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Abstract: This study aimed to compare phase angle (PhA) and bioelectrical impedance vector analysis
(BIVA) values between adult patients with congenital adrenal hyperplasia caused by 21-hydroxylase
deficiency (CAH210OHD) and a control group. A total of 22 patients (15 women, 22.9 + 3.7 years)
were compared with 17 controls (11 women, 27.0 & 2.5 years). Body composition was determined by
dual-energy X-ray absorptiometry. Bioelectrical impedance was used to calculate PhA, and BIVA was
performed using specific software. Student’s t-test and analysis of covariance were used to compare
groups. Hedges’ G and partial n? were calculated for the effect estimates. Hotelling’s t> test was
used to compare the mean impedance vectors between the groups. The Mahalanobis test was used
to determine the distance between confidence ellipses. Patients with CAH21OHD had a higher fat
mass percentage than that of the control group (both sexes). There was no significant difference in
PhA values between groups (CAH210OHD vs. control) in females (6.9° vs. 6.3°, p = 0.092) and males
(8.2° vs. 8.1°, p = 0.849), after adjusting for covariates (age and height). BIVA analysis showed a
significant difference in the mean impedance vectors between the female groups (T? = 15.9, D = 1.58,
p = 0.003) owing to the higher reactance/height (A = 8.5; p < 0.001) of the patients. The PhA did not
significantly differ between the groups. Female patients had significantly higher reactance values.
However, further studies are needed to determine the usefulness of bioimpedance parameters in
evaluating the hydration status and cellular integrity of patients with CAH210OHD.
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1. Introduction

Patients with congenital adrenal hyperplasia due to 21-hydroxylase deficiency
(CAH210HD) have impaired endogenous glucocorticoid production, leading to a re-
duction in cortisol feedback. Consequently, an increased release of adrenocorticotropic
hormone from the pituitary gland and the excessive secretion of adrenal androgens and
their precursors occurs [1]. The current therapy consists of glucocorticoid replacement
and, in some cases, mineralocorticoids replacement [2]. Both under- and overtreatment
result in unpleasant side effects and complications [1-3]. However, long-term exposure
to glucocorticoids, particularly supraphysiological doses, is associated with high body
fat, cardiovascular disease, insulin resistance, and osteopenia [3,4]. Thus, monitoring and
evaluating the nutritional status of patients with CAH210OHD is important.

The bioelectrical impedance analysis (BIA) is a non-invasive, safe, and practical
method that provides resistance (R) and reactance (Xc) parameters to evaluate body com-
position among different populations [5,6]. The Phase angle (PhA) is an index calculated
from BIA parameters and has been used as a qualitative method to predict health among

Nutrients 2022, 14, 5184. https:/ /doi.org/10.3390/nu14235184

https:/ /www.mdpi.com/journal /nutrients


https://doi.org/10.3390/nu14235184
https://doi.org/10.3390/nu14235184
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0002-7174-6905
https://orcid.org/0000-0002-9098-1863
https://orcid.org/0000-0002-2991-7678
https://orcid.org/0000-0001-8470-9479
https://doi.org/10.3390/nu14235184
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu14235184?type=check_update&version=1

Nutrients 2022, 14, 5184

20f11

hospitalized patients and healthy individuals [6]. A recent systematic review discussed
the relationship of PhA and obesity in adults. Significant differences in the PhA value of
obese individuals in comparison to controls was note observed, except in those with severe
obesity, who showed lower PhA values; moreover, a negative relationship between PhA
and fat mass was observed [7]. Contrastingly, the PhA values among healthy men and
women (38.7 £ 12.3 and 37.1 & 12.1 years, respectively) were positively associated with
running performance [8]. BIA can be complemented by bioelectrical impedance vector
analysis (BIVA), which uses the values of R and Xc adjusted for height (h) plotted on a
bivariate graph to produce an impedance vector with length and direction [9]. The indi-
vidual location in the graph is interpreted according to (i) the position along the major
axis of the ellipses, which indicates the body hydration state (i.e., long vector means less
hydration; short vector means more hydration); and (ii) the position on the left or right side
of the minor axis indicating, respectively, whether more or less body cell mass is contained
in the soft tissues, and reflects the PhA [5,9]. The vectors of each individual can then be
evaluated within the 50%, 75%, and 95% tolerance ellipses of a reference population, and
the participant groups can also be evaluated using bivariate 95% confidence ellipses of the
mean vectors [5,9]. BIVA is useful in monitoring changes in hydration status and body cell
mass in patients undergoing hemodialysis treatment [10], at-risk patients with impaired
nutritional and functional status [11], and patients with acute heart failure [12].

However, to date, no study has investigated the differences in BIA parameters between
patients with CAH210HD and healthy adults. In addition, only one study in children
with CAH210HD [13] verified the influence of factors related to body composition and
glucocorticoid treatment on the PhA value. Therefore, this study aimed to compare PhA
values and impedance vectors between adults with CAH210HD and a control group
(free from major diseases). CAH210OHD patients commonly have high body fat and an
unfavorable metabolic profile due to complexities related to the balance between controlling
the effects of the disease and adequate glucocorticoids dosage [3,4]. Despite that, the
previous studies of our group did not find cardiometabolic risk profiles among patients
with CAH210HD [14,15]. Furthermore, there were no differences for PhA values according
to different adiposity levels in children and adolescents with CAH210OHD [13]. Therefore,
we hypothesized that CAH210HD patients would have similar PhA values but different
vector positions in BIVA when compared to the control group.

2. Materials and Methods
2.1. Design and Ethical Aspects

This was an observational case-control study to test the hypothesis of possible dif-
ferences in BIA parameters of CAH210OHD patients in comparison to a control group.
Considering that the disease has an incidence of approximately 1 to 15,000 births world-
wide [1], and the difficulty in finding specially male patients in whom the effect of the
disease is less perceptible [4], we sought to evaluate the maximum number of adult patients
in the Clinical Hospital who met the inclusion criteria for this study. In addition, the control
group was selected by convenience, which consisted of graduation and post-graduation
students who volunteered to participate in the study. All of the evaluations were carried out
in the same day and participants underwent laboratory assessments early in the morning.
The assessments were carried out in the Metabolic Clinical Research Unit at the Laboratory
of Investigation of Metabolism and Diabetes and in the Laboratory of Growth and Develop-
ment, both situated at the School of Medical Sciences at UNICAMP, Brazil. The procedures
were approved by the local ethics committee (number 768/2007) in accordance with the
Declaration of Helsinki for studies involving humans. Informed consent was obtained from
all the participants.

