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ABsTrACT: Body composition (BC) characteristics across metabolic health-by-body mass index categories
were examined. Metabolic health (MH) was defined by five biomarkers: waist circumference, blood pres-
sure, levels of triglycerides, high density lipoprotein cholesterol, and fasting glucose. Potential differenc-
es in BC characteristics between metabolically healthy obese (MH-O) and metabolically unhealthy obese
(MUH-O) women, and between MH normal weight (MH-NW) and MUH normal weight (MUH-NW)
women were explored in 276 Slovak midlife women (39-65 years). Body composition parameters were
measured with bioimpedance analyzer (BIA 101, Akern, S. r. 1.). A simple comparison of the BC data
between the subgroups showed significant differences in resistance (Rz, ohm) (p=0.035), muscle mass
(MM, kg) (p=0.044), and total body water (TBW, kg) (p=0.047) between MH-O and MUH-O women.
However, we did not observe any significant differences in BC characteristics between MH-NW and MUH-
NW. Specific logistic regression models were used to determine differences in BC characteristics between
various obesity phenotypes, with controlling for age, menopausal status, smoking status and sport activity.
Our results indicated that increasing age and decreasing Rz were statistically significantly associated with
an increased likelihood of exhibiting MUH-O (p=0.031 for age; p=0.032 for Rz). Moreover, other logistic
models which included age, menopausal status, biochemical variables and life style factors such as covari-
ates, showed that increasing alanine aminotransferase (ALT) and uric acid (UA) were statistically signifi-
cantly associated with an increased likelihood of exhibiting MUH-O (p=0.023 for ALT, p=0.010 for UA).
In conclusion, MUH-O and MH-O cardiometabolic profiles are characterized by differences in the value of
resistance and plasma levels of ALT and UA.
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Introduction

Obesity is a major contributor to the
global burden of chronic diseases and
disabilities, and has been increasing
globally over the past 40 years (NCD
Risk Factor Collaboration 2016). In Eu-
rope, the prevalence of obesity, defined as
body mass index (BMI)>30 kg/m?, varies
between 6% and 20%, with higher prev-
alence in Central and Eastern European
countries (Rabin et al. 2007; Berghofer et
al. 2008; Peralta et al. 2018).

Obese individuals may be protect-
ed from obesity-related cardiometa-
bolic diseases (Camhi and Katzmarzyk
2014) or may be at a significantly low-
er risk than estimated from the pos-
itive association between body mass
index (BMI) and cardiometabolic risk.
This subphenotype has been described
as metabolically healthy obese (MH-O)
and is characterized by the absence of
cardiometabolic abnormalities (Primeau
et al. 2011; Blither 2020), lower risk for
cardiovascular disease (CVD), hyperten-
sion (Eckel et al. 2018; Mongraw-Chaffin
et al. 2018; Kouvari et al. 2019), diabetes
(Meigs et al. 2006; Aung et al. 2014; Kim
et al. 2016), dyslipidemia and mortality
(Durward et al. 2012; Izumida, Nakamu-
ra and Ishikawa 2019), despite excessive
body fat accumulation, when compared
with their metabolically unhealthy obese
(MUH-O) counterparts. However, indi-
viduals that are within a normal BMI
range may also be predisposed to sim-
ilar adverse health outcomes as those
observed in obese patients (Choi et al.
2013). Lean individuals with abnor-
mal metabolic profiles have been de-
fined as “metabolically unhealthy nor-
mal-weight” (MUH-NW). Many studies
showed that MUH-NW adults exhibit-
ed increased risk in developing athero-

sclerosis (Yoo et al. 2014), CVD and
all-cause mortality compared to MH-O
(Choi et al. 2013; Schulze 2019).

Bioelectrical impedance analysis
(BIA) is a non-invasive method to assess
body composition (BC) and is applicable
in estimating many potential health risks
(Visser et al. 2012; Sergi et al. 2017).
Bioelectrical impedance analysis mea-
sures the opposition to an alternating
current through body compartments (re-
sistance, Rz) and the delay in conduction
by cell membranes (reactance, Xc). Rz is
the pure opposition offered by the body
to the flow of an alternating electric cur-
rent, related to extra- and intracellular
fluid located primarily within lean mass.
Xc is the opposition offered by electric
flow due to capacitance produced by tis-
sue interfaces and cell membranes, and
reflects the ability of cell membranes to
act as capacitors, offering reactance. Rz
is inversely proportional to body water
content and Xc is related to extra- and
intracellular water balance, which is
dependent on cell membrane integrity
(Oliveira, Santos and Mello 2012). The
composite marker phase angle (arc tan-
gent of Xc/Rz) reflects the amount and
integrity of body cells, predicts patient
outcomes in a variety of diseases (Kyle et
al. 2004; Norman et al. 2010) and iden-
tifies patients with nutritional risk (Kyle
et al. 2012). Previous studies revealed
that the evaluation of important indica-
tors of nutritional status, such as phase
angle, fat free mass, muscle mass, and
fat mass, can be useful for predicting
metabolic and CVD in all BMI catego-
ries (Aleman-Mateo et al. 2010; Lang et
al. 2015).

