≥94 cm for men or ≥80 cm for women; fasting glu-

cose ≥5.6 mmol L�1; HDL-C <1.0 mmol L�1 in men and

<1.3 mmol L�1 in women; triglycerides ≥1.7 mmol L�1

and blood pressure ≥130 mmHg for systolic or

≥85 mmHg for diastolic pressure.

Dietary intake assessment

Dietary intakes were assessed with use of validated 97-

item food frequency questionnaire for Mediterranean

diet-based populations (35), which was adapted and used

for diet evaluation of Croatian student (36) and women

population (37). With the assistance of a registered nutri-

tionist, participants noted their usual consumption fre-

quency of offered foods over the last year, considering
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seasonal variations, in offered choices from ‘never’ to

‘more than three times a day’. The serving sizes of each

offered food were specified as small, medium and large,

and were supported with photos. The Croatian food com-

position database (38) and United States Department of

Agriculture (USDA) Database for the Flavonoid Content
(39) were used to calculate energy and nutrient intakes.

For study purposes, the Mediterranean diet score (MDS)

was used to assess the adherence to the MD. The scoring

algorithm has been described elsewhere (40). Good adher-

ence to the MD is defined as a score of 6 or higher, mod-

erate adherence as a score between 4 and 5, and low

adherence as a score of 3 or lower.

Dietary Inflammatory Index (DII)� calculation

The inflammatory potential of each participant’s diet was

calculated using the DII that was designed and developed

by Shivappa et al. (7). The dietary data of each participant

was first linked to the global means and SD of the food

and nutrients intakes from 11 nations (7) to calculate Z-

scores. These were later converted to a percentile and

centred to minimise the ‘right skew’ by doubling the

value and subtracting 1. The provided percentile score of

each food parameter was then multiplied by respective

inflammatory effect score to provide the food parameter-

specific DII score (7). The overall DII score for each study

participant was calculated as a sum of 37 food parameter-

specific DII scores of a possible 45 parameters (7). The

calculated 37 food parameters included nine pro-inflam-

matory components (energy, carbohydrates, protein, total

fat, saturated fatty acids, trans fat, cholesterol, iron and

vitamin B12) and 28 anti-inflammatory components (mo-

nounsaturated fatty acids, polyunsaturated fatty acids, n-3

fatty acids, n-6 fatty acids, fibre, alcohol, vitamins A, D,

E, C and B6, b-carotene, thiamine, riboflavin, niacin, folic

acid, magnesium, selenium, zinc, flavan-3-ol, flavones,

flavonols, flavonones, anthocyanidins, caffeine, garlic,

onion and pepper). Positive values of the DII score were

considered as a pro-inflammatory diet, whereas negative

values were considered as an anti-inflammatory diet (7).

Ethical approval

The present study was approved by the Teaching Institute

of Public Health of Primorsko-Goranska County for serum

vitamin D survey and health and all participants provided

their written consent with respect to participation.

Statistical analysis

The data analysis software system STATISTICA, version 13

(TIBCO Software Inc., Palo Alto, CA, USA, 2017) was

used for all of the statistical analyses. The Kolmogorov–
Smirnov normality test was performed prior to associa-

tion analysis. Continuous variables are presented as the

median and interquartile range, whereas categorical vari-

ables are presented as frequencies and percentages. The

differences were estimated using Mann–Whitney U,

Kruskal–Wallis or chi-squared tests depending on the

type of variable. The DII scores provided were divided

into quartiles: first quartile (n = 90; DII = �2.94 to

0.67), second quartile (n = 90; DII = 0.86–2.56), third

quartile (n = 93; DII = 2.58–3.59) and fourth quartile

(n = 93; DII = 3.65–5.30). Variables associated with MetS

were selected to be included in a linear regression model

to determine the influence of independent variable: the

DII. Univariate logistic regression was performed to spec-

ify the odds ratios (ORs) and 95% confidence intervals

(CIs) for MetS and its components. The multivariable-ad-

justed model included sex, age, body mass index (BMI),

education, smoking, physical activity and energy intake as

potential confounders. P < 0.05 (two-tailed) was consid-

ered statistically significant.

