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Abstract
Introduction: Obesity is a civilization disease of the 21st century. The prevalence of obesity and overweight among children and 
adolescents is constantly increasing. BMI (body mass index) and WHR (waist to hip ratio) are methods of obesity assessment recom-
mended by the WHO. Also, the WtHR (waist to height ratio), which takes into account height, is one of the most popular methods 
of diagnosing childhood obesity. A more recent diagnostic indicator is the FMI (fat mass index), which considers the percentage of 
the patient's body fat. 
The aim of the study was to compare the methods of assessing obesity in children and adolescents using the following indicators: 
BMI, WHR, WtHR, and FMI and to determine the consistency of the results obtained with them. 
Material and methods: The study included 195 children aged 11–18 years, from whom the following data were collected: height, 
weight, waist circumference, and percentage of body fat. The calculated indices (BMI, WHR, WtHR, FMI), expressed in SDS, were 
compared using the Bland-Altman test, Passing-Bablok regression, and the slope chart. 
Results: The fewest diagnoses of obesity were shown by FMI SDS (15.9%) and the highest by WHR SDS (28.7%). WHR SDS showed 
the least consistent results with BMI SDS. Significant statistical differences were found between BMI SDS and both FMI SDS and 
WtHR SDS.
Conclusions: BMI, as the most acceptable obesity indicator, can be used as a screening method for assessing obesity. However, pa-
tients with boundary BMI values should be examined more precisely, using more than one index. FMI is recommended. 
Key words:
pediatric obesity, body mass index, fat mass index, body composition.

Streszczenie
Wprowadzenie: Otyłość jest chorobą cywilizacyjną XXI wieku. Częstość występowania otyłości oraz nadwagi wśród dzieci i mło-
dzieży nieustannie wzrasta. Wskaźnik masy ciała (BMI) i wskaźnik talia–biodra (WHR) to metody oceny otyłości zalecane przez 
WHO. Również wskaźnik talia–wysokość (WtHR), który uwzględnia wzrost, jest jedną z najpopularniejszych metod diagnozowania 
otyłości wśród dzieci. Nowszym wskaźnikiem diagnostycznym jest FMI (wskaźnik masy tłuszczowej), uwzględniający procent tkanki 
tłuszczowej pacjenta. 
Cel pracy: Porównanie metod oceny otyłości wśród dzieci i młodzieży za pomocą wskaźników: BMI, WHR, WtHR oraz FMI oraz 
określenie spójności uzyskanych za ich pomocą wyników. 
Materiał i metody: Badaniem objęto 195 dzieci w wieku 11–18 lat, od których zebrano dane: wzrost, waga, obwód talii, procent 
tkanki tłuszczowej. Wyznaczone na podstawie uzyskanych danych wskaźniki (BMI, WHR, WtHR, FMI), wyrażone w SDS (stan-
daryzowanego odchylenia standardowego), porównano za pomocą testu Blanda-Altmana, regresji Passinga-Babloka oraz wykresu 
górkowego. 
Wyniki: Najmniej rozpoznań otyłości wykazało FMI SDS (15,9%), a najwięcej WHR SDS (28,7%). WHR SDS wykazał najmniej zgod-
ne wyniki z BMI SDS. Stwierdzono istotne różnice statystyczne pomiędzy BMI SDS a zarówno FMI SDS, jak i WtHR SDS. 
Wnioski: BMI, jako najbardziej akceptowalny wskaźnik otyłości, może być stosowany jako metoda przesiewowa do oceny otyłości. 
Jednak pacjenci z granicznymi wartościami BMI powinni być badani dokładniej, przy użyciu więcej niż jednego wskaźnika. Zaleca 
się FMI.
Słowa kluczowe:
skład ciała, otyłość dziecięca, wskaźnik masy ciała, wskaźnik masy tłuszczowej.
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Introduction 
Obesity is a complex, multifactor disease in which energy 