The aim of this cross-sectional study
was to evaluate BC characteristics in sev-
eral metabolic phenotypes in a popula-
tion of normal weight and obese Slovak
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midlife women and to identify the most
important BC determinants of these phe-
notypes, in addition to anthropometric,
and biochemical characteristics.

Subjects and methods

This study was based on data collected
during cross-sectional surveys in Slovakia
between 2013-2017 in order to analyse
the associations of various biological, en-
vironmental, and clinical determinants of
menopause in Slovak women ranging in
age from 39 to 65 years. Three sub-groups
were compared and analysed during these
projects: late premenopausal, perimeno-
pausal and early postmenopausal. A total
of 276 Caucasian women were suitable
and subsequently included in this study.
Women were recruited from different lo-
calities in the western and middle regions
of Slovakia via an invitation letter regard-
ing the study, which was distributed prior
to data collection with the associated of
local physicians. Participants were then
interviewed during a medical examina-
tion in the morning and were investigat-
ed with respect to their medical, anthro-
pometrical and lifestyle aspects at local
Health Centres. Women recovering from
acute disorders such as cancer, myocardi-
al infarction or stroke were excluded from
the survey. The participants were mostly
married (72.5%), originated from towns
(53.1%), and gained secondary education
level (67%). Additional baseline descrip-
tion of the study sample is presented in
Table 1. Each woman provided written
informed consent for the study which
adhered to the Declaration of Helsinki
Principles.

The entire sample was divided into
four sub-groups; MH normal weight
(BMI<25 kg/m?), MUH normal weight
(BMI<25 kg/m?), MH obese (BMI>30 kg/

m?) and MUH obese (BMI>30 kg/m?).
Because of the small number of over-
weight (BMI>25 and <30 kg/m?) women
suitable for this study, this sub-group was
not the subject of this analysis. Women
were classified as MUH (>2 metabolic risk
factors: blood pressure>130/85 mmHg

or diagnosis of hypertension;  tri-
glycerides>1,7 mmol/l; high-density
lipoprotein  cholesterol<1,3 mmol/l;

fasting glucose>5,55 mmol/1 or diagno-
sis of diabetes mellitus; waist circumfer-
ence>88 c¢cm) or MH (<2 risk metabolic
factors) (Camhi and Katzmarzyk 2014).

Biochemical analysis

Venous blood was collected following
overnight fasting. Plasma was then sepa-
rated and biochemical analysis of alanine
aminotransferase (ALT), gamma-glutam-
yltransferase (GMT), uric acid (UA), to-
tal cholesterol (TC), triglycerides (TG),
high-density  lipoprotein  cholesterol
(HDL-C), fasting blood glucose were con-
ducted by routine laboratory methods in
the Department of Clinical Laboratories
of the Bratislava Alpha Medical. Low-den-
sity lipoprotein cholesterol (LDL-C) lev-
els were calculated using the Friedewald
formula (Friedewald et al. 1972).

Anthropometric, body composition
and blood pressure measurements

All anthropometrical parameters were
measured by professional anthropolo-
gists and the same instruments were
used on all women. Anthropometric mea-
surements were taken using the standard
anthropometric technique. Body height
was measured by anthropometer (Sieber
and Hegner) at the head level with the
women standing barefoot and with feet
together with accuracy of 0.5 cm. Body
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Table 1. Demographic characteristics and cardiometabolic risk factors in Slovak women?

Total MH-NW MUH-NW MH-O MUH-O

n (%) 276 121 (44) 24 (9) 17 (6) 114 (41)
Age (years) 49.8+6.5 47.2+53% 52.7+6.6 48.6+4.0° 52.2+6.8
Height (cm) 163.4+5.7 164.1+5.7 162.4+5.7 162.8+4.5> 162.9+5.8
Weight (kg) 75.5+18.8 59.7%5.9 60.8+7.5 87.9+x7.2 93.5+11.8
WC (cm) 87.8+17.2 73.0+6.8° 79.4+8.5 94.6+9.1> 104.4+10.5
HC (cm) 105.5+13.4 95.2+5.1 95.8+4.5 113.0+10.6 117.3%x10.2
BMI (kg/m?) 28.3+7.1 22.2+1.7>  23.0+2.0 33.2+2.4 35.3+4.4
WHR 0.83+0.09 0.77+0.06°> 0.83+0.08 0.84+0.1° 0.89+0.1
Systolic BP (mmHg) 126.0+17.8 118.7+16.0° 126.3%+22.8 120.3+10.2°> 134.5+15.6
Diastolic BP (mmHg) 789+11.4 75.1+9.6°® 78.6+9.4 77.9+6.1> 83.2+12.5
Glucose (mmol/1) 5.13+1.51 4.59+0.48> 5.24+0.99 4.83+0.65> 5.72+2.10
Triglycerides (mmol/1) 1.35+1.09 0.90+0.33> 2.22+2.73 0.91+0.29®> 1.72+0.82
HDL-cholesterol (mmol/1) 1.56+0.46  1.85+0.44> 1.34+0.42 1.62+0.19> 1.29+0.30
TC (mmol/1) 5.37+0.98 5.29+1.02 5.57+0.87 5.03x0.85 5.47*0.97
LDL-cholesterol (mmol/1) 3.28+0.95 3.08x0.92 3.47+1.19 3.03+x0.84 3.49+0.90
n (%) 220 109 (49) 18 (8) 17 (8) 76 (35)
ALT (pkat/1) 0.33+0.20 0.26+0.08> 0.33+0.17 0.29+0.10> 0.44+0.27
GMT (ukat/1) 0.42+0.43 0.29+0.17 0.35+0.24 0.43+0.44®> 0.62+0.61
Uric acid (umol/1) 253.6+£68.6 222.4+50.7 241.8+60.5 251.5+49.0> 301.7+70.2
n (%) 276 121 (44) 24 (9) 17 (6) 114 (41)
Smoking status

