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Abstract

The depletion of body cell mass (BCM), the metabolically active tissue of the
body, is an important feature of protein energy malinutrition, AIDS and aging. The gold
standard method for BCM estimation, total body potassium counting (TBK), has
limited availability and is a very expensive method. Hence we derived predictive
equations for BCM, using anthropometric measures. We carried out a retrospective,
cross-sectional analysis in a sample of 1379 adult subjects, with 968 healthy and 411
HIV-infected. The entire sample was divided 2:1 into model-development and cross-
validation group, respectively. TBK was measured by 4 n whole-body liquid
scintillation counting. Anthropometric measurements were performed by trained
observers and included 10 skinfolds, 2 body lengths, 8 body circumferences, height
and weight. A backward-stepwise multiple regression analysis was performed to
predict Log10 BCM. The model presented two specific equations, one for males (r* =
0.805, SEE=1.08 kg (3.29%), p<0.001) and other for females (r’ = 0.618, SEE=1.10
kg (4.98%), p <0.001). Validation tests displayed an r* = 0.724, PE=1.09 kg (3.22%)
and r* = 0.642, PE=1.10 kg (5.06%), for males and females respectively. Males
equation had a p = 0.814 in the Student's paired t-test, while females equation had a
p =0.715. The test of agreement between different health status and the difference of
residuals between all races, had both a p >0.05 in cross-validation group and in the
entire sample. These results express a great precision, performance, and accuracy of
the model and don’t show any bias. The equations had the same reliability in healthy

and HIV-infected subjects, as well in different races. Therefore the model is very

useful to predict BCM in HIV-infected, obese, elderly and healthy individuals, and it
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2 Body cell mass by anthropometric measures: A predictive model for healthy and HIV-infected adults

fulfills the great gap that subsisted in the BCM perdition in worldwide research and
clinical essays.

Key Words: body composition — body cell mass — anthropometric measures —
TBK — protein energy malnutrition — HIV infection — body cell mass depletion —
sarcopenia

Introduction

Protein energy malnutrition (PEM) is a usual phenomenon in medicine with
clinical consequences of major importance . Malnutriton and weight loss are
common occurrences in patients with the acquired immunodeficiency syndrome
(AIDS) ®®). Most patients are also significantly depleted of body cell mass (BCM) and
the clinical exam may not express the severity of the depletion %", The association
of weight loss or BCM depletion with many adverse clinical outcomes had been

s B#10 Kotler et al reported that the timing of death from

showed in several studie
wasting in AIDS is related to the magnitude of BCM depletion ? and this magnitude is
similar to that found in other chronic debilitating diseases V. Thus, the early
detection and treatment of malnutrition are important features of clinical exercise.

According to Moore et a/ BCM is the “component of the body composition
containing the oxygen-exchanging, potassium-rich, glucose-oxidizing, work-
performing tissue” "®. The components of BCM are the nonadipose cellular fractions
of skeletal muscle, viscera, organs, brain, and blood ('?, thus, BCM has a particular
importance in the maintenance of the normal physiological function of the body, and
its depletion should be of great concern for physicians and nutritionists.

Although, BCM is an important measure of macronutrient status, the gold

standard method for its estimation is total body potassium counting (TBK), a method
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that is not generally available in the most research centers "'>'®. TBK is also a
costly method to develop and maintain, that requires specialized teams, and is not
practical to apply in epidemiological and clinical field studies or at the bedside
(1‘13,15.16)_

AIDS is a disease that don't discriminate race, age or location, and people can
be infected even in the most recondite places, where, sometimes, not even the
required means for the disease diagnosis are available. Furthermore, clinical trials
require that subjects must be followed longitudinally and measured repeatedly.

Objective

An inexpensive, widely available, practical and reliable method for prediction of
BCM is required for epidemiological and clinical evaluations. Therefore, we derived
and validate predictive equations for BCM, using anthropometric measurements,
which would permit a widespread use in healthy and HIV-infected adults.

Methods

Study Design. This study was a retrospective, cross-sectional analysis of body
composition studies performed in the Body Composition Unit at St Luke’s-Roosevelt
Hospital Center between 1986 and 2002.

