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Porównanie analizy bioimpedancyjnej ze wskaźnikami antropometrycznymi 
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Cel: Otyłość należy do głównych wyzwań współczesnej medycyny. Analiza bioimpedancyjna stanowi użyteczne narzędzie 
identyfikacji osób ze zwiększoną masą tkanki tłuszczowej. Niestety, sprzęt do analizy bioimpedancyjnej jest dość kosztowny, 
zwłaszcza w porównaniu z podstawowymi metodami antropometrycznymi. Celem pracy była ocena związku pomiędzy 
pomiarami antropometrycznymi a analizą bioimpedancyjną u pacjentów z niepowikłanym nadciśnieniem tętniczym. 
Materiał i metody: U 137 osób z nadciśnieniem tętniczym oceniono korelacje między ilością tkanki tłuszczowej 
(bezwzględnej, fat mass, FM; względnej, %FM) a parametrami antropometrycznymi (wskaźnik masy ciała, body mass index, 
BMI; obwód talii, waist circumference, WC; wskaźnik talia–biodra, waist-to-hip ratio, WHR; wskaźnik talia–wzrost, waist-
to-height ratio, WHtR; wskaźnik otłuszczenia ciała, body adiposity index, BAI; wskaźnik wisceralnej – trzewnej tkanki 
tłuszczowej, visceral adiposity index, VAI). Wyniki: Klasyczne pomiary antropometryczne korelowały z bioimpedancyjnymi 
wskaźnikami zawartości tkanki tłuszczowej: %FM vs BAI (R = 0,77), WHtR (R = −0,54), BMI (R = 0,52), WC (R = 0,29); 
FM vs BMI (R = 0,82), WC (R = 0,66), BAI (R = 0,58), VAI (R = 0,26), WHtR (R = 0,23), WHR (R = 0,19). U kobiet 
najsilniejszy związek z ilością tkanki tłuszczowej wykazywały BMI, WC i BAI, zaś u mężczyzn – WHtR i WC. Wnioski: 
Niektóre pomiary antropometryczne wykazują wysoką zgodność z analizą bioimpedancyjną i mogą być brane pod uwagę 
jako zastępcze wskaźniki oceny składu ciała w przypadku braku możliwości jej zastosowania. U kobiet z nadciśnieniem 
tętniczym najbardziej precyzyjne w ocenie %FM okazują się WC i BMI, podczas gdy u mężczyzn są to WHtR i WC.
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Aim: Obesity is one of the most crucial challenges of contemporary medicine. Bioelectrical impedance analysis is a useful 
tool to identify individuals with increased fat mass. However, the equipment is relatively expensive, especially compared to 
basic anthropometric methods. The aim of this study was to evaluate the relations between anthropometric indices and 
bioelectrical impedance analysis in patients with uncomplicated arterial hypertension. Material and methods: In 137 
hypertensives the correlations between fat mass (absolute, FM; relative, %FM) and anthropometric parameters (body mass 
index, BMI; waist circumference, WC; waist-to-hip ratio, WHR; waist-to-height ratio, WHtR; body adiposity index, BAI; 
visceral adiposity index, VAI) were analysed. Results: Classic anthropometrics correlated well with bioimpedance indices 
of adipose tissue content: %FM vs. BAI (R = 0.77), WHtR (R = −0.54), BMI (R = 0.52), WC (R = 0.29); FM vs. BMI (R = 0.82), 
WC (R = 0.66), BAI (R = 0.58), VAI (R = 0.26), WHtR (R = 0.23), WHR (R = 0.19). In females BMI, WC and BAI showed the 
strongest correlations with adiposity. In males they were WHtR and WC. Conclusions: Some anthropometric measurements 
show good agreement with bioelectrical impedance analysis and can be considered a valid surrogate for body composition 
assessment in the case of its inaccessibility. In hypertensive women WC and BMI seem to be the most precise in the 
assessment of %FM, while in men WHtR and WC are more useful. 
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INTRODUCTION

Obesity is one of the most crucial challenges of con-
temporary medicine. It is well established that 
obesity increases the risk of developing numerous 

cardiometabolic complications including arterial hyperten-
sion (AH), insulin resistance, diabetes and dyslipidaemia. 

