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ANTHROPOMETRIC INDICES AND BIOIMPEDANCE BODY COMPOSITION
AS ONTOGENETIC INDICATORS TO DESCRIBE RISK OF OBESITY

0.0. Alyoshina, I.V. Averyanova

Scientific Center “Arktika”, Far Eastern Branch of the Russian Academy of Sciences (SC “Arktika” FEB RAS),

24 Karl Marx St., Magadan, 685000, Russian Federation

The body mass index does not distinguish body fat mass from fat-free mass and does not capture changes in these pa-

rameters. The aim of this study was to establish an association between anthropometric indexes and bi oimpedance indicators
with age-specific obesity on the example of male population in the Magadan oblast. To achieve it, we examined 586 males
who lived in the Magadan oblast by using conventional methods for assessment of physical development. The ROC analysis
was performed and the area under the ROC curve (AUC) was measured.

The analysis of the obtained research data established a significant decrease in FFMI values with age (from young
males to elderly ones) together with growing FMI, FMI/FFMI ratio, total body fat and the waist-to-hip ratio. To determine
an optimal BMI value as an indicator eligible to diagnose obesity, a ROC-curve was built to describe a relationship between
BMI and FMI/FFMI value < 0.4 cu. It showed that when BMI ranged between 22 kg/n? and 25.0 kg/n? in young males, bio-
impedance values corresponded to the physiological norm; in the early maturity group, the optimal BMI cut-off point for
diagnosing obesity was 26.5 kg/n?; the optimal BMI range in the 2™ maturity group was 24.0-27.5 kg/n?. It is noteworthy
that the ROC-analysis turned out to have no predictive significance among elderly men; this indicates that BMI is hardly
eligible for being used as an indicator of obesity risk in this period of ontogenesis.

Classical BMI ranges cannot be considered a clear indicator to diagnose obesity among males in the Magadan oblast
whereas indicators obtained by bioimpedance analysis (FMI/FFMI ratios) can be used as relevant indicators when assessing
risks of obesity and sarcopenia in the analyzed popul ation.

Keywords: BMI, bioimpedance analysis, anthropometric indices, age dynamics, physical development, male popula-
tion, obesity, ROC-analysis.

musculoskeletal system [2—4]. Hence, obesity
and its consequences affect quality of life, de-

Nowadays, prevalence of obesity has
reached an epidemic level and this poses a se-

rious threat for population health in both de-
veloped and developing countries [1]. Obesity
is considered a principal public health concern
and ranked as the fifth foremost reason for
death globally; another alerting fact is that
obesity and overweight also lead to further
health concerns and contribute to numerous
chronic diseases, including cancers, diabetes,
metabolic syndrome, cardiovascular diseases,
hypercholesterolemia, and diseases of the
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crease work efficiency and lead to greater ex-
penditure on healthcare [5].