Results

Among the study participants, there were slightly more

women (Table 1), as well as a high proportion of partici-

pants who were younger than 40 years, had a university

degree, were non-smokers, were moderately physically

active, snacked between meals and had a diet that did not

adhere to the MD (P < 0.01, respectively). The partici-

pants were significantly overweight, with elevated WC,

total cholesterol and LDL-C levels, although with normal

levels of HDL-C, triglycerides and blood pressure

(P < 0.01, respectively) (Table 2). MetS was present in

24.6% of the participants (P < 0.01) and was significantly

associated with a higher education, non-smoking, physical

activity, snacking between meals, low adherence to MD,

being overweight, elevated WC, serum glucose, total

cholesterol LDL-C, triglycerides, hypertension and

reduced HDL-C (P < 0.01, respectively).

The DII ranged from �2.92 to 5.30, with a mean of

2.17. Lower (i.e. more anti-inflammatory) DII values were

significantly associated with higher physical activity

(P < 0.01), not snacking between meals (P < 0.01), better

adherence to MD (P < 0.01) (Table 1), normal BMI

(P = 0.03) and WC (P < 0.01), normal values of total

cholesterol (P = 0.01), LDL-C (P = 0.01), triglycerides

(P < 0.01) and blood pressure (P < 0.01), and not having

MetS (P < 0.01) (Table 2). The most pro-inflammatory

diet (fourth quartile) was statistically associated with

women (P < 0.01), university degree (P < 0.01), moder-

ate physical activity (P < 0.01), snacking between meals

(P < 0.01), elevated WC (P = 0.01), elevated triglycerides
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(P = 0.01), elevated blood pressure (P < 0.01), low HDL-

C (P = 0.01), having MetS (P < 0.01) and lower adher-

ence to MD (P < 0.01) (Table 3).

The mean daily intakes of food parameters, used for the

calculation of DII, are presented in Table 3. Participants in

the first quartile, classified as the most anti-inflammatory

group, had the highest MDS score (P < 0.01) and con-

sumed almost all of the pro- and anti-inflammatory food

components in higher amounts compared to the other par-

ticipants distributed in the other quartiles, except for trans-

fat and caffeine, which were consumed in higher amounts

by third and fourth quartile participants.

As shown the Table 4, the results of the odds ratio of

MetS and its components were evaluated for a one-unit

increase in the DII because the majority of participants

(85.2%) had a diet with pro-inflammatory potential (DII

higher than 0) and some of them grouped in the first quar-

tile (the most anti-inflammatory diet). Multivariable logis-

tic regression analysis showed a statistically positive

association for a one-unit increase in the DII and MetS

prevalence (OR = 2.31; 95% CI = 1.61–3.31; P < 0.01) and

hypertension (OR = 1.28; 95% CI = 1.01–1.64; P = 0.04).

Discussion

The present study showed a MetS prevalence of 25%, in

accordance with previous Croatian population MetS stud-

ies (22–26,29,30). MetS associations were in line with Croatian

studies (22–24,26,29) for smoking, physical activity, being

overweight, hyperglycaemia, hyperlipidaemia, hypercholes-

terolemia and hypertension, despite those studies mostly

having been conducted among subjects older than 40 years

whereas our participant were mostly younger than

40 years. We noted a higher prevalence of MetS among

physically active participants, which can be explained as an

attempt by the participants with diagnosed MetS or a MetS

component to overcome any adverse effects by being more

physically active. In comparison with studies dealing with

association of MetS and DII (10,11,13–18), MetS prevalence

was similar to a Korean study (15), higher than a Brazilian

Table 1 The Dietary Inflammatory Index� (DII) values and metabolic syndrome (MetS) prevalence according to socio-demographic and lifestyle

characteristics of participants

Characteristics n (%) DII* P-value** MetS n (%) P-value***

Sex

Men 177 (48.4) 2.39 (1.87) 0.11 54 (60.0) 0.06

Women 189 (51.6) 1.96 (2.03) 36 (40.0)

