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ABSTRACT

Introduction: HIV-seropositive patients have shown changes in body composition such as lipoatrophy in certain
regions of the body and lipohypertrophy in others, representing characteristics of lipodystrophy syndrome. It is
important to monitor the quantity of fat per body segment using practical and low-cost methods in order to op-
timize the treatment of this group. Objectives: To correlate the body composition per body segment obtained by
anthropometric measurements and by segmental bioelectrical impedance with DXA in HIV-seropositive patients
on antiretroviral treatment Methods: We measured circumferences (arm, waist, hip, thigh and calf) and skinfolds
(biceps, triceps, subscapular, suprailiac) and performed segmental bioelectrical impedance (BIA) analysis and
DXA. The Pearson test was used to determine correlations and the St. Laurent test was used to assess concordance
between variables. Results: We evaluated 26 patients, 35% of whom were overweight. The triceps skinfold (TSF),
waist circumference (WC) and thigh circumference (TC) were significantly correlated with the measurement obtai-
ned by the gold standard (p<0.01). There was no concordance between the values obtained by segmental BIA and
by DXA. Conclusions: Anthropometric measurements such as TSF, WC and TC are important for the monitoring
of changes in body composition among HIV-seropositive patients on antiretroviral treatment. Segmental BIA did
not prove to be appropriate for the assessment of body composition in HIV-seropositive patients.
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INTRODUCTION

Scientific advances such as the development of
serological tests for HIV infection and the increase
knowledge about molecular virology, epidemiology and
pathogenesis of the virus, as well as improved efficiency
of highly active antiretroviral therapy (HAART), have
been admirably implemented since the discovery of the
disease in 1984 (1).

Despite its benefits, HAART has specific types of

toxicity such as elevation of serum total cholesterol
and triglyceride levels, reduction of high-density li-
poproteins (HDL), alterations in the distribution of
body fat, increased insulin resistance and diabetes,
with all of these changes representing risk factors for
cardiovascular disease (2). This set of changes is de-
noted lipodystrophy syndrome (3, 4). This syndrome
involves changes in body composition and in adipose
tissue distribution, changes in lipid metabolism (dyslip-



idemia) and/or changes in glycid metabolism (insulin
resistance), in contrast to the changes occurring before
HAART, when the patients had cachexia and higher
mortality rates (5).

The alteration of adipose tissue consists of two
processes, i.e., lipoatrophy and lipohypertrophy. Lipoat-
rophy involves a loss of subcutaneous adipose tissue that
typically occurs in the extremities, buttocks and face,
while lipohypertrophy mainly occurs in the visceral
compartment of the abdomen, in breast tissue in women
and less commonly among men, and, even more rarely,
in the dorsocervical area (6).

The determination of body composition is of great
importance in clinical practice, mainly due to its associa-
tion with the various metabolic changes (7, 8) that also
occur in patients using HAART (9, 10). Methods such
as computed tomography, magnetic resonance, DXA and
hydrostatic weighing produce accurate results but their
cost is high and they are not available at most institutions.

In contrast, skinfold (SF) and biolelectrical imped-
ance (BIA) techniques are considered to be simple, of
more accessible cost and noninvasive for the estimate of
body composition and therefore their use has attracted
important attention in the literature (11).

BIA has shown a great potential for the estimate
of body composition. The BIA instrument is portable,
safe and noninvasive and yields rapid and reproducible
results (12, 13). The resistance and reactance values
obtained by BIA can be used to estimate body com-
position based on predictive equations, such as that of
Kotler (14).

According to these same principles, a great innova-
tion in the analysis of body composition is segmental
BIA. This method permits an accurate prediction of
body composition by means of measurements of length
and resistance of some body segments such as the arm,
leg and trunk (15). The equations elaborated for healthy
individuals are not appropriate for patients with certain
diseases and therefore they should be specifically vali-
dated for the group of HIV-1-infected patients (16).

In view of the high prevalence and consequences
of the changes in body composition of HIV-seropositive
patients on HAART, and considering that no validated
practical and low-cost method for the monitoring of these
changes exists in the literature, it is important to compare
practical and accessible methods such as anthropometry
and BIA to more precise methods which, however, are
of difficult clinical applicability such as DXA.

