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INTRODUCTION

It is very well known that abdominal obesity is strongly 
associated with major health consequencies of obesity, 
i.e. cardiovascular diseases and type 2 diabetes. Viscer-
al fat depot is the major source of free fatty-acids and 
adipokines with proinflammatory and prothrombotic 
properties; it plays a central role in the development 
and progression of insulin resistance and cardiometa-
bolic complications of obesity [1,2].  

Waist circumference alone is a widely used, sim-
ple and effective marker of abdominal visceral fat 
and health risks associated with obesity [3-5]; recom-
mended cut-off points for waist circumference that 
correspond with higher cardiovascular risk (≥80 cm for 
women and ≥94 for men) are widely accepted in clinical 
practice. However, it has been shown that individuals 
with similar waist circumferences and different heights 
can differ in their health risks [6]. Three research groups 
suggested waist-to-height ratio (WHtR) as the better 
marker of the risk [7-9]. The value of 0.5 was suggested 
as the cut-off value that should indicate increased risk, 
while the value of 0.6 was taken as the upper value that 
indicates substantially increased risk [7,10]. 

However, it has been acknowledged that the pro-
cess of aging is characterized by decreasing body 
height and increasing fat mass with redistribution of 
fat tissue by means of visceral fat deposition, even if 
body weight and BMI are maintained [11,12] which im-
plies that WHtR cut-offs should differ with aging. Addi-
tionaly, several studes pointed to important role of the 
body height in cardiovascular risk [13,14]. 

Considering different patterns of body fat distribu-
tion in men and women, age-dependent dynamics of 
fat distribution and body height changes, the objec-
tive of our study was to assess age- and gender-specific 
predictive values of WHtR for metabolic syndrome, as 
well as to compare prediction accuracy between WHtR 
and waist circumference.   

MATERIAL AND METHODS

Study group consisted of 1517 subjects (725 men and 
792 women) aged 18 to 67 years (average age was 
43.44±10.80), with BMI values between 16.60 and 64.60 
kg/m2: 29,33%  has normal-weight (BMI: 18.5-24.9 kg/
m2), 30,19% has overweight (BMI: 25-29,9 kg/m2) and 
40,47% was obese (BMI≥30 kg/m2). This investigation 
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was taken as a part of a larger cross-sectional popula-
tion study of the prevalence of obesity and cardiovas-
cular risk factors among adult population living in the 
urban and rural areas of Vojvodina province situated in 
the northern part of Serbia. Participants were invited 
to participate in the study via local media, pamphlets 
and social networks. Participants underwent thorough 
medical evaluation; all the tests included were free of 
charge for all participants. The study was conducted in 
accordance with the Declaration of Helsinki. Average 
values of anthropometric parameters, blood pressure 
and metabolic parameters are given in the Table 1. 

Table 1. Characteristics of the study sample.

X±SD Min-Max

Age (years) 43.44±10.80 18.00-76.00

Body mass (kg) 86.05±19.99 44.20-193.40

Body height (cm) 170.54±8.93 139.40-198.00

BMI (kg/m2) 29.65±6.95 16.60-64.60

WC (cm) 95.85±16.40 59.50-172.00

WHtR 0.563±0.098 0.356-1.012

FAT% 33.83±10.56 5.80-60.80

SBP (mmHg) 130.99±18.46 90.00-200.00

DBP (mmHg) 84.80±12.56 50.00-130.00

Total cholesterol (mmol/l) 5.91±1.34 2.76-12.60

Triglycerides (mmol/l) 1.93±1.64 0.37-12.53

LDL-cholesterol (mmol/l) 3.77±0.97 1.79-9.65

HDL-cholesterol (mmol/l) 1.17±0.29 0.46-2.43

Total-/HDL-cholesterol 5.36±1.85 1.78-19.64

LDL-/HDL-cholesterol 3.41±1.25 0.82-12.87

Glycaemia (mmol/l) 5.10±1.23 3.00-13.10

Body height (BH) was measured using Harpenden 
anthropometer with the precision of 0.1 cm and body 
mass (BM) was measured us-
ing balanced beam scale with 
the precision of 0.1 kg. Waist 
circumference (WC) was mea-
sured using flexible tape with 
precision 0.1 cm, at the level of 
middle distance between the 
lowest point on the costal arch 
and the highest point on the 
iliac crest.  

In the assessment of met-
abolic risk we used IDF (The 
International Diabetes Fed-
eration) criteria for metabol-

ic syndrome [15]– central obesity defined as WC≥94 
cm for men (GENDER=0) and WC≥80 cm for women 
(GENDER=1) plus any two of the following factors: tri-
glycerides ≥1.7 mol/l, HDL-cholesterol <1.03 mmol/l for 
men and <1.29 mmol/l for women, systolic blood pres-
sure ≥130 mmHg, diastolic blood pressure ≥85 mmHg 
and glycaemia ≥5.6 mmol/l.

