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Abstract
Background: Unhealthy eating habits and physical inactivity constitute an emerging public health problem. The working population 
is of special interest for public health monitoring and evaluation because workers’ unhealthy lifestyles may lead to reduced work abil-
ity. The aim of this study was to determine diet quality and adherence to the Mediterranean diet (MD), according to the level of physi-
cal activity, and to detect variables associated with the working population’s being highly physically active. Material and Methods: At 
the Institute for Occupational Medicine 400 full-time workers were examined for obesity factors, filled in the short version of Inter-
national Physical Activity Questionnaire (IPAQ-short) and a validated food frequency questionnaire for adherence to the Mediterra-
nean diet using Mediterranean Diet Score (MDS). The workers were divided into low, moderate and high physical activity groups ac-
cording to the IPAQ-short scoring protocol. Hierarchical linear regression was performed to determine the variables associated with 
being highly active. Results: One-third of the participants were highly physically active and their diet adhered to the MD (MeMDS = 7). 
Significant variables associated with a high level of physical activity were gender (p < 0.001), age (p = 0.02), waist-to-hip ratio (WHR) 
(p < 0.001), sitting level (p = 0.044) and occupational type (p < 0.001). Conclusions: It was found that the participants displaying 
a high level of physical activity had a better quality diet that adhered to the Mediterranean diet but not to a significant degree. The 
variables associated with a high level of physical activity were male gender, younger age, normal WHR, non-sedentary occupation 
and reduced sitting time. The study findings could serve the purpose of improving future public health promotion of physical activity 
and the Mediterranean diet. Med Pr. 2019;70(2)
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THE ASSOCIATION BETWEEN THE MEDITERRANEAN DIET 
AND HIGH PHYSICAL ACTIVITY 
AMONG THE WORKING POPULATION IN CROATIA

ORIGINAL PAPER

INTRODUCTION

Despite the known health benefits of regular physical 
activity (PA) [1] habits, a large share of the European 
population is physically inactive [2]. Physical inactivity 
causes 6–10% of the major non-communicable diseases, 
including coronary heart disease and type 2 diabetes, 
as well as breast and colon cancer [3]. The 2005 Euroba-
rometer survey [4] showed that 59% of adult Croatians 
were physically inactive; in 2007 39% of them were in-
active [5], while the 2013 Eurobarometer survey con-
ducted in 28 European countries [6] revealed that 21.6% 
of Croatians were inactive, which indicated a signifi-
cant rise in PA among Croatians. Another Croatian PA 
study showed a rise in the number of metabolic equiv-
alent (MET) minutes per week (MET-min/week) from  
58.2 [7] to 78.7 [8] but the 2013 Eurobarometer survey [6] 

showed the Croatian average of 42.4 MET-h/week. The 
working population, aged 18–64, is of special interest for 
public health monitoring and evaluation as workers’ 
unhealthy habits may lead to significant individual, or-
ganizational, economic and social consequences due to 
sick leaves. In addition, the majority of working peo-
ple spend, on average, one-third or more of their day at 
work, so their occupational PA may have a significant 
contribution to their total daily activity. Studies dealing 
with occupational and leisure-time PA and sitting hab-
its revealed that high occupational activity was associ-
ated with a reduced risk of abdominal obesity [9] while 
leisure-time sitting might have a stronger association 
with obesity than occupational sitting. Another health 
problem is that, out of 28 EU countries, Croatia has the 
highest prevalence of overweight among men  [10]. In 
the light of public health, PA is often coupled with diet 
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when it comes to dealing with non-communicable dis-
eases which account for three quarters of total morbid-
ity and mortality, both in the world and in Croatia [11]. 
In addition, one quarter of the Croatian examinees had 
unhealthy eating habits [12] and, with age, achieved 
a better quality diet, especially women [13−15] which 
showed that the female working-age population (aged 
18–65) mostly had an unhealthy diet. Most health stud-
ies examine the diet-health relationship and are less 
focused on the relationship between physical activity 
and diet, especially in Croatia, which is an important 
public health program determinant. The World Health 
Organization’s PA recommendations encourage an in-
creased PA, not only in terms of quantity but also in-
tensity, for additional health benefits [1]. 