Regular smokers 43 (16) 20 (16) 4 (17) 3 (18) 16 (14)

Occasional smokers 31 (11) 13 (11) 1(4) 4 (23) 13 (11)

Non-smokers 202 (73) 88 (73) 19 (79) 10 (59) 85 (75)
Sport activity

Regularly 32 (11) 24 (20) 4(17) 1 (6) 33)

Occasionally 198 (72) 89 (73) 18 (75) 13 (76) 78 (68)

Never 46 (17) 8 (7) 2 (8) 3 (18) 33 (29)
Menopausal status

Late premenopausal 124 (45) 73 (60) 7 (29) 9 (53) 35 (31)

Perimenopausal 19 (7) 8 (7) 2 (8) 1(6) 8 (7)

Early postmenopausal 133 (48) 40 (33) 15 (63) 7 (41) 71 (62)

Abdominal obesity WHR > 0.89 62 (23) 3 (5) 5 (8) 4 (6) 50 (81)

Hypertension 88 (32) 23 (26) 8 (9) 1(1) 56 (64)

Diabetes mellitus or hypergly- 49 (18) 2 (4) 9 (18) 2 (4) 36 (74)

cemia

Hypertriglyceridemia 61 (22) 2 (3) 8 (13) 0 (0) 51 (84)

Low HDL-cholesterol 90 (33) 9 (10) 17 (19) 0 (0) 64 (71)

Hypercholesterolaemia 168 (61) 60 (36) 17 (10) 9 (5) 82 (49)

LDL-cholesterol > 3.00

Abbreviations: MH-NW, metabolically healthy normal weight; MUH-NW, metabolically unhealthy normal
weight; MH-O, metabolically healthy obese; MUH-O metabolically unhealthy obese; WC, waist circumfer-
ence; HC, hip circumference; BMI, body mass index; WHR, waist to hip ratio; BB blood pressure; HDL,
high-density lipoprotein; LDL, low-density lipoprotein; ALT, alanine aminotransferase; GMT, gamma-glu-
tamyltransferase, *Data presented as mean =+ SD; "Significant difference in the means between MH-NW
and MUH-NW, and between MH-O and MUH-O. All continuous data were tested by Mann-Whitney U-test
or Independent Samples T-test.
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weight was measured on a personal bal-
ance scale with the woman being barefoot
and in underwear only, with an accuracy
of 0.1 kg. Waist and hip circumferences
were measured to the nearest 0.5 cm us-
ing a non-elastic tape, with the woman
standing. Waist circumference (WC) was
measured at the level of the umbilicus,
and the hip circumference (HC) was mea-
sured at the maximum posterior protru-
sion of the buttocks. Inter- and intra-ob-
server variability in the measurements
were conducted before the investigations.
The value of the inter and intra-observ-
er variability was less than 0.5 cm. Body
mass index was calculated as body weight
divided by height squared. Waist-to-hip
ratio (WHR) was calculated as the cir-
cumference of the waist divided by the
circumference of the hips.

Body composition variables were ob-
tained with a bioelectric impedance ana-
lyzer (BIA 101, Akern S.r.l., Florence, It-
aly). This apparatus generates a constant
excitation current at 800 pA at a signal
frequency of 50 kHz with a four-electrode
arrangement. The BIA measurements
were carried out in the morning, with the
woman lying supine on a bed after over-
night fasting and at least 12 hours after
physical training or vigorous exercise. We
obtained the two specific measurements
of resistance (Rz), which arises from in-
tracellular and extracellular fluids, and
reactance (Xc), which is related to the
capacitance of the cell membrane. Resis-
tance is typically reduced by body fluids,
which are proportional to lean body mass
and is increased by body fat, through
which a current is not readily conducted.
Resistance and reactance are vectors that
are related by phase angle, for which a
larger value reflects increased body cell
mass (Barbosa-Silva et al. 2003, Kyle et
al. 2004). We also obtained data on fat

mass (FM), fat free mass (FFM), muscle
mass (MM), body cell mass (BCM), total
body water (TBW), extra- and intracellu-
lar water (ECW, ICW).

Systolic and diastolic blood pres-
sure (sBP dBP) were measured in the
morning during medical examination,
in the sitting position using a digital
sphygmomanometer.

