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Abstract

Introduction: Several physiological changes occur
during the aging process, with perhaps the most appar-
ent being modifications in body composition.

The objective was to evaluate ongoing changes in
body composition, throughout the aging process.

Materials and methods: A cross-sectional study was
conducted in 975 participants (612 women, 363 men)
aged 18-89 years, whose body composition was assessed
using dual-energy X-ray absorptiometry (DXA).

Results: The mean age was 48 + 17 years for women
and 43 £15 years for men (p < 0.01). Men exhibited a
greater amount of lean mass compared to women (54.5
+ 9.4 vs. 37.7 £ 5.5 kg; p<0.0001). Women showed a higher
percentage of lower limb lean mass than men (78 vs.
74%; p < 0.05). Age was independently associated with
decreased appendicular muscle mass, with a reduction
of 0.38 kg per decade. On the other hand, women exhib-
ited higher relative fat mass and a greater proportion
of lean tissue in the lower limbs. Fat tissue increased
with age in both sexes, remaining consistently higher
in women. Lean mass and bone mineral content peaked
in the second and third decades of life and declined
thereafter.

Conclusion: This study highlights the changes in
body composition at various life stages, revealing a
peak gain of lean tissue between the second and third
decades, followed by a decline in subsequent years. To
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our knowledge, this is the first study that evaluates the
changes in body composition in our country.
Key words: body composition, DXA, lean mass, fat

mass

Resumen
Cambios en la composicién corporal relacionados con
la edad: estudio transversal en un centro de la ciudad de

Buenos Aires

Introduccién: Durante el proceso de envejecimiento
ocurren diversos cambios fisiolégicos, siendo quizds
los mas evidentes las modificaciones en la composi-
cién corporal. El objetivo fue evaluar los cambios que
se producen en la composicién corporal a lo largo del
envejecimiento.

Materiales y métodos: Se realizé un estudio trans-
versal en 975 participantes (612 mujeres, 363 hombres)
de entre 18 y 89 anos, cuya composicién corporal fue
evaluada mediante absorciometria de rayos X de doble
energia (DXA).

Resultados: La edad promedio fue de 48 + 17 anos
en mujeres y 43 + 15 anos en hombres (p < 0.01). Los
hombres presentaron una mayor cantidad de masa
magra en comparacién con las mujeres (54.5 + 9.4 vs.

37.7 £ 5.5 kg; p < 0.001). Ademas, las mujeres mostraron
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un mayor porcentaje de masa magra en los miembros
inferiores respecto de los hombres (78 vs. 74 %; p < 0.05).
La edad se asoci6é de forma independiente con una
disminucién de la masa muscular apendicular, con
una reduccién de 0.38 kg por década. Por otro lado, las
mujeres presentaron mayor masa grasa relativa y una
mayor proporcién de tejido magro en los miembros in-
feriores. El tejido graso aumenté con la edad en ambos
sexos, manteniéndose siempre superior en mujeres. La
masa magra y el contenido mineral 6seo alcanzaron su
maximo en la segunda y tercera décadas de la vida y
posteriormente declinaron.

Conclusion: Este estudio describe los cambios en la
composicién corporal en distintas etapas de la vida, evi-
denciando un pico de ganancia de tejido magro entre la
segunda y tercera décadas, seguido de una disminucién
en los afnos posteriores. Hasta donde sabemos, es el pri-
mer trabajo que evalia los cambios en la composicién
corporal en nuestro pais.

Palabras clave: composiciéon corporal, DXA, masa
magra, masa grasa

KEY POINTS
Current knowledge

e Aging is associated with numerous
physiological changes, among which
modifications in body composition are
particularly remarkable.

¢ In recent years, the concept of sarcopenia,
referring to the loss of lean mass associated
with aging and alterations in muscle
function, has gained prominence due to its
correlation with adverse health outcomes,
including greater morbidity and mortality

Contribution of the article to current
knowledge

e This study provides valuable insights into
age-related changes in body composition
parameters among men and women in
our population. Our findings highlight
the importance of considering sex-specific
differences in body composition and their
implications for overall health and well-
being

Aging is associated with numerous physi-
ological changes, among which modifications in
body composition (BC) are particularly remark-

Changes in body composition

ables2. Factors such as gender, race or ethnicity,
genetics?, as well as physiological processes like
growth, puberty, pregnancy, menopause, and ag-
ing itself, can influence these changes*°.

