
118

Cent Eur J Public Health 2018; 26 (2): 118–123

SUMMARY
Objectives: The aim of the study is to describe current prevalence of selected risk factors in the Czech general population in a particular region 

and to compare the data with recently published results in the selected population of Czech soldiers. The work also deals with the advantages and 
disadvantages of methods determining overweight and obesity.

Methods: Within medical preventive examinations the data of 1,051 individuals (482 men, 569 women) were obtained. In this group anthropo-
metric parameters such as height, body weight, Body Mass Index (BMI), and waist circumference were monitored. From biochemical parameters 
the following values were monitored: glycaemia, uric acid, total cholesterol, LDL-cholesterol, HDL-cholesterol, and triglycerides. Demographic data 
such as age, gender and achieved education were processed.

Results: Average BMI values in men were in the overweight range. Monitored average BMI values in women were up to standards. Monitored 
anthropometric parameters significantly increased with the age of examined individuals. The highest values of BMI and waist circumference were 
found in the over-50 age group. Selected biochemical parameters also increased with the age of examined individuals. Education did not have 
significant influence on the values of selected parameters. A statistically significant positive correlation was found between the values of BMI and 
waist circumference. The correlation coefficient in men was r = 0.804, p < 0.001, and in women r = 0.858, p < 0.001.

Conclusion: The work confirmed differences in anthropometric parameters between the civilian and military Czech male population due to a 
higher muscle mass percentage in the military population. The work also confirmed the significance of further anthropometric methods in diag-
nostics of overweight and obesity. The number of individuals with anthropometric and biochemical parameters out of the physiological range is 
increasing in the over-50 age category.
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INTRODUCTION

Cardiovascular disease (CVD), particularly ischaemic heart 
disease, is the number one cause in total morbidity and mortality 
in the Czech Republic. Ischaemic heart disease results in ap-
proximately 40% of all deaths due to cardiovascular causes (1). 
Increased concentrations of total cholesterol and LDL-cholesterol 
in plasma, decreased concentrations of HDL- cholesterol, arterial 
hypertension, smoking cigarettes, diabetes mellitus, and obesity 
are considered causal risk factors of CVD (1). According to BMI 
value more than 55% of inhabitants in the Czech Republic suffer 
from overweight and obesity (2). In the last 20 years a decrease 
in standardized cardiovascular mortality has been observed in 
the Czech Republic. This decrease is caused on one hand by new 
and more effective ways of treatment, on the other hand also by 

changes in the lifestyle, better eating habits, and by more consis- 
tent application of the principles of primary and secondary preven-
tion by the first contact doctors (1, 3). This work is aimed at current 
prevalence of selected risk factors in the Czech general population 
in a particular region. It responses to a recently published study 
concerning the selected population of military professionals (4). 
It also verifies obesity criteria in standard screening which have 
been discussed in recent years (5–7).

MATERIALS AND METHODS

The group of patients was recruited randomly within medical 
preventive examinations which were performed in several general 
practitioner’s surgeries from 2014 to 2016 in the Capital City of 



119

Prague, in the Prague Municipal Districts 5 and 10. In this group 
anthropometric parameters such as height, body weight, body 
mass index (BMI), and waist circumference were monitored. The 
body weight was determined in each proband wearing only under-
wear and without shoes under standard conditions that means on 
an empty stomach in the morning. To determine the body weight 
standard stand-on scales were used. The height measurement 
was performed using altimeter, the measured person was always 
without shoes. BMI was calculated as the ratio of body weight in 
kg to the squared height in meters (8). The waist circumference 
was measured at half the distance between the bottom edge of 
the lower rib and iliac crest of the hip bone at a horizontal level. 
Waist circumference values were defined according to the cardio-
metabolic risk. There is a moderate risk in waist circumference 
> 94 cm, possibly 80 cm (risk level 1), and a high risk (risk level 
2) in waist circumference higher than 102 cm in men and 88 cm 
in women (9).