Data analysis

The assumption of normal distribution
was tested by the one-sample Kolmogor-
ov-Smirnov test. A comparison between
the subgroups was analyzed using the
Mann-Whitney U-test in case of not nor-
mal distribution and the t-test fro inde-
pendent sample, in case of normally dis-
tributed data. A discriminant stepwise
analysis model was used to determine the
BC variables which best identify MUH-
NW, and MUH-O. All the measured BC
variables and also BMI were included in
discriminant analysis. A stepwise logistic
regression analysis (likelihood ratio) was
carried out, with the presence of MUH-O
as dependent variable and progressive
elimination of covariates (age, meno-
pausal status, sport, smoking, BC param-
eters, and biochemical health factors).
Only those continuous variables with
values of p<0.05 in the T-test or U-test
were included in the logistic regression
as covariates. Statistical computations
were performed by the SPSS 17.0 soft-
ware programme (SPSS Inc., Chicago,
IL). A p-value less than 0.05 was consid-
ered significant.

Results

The anthropometric, biochemical, and
life style characteristics of studied wom-
en in obese and normal weight sub-
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groups are summarized in Table 1. The
MH-NW and MUH-NW women differed
significantly in their mean values of age,
WC, BMI, WHR, sBPB, dBB, glucose, TG,
HDL-C, ALT liver enzyme. The MH-O
and MUH-O women differed significant-
ly in their mean values of age, WC, WHR,
sBB, dBP, glucose, TG, HDL-C, UA, ALT,
and GMT liver enzymes. According to the
defined criteria, the prevalence of MUH
status in the entire study sample was
50%. After dividing the entire sample
into four cohorts based on BMI category
and metabolic health, the following prev-
alences were recorded; MH-NW 44 %,
MUH-NW 9%, MH-O 6% and MUH-O
41% (as in Table 1).

The prevalences among different BMI
subgroups were as follows: MUH-NW
women accounted for 16% among nor-
mal-weight midlife women and MUH-O
women accounted for 87% among obese
midlife women.

We compared the BC characteris-
tics between MH-NW and MUH-NW

in Figure 1 and no significant difference
was established for any BC parameter
(p>0.05). Additionally, the relationship
between MUH-NW presence, BMI and
all BC parameters was tested by stepwise
discriminant analysis (data not shown).
The BMI was selected as the best pre-
dictor of MUH-NW (Exact F=4.59,
p=0.034). This documents that MH-NW
and MUH-NW women differed mainly in
BMI. Other investigated variables were
excluded in the stepwise statistics.

Figure 2 highlights BC variables dif-
ferences between MH-O and MUH-O
women. Our results revealed that
MUH-O women had statistically signifi-
cantly lower Rz (508+13.1 vs. 477+5.2
ohm; p=0.035), more TBW (37.6+0.73
vs. 42.7%3.17 |; p=0.047) and more MM
(27.6=0.51 vs. 29.5+0.36 kg; p=0.044)
than MH-O women.

A logistic regression was performed
to ascertain the effects of age, menopaus-
al status, sport, smoking, Rz, TBW (kg),
MM (kg) on the likelihood that women

75+
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550 85
60 MUH-NW
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400- 45
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300~ 35
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Fig. 1. Body composition comparisons between metabolically healthy and unhealthy normal weight women

Abbreviations: Mean + SE; Error bars represent standard errors. MH-NW - metabolically healthy normal
weight, MUH-NW - metabolically unhealthy normal weight, Rz - resistance, Xc - reactance, PA — phase
angle, BCM - body cell mass, TBW - total body water, ECW - extracelullar water, ICW — intracelullar water,
FM - fat mass, FFM - fat free mass, MM — muscle mass.
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have MUH-O (as in Table 2). The logistic
regression model indicated that increas-
ing age and decreasing Rz were signifi-

Furthermore, this analysis also re-
vealed that the differences in TBW (kg)
and MM (kg) between subgroups were

cantly associated with an increased likeli-
hood of exhibiting MUH-O (p=0.031 for
age; p=0.032 for Rz). This analysis also
revealed that the effect of Rz on MHU-O
was independent from age.

not statistically significant when age,
Rz and life style factors were used in
the model.

Additionally, the relationship be-
tween MUH-O presence, BMI and all BC
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Fig. 2. Body composition comparisons between metabolically healthy and unhealthy obese women

Abbreviations: *p < 0.05; Mean + SE; Error bars represent standard errors. MH-O — metabolically healthy
obese, MUH-O - metabolically unhealthy obese, Rz — resistance, Xc — reactance, PA — phase angle, BCM
- body cell mass, TBW - total body water, ECW - extracelullar water, ICW - intracelullar water, FM — fat
mass, FFM - fat free mass, MM — muscle mass.