2.2. Study Participants

A total of 44 patients (age range: 18-31 years) from the Pediatric Endocrinology Out-
patient Clinic at the State University of Campinas (UNICAMP) were invited to participate
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in the study. The inclusion criteria were (i) individuals with a confirmed diagnosis of
the classic form of CAH210HD based on clinical and hormonal criteria using molecular
analysis [16-19]; and (ii) those who can visit the clinical hospital for routine follow-ups for
at least 2 years. All patients were diagnosed at childhood as a result of virilization signs
(sex ambiguity in females and precocious puberty in males), high serum levels of ACTH,
170H-progesterone and androstenedione (and in salt-wasting form with high serum levels
of renin and potassium and low levels of sodium) and were confirmed by CYP21A2 gene se-
quencing. Thus, 22 patients (15 women [22.9 &+ 3.7 years] and seven men [23.8 & 4.5 years])
were included in the data analysis. In addition, control group participants who volunteered
to participate in the study were recruited through the researchers’ social media and phone.
The inclusion criteria were (i) individuals with age similar to that of the CAH210HD group,
and (ii) those with an absence of chronic diseases, hormonal dysfunctions, and severe
mental and psychiatric disorders. Thus, 17 healthy adults (11 women [27.0 &£ 2.5 years]
and six men [24.4 & 2.3 years]) were included in the data analysis.

2.3. Anthropometry

Body weight (kg) was measured using a portable digital scale accurate to 0.1 kg, and
height (cm) was measured using a vertical stadiometer accurate to 0.1 cm. Body mass index
(BMI, kg/m?) was then calculated. The participants wore light clothing and were barefoot
during all measurements.

2.4. Body Composition

Total body composition was calculated to determine the fat mass (FM, kg and %)
and lean soft tissue (LST, kg) using a dual-energy X-ray absorptiometry device (iDXA,
version 13.60, GE Healthcare Lunar, Madison, WI, USA), according to the manufacturer’s
instructions. The lean soft tissue index (LSTI) was calculated by dividing the LST by
height squared (LST/ H?, kg/ m?). The percentage of FM android (%FMandreiq) and gynoid
(%FMGynoid) was defined according to the equipment software. The android area is the
region around the waist between the midpoint of the lumbar spine and top of the pelvis,
and the gynoid area is the region between the head of the femur and mid-thigh.

2.5. Bioelectrical Impedance Analysis

BIA measurements were obtained using a single frequency tetrapolar device (50 kHz),
and a Quantum II (RJL Systems, Detroit, MI, USA). The participants were instructed to
maintain their normal routine of food and hydration and follow the recommendations
described in the literature prior to the test [20]. The CAH210OHD patients were instructed
to take their medication as usual. All the participants underwent a single assessment
early in the morning in a fasting state. The volunteers were instructed to lie on a table in
a supine position and were insulated from electrical conductors; arms were positioned
apart without touching the body, and the legs were abducted at an angle of 45°. After
5 min of rest, the participants’ skin was cleaned with alcohol, and two electrodes were
placed on the surface of each right hand and right foot. The device provided resistance
(R) and reactance (Xc) values in ohms (Q)). The precision of the parameters provided
by our BIA device was determined by the coefficient of variation (CV%) and technical
error of measurement (TEM) based on the test-retest in our laboratory. The CV% for R
and Xc was 0.35% and 0.33%, respectively, and the TEM was 3.54 (2 and 0.49 (), for R
and Xc, respectively. The phase angle (PhA) was calculated using the following equation:
PhA = arc-tangent(Xc/R)x(180/7) [21]. For PhA the %CV was 11.6 and the TEM was 0.07°.
BIVA was performed correcting R and Xc measurements by the height of participants in
meters (m), thus expressing both R/H and Xc/H in ohm/m (2/m) [9]. Tolerance ellipses
of 50%, 75%, and 95% were generated by the BIVA software using a healthy population as a
reference [22]. The length and position of the vectors provided information about the state
of body hydration and cell mass contained in the soft tissues, respectively. A comparison
between groups was performed using confidence ellipses in the same software [22]. The
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separate 95% confidence ellipses indicated a significant difference between the mean
impedance vectors of the groups.

2.6. Glucocorticoid Therapy

Glucocorticoids were converted to hydrocortisone equivalent dosage (HDE) (20 mg
hydrocortisone = 5 mg prednisone = 0.75 mg dexamethasone = 2 mg fludrocortisone) [23]
using the dose prescribed during the year prior to the assessment. Additionally, daily HDE was
indexed using the body surface area (m?) according to the DuBois and DuBois equation [24].
The data of glucocorticoid therapy were obtained from the medical records and confirmed
with all of the patients. Androstenedione levels were measured using the Modular E170
automated chemiluminescent immunometric method (Roche Diagnostics, Indianapolis, IN,
USA), with an intra-assay coefficient of variation < 3.5%. The routine glucocorticoid and
mineralocorticoid therapies for each patient are detailed in Supplementary Table S1.

2.7. Statistical Analysis

SPSS version 25.0 (Statistical Package for the Social Sciences, Chicago, IL, USA) was
used for the statistical data analysis. Variables that did not show a normal distribution were
transformed using the logarithm of base 10 (Xc, %FMandroid, and R/H). The student’s
t-test for independent samples was used to compare variables between the groups (patients
and controls). An analysis of covariance was used to compare the PhA values between
groups (patients and controls) controlled for age and height (female and male sexes).
Hotelling’s t test was used to compare the mean impedance vectors between groups. The
Mahalanobis test was used to calculate the distance between ellipses. For effect size (E.S)
estimates, the G of Hedges and partial n? were calculated. The E.S for variables with a
non-normal distribution was calculated using the formula r = z/+/n. An E.S of <0.19 was
considered trivial; >0.20, small; >0.50, moderate; >80, large; and >1.30, very large [25].
For all analyses, statistical significance was set at p < 0.05.