Thus, the objective of the present study was to as-
sess the correlation and concordance of anthropometric
and segmental BIA measurements with DXA in HIV-
seropositive patients on HAART.
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PATIENTS AND METHODS

The study was carried out at the University Hospital,
Faculty of Medicine of Ribeirdo Preto (HC/FMRP).
HIV+ individuals were selected at the Dyslipidemia Out-
patient Clinic and at the Immunodeficiency Syndrome
Outpatient Clinic, both belonging to the Specialized
Unit for the Treatment of Infectious Diseases of the
same hospital.

The study was approved by the Research Ethics
Committee and all subjects gave written informed con-
sent to participate.

The inclusion criteria were: stable HIV-seropositive
patients on HAART for at least six months, CD4 T-cell
count of more than 200 cells/mm3; undetectable viral
burden; age between 18 and 60 years; stable weight (<
10% change in the last year), and BMI between 18.5
and 30 kg/m?.

The exclusion criteria were: presence of edema;
changes in thyroid function; severe changes in different
systems (renal, cardiac, pulmonary and hepatic systems);
signs or symptoms of opportunistic infections, and pres-
ence of a pacemaker or metal prosthesis.

A protocol was elaborated to obtain information
about schooling, use of hypoglycemic and lipid-lowering
medications, alcohol drinking, smoking, use of illicit
drugs, information about the antiretroviral drugs cur-
rently being used, biochemical exams (viral burden,
CD4 T-cells, lipid profile, and glycemia), and diagnosis
obtained from the medical records.

All patients in the Dyslipidemia Outpatient Clinic
and at the Immunodeficiency Syndrome Outpatient
Clinic for the period of March to October 2011 who
fit inclusion criteria were invited to participate in the
study, but only a small number (26 subjects) accepted.
This was due to the unavailability of patients” time for
the examination of DXA.

Criteria for the definition of
lypodystrophy syndrome

Subjective. Report of fat loss or accumulation in
specific regions of the body, confirmed by the physical
examination performed by the investigator. Lipodys-
trophy is considered to be present when lipoatrophy is
detected in at least one site, i.e., loss of visible fat in
peripheral regions (arms, legs or face) accompanied
or not by lipohypertrophy, i.e., fat accumulation in an
abdominal region, dorsal gibbosity or gynecomasty (17).

Objective. In combination with the subjective
criteria, we used the ratio of trunk fat percent to lower
limb fat percent (Bonnet index). Lipodystrophy is con-
sidered to be present when the value of the index is 1.5
or more (18).



ANTHROPOMETRY AND BIOELECTRICAL IMPEDANCE ANALYSIS COMPARED TO DUAL-PHOTON ABSORPTIOMETRY

Body weight and height

Body weight in Kg was measured in the Flizola
eletronic scale platform type, with a maximum capacity
of 300 kg and precision of 0.1kg. Subject was wearing
clothes and shoes, being asked to withdraw jackets and
coats, if present.

Height was measured with a stadiometer accurate
to 0.1cm, with the subject barefoot, with arms at your
sides and heels togheter touching the vertical rod and
positioned at the center of the product.

Body composition per segment

The hologic instrument model QDR 4500W® was
used for DXA by a specifically trained technician, with
standard procedures being used to position the individu-
als during the execution of the exam. The individuals
were first instructed to remove all metal objects, shoes
and clothes and then to lie in dorsal decubitus on the
apparatus. The screening was obtained by transverse
scans from the head to the feet and the images obtained
were processed with the most recent software of the
system, version 11.2:5 for Windows. The results pro-
vided muscle mass, fat mass and muscle mass plus bone
content values in grams, in addition to whole body fat
percent. The results were obtained per body region, i.e.,
legs, arms and trunk.

Arm (AC), waist (WC), hip (HC), thigh (TC) and
calf (CfC) circumferences were measured according to
the standardization of Lohman et al. (19).

The tricipital (TSF), bicipital (BSF), subscapular
(SSF) and suprailiac (SISF) skinfolds were measured
with a Lange Skinfold Caliper® adipometer (Beta Tech-
nology Incorporated, Cambrige, MD, USA) according to
the standardization proposed in the manual of Lohman
et al. (19). Arm muscle area (AMA) and arm fat area
(AFA) were calculated (20).