At present, the body mass index (BMI) is
widely used in clinical practices, especially
for determining whether a patient has over-
weight or obesity [6, 7]. Although BMI is a
rather informative indicator and correlates
well with a growth in fat mass, its main
drawback is that it does not differentiate pre-
cisely between fat and muscle mass and is
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also unable to capture the body composition
and exact localizations of fat tissues. More-
over, it i1s a well-known fact that relative total
fat to muscle mass ratios tend to differ sig-
nificantly in people with the same BMI [8, 9].
This low diagnostic sensitivity of BMI results
in impossibility to use it for identifying the
body composition and, consequently, detect-
ing people with so called normal weight obe-
sity (hidden obesity). The latter is defined as
a high fat percentage in the body under BMI
values being within the reference range [10],
which, in its turn, can be a risk of diseases
associated with ‘common’ obesity [11, 12].
Previous studies have revealed that vari-
ous components in the body composition can
play quite the opposite roles as risk or protec-
tive health factors. Thus, in general, fat mass
creates elevated risks of cardiovascular dis-
eases whereas muscle mass, on the contrary,
is a protective factor as regards chronic non-
communicable diseases [13]. Greater muscle
mass may have a protective impact on high
TC, high LDL cholesterol, hyperglycemia,
and insulin resistance. This finding suggests
that the "obesity paradox" may be partly ex-
plained by high muscle mass [14]. Chronic
diseases associated with cardiometabolic dys-
function (insulin  resistance, metabolic
syndrome, diabetes mellitus, hypertension,
dyslipidemia, and coronary artery disease)
have been shown to be quite modifiable by
changes in diets and lifestyles. Having an op-
timal body composition is a major modifiable
risk factor; it is primarily achieved by reduc-
ing obesity and maintaining a proper ratio be-
tween fat mass and muscle mass [15].
Therefore, it is necessary to use alterna-
tive methods instead of BMI estimation to di-
agnose risks of obesity and metabolic disor-
ders. Bioimpedance analysis is one of such
methods. It is used in clinical diagnostics to
assess the body composition. The method is
simple, cheap, non-invasive and effective and
allows estimating physical development as
well as a wide range of physiological and
morphological characteristics of the body
[16, 17]. In addition to that, there are some in-
dices such as fat-to-lean mass ratio, waist-to-
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hip ratio and others, which are recommended
for assessing risks of obesity, sarcopenia and
sarcopenic or abdominal obesity. Wide use of
such methods and indices in clinical practice
should result in establishing new criteria for
obesity diagnostics, which will also be sex-
dependent among adult population. A meas-
ured fat percentage in the body should become
a conventional indicator in effective diagnos-
tics as well as in obesity screening [18].

Therefore, the aim of this study was to as-
sess how informative the body mass index was
when assessing obesity among males in the Ma-
gadan oblast in the ontogenetic aspect based on
investigating a combination of BMI and such
indices as fat-free (FFMI) and fat (FMI) mass
indices as well as their relationships with the to-
tal fat in the body and the waist-to-hip ratio.

Materials and methods. We analyzed 586
case histories of male patients provided by the
Magadan Regional Center for Medical Prophy-
laxis. All patients lived in the Magadan oblast.
Prior to inclusion in the study, each patient pro-
vided his informative voluntary consent; all pa-
tients’ data were depersonalized prior to analysis.

The analyzed sample was divided into four
groups in accordance with the age difference as of
1965: the first group was made of young males
(158 people); the second one, men in early (first)
maturity (154 people); the third one, men in the
second maturity (163 people); the fourth group
included elderly males (111 people). Then, each
group was divided as per conventional BMI esti-
mates where its value < 18.5 kg/m” was consid-
ered underweight; 18.5-249 kg/m’, normal
weight; 25-29.9 kg/m’, overweight, and BMI
values > 30 kg/m” meant obesity [19].

The following indices were input into the
research database: height (cm), weight (kg), lean
mass as per Durnin — Womersley (kg), fat mass
as per Durnin — Womersley (kg), fat (%) (identi-
fied with ABC-02 MEDASS bioimpedance ana-
lyzer of metabolic processes and body composi-
tion, Russia), as well as waist-to-hip ratio (W/H,
cu). Measurements of fat and fat-free mass were
used to calculated fat mass index (FMI = fat
mass index, kg/height (m)*, kg/m?) and fat-free
mass index (FFMI = fat-free (lean) mass index,
kg/height(m)?, kg/m”). FMI values > 8.3 cu were
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considered high fat mass and FFMI values <
17.4 cu were considered low lean mass [20].

We calculated the FMI / FFMI ratio as
well, which is ranked as metabolic health if its
value is < 0.4 cu; obesity, if it is 0.4-0.8 cu;
values > 0.8 cu mean sarcopenic obesity [20].
When interpreting the waist-to-hip (W/T) ratio,
we considered its value > 0.90 cu as an indica-
tor of abdominal obesity in the examined males.

A fat percentage in the body higher than its
reference range was classified as follows ac-
cording to the WHO recommendations: more
than 19 % for young males, more than 21 % for
men in the first and second maturity age, and
more than 24 % for elderly males [21, 22].