Blood pressure was measured early in the morn-
ing after 5 minutes resting, using sphingomanometer 
Riva-Rocci. Total cholesterol and total triglyceride lev-
els were determined by an enzyme-based method, 
HDL-cholesterol levels were determined by the pre-
cipitation method with sodium phospho-wolframate, 
and LDL-cholesterol levels were calculated using the 
Friedwald et al. formula. Fasting glucose levels were 
determined by Dialab glucose GOD-PAP method, and 
serum insulin levels were determined by ELISA.

Determining predictive values of WHtR

At first, the total number of metabolic risk factors (ms 
coefficient) was calculated for every responder. Aver-
age values of WC and WHtR were directly proportional 
to the number of metabolic risk factors (Table 2). Next, 
the risky and risk-free zones were defined, using the 
values of WC and ms coefficient: a responder belongs 
to the risky zone if WC≥94 cm for men and WC≥80 cm 
for women and if ms≥2; a responder belongs to the 
risk-free zone if WC<94 cm for men and WC<80 cm for 
women and if ms<2 [15].

The respondents with hazardously enlarged waist 
circumference were extracted (men ≥94 cm; women 
≥80 cm) and distributed into 5 age groups: <30, 30-
39, 40-49, 50-59, ≥60y, and every group was sorted 
according the ms coefficient. The values of WHtR were 
observed as a function of the ms coefficient. As ex-
pected, the function was highly nonlinear so the linear 
regression was performed. For every age group the 
critical value of WHtR was calculated for ms=2 and the 
linear regression was performed producing values that 
correspond to the lower limit for the risky zone. The 
same procedure was applied to the respondents with 
normal values of WC (men <94 cm; women <80 cm), 
and by linear regression the upper limits were defined 
for the risk-free zone.

Table 2. Average values of WC and WHtR in the groups of different metabolic risks.

Group Total ms=0 ms=1 ms=2 ms=3 ms=4 ms=5

Men

Number 725 66 162 126 215 114 42

WC (cm) 98.429 92.0682 95.3981 97.7968 99.1265 103.6140 104.3667

WHtR 0.5585 0.5178 0.5395 0.5530 0.5628 0.5924 0.5976

Women

Number 792 133 162 173 167 117 40

WC (cm) 93.4807 80.9504 88.6012 95.9353 97.9551 101.4137 102.4050

WHtR 0.5672 0.4916 0.5372 0.5788 0.5956 0.6164 0.6279
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For every age group the predictive value was cal-
culated as an average between the lower limit of risky 
zone and the upper limit of risk-free zone (dashed line 
on the Figures 1 and 2).

Comparison of WC and WHtR in the prediction of the 
metabolic syndrome

In order to compare WC and WHtR in metabolic risk 
prediction, a MATLAB (Version 7.0) program was im-
plemented to test the following 8 assertions on our 
dataset:
1. If a person is male and if WC≥94 cm then ms≥2.
2. If a person is male and if WC<94 cm then ms<2.
3. If a person is female and if WC≥80 cm then ms≥2.
4. If a person is female and if WC<80 cm then ms<2.
5. �If a person is male and belongs to the age group AGE 

and if WHtR≥WHtR*(AGE) then ms≥2.
6. �If a person is male and belongs to the age group AGE 

and if WHtR<WHtR*(AGE) then ms<2.
7. �If a person is female and belongs to the age group 

AGE and if WHtR≥WHtR*(AGE) then ms≥2.
8. �If a person is female and belongs to the age group 

AGE and if WHtR<WHtR*(AGE) then ms<2.

RESULTS

According to the values from the Table 3 we can notice 
that lower limits of WHtR for the risky zone are higher 
in women (in average 0.5930 for men and 0.6089 for 
women). Upper limits of the risk-free zone are higher in 
men in all age groups. In men, lower limits of risky zone 
are growing with aging, while in women they are fall-
ing down. Upper limits of the risk-free zone grow with 
aging in both genders but the increasement is faster in 
men (Figures 1 and 2).

The Tables 4 and 5 contain com-
parative data on the accuracy of the 
metabolic risk prediction by WC and 
WHtR. The data obtained show that 
the parameter WHtR is better than 
WC when detecting the risky pro-
file and worse for detection of the 
healthy profile. The accuracy of risky 
metabolic profile detection using 
WHtR (ACWHtR) is 76.45%, while the 
prediction accuracy for WC (ACWC) is 
74.17%, meaning that WHtR is 2.28% 
better than WC in average. The accu-
racy of the healthy profile prediction 
based on WHtR is 48.21%, whereas 
the value based on WC is 52.55%, i.e. 
WHtR is in average 4.34% worse than 
WC. The accuracy if the risky profile 
prediction based on WHtR is 76.47% 
for men and 76.43% for women. The 

Table 3. Limits for WHtR obtained by linear regression.