During the aging process, there is a decline
in fat-free mass (FFM), encompassing body wa-
ter, skeletal muscle, smooth muscle, and bone
tissue®. Lean mass, constituting approximately
40% of FFM, experiences its peak gain around
the age of 30, followed by an annual decline of
1 to 3% after the fifth decade of life’. Sex plays
a pivotal role in the acquisition and distribution
of lean mass, especially between the lower and
upper limbs, crucial for locomotion and physical
fitness?.

In recent years, the concept of sarcopenia,
referring to the loss of lean mass associated
with aging and alterations in muscle function,
has gained prominence due to its correlation
with adverse health outcomes, including greater
morbidity and mortality**!2. Common complica-
tions associated with sarcopenia include frac-
tures, falls, hospitalization, and increased mor-
tality rates?s.

Adipose tissue, another essential component
of BC, gradually increases during the second and
third decades of life, with distribution patterns
influenced by sex, age, ethnicity, and health sta-
tus'*+1e, Sexual maturity directly affects adipose
tissue distribution, with girls showing greater
total fat mass accumulation and subcutaneous
distribution during and after puberty, while boys
exhibit abdominal fat deposition, known as the
android pattern, during puberty and prepubes-
cence'’ 8,

In adulthood, fat tissue typically accumulates
in the abdominal (visceral) region, often inde-
pendently of body weight'4. Various methods can
measure BC, with magnetic resonance imaging
(MRI) and computer tomography (CT) scans con-
sidered gold standards due to their high accu-
racy'®®. However, their high cost and radiation
exposure limit routine use. Dual-energy X-ray
absorptiometry (DXA), commonly utilized in ep-
idemiologic studies, offers a cost-effective and
low-radiation alternative, enabling comprehen-
sive assessment of fat, lean, and bone compart-
ments and their regional distribution22.

Despite advances in BC research, normative
reference data often derive from international
sources, and literature on BC changes remains
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limited, particularly in our country?. Therefore,
the primary objective of this single-center study
was to evaluate changes in BC (lean, fat, and
bone mineral content) and their associations
with age, height, and weight in both sexes with-
in a cohort of patients aged 18 years and older.

Materials and methods

Study design and participants

A cross-sectional study was conducted, involving 975
ambulatory individuals from the community (612 wom-
en and 363 men) aged 18 years and older (range 18-89)
who underwent routine body composition (BC) measure-
ments using dual-energy X-ray absorptiometry (DXA).
The measurements were conducted at a bone clinic in
Buenos Aires, Argentina, between November 2015 and
December 2018. All tests were prescribed by evaluating
physicians as part of regular health checks. Individuals
with neuromuscular diseases, physical disabilities, recent
use of a wheelchair and/or cane, rest periods exceeding
30 days in the previous 6 months, and end-stage chronic
renal insufficiency were excluded. Data were retrieved
from participants’ clinical records, and a questionnaire
was administered prior to the DXA test. All participants
provided written consent for data use. The study protocol
was reviewed and approved by the corresponding aca-
demic committee (registry IDIM-003-2020).

Anthropometric measurements

All tests were performed by the same trained tech-
nician. Body weight was measured using a mechanical
scale with a precision of 0.1 kg, and height was measured
using a wall-mounted stadiometer with a precision of
0.5 cm. Participants were instructed to remove metallic
items, clothing, and shoes.

Body composition evaluation

All evaluations were conducted using the same DXA
equipment, Lunar Prodigy Advance (GE Lunar, Madison,
WI, USA), following manufacturer standards. The follow-
ing data were obtained:

e Lean Compartment: Expressed as lean mass (LM, in
kg). From these data and their distribution in regions, the
following parameters were derived:

o Appendicular skeletal muscle mass (ASMM, in kg):
sum of lean mass of the 4 limbs (both arms and legs).

o Percentage of lean mass (%): calculated as 100 x LM
/ total mass ratio.

e Fat Compartment: Expressed as total fat mass or tis-
sue (TFM, in kg). The following data were obtained:
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o Percentage of regional fat: calculated as 100 x TFM /
total mass.

o Percentage of tissue fat: calculated as 100 x TFM /
(TLM + TFM).

e Bone Compartment: Expressed as bone mineral con-
tent (BMC, in g) and bone mineral density (BMD, in g/cm?2).