3. Results

Women with CAH210OHD were younger (p = 0.004; E.S = 1.23), shorter (p = 0.029;
E.S = 0.89), and had higher %FM (p = 0.027; E.S = 0.91) and %FMn4r0iqa (p = 0.045;
E.S = 0.92) than women in the control group. Men with CAH210OHD were shorter
(p = 0.012; E.S = 1.55) and had higher %FM (p = 0.048; E.S = 1.15) and higher %FM
(p = 0.048; E.S = 1.15) than men in the control group (Table 1).

gynoid

Table 1. Descriptive characteristics and body composition separated by sex and group of the study

participants.
Females Males
Control Patients Control Patients
(n=11) (n=15) (n=6) n=7)

Mean & SD Mean + SD p-Value E.S Mean = SD  Mean+SD  p-Value E.S

DGT (years) 223 +3.6 19.1+43

HDE (mg/m?/day) 1324+ 438 125 +2.9
Age (years) 27.0+2.5 229 +3.7 0.004 1.23 244 +23 23.8 +4.5 0.771 0.15
Weight (kg) 58.7 + 8.9 60.8 + 13.6 0.654 0.17 71.0 £10.8 65.4 +12.9 0.415 0.44
Height (cm) 1613 £7.1 1548 £7.0 0.029 0.89 1737 £ 7.6 160.0 £ 8.7 0.012 1.55
BMI (kg/mz) 22.6 +3.0 253 +4.8 0.106 0.65 234+ 1.7 255+ 4.6 0.319 0.54
%FM 31.6 5.6 372 +6.3 0.027 0.91 20.3 £4.9 294 + 8.9 0.048 1.15
LST (kg) 37.81+5.5 355+ 4.8 0.270 0.43 539+79 43.7 £ 8.9 0.052 1.12
LSTI (kg/mz) 145+ 1.3 149 +2.1 0.610 0.20 178 £1.3 170+ 27 0.518 0.34
%FM Android 1.7(1.0-3.1) @ 2.8(1.0-4.4)2 0.025 0.92 1.7(0.7-2.1)@  2.8(0.8-3.9) 0.088 0.77
9o FMGynoid 6.4+0.9 79+12 0.233 0.37 334+1.0 52+1.8 0.048 1.15

DGT, duration of glucocorticoid therapy; HDE, hydrocortisone dose equivalent; BMI, body mass index; %FM, fat
mass percentage; LST, lean soft tissue; LSTI, lean soft tissue index; ES, effect size. * Median (min-max). Values in
boldface are statistically significant (p < 0.05).
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A comparison of bioimpedance parameters (Table 2) revealed that women with
CAH210HD had higher values of Xc, Xc/H, and PhA (p = 0.002, E.S = 0.58; p = 0.001,
E.S=1.47; and p = 0.013, E.S = 1.03, respectively) than those in the control group. In male
participants, no significant differences were found in the BIA parameters between the
groups (p > 0.05).

Table 2. Bioelectrical impedance parameters among patients with CAH210HD and the control group
separated by sex.

Females Males
BIA Control Patients Control Patients
Parameters (n=11) (n=15) p-Value E.S (=6 =7 p-Value E.S
Mean + SD Mean + SD Mean + SD Mean + SD

R(Q) 592.7 £+ 68.2 610.4 £91.6 0.095 0.21 480.2 +40.8 503.2 +95.4 0.346 0.51

3625 380.4 282.6 309.8
R/H (Q)/m) (311.7-461.0) 2 (300.3;468.7) 0.226 0.48 (235.7;312.8) (251.1;437.6) 0.146 0.39

64.0 74.0 64.5 75.0
Xe () (57.0-68.0) @ (57.0-95.0) @ 0.002 0.58 (59.0-78.0) 2 (56.0-88.0) @ 0.206 0.70
Xc/H (Q3/m) 39.7 £33 482 +£6.8 0.001 1.47 38.9 £ 6.9 47.0 £ 8.0 0.078 1.00
PhA (°) 6.2+ 0.7 7.1+0.8 0.013 1.03 8.0+£0.7 83+ 1.0 0.590 0.29

>

Phase Angle (%)

-
o

©

BIA, bioelectrical impedance parameters; R, resistance; Xc, reactance; H, height; PhA, phase angle. * Median
(min-max). Values in boldface are statistically significant (p < 0.05).

Figure 1 shows the PhA values between groups separated by sex and adjusted for age
and height (females) and height (males). There was no significant difference in the PhA
values between groups (CAH210HD patients vs. control) in both sexes (females: 6.9° [95%
CI: 6.5-7.5] vs. 6.3° [95% CI: 5.7-6.9], p = 0.092; E.S = 0.12 and males: 8.2° [95% CI: 7.3-9.1]
vs. 8.1° [95% CI: 7.1-9.1], p = 0.849; E.S = 0.004).

Females B Males

CAH patients

10

Phase Angle (°)

Control Group CAH patients Control group

Figure 1. Estimated means of the phase angle value of groups and according to sex. Females (A):
adjusted for age (24.61 years) and height (157.5 cm); F = 3.109, p = 0.092; E.S = 0.12. Males (B): adjusted
for height (166.30 cm); F = 0.038 p = 0.849; E.S = 0.004.

Figure 2 shows the individual vector analysis (tolerance ellipses) and comparison of the
mean vectors of the groups (confidence ellipses) separated by sex. In females (Figure 2A),
greater dispersion was observed in CAH210HD patients than in the control group. Women
with CAH210OHD were positioned in the upper pole, five were positioned outside the 75%
limits (within 95% tolerance), and four were positioned above the 95% limits. Men with
CAH210HD were located at the upper pole. One male patient was positioned outside the
75% limits (within the limits of 95%), and four patients were positioned outside the 95%
tolerance limits in the upper region of the graphic. In addition, five men with CAH210HD
had vectors that shifted to the left of the major axis (Figure 2B). Among the females
(Figure 2C), the separated ellipses showed a significant difference in the mean impedance
vectors between the groups (D = 1.58, p = 0.003). The ellipses of women with CAH210HD
were above the ellipse of the control group owing to a higher Xc/H ratio; contrastingly,
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R/H and PhA were slightly higher than for those in the control group. Among males
(Figure 2D), the overlapping ellipses show no significant difference in the mean vectors
between the CAH210OHD patients and the control group (D = 1.08, p = 0.224).