Age (years)

Number

<30

n=208

30-39

n=271

40-49

n=552

50-59

n=417

≥60

n=69

Low limits of the risky zone

Men 0.5833 0.5881 0.5930 0.5979 0.6028

Women 0.6298 0.6193 0.6089 0.5984 0.5879

Upper limits of the risky-free zone 

Men 0.4558 0.4756 0.4953 0.5151 0.5348

Women 0.4253 0.4393 0.4533 0.4673 0.4813

Predictive values

Men 0.5195 0.5318 0.5442 0.5565 0.5688

Women 0.5275 0.5293 0.5311 0.5329 0.5346

Figure 1. Metabolic risk prediction based on WHtR values in men. 
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Figure 2. Metabolic risk prediction based on WHtR values in women 
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maximal accuracy of risky metabolic profile prediction 
using WHtR is calculated for the age group 50-59y for 
men (84.42%) and 40-49y for women (85.29%). The ac-
curacy of healthy profile prediction based on WHtR is 
40.72% for men and 55.62% for women. The maximal 
accuracy is determined for the age group 30-39y for 
men (60.87%) and ≥60y for women (76.92%). 

Table 4. Prediction accuracy (AC) of WC and WHtR in the de-
tection of risky metabolic profile.

     Age (years) ACWC (%) ACWHtR (%) ACWHtR - ACWC

Men

75.22 76.47 1.25

<30 56.00 57.89 1.89

30-39 72.22 76.47 4.25

40-49 70.91 71.03 0.12

50-59 82.95 84.42 1.47

≥60 75.00 72.73 -2.27

Women

73.34 76.43 3.09

<30 64.81 67.74 2.93

30-39 66.36 69.15 2.79

40-49 79.89 85.29 5.40

50-59 78.77 81.58 2.81

≥60 57.14 58.82 1.68

Total

74.17 76.45 2.28

Table 5. Prediction accuracy (AC) of WC and WHtR in the de-
tection of healthy metabolic profile.

Age (years) ACWC (%) ACWHtR (%) ACWHtR - ACWC

Men

42.49 40.72 -1.77

<30 46.15 46.67 0.52

30-39 58.14 60.87 2.73

40-49 42.61 40.74 -1.87

50-59 31.88 30.77 -1.11

≥60 28.57 23.53 -5.04

Women

65.14 55.62 -9.52

<30 75.00 68.63 -6.37

30-39 67.19 63.75 -3.44

40-49 55.42 47.06 -8.36

50-59 69.23 48.28 -20.95

≥60 88.89 76.92 -11.97

Total

52.55 48.21 -4.34

DISCUSSION

This study was conducted with an aim to determine 
age and gender-dependent predictive values of WHtR 
for metabolic syndrome. Our results confirmed that, 
apart from waist circumference, body height measure-
ment increases accuracy of metabolic risk prediction. 
Predictive values of WHtR differ between men and 
women and show age-dependent dynamics in men. 

Recognized importance of abdominal fat depo-
sition has led to an increased interest in establishing 
standards for diagnosis of abdominal obesity. Waist cir-
cumference is suggested as a good indicator of both, 
visceral fat mass and cardiovascular risk [8,16-18]. Nev-
ertheless, some studies have proved that WHtR shows 
superiority over other anthropometric indicators of 
cardiometabolic risk [19,20]. Using waist circumference 
relative to body height is more appropriate for a few 
reasons. First of all, body circumferences correlate with 
body height reflecting biomechanical properties of un-
derlying structures, particularly in men [21]. Thus, tall-
er individuals would have a larger waist circumference 
which certainly doesn’t mean that cardiometabolic risk 
increases with body height. On contrary, body height 
has been shown to have inverse relationship with car-
diovascular morbidity [13,14,22]. Heymsfield et al. [21] 
also found lower values of WHtR in taller persons which 
they explain by the fact that waist circumference in-
creases at the slower rate than does body height. Take 
for example, two men aged 43y with the same waist 
circumferences (95 cm) – first one is 187 cm tall, while 
the other is 162 cm tall; they differ in they WHtRs: 
0.5080 and 0.5864, respectively. According to our re-
sults, in the first case WHtR closes to the healthy zone 
(in average 0.4953 for age-category 40-49y) while the 
second men from the example is at higher metabolic 
risk, with high accuracy (71.03%). At the same time, us-
ing of WHtR could prevent potential misclassifications 
done by using of WC alone - an 65 year old woman with 
WC 82 cm, which is considered as increased value, and 
body height 168 cm (WHtR=0.488) can be considered 
without risk. According to the results of the large me-
ta-analysis including data from several ethnic groups 
taken by Ashwell et al., [23] WHtR gave the best discrim-
ination over WC for cardiovascular outcomes, diabetes, 
dyslipidemia and combined outcomes. Our results also 
show higher accuracy of WHtR comparing to WC in the 
determination of risky metabolic profile, particularly in 
middle-aged individuals of both genders. 