The values obtained were compared to the reference
work of Frisancho (21) for the 50th percentile by means
of percent adequacy.

Segmental BIA was performed using the length of
the limb and appropriate electrode positioning, with
resistance and reactance values being obtained for each
segment of the arm, leg and trunk.

The following anatomical positions were used to
measure the lengths:

Arm: arm length was calculated from the distal-most

point of the third metacarpus to the acromion, with

the arm fully extended (22).

Trunk: trunk length was calculated by the difference

between the height measured from the acromion

minus the length of the leg (23).

Leg: the length of the leg was calculated as the dif-

ference between total height and sitting height (23).
The following anatomical points were used for
electrode placement:
Arm: a pair of electrodes was placed in the standard
position, i.e., one electrode on the hand and the other
at a distance of 5 cm from the wrist, and the other
pair was placed on the acromial process and in the
axillary fold (22).
Trunk: the first pair of electrodes was placed on
the anterior midline of the proximal thigh, with the
“receiving” electrode on the same plane as the glu-
teal fold and the “source” electrode on the anterior
midline of the neck 5 cm from the skull (23).
Leg: a pair of electrodes was placed on the anterior
midline of the proximal thigh and the other was
placed in the standard position, with one electrode
on the ankle and the other on the foot at a distance
of 5. cm (23).
The predictive equations used were those validated
by Baumgartner and Chumlea (22, 23).

Statistical analysis

All continuous variables are presented as means
+ SD and the categorical variables are reported as
frequencies and percentages. The correlation between
continuous variables was calculated by the Pearson test
considering normal distribution (Kolmogorov-Smirnov
test). The concordance test (only among male patients)
used for the continuous variables considering DXA as
the reference method and the St. Laurent test (24) was
applied. The analyses were performed using the SAS/
STAT software, version 9 2002-2003 (25).

RESULTS

Twenty-six patients were evaluated, twenty of them
(76.9%) were males and mean patient age was 48.6 £
8,6 years. Mean time since the diagnosis of HIV infec-
tion was 12.5 + 4.6 years and mean duration of HAART
was 11.3+ 3.3 years. Regarding the biochemical exams,
cholesterol, TG and glycemia levels were above nor-
mal values and HDL levels were below normal values
(table 1).

Table 1 lists all the anthropometric measurements
performed. Regarding BMI, 34.6% of the subjects were
overweight and 42.3% presented an increased abdominal
circumference.

Of the subjects studied, 23.0% had diabetes mellitus,
96.1% had dyslipidemia, 38.4% had systemic arterial
hypertension, 34.6% were overweight, 26.9% were
smokers, 7.7% used illicit drugs, 26.9% were alcoholics,
50.0% used lipid-lowering medications, and 30.7% used
glycemia-lowering drugs.



Of the patients, 26.9% reported the practice of
physical activity with a duration of less than 10 minutes
per day, 38.4% reported a duration of 10 to 30 minutes
per day, and 34.6% a duration of more than 30 minutes
per day.

Table 2 lists the subjective and objective data for the
classification of lipodystrophy syndrome according to
body composition. It should be pointed out that, on the
basis of subjective evaluation, 69.3% of the patients had
leg lipoatrophy and 80.7% abdominal lipohypertrophy.
Subjective evaluation detected a greater percentage of
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individuals with lipodystrophy (96.1%) compared to
objective evaluation (69.3%) (Bonnet index) (table 2).

The adequacy of the anthropometric measuraments
was calculated with the 50th percentile of the reference
values in percentile tables presented by Frisancho (21).
Most of subjects had less than 70% adequacy of TSF and
AFA (73.0% and 76.9%, respectively) (table 3), which
indirectly reflects a smaller quantity of fat in the arm
region. Of these patients with less than 70% adequacy
of TSF and AFA, 31.5% and 30.0% were below the 5%
percentile .

TABLE 1

General and anthropometric characterization of the study group.

Variables

Mean + SD (n=26)

Age (years)

Time of positive serology (years)
Time of HAART (years)

T CD4 cells (cells/mm?)

Total cholesterol (mg/dl)
Triglycerides (mg/dl)
High-density lipoprotein (mg/dl)
Low-density lipoprotein (mg/dl)
Glycemia (mg/dl)

Current weight (kg)

Height (cm)

BMI (kg/m?)