A 70 Females B 70 1 Males
60 4 i~ o 60 4
(un}
50 & 50 - oy
o
E e E
£ 40 - £ 40 -
< =
@] (o]
L 30 - I 30 A
3] [3)
x <
20 —95% tolerance 20 - —95% tolerance
75% tolerance 75% tolerance
—50% tolerance —50% tolerance
10 @ Control group 10 1 @ Control group
O CAH patients O CAH patients
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
R/H, Ohm/m R/H, Ohm/m
c Females D Males
60 - 60 -
50 50 4 /'|
4
r N
e S t J1
40 e 40 ’
£ i £ 1477
IS ’ € 724
= ’ = /
O30 ’ O 30 —
- 7/ -~ -
T ‘ T
o / (3]
> 20 L X 20
7 - - - Control group - - - Control group
,’ — CAH patients — CAH patients
10 4 /’ 10 A -
A Mahalanobis D=1.58 Mahalanobis D=1.08
T?=15.9 T2=3.8
p=0.003 p=0.224
0 - - - = + 0 v v v T T "
0 100 200 300 400 500 600 0 100 200 300 400 500 600
R/H, Ohm/m R/H, Ohm/m

Figure 2. Vector analysis for the comparison of study participants (CAH21OHD group and control group)
in female (A) and male (B) tolerance ellipses and confidence ellipses in females (C) and males (D).

4. Discussion

This study’s main and novel findings are that no differences were found in the PhA
values between adults with CAH210HD and the control group, even after adjusting for
confounding variables. However, the amount and distribution of FM differed between
groups of both sexes. Additionally, significant differences were observed in the impedance
vectors between women with CAH210OHD and the control group.

The higher adiposity observed in patients with CAH21OHD in the present study
has been reported in previous studies [26,27]. Moreover, we observed that patients with
CAH210HD had a higher body fat distribution (%FMandreiq and % FMgynoid iIn women
and men, respectively) than that of the control group. FM in the android region is associ-
ated with greater cardiovascular risk [28]; in addition to the elevated fat levels, patients
with CAH210OHD commonly have unfavorable lipid, glycemic, and cardiovascular pro-
files [27,29]. Nevertheless, previous studies of our group did not find cardiometabolic risk
profiles among patients with CAH210HD [14,15]. Glucocorticoid therapy contributes to an
increase in body FM in this population [3,4]; however, overweight and obesity are observed
in individuals receiving both physiological and supraphysiological doses [4]. Other factors,
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such as impaired adrenomedullary function (decreased secretion of adrenaline, a hormone
that contributes to lipolysis and reduced insulin secretion) and changes in the leptin axis
(an important regulator of energy balance), play a key role in the development of obesity in
these patients [4,30,31].

Furthermore, the higher body fat observed in the CAH21OHD group may have been
reflected in the BIA parameters owing to higher R-values compared to that of the control
group (although not statistically significant, trivial E.S = 0.21 and moderate E.S = 0.51,
in women and men, respectively). The R-value reflects body hydration, given that body
FM is a poorly hydrated tissue and will present greater resistance to the passage of the
electric current (resulting in a higher R-value) [6,32]. Conversely, the amount of lean soft
mass present in the body greatly influences the R-value because the muscle mass has large
amounts of water and electrolytes, thus offering less resistance to the passage of electric
current [32]. However, in our study, we found no difference in the LST between patients
with CAH210HD and the control group, even after adjusting for height (LSTI) (women:
p =0.638; E.S = 0.18; men: p = 0.508; E.S = 0.35) and the correlation observed between R/H
values and LSTI were very close in both groups (CAH210HD: r = —0.89 p < 0.001, control
group: r = —0.93 p < 0.001, data not shown). In addition, FM did not show a negative
influence on the PhA value in patients with CAH210OHD compared to that of the control
group. One previous study carried out in children with CAH210HD, from both sexes
and according to different levels of adiposity (tertiles of %FM), did not find a significant
difference in the PhA values [13]. However, it was found that the body composition and
the glucocorticoid dosage were determinants of the PhA value. For example, among girls,
the variables of lean soft tissue, the glucocorticoid dosage, and height (R? = 0.68, p < 0.001)
were the determinant factors for the PhA value, while among boys, age, glucocorticoid
dosage, and FM (R? = 0.82, p < 0.001) were the determinant factors for the PhA value [13].

Patients with CAH210HD in the present study had PhA values similar to those
reported in previous studies that used a large sample of healthy adults (20-29 years) with
BMIs between 18.5-26 kg / m?2 [33,34]. This indicates that CAH21OHD did not negatively
affect the PhA value in our study-enrolled participants. Thus, it appears that patients
with CAH210OHD showed a state of cellular integrity and hydration similar to those in
the aforementioned studies [33,34]. This finding may reflect adequate hormonal control in
these patients, due to routine follow-ups, supervisions and glucocorticoid dosage close to
the physiological needs. In addition, other studies with part of the sample from the present
study have already reported that these patients do not present a negative picture in health-
related aspects, such as cardiometabolic, lipid, and bone health profiles [14,15,35]. In healthy
cells, part of the electric current that penetrates the capacitive element of cell membranes is
delayed, which creates a phase shift quantified geometrically as the PhA [36]. Although
the biological meaning of PhA is not completely understood, it is a strong indicator of cell
membrane integrity and function mainly related to the ICW /ECW ratio [6]. In this sense,
higher PhA values are strong and positively related with higher ICW /ECW, whereas lower
PhA values reflects higher ECW, which may indicate cell damage, inflammation, loss of
body cell mass and worse clinical condition [11,37].

In the BIVA analysis, female tolerance ellipses showed all patients with CAH210HD
in the upper pole, with 33% falling outside the 75% area (inside the 95% ellipse) and 26%
falling outside the 95% area. Five patients were positioned beyond the 75% area, with
vectors shifted to the right of the major axis, indicating less hydration and lower body cell
mass [6,38]. According to Moore et al. 1963 [39], body cell mass reflects the metabolically
active component of the human body, and the main fractions are the component cells
present in the muscles and viscera [39,40]. These patients showed low lean mass compared
with those positioned on the left side of the ellipse (Table S2). Furthermore, the confidence
ellipse showed a significant difference in the mean vectors of the CAH210OHD group
compared with that of the control group. The plot in Figure 2C shows that CAH210HD
patients seem to have a tendency to higher vector length, which may indicate less TBW [38],
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although what determined the difference between groups was the higher Xc/H value
(48.2 + 6.8 vs. 39.7 &+ 3.3; p = 0.001) with a high E.S of 1.47 in the CAH210OHD group.