Subjects. The data included body composition studies of 968 healthy and 411
HIV-infected adult subjects, including 747 males and 632 females, aged 18 to 67
years. The healthy subjects were participants of the Rosetta Longitudinal Study, a
database of healthy individuals. The HiV-infected subjects were primarily participants
in studies for malnutrition and lipodystrophy. Only a single evaluation of each subject
was considered. Subjects were randomiy divided into a modei-deveiopment group

(with 67% of entire sample) to develop the equations and a cross-validation group
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4 Body cell mass by anthropometric measures: A predictive model for healthy and HIV-infected adults

(with the remaining 33% of entire sample) used to compare the equations. The
groups were stratified by health status and gender, so that the numbers in each group
were proportional to the entire population. All the measurements were made
respecting the regulation of the Institutional Review Board, and after obtained written
informed consent.

Measurement of Total Body Potassium. TBK analysis was performed by a
noninvasive measurement of “°K as a measure of BCM, in the St Luke’s 4 = whole-
body liquid scintillation counter '”. The application of whole-body counting of “K in
the measurement of TBK is based on the knowledge that under normal
circumstances > 97% of all the K is found in the nonadipose-tissue cell mass and that
a constant small percentage of K is radioactive, with an emission readily detected by
the whole-body counter ®. Since the naturally occurring radioisotope “K exists in
constant ratio with 3°K (0.018%), the body’s total activity of “’K can be considered a
valid indicator of body cell mass. Thus, the counter detects the natural 1.46 MeV
gamma ray of “K in raw counts collected over 9 min, adjusted for the effect of
attenuation due to overlying fat and other tissues on the basis of an experimental 2K
calibration equation ®. The precision of this method is +2.4% on calibration
standards ('® and +4% on human subjects '®_ The results of TBK measurements in
millimoles were converted to kilograms of BCM by multiplying by 0.0092 @,

Measurement of Anthropometric Parameters. Height was measured to the
nearest 0.5 cm using a stadiometer (Holtain, Crosswell, Wales, U.K.), and weight to
the nearest 0.1 kg (Weight Tronix, New York, NY, U.S.A.). Other anthropometric

measurements (skinfolds, circumferences and lengths) were performed as described
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elsewhere @ by trained observers with a reproducibility of + 2% for circumferences
and + 10% for skinfolds ®®. The anthropometric sites initially included in the equation
development were the triceps (TRI), biceps (BIC), subscapular (SCP), chest (CST),
supra-iliac (Ul), thorax (THR), umbilical (UMB), abdominal (ABD), thigh (THI) and calf
(CF) skinfold thickness, the circumferences of the upper arm (CA), wrist (CR), upper
chest (UCC), chest (CC), waist (CW), iliac crest (CIC), thigh (CT) and calf (CFC) and
the arm (AL) and thigh (TL) lengths. Skinfold thickness was determined to the nearest
0.2 mm with Lange skinfold calipers (Cambridge Scientific Instruments, Cambridge,
MD). The reported precision of the method is + 7% . All subjects with skinfolds
higher than 60mm were excluded from this study, since 60 mm is considered the
maximum reliable reading of the Lange caliper.

Statistical Analysis. As said before, we randomly separated all subjects into 2
groups with different proportions (2:1), a model-development group and a cross-
validation group. One first linear regression analysis was performed using all the
anthropometric variables. The model developed, showed a difference, with statistical
meaning, between races. The next step was to transform all variables in base 10
logarithms, with purpose of eliminate those racial differences. By performing a
backward-stepwise multiple regression analysis in the model—-development group, we
determined the most significant Log10 variables to predict Log10 BCM (dependent
variable), deriving a new empirical model, constituted by two specific equations, one
for each gender. The prediction equations obtained where then validated in the cross-
validation group. The coefficient r* was used as a measure of goodness of model fit in

the cross-validation sample. The mean bias of the model was achieved by Student’s
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paired t-test. We also used an independent-samples t-test to verify the agreement of
residuals between HIV-infected and non-infected, both in cross-validation group and
in all population. One-way analysis of variance (ANOVA), with post-hoc pairwise
comparisons made using the method of Scheffe (equal variances) or Dunnett's T3
(unequal variances), was used in cross-validation group and in all population to verify
the agreement of residuals between races. Statistical technique of Bland-Altman @
was used to access the degree of agreement between the BCM measured and the
predicted by the model. This method concentrates on individual differences,
normalizes the distribution of the sample, decreases its variation and calculates bias
and 95% limits of agreement between BCM measured and BCM predicted by the new
model. The precision of the predictive equations in the model-development group
was determined using the estimated true standard error of the estimate (SEE). To
measure the performance of the predictive equations on cross-validation group, the
pure error (PE) between the BCM and the predictive model was calculated. The level
of significance for all statistical tests was p<0.05. All statistical analysis were
performed by using SPSS (version 11.5, SPSS Inc, Chicago).