From biochemical parameters the following values were moni-
tored: glycaemia, uric acid, total cholesterol, LDL-cholesterol, 
HDL-cholesterol, and triglycerides (TG). A venous blood sample 
was withdrawn on an empty stomach and parameters were deter-
mined in certified laboratories using standard laboratory methods. 
Demographic data such as age, gender, achieved education, and 
the size of permanent residence place were processed. The sta-
tistical data analysis was carried out using the software Stata13 
(StataCorp, USA). The frequency analysis of the group was car-
ried out using the same software. The comparison of results was 
performed using a Student’s t-test. The significance level was 
determined in all analyses as p ≤ 0.05.

RESULTS

From 2014 to 2016 the data of 1,051 individuals, 482 men 
and 569 women, were randomly obtained within medical preven-
tive examinations. The average age of the examined group was 
45.6 ± 14.7 years in men and 44.8 ± 13.7 years in women.

Average BMI values in men were in the overweight range. 
Monitored average BMI values in women were up to standards. 
Average values in waist circumference in men and women did not 
exceed the limits of high cardiometabolic risk (Table 1).

Variables
Men (n = 482) Women (n = 569)

p
Mean SD Mean SD

Weight (kg) 88.3 15.3 69.8 14.8 < 0.001
Height (cm) 180.2 7.4 167.0 6.8 < 0.001
BMI (kg/m2) 27.1 4.1 25.0 5.0 < 0.001
Waist circumference (cm) 97.1 14.3 84.5 15.7 < 0.001
Glycaemia (mmol.l−1) 5.13 0.94 4.99 0.73 0.009
Total cholesterol (mmol.l−1) 5.13 0.96 5.11 0.95 0.735
LDL cholesterol (mmol.l−1) 3.04 0.74 2.91 0.75 0.004
HDL cholesterol (mmol.l−1) 1.36 0.37 1.53 0.46 < 0.001
non-HDL cholesterol (mmol.l−1) 3.77 0.97 3.58 0.96 0.002
TG (mmol.l−1) 1.47 0.80 1.25 0.60 < 0.001

Table 1. Average values of separate parameters in men and women according to gender (N = 1,051)

Table 2 shows the number of individuals with normal body 
weight, overweight and obesity. There is also shown the distribu-
tion of individuals according to the waist circumference value.

Monitored anthropometric parameters significantly increased 
with the age of examined individuals. Table 3 shows the growth 
in the values of BMI and waist circumference in separate age 
categories.

If the group was divided into two age categories, under the age 
of 40 (n = 412) and over the age of 40 (n = 639), the values of BMI 
and waist circumference were statistically significantly different 
(p < 0.001). The highest values of BMI and waist circumference 
were found in the group over the age of 50 (Tables 3 and 4).

Selected biochemical parameters also increased with the age of 
examined individuals (Table 4). Comparing the two above men-
tioned age groups showed that the levels of glycaemia and total 
cholesterol statistically significantly differed (p < 0.001) in both 
genders. The rest of biochemical parameters (LDL-cholesterol, 
non-HDL-cholesterol and triglycerides) were statistically signifi-
cantly different (p < 0.001) only in women.

As expected, selected anthropometric parameters (height, body 
weight, waist circumference, BMI) were statistically significantly 
different depending on the proband’s gender (p < 0.05). Differences 
in selected biochemical parameters (glycaemia, LDL-cholesterol, 
HDL-cholesterol, and triglycerides) were small. Only in total 
cholesterol there was observed no difference (p = 0.73) (Table 1).

Education influenced the values of selected parameters only 
in the group of women. If the group was divided into a group of 
individuals with university education (n = 443) and in the group 
of individuals with lower than university education (n = 608), 
statistically significantly lower values were observed in the 
values of BMI and waist circumference (p < 0.001). From bio-
chemical parameters the statistically significantly lower values 
were observed in the values of glycaemia, total cholesterol and 
non-HDL-cholesterol (p < 0.05) in the group of individuals with 
university education (Table 5).

Table 6 shows individuals with increased biochemical para-
meters values. The highest percentage of increased values was 
found in the values of total cholesterol and LDL-cholesterol.