The estimated percentage of overweight people worldwide 
is over one third(1–4). Due to its prevalence and negative 
influence of obesity on health, dealing with this disorder 
seems to be crucial for prophylaxis and treatment of car-
diovascular diseases (CVD). Classic anthropometric mea-
surement methods have many limitations and more accu-
rate tools to estimate adipose tissue content are still sought. 
As an example, body mass index (BMI)(5) formula does not 
account for the proportion between body fat mass and fat 
free mass, which can result in misleading interpretation 
of results, especially in athletes. Gender and age also matter. 
Thus, to estimate body composition properly, it is recom-
mended to apply a wide range of anthropometric indices, 
such as: BMI, waist circumference (WC)(5), waist-to-hip ra-
tio (WHR)(5), waist-to-height ratio (WHtR)(5), visceral ad-
iposity index (VAI)(6)  and body adiposity index (BAI)(7).
The recent rapid development of non-invasive methods 
in medicine has delivered numerous methods to estimate 
body fat mass, such as dual-energy X-ray absorptiometry 
(DEXA), regarded as the “gold standard” in clinical practice, 
magnetic resonance assessment, or bioelectrical impedance 
analysis (BIA). BIA as a body composition analysis method 
was firstly proven to be effective by Lukaski et al.(8). This meth-
od is based on the fact that under alternating electrical excita-
tion biological cells and tissues produce complex electrical im-
pedance which depends on tissue composition(9–12). Since BIA 
is a simple, non-invasive and safe measurement method, 
it may be a useful tool to identify individuals with increased 
fat mass. However, the equipment is relatively expensive, espe-
cially compared to basic anthropometric methods.
Fat mass assessment seems to be especially useful in pa-
tients classified as being at a low/moderate cardiovascular 
risk. This population, including patients with uncomplicat-
ed AH, is large and it is difficult to provide BIA in all cases. 
Therefore, we hypothesize that there are some classical an-
thropometric indices that, depending on sex, can substitute 
BIA with clinically accepted consistency.
The aim of this analysis was to evaluate the relations be-
tween the anthropometric measures of obesity and body 
tissue composition evaluated by BIA in patients with un-
complicated AH.

MATERIAL AND METHODS

Study group

The analysis included 137 patients (94 men, mean age 
44.9  ±  10.4) with AH defined as elevated blood pres-
sure (BP) for at least 3 months. The inclusion and 

exclusion criteria were described in our previous paper(13). 
The study protocol was approved by the Bioethics 
Committee of the Military Institute of Medicine (No. 
21/WIM/2011). All of the participants provided their writ-
ten consent to take part in the study. The project was regis-
tered at ClinicalTrials.gov (NCT01996085).

Clinical assessment

Office BP measurement was performed automatically 
(Omron M4 Plus, Japan). Systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were measured in a quiet 
room, in the presence of a trained physician or nurse, af-
ter a minimum of 5 minutes of resting in a sitting position. 
The measurements of anthropometric parameters such as 
weight, height, WC and hip circumference (HC) were per-
formed according to the recommended methodology(14). 
The measured values were used in calculations to obtain 
the following indices: BMI, WHtR, WHR, BAI and VAI. 
The formulas are presented in Tab. 1.
Bioelectrical impedance analysis was performed using mul-
tifrequency segmental body composition analyser TANITA 
MC-780 MA (TANITA Corporation, Tokyo, Japan) by ex-
perienced, trained staff according to standardized proce-
dures (after overnight fast, light clothes, standing position). 
The following parameters were analysed: absolute fat mass 
(FM) and relative fat mass (%FM).