Results

The descriptive characteristics of the 1379 subjects are summarized in Table
1, by gender and health status, including race, age, height, weight, bddy mass index
(BMI), BCM and Log10 BCM. Males ranged in age from 18 to 67 years, in height from
154.7 to 198.4 cm and in weight from 44.4 to 104.4 kg. Females ranged in age from
18 to 66 years, in height from 142.3 to 183.0 cm and in weight from 32.2 to 103.8 kg.

BCM (kg) was, in mean, 33.1+5.48 for males and 22.0+3.48 for females in the entire
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sample. In the model—development group males had a mean BCM of 32.7+5.47 and
females 22.1+3.52, very seemlier to the 33.9+5.43 and 21.7+3.37 of the cross-
validation group. The highest difference found was in the weight of females between
the model-development group and the cross-validation group. Females in the first
group have more 1.7 kg, in average, than the ones from the second one. Males in the
cross-validation group have more 1.33 cm and 1.2 kg, in average, than those from the
model-development group. 41.1% of males were HIV-infected individuals, once
females were only 16.5% of the entire sample. The female gender had more HIV-
infected subjects, from Black race, while the majority of infected males were

Caucasians. The races Asians and Others didn’t have any subject HIV-infected.

Table 1.
Descriptive characteristics of the 1379 subjects by race, health status and gender
Entire sample
Males Females
(n=747) (n=632)
Healthy HiV-infected Healthy HIV-infected
Variables (n=440) (=307) {(n=528) (m=104)
Races
Caucasian'(r=614) 158 207 228 21
Black'(n=294) 84 61 89 60
Hispanic'(r=237) 94 39 81 23
Asian’(7=210) 90 " 120
Others'(n=24) 14 10 -
Age’ 41.2413.70 40.248.26 42.4+13.88 38.9+7.67
Height (cm) * 173.8+7.14 176.146.06 161.846.77  162.246.64
Weight (kg) 74.1£10.43 66.8£10.67 61.241046  58.4+13.50
BMI (kg/m?) ? 2454289 21.5:3.26 23.4+3.85 22.2+4.90
BCM (kg)® 34.5+502 31.1£551 22.1+3.40 21.4+3.84
Log10 BCM? 1.530.064 1.49+0.077 1.34+0.066 1.324¢0.079

Values are 'n and ‘means + SD; BMI — body mass index; BCM — body cell mass; Log10 BCM —
base 10 logarithm of body cell mass
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Table 2.

Variables most significant for the prediction after backward
multiple regression’, and after stepwise multiple regression®

Predictive Variables Males Females
Equation Equation

Log10 Height (cm)
Log10 Weight (kg) v v
Log10 AL (mm)
Log10 CA (mm) v
Log10 CR (mm) X
Log10 UCC (mm) X X
Log10 CC (mm) X
Log10 CW (mm) \% X
Log10 CIC (mm) X v
Log10 TL (mm)
Log10 CT (mm) X
Log10 CFC (mm) X X
Log10 TRI (mm) X
Log10 BIC (mm) v
Log10 SCP (mm) v
Log10 CST (mm) \%
Log10 Ul (mm) X
Log10 THR (mm)
Log10 UMB (mm)
Log10 ABD (mm) v
Log10 THI (mm) X
Log10 CF (mm) \%

"X are variables selected by backward multiple regression and v
are variables selected by backward and stepwise multiple
regression; Log10 - base 10 logarithm; AL - arm length; CA - upper
arm circumference; CR - wrist circumference; UCC - upper chest
circumference; CC - chest circumference; CW - waist
circumference; CIC - iliac crest circumference; TL — thigh length; CT
- thigh circumference; CFC - calf circumference; TRI - triceps

Development of the Predictive Model for Estimating BCM. Using Log10 of the
initial 20 anthropometric sites, body weight and height as independent variables and
Log10 of BCM as dependent variable, we derived a backward multiple regression for
each gender, and the most significant predictive variables found are presented in
Table 2. Using these variables, we did a stepwise multiple regression to derive the
new model. The new equations, their variables and coefficients, their p values of

entrance in the model and the results of all the validation tests, are presented in

|
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Table 3. The SEE indicates the precision of these two equations that were 1.08 kg
(3.29%) for males and for females 1.10 kg (4.98%). Graphic representations of the
regressions were plotted and presented in Figure 1 and Figure 2, for males and for

females respectively.