The aim of this study was to determine diet quali-
ty and adherence to the Mediterranean diet (MD), ac-
cording to the level of physical activity, and to detect 
variables associated with the high level of physical ac-
tivity among the working population.

MATERIAL AND METHODS

Participants
This cross-sectional study covered full-time workers 
who visited the Institute for Occupational Medicine as 
part of their regular occupational health checks from 
March to July 2016. Out of 457 participants, 57 were 
excluded due to illness, and the remaining 400 partici-
pants, who had signed the informed consent for all study 
actions that were in accordance with the Declaration of 
Helsinki, were included. The Ethics Committee of the 
Teaching Institute of Public Health approved the study 
protocol. 

The questionnaire and physical activity assessment
The study data was obtained from the questionnaire di-
vided into 2 parts. The first part was about the partici-
pants’ socio-demographic and work characteristics en-
abling the determination of sedentary and non-sedentary 
occupation types, and the occupational and leisure-time 
PA, using the short version of International Physical Ac-
tivity Questionnaire (IPAQ-short) in the Croatian lan-
guage [16] to assess the participants’ scores for sitting, 
walking, moderate- and vigorous-intensity activities 
during the preceding 7 days. Based on the PA data, 
an estimated energy expenditure in MET-min/week 
was calculated according to the scoring protocol [16], 
by which the participants were divided into 3 groups as 
follows: 

1. A high group which included participants who had 
done vigorous-intensity activity for at least 3 days and 
accumulated at least 1500 MET-min/week, or any 
combination of walking, moderate-intensity or vig-
orous intensity activities for 7 days, achieving a mini-
mum of 3000 MET-min/week. 

2. A moderate group which included participants 
who had done vigorous activity for 3 or more days, 
at least 20 min per day, or ≥ 5 days of moderate-in-
tensity activity or walking, at least 30 min per day, 
or ≥ 5 days of any combination of walking, moder-
ate-intensity or vigorous intensity activities, achiev-
ing a minimum of 600 MET-min/week.

3. A low group which included participants who had not 
met any of the above recommendations. 

Dietary habits assessment  
and Mediterranean Diet Score (MDS)
The second part of the questionnaire was a validated 
Food Frequency Questionnaire (FFQ) for the Mediter-
ranean diet-based populations [17], which was adapt-
ed and used for diet evaluation of the Croatian female 
population of the Primorsko-Goranska County [13]. 
The participants indicated their usual consumption fre-
quency of 57 offered meals in the preceeding week, with 
options ranging from “never” to “more than 3 times  
a day,” and the serving sizes that were specified as small, 
medium and large. It is well known that traditional di-
etary habits and lifestyles unique to the Mediterranean 
region lower the incidence of chronic diseases and im-
prove longevity [18]. Therefore, assessing the adher-
ence to the Mediterranean diet (MD) is of public health 
significance. Trichopoulou et al. [19] described Medi-
terranean Diet Score (MDS) as a tool for assessing the 
MD adherence on the basis of 9 characteristics of the 
traditional MD. The total MDS ranged from 0 show-
ing the minimum adherence to the traditional MD to 
9 showing the maximum adherence. A Mediterranean 
Diet Score of 0−3 indicated no adherence to the MD, 
4−5 indicated medium adherence, and 6−9 – a good ad-
herence to the MD.