AC (cm)

WC (cm)

HC (cm)

ThC (cm)

CPant (cm)

TSF (mm)

BSF (mm)

SSF(mm)

SISF (mm)

AMC (cm)

WHR

AFA (cm?)

48.6 + 8.6
125+4.6
113 +3.3
669.4 + 368.2
212.3£52.3
277.8+154.9
38.6+9.8
118.9 + 35.2
103.8 +44.1
65.1+11.0
164.0£8.2
23.9+2.8
28.4+3.9
90.5+7.5
89.9+7.4
47.845.1
33.7+2.9
8.3+4.6
9.4+4.9
15.3+5.1
15.3+8.8
25.5+3.3
1.01+0.06
12.5+6.2

HAART: highly active antiretroviral therapy; BMI: body mass index; AC: arm circumference; WC: waist circumference;
HC: hip circumference; ThC: thigh circumference; CC: calf circumference; BSF: biceps skinfold; TSF: triceps skinfold;
SSF: subscapular skinfold; SISF: suprailiac skinfold; AMC: arm muscle circumference;

WHR: waist/hip ratio; AFA: arm fat area; ad: adequacy.
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Considering the reference values for waist circum-
ference (WC) is less than 94 cm for males and less than
80 cm for females, and reference values for waist/hip
ratio (WHR) is less than 1.0 for males and less than 0.85
for females, 42.3% e 65.3% of the subjects had increased
values of WC and WHR, respectively.

Table 4 shows that various anthropometric measure-
ments (TSF, WC and TC) are correlated with the amount
of fat determined by DXA.

No concordance was detected between fat values
per limb obtained by DXA and the values obtained by

segmental BIA (table 5).

DISCUSSION

The objective of the present study was to determine
whether the instruments used in regular clinical practice
would be appropriate for the assessment of the changes
in body composition experienced by HIV-seropositive
patients with lipodystrophy syndrome.

In the present study, based on BMI, 34.6% of the
subjects were found to be overweight. Boskurt et al
(26) stated that the overweight of this group of patients

TABLE 2

Presence of lipoatrophy and lipohypertrophy per body region
according to the diagnostic criterion (n = 26).

Subjective
Lipoatrophy of the arms

Lipoatrophy of the legs
Lipoatrophy of the face
Lipohypertrophy of the abdomen
Dorsocervical lipohypertrophy
Lipohypertrophy of the chest
Lipohypertrophy of the breasts
Isolated lipoatrophy

Isolated lipohypertrophy
Subjectively evauated lipodystrophy
Objective

Bonett index of lipodystrophy

TABLE 3

Adequacy of the anthropometric measurements calculated with the 50th percentile
of the reference values in percentile tables presented by Frisancho (1990).

<70%
adequation

70-90%
adequation

90 -110%
adequation

>110%
adequation

AC (cm)

TSF (mm)
AMC (cm)
AFA (cm2)

1 (3,8 %)
19 (73,0%)
0 (0%)
20 (76,9%)

6 (34,5%)
1 (3,8%)

7 (36,8%)
0 (0%)

9 (34,6%)
4 (15,3 %)
12 (46,1%)
3 (11,5%)

3 (11,5)
1 (3,8%)
7 (26,9%)
3 (11,5%)

AC: arm circumference; TSF: triceps skinfold; AMC: arm muscle circumference; AFA: arm fat area.




is due to the long duration of HAART (26). In another
study on HIV-seropositive patients, Hodgson detected
a 34% prevalence of pre-obesity and a 9% prevalence
of obesity (27).

Differing from our study, in a Danish cohort of HIV-
seropositives patients, increased in blood pressure were
found in 51% (28). In this cohort, 44% of the patients
had hypertrigliceridemia, low concentration of HDL
cholesterol were present in 39%, 21% had abdominal
obesity and 16% had changes in fasting glucose.

It is recognized that metabolic disorders more
common among patients on antirretroviral treatment
are dyslipidemia followed by changes in carbohydrate
metabolism and insulin resistence, which is consistent
with the data in this study (29).