Xc reflects the volume of the cell membrane capacitance and intracellular content; in
fact, it was demonstrated that higher Xc values explained higher values of ICW [41]. It is
expected that intact cell membranes will act as capacitors by storing the electric current and
releasing it [36]. In this sense, Xc and PhA were closely and positively related, and both were
indicators of the cell membrane integrity [11,42]. In addition, Xc and PhA were negatively
related to muscle damage [42]. In addition, there are other factors that can influence
the cell capacitance (Xc value), such as cell size, composition, thickness, the distance
between cell membranes, and the distribution of cellular fluids (intra/extracellular) [21,43].
Moreover, the amount of lean soft tissue can influence the Xc value [11,38]; however, in
the present study, we found no difference in the amount of LSTI between the groups.
Furthermore, no correlation (r = 0.09, p = 0.680, data not shown) between the amount of
body fat in patients and the Xc value was found. In this sense, owing to the lack of studies
using bioimpedance parameters in this population, it was difficult to determine which
characteristics could have contributed to the high Xc value in patients with CAH210HD.
However, it can be speculated that the glucocorticoid and mineralocorticoid (responsible
for changing the balance of water and sodium, carbohydrate metabolism, lipids, and
immunity) therapies [44] may influence the Xc value. Additionally, the mean Xc values
reported by the present study participants were not similar to the mean reported by a
previous study that used a large sample of healthy women (range, 20-29 years) [45]; hence,
since this is the first study of BIA parameters in patients with CAH210OHD, it was difficult
to determine which values would be within the expected range for this sample.

In males, BIVA analysis showed that all patients with CAH210OHD were positioned
in the upper pole, whereas 57% fell outside the 95% area, and 71% of the patients with
CAH210HD had vectors shifted to the left of the major axis, indicating a higher body
cell mass and high PhA value [5,6,38]. Two patients with CAH210OHD showed longer
vectors lying outside the 95% limits on the right side of the minor axis, indicating less
hydration and cell mass [38] (Table S2). Despite the not statistically significant differences
in confidence ellipses, the men with CAH210OHD followed the same pattern of women,
and also showed higher vector length (Figure 2D), suggesting that these patients may have
less TBW in relation to the control group. The BIVA analysis considers both the PhA value
(related to the minor axis) and the vector length (major axis) [6,38]; individuals with the
same PhA value may show differences in body composition that can be identified by the
BIVA graph through the length of the vector [11]. In addition, the graphical view from
BIVA allows us to check which parameters (R or Xc) interfere most in the PhA value. This
tool might be useful for assessing and monitoring patients with CAH210HD, providing
information related to body cell mass, cellular integrity and hydration status, as has already
been reported in previous studies among people with different health conditions [5,11,12].
Nonetheless, it should be pointed that in a previous study of CAH210OHD children and
adolescents [13], PhA was not sensitive to the differences in body fat levels; in fact, a
systematic review concluded that differences in PhA are noticeable only when the excess
of fat is very marked [7]. Moreover, the vector length in classic BIVA (used in our study)
only provides information about the hydration status. In addition, to test if BIVA could be
useful to detect changes caused by weight loss or gain, further follow up studies would
be necessary.

A limitation of this study is the small number of participants, particularly males, in
whom the effect of the disease is less noticeable [1,4], as this might had influenced the
statistical power of comparisons. Considering our variables of interest (BIA parameters) in
females, the statistical power was between 29 and 90%, and among males, the statistical
power was very low (not exceeding 30%). Nonetheless, it is important considering the
incidence of the disease, and that studies with CAH21OHD patients commonly have a low
number of participants. Another point is the not very well-matched controls, especially
in the female sex where there was a significant difference in age; despite that, we used
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statistical adjustments in the analysis. In addition, the participants were all graduation
and post-graduation students and were instructed to follow normal routines including
food, hydration and physical exercise in the days approaching the tests. The strength of
this study is that patients with CAH210OHD were monitored for a long period (21 + 4.02
years) in the same hospital and by the same team of physicians, thus presenting a low bias
in relation to the treatment. It is worth commenting on the low variability in the measures
(R, Xc and PhA) of our instrument demonstrated by the %TEM of 0.73, 0.77, and 7.4 for
R, Xc and PhA, respectively. This suggests that the differences observed between groups
in females for Xc (mean % difference = 15.6) and Xc/H (21.5%) were not influenced by a
possible lack of precision of our instrument. In addition, this is the first study providing
information on raw BIA parameters in a sample of patients with CAH210HD. In summary,
this study provides novel and important information that needs to be highlighted: (i) the
PhA, when adjusted for covariates (age and height), suggested a similar intra/extracellular
fluid distribution and cellular health between patients with CAH210HD and individuals
free from major diseases; and (ii) according to the BIVA graph, the high value of Xc/H
in women with CAH210HD suggests that the disease and treatment do not adversely
affect the patients’ cellular integrity in this study. However, further studies are needed to
determine the effectiveness of BIA parameters in evaluating and monitoring hydration
status and cellular integrity in patients with CAH210HD.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /nu14235184/s1, Table S1: Detailed pharmacological therapy
of patients with CAH210HD; Table S2: Characteristics of patients according to vector position on
tolerance ellipses based on a healthy reference population.

Author Contributions: Conceptualization, N.M.d.O., R.D.L. and EM.G.; methodology, EM.G.,
D.M.d.O,, B.G., G.G.-]. and S.H.V.L.-M,; formal analysis, N.M.d.O. and R.D.L.; investigation, EM.G.,
D.M.d.O., B.G. and S.H.V.L.-M.; resources, G.G.-]., S.H.V.L.-M., D.M.d.O. and B.G.; data curation,
E.M.G.; writing—original draft preparation, N.M.d.O.; writing—review and editing, N.M.d.O.,
RD.L, EM.G, DM.d.O,, B.G,, G.G.-]. and S.H.V.L.-M.; supervision, G.G.-J. and S.H.V.L.-M. project
administration, G.G.-J. and S.H.V.L.-M. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by the Sao Paulo Research Foundation (Fapesp-2011/23460-1;
2012/16778-8; 2014/20186-4 and 2017 /00657-0) and the Brazilian Federal Agency for Support and
Evaluation of Graduate Education (CAPES) [Grant number: 23001.000422 /98-30].