consumption exceeds energy demand, leading to fat tissue 
growth [1, 2]. Overweight has been called the 21st-century 
pandemic. An increase in overweight and obesity is observed 
in the population of children and adolescents [1]. According to 
data from the World Health Organization (WHO), in 1990, in Po-
land, approximately 14.9% of people aged 5–19 years suffered 
from obesity. However, the 2016 WHO report showed that in the 
same age group, there was an increase of obesity diagnoses to 
23.1%. Moreover, it is estimated that worldwide in 1990–2016, 
the number of people suffering from obesity has more than 
quadrupled, with 4.2% in 1990 and 18% in 2016. Childhood 
obesity is strongly associated with numerous short- and long-
term negative health complications that may also persist into 
adulthood [3]. It can be the cause of diseases such as cardio-
vascular disease, high blood pressure, asthma, hypercholes-
terolaemia, type 2 diabetes, as well as social and emotional 
disorders (depression, discrimination) that reduce the quality 
of life [4]. 

One of the many problems associated with childhood and 
adolescent obesity is the selection of the most reliable diag-
nostic method. Among the most commonly used indicators, we 
can distinguish body mass index (BMI), fat mass index (FMI), 
waist to hip ratio (WHR), and waist to height ratio (WtHR).

BMI is the most commonly used and well-accepted indica-
tor, covering the relationship of body weight to body length. In 
the paediatric population, BMI is valued for allowing a compari-
son of children of the same sex and age [5, 6]. The widespread 
use of this ratio has allowed an abundant collection of investi-
gations and percentile ranks for children and adolescents, ap-
propriate for the socio-demographic characteristic of the popu-
lation. However, BMI is widely considered insufficient to assess 
obesity in children and adolescents, because it does not pro-
vide information about the percentage of body fat; nor does 
it disclose information about the distribution of fat in different 
places of the body. In some populations, such as athletes and 
bodybuilders, increased muscle mass may falsely increase the 
BMI, and increased BMI is not directly related to their state of 
health [7]. 

FMI is an indicator that is gained by bioelectrical imped-
ance analysis (BIA) [5]. Among the advantages of evaluating 
body composition by bioelectrical impedance is its simplicity, 
high accuracy, recurrence, and low cost of use. What is more, 
a significant correlation has been demonstrated between the 
evaluation of body fat mass by this method and dual-energy  
X-ray absorptiometry (DXA), which is used in estimating the 
percentage of body fat (BF%) [8]. FMI is normalized, and hence 
it allows the assessment of the body composition of people of 
different height [9]. FMI seems to be an important marker for 
assessing the link between obesity and cardiovascular risks as 
well as metabolic syndrome in young adults [10].

WHR is the ratio of the waist circumference (cm) to the hip 
circumference (cm), widely used in the diagnosis of abdominal 
obesity. WHR is considered a better indicator of cardiovascular 

disease risk than BMI [11]. The WHO determined gender-spe-
cific cut-off points (for men ≥ 0.90, for women ≥ 0.85), exceed-
ing which means a  significantly increased risk of metabolic 
complications [12]. It is worth noting that WHR varies depend-
ing on age, sex, and ethnic group [12].

WtHR is the waist to height ratio, which is calculated by di-
viding the waist circumference (cm) by the height (m) of the 
patient. It is an indicator of abdominal obesity, an indicator of 
cardiovascular disease risk [13, 14], and a  strong marker of 
diabetes type II risk [15]. The cut-off value for WtHR is gender-
independent and is 0.5 [13]. 

Aim of the study 

The aim of the study was to compare the methods of as-
sessing obesity in children and adolescents using the following 
indicators: BMI, WHR, WtHR, and FMI and to determine the 
consistency of the results obtained with them.

Material and methods 

The cross-sectional study involved 195 children aged  
11–18 years (mean age 14.04 ±1.67 years), attending primary 
and secondary schools in Kudowa Zdrój, a small Polish town 
with a population of around 10,000. The age distribution of the 
examined group is shown in Table I.

A legal guardian of each juvenile signed an informed con-
sent form. Each child was asked for consent immediately before 
the examination. The study was conducted as part of “Healthy 
Child” project and was approved by the Bioethics Committee 
of Wroclaw Medical University. The characteristics of the study 
population are shown in Table II. 

Anthropometric measures included height, body weight, 
body fat percentage, fat mass, waist circumference, and hip 
circumference. BMI, FMI, WHR, and WtHR were calculated 
based on the collected data.