Table 2. Binary logistic regression, the effect of selected risk factors in metabolically unhealthy obesity

MUH-O vs. MH-O Covariates B SE p Exp (B) 95% CI
Model 1 Age 0.097 0.045 0.031 1.102 1.009 1.203
Rz —0.011 0.005 0.032 0.989 0.980 0.999

Excluded variables (p>0.05): menopausal status, sport, smoking,
TBW (kg), MM (kg)

Model 2 ALT 5.328 2.352 0.023 206 2.1 20 695
Excluded variables (p>0.05): age, menopausal status, sport, smoking,
GMT

Model 3 UA 0.013 0.005 0.010 1.013 1.003 1.023

Excluded variables (p>0.05): age, menopausal status, sport, smoking

Abbreviations: MH-O — metabolically healthy obese, MUH-O - metabolically unhealthy obese, Rz — resist-
ance, TBW - total body water, MM — muscle mass, ALT — alanine aminotransferase, GMT — gamma-glutam-
yltransferase, UA - uric acid.
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parameters was tested by stepwise dis-
criminant analysis (data not shown). The
Rz was selected as the best predictor of
MUH-O (Exact F=4.55, p=0.035). This
identified that MH-NW and MUH-NW
women differed mainly in Rz. Other in-
vestigated variables were excluded in the
stepwise statistics.

Moreover, other logistic models based
on age, menopausal status, biochemical
variables and life style factors as covari-
ates, showed that increasing ALT and UA
were statistically significantly associated
with an increased likelihood of exhibit-
ing MUH-O (p=0.023 for ALT, p=0.010
for UA, Table 2).

Discussion

The results from our study determined
the prevalence of the unhealthy metabol-
ic phenotype in obese (41% of the total
sample) and normal-weight women (9%
of the total sample). There have been sev-
eral studies that attempted to estimate
the prevalence of the MUH-O and MUH-
NW phenotypes (Wildman et al. 2008;
Vliet-Ostaptchouk et al. 2014; Jung et
al. 2015). due to different criteria used
to define metabolic health, prevalence
can be quite heterogeneous. Philips et al.
(2013) demonstrated considerable varia-
tion in the prevalence of MH-O (2.2% to
11.9%), MUH-O (20.6% to 30.1%), MH-
non obese (8.8% to 52.7%), and MUH-
non obese (14.7% to 59%).

In the current study, MUH-O and
MH-O cardiometabolic profiles were
characterized by differences in BC.
MUH-O and MH-O women differed sig-
nificantly in the value of Rz. We found
that women with the MUH-O pheno-
type had lower Rz in comparison to their
MH-O counterparts utilizing our car-
diometabolic clustering definition. Cur-

rently, we do not know of other studies
which had exclusively documented dif-
ferences in Rz values between MH-O and
MUH-O women. However, some studies
identified, for example, that the main im-
pedance characteristics (Rz and/or Xc)
of women suffering from CVD (Drozdo-
va et al. 2016), chronic kidney disease
(Bellizzi et al. 2006) or lung cancer (Toso
et al. 2000) were significantly lower than
of those who did not havementioned dis-
eases. Despite the fact that PA seems to
be a good prognostic marker for mortal-
ity in many clinical conditions, such as
cancer, kidney and cardiac diseases (Gar-
lini et al. 2019), and identifies patients
with nutritional risk independently of
body weight (Looijaard et al. 2020), we
did not determine the association nei-
ther between MUH-O and MH-O, nor
between MUH-NW and MH-NW.

BIA is based on the relationship be-
tween the volume of a conductor and
its electrical Rz. Since MM is the largest
tissue in the body and is also an electro-
lyte-rich tissue with a low Rz, muscle is
a dominant conductor. Previous studies
have shown that there is a strong correla-
tion between Rz and MM measurements
(Petrobelli et al. 1998; Nunez et al. 1999;
Janssen et al. 2000). In our study, we
measured less MM (kg) in MH-O than in
MUH-O women. However, the difference
was not statistically significant when Rz
was used in the regression model in obese
women. Some studies have demonstrat-
ed the importance of MM in metabolic
health. For example, Lee et al. (2018) in-
dicated that greater MM at baseline is sig-
nificantly associated with maintenance of
metabolically healthy status, especially in
nonobese individuals. Furthermore, Xia
et al. (2017) found that abnormal metab-
olism in normal weight Chinese adults
is associated with lower MM (%) along



Body composition, metabolic health, obesity, midlife women 67

with lower TBW (%), and higher FM (%).
However, based on our results, we hy-
pothesize that the raw BIA measurement,
such as Rz, is a more important indicator
in metabolic health prediction than MM
itself, especially in obese midlife women.

Previous studies have also shown
equivocal results in FM and FFM between
any studied subgroups; some show sig-
nificantly less FM (Ortega et al. 2013) and
lower FFM (Brochu et al. 2008; Messier
et al. 2010; Camhi and Katzmarzyk 2014)
in MH-O, whereas others along with our
study have not shown significant differ-
ences between MH-O and MUH-O phe-
notypes for FM (Stefan et al. 2008) and
FFM (Succurro et al. 2008).

The MH-O women had significantly
lower concentrations of ALT and GMT, as
well as lower UA levels compared with
at-risk women. Our results from logistic
regression analysis with control for age,
menopausal status, life style, confirmed
the considerable contribution of ALT,
and UA in MUH-O phenotype. Mangge
et al. (2010) suggest that serum levels
of UA are a significant predictor of MUH
obesity in juveniles and adults. Our find-
ings concur with the results of Messier
et al. (2010). Therein, the authors indi-
cated that postmenopausal women dis-
playing the MH-O phenotype present
favorable levels of ALT, AST (aspartate
aminotransferase), and GMT. They sug-
gest that lower concentrations of hepatic
enzymes, in particular, lower circulating
ALT levels, in MH-O individuals may re-
flect lower hepatic insulin resistance and
lower liver fat content; and this could be
involved, at least in part, in the protec-
tive profile of MH-O individuals.