Institutional Review Board Statement: The procedures were approved by the local ethics committee
of the State University of Campinas, Brazil (number 768/2007) in accordance with the Declaration of
Helsinki for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: Not applicable.

Acknowledgments: The authors thank the participants who gave their time and effort to participate
in the study.

Conflicts of Interest: The authors declare that they have no conflict of interest.

1. Speiser, PW. Congenital adrenal hyperplasia owing to 21-hydroxylase deficiency. Endocrinol. Metab. Clin. N. Am. 2001, 30, 31-59.

[CrossRef]

2. Speiser, PW.; Arlt, W.; Auchus, R.J.; Baskin, L.S.; Conway, G.S.; Merke, D.P; Meyer-Bahlburg, H.FL.; Miller, W.L.; Murad, M.H.;
Oberfield, S.E.; et al. Congenital adrenal hyperplasia due to steroid 21-hydroxylase deficiency: An endocrine society clinical
practice guideline. J. Clin. Endocrinol. Metab. 2018, 103, 4043-4088. [CrossRef] [PubMed]

3.  Reisch, N. Review of Health Problems in Adult Patients with Classic Congenital Adrenal Hyperplasia due to 21-Hydroxylase
Deficiency. Exp. Clin. Endocrinol. Diabetes 2019, 127, 171-177. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/nu14235184/s1
https://www.mdpi.com/article/10.3390/nu14235184/s1
http://doi.org/10.1016/S0889-8529(08)70018-5
http://doi.org/10.1210/jc.2018-01865
http://www.ncbi.nlm.nih.gov/pubmed/30272171
http://doi.org/10.1055/a-0820-2085
http://www.ncbi.nlm.nih.gov/pubmed/30812049

Nutrients 2022, 14, 5184 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Mooij, C.E; Kroese, ] M.; Claahsen-Van Der Grinten, H.L.; Tack, C.J.; Hermus, A.R.M.M. Unfavourable trends in cardiovascular
and metabolic risk in paediatric and adult patients with congenital adrenal hyperplasia? Clin. Endocrinol. 2010, 73, 137-146.
[CrossRef]

Kyle, U.G.; Bosaeus, I.; De Lorenzo, A.D.; Deurenberg, P; Elia, M.; Gomez, ]. M.; Heitmann, B.L.; Kent-Smith, L.; Melchior, J.-C.;
Pirlich, M.; et al. Bioelectrical impedance analysis—Part I: Review of principles and methods. Clin. Nutr. 2004, 23, 1226-1243.
[CrossRef] [PubMed]

Campa, F; Toselli, S.; Mazzilli, M.; Gobbo, L.A.; Coratella, G. Assessment of Body Composition in Athletes: A Narrative Review
of Available Methods with Special Reference to Quantitative and Qualitative Bioimpedance Analysis. Nutrients 2021, 13, 1620.
[CrossRef] [PubMed]

Di Vincenzo, O.; Marra, M.; Sacco, A.M.; Pasanisi, F.; Scalfi, L. Bioelectrical impedance (BIA)-derived phase angle in adults with
obesity: A systematic review. Clin. Nutr. 2021, 40, 5238-5248. [CrossRef] [PubMed]

Genton, L.; Mareschal, J.; Norman, K.; Karsegard, V.L.; Delsoglio, M.; Pichard, C.; Graf, C.; Herrmann, ER. Association of phase
angle and running performance. Clin. Nutr. ESPEN 2020, 37, 65-68. [CrossRef]

Piccoli, A.; Rossi, B.; Pillon, L.; Bucciante, G. A new method for monitoring body fluid variation by bioimpedance analysis: The
RXc graph. Kidney Int. 1994, 46, 534-539. [CrossRef]

Piccoli, A.; Codognotto, M.; Piasentin, P.; Naso, A. Combined evaluation of nutrition and hydration in dialysis patients with
bioelectrical impedance vector analysis (BIVA). Clin. Nutr. 2014, 33, 673-677. [CrossRef]

Norman, K.; Stobdus, N.; Pirlich, M.; Bosy-Westphal, A. Bioelectrical phase angle and impedance vector analysis—Clinical
relevance and applicability of impedance parameters. Clin. Nutr. 2012, 31, 854-861. [CrossRef]

Di Somma, S.; Lukaski, H.C.; Codognotto, M.; Peacock, W.E; Fiorini, E; Aspromonte, N.; Ronco, C.; Santarelli, S.; Lalle, I;
Autunno, A ; et al. Consensus paper on the use of BIVA (Bioeletrical Impendance Vector Analysis) in medicine for the management
of body hydration. Emerg. Care J. 2011, 7, 6-14. [CrossRef]

de Oliveira, N.M.; Langer, R.D.; de Lemos-Marini, S.H.V.; Guerra-Junior, G.; Gongalves, E.M. Bioelectrical Impedance Phase Angle
and Its Determinants in Patients with Classic Congenital Adrenal Hyperplasia. . Am. Coll. Nutr. 2021, 41, 407-414. [CrossRef]
Borges, ].H.; de Oliveira, D.M.; de Lemos-Marini, S.H.V.; Geloneze, B.; Gongalves, E.M.; Guerra-Junior, G. Fat Distribution and
Lipid Profile of Young Adults with Congenital Adrenal Hyperplasia Due to 21-Hydroxylase Enzyme Deficiency. Lipids 2021, 56,
101-110. [CrossRef]

Borges, J.H.; Santoro, R.I.; de Oliveira, D.M.; Lemos-Marini, S.H.V.; Geloneze, B.; Guerra-Jtnior, G.; Gongalves, E.M. Cardiovascu-
lar dysfunction risk in young adults with congenital adrenal hyperplasia caused by 21-hydroxylase enzyme deficiency. Int. J. Clin.
Pract. 2021, 75, 14233. [CrossRef]

de Araujo, M.; Sanches, M.; Suzuki, L.A.; Guerra, G.; Farah, S.; de Mello, M.P. Molecular analysis of CYP21 and C4 genes in
Brazilian families with classical form of steroid 21 hydroxilase deficiency. Braz. |. Med. Biol. Res. 1996, 29, 1-13.