Most studies found predictive value of WHtR 0.5 
[5,7,24,25]. Rodriques et al. [26] defined WHtR cut-off 
values for metabolic syndrome: 0.53 for men, and 0.54 
for women. Lin et al. [20] established even lower cut-
offs for Taiwanese population: 0.48 for men and 0.45 
for women. Our cut-offs were higher in men in all age-
groups except in the youngest one (men: 0.52, wom-
en: 0.53). Predictive values of WHtR in women didn’t 
change much with aging – in all age-groups they were 
0.53. However, the precision of prediction has been 
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shown to be higher in older women. In men, cut-offs 
raised with aging from 0.52 to 0.57, which means that 
the same values of waist circumference and body 
height in two men of different ages hold different met-
abolic risks. For example, two men aged 35y and 62y 
with the same WHtR 0.56 differ in their risks – younger 
one is at the higher risk than the older one. This could 
be in line with the phenomenon of “obesity paradox” in 
older individuals [27,28].

There are also ethnic-related differences in visceral 
fat size and body height. Recommended values of WC 
could underestimate visceral fat size in populations like 
Chinese and South Asians [3]. Accordingly, cut-offs for 
WHtR will differ across populations. Considering addi-
tional variations of body heigh and probably different 
age- and gender-dependent risk across different pop-
ulations, there is a need to define population-specific 
predictive values for WHtR. 

This study brings new insight regarding to criteria 
used in the definition of the metabolic syndrome. In 
order to properly define metabolic risk waist circumfer-
ence should be considered in relation with the longitu-
dinal body dimension.  

Considering constraints of this study, there is a need 
to mention a relatively small sample and inclusion of 
metabolic risk factors only. Establishing more accurate 
limits for WHtR needs the more comprehensive ap-
proach to cardiometabolic risks of obesity, including all 
patophysiological aspects of enlarged visceral fat. The 
interpretation of the results for the oldest group should 
be taken with caution because of the lowest number 
of subjects.

CONCLUSION

In the conclusion, according to the Serbian popula-
tion-based study results predictive values of WHtR are 
higher in men than in women; in men they increase 
with aging while in women they don’t change after the 
age of 30. Additionally, predictive accuracy of WHtR in-
creases with aging, which makes it more appropriate 
indicator in older persons than waist circumference. 
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Prediktivne vrednosti odnosa obima struka i telesne visine u 
metaboličkom sindromu 

Kratak sadržaj 
Poznato je da odnos obima struka i telesne visine (waist-to-height ratio, 
WHtR) predstavlja dobar pokazatelj kardiometaboličkog rizika. Većina stu-
dija preporučuje referentnu vrednost WHtR od 0,5 za oba pola i za sve sta-
rosne kategorije. Imajući u vidu starosno uslovljene promene telesne visine 
kao i polno specifične promene obrasca distribucije masnog tkiva tokom 
starenja, osnovni cilj ovog istraživanja bio je da se generišu starosno i polno 
specifične referentne vrednosti WHtR za predikciju metaboličkog sindroma.  
U studiju je uključeno 1517 osoba oba pola (725 muškaraca and 792 žene) 
starosti 18-67 godina (indeks telesne mase: 16,60-64,60 kg/m2). Metabolički 
sindrom je dijagnostikovan primenom IDF kriterijuma. a potom su izraču-
nate prediktivne vrednosti WHtR za oba pola i za sve starosne grupe. WHtR 
se pokazao boljim u predikciji metaboličkog sindroma kod muškaraca nego 
kod žena. Granična vrednost se kod muškaraca povećavala sa starenjem 
(od 0,52 za grupu starosti ispod 30 godina do 0,57 za grupu starosti 60 i više 
godina), dok se kod žena nije menjala tokom starenja (0,53). Pouzdanost 
predviđanja metaboličkog sindroma bila je veća kod starijih osoba. U pore-
đenju sa obimom struka WHtR se pokazao boljim u determinisanju rizičnog 
metaboličkog sindroma, dok se obim struka pokazao boljim u identifikaciji 
zdravog metaboličkog profila. Prediktivne vrednosti WHtR se razlikuju u od-
nosu na pol, a kod muškaraca pokazuju i zavisnost od starosti. U poređenju 
sa obimom struka WHtR se pokazao boljim u predikciji metaboličkog sin-
droma.
Ključne reči: Gojaznost; Obim struka; Odnos obima struka i telesne visine; 
Metabolički sindrom.
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