Table 3.
Regression coefficients, model r*, SEE, PE, # of the model in the cross-validation group and ttest
rt SEE (kg) PE (kg) s ttest
Males equation 0.805 1.08 (3.29%) 1.09 (3.22%) 0.724 0.814*

Log10 BCM (kg) = 0.660%+ Log10 Weight (kg) x 1.110* + Log10 CA (mm) x 0.380* - Log10 CW (mm) x 0.690*
- Log10 ABD (mm) x 0.064*- Log10 CF (mm) x 0.050*

Females equation 0.618 1.10 (4.98%) 1.10 (5.06%) 0.642 07157

Log10 BCM (kg) = 1.886* + Log10 Weight (kg) x 1.177 *- Log10 CIC (mm) x 0.842*- Log10 BIC (mm) x 0.055"
- Log10 SCP (mm) x 0.053* - Log10 CST (mm) x 0.036"

*p < 0.001; " Values are p; SEE — standard error of the estimate; PE — pure error; CA — arm circumference;
CW - waist circumference; CIC - iliac crest circumference; BIC — biceps skinfold; SCP — subscapular
skinfold; CST — chest skinfold; ABD — abdominal skinfold; CF — calf skinfold;

1.8 1

1.7 4

16

15 1

14 1

Log10 BCM (kg) by TBK

12 - r*=0.805 SEE = 1.08 kg (3.29%) P <0.001

T T T T T L 1

12 13 14 15 16 1.7 18

Log10 BCM (kg) by equation

Figure 1. Plot of the males regression in model-
development group. Log 10 BCM (kg) predicted by total
body potassium (TBK) measured by whole-body “K
counting on the ordinate and Log 10 BCM calculated with
the new equation on the abscissa.
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Figure 2. Plot of the females regression in model-
development group. Log 10 BCM (kg) predicted by total
body potassium (TBK) measured by whole-body “K
counting on the ordinate and Log 10 BCM calculated with
the new equation on the abscissa.

Cross-validation of the New Predictive Model. The new equations derived from
the model—development group were, then, applied to the cross-validation group. The
2 in this group for the males equation was 0.724, and for females was 0.642. The
accuracy is indicated by the PE, and was 1.09 kg (3.22%) for males and 1.10 kg
(5.06%) for females. We also did a Student’s paired t-test, to check the mean bias of
the model, that was p = 0.814 for males and a p = 0.715 for females.

Comparison of the New Model with the Measured BCM. The agreement
between the measured and predicted values of BCM was determined by the Bland
and Altman technique ®. We calculated the mean from the two methods and their

differences. The difference between measured and predicted against the mean, as

Hugo de Sousa Lopes
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well as the graphic representations of the equations, were plotted in graphs, Figure 3
for males (r’=0.040), and Figure 4 for females (’=0.140). The antilog limits of

agreement were, for males + 1.17 kg (3.45%), and for females + 1.20 kg (5.53%).
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Figure 3. Bland-Altman analysis “® in males of the cross-
validation group. The difference between Log 10 BCM (kg)
predlcted by total body potassium (TBK) measured by whole-body
K counting and Log 10 BCM calculated with the new equation
plotted against their mean. The 95% Cl is indicated by the upper
and lower lines.
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0.15

010 - ]

and Log10 BCM (kg) by equation

045 4 r*=0.140 P < 0.001

r T T T T 1

1.1 12 13 14 15 16

Mean of Log10 BCM (kg) by TBK
and Log10 BCM (kg) by equation

Difference between Log10 BCM (kg) by TBK

Figure 4. Bland-Altman analysis ® in females of the cross-
validation group. The difference between Log 10 BCM (kg)
E)Dredicted by total body potassium (TBK) measured by whole-body

K counting and Log 10 BCM calculated with the new equation
plotted against their mean. The 95% ClI is indicated by the upper
and lower lines.