In summary, our study provides evi-
dence that Rz, plasma levels of ALT and
UA should be evaluated as other bio-
markers related to metabolic health in

obese women. These biomarkers should
serve as additional determinants in dif-
ferentiating between MH-O and MUH-O
women and to predict the metabolic
health in obese Slovak midlife women.

However, there are also some limita-
tions in this study. The cross-sectional
nature of our study made it difficult to
draw conclusions regarding causal path-
ways. Moreover, the study population
was smaller when divided by BMI and
metabolic abnormalities in various sub-
groups, and was also limited to the age
range from 39 to 65 years. Considering
these facts, our results and suggestions
require confirmation by replicated inves-
tigation in a future independent cohort
with a larger sample size and in various
age categories. The risk of MUH-O is
associated with many more biochemical
factors, such as pro-inflammatory mark-
ers, along with life style of the women.
Therefore, our findings should prompt
further studies that consider some of the
above mentioned variables.

Conclusion

In this pilot study, we have provided
novel data that supports the significant
association of Rz, plasma levels of ALT
and UA with metabolic health in obese
Slovak midlife women, with a decrease in
Rz and higher ALT and UA levels indicat-
ing a worse prognosis and the presence
of MUH-O.

Acknowledgements

This study was supported by the Scien-
tific Grant Agency of the Ministry of Ed-
ucation, Science, Research and Sport of
the Slovak Republic (VEGA1/0493/13),
Grants of Comenius University in
Bratislava (UK/93/2015, UK/55/2017).



68 Lenka Vorobelovd, Darina Falbovd, Daniela Sivdkovd

The Authors’ contribution

LV contributed to the conception, de-
sign, and performance of the study, and
the writing of the manuscript. DF partic-
ipated in collection of data, analysis and
interpretation of data, and the writing of
the manuscript. DS was innovator for the
project, participated in the conception,
design, data collection, performance of
the study.

Conflict of interest

The authors declare that there is no con-
flict of interest.

Corresponding author

Lenka Vorobelovd, Department of An-
thropology, Faculty of Natural Sciences,
Comenius University, Mlynska Dolina,
Ilkovicova 6, 842 15 Bratislava, Slovakia
e-mail: lenka.vorobelova@uniba.sk

References

Aleman-Mateo H, Rush E, Esparza-Romero
J, Ferriolli E, Ramirez-Zea M, Bours A,
et al. 2010. Prediction of fat-free mass by
bioelectrical impedance analysis in old-
er adults from developing countries: a
cross-validation study using the deuteri-
um dilution method. J Nutr Health Aging
14:418-26.

Aung K, Lorenzo C, Hinojosa MA, Haffner
SM. 2014. Risk of developing diabetes
and cardiovascular disease in metaboli-
cally unhealthy normal-weight and meta-
bolically healthy obese individuals. J Clin
Endocrinol Metab 99(2):462-8.

Barbosa-Silva MC, Barros AJ, Post CL, Waitz-
berg DL, Heymsfield SB. 2003. Can bio-
electrical impedance analysis identify
malnutrition in preoperative nutrition as-
sessment? Nutrition 19:422-6.

Bellizzi V, Scalfi L, Terracciano V, De Nicola
L, Minutolo R, Marra M, et al. 2006. Early
changes in bioelectrical estimates of body
composition in chronic kidney disease. ]
Am Soc Nephrol 17:1481-7.

Berghofer A, Pischon T, Reinhold T, Apovi-
an CM, Sharma AM, Willich SN. 2008.
Obesity prevalence from a European per-
spective: a systematic review. BMC Public
Health 8:200.

Blither M. 2020. Metabolically Healthy Obesi-
ty. Endocr Rev 41(3):405-20.

Brochu M, Mathieu ME, Karelis AD, Doucet
E, Lavoie ME, Garrel D, et al. 2008. Con-
tribution of the lean body mass to insu-
lin resistance in postmenopausal women
with visceral obesity: a Monet study. Obe-
sity 16:1085-93.

Cambhi MS, Katzmarzyk TP. 2014. Differences
in body composition between metabolical-
ly healthy obese and metabolically abnor-
mal obese adults. Int J Obesity 38:1142-5.

Drozdovd D, Dankovd Z, Cerfianovd V,
Sivakova D. 2016. Body composition of
Slovak midlife women with cardiovascular
complications. Anthropol Rev 79:169-80.

Durward CM, Hartman TJ, Nickols-Richard-
son SM. 2012. All-cause mortality risk of
metabolically healthy obese individuals in
NHANES III. ] Obes 2012:460321.

Eckel N, Li Y, Kuxhaus O, Stefan N, Hu FB,
Schulze MB. 2018. Transition from met-
abolic healthy to unhealthy phenotypes
and association with cardiovascular dis-
ease risk across BMI categories in 90
257 women (the Nurses’ Health Study):
30 year follow-up from a prospective co-
hort study. Lancet Diabetes Endocrinol
6(9):714-24.