Laboratory tests

Biochemical analyses were performed using peripheral 
venous blood. Blood samples were taken in the morning 
(between 7:30 and 8:30 AM) after a minimum of 6 hours 
of fasting. The following parameters were taken into con-
sideration: total cholesterol (TC), high density lipopro-
teins (HDL), low density lipoproteins (LDL), fasting glu-
cose (FG) and triglycerides (TG).

Statistical analysis

The statistical analysis was performed using Statistica 12.0 
software (StatSoft, Inc.). The distribution and normali-
ty of the data were assessed by visual inspection and the 

Parameter Formula
BMI(5) Body mass / height2 (kg/m2)

WHtR(5) WC (cm) / height (cm)
WHR(5) WC (cm) / HC (cm)
BAI(7) [HC (cm) / height (m)] − 18
VAI(6) Male: [WC / 39.68 + (1.88 × BMI)] × (TG / 1.03) × (1.31 / HDL)

Female: [WC / 36.58 + (1.89 × BMI)] × (TG / 0.81) × (1.52 / HDL)
BMI – body mass index; WHtR – waist-to-height ratio; WC – waist 
circumference; WHR – waist-to-hip ratio; HC – hip circumference;  
BAI – body adiposity index; VAI – visceral adiposity index; TG – triglycerides;  
HDL – high density lipoproteins.

Tab. 1. Anthropometric parameters and its formulas
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Kolmogorov–Smirnov test. Continuous variables were pre-
sented as means ± standard deviations (SD). The relations 
between the analysed parameters were investigated with 
Pearson’s (Spearman’s) correlation coefficients. A p value 
of <0.05 was taken to indicate statistical significance.

RESULTS

Basic characteristics of the study group

Men constituted most of the group (68.6%). Almost half 
of the subjects were obese (43%). Basic clinical data are 

shown in Tab. 2. More detailed characteristics of the stud-
ied group were described previously(13).

Correlation in the whole study group

In the whole group the power of correlations between an-
thropometric parameters and FM in descending order was 
as follows: BMI, WC, BAI, WHtR, WHR, VAI. Nonetheless, 
the power of correlations between anthropometric parame-
ters and %FM was different: BAI, WHtR, BMI, WC, WHR, 
VAI (Tab. 3).

Correlation in gender subgroups

The relations between anthropometrics and BIA indices 
were found to be dependent on gender (Fig. 1). In women 
all of the considered correlations were statistically signif-
icant (Tab. 4). The power of correlations between anthro-
pometric parameters and FM in descending order was as 
follows: BMI, WC, BAI, WHtR, WHR, VAI, and for %FM: 
BMI, WC, WHtR, BAI, WHR, VAI (Tab. 4).
In men all of the considered correlations were statistical-
ly significant apart from FM vs. WHtR (Tab. 5). The power 

Fig. 1. �Power of correlations between fat mass indices and anthropometric indices in women (left side) and men (right side). The size of dia-
monds corresponds with the values of correlation coefficients (R2)
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WHR
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BAI

VAI

FM

Women Men

FM%FM %FM

Mean ± SD
Anthropometric 

indicies 
%FM (%) 26.8 ± 3.3
FM (kg) 23.9 ± 8.5

Body mass (kg) 87.8 ± 16.0
BMI (kg/m2) 29.0 ± 4.2

WC (m) 0.99 ± 0.12
BAI (u) 29.5 ± 5.2
VAI (u) 4.72 ± 3.25
WHR 0.93 ± 0.08
WHtR 0.57 ± 0.07

Additional clinical 
characteristics

TC (mg/dL) 223.9 ± 39.6
HDL (mg/dL) 57.7 ± 18.6
LDL (mg/dL) 145.1 ± 34.1
TG (mg/dL) 158.2 ± 78.4
FG (mg/dL) 98.6 ± 11.3

SBP (mm Hg) 141.2 ± 13.0
DBP (mm Hg) 90.4 ± 9.0

SD – standard deviation; %FM – relative fat mass; FM – absolute fat mass; 
BMI – body mass index; WC – waist circumference; BAI – body adiposity 
index; VAI – visceral adiposity index; WHR – weight-to-hip ratio;  
WHtR – weight-to-height ratio; TC – total cholesterol; HDL – high density 
lipoproteins; LDL – low density lipoproteins; TG – triglycerides; FG – fasting 
glucose; SBP – systolic blood pressure; DBP – diastolic blood pressure.