Age (years)

<40 years 234 (63.9) 1.98 (2.10) 0.10 42 (46.7) 0.53

≥40 years 132 (36.1) 2.26 (1.89) 48 (53.3)

Education level

University 306 (83.6) 2.09 (2.04) 0.38 75 (83.3) <0.01***

College 39 (9.8) 2.45 (1.55) 0 (0.0)

High school 21 (5.7) 2.75 (1.39) 15 (16.7)

Smoking status

Non-smoker 183 (50.0) 2.09 (1.84) 0.37 42 (46.7) 0.01***

Former 75 (20.5) 2.34 (2.50) 33 (36.6)

Current 108 (29.5) 2.18 (1.75) 15 (16.7)

Physical activity level

Low 105 (28.7) 3.10 (1.61) <0.01** 39 (43.3) <0.01***

Moderate 183 (50.0) 2.02 (1.99) 48 (53.3)

High 78 (21.3) 1.26 (1.81) 3 (3.4)

Adds sugar/salt to food/drinks

Yes 177 (48.4) 2.02 (2.07) 0.27 36 (40.0) 0.06

No 189 (51.6) 2.30 (1.85) 54 (60.0)

Snacking between meals

Yes 309 (84.4) 2.56 (1.73) <0.01** 90 (100.0) <0.01***

No 57 (15.6) 0.03 (1.78) 0 (0.0)

Mediterranean diet score

Low (0–3) 150 (41.0) 3.71 (0.90) <0.01** 78 (86.6) <0.01***

Moderate (4–5) 144 (39.3) 1.56 (1.53) 6 (6.7)

High (6–9) 72 (19.7) 0.15 (1.86) 6 (6.7)

*The values are reported as the median (interquartile range).

**Continuous variables analysed with the Mann–Whitney or Kruskal–Wallis test; P < 0.01.

***Categorical variables analysed by chi-squared analysis; P < 0.05.
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study (17), and lower than Luxemburg (9), Poland (13) and

Lebanon (14) studies. Our study found a significant associa-

tion of MetS with DII, which is comparable with the

French prospective study (11), the cross-sectional Korean

study (15) and Irish (18) studies, as well as with a Columbian

cohort study on overweight sedentary subjects (41),

although the researchers used MetScore for diagnosing

MetS, as well as different statistical analyses. Indeed, the

present study revealed that those who had the most pro-in-

flammatory diet had a two-fold higher chance to have

MetS, which is higher than in the previously mentioned

studies (11,15,18). A possible explanation of this association

could be that high proportion of our participants had a diet

with pro-inflammatory potential and one-third of them

had MetS. Although some MetS-DII studies (10,11,13,17) did

not find a significant association of Mets with DII, the asso-

ciations were found for MetS components, lower HDL-C

levels (9), glucose intolerance (10) and greater blood pressure
(13,16,21), which is similar to our results for hypertension.

Most of our participants were younger than 40 years with a

mostly pro-inflammatory potential of the diet, which is

similar to the Luxembourg (9) and Brazilian (17) studies.

Our study showed that low adherence to the MD was

associated with a significantly higher prevalence of MetS,

and confirmed a diminishing adherence to the traditional

MD among Croatians (26,27). The significantly higher con-

sumption of almost all pro-inflammatory food compo-

nents, except trans-fat, by participants in the first quartile

(most anti-inflammatory) is probably because 85.2% of

study participants had a DII higher than 0 (i.e. indicating

a pro-inflammatory diet). The consumption of pro-in-

flammatory food components, mostly originated from

animal-origin food with an abundance of proteins, satu-

rated fats and cholesterol. Those results are in line with

the prevously mentioned Croatian studies (26,27). How-

ever, first quartile participants also consumed significantly

higher amounts of anti-inflammatory food components

compared to the others.