Anthropometric assessment
Trained nurses measured the participants’ body weight 
and height using an electronic scale (SECA, Germany), 
with weight accuracy of ±0.1 kg, and height accuracy of  
±0.5 cm that was used for the body mass index (BMI) 
calculation. The body mass index was categorized into 
underweight (<  18.50 kg/m2), normal weight (18.50− 
24.99 kg/m2), overweight (25.00−29.99 kg/m2) and obese 
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(≥ 30 kg/m2). Waist and hips circumferences were mea-
sured with a Seca 1 ergonomic tape (SECA, Germany) 
(0−205 cm) that was used for calculating the waist-to-
hip ratio (WHR). Waist circumference (WC) was cat-
egorized as increased (men ≥ 94 cm, women ≥ 80 cm) 
and WHR was categorized as large (men > 1.00, women 
> 0.85) [20].

Statistical analysis
The normality of the study variables was tested using the 
Kolmogorov-Smirnov test. The categorical variables are 
shown as numbers and percentage rates, and the numer-
ical variables – as means, standard deviation, medians 
and interquartile range. As the main aim was to display 
the differences in PA classes according to the IPAQ rec-
ommendations (the IPAQ guidelines) [16], the Chi2 test,  
the two-way analysis of variance (ANOVA) and the Kru-
skal-Wallis test were used for testing the differences be-
tween the categorical and numerical variables. In order 

to determine socio-demographic variables, anthropo-
metric parameters and significant nutritional predictors 
of the high level of physical activity, hierarchical linear 
regression was applied. The significance level for all anal-
yses was set at p < 0.05. All the data was statistically ana-
lyzed using the Statistical Package for the Social Sciences 
(SPSS) software, version 18 (SPSS Inc., USA), and the Dell  
Statistica software system, version 13 (Dell Inc., USA).

RESULTS

The characteristics of the study participants are presented 
in  Table 1 according to the IPAQ recommendations [16] 
by 3 groups: low, moderate and high. The participants 
were mostly moderately physically active (p  <  0.000) 
and one-third of them were highly active. The majority 
of the participants were men (68%) and they were sta-
tistically better represented in all PA groups (p = 0.004). 
The participants’ median age was 36 years and the partic-

Table 1. Characteristics of the study participants who visited the Institute for Occupational Medicine in 2016 by physical activity groups 

Variable
Physical activity

p 
overall low moderate high

Participants [n (%)] 400 (100) 32 (8) 220 (55) 148 (37) < 0.000a

men [n (%)] 272 (68) 24 (75) 128 (58) 120 (81)
0.004a

women [n (%)] 128 (32) 8 (25) 92 (42) 28 (19)

age [in years] (M (IQR)) 36 (13) 33 (16.5) 38 (18) 34 (11) 0.035b

sedentary occupation [n (%)] 196 (49) 20 (5) 128 (32) 48 (12)
0.002a

non-sedentary occupation [n (%)] 204 (51) 12 (3) 92 (23) 100 (25)

BMI [kg/m2] (M±SD) 25.5±3.7 26.3±3.9 26.0±5.1 24.7±3.5 0.127

WC [cm] (M±SD)

men 95.6±11.2 94.3±12.7 99.8±10.6 91.3±9.8 < 0.000b

women 82.1±9.97 83.50±9.09 84.17±10.3 75.0±4.87 0.134

WHR (M (IQR)) 