Statistically significant positive correlation was found between 
BMI and waist circumference values. The correlation coefficient 
in men was r = 0.804, p < 0.001, and in women r = 0.858, p < 0.001. 
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Men (n = 482) Women (n = 569)
n % n %

BMI (kg/m2)
Normal 149 30.9 324 56.9
Overweight 235 48.8 152 26.7
Obesity  98 20.3 93 16.3

Waist circumference 
(cm)

Normal 207 43.0 250 43.9
Risk I (> 94/80 cm) 124 25.7 97 17.1
Risk II (> 102/88 cm) 151 31.3 222 39.0

Table 2. Distribution of men and women in BMI categories and in separate risk categories according to waist circumference 
(N = 1,051)

DISCUSSION

BMI value is the main parameter in assessing overweight and 
obesity in the long term (8). According to this parameter 48.8% 

Age group
BMI (kg/m2) Waist circumference (cm)

Mean SD Mean SD

Less 30 years
M 25.0 4.3 91.8 14.3
F 22.6 4.7 76.9 13.3

30–39 years
M 26.7 4.1 95.0 12.2
F 23.4 4.3 80.5 13.7

40–49 years
M 27.6 4.0 97.4 13.7
F 25.1 4.8 83.6 15.8

50–59 years
M 28.5 4.3 101.5 15.3
F 27.1 5.1 90.7 16.1

Over 60 years
M 27.4 3.5 99.1 14.5
F 26.7 4.7 90.6 13.9

Table 3. Average values of separate parameters according to age

Variables
Less than 40 years (n = 412) Over 40 years (n = 639)

p
Mean SD Mean SD

BMI (kg/m2)
M 26.1 4.3 27.8 3.9 < 0.001
F 23.1 4.5 26.2 5.0 < 0.001

Waist circumference (cm)
M 93.8 13.1 99.2 14.6 < 0.001
F 79.1 13.7 88.0 15.9 < 0.001

Glycaemia (mmol.l−1)
M 4.90 0.59 5.45 1.2 < 0.001
F 4.83 0.54 5.24 0.89 < 0.001

Total cholesterol (mmol.l−1)
M 4.94 0.93 5.26 0.96 < 0.001
F 4.82 0.78 5.29 0.99 < 0.001

LDL cholesterol (mmol.l−1)
M 2.98 0.73 3.08 0.74 0.144
F 2.76 0.64 3.00 0.80 < 0.001

HDL cholesterol (mmol.l−1)
M 1.34 0.34 1.38 0.39 0.191
F 1.50 0.44 1.56 0.46 0.107

Non-HDL cholesterol (mmol.l−1)
M 3.60 0.92 3.88 0.99 0.002
F 3.33 0.82 3.74 1.00 < 0.001

TG (mmol.l−1)
M 1.36 0.73 1.53 0.84 0.021
F 1.12 0.52 1.33 0.64 < 0.001

Table 4. Average values of separate parameters according to age (N = 1,051)

of men and 26.7% of women in the examined group suffer from 
overweight and 20.3% of men and 16.3% of women suffer from 
obesity. If only the BMI value is considered, it could mean that 
nearly 70% of men have been diagnosed with overweight or obe-
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sity. The obtained total of individuals with higher body weight cor-
responds to the values obtained in the civilian population not only 
in the Czech Republic but also abroad. In 2009, a representative 
sample of the Czech population (n = 2,058) showed overweight 
in 34% of individuals and obesity in 23% of individuals. It was 
observed that the most risky period for increasing body weight 
is between the age of 50 and 59 when hypertension and diabetes 
is most frequently diagnosed (2). Prevalence of overweight and 
obesity in Spain was observed in 6,124 probands and it was di-
agnosed in 74% of them (10). The same incidence of overweight 
and obesity of 34% was observed in the American population (11). 

In comparison with the civilian population followed in our 
group, the percentage of Czech male soldiers in separate cat-
egories according to BMI is different. According to the last 
observation in 2015, 17% of men were diagnosed as obese. On 
the contrary, more than 58% of male soldiers are categorized as 
overweight. So, there is a lower number of male soldiers with 
the BMI values over 30 kg/m2 in the Czech Armed Forces (4). 

This high percentage in overweight is given mostly by the 
number of individuals with higher body weight due to their in-

creased muscle mass (12). The same results were obtained in the 
military population of other armies (13, 14).