Table I. Age distribution of the examined group

Age of participants (years) n

11 26

12 27

13 46

14 40

15 38

16 6

17 9

18 3
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Height was measured from the floor to the vertex in metres. 
The patient stood barefoot with their toes and knees touching 
and their back straight. The heels, buttocks, end, and occipital 
region were in contact with the surface of the anthropometer. 
Body weight was measured in kilograms using an Omron body 
composition analyser (model BF-511). 

BMI was obtained by dividing the weight in kilograms by the 
square of the height in metres (kg/m2) (Formula 1). 

	 weight [kg]
BMI = −−−−−−−−−−  (1)

	 height2 [m2]

Body fat percentage was measured using an Omron body 
composition analyser (model BF-511), using the bioimped-
ance method. The patient stood barefoot on the base of the 
device, knees and back straight, and looking straight ahead 
during the examination. By raising the handle of the device, 
the patient had their arms increased horizontally and their el-
bows straight. Their arms were extended straight perpendicu-
lar to their body, with their palms pressed firmly on the grip 
electrodes. Fat mass, a parameter needed for calculating FMI, 
was estimated in kilograms by body fat percentage multiplied 
by body weight. 

FMI was calculated by dividing the fat mass in kilograms by 
the square of the height in metres (Formula 2). 

	 body fat percentage * body weight [kg]
FMI = −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−  (2)

	 height2 [m2]

Waist circumference was taken with the subject standing at 
the end of a normal exhalation. The point of measurement was 
the narrowest circumference between the last rib and the iliac 
crest or, failing this point, at the midline. The result was noted 
in centimetres. Hip circumference was taken with the subject 
standing at the end of a normal exhalation. The point of mea-
surement was the maximum circumference at the level of the 
buttocks, corresponding to the symphysis pubis. 

WHR was estimated as the ratio between waist circumfer-
ence and hip circumference (Formula 3). 

	 waist circumference [cm]
WHR = −−−−−−−−−−−−−−−−−−−−−−  (3)

	 hip circumference [cm]

WtHR was obtained by dividing waist circumference by 
height (Formula 4).

	 waist circumference [cm]
WtHR = −−−−−−−−−−−−−−−−−−−−−−  (4)

	 height [m]

Using percentile ranks, appropriate for sex and age, BMI, 
FMI, WHR, and WTHR were described in Standard Deviation 
Scores (SDS)  to compile results of children of different ages 
and sex (formula 5).

	 observed value – 50th percentile value
SDS = −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−  (5)
	 0.5 × (50th percentile value – 3th percentile value)

In this research, obesity was diagnosed when SDS was 
above +2 for a particular group of age and sex for BMI, FMI, 
WHR, and WtHR. 

Statistical analysis: Statistica software was used (version 
13.3®). Systematics and proportionality were identified by 
Passing-Bablok analysis. The Bland-Altman plots were pre-
sented as relative difference plots. The mean difference allow 
us to compare different methods to BMI SDS. The closer to “0”, 
the more similar that method is to BMI SDS, which was chosen 
as the reference method. The significance of the Bland-Altman 
plot was approved when at least 95% of the measurements 
were within the 95% compliance range. Assessment of the 
method compliance was also performed using a mountain plot, 
which compares medians of methods; what is more, the shape 
of mountain plot indicates the similarity of 2 methods – the nar-
rower the shape, the more similar the methods. The statistical 
significance level was established at p < 0.05.

Results

All the diagnostic indicators: BMI SDS, FMI SDS, WHR SDS, 
and WtHR SDS, displayed different percentages of obesity 
presence in the group of 195 juveniles. The obtained values 
were 23.08%, 15.90%, 28.71%, and 20.00%, respectively.

 Using BMI SDS as the reference method, statistical inves-
tigation was applied. Significant correlations were found be-
tween the following: BMI SDS and WtHR SDS; BMI SDS and 
FMI SDS. Only WHR SDS was not correlated with BMI SDS 
(Table III). Additionally, no correlation with age was found.

The mean difference between BMI SDS and WHR SDS 
measurements (-0.077) was near statistical significance; 
94.82% of the patients (n = 183) were within the compliance 
range (Fig. 1A).