Friedewald WT, Levy RI, Fredrickson DS.
1972. Estimation of the concentration
of low-density lipoprotein cholesterol in
plasma, without use of the preparative ul-
tracentrifuge. Clin Chem 18:499-502.

Garlini ML, Alves DE Ceretta BL, Perry SI,
Souza CG, Clausell ON. 2019. Phase an-
gle and mortality: a systematic review. Eur
J Clin Nutr 73:495-508.



Body composition, metabolic health, obesity, midlife women 69

Choi KM, Cho H]J, Choi HY, Yang SJ, Yoo HJ,
Seo JA, et al. 2013. Higher mortality in
metabolically obese normal-weight people
than in metabolically healthy obese sub-
jects in elderly Koreans. Clin Endocrinol
79:364-70.

Izumida T, Nakamura Y, Ishikawa S. 2019.
Impact of body mass index and metaboli-
cally unhealthy status on mortality in the
Japanese general population: The JMS co-
hort study. PLoS One 14(11):e0224802.

Janssen I, Heymsfield BS, Baumgartner NR,
Rossi R. 2000. Estimation of skeletal
muscle mass by bioelectrical impedance
analysis. ] Appl Physiol 89:465-71.

Jung CH, Lee MJ, Kang YM, Jang JE, Leem ],
Hwang JY, et al. 2015. The risk of incident
type 2 diabetes in a Korean metabolical-
ly healthy obese population: The role of
systemic inflammation. J Clin Endocrinol
Metab 100:934-41.

Kim NH, Seo JA, Cho H, Seo JH, Yu JH, Yoo
HJ, Kim SG, Choi KM, Baik SH, Choi
DS, Shin C, Cho NH. 2016. Risk of the
development of diabetes and cardiovas-
cular disease in metabolically healthy
obese people: the Korean genome and ep-
idemiology study. Medicine (Baltimore)
95(15):e3384.

Kouvari M, Panagiotakos DB, Yannakoulia M,
Georgousopoulou E, Critselis E, Chryso-
hoou C, Tousoulis D, Pitsavos C. 2019.
Transition from metabolically benign
to metabolically unhealthy obesity and
10-year cardiovascular disease incidence:
the ATTICA cohort study. Metabolism
93:18-24.

Kyle UG, Bosaeus I, De Lorenzo AD, Deuren-
berg B Elia M, Manuel Gomez J, et al.
2004. Bioelectrical impedance analy-
sis-part II: utilization in clinical practice.
Clin Nutr 23:1430-53.

Kyle UG, Soundar EP, Genton L, Pichard C.
2012. Can phase angle determined by
bioelectrical impedance analysis assess
nutritional risk? A comparison between
healthy and hospitalized subjects. Clin
Nutr 31:875-81.

Lang B, Trivalle Ch, Vogel T, Proust ], Papa-
zian J. 2015. Markers of metabolic and
cardiovascular health in adults: Compar-
ative analysis of DEXA-based body com-
position components and BMI categories.
J Cardiol. 65:42-9.

Lee JM, Kim E, Bae S, Choe ], Jung HCh, Lee
JW, Kim H. 2018. Protective role of skele-
tal muscle mass against progression from
metabolically healthy to unhealthy pheno-
type. Clin Endocrinol 90:102-13.

Looijaard MPGW, Stapel NS, Dekker MI, Rus-
ticus H, Remmelzwaal S, Girbes JRA, et
al. 2020. Identifying critically ill patients
with low muscle mass: Agreement be-
tween bioelectrical impedance analysis
and computed tomography. Clin Nutr
39:1809-17.

Mangge H, Zelzer S, Puerstner B, Schnedl JW,
Reeves G, Postolache TT, Weghuber D.
2013. Uric acid best predicts metaboli-
cally unhealthy obesity with increased
cardiovascular risk in youth and adults.
Obesity 21:E71-E77.

Meigs JB, Wilson PW, Fox CS, Vasan RS, Na-
than DM, Sullivan LM, et al. 2006. Body
mass index, metabolic syndrome, and risk
of type 2 diabetes or cardiovascular dis-
ease. J Clin Endocrinol Metab 91:2906-12.

Messier V, Karelis AD, Robillard ME, Belle-
feuille P, Brochu M, Lavoie JM et al. 2010.
Metabolically healthy but obese individ-
uals: relationship with hepatic enzymes.
Metabolism 59:20-4.

Mongraw-Chaffin M, Foster MC, Anderson
CAM, Burke GL, Haq N, Kalyani RR,
Ouyang B, Sibley CT, Tracy R, Woodward
M, Vaidya D. 2018. Metabolically healthy
obesity, transition to metabolic syndrome,
and cardiovascular risk. ] Am Coll Cardi-
ol. 71(17):1857-65.

NCD Risk Factor Collaboration. 2016. Trends
in adult body-mass index in 200 countries
from 1975 to 2014: a pooled analysis of
1698 population-based measurement
studies with 19.2 million participants.
Lancet 387:1377-96.