As expected and in accord with the results of other authors (4, 
12, 15), the values of anthropometric parameters of obesity in the 
monitored group are increasing depending on the age of examined 
individuals. The highest BMI values were registered in the 50–59 
age category. To the contrary, the highest waist circumference 
values were registered in the over-60 age category. This piece 
of knowledge can support the idea that the waist circumference 
value is better for assessing the classes of obesity, because in 
the over-60 age category the adipose tissue around the waist is 
increasing and the muscle mass is decreasing.

By assessing the waist circumference, the percentage of men 
with increased values was lower than by assessing the BMI. 
Overweight was observed in 49% of men, but only 26% of them 
had an increased waist circumference in the range of a moderate 
risk. The waist circumference higher than 102 cm was found in 
31.3% of men. This fact showed a big difference from the Czech 
military population in which the waist circumference over 102 
cm was found only in 15% of Czech male soldiers (4).

Variables
Lower than university education (n = 608) University education (n = 443)

p
Mean SD Mean SD

BMI (kg/m2)
M 27.2 4.6 27.0 3.7 0.311
F 25.7 5.2 24.0 4.7 < 0.001

Waist circumference (cm)
M 97.2 15.0 97.0 15.0 0.881
F 86.4 16.4 81.6 14.0 < 0.001

Glycaemia (mmol.l−1)
M 5.1 1.8 5.09 0.77 0.207
F 5.05 0.79 4.91 0.62 0.015

Total cholesterol (mmol.l−1)
M 5.11 0.97 5.15 0.95 0.608
F 5.18 0.98 5.00 0.88 0.027

LDL cholesterol (mmol.l−1)
M 3.04 0.73 3.05 0.75 0.877
F 2.94 0.77 2.86 0.71 0.204

HDL cholesterol (mmol.l−1)
M 1.39 0.39 1.34 0.34 0.108
F 1.54 0.46 1.52 0.45 0.617

Non-HDL cholesterol (mmol.l−1)
M 3.72 0.94 3.82 1.01 0.271
F 3.64 0.98 3.48 0.91 0.043

TG (mmol.l−1)
M 1.36 0.68 1.34 0.74 0.725
F 1.29 0.61 1.19 0.59 0.060

Table 5. Average values of separate parameters according to education (N = 1,051) 

Variables
Risk values 

Men (n = 482)
Risk values 

Women (n = 569)
n % n %

Total cholesterol (> 5.0 mmol.l−1) 255 52.9 279 49.0 
TG (> 1.7 mmol.l−1) 120 24.9 90 15.8 
LDL (> 3.0 mmol.l−1) 228 47.3 216 38.0 
HDL (< 1.0 or < 1.3 mmol.l−1) 229 47.5 34 6.0 
Glycaemia (> 5.6 mmol.l−1) 91 18.9 73 12.8 
Uric acid (> 420 or > 340 μmol.l−1) 80 16.6 11 1.9

Table 6. Percentage of individuals with risk values of biochemical parameters (N = 1,051)
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To the contrary, in the female subpopulation, in which such 
an amount of muscle mass cannot physiologically be found and 
in which a smaller variability in the muscle mass percentage is 
observed, the values of waist circumference and BMI are approxi-
mately in similar percentage values. The above mentioned results 
confirm the assumption that according to the BMI value male 
individuals with a normal body fat percentage and increased mus-
cle mass are also included into the category of overweight. Thus, 
the BMI criterion itself is not sufficient, especially for assessing 
the overweight. It is necessary to extend the current assessment 
algorithm by further parameters, especially by the waist circum-
ference value and the total body fat percentage. These parameters 
can complete appropriately the BMI values and thus better identify 
individuals with the risk of obesity and associated complications 
(5–7). According to other authors the waist circumference value 
is a better risk indicator for the incidence of diabetes mellitus or 
metabolic syndrome than the BMI value (16, 17). It is also suitable 
to combine the BMI value and impedance techniques (18).

Nearly half of the monitored men had higher LDL-cholesterol 
levels, but the average value of the monitored parameter was at 
the upper bound of the physiological range (3.04 mmol.l−1). In 
the group of men a higher HDL-cholesterol level was observed in 
nearly 50% of cases, which, in accord with other studies, poses an 
independent protective factor for cardiovascular diseases (19, 20).

Increased glycaemia level was observed in nearly 19% of 
men. To the contrary, monitored parameters increased over the 
physiological range were observed in women to a lesser extent. 
Average values of selected biochemical parameters were in both 
men and women in the physiological ranges.