Agreement Between Races and Health Status. In the test of agreement
between different health status we found a p>0.05 for males and for females both in
cross-validation group and in the entire sample. The difference of residuals between
all races, estimated by one-way ANOVA, were all p>0.05 for both genders in the two
samples, cross-validation group and the entire population.

Discussion

The purpose of this study was to develop predictive equations for BCM by

using anthropometric measures for application in HIV-infected and healthy people.
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Our model is, as long as we know, the first one that predicts BCM using skinfolds and
body circumferences combined with other anthropometric measures, as body weight.

In 1980, Bruce et al also derived a predictive model for BCM, but they used
only age, height and weight as predictive variables ®¥. However, height didn't enter
with statistical meaning in our model, once the p values for height were 0.250 in
males and 0.639 in females (data not shown). Age was, also, not included in the
independent variables list. Although the important effect of age in BCM “"*%, we
decide not to use it in the model, based in the fact that in many countries, the
information on age of individuals is not easy or even impossible to obtain and many
times, when accessed, the data are incorrect, and the reliability of the model could be
compromised.

BCM is the human body compartment metabolically active. It is composed by
the tissues that are modified under the influence of physical activity, nutrition or
disease, and BCM may be used as a biomarker of these processes %62 BCM
prediction is based on the assumption that intracellular potassium concentration
reflects BCM, and is a constant value (171 mmolkg H,0) ©?. Thus TBK is the more
sensitive and reliable indicator of changes in BCM %29 But, at the same time, TBK
is also a very expensive method only available in some of the most sophisticated
research centers. The accurate assessment of BCM has a considerable clinical
relevance, since the relation of the amount of BCM with immobility, morbidity and
mortality %" Therefore, the deep gap in availability of a practical tool to access to
BCM should be of great concem.

Although clinical manifestations may vary considerably ®, poor dietary intake

®2 intestinal malabsorption ***? and hypermetabolism at concomitantly reduced
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14 Body cell mass by anthropometric measures: A predictive model for healthy and HIV-infected adults

substrate disposal ® are some of the reasons of weight loss, PEM, and the
consequent BCM depletion, often found in patients with HIV ?3®_ Frequently, these
massive tissue wasting states occur in early, asymptomatic HIV-infected patients %S
even in the absence of weight loss ©, and the depletion severity may be larger than it
appears clinically @. Consequently, the loss of muscle and perhaps organ tissue may
remain unnoticed, unless new and practical methods for assessing BCM, as the one
presented in this study, are developed.

As it occurs in AIDS, severe malnutrition and BCM depletion contributes to the
general debilitation and associated dependency in patients with other chronic

diseases as cancer ©6836)

The wasting status in those chronic diseases is
associated with adverse clinical outcomes ©, including risk of death @819
development of new disease complications and diminished quality of life (1937,
Sometimes the specific clinical squeal of BCM depletion may be independent of the
outcomes ®%. Therefore, the magnitude of BCM depletion, influences the course of
the terminal phase of the disease @, is related with the timing of death in AIDS @ and
strongly predicts patients survival ®. As a result, BCM is considered of key
importance in clinical nutrition ©%%  pecause survival can be expanded with
successful efforts to maintain BCM , and it is an important prognostic determinant of
clinical outcomes ©,

The SEE and PE of our new equations were respectively, 1.08 kg (3.29%) and
1.09 kg (3.22%) for males, and 1.10 kg (4.98%) and 1.10 kg (5.06%) for females,
showing a great precision as well as a good performance of the model. The SEE,

which is the average expected error, of the model-development group, was similar to

the PE of the cross-validation group in both genders, so the accuracy of the method
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in both groups can be considered the same. Therefore, in a practical approach, this
model may be considered very useful for the prediction of BCM in HIV-infected and
healthy subjects.

Despite the great precision, performance and usefulness of this model, the PE
and SEE were both, almost, 2% higher in females. These differences in the prediction
may take place because of the great influence performed by the sex hormones in
determining normal body composition. Boys and girls have nearly the same body
composition until pubertal age where, the increase in body cell mass and skeletal
muscle mass is greater in boys, and girls start to accumulate fat more rapidly ©®.
Therefore, disproportionate depletion of body cell mass and skeletal muscle mass is
expected in men with reduced testosterone, as well as decreased estrogen and
progesterone results in predominant fat loss in women %, In a pragmatic analysis,
the higher buildup of fat in females will reduce the capability to access to body cell
mass reflected in the superior PE and SEE in the perdition model for this gender.