Lau, I; Soardi, S.; de Lemos-Marini, S.H.V.; Guerra, G.; Baptista, M.T.; de Mello, M.P. H28+C insertion in the CYP21 gene: A
novel frameshift mutation in a Brazilian patient with the classical form of 21-hydroxylase deficiency. J. Clin. Endocrinolol. 2001, 86,
5877-5880. [CrossRef]

Paulino, L.C.; Araujo, M.; Guerra, G.; Marini, S.H.; De Mello, M.P. Mutation distribution and CYP21/C4 locus variability in
Brazilian families with the classical form of the 21-hydroxilase deficiency. Acta. Paediatr. 1999, 88, 275-283. [CrossRef]

Soardi, F.C.; Barbaro, M.; Lau, L.F.; Lemos-Marini, S.H.V.; Baptista, M.T.M.; Guerra-Junior, G.; Wedell, A.; Lajic, S.; de Mello, M.P.
Inhibition of CYP21A2 enzyme activity caused by novel missense mutations identified in Brazilian and Scandinavian patients.
Clin. Endrocrinolo. Metab. 2008, 93, 2416-2420. [CrossRef]

Kyle, U.G,; Bosaeus, I.; De Lorenzo, A.D.; Deurenberg, P.; Elia, M.; Gémez, ].M.; Heitmann, B.L.; Kent-Smith, L.; Melchior,
J.-C.; Pirlich, M.; et al. Bioelectrical impedance analysis—Part II: Utilization in clinical practice. Clin. Nutr. 2004, 23, 1430-1453.
[CrossRef]

Baumgartner, R.N.; Chumlea, W.C.; Roche, A.F. Bioelectric phase angle and body composition. Am. J. Clin. Nutr. 1988, 48, 16-23.
[CrossRef] [PubMed]

Piccoli, A. BIVA Software 2002; Department of Medical and Surgical Sciences, University of Padova: Padova, Italy, 2002; pp. 1-17.
Liu, D.; Ahmet, A.; Ward, L.; Krishnamoorthy, P.; Mandelcorn, E.D.; Leigh, R.; Brown, J.P.; Cohen, A.; Kim, H. A practical guide to
the monitoring and management of the complications of systemic corticosteroid therapy. Allergy Asthma Clin. Immunol. 2013,
9, 30. [CrossRef] [PubMed]

DuBois, D.; DuBois, E. A formula to estimate the approximate surface area if height and weight be known. Arch. Intern. Med.
1916, 862, 303-311; discussion 312-313.

Cohen, ]. A power primer. Psychol. Bull. 1992, 112, 155-159. [CrossRef] [PubMed]

Kim, M.S.; Ryabets-Lienhard, A.; Dao-Tran, A.; Mittelman, S.D.; Gilsanz, V.; Schrager, S.M.; Geffner, M.E. Increased abdominal
adiposity in adolescents and young adults with classical congenital adrenal hyperplasia due to 21-hydroxylase deficiency. J. Clin.
Endocrinol. Metab. 2015, 100, E1153-E1159. [CrossRef] [PubMed]

Arlt, W,; Willis, D.S.; Wild, S.H.; Krone, N.; Doherty, E.J.; Hahner, S.; Han, T.; Carroll, P.V.; Conway, G.S.; Rees, A; et al. Health
status of adults with congenital adrenal hyperplasia: A cohort study of 203 patients. J. Clin. Endocrinol. Metab. 2010, 95, 5110-5121.
[CrossRef] [PubMed]


http://doi.org/10.1111/j.1365-2265.2009.03690.x
http://doi.org/10.1016/j.clnu.2004.06.004
http://www.ncbi.nlm.nih.gov/pubmed/15380917
http://doi.org/10.3390/nu13051620
http://www.ncbi.nlm.nih.gov/pubmed/34065984
http://doi.org/10.1016/j.clnu.2021.07.035
http://www.ncbi.nlm.nih.gov/pubmed/34474193
http://doi.org/10.1016/j.clnesp.2020.03.020
http://doi.org/10.1038/ki.1994.305
http://doi.org/10.1016/j.clnu.2013.08.007
http://doi.org/10.1016/j.clnu.2012.05.008
http://doi.org/10.4081/ecj.2011.4.6
http://doi.org/10.1080/07315724.2021.1895902
http://doi.org/10.1002/lipd.12280
http://doi.org/10.1111/ijcp.14233
http://doi.org/10.1210/jcem.86.12.8113
http://doi.org/10.1111/j.1651-2227.1999.tb01096.x
http://doi.org/10.1210/jc.2007-2594
http://doi.org/10.1016/j.clnu.2004.09.012
http://doi.org/10.1093/ajcn/48.1.16
http://www.ncbi.nlm.nih.gov/pubmed/3389323
http://doi.org/10.1186/1710-1492-9-30
http://www.ncbi.nlm.nih.gov/pubmed/23947590
http://doi.org/10.1037/0033-2909.112.1.155
http://www.ncbi.nlm.nih.gov/pubmed/19565683
http://doi.org/10.1210/jc.2014-4033
http://www.ncbi.nlm.nih.gov/pubmed/26062016
http://doi.org/10.1210/jc.2010-0917
http://www.ncbi.nlm.nih.gov/pubmed/20719839

Nutrients 2022, 14, 5184 11 of 11

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Sari, C.L; Eikelis, N.; Head, G.A.; Schlaich, M.; Meikle, P.; Lambert, G.; Lambert, E. Android Fat Deposition and Its Association
With Cardiovascular Risk Factors in Overweight Young Males. Front. Physiol. 2019, 10, 1162. [CrossRef]

Ariyawatkul, K.; Tepmongkol, S.; Aroonparkmongkol, S.; Sahakitrungruang, T. Cardio-metabolic risk factors in youth with
classical 21-hydroxylase deficiency. Eur. J. Pediatr. 2017, 176, 537-545. [CrossRef]