The range of compliance was 10.44. The Passing-Bablok 
regression showed the linearity of BMI SDS and WHR SDS 
indicators, with no proportional differences. However, it con-
firmed systematic differences between BMI SDS and WHR SDS 
(Fig. 1B), which means a constant error exists between these 
2 methods, and they are not comparable. Mountain plot indi-

Table II. Characteristics of the examination group

Parameter Value

Number of patients 195

Age (years) 10–18

Mean age (years) 14.04 ±1.67

Gender (%)

Male 110 (56.41%)

Female 85 (43.59%)

Maternal education (%)

Secondary school 41 (21.03%)

Primary School 154 (78.97%)
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Table III. Determined statistical parameters between obesity assessment methods

Variables Variables
Mean

Variables
mean 
difference

Test T
p

Correlation 
Coefficient
r

Correlation  
p

BMI SDS vs. WHR SDS 0.88
0.97

0.078 0.68 0.0769 > 0.05

BMI SDS vs. WtHR SDS 0.88
0.39

0.4866 0.001 0.5241 < 0.05

BMI SDS vs. FMI SDS 0.88
0.09

0.7971 0.0001 0.8976 < 0.05

Figure 1. Comparison of BMI SDS and WHR SDS methods: A – Bland-
Altman plot, B – mountain plot, C – Passing-Bablok regression
BMI SDS – body mass index standard deviation score
WHR SDS – waist to hip ratio standard deviation score
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Table IV. Comparison of the consistency of the results of individual obesity assessment methods

Variables The same 
diagnosis

Opposite 
diagnosis

Obesity 
diagnosis by 
the second 
indicator

Obesity 
diagnosis 
confirmed by 
both indicators

Non-obesity 
diagnosis by 
the second 
indicator

Non-obesity 
diagnosis by 
both indicators

BMI 45 150

BMI SDS vs. WHR SDS 114 81 56 10 139 137

BMI SDS vs. WtHR SDS 163 32 39 26 152 104

BMI SDS vs. FMI SDS 179 16 31 30 164 149

cated the peak coverage of the plot with zero points (Fig. 1C), 
which implied that the medians of these methods were equal. 
Nonetheless, the long tails of the plot (reaching from –9 SDS to 
6 SDS) showed that the variety of measurements might affect 
the diagnosis. The 41.5% (n = 81) of WHR SDS measurements 
showed different obesity diagnosis than BMI SDS (Table  IV). 
Despite the small mean difference, these methods tend to 
show opposing diagnoses. WHR SDS showed 56 obesity diag-
nosis, but 46 of them were found not to be obese by both BMI 
SDS and FMI SDS. WHR SDS estimated 28.71% of children to 
be obese, almost twice as much as FMI SDS (15.90%). Accord-
ing to FMI SDS, the sensitivity and specificity of WHR SDS were 
25.71% and 70.73%, respectively. There was no correlation be-
tween BMI SDS and WHR SDS. 

The difference between BMI SDS and WtHR SDS measure-
ments (0.4866) was not statistically significant; 93.78% of pa-
tients (n = 181) were within the compliance range (Fig. 2A). 
Passing-Bablok regression showed the linearity of BMI SDS 
and WtHR SDS indicators statistically, and the slope B con-
fidence interval included value = 1, which confirmed no pro-
portional difference between these methods, but a value of 0 
outside the confidence interval of the intercept A showed the 
existence of constant measurement error. In this case these 
2 methods are not comparable according to Passing-Bablok 
regression (Fig. 2C). Mountain plot indicated the proximity 
(< 0.5) to the top of the figure with a zero point, which means 
that the medians of the compared methods were almost equal, 
and the narrower shape of the mountain plot (Fig. 2B) revealed 
that it was more accurate than WHR SDS. The 16.4% (n = 32) 
WtHR SDS measurement showed different obesity diagnosis 
than BMI SDS (Table IV). The WtHR SDS confirmed 39 obesi-
ties, but only 26 cases were confirmed by BMI SDS. The strong 
correlation between BMI SDS and WtHR SDS was confirmed 
(r = 0.52, p < 0.05). According to FMI SDS, WtHR SDS sensi-
tivity and specificity were 61% and 88%, respectively.