In comparison with other data, in the group of 6,154 Czech 
male soldiers (average age in the group was 40.4 ± 6.9 years), the 
average LDL-cholesterol level was 3.3 mmol.l−1. Other monitored 
biochemical parameters were in the group of Czech male soldiers 
on average in the physiological ranges (4). In the group of 2,508 
Czech men and women (51% of women), higher LDL-cholesterol 
level was observed in 40% of individuals (21).

Some of the above mentioned anthropometric and biochemi-
cal parameters were reciprocally compared to determine the 
size of correlation between them. It concerned anthropometric 
parameters such as body weight, BMI and waist circumference; 
and biochemical parameters such as glycaemia, total cholesterol, 
LDL-cholesterol, HDL-cholesterol, and triglycerides values.

As assumed, a very tight positive correlation between the BMI 
value and the waist circumference value was observed in men 
and in women. It can be proved that this correlation is less tight 
in men. This fact confirmed again a greater significance of vari-
ability of muscle mass percentage in the BMI parameter in men. 
In view of a higher muscle mass percentage in men and based 
on the observed differences in correlations between genders it is 
possible to state that the BMI value is more usable for a female 
population, to the contrary, the waist circumference value is a 
more significant value in men.

Further interesting correlations between separate anthropo-
metric and biochemical parameters were not observed or were 
not statistically significant. It was found out that in the examined 
group monitored anthropometric parameters such as body weight, 
waist circumference and BMI influence the values of glycaemia or 
lipid profile at the statistical significance level of p < 0.05 neither 
in men nor in women.

CONCLUSION

The prevalence of some risk factors in cardiovascular diseases 
is shown on a chosen sample of the population from a particular 
region of the Czech Republic.

In accord with works of other authors, it was confirmed that 
in the over-50 age group the number of individuals with anthro-
pometric and biochemical parameters out of the physiological 
range is increasing (21, 22). The work confirmed differences 
in anthropometric parameters between the civilian and military 
Czech male population which are caused by a higher muscle mass 
percentage in the military population. The work also confirmed 
significance of further anthropometric methods in diagnostics of 
overweight and obesity in dependence on gender (23).

Acknowledgement
The work was supported by the Long-term Organization Development 
Plan No.1011 and by the programme PROGRES Q 25/LF1, Charles 
University, Prague.

Conflict of Interests
None declared

REFERENCES

1.	 Rosolová H, Nussbaumerová B, Mayer O Jr, Cífková R, Bruthans J. Suc-
cess and failure of cardiovascular disease prevention in Czech Republic 
over the past 30 years. Czech part of the EUROASPIRE I-IV surveys. 
Physiol Res. 2017 Apr 5;66 Suppl 1:S77-84.

2.	 Matoulek M, Svačina Š, Lajka J. The incidence of obesity and its com-
plications in the Czech Republic. Vnitr Lek. 2010;56(10):1019-27. (In 
Czech.)

3.	 Poledne R, Škodová Z. Changes in nutrition, cholesterol concentration, 
and cardiovascular disease mortality in the Czech population in the past 
decade. Nutrition. 2000;16(9):785-6.

4.	 Fajfrová J, Pavlík V, Šafka V, Krutišová P, Zetocha J. Prevalence of 
selected risk factors of the metabolic syndrome in the Armed Forces of 
the Czech Republic. Mil Med Sci Lett. 2017;86(2):52-7. (In Czech).

5.	 Kruschitz R, Wallner-Liebmann SJ, Hamlin MJ, Moser M, Ludvik B, 
Schnedl WJ, et al. Detecting body fat - a weighty problem BMI versus 
subcutaneous fat patterns in athletes and non-athletes. PLoS One. 2013 
Aug 26;8(8):e72002. doi: 10.1371/journal.pone.0072002.

6.	 Flegal KM, Shepherd JA, Looker AC, Graubard BI, Borrud LG, Ogden 
CL, et al. Comparisons of percentage body fat, body mass index, 
waist circumference, and waist-stature ratio in adults. Am J Clin Nutr. 
2009;89(2):500-8.

7.	 Lean ME, Han TS, Morrison CE. Waist circumference as a measure for 
indicating need for weight management. BMJ. 1995 Jul 15;311(6998):158-61.