The results were statistically analyzed
with Statistica 7.0 applied software. Distribu-
tion of the measured variables was checked for
normality by using the Shapiro — Wilk test.
The results are given as mean and its standard
error (M £ m). We applied parametric one-
factor disperse analysis (ANOVA) to perform
multiple comparisons between normally dis-
tributed samples; next, we used a post-hoc
Scheffe test to establish any significant differ-
ence between specific groups. The ROC
analysis was performed and the area under the
ROC curve (AUC) was measured. The ROC
analysis was used to estimate whether BMI or
FMI/FFMI made it possible to identify obesity
in various age groups. Predictive capability
was quantified through an area under ROC
curve (AUC) where higher values indicated
greater predictive capability'. Critical signifi-
cance (p) was taken at 0.05; 0.01; 0.001.

Results and discussion. The analyzed indi-
cators, calculated indices and statistical differ-
ences inside age groups can be found in Table 1.
Table 2 provides significant differences between
the analyzed age groups. The provided percentage
of people with different BMI values indicates
there is an age-specific decline in a number of
people with underweight and normal weight
(from young males to elderly ones). Hence, in the
ontogenetic aspect, we can state that a number of
people with overweight and obesity is growing

with age among males in the Magadan oblast. It is
noteworthy that overweight people prevail over
obese ones in the first and second maturity group
whereas percentages of overweight and obese
men are practically the same among elderly
males. Among young males, underweight, normal
weight and overweight are typical though obesity
is also detected, the percentage being as follows:
9% /72 % /13 % / 6 % respectively; people with
normal body weight apparently prevail in this age
group. In the first maturity age, the percentages of
normal weight and overweight are practically the
same (3 % / 42 % / 43 % 12 %); obesity grows in
the second maturity age (0% / 26 % / 38% /
36 %). The greatest number of males with over-
weight and obesity was identified in the elderly
age group (0% /15 % /45 % /40 %).

Low FFMI values identified in young un-
derweight males and males in the first maturity
group indicate low muscle mass; these groups
have no significant differences as per all ana-
lyzed indicators. The same situation occurs in
the second maturity group and elderly people
with normal body weight; it is worth noting that
males in the second maturity group tend to have
an elevated fat percentage and high FMI/FFMI
values in elderly males indicate they have obe-
sity even if their BMI appears to be normal.

We should also note that young males
with overweight and obesity tend to have fat
percentages above their reference range.
Overweight males in the first maturity group
have high FMI/FFMI values and fat percent-
ages; obese men tend to have abdominal obe-
sity against elevated FMI, FMI/FFMI values
and total fat percentage, which confirms obe-
sity in this age group.

Males in the second maturity group and
elderly males, with BMI values indicating both
overweight and obesity, tend to have elevated
FMI, FMI/FFMI, W/H values and total fat
percentage, which means marked obesity in
each group. It is noteworthy that we have not
identified any statistical differences between
these two age groups as per all analyzed indi-
cators under normal weight or obesity.

! Swets J.A. Measuring the accuracy of diagnostic systems. Science, 1988, vol. 240, no. 4857, pp. 1285-1293. DOI:

10.1126/science.3287615
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Table 1

Analyzed indicators, their calculated indices and differences inside the analyzed groups, (M + m)