Recent meta-analyses studies have observed a consider-

able association between the DII and the risk for CVD

Table 2 The Dietary Inflammatory Index� (DII) and metabolic syndrome (MetS) prevalence according to anthropometric and cardiovascular

characteristics of participants

Characteristics n (%) DII† P-value* MetS n (%) P-value**

Body mass index

Normal 165 (45.1) 1.85 (2.08) 0.03* 15 (16.7) <0.01**

Overweight 189 (51.6) 2.45 (1.88) 63 (70.0)

Obese 12 (3.3) 2.05 (0.80) 12 (13.3)

Waist circumference

Normal 138 (37.7) 1.91 (2.00) <0.01* 21 (23.3) <0.01**

Elevated 228 (62.3) 2.82 (1.53) 69 (76.7)

Serum glucose

Normal 174 (47.5) 2.05 (2.01) 0.52 0 (0.0) <0.01**

Elevated 192 (52.5) 2.27 (1.91) 90 (100.0)

Total cholesterol

Normal 117 (32.0) 1.61 (1.89) <0.01* 9 (10.0) <0.01**

Elevated 249 (68.0) 2.43 (1.94) 81 (90.0)

High-density lipoprotein-cholesterol

Normal 351 (95.9) 2.04 (1.99) 0.35 87 (96.7) <0.01**

Reduced 15 (4.1) 2.17 (0.99) 3 (3.3)

Low-density lipoprotein-cholesterol

Normal 138 (37.7) 1.75 (1.79) 0.01* 15 (16.7) <0.01**

Elevated 228 (62.3) 2.42 (2.02) 75 (83.3)

Triglycerides

Normal 270 (73.8) 1.94 (1.93) <0.01* 36 (40.0) <0.01**

Elevated 96 (26.2) 2.80 (1.92) 54 (60.0)

Blood pressure

Normal 243 (66.4) 1.89 (1.99) <0.01* 9 (10.0) <0.01**

Hypertension 123 (33.6) 2.71 (1.80) 81 (90.0)

Metabolic syndrome

No 276 (75.4) 1.80 (1.97) <0.01* 0 (0.0) <0.01**

Yes 90 (24.6) 3.28 (1.45) 90 (100.0)

†The values are reported as the median (interquartile range).

*Continuous variables analysed with the Mann–Whitney or Kruskal–Wallis test; P < 0.01.

**Categorical variables analysed by chi-squared analysis; P < 0.05.
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Table 3 Characteristics and food parameters daily intake of participants according to Dietary Inflammatory Index� (DII) quartiles

Characteristics

DII quartiles†

P-value*First (n = 90) Second (n = 90) Third (n = 93) Fourth (n = 93)

Men 30 (33.3) 51 (56.7) 60 (64.5) 36 (38.7) <0.01*

Age <40 years 57 (63.3) 57 (63.3) 60 (64.5) 69 (74.2) 0.33

Education level

University 81 (90.0) 69 (76.7) 72 (77.4) 84 (90.3) <0.01*

College 3 (3.3) 21 (23.3) 12 (12.9) 3 (3.2)

High school 6 (6.7) 0 (0.0) 9 (9.7) 6 (6.5)

Smoking status

Non-smoker 45 (50.0) 48 (53.3) 45 (48.4) 45 (48.4) 0.12

Former 18 (20.0) 9 (10.01) 24 (25.8) 24 (25.8)

Current 27 (30.0) 33 (36.7) 24 (25.8) 24 (25.8)

Physical activity level

Low 12 (13.3) 15 (16.7) 45 (48.4) 33 (35.5) <0.01*

Moderate 45 (50.0) 45 (50.0) 42 (45.2) 51 (54.8)

High 33 (36.7) 30 (33.3) 6 (6.4) 9 (9.7)