Merke, D.P,; Chrousos, G.P; Eisenhofer, G.; Weise, M.; Keil, M.E; Rogol, A.D.; Van Wyk, ].J.; Bornstein, S.R. Adrenomedullary
Dysplasia and Hypofunction in Patients with Classic 21-Hydroxylase Deficiency. N. Engl. ]. Med. 2000, 343, 1362-1368. [CrossRef]
Volkl, TM.K,; Simm, D.; Kérner, A.; Rascher, W.; Kiess, W.; Kratzsch, J.; Dorr, H.G. Does an altered leptin axis play a role in
obesity among children and adolescents with classical congenital adrenal hyperplasia due to 21-hydroxylase deficiency? Eur. |.
Endocrinol. 2009, 160, 239-247. [CrossRef]

Chumlea, W.C.; Guo, S.S. Bioelectrical Impedance and Body Composition: Present Status and Future Directions. Nutr. Rev. 1994,
52,123-131. [CrossRef] [PubMed]

Bosy-westphal, A.; Danielzik, S.; Dorhofer, R.; Later, W.; Wiese, S.; Muller, M. Phase Angle From Bioelectrical Impedance Analysis:
Population Reference Values by Age, Sex, and Body Mass Index. ]. Parenter. Enter. Nutr. 2006, 30, 309-316. [CrossRef] [PubMed]
Barbosa-Silva, M.C.G.; Barros, A.].D.; Wang, J.; Heymsfield, S.B.; Pierson, R.N. Bioelectrical impedance analysis: Population
reference values for phase angle by age and sex. Am. J. Clin. Nutr. 2005, 82, 49-52. [CrossRef] [PubMed]

Borges, ].H.; de Oliveira, D.M.; de Lemos-Marini, S.H.V.; Geloneze, B.; Guerra-Junior, G.; Gongalves, E.M. Normal bone health in
young adults with 21-hydroxylase enzyme deficiency undergoing glucocorticoid replacement therapy. Osteoporos. Int. 2021, 33,
283-291. [CrossRef] [PubMed]

Lukaski, H.C.; Vega Diaz, N.; Talluri, A.; Nescolarde, L. Classification of hydration in clinical conditions: Indirect and direct
approaches using bioimpedance. Nutrients 2019, 11, 809. [CrossRef]

Selberg, O.; Selberg, D. Norms and correlates of bioimpedance phase angle in healthy human subjects, hospitalized patients, and
patients with liver cirrhosis. Eur. J. Appl. Physiol. 2002, 86, 509-516. [CrossRef]

Lukaski, H.; Piccoli, A. Bioelectrical impedance vector analysis for assessment of hydration in physiological states and clinical
conditions. In Handbook of Anthropometry; Springer: New York, NY, USA, 2012; pp. 287-305. [CrossRef]

Moore, F.; McMurray, J.; Parker, H.; Ball, M.; Boyden, C. The Body Cell Mass and Its Supporting Environment. In Body Composition
in Health and Disease; Saunders: Philadelphia, PA, USA, 1963.

Dittmar, M.; Reber, H. New equations for estimating body cell mass from bioimpedance parallel models in healthy older Germans.
Am. ]. Physiol.-Endocrinol. Metab. 2001, 281, 1005-1014. [CrossRef]

Francisco, R.; Matias, C.N.; Santos, D.A.; Campa, E; Minderico, C.S.; Rocha, P.; Heymsfield, S.B.; Lukaski, H.; Sardinha, L.B.; Silva,
A.M. The predictive role of raw bioelectrical impedance parameters in water compartments and fluid distribution assessed by
dilution techniques in athletes. Int. ]. Environ. Res. Public Health 2020, 17, 759. [CrossRef]

Nescolarde, L.; Yanguas, J.; Lukaski, H.; Alomar, X.; Rosell-Ferrer, J.; Rodas, G. Localized bioimpedance to assess muscle injury.
Physiol. Meas. 2013, 34, 237-245. [CrossRef]

Castizo-Olier, J.; Irurtia, A.; Jemni, M.; Carrasco-Marginet, M.; Fernandez-Garcia, R.; Rodriguez, F.A. Bioelectrical impedance
vector analysis (BIVA) in sport and exercise: Systematic review and future perspectives. PLoS ONE 2018, 13, e0197957. [CrossRef]
Rashid, S.; Lewis, G.F. The mechanisms of differential glucocorticoid and mineralocorticoid action in the brain and peripheral
tissues. Clin. Biochem. 2005, 38, 401-409. [CrossRef] [PubMed]

Piccoli, A.; Pillon, L.; Dumler, E. Impedance vector distribution by sex, race, body mass index, and age in the United States:
Standard reference intervals as bivariate Z scores. Nutrition 2002, 18, 153-167. [CrossRef] [PubMed]


http://doi.org/10.3389/fphys.2019.01162
http://doi.org/10.1007/s00431-017-2875-2
http://doi.org/10.1056/NEJM200011093431903
http://doi.org/10.1530/EJE-08-0770
http://doi.org/10.1111/j.1753-4887.1994.tb01404.x
http://www.ncbi.nlm.nih.gov/pubmed/8028817
http://doi.org/10.1177/0148607106030004309
http://www.ncbi.nlm.nih.gov/pubmed/16804128
http://doi.org/10.1093/ajcn/82.1.49
http://www.ncbi.nlm.nih.gov/pubmed/16002799
http://doi.org/10.1007/s00198-021-06097-w
http://www.ncbi.nlm.nih.gov/pubmed/34406442
http://doi.org/10.3390/nu11040809
http://doi.org/10.1007/s00421-001-0570-4
http://doi.org/10.1007/978-1-4419-1788-1
http://doi.org/10.1152/ajpendo.2001.281.5.E1005
http://doi.org/10.3390/ijerph17030759
http://doi.org/10.1088/0967-3334/34/2/237
http://doi.org/10.1371/journal.pone.0197957
http://doi.org/10.1016/j.clinbiochem.2004.11.009
http://www.ncbi.nlm.nih.gov/pubmed/15820768
http://doi.org/10.1016/S0899-9007(01)00665-7
http://www.ncbi.nlm.nih.gov/pubmed/11844647

	Introduction 
	Materials and Methods 
	Design and Ethical Aspects 
	Study Participants 
	Anthropometry 
	Body Composition 
	Bioelectrical Impedance Analysis 
	Glucocorticoid Therapy 
	Statistical Analysis 

	Results 
	Discussion 
	References