men 0.9 (0.07) 0.87 (0.07) 0.93 (0.06) 0.87 (0.06) < 0.000b

women 0.80 (0.05) 0.84 (0.06) 0.80 (0.06) 0.77 (0.04) 0.035b

Total PA [min/week] (M (IQR)) 600 (480) 420 (120) 560 (180) 1020 (540) < 0.000b

LPA 420 (210) 260 (210) 320 (120) 420 (240) < 0.000b

MPA 180 (300) 120 (120) 180 (80) 420 (480) < 0.000b

VPA 60 (60) 0 (0) 90 (60) 180 (360) < 0.000b

MET-min/week 1980 (2850) 1260 (120) 1620 (540) 4500 (3420) < 0.000b

Sitting [min/day] (M (IQR)) 300 (120) 360 (60) 300 (60) 240 (60) 0.000b

a p values significant for group differences at p < 0.05 (Chi2 test).
b p values significant for group differences at p < 0.05 (ANOVA and the Kruskal-Wallis test).
BMI – body mass index, LPA – low physical activity, MET-min/week– metabolic equivalent-min per week, MPA – moderate physical activity, PA – physical activity,   
VPA – vigorous physical activity, WC – waist circumference, WHR – waist-to-hip ratio.
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ipants with moderate PA habits (p = 0.035) were signifi-
cantly the oldest. There were slightly more participants 
with non-sedentary occupations (construction workers, 
cleaning service workers, waiters and waitresses, nurs-
es, salespeople, sportspeople) and they were mostly in 
the high PA group (p  =  0.002), while the participants 
representing sedentary occupations (teachers, manage-
ment staff, administrators, clerks, transport workers) 
had mostly low and moderate PA habits. On average, the 
participants were overweight. The participants with high 
PA habits had normal weight, while low and moderate 
PA group members were overweight. On average, all the 
participants, both men and women, had increased WC, 
while WHR in both genders was kept within the recom-
mended range [20]. Men in the high PA group had sig-
nificantly lower WC and WHR than in the other 2 groups 
(p < 0.001, p < 0.001, respectively). Women in the high 
PA group had significantly lower WHR than in the other 
2 groups (p = 0.035).  

The participants’ total PA was 600 min/week, and 
the high PA group spent twice as much time (p < 0.000) 
on leisure-time PA. Low PA with an average of 420 min/
week prevailed in all PA groups, moderate PA was 3 times 
more frequent in the high PA group than in the other  
2 PA groups and vigorous PA was represented as taking 
60 min/week in the moderate and high PA groups. The 
median MET-min/week was 1980 and 3177.60 on av-
erage. The median of 4500 MET-min/week in the high 
PA group was 2.8 times higher than in the moderate PA 
group (p < 0.000) and 3.6 times higher than in the low PA 
group (p < 0.000). Sitting time of the study participants 
was determined at 300 min/day, being statistically sin-
gificantly longer in the low PA group (p = 0.000) than in 
the other 2 PA groups, with the highly active participants 
reporting to have spent less time sitting.

The participants’ dietary habits, which are presented 
in Table 2, mostly adhered to the MD (MeMDS =  6), with 
the high PA group displaying the best adherence to the 

Table 2. The study participants who visited the Institute for Occupational Medicine in 2016, including their energy, dietary variables 
intake and Mediterranean Diet Score (MDS) by physical activity groups

Variable
Physical activity

overall low moderate high p

Energy [MJ] (M (IQR)) 8.1 (4.5) 8.4 (6.6) 8.2 (4.5) 7.8 (4.6) 0.676

Proteins [%MJ] (M (IQR)) 18.4 (3.2) 18.4 (2.4) 17.8 (3.0) 19.2 (3.8) 0.004a

Lipids [%MJ] (M±SD) 33.7±4.1 33.9±3.2 33.5±4.9 33.1±6.6 0.460

Cholesterol [mg] (M (IQR)) 415.1 (256.5) 318.9 (262.9) 377.1 (223.0) 466.8 (391.3) 0.000a

Dietary fiber [g] (M±SD) 18.9±7.4 17.3±5.5 18.2±7.2 20.1±7.9 0.173

Grains [g] (M (IQR)) 214.3 (192.1) 216.8 (411.1) 225.7 (190.0) 211.4 (161.4) 0.141

Legumes [g] (M (IQR)) 62.9 (27.1) 62.9 (27.9) 62.9 (27.2) 90 (27.1) 0.007a

Milk and dairy products [g] (M (IQR)) 386.4 (262.8) 467.8 (306.4) 388.5 (274.2) 351.4 (225.7) 0.065

Meat and meat products [g] (M (IQR)) 232.6 (148.3) 205.4 (326.2) 236.1 (144.3) 244.9 (142.3) 0.709