8.	 Obesity: preventing and managing the global epidemic. Report of a WHO 
Consultation on Obesity, Geneva, 3-5 June 1997. Geneva: WHO; 1998.

9.	 Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, 
et al. Harmonizing the metabolic syndrome: a joint interim statement of 
the International Diabetes Federation Task Force on Epidemiology and 
Prevention; National Heart, Lung, and Blood Institute; American Heart 
Association; World Heart Federation; International Atherosclerosis Soci-
ety; and International Association for the Study of Obesity. Circulation. 
2009 Oct 20;120(16):1640-5.

10.	 Marín A, Medrano MJ, Gonzáles J, Pintado H, Compaired V, Bárcena M, 
et al. Risk of ischaemic heart disease and acute myocardial infarction in 
a Spanish population: observational prospective study in a primary-care 
setting. BMC Public Health. 2006 Feb 17;6:38. doi:10.1186/1471-2458-
6-38.

11.	 Flegal KM, Caroll MD, Ogden CL, Curtin LR. Prevalence and trends in 
obesity among US adults, 1999-2008. JAMA. 2010 Jan 20;303(3):235-41.

12.	 Fajfrová J, Pavlík V, Psutka J, Husarová M, Krutišová P, Fajfr M. Preva-
lence of overweight and obesity in professional soldiers of the Czech 
Army over an 11-year period. Vojnosanit Pregl. 2016;73(5):422-8.



123

13.	 Tomczak A, Bertrandt J, Klos A. Physical fitness and nutritional status 
of polish ground force unit recruits. Biol Sport. 2012;29(4):277-80.

14.	 Sanderson PW, Clemes SA, Biddle SJ. Prevalence and socio-demographic 
correlates of obesity in the British Army. Ann Hum Biol. 2014;41(3):193-
200.

15.	 Ginter E, Simko V. Adult obesity at the beginning of the 21st cen-
tury: epidemiology, pathophysiology and health risk. Bratisl Lek Listy. 
2008;109(5):224-30.

16.	 Seo DC, Choe S, Torabi MR. Is waist circumference ≥ 102/88 cm better 
than body mass index ≥ 30 to predict hypertension and diabetes develop-
ment regardless of gender, age group, and race/ethnicity? Meta-analysis. 
Prev Med. 2017 Apr;97:100-8.

17.	 Parish RC, Huang J, Mansi I. Screening for the metabolit syndrome in 
a public care hospital clinic population: a simple measurement of waist 
circumference. J Investig Med. 2011;59(1):22-6.

18.	 Mullie P, Vansant G, Hulens M, Clarys P, Degrave E. Evaluation of 
body fat estimated from body mass index and impedance in Belgian 
male military candidates: comparing two methods for estimating body 
composition. Mil Med. 2008;173(3):266-70.

19.	 Heinecke J. HDL and cardiovascular-disease risk - time for a new ap-
proach? N Engl J Med. 2011;364(2):170-1.

20.	 Reiner Z, Catapano AL, De Backer G, Graham I, Taskinen MR, Wiklund 
O, et al; European Association for Cardiovascular Prevention & Reha-
bilitation. ESC/EAS Guidelines for the management of dyslipidaemias: 
the Task Force for the management of dyslipidaemias of the European 
Society of Cardiology (ESC) and the European Atherosclerosis Society 
(EAS). Eur Heart J. 2011 Jul;32(14):1769-818.

21.	 Wohlfahrt P, Krajčoviechová A, Bruthans J, Cífková R. Hyperten-
sion and hypercholesterolemia in the Czech population. Vnitr Lek. 
2016;62(11):863-7. (In Czech.)

22.	 Assmann G, Schulte H, Seedorf U. Cardiovascular risk assessment in the 
metabolic syndrome: results from the Prospective Cardiovascular Munster 
(PROCAM) Study. Int J Obes (Lond). 2008 May;32 Suppl 2:S11-6.

23.	 Pavlík V, Fajfrová J, Husárová M, Hlúbik P. Prevention of obesity in the 
Army of the Czech Republic. Hygiena. 2011;56(3):85-8. (In Czech.)

Received August 25, 2017
Accepted in revised form May 31, 2018