Young males
Underweight|Normal weight|Overweight| Obesity
(1) ) 3) 4) 12 2-3 34 1-3 24 14
N, people 150%) | 113(712%) | 21(13%) | 9(6%)
BMI, kg/m’ 177£02 | 21702 | 269+03 |334=0.7 |p<0.001|p<0.001|p<0.001[p<0.001|p<0.001|p<0.001
FFMI, kg/m’ 153403 | 189+08 | 20.7+03 |253+03 |p<0.001| p<0.05 [p<0.001|p<0.001|{p<0.001[p<0.001
FMI, kg/m’ 24+02 39+02 6.1+03 | 7.3+0.7 |p<0.001[p<0.001] p=0.13 [p<0.001|p<0.001|p<0.001
FM/FEM, kg/m’ | 0.16+0.02 | 021+001 |030+0.02[0.29+0.03] p<0.05 [p<0.001| p=0.76 [p<0.001] p<0.01 [p<0.001
W/H, cu 0.76+0.02 | 0.79+0.00 |0.82+0.01 |0.84+0.03[p=023 | p<0.01|p=0.59|p<0.01 | p<0.05|p<0.05
Fat percentage, %| 13.5+14 172+0.6 228409 [221+1.6|p<0.05|p<0.001| p=0.73 | p<0.01 | p<0.01 |p<0.001
First maturity
Underweight|Normal weight|Overweight| Obesity
(1) ) 3) 4) 12 2-3 34 1-3 24 14
N, people 53 %) 64(42%) | 66(43%) | 19 (12 %)
BMI, kg/m’ 176+£03 | 224402 | 273+02 [33.0£0.6 |p<0.001[p<0.001|p<0.001[p<0.001|p<0.001]p<0.001
FFML, kg/m’ 153+07 | 176402 | 195+02 |224+05|p<0.01 [p<0.001]p<0.001{p<0.001|p<0.001|p<0.001
FMI, kg/m’ 22+05 49+02 77402 [10.7+0.5 [p<0.001[p<0.001|p<0.001{p<0.001|p<0.001|p<0.001
FM/FFM, kg/m2 0.15+0.04 0.28+0.01 | 0.40+0.01 |048+0.02| p<0.01 [p<0.001| p<0.01 [p<0.001{p<0.001{p<0.001
W/H, cu 0.80+0.03 0.80+0.01 | 0.86+0.01 |0.92+0.01| p=0.93 [p<0.001{p<0.001| p=0.09 [p<0.001{p<0.001
Fat percentage, %| 129429 | 212+08 | 280+07 |322+1.1]p<0.01|p<0.001] p<0.01 [p<0.001]p<0.001[p<0.001
Second maturity
Underweight|Normal weight|Overweight| Obesity
(1) ) 3) ) 12 2-3 34 1-3 24 14
N, people 0 (0 %) 44(26%) | 60(38%) |59 (36 %)
BM]I, kg/m2 - 229+0.2 27.1+0.2 |344+0.5 - p<0.001|p<0.001 - p<0.001 -
FFMI, kg/m’ - 16502 | 183+02 |209+04| - |p<0001|p<0.001] - [p<0001] -
FMI, kg/m’ - 64+03 9.1+04 |127+04] - |p<o0o00ilp<000l] - [p<o0o001] -
FM/FFM, kg/rn2 - 039+0.02 |0.50+0.02(0.62+0.02] — p<0.001|p<0.001 - p<0.001 -
W/H, cu - 0.85+0.01 |091+0.01 [0.97+0.01 - p<0.001|p<0.001 - p<0.001 -
Fat percentage, % - 275+1.0 335+12 |365+1.0 - p<0.001| p<0.05 - p<0.001 -
Elderly males
Underweight|Normal weight|Overweight| Obesity
(1) ) 3) ) 12 2-3 34 1-3 2-4 14
N, people 0 (0 %) 17(15%) | 50 (45%) |44 (40 %)
BMI, kg/m2 - 227+0.5 274+0.2 |33.7+0.6 - p<0.001|p<0.001 - p<0.001 -
FFMI, kg/m’ - 162+03 | 177402 [212+05] - [p<0001[p<0001] - [p<o0.001] -
FMI, kg/m’ - 6.6+04 96+02 [126+03] - [p<0001[p<0001] - [p<o0o001] -
FM/FFM, kg/m2 - 0.41+0.03 |0.55+0.02(0.61+0.02] — p<0.001| p<0.05 - p<0.001 -
W/H, cu - 0.87+0.01 |0.93+0.01 [0.98+0.01 - p<0.001|p<0.001 - p<0.001 -
Fat percentage, % - 28714 352+0.7 |374+0.8 - pP<0.001| p<0.05 - p<0.001 -
Table 2
Statistical differences between the analyzed groups
Young males — 1% maturity — 2™ maturity — Young males —
1* maturity 2" maturity elderly males elderly males
Underweight
N, people p=0.69 - - -
BMI, kg/m’ p=1.00 - - -
FFMI, kg/m’ p=0.76 - - -
FMI, kg/m’ p=0.84 - - -
FM/FFM, kg/m’ p=032 - - -
W/H, cu p=0.84 - - -
114 Health Risk Analysis. 2024. no. 1
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End of the Table 2