Validation studies were performed both in the cross-validation group and in the
entire population. The model had no statistical differences when applied to individuals
of different races and of different health status, since the validation tests were all
p=0.05. These results express the applicability of our model, with the same reliability
in all studied individuals, despite the differences in body composition reported before
(7.10153941) petween distinct races and between healthy and HIV-infected individuals.

After analyzing the results of the Student's paired t-test, p=0.05 for both
genders, we concluded that there was no statistical significance within the BCM
measured and the predicted, so there was no mean bias for the new predictive

model.
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The Bland-Altman technique was used because the comparison of
measurement methods is not considered appropriate only by using correlation
coefficients or regression analysis ?“?. By this technique, and as achieved by the t-
test, there was no mean bias, but by the limits of agreement we can conclude that in
both genders, 95% of the predictions could have variations of + 1.17 kg (3.45%) for
males and, for females + 1.20 kg (5.53%), with statistical meaning (males p=0.002
and females p<0.001). The graphs show that, the model has a systematically
tendency to overestimate BCM in individuals with lower BCM by TBK and, to
underestimate BCM in individuals with higher BCM by TBK. This occurs in both
genders but in higher proportions in females (r*=0.140), than in males (r’=0.040).

A great number of studies using a variety of methods, had documented the
loss of BCM, fat-free mass (FFM), appendicular skeletal muscle mass (ASMM) as
well as a reduction in TBK, with aging after 40 years ®** This phenomenon
appears to happen as part of normal aging, despite the relatively healthy status of
individuals or the considerable activity reported by the subjects “>*®. Moreover, BCM
and TBK changes are greater than the changes in FFM and ASMM and greater in
subjects >60 years ). Increased morbidity and mortality, and lower quality of life are
prevalent in the elderly and are strongly associated with sarcopenia “*%". Guo et al
considered that weight and BMI alone are not adequate guides of evaluating changes
in body composition in aging 2. Hence, the assessment and quantification of BCM is
particularly important in clinical management programs and epidemiological and

clinical studies of aging "***2. Our model can be applied to elderly subjects until 67
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years, which is the upper limit of age of our sample. Although, further studies with
larger numbers of elderly subjects are needed for cross-validation purposes.

Malnutrition can be present in obese subjects and masked by the abnormal
amount of fat mass. As reflected by low body cell mass index, BMI fails to detect
altered nutritional state in the presence of overweight or obesity ®®. De Lorenzo et al
concluded, in a recent study, that obese people had a greater BCM than non-obese.
For this reason, and in order to preserve BCM in weight loss, is very important to
assess to BCM in obese individuals to select the type of regimen to be used in clinical
nutrition ®. Since, 28.4% of the sample in the present study has a BMI = 25 (data not
shown), our model could be very useful for assessing BCM in obese individuals.

Since our model is based in anthropometry, it has its advantages. It's portable,
noninvasive, inexpensive and of worldwide access. Anthropometry is useful in field
studies, has a substantial literature available and remains the most widely used
method.

Although, anthropometric techniques are very uncertain in how closely the
measurement actually reflects the desired compartment. Other disadvantages of this
method are considerable care and training required to anthropometrists, to produce
consistent results and the lack of standardization in methodology. Data interpretation
is also a problem, once multiple factors as total body fat, gender, age, and race, affect
anthropometric measures. These factors may complicate data interpretation, but our
large database helped us to overcome this obstacle, by close matching of the
subjects. Our model is limited in cases of edema or other diseases than HIV, thus

further studies regarding this parameters should be carried out.
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Conclusions
In summary, this model is an innovatory technique for BCM prediction. The
great precision and accuracy revealed by these new equations, allied to the fact of

being based in portable, inexpensive, and practical tools, gives to this model a

worldwide accessibility. From now on, all physicians, nutritionists and investigators

are allowed to accomplish the measurement of BCM, until now restricted to very
sophisticated laboratories, and use it, not only in the research field, but also in the
clinical observation of BCM depletion in a great variety of situations, including HIV-
infected patients, loss weight in obesity, elderly sarcopenia as well as follow-up in
healthy individuals. Further validation studies are needed in patients with other
diseases.
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