Tab. 2. General characteristics of the studied population

  FM %FM
R p R p

BMI 0.82 <0.001 0.52 <0.001
WC 0.66 <0.001 0.29 <0.001

WHR 0.19 0.031 0.10 0.243
WHtR 0.23 0.007 0.55 <0.001

BAI 0.57 <0.001 0.77 <0.001
VAI 0.26 0.002 0.05 0.569

FM – absolute fat mass; %FM – relative fat mass; BMI – body mass index; 
WC – waist circumference; WHR – weight-to-hip ratio; WHtR – weight-to-
height ratio; BAI – body adiposity index; VAI – visceral adiposity index.

Tab. 3. �Correlations between anthropometric parameters and 
BIA fat mass indices in the whole group
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of correlations between anthropometric parameters and FM 
in descending order was as follows: WC, BMI, BAI, WHR, 
VAI, WHtR, and for %FM: WHtR, WC, BMI, BAI, WHR, 
VAI (Tab. 5).

DISCUSSION

The analysis revealed that correlations between the cho-
sen anthropometric parameters and bioimpedance indices 
of fat mass are highly diverse. That dissimilarity has shown 
that gender should be considered in body composition as-
sessment. Secondly, it has demonstrated that FM and %FM 
should be interpreted separately.
The correlations were stronger in women than in men 
and anthropometric parameters were more precise in fat 
mass evaluation. Widely used BMI and WC were identi-
fied to be the most representative for fat mass in this sub-
group. Slightly different observations concerned men. 
A high diagnostic value for %FM was observed for WHtR. 
However, this parameter lost its value in the case of FM. 
The specific body fat distribution to the visceral region 
in men is most likely the reason for WHtR vs. %FM and 
WC vs. %FM correlations being the strongest in this sub-
group(14). The differences in the correlations confirmed the 
well-established gender-dependent fat distribution, con-
nected mainly with the endocrinal system and sensitivi-
ty to sex steroids(15,16).

Freedman et al.(17) also observed a higher degree of col-
linearity between percent body fat and BMI, BAI and HC 
in women than in men (respectively: 0.85 vs. 0.76, 0.82 vs. 
0.77 and 0.83 vs. 0.75) but comparable body fat and WC 
(0.81 vs. 0.80). On the contrary, Jabłonowska-Lietz et al.(18) 