Norman K, Stobaus N, Zocher D, Bosy-West-
phal A, Szramek A, Scheufele R, et al.



70 Lenka Vorobelovd, Darina Falbovd, Daniela Sivdkovd

2010. Cutoff percentiles of bioelectrical
phase angle predict functionality, quality
of life, and mortality in patients with can-
cer. Am J Clin Nutr 92:612-9.

Nunez C, Gallagher D, Grammes J, Baumgart-
ner RN, Ross R, Wang ZM, et al. 1999.
Bioimpedance analysis: potential for mea-
suring lower limb skeletal muscle mass. J
Paranter Enternal Nutr 23:96-103.

Oliveira PG, Santos ASP, Mello ED. 2012. Bio-
eletrical impedance phase angle: utility in
clinical practice. Int ] Nutrology 5:123-7.

Ortega FN, Lee DC, Katzmarzyk PT, Ruiz JR,
Sui X, Church TS et al. 2013. The intrigu-
ing metabolically healthy but obese phe-
notype: cardiovascular prognosis and role
of fitness. Eur Heart J 34:389-97.

Peralta M, Ramos M, Lipert A, Martins J,
Marques A. 2018. Prevalence and trends
of overweight and obesity in older adults
from 10 European countries from 2005 to
2013. Scand J Public Health 46(5):522-9.

Petrobelli A, Morini P Battistini N, Chiumel-
lo G, Nunez C, Heymsfield SB. 1998. Ap-
pendicular skeletal muscle mass: predic-
tion from multiple frequency segmental
bioimpedance analysis. Eur J Clin Nutr
52:507-11.

Phillips MC, Dillon Ch, Harrington MJ, Mc-
Carthy CJV, Kearney MB Fitzgerald PA,
Perry JI. 2013. Defining metabolically
healthy obesity: role of dietary and life-
style factors. PLoS ONE 8:e76188.

Primeau V, Coderre L, Karelis AD, Brochu M,
Lavoie ME, Messier V, et al. 2011. Char-
acterizing the profile of obese patients
who are metabolically healthy. Int J] Obes
35:971-81.

Rabin BA, Boehmer TK, Brownson RC. 2007.
Cross-national comparison of environ-
mental and policy correlates of obesity in
Europe. Eur ] Public Health 17:53-61.

Schulze MB. 2019. Metabolic health in nor-
mal-weight and obese individuals. Diabe-
tologia 62(4):558-66.

Sergi G, De Rui M, Stubbs B, Veronese N,
Manzato E. 2017. Measurement of lean
body mass using bioelectrical impedance

analysis: a consideration of the pros and
cons. Aging Clin Exp Res 29:591-7.

Stefan N, Kantartzis K, Machann J, Schick E
Thamer C, Rittig K, et al. 2008. Identifica-
tion and characterization of metabolically
benign obesity in humans. Arch Intern
Med 168:1609-16.

Succurro E, Marini MA, Frontoni S, Hribal
ML, Andreozzi E Lauro R, et al. 2008.
Insulin secretion in metabolically obese,
but normal weight, and in metabolically
healthy but obese individuals. Obesity
16:1881-6.

Talluri T. 1998. Qualitative human body com-
position analysis assessed with bioelectri-
cal impedance. Coll Anthropol 22:427-32.

Toso S, Piccoli A, Gusella M, Menon D,
Bononi A, Crepaldi G, Ferrazzi E. 2000.
Altered tissue electric properties in lung
cancer patients as detected by bioelec-
tric impedance vector analysis. Nutrition
16:120-4.

Visser M, van Venrooij WML, Wanders MCD,
Vos R, Wisselink W, van Leeuwen MAP,
de Mol MJAB. 2012. The bioelectrical im-
pedance phase angle as an indicator of un-
dernutrition and adverse clinical outcome
in cardiac surgical patients. Clin Nutr
31:981-6.

Vliet-Ostaptchouk VJ, Nuotio M, Slagter NS,
Doiron D, Fischer K, Foco L, et al. 2014.
The prevalence of metabolic syndrome
and metabolically healthy obesity in Eu-
rope: a collaborative analysis of ten large
cohort studies. BMC Endocrine Disorders
14:9-22.

Wildman RB Muntner B, Reynolds K, McGinn
AP, Rajpathak S, Wylie-Rosett ], Sowers
MR. 2008. The obese without cardiometa-
bolic risk factor clustering and the normal
weight with cardiometabolic risk factor
clustering: Prevalence and correlates of
2 phenotypes among the US population
(NHANES 1999-2004). Arch Intern Med
168:1617-24.

Xia L, Dong E Gong H, Xu G, Wang K, Liu
E et al. 2017. Association between indi-
ces of body composition and abnormal
metabolic phenotype in normal-weight



Body composition, metabolic health, obesity, midlife women 71

Chinese adults. Int J Environ Res Public
Health 14:391-403.

Yoo HJ, Hwang SY, Hong HC, Choi HY, Seo
JA, Kim SG, et al. 2014. Association of
metabolically abnormal but normal weight

(MANW) and metabolically healthy but
obese (MHO) individuals with arterial
stiffness and carotid atherosclerosis. Ath-
erosclerosis 234:218-23.