Adds sugar/salt to food/drinks 51 (56.7) 42 (46.7) 39 (41.9) 45 (48.4) 0.25

Snacking between meals 48 (53.3) 84 (93.3) 84 (90.3) 93 (100.0) <0.01*

Elevated waist circumference 18 (20.0) 18 (20.0) 33 (35.5) 33 (35.5) 0.01*

Elevated fasting glucose 45 (50.0) 42 (46.7) 60 (64.5) 45 (48.4) 0.06

Low high-density lipoprotein-cholesterol 0 (0.0) 6 (6.7) 9 (9.7) 0 (0.0) 0.01*

Elevated triglycerides 18 (20.0) 9 (10.0) 36 (38.7) 33 (35.5) 0.01*

Elevated blood pressure 27 (30.0) 9 (10.0) 54 (58.1) 33 (35.5) <0.01*

Metabolic syndrome 9 (10.0) 9 (10.0) 36 (38.7) 36 (38.7) <0.01*

Mediterranean diet score 6.00 (3.00) 5.00 (4.00) 3.00 (5.00) 2.00 (3.00) <0.01*

Energy (MJ) 10.18 (6.82) 9.28 (5.61) 8.47 (7.85) 7.27 (5.69) 0.01*

Proteins (g) 104.07 (84.44) 91.74 (59.38) 87.12 (78.17) 64.91 (72.88) 0.01*

Total fat (g) 100.97 (71.68) 86.79 (63.00) 79.99 (83.82) 65.64 (59.19) 0.01*

Saturated fat (g) 38.24 (46.53) 37.81 (30.81) 34.03 (57.03) 30.34 (27.91) <0.01*

MUFA (g) 49.40 (60.87) 36.64 (27.44) 30.45 (33.22) 26.90 (21.83) 0.01*

PUFA (g) 17.98 (20.51) 12.58 (14.95) 10.50 (12.99) 8.29 (10.39) 0.01*

Omega-3 (g) 1.20 (0.59) 1.09 (0.24) 0.89 (0.27) 0.94 (0.26) <0.01*

Omega-6 (g) 11.60 (4.58) 11.60 (3.58) 10.01 (3.15) 10.48 (4.76) 0.03*

Trans fat (g) 1.65 (1.64) 1.85 (2.20) 1.84 (3.30) 1.86 (2.75) 0.66

Cholesterol (mg) 444.61 (528.18) 431.38 (372.45) 361.41 (505.34) 305.41 (344.89) <0.01*

Carbohydrates (g) 243.82 (226.35) 206.21 (158.05) 199.32 (198.26) 208.71 (151.77) 0.01*

Fibre (g) 22.71 (17.20) 16.86 (10.85) 12.22 (12.49) 8.43 (11.90) 0.01*

Thiamine (mg) 2.71 (2.24) 1.81 (1.42) 1.61 (2.39) 1.71 (2.24) 0.01*

Riboflavin (mg) 2.88 (2.23) 1.92 (1.54) 1.90 (3.78) 1.76 (2.36) <0.01*

Niacin (mg) 18.31 (13.77) 14.25 (4.32) 14.23 (4.11) 10.72 (18.17) 0.01*

Pyridoxine (mg) 1.45 (0.69) 1.33 (1.23) 1.24 (1.66) 1.18 (0.47) 0.01*

Folic acid (mg) 287.55 (277.87) 201.24 (109.40) 150.84 (162.52) 126.63 (40.43) 0.01*

Vitamin B12 (lg) 2.04 (1.28) 1.81 (1.43) 1.79 (1.85) 1.83 (1.17) <0.01*

Vitamin A (mg) 455.14 (332.14) 378.72 (351.04) 353.74 (347.99) 313.60 (323.64) <0.01*

Vitamin C (mg) 126.45 (104.78) 84.88 (134.87) 64.35 (123.09) 39.22 (57.87) 0.01*

Vitamin D (lg) 9.90 (21.21) 8.69 (12.12) 7.30 (10.54) 5.66 (12.08) <0.01*

Vitamin E (mg) 6.69 (4.29) 5.32 (5.40) 5.31 (3.12) 4.71 (3.57) 0.01*

Magnesium (mg) 304.31 (132.44) 256.35 (180.73) 251.97 (175.31) 204.66 (134.11) 0.01*