Subjective evaluation revealed that lipoatrophy most
commonly occurs in the leg (69.3%) and lipohypertrophy
most commonly occurs in the abdomen (80.7%). Single
lipoatrophy and lipohypertrophy regions were present
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in a small portion of the subjects studied, with most of
these patients presenting mixed alterations. A prospec-
tive analysis that followed up 366 seropositive patients
for one year starting from the time when they began
HAART demonstrated a cumulative incidence of 29%
for lipoatrophy, 23% for lipohypertrophy, and 13% for
the mixed form of lipodystrophy (30).

Bonnet et al. (18) proposed an easy and objective
method for the definition of lipodystrophy based on the
evaluation of body composition by DXA, i.e., the fat
mass index. In their study they assessed a population of
241 HIV-seronegative men and of 162 seropositive men,
including 34 patients receiving no HAART and 128 re-
ceiving HAART, with or without clinical lipodystrophy.
The two main reasons for the proposal of this index were
that 80% of the fat mass of the trunk is visceral and 98%
of the fat mass in the limbs is subcutaneous and that the
lipodystrophy syndrome associated with HIV may be
the result of a loss of subcutaneous fat, an accumula-

TABLE 4

Correlation between anthropometric variables and composition per body segment obtained by DXA.

(n=26)

R

Triceps skinfold and arm fat (kg) DXA
Triceps skinfold and % arm fat DXA

Waist circumference and trunk fat (kg) DXA
Waist circumference and % trunk fat DXA

Calf circumference and leg fat (kg) DXA
Calf circumference and % leg fat DXA
Thigh circumference and leg fat DXA
Thigh circumference and % leg fat DXA

R: Pearson coefficient
Significantp <0.05

TABLE 5

Concordance between the DXA and BIA methods.

Method

St. Laurent Coefficient

95% ClI

% arm fat (n=19)
% trunk fat (n=20)

% leg fat (n=20)
Total fat mass (kg) (n=26)

0.326
0.403

0.419
0.626
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tion of visceral fat mass, or both. The limit chosen to
define lipodystrophy by DXA was 1.5, corresponding
to 1 standard deviation above the mean index for HIV-
negative men. In the present study comparing the two
method for the classification of lipodystrophy (subjective
and objective) the subjective classification indicated a
96.1% rate of patients with lipodystrophy and the objec-
tive one (Bonnet index) indicated a 69.3% rate. In this
respect, the use of this index as an objective diagnosis
using DXA was not as efficient in detecting the presence
of lipodystrophy as the subjective one, although cut-off
criteria would be necessary to compare these diagnosis
and to determine which one World be the more reliable.

Ahigher prevalence of obesity was observed among
women. In a prospective cohort study conducted on HIV-
positive patients on HAART, central obesity was also
more frequent among women than among men (31). This
sex difference was also observed in the Nutritional and
Health Survey conducted in the municipality of Rio de
Janeiro, Brazil, which showed that 41.6% of women and
19.8% of men aged 25 to 45 years presented abdominal
obesity assessed by the waist/hip ratio (32).

It should be pointed out that the classification of
both BMI and WC is based on the associated risk of
comorbidities, and these two anthropometric measure-
ments are highly correlated (33). The prevalence of
abdominal obesity was higher than total overweight
assessed by BMI. This finding confirms the reports of
body fat concentration in central regions of the body
such as trunk and abdomen in HIV-seropositive patients
on HAART (34).

RHC was higher than the limit values in large part
of the patients evaluated (65.4%). Its use is interesting,
especially by showing morphological changes such as
reduced hip circumference accompanied by increased
WC, although it should be considered with caution
because the hip circumference involves more errors of
measurement (19).

The mean WC values of approximately 90 cm were
compatible with those observed in patients on HAART
by Visnegarwala et al. (35) and by Vassimon et al. in a
previous study conducted at the same site (36).

In the present study, 42.3% of the subjects had above
normal WC. The increased WC is associated with the risk
for various chronic diseases, especially cardiovascular
diseases, type Il diabetes mellitus and certain types of
cancer (33).

Other points that call attention are the high preva-
lences of patients with TSF and AFA inadequacy, which
indicate the presence of lipoatrophy of the upper limbs.

Regarding the assessment of body composition,
the present study is based on the comparison with the

gold standard (DXA), which is widely employed to as-
sess changes due to its precision, reproducibility, good
correlation with computed tomography and considered
an accurate method for estimating body fat mass in
HIV-infected patients (37), although its cost is high and
its application in clinical practice is difficult (38). The
main result of the present study was the correlation of
TC, WC and TSF with DXA. The SFs, circumferences
and BIA are methods routinely used in the clinical area
for the assessment of body composition (39).