Statistics

Baseline characteristics were expressed as mean *
standard deviation (SD). For statistical analysis, Student’s
t-test or the Wilcoxon rank sum test was applied ac-
cording to data distribution. Comparisons between age
groups were performed using one-way ANOVA. Follow-
ing a significant global F-test, Tukey’s post hoc multiple
comparison test was applied to control for type I error
and to identify pairwise differences among group means.
Results in the tables are indicated with superscript let-
ters: means sharing a common letter are not significantly
different (p > 0.05). The relationship between quantitative
variables was assessed using Pearson’s correlation test.
To evaluate the impact of age on changes in body com-
position, multivariable linear regression analyses were
performed adjusted for sex, weight, height, and BMI. Re-
gression coefficients (B) with 95% confidence intervals (CI)
and p-values were reported. Sex was entered into the re-
gression models as a binary dummy variable (0 = women,
1=men). A p-value < 0.05 was considered statistically sig-
nificant for all tests. Statistical analyses were performed
using SPSS version 24.0 (IBM Corp., Armonk, NY, USA).

Results

Total participant’s characteristics

Atotal of 975 participants were included, com-
prising 363 men and 612 women. The clinical
characteristics of the total cohort are summa-
rized in Table 1. The mean age higher in women
than men. Compared to women, men exhibited
greater BMD, BMC, and lean tissue. However, fat
tissue was significantly greater in women.

Lean mass changes

When evaluating total lean tissue as a relative
measurement in men expressed as a percent-
age, a decrease with age was observed, which
became more pronounced in the sixth decade
(p < 0.05). However, this trend was not observed
in absolute (kg) measurements (Table 2). Total
lean mass showed a positive correlation with
height (r = 0.72; p < 0.05). Conversely, appendicu-
lar skeletal muscle mass (ASMM) exhibited an
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Table 1 | Baseline characteristics in men n=363 and women n=612

Variable Men (Mean = SD) Women (Mean = SD) p-value
Age (years) 43 = 15 48 = 17 *0.008
Weight (kg) 79.9 = 15.8 63.8 £ 12.9 *<0.001
Height (cm) 173 £ 8 160.80 + 6.81 *<0.001
BMI (kg/m2) 26.55 = 4.41 24.53 + 4.69 *<0.001
BMC (g) 3062 + 610 2281 + 401 *<0.001
TBBMD (g/cm2) 1.23 +£0.14 1.10 £ 0.13 *<0.001
Lean mass (%) 69 + 8 60 + 8 *<0.001
Lean mass (kg) 545+ 9.4 37.7 £ 5.5 *<0.001
Arms lean mass (kg) 6.5+ 1.6 3.6 +0.8 *<0.001
Legs lean mass (kg) 18.4 + 3.6 12.6 + 2.3 *<0.001
ASMM (kg) 249 +5.0 16.2 £ 2.9 *<0.001
FAT (%) 28 +9 37 £ 8 *<0.001
FAT (kg) 223 +99 23.5+94 *<0.001

BMI: body mass index;, BMC: bone mineral content; TBBMD: total body bone mass density; ASMM.: appendicular skeletal muscle mass
*Student’s T-test for independent samples

Table 2 (men) | Changes in body composition with age (n=363)

Age 18-29.9 30-39.9 40-49.9 50-59.9 60-69.9

categories (GEL:{0)] (GELY)) (GEYE)) (GEL))) (GEY1:))

Weight (kg) 73 £ 17 A 80 + 16 AB 84 +15B 82 + 15 AB 80 + 12 AB 80 + 13 AB
Height (cm) 172 + 9 174 + 9 174 + 8 174 + 8 171 5 171 = 10
BMI (kg/m?) 2457 + 420 A 26.45 +4.37 AB 27.76 + 456 B 27.11 + 4.18 AB 27.31 +3.95B 27.67 +4.01 B
BMC (g) 2967 = 688 A 3183 = 628 A 3146 + 605 A 3031 = 556 A 2819 = 381 A 2981 = 490 A
Lean mass (%) 72 = 10 AB 71 + 8 AB 68 + 7 ABC 67 +7C 65+6C 65 +6C
Lean mass (kg) 52.5 + 12.2 A 56.1 + 9.3 A 56.8 + 8.7 A 54.1+7.6 A 51.9 £ 5.4 A 51.8 + 6.8 A
FAT (Kg) 18.2 + 95 A 21.1 = 10.7 AB 23.8 9.0 AB 25.1+9.6 B 255 +8.1B 259 +808B

BMI: body mass index, BMC: bone mineral content, TBBMD: total body bone mass density
Values are presented as mean + SD. One-way ANOVA followed by Tukey’'s post hoc test
Means with a common superscript letter are not significantly different (p < 0.05)

Figure 1 | Changes in body composition according to age categories in men and women
A: Appendicular skeletal muscle mass (ASMM, kg). B: Fat tissue (%). C: Total bone mineral density (TBMD g/cm?)
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increasing trend between the second and third
decades and later declined (Fig. 1A). This decline
was particularly notable after the fifth decade of
life, with a loss of 13.9% of its maximum reach
being evident (p < 0.05) (Fig. 1A). Analyzing the
distribution of ASMM in the upper and lower
limbs, greater absolute muscle mass (kg) was
observed in men in both regions. However, men
had a smaller relative lean mass (%) in the lower
region compared to women (74 vs. 78 %, p < 0.05).