Young males — 1% maturity — 2" maturity — Young males —
1¥ maturity 2" maturity elderly males elderly males
Normal weight
N, people p<0.05 p=0.11 p=0.76 p<0.05
BMI, kg/m’ p=0.09 p<0.001 p=0.43 p<0.01
FFMI, kg/m” p<0.001 p<0.001 p=0.62 p<0.001
FMI, kg/m’ p<0.001 p<0.001 p=0.62 p<0.001
FM/FFM, kg/m’ p<0.05 p<0.001 p=0.11 p<0.001
W/H, cu p<0.001 p<0.001 p=0.49 p<0.001
Overweight
N, people p=023 p=0.49 p=0.32 p=0.16
BMI, kg/m’ p<0.001 p<0.001 p<0.05 p<0.001
FFMI, kg/m” p<0.001 p<0.001 p=0.23 p<0.001
FMI, kg/m’ p<0.001 p<0.001 p<0.05 p<0.001
FM/FFM, kg/m’ p<0.05 p<0.001 p<0.05 p<0.001
W/H, cu p<0.001 p<0.001 p=0.23 p<0.001
Obesity
N, people p=0.69 p<0.05 p=0.32 p=0.76
BMI, kg/m’ p<0.001 p<0.05 p=0.62 p<0.001
FFMI, kg/m” p<0.001 p<0.001 p=0.76 p<0.001
FMI, kg/m’ p<0.001 p<0.001 p=0.62 p<0.001
FM/FFM, kg/m’ p<0.01 p<0.001 p=0.62 p<0.001
W/H, cu p<0.001 p<0.01 p=0.49 p<0.001

Figure 1 provides a graph showing dy-
namics of percentage distribution for people
with normal weight as well as overweight and
obesity (people with underweight as per BMI
were excluded from the graph due to absence
of such sub-group in the second maturity and
elderly age groups).

Bearing in mind, that BMI did not identify
obesity correctly in our investigations, we built a
series of ROC-curves for the examined age-spe-
cific groups of males to estimate the optimal BMI
cut-off point that meant no obesity in accordance
with reference FMI/FFMI values (Figure 2).

The analysis of the obtained research data
established a significant decrease in FFMI val-
ues with age (from young males to elderly
ones) together with growing FMI, FMI/FFMI
ratio, total body fat and the waist-to-hip ratio
in males with normal body weight, overweight
and obesity. This is consistent with findings
reported by other authors [23]. Stratification of
the examined males as per BMI made it possi-
ble to establish a significant ascending trend in
the analyzed variables as BMI values grew in
each age group. Higher muscle mass values in
people with overweight and obesity are in line
with findings reported by other authors who

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

believe this fact to be related to anabolic activ-
ity due to the body overweight load on the
musculoskeletal system [24]. It should be
noted that we established age-specific changes
in BMI ranges from its minimum to maximum
values. Thus, BMI range was 16.15-36.33
kg/m” in young males; 16.36-41.4 kg/m® in
the first maturity group; 19.02—48.52 kg/m® in
the second maturity group; the bottom value
shifted considerably among elderly males
where the range started at 25.03 kg/m” and its
upper value was 49.69 kg/m”

—»—Normal weight

Overweight —e— Obesity

The second
maturity
group

The first
maturity

group

Elderly
males

Young

males

Figure 1. Distribution of the analyzed sample as per
frequency of normal weight, overweight and obesity
in different age groups
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Figure 2. ROC-analysis in young males (a), the first maturity group (b), the second maturity group (c),
elderly males (d)

Figure 1 obviously shows that normal
body weight prevails among young males
(72 %); overweight prevails in the first matur-
ity group (43 %) and its percentage is higher
than that of normal weight (42 %) whereas
both obesity (36 %) and overweight (38 %) are
quite frequent in the second maturity group
and their percentages are higher than that of
normal weight (26 %). Among elderly males,
we established a considerable decrease in
normal weight percentage (15 %) with grow-
ing overweight (45 %) and obesity (40 %).
Data provided in Figure 1 give evidence of
rather unfavorable manifestations in males’
physical state, which become apparent through
two crosspoints of the graph in the age aspect.
In the first maturity group (the first cross-
point), they are characterized with the percent-
age of overweight people being higher than
people with normal weight; in the second ma-
turity group (the second crosspoint), obesity is
more frequent than normal weight with a si-
multaneously high percentage of people with
overweight.