Eggs [g] (M (IQR)) 28.5 (28.5) 14.2 (28.5) 28.5 (14.2) 42.8 (42.8) 0.000a

Fish [g] (M (IQR)) 51.4 (77.1) 39.0 (51.4) 51.4 (51.4) 51.4 (77.1) 0.142

Vegetables [g] (M (IQR)) 151.4 (45.7) 132.1 (45.7) 147.1 (45.7) 182.1 (71.4) 0.003a

Potatoes [g] (M (IQR)) 127.1 (114.2) 115.7 (115.7) 127.1 (92.8) 115.7 (131.4) 0.900

Fruit [g] (M (IQR)) 137.1 (94.3) 81.8 (162.9) 120.0 (85.7) 154.2 (102.8) 0.092

Olive oil [ml] (M (IQR)) 4.67 (2.1) 4.6 (3.7) 4.2 (3.7) 8.6 (6.2) 0.033a

Sweets [g] (M (IQR)) 89.1 (75.8) 51.8 (136.1) 86.4 (97.9) 55 (88.6) 0.001a

Regular soft drinks [ml] (M (IQR)) 57.1 (57.1) 28.5 (57.1) 57.1 (71.4) 0 (57.1) 0.062

Coffee [ml] (M (IQR)) 15 (5) 15 (6.08) 15 (5) 10 (7.9) 0.157

Alcoholic beverages [ml] (M (IQR)) 71.4 (157.1) 132.1 (178.5) 71.4 (192.8) 21.4 (71.4) 0.000a

MDS (M (IQR)) 6 (2) 5.50 (1.50) 6 (2) 7 (2) 0.113

a p values significant for group differences at p < 0.05 (ANOVA and the Kruskal-Wallis test).
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MD (MeMDS = 7). Although the high PA group had the 
smallest energy intake, its members had a statistically 
significantly greater intake of proteins (p = 0.004), cho-
lesterol (p = 0.000), legumes (p = 0.007), eggs (p = 0.000), 
vegetables (p  =  0.003) and olive oil (p  =  0.033). They 
also had statistically the lowest intake of alcoholic bev-
erages (p = 0.000). The intake of grains, milk and dairy 
products, as well as regular soft drinks and coffee was 
also the lowest in the high PA group but not to a statisti-
cally significant degree. In the low PA group the greatest 
intake of milk and dairy products, and the lowest intake 
of meat and meat products, fish, vegetables and fruit 
were noted but deemed insignificant. The moderate PA 
group showed significantly the greatest intake of sweets 
(p = 0.001). 

The results of hierarchical linear regression are 
shown in Table 3. The analysis of the obtained results 

showed that age (p  =  0.008), gender (p  <  0.001) and 
WHR (p  <  0.001) were significant predictors of the 
high level of physical activity. The high level of physi-
cal activity was significantly negatively associated with 
age and WHR, and positively with gender. The body 
mass index and WC are not significant predictors of 
the high level of physical activity. After controlling age, 
gender, WHR, WC and BMI, the high level of physic- 
al activity was significantly positively associated with 
the sitting level (p  =  0.043) and the occupation type 
(p < 0.001). 

In the third step, after controlling the effects in the 
second step, age (p = 0.02), WHR (p < 0.001), the sitting 
level (p = 0.044) and the occupational type (p < 0.001) 
remained significant predictors, while the MDS is not 
a significant predictor of the high level of physical ac-
tivity.

Table 3. A hierarchical regression analysis of the association of socio-demographic variables, anthropometric parameters and nutrition  
with high physical activity among the working population

Step/Variable β ΔR2 R2 F

Step 1 0.17** 0.17** 16.65**

age group −0.144*

gender 0.274**

BMI −0.068

WHR −0.267**

WC 0.003

Step 2 0.04** 0.21** 15.28**

age group −0.132*

gender 0.101

BMI −0.032

WHR −0.239**

WC −0.060

sitting level 0.103*

occupation type 0.284**

Step 3 0.00** 0.21** 13.34**

age group −0.130*

gender 0.102

BMI −0.032

WHR −0.239**

WC −0.063

sitting level 0.102*

occupation type 0.286**

MDS −0.010

*p < 0.05, **p < 0.001.
Abbreviations as in Tables 1 and 2.
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DISCUSSION