Iron (mg) 15.63 (13.11) 12.14 (13.86) 11.28 (12.79) 9.05 (12.72) 0.01*

Zinc (mg) 14.96 (12.89) 12.58 (8.72) 11.80 (15.36) 9.12 (11.96) 0.01*

Selenium (lg) 51.33 (95.09) 48.67 (47.01) 33.07 (39.45) 26.99 (62.78) 0.01*

Alcohol (g) 4.29 (15.86) 4.29 (14.14) 5.14 (11.57) 1.00 (4.70) <0.01*

Caffeine (g) 15.14 (31.80) 15.01 (30.16) 21.20 (31.80) 21.20 (31.80) 0.01*

Flavan-3-ol (mg) 30.14 (37.02) 24.36 (32.47) 16.19 (28.49) 7.40 (30.09) 0.01*

Flavones (mg) 1.92 (1.68) 1.46 (2.12) 1.01 (2.02) 0.92 (1.47) 0.01*

Flavonols (mg) 18.91 (19.40) 15.40 (12.34) 10.48 (12.60) 9.23 (13.93) 0.01*
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and all types of mortality (19,42). If our participants con-

tinue with pro-inflammatory dietary habits, they can put

themselves at risk for CVD and all-cause mortality. For-

mer or current smokers had a pro-inflammatory potential

of their diet, which might represent a possible risk for

developing oral, lung and pharyngeal cancer (43). Smoking

is connected with a higher MetS risk, although conse-

quent weight-gain after smoking cessation, if unhealthy

dietary habits continue, may also increase the risk of

MetS (3). However, current smoking appears to have a

protective effect on MetS among 3245 Croatian partici-

pants (29) and our current smokers had significantly the

lowest prevalence of MetS. A significant proportion of

participants snacked between meals, which all had MetS

and were mainly grouped in more pro-inflammatory diet

quartiles. The ‘unhealthy snacking pattern’ was indepen-

dently associated with increased MetS among Spanish

young participants (44), and our similar study results pre-

sent a strong need for public health diet education and/or

intervention programmes aimed at younger generations,

toward reviving traditional MD. The present study

revealed that adding sugar/salt to food was not connected

with MetS, nor to a pro-inflammatory diet, which may

be because participants use them only in moderation.

Strengths and limitations

The present study should be regarded with some limita-

tions, such as the use of a self-reported food frequency

questionnaire and consequent under- or over-reporting by

participants. Still, possible mistakes are minimal because

questionnaire fulfilling was guided and monitored by

skilled nutritionists. The cross-sectional study nature pre-

vents us from making any conclusions regarding causality

and temporal outcome of the observed significant associa-

tion of dietary inflammatory potential and MetS. In addi-

tion, some of the studied participants diagnosed with

some aspects of MetS may have made some dietary

changes. Therefore, their diet may appear to be healthier

than that of those without MetS. Consequently, the

change in diet could create an artefact of more pro-in-

flammatory DII scores not being associated, or even being

protective, in some cases of MetS or its components,

although such changes have not been demonstrated in the

present study. In Croatia, general practitioners conduct

nutrition counselling. However, only 18.7% of Croatian

general practitioners always conduct nutrition counselling

with their patients, regardless of their individual health

risks, and 81.6% of them mentioned a lack of time as being

the most significant barrier for nutrition counselling (45).

These findings could indicate that MetS patients may not

receiving adequate nutrition counselling, which therefore

could have influenced the results of the present study.