116

Analyzing the research data, we should
establish the fact that underweight in young
males occurs due to low muscle mass. All ana-
lyzed indicators in people with normal weight
were within the reference range but higher
body fat percentages were identified in young
males with overweight and obesity against op-
timal FMI and FFMI values and FMI/FFMI
and W/H ratios. This allows us to conclude
that BMI can be used to diagnose obesity in
this age group.

Lower muscle mass was also detected in
underweight males from the first maturity
group whereas males with BMI values be-
tween 18.5 and 24.9 kg/m” (normal weight)
were established to have excessive total fat in
the body. The same fact was established for
males from the second maturity group and eld-
erly males; these changes in these two groups
were combined with lower fat-free mass index
(muscle component). Therefore, it is rather
doubtful that BMI can be used as an indicator
of normal body weight in these age groups.
Several studies established that both high and

Health Risk Analysis. 2024. no. 1
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low BMI values were associated with risks of
chronic non-communicable diseases and all-
cause mortality [25]. A risk of incidence as per
BMI was shown to create either a U- or J-like
curve; that is, low or high BMI increased this
risk in comparison with BMI closer to its me-
dium values [26]. Our findings also confirm a
U-like curve for BMI among young males and
males from the first maturity group where low
BMI values meant lower muscle mass and
BMI values higher than 30 kg/m® indicated
excessive body fat.

We should emphasize that we established
a combined set of negative signs as regards the
physical state in overweight people starting
from the second maturity group and older.
This manifested itself in obesity (high
FMI/FFMI values), excessive total body fat
and elevated fat mass index as well as signs of
abdominal obesity (the waist-to-hip ratio
> 0.90 cu). The identified trends aggravated
further in obese people.

Overall, our findings indicate that classi-
cal BMI ranges determining obesity / under-
weight cannot serve an accurate parameter for
identifying both obesity and underweight since
they do not allow determining muscle mass
deficiency or high fat percentage in the body
in male population, especially in age-specific
aspects. The issue was to identify those BMI
values that could serve as markers of optimal
FMI/FFMI ratio excluding obesity and sarco-
penic trends in the analyzed groups. To do
that, the research data were analyzed to deter-
mine their predictive significance by building
a ROC-curve and calculating AUC value. It
should be noted that FMI/FFMI ratio had sig-
nificant and quite strong correlations with
FMI and fat percentage (young males, 0.86
(p<0.001) and 0.98 (p < 0.001); the first ma-
turity group, 0.95 (p < 0.001) and 0.95
(p < 0.001); the second maturity group, 0.86
(p < 0.001) and 0.86 (p < 0.001); elderly peo-
ple, 0.79 (p < 0.001) and 0.98 (p < 0.001) re-
spectively) but not with FFMI. The latter did
not have any significant associations with
FMI/FFMI ratio in young males (r = -0.07,
p = 0.98), males from the first maturity group
(r =0.13, p=0.47), and males from the second
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maturity group (r = 0.06, p= 0.84) whereas we
detected an inverse correlation between
FMI/FFMI and FMI r = -0.48 (p < 0.01) in
elderly males. The latter, in our opinion, re-
flects sarcopenic trends in this age group.

Figure 2 shows ROC-curves used to iden-
tify the marker BMI value under FMI/FFMI
ratio > 0.4 cu, which means obesity. In young
males, BMI higher than 25 kg/m” is shown to
have high predictive value as regards obesity
detection and this is evidenced by AUC equal
to 0.88 (p < 0.001). It is worth noting that we
detected one more marker in this curve,
namely, BMI value of 22.0 kg/m®. Another
interesting fact was that a mean FFMI value
equaled 14.8 + 0.12 kg/m® in young males
with BMI values below the foregoing thresh-
old. This means lower muscle mass and can
reflect some sarcopenic trends in the physical
state. It is also worth noting that ROC-analysis
data obtained for young males are confirmed
by a rather high correlation coefficient be-
tween BMI and FMI/FFMI ratio (r = 0.50,
p < 0.001), which was established together
with a low percentage of people with
FMI/FFMI ratio above the reference range.
Frequency of such people equaled only 4 % in
the examined group made of young males.