In this study, the participants’ average PA habits were 
greater than 300 min/week as recommended [21] but 
lower than the Croatian PA assessed by Jurakic et al. in 
2014 [8] and they were more similar to Jurakic et al.’s PA 
study conducted in 2009 [7]. A half of the participants 
reached the WHO moderate PA recommendations [1] 
and one-third of them were highly active, which was 
twice as low as assessed by Eurobarometer in 2013 [6]. 
It was found that male gender and younger age were in-
dependently associated with being highly active, which 
was comparable to Gerovasili et al. [6] and Jurakic et al.’s 
studies [7,8] and so was the non-sedentary occupation 
type, which was consistent with a large Chinese stu- 
dy [22]. A decline in PA with age was detected, which was 
in line with other studies on PA according to age [7,23]. 
In this study, two-thirds of people aged less than 45, 
who belonged to the so-called Millennial Generation 
or Generation Y [24], were involved, which was asso-
ciated with a greater willingness to do physical activity. 
The study participants were generally overweight, simi-
lar to the Croatian PA study conducted in 2014 [8] and  
the Southern Croatian Mediterranean diet study [15]. 
It was detected that workers with greater WHR were less 
likely to be highly active than those with normal WHR. 
Workers with large WC, and especially with large WHR, 
were less physically active, which is in accordance with 
large Finnish [25] and Swiss [26] studies with similar 
variables. The results of a Spanish study [27] showed 
that its physically active participants had lower BMI, 
better adhered to the MD and consumed more vegeta-
bles, fruit, legumes, cereals, fish and nuts, but less red 
and white meat, which was similar to this study’s highly 
active participants. This study also showed that those 
who participated more in moderate to high levels of PA 
had Mediterranean dietary habits, which was similar to 
a recent Italian study [28] where they found that high 
adherence to the MD was associated with being highly 
active. The large Netherlands European Prospective In-
vestigation into Cancer and Nutrition (EPIC-NL) cohort 
study [29] showed that physical inactivity was associ-
ated with unhealthy dietary patterns assessed with the 
MDS in their low and high educated participants, which 
was similar to the results of this study. Some of the 
study participants had a diet that certainly needed im-
provements, which was similar to the results obtained 
in the study by Marventano et al. [28]. Given that the 
participants of this study were mostly people of young-
er age, the results were similar to other studies that 

had shown that younger people had unhealthy eating  
habits [30]. 

This study was based on self-reported data which 
constitutes its limitation, and so does the relatively lim-
ited number of participants. Other potential PA con-
founders, such as socio-cultural, economic and smoking 
factors, were not taken into account. However, the study 
proves advantageous as it was the first Croatian study 
to examine the high PA habits’ association to anthropo-
metric and dietary factors. The study findings could im-
prove future public health PA promotion and guidelines 
for Croatia and the whole region. Public health actions 
should be more focused on the workplace that rep-
resents an ideal place for promoting healthy diet since 
people spend most of their day in that environment, 
and diet education at workplace has had a positive im-
pact on changing the eating habits and increasing work-
place efficiency. 

In addition, investigating PA and dietary habits by 
the clinic for occupational medicine purposes represents  
a good setting for conducting public health surveys as 
well as promoting health benefits of both PA and MD. 

CONCLUSIONS

It was found that one-third of the participants were 
highly active and had a better diet quality, adhering to 
the Mediterranean diet but not significantly. The vari-
ables associated with the high level of physical activi-
ty included male gender, younger age, normal WHR, 
non-sedentary occupation and reduced sitting time. 

Those findings suggest that messages about physi-
cal activity and the Mediterranean diet health benefits 
are progressively being used, which represents a signifi-
cant public health message acknowledgment. Still, such 
health messages should be continuously promoted.
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