The rather small study sample, consisting of workers

from one company and localised to one part of Croatia,

might give inadequate results with respect to the associa-

tion of DII and MetS in Croatia. The DII results showed

a significantly small proportion of participants with an

anti-inflammatory diet, which could be a result of the

limited presentation of DII components with anti-inflam-

matory potential, such as ginger, turmeric, rosemary,

thyme/oregano and green/black tea, in the food frequency

questionnaire. Croatia lacks consumption data of these

food items at a national or regional level. The original

Table 3 Continued

Characteristics

DII quartiles†

P-value*First (n = 90) Second (n = 90) Third (n = 93) Fourth (n = 93)

Flavonones (mg) 206.56 (418.38) 124.58 (269.37) 110.50 (300.93) 14.60 (196.21) 0.01*

Anthocyanidins (mg) 12.85 (30.65) 5.17 (22.36) 1.30 (21.83) 0.46 (14.18) 0.01*

†The values are reported as the median (interquartile range) or n (%).

*Continuous variables analysed with the Kruskal–Wallis test; categorical variables analysed by chi-squared analysis P < 0.05.

MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

Table 4 Crude and adjusted association of Dietary Inflammatory

Index� (DII) with metabolic syndrome (MetS) and its components

MetS/

components

Crude

P-value*

Adjusted† OR

(95% CI) P-value*OR (95% CI)

Metabolic syndrome

DII (unit) 1.97 (1.54–2.51) <0.01* 2.31 (1.61–3.31) <0.01*

Central obesity

DII (unit) 1.37 (1.11–1.69) 0.01* 1.32 (0.94–1.85) 0.11

Hyperglycaemia

DII (unit) 1.05 (0.88–1.26) 0.58 0.85 (0.66–1.10) 0.22

Hypertriglyceridaemia

DII (unit) 1.50 (1.20–1.86) 0.01* 1.29 (0.98–1.69) 0.07*

Hypertension

DII (unit) 1.34 (1.10–1.64) 0.01* 1.28 (1.01–1.64) 0.04*

Low high-density lipoprotein-cholesterol

DII (unit) 1.07 (0.67–1.70) 0.77 1.27 (0.67–2.43) 0.47

†Adjusted for sex, age, educational level, smoking, physical activity,

body mass index and energy intake.

*P < 0.01.

CI, confidence interval; OR, odds ratio.
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research (i.e. from which the present study results) was

primarily designed with different monitoring objectives

and had limited resources that did not enable researchers

to include inflammatory biomarkers possibly revealing a

better diet–disease association. Another possible limita-

tion is the use of USDA Database for the Flavonoid Con-

tent, which only contains data on flavonoids expressed as

aglycones.

However, the present study has its strengths. This is the

first Croatian study reporting data on the inflammation

potential of the diet among Croatians, as assessed with 37

nutrients used for scoring the DII, and presenting a signif-

icant association of pro-inflammatory diet to MetS. The

study results are significant with respect to emphasising

the worrying diet–disease situation among the younger

Croatian population. Although the study findings may be

of public health significance as a result of using anti-in-

flammatory dietary approaches to protect cardiometabolic

health, there is the need for further examinations includ-

ing endocrine and inflammatory biomarkers to clarify the

DII and MetS association among Croatians. Croatia has

been classified as a country with a high risk for CVD (46)

and CVD mortality rates are almost twice as high as the

European Union average, which points to shortcomings in

healthcare delivery and public health interventions,

according to European Comity Country Health Profile

2017 (47). By promoting and adopting a more anti-inflam-

matory diet, which might comprise reviving the MD her-

itage, Croatians may improve their cardio-metabolic

profile and attenuate the risk of CVD and MetS. MD has

been proven as a good dietary intervention for MetS pre-

vention and management (48).

Conclusions

The present study demonstrates a significant association

of DII with MetS and hypertension. There was a signifi-

cant proportion of participants with a pro-inflammatory

diet, mostly younger than 40 years, which represents a

risk for CVD development in later life. Further longitudi-

nal studies in different parts of Croatia, including inflam-

mation biomarkers, are needed for a more defined view

of the inflammatory potential of the diet and its associa-

tion with various inflammatory-based health conditions.

The reported results indicate the need for the develop-

ment of anti-inflammatory dietary interventions for pop-

ulation health protection.
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