In the first maturity group, BMI cutoff
point equal to 26.5 kg/m* turned out to have
high predictive value as regards obesity detec-
tion (AUC = 0.829, p < 0.001) with a high
correlation coefficient between BMI and
FMI/FFMI, which was 0.68 (p < 0.001) and a
41 % percentage of people with FMI/FFMI
values being higher than the metabolic health
threshold.

In the second maturity group, the optimal
BMI range between 24.0 and 27.5 kg/m” also
had high predicative significance determined
by AUC value equal to 0.837 (p < 0.001)
where men with BMI below this bottom
threshold had a decline in FFMI down to
16.9 + 0.07 kg/m® (the reference level being
17.4 kg/m®) whereas men with BMI higher
than 27.5 kg/m® tended to have a growth in
FMI up to 12.2 + 0.9 kg/m* with its reference
level being below 8.3 kg/m”. It is worth noting
that men with BMI between 24.0 and 27.5 kg/m”
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tended to have optimal FMI (7.98 + 0.06 kg/m?)
and FEMI (17.8 + 0.16 kg/m?) and these val-
ues were totally within the reference range.
We should also mention a high correlation co-
efficient between BMI and FMI/FFMI ratio
(r =0.60, p < 0.001) together with a growing
percentage of people with FMI/FFMI reflect-
ing obesity up to 78 % in the second maturity
group.

Attention should be paid to the fact that the
ROC-analysis turned out to have no predictive
value for elderly males (AUC = 0.562). This
indicates that BMI is hardly eligible for being
used as an indicator of obesity risk in this pe-
riod of ontogenesis and this is further confirmed
by absence of any correlations between BMI
and FMI/FFMI (r = 0.008, p = 0.54) and high
frequency of men with FMI/FFMI > 0.4 cu, the
percentage being 91 %. Our findings are in line
with the results obtained by other researchers
who revealed that elderly people tended to have
a high fat percentage in the body under certain
BMI values. That’s why the established BMI
threshold values can also be less accurate in
elderly people (> 65 years) [23].

Conclusion. Stratification of the exam-
ined males as per BMI established a signifi-
cant positive dynamics in the analyzed vari-
ables as BMI values grew in each analyzed age
group together with age-specific decline in
FFMI values from young males to elderly ones
against growing FMI, FMI/FFMI, total body
fat and waist-to-hip ratio in people with nor-
mal weight, overweight and obesity identified
as per BML.

Our findings allow us to conclude that
classical BMI ranges cannot be considered a
clear indicator to diagnose obesity among
males in the Magadan oblast whereas indica-

tors obtained by bioimpedance analysis
(FMI/FFMI ratios) can be used as relevant in-
dicators when assessing risks of obesity and
sarcopenia in the analyzed population. This is
confirmed by highly significant correlation
coefficients between this indicator and the fat
percentage in the body as well as fat mass in-
dex in each age group.

Overall, our study findings confirm the
opinion that any assessment of physical state
aimed to identify obesity should consider an-
thropometric indices that rely not only on a
body weight related to height (BMI) but also
on fat-free mass index (FFMI), fat mass index
(FMI) as well as their ratio FMI/FFMI. At pre-
sent bioimpedance analysis is widely available
due to its low costs and simplicity; given that,
it seems advisable to implement assessment of
these indices in screening preventive and clini-
cal practices. This will allow analyzing both
absolute (kg) and relative (%) values of mus-
cle and fat mass in the body for effective early
diagnostics and prevention of obesity.

Limitations. Our study has certain limita-
tions. The major one is that our participants were
exclusively males and this does not allow describ-
ing the total population of northern regions. In ad-
dition to that, our results apply only to Caucasians
as a specific ethnic group. To our best knowledge,
this is the first study with its focus on males living
in the north-eastern Russia and with its aim being
to analyze whether anthropometric indices are eli-
gible for assessing obesity and its types relying on
fat mass index and free-fat mass index.
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