The statistical average difference between the measure-
ments of BMI SDS and FMI SDS (0.7971) was statistically sig-
nificant; 95.36% of measurements (n  =  185) were within the 
95% compliance range (Fig. 3A). The range of compliance was 
3.3935. Passing-Bablok regression showed the linearity of BMI 

SDS and FMI SDS indicators, the slope B confidence interval 
included value = 1, which confirmed no proportional difference 
between these methods, but value = 0 outside the confidence 
interval of the intercept A showed the existence of constant 
measurement error; in this case, FMI SDS tended to show lower 
values than BMI SDS (Fig. 3C). Mountain plot showed the dis-
tance from the top of the graph to the zero points (> 0.5), which 
meant the medians of these methods were not equal. Nonethe-
less, this shape of the mountain plot indicated that the measure-
ment difference between these 2 methods is repeatable and 
predictable (Fig. 3B). 8.2% (n = 16) of FMI SDS measurements 
showed different obesity diagnosis than BMI SDS (Table  IV); 
15 of them denied obesity diagnosed by BMI SDS. FMI SDS 
indicated that 15.90% of examined children were obese, while 
BMI SDS diagnosed 23.08% of children as obese. According 
to FMI SDS, BMI SDS sensitivity and specificity were 98% and 
91%, respectively. A significantly strong correlation between 
BMI SDS and FMI SDS was calculated (r = 0.89, p < 0.05). FMI 
SDS, despite there being around 0.8 SDS constant difference 
compared to BMI SDS, agreed with body mass index in terms 
of diagnosis; a low variety of measurements explains this. Ad-
ditionally, it was found that only FMI SDS showed a statistically 
significant mean value difference between females and males 
(♀ 0.53 vs. ♂ 0.28, p < 0.01).

Discussion

Comparing diagnostic methods is a complex study, which 
requires the use of proper statistical tools. Trying to prove 
the equality of methods using correlation tests does not re-
veal constant or proportional differences between measure-
ments. Moreover, the correlation between methods does not 
prove an agreement between them [16, 17]. The advantage 
of this study is the use of more advanced statistical methods, 
which allows us to show the full view of the similarities and dif-
ferences between the results obtained by different methods 
of diagnosing obesity. Passing-Bablok regression solves the 
problem of searching for measurement errors between 2 meth-
ods because it detects both constant and proportional differ-
ences [16]. Mountain plot, due to its shape, makes it is easy 
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to compare 2 methods according to their median and variety 
of measurements [18]. Bland-Altman plot enables us to check 
if the bias is predictable and to measure its value when 95% 
of measurements in the Bland-Altman plot fall within the 95% 
compliance range [19]. Our results have shown that WHR is 
not a good indicator of childhood obesity and does not cor-
relate with BMI or FMI. Although other researchers confirmed 
the correlation of WHR with %BF, it was weaker than for BMI or 
waist circumference [16, 17]. Adoption of a BMI cut-off point 
for the 97th percentile (BMI SDS = 2) shows satisfactory test 
specificity, but increasing the cut-off value would increase the 
sensitivity while maintaining adequate specificity [22]. BMI SDS 
sensitivity and specificity are, respectively, 98% and 91% ac-
cording to FMI SDS. Lower specificity may be due to the large 
muscle mass of the population outside urban agglomerations 

[23]. The calculated specificity may be satisfactory but, due to 
the fear of the social consequences of diagnosing obesity in 
the child and adolescent population [24, 25], one should con-
sider raising the BMI SDS limit to 2.2, which would translate into 
an increase in specificity to 92.5% and a decrease in sensitivity 
to 93.5%. Moreover, the authors emphasize that BMI should be 
considered as an easy to use and readily available screening 
test, but diagnosis of obesity should be made with the use of 
devices measuring the content of adipose tissue in the body.