According to Lohman et al.(19), for a predictive
technique to be valid when compared to a gold standard,
the correlation coefficient should be higher than 0.80. In
the present study, both TSF and WC reached these levels
of correlation with percent arm fat and percent trunk fat
(kg) measured by DXA, respectively.

Regarding TSF, a study by Jacobson et al. (40)
showed a high correlation with both DXA and computed
tomography, and therefore the measurement of this skin-
fold could be useful for the monitoring of subcutaneous
fat in clinical routine.

In the present study we observed a significant posi-
tive correlation of TC with percent leg fat measured by
DXA, but the correlation coefficient was not very high
due to the small sample size. Studies correlating TC in
HIV-infected patients are not available thus far. The leg
is the site most affected by lipodystrophy and therefore
the circumferences of this site may be useful for patient
monitoring. Only studies with CfC are available in the
literature, especially regarding the elderly, although
with the objective of classifying signs and symptoms
of undernutrition, with a cut-off point of 31 cm (41).

According to Guedes (42), there are more than 93
points for the measurement of skinfolds in the body. In
the present study, we analyzed folds that are represen-
tative of the subcutaneous fat of arm, trunk and limbs,
frequently used in anthropometry studies (43).

The comparison of the BIA and DXA methods
showed that the estimate by total BIA showed more
concordance compared to segmental BIA, being more
appropriate when the equation validated for this group
of patients is used (14). However, the estimate of body
composition by segment using segmental BIA was
inadequate, probably due to the fact that the predictive
equations have been elaborated for individuals with
normal distribution of body fat (22, 23).

Few studies are available in the literature comparing
methods for the assessment of body composition and at-
tempting to define specific directives for individuals with
lipodystrophy syndrome, with conflicting results (44).

The present study emphasizes the importance of
longitudinal follow-up with anthropometric measure-



ments in HIV-seropositive patients with lipodystrophy
syndrome. However, precise equations must be elabo-
rated from these measurements, including segmental
BIA for the assessment of the amount of fat per body
segment and for an optimal clinical treatment of this
specific group.

RESUMEN

Introduccion: Se ha descrito cambios en la com-
posicion corporal de pacientes infectados por VIH,
tales como la lipoatrofia en ciertas regiones del cuerpo
y lipohipertrofia en otros, en representacion de las car-
acteristicas del sindrome de lipodistrofia. Es importante
controlar la cantidad de grasa corporal por segmento
utilizando métodos practicos y de bajo costo con el fin
de optimizar el tratamiento de este grupo. Objetivos:
correlacionar la composicion corporal por segmento
corporal obtenidos por las mediciones antropométricas
y por impedancia bioeléctrica com DXA segmentaria
en pacientes seropositivos al VIH en tratamiento antir-
retroviral. Métodos: Se midieron las circunferencias de
brazo, cintura, cadera, muslo y pantorrilla y los pliegues
cutaneos: biceps, triceps, subescapular, suprailiaco)
y se realizaron impedancia bioeléctrica segmentaria
(BIA) el anélisis y DXA. La prueba de Pearson se
utilizé para determinar las correlaciones y la prueba
de San Lorenzo se utilizé para evaluar la concordancia
entre las variables. Resultados: Se evaluaron 26 paci-
entes, 35% de los cuales tenian sobrepeso. El pliegue
del triceps (PT), circunferencia de la cintura (CC) y la
circunferencia del muslo (CM) se correlacionaron sig-
nificativamente con la medida obtenida por el patron de
oro (p <0.01). No hubo concordancia entre los valores
obtenidos por BIA y DXA segmentaria. Conclusiones:
Las mediciones antropométricas como PT, CC y CM
son importantes para el seguimiento de los cambios
en la composicion corporal de los pacientes infecta-
dos por VIH que reciben tratamiento antirretroviral.
La BIA segmental no demostré ser adecuado para la
evaluacion de la composicién corporal en pacientes
infectados por VIH.

Palabras clave: antropometria, impedancia bioeléc-
trica segmentaria, lipodistrofia, VIH.
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