did not observe such convincing correlations. They noted 
only slight correlations between %FM and BMI: R = 0.26 
(p < 0.01); %FM and BAI: R = 0.37 (men), R = 0.39 (wom-
en, both p < 0.001). WHR correlated with %FM only in men 
(R = 0.35, p < 0.05). No significant relation was noted for 
%FM and WHtR, VAI, WC, WHR (in women)(18). It is puz-
zling, as the population in that study was comparable to 
ours (BMI range of 30–35 kg/m2, non-diabetics, no his-
tory of hyperglycaemia and hyperlipidaemia treatment). 
Gender heterodoxies were also observed in adolescents(19).
The clinical implications of our results should be considered 
in a broader context. Although BMI is a recommended indi-
cator of obesity, a recent study has shown it is a poorer pre-
dictor of cardiovascular events than %FM(20). Many factors 
lead to significant mistakes in the interpretation of BMI, in-
cluding gender, race, high muscle mass, changes in hydra-
tion status (in particular retention of extracellular fluids)(21). 
Yusuf et al.(22) showed that the small increase in the risk 
of heart attack that is associated with BMI increase disap-
pears after adjustment for abdominal adiposity. There are 
many subjects “metabolically obese but with normal weight,” 
having a normal BMI and higher visceral adiposity, insulin 
resistance, and an increased cardiometabolic risk(23).
Several studies have shown that WC is strongly related to 
visceral fat and abdominal adiposity, more than BMI and 
WHR(21). Abdominal obesity increases cardiovascular risk 
by its association with higher metabolic activity, increased 
activity of sympathetic nervous system and renin–angio-
tensin–aldosterone system, as well as altered endotheli-
al function(24–26). WHtR has also been considered a strong 
screening tool for cardiometabolic risk in adults(21), with 
some authors suggesting WHtR to be the most practical and 
convenient index of regional adipose tissue distribution(27). 
A meta-analysis presented by Ashwell and Gibson(27) showed 
that WHtR was even a better index of prognosis of diabetes, 
dyslipidaemia, hypertension, and risk of CVD in both sex-
es than WC. Corrêa et al.(28) suggest that in elderly patients 
WHtR shows high precision in discrimination of visceral 
obesity and is more effective than WC and WHR in cardio-
vascular risk assessment and follow-up in clinical practice.
VAI was found to be the poorest correlate in our study. 
However, its additive clinical value should not be ignored. 
Amato and Giordano(29) point out that VAI, one of the 
most common indexes used in adiposity assessment, mir-
rors not exactly the adipose tissue amount, but its endo-
crine function, associated with a higher cardiometabolic 
risk. Jabłonowska-Lietz et al.(18) reported that VAI signif-
icantly correlated with serum glucose, insulin concentra-
tions and HOMA-IR. However, Bozorgmanesh et al.(30) ob-
served that WHtR outperformed VAI in its ability to predict 
the metabolic syndrome.

  FM %FM
R p R p

BMI 0.95 <0.001 0.90 <0.001
WC 0.90 <0.001 0.84 <0.001

WHR 0.44 0.003 0.44 0.003
WHtR 0.51 <0.001 0.78 <0.001

BAI 0.78 <0.001 0.73 <0.001
VAI 0.38 0.010 0.37 0.012

FM – absolute fat mass; %FM – relative fat mass; BMI – body mass index; 
WC – waist circumference; WHR – weight-to-hip ratio; WHtR – weight-to-
height ratio; BAI – body adiposity index; VAI – visceral adiposity index.

Tab. 4. �Correlations between anthropometric parameters and 
BIA results in the female subgroup

  FM %FM
R p R p

BMI 0.82 <0.001 0.68 <0.001
WC 0.85 <0.001 0.76 <0.001

WHR 0.45 <0.001 0.48 <0.001
WHtR 0.18 0.088 0.77 <0.001

BAI 0.52 <0.001 0.62 <0.001
VAI 0.32 0.002 0.27 0.012

FM – absolute fat mass; %FM – relative fat mass; BMI – body mass index; 
WC – waist circumference; WHR – weight-to-hip ratio; WHtR – weight-to-
height ratio; BAI – body adiposity index; VAI – visceral adiposity index.

Tab. 5. �Correlations between anthropometric parameters and 
BIA results in the male subgroup
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LIMITATIONS

The limited number of subjects and the unbalance between 
sexes should be noted. The results were obtained in a par-
ticular group of patients (hypertensives) and cannot be ex-
trapolated on the general population. The hormonal sta-
tus of women, which was not accounted for in this study, 
should also be kept in mind.

CONCLUSIONS

Some anthropometric measurements show good agreement 
with BIA and can be considered a valid surrogate for body 
composition assessment in the case of its inaccessibility. 
In hypertensive women WC and BMI seem to be the most 
precise in the assessment of %FM, while in men WHtR and 
WC are more useful. The prognostic significance of these 
relations should be further investigated.
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