 The prevalence of obesity reaching at least 15% (accord-
ing to FMI SDS) among juveniles in an educational institution 
should lead to the introduction of activities that affect students’ 
eating habits and improve their diet. Suggestions for these ac-
tivities include enhancement in eating habits [26 ,27], increas-
ing the legal guardians’ awareness of the role of television in 

Figure 2. Comparison of BMI SDS and WtHR SDS methods: A – Bland-
Altman plot, B – mountain plot, C – Passing-Bablok regression
BMI SDS – body mass index standard deviation score
WtHR SDS – waist to height ratio standard deviation score
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obesity [28, 29], and applying a moderate energy restriction diet 
(1500-1600 kcal/day), the results of which are better than high 
energy restriction regarding long-term follow-up [30]. Not only 
should energy intake be taken into consideration, but also the 
quality of the diet [31, 32]. Some authors showed that it is bet-
ter to start a weight-loss program at an earlier age [30, 33]. It is 
worth considering the continuation of programs at subsequent 
levels of education because follow-up treatments lead to better 
long-term BMI SDS reduction [34]. It is worth noting that insuf-
ficient fitness levels among Polish children can reach 36% of the 
group. Hence, children’s guardians should encourage students 
to practice sport [35]. There are factors other than diet and 
physical activity that help in obesity treatment. These include 
stress management, personal well-being, and good resilience 
[36]. Interventions should include a school or external psycholo-

gist who implements a cognitive-behavioural group treatment, 
which improves not only BMI SDS but also quality of life [37]. 
The formation of the intervention group should not be depen-
dent on BMI because both overweight children and those with 
normal weight can be affected by metabolic disorders associ-
ated with glucose and fructose oversupply [32,38]. Essentially, 
all the mentioned interventions could be carried out in schools.

FMI is a better predictor of metabolic syndrome than BMI 
[8]. A timely diagnosis of metabolic syndrome allows the imple-
mentation of early intervention and reduces the risk of chronic 
conditions later in life [16, 39]. Nonetheless, FMI usage re-
quires additional specialized equipment: scales capable of 
measuring bioimpedance or callipers. FMI measurements will 
expose physicians and nursing offices to a longer examination 
of the patient, which during screening tests on a large group is 

Figure 3. Comparison of BMI SDS and FMI SDS methods: A – Bland-
Altman plot, B – mountain plot, C – Passing-Bablok regression
BMI SDS – body mass index standard deviation score
FMI SDS – fat mass index standard deviation score
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associated with a significant extension of work and study costs. 
On the other hand, the easy-to-calculate BMI is an alternative 
with sufficient specificity and sensitivity.

In the examined group only children with consent of their 
legal guardian and the children themselves were examined, 
not all obese children in school were assessed. We cannot ex-
clude lower attendance among children who did not want to be 
considered because of their obesity, the stress associated with 
pubescence, dissatisfaction with their appearance for other 
reasons, or children who are already under the constant care 
of a physician. The authors assume that the real prevalence of 
obesity is higher.

Summary

Comparing various juvenile obesity evaluation methods, 
we must emphasize that the choice of method can decide on 
the diagnosis (as shown in Table IV). WHR SDS is not a good 
indicator for assessing childhood obesity, despite almost no 
mean difference between WHR SDS and BMI SDS. The sensi-
tivity of WtHR is too low for it to be used as a paediatric obesity 
indicator in clinical practice. On the other hand, the strong cor-
relation between BMI SDS and FMI SDS with the known mean 
difference shows that they can be used interchangeably, with 
the proviso that BMI SDS specificity may lead to the wrong di-
agnosis, especially when the resulting value is borderline with 

obesity. As such, patients with boundary values of body fat in-
dicators should be examined more precisely, using more than 
one index. Lower FMI SDS values than BMI SDS lead to the 
conclusion that BMI, which does not distinguish muscle mass 
from fat mass, over-indicates obesity. This should be consid-
ered when examining children with high BMI SDS. They are ath-
letic, because upper muscle mass with subcutaneous adipose 
tissue may give the false impression of pathological fat excess.

Conclusions

BMI, as the most acceptable obesity indicator, can be used 
as a screening method for assessing obesity. However, patients 
with boundary BMI values should be examined more closely, 
using more than one index; FMI is recommended. Body com-
position analysers using the bioimpedance method should be 
considered as necessary medical equipment in primary care 
practice.
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