Women showed a decrease absolute (kg) and
relative (%) lean mass with age (p < 0.05). Abso-
lute lean mass peaked in the second and third
decades of life and then declined by approxi-
mately 10% over the years (Table 3). In addition
to age, height and weight also influenced muscle
mass. Total lean mass exhibited a positive corre-
lation with height (r = 0.60; p < 0.05). Paradoxical-
ly, weight was positively correlated with absolute
lean mass (r = 0.73; p < 0.05) but inversely relat-
ed to relative muscle mass or the percentage of
weight occupied by lean mass (r = -0.65; p < 0.05).

Fat mass changes

In men, both relative (kg) and absolute fat tis-
sue (%) increased over the years (Table 2 and Fig.
1B). This increase reached approximately 30% in
those over 70 years of age (from 18.19 + 9.53 to
25.85+ 7.98 kg; p< 0.05). Age correlated positively
with fat mass (r = 0.29; p < 0.05).

Regarding women, aging was associated
with an increase in the percentage of fat tissue,

Original article

reaching its peak between the sixth and seventh
decade of life (Table 3 and Fig. 1B). Age correlated
positively with fat mass (r = 0.32; p < 0.05).

Changes in bone compartment

In men, BMC and BMD peaked between the
second and third decades of life and then de-
clined by about 12% (Table 2). BMD appeared to
follow a similar curve of lean mass accumula-
tion and loss, as depicted in Figure 1A and C.

In women, BMC and BMD reached a peak in
the second decade of life, followed by a decrease
of around 12% observed after the age of 70 (Table
3 and Fig. 1C).

Multivariable regression analyses

Age emerged as an independent predictor of
body composition changes. After adjustment for
sex, BMI, height, and weight, each additional de-
cade of life was associated with a reduction of
0.38 kgin ASMM (95% CI -0.46 to —0.30; p < 0.001);
an increase of 0.46 kgin fat mass (95% CI +0.31 to
+0.61; p < 0.001); a decline of 66 g in BMC (95% CI
-78 to -54; p < 0.001), and a decrease of 0.019 g/
cm? in BMD (95% CI —-0.024 to —-0.014; p < 0.001).

Sex-related differences also remained sig-
nificant after multivariable adjustment: com-
pared with women, men exhibited higher
ASMM (+3.56 kg; p < 0.001) and BMC (+170
g; p < 0.001), but lower fat mass (-6.75 kg; p
< 0.001), independently of age and anthropo-
metric variables.

Table 3 (women) | Changes in body composition with age n=612

Age 18-29.9 30-39.9 40-49.9 50-59.9 60-69.9

categories (n 122) (n 114) (n 104) (n 105) (G k)]

Weight (kg) 61+ 13 A 66 + 13 A 63+ 14 A 64 =11 A 64 + 13 A 65+ 12 A
Height (cm) 162 = 7 163 £ 6 1614 + 7 161 £ 6 159 + 6 157 = 7
BMI (Kg/m?) 23.05 £ 453 A 24.81 + 4.54 ABC 24.07 + 4.78 AB24.66 = 4.27 ABC 25.15 + 4.92 BC 26.35 = 4.59 BC
BMC (kg) 2380 + 362 A 2487 + 326 A 2416 + 375 A 2226 + 400 B 2032 + 359 C 1996 + 312 C
Lean mass (%) 64 +7 A 61 + 8 BC 62 + 8 AC 59 + 7 BC 58 + 6 BD 56 + 7 D
Lean mass (kg) 38.3 +6.2 AB 39.3+x52A 379 +59AB 37.5+48 ABC 36.3 +5.4BC 35,6 £+ 43 C
FAT (kg) 20.1 £ 89 A 24.0 £ 10.0BC 222 +99AB 244 x+85BC 25.0+ 8.7 BC 27.3+89C

BMI: body mass index, BMC: bone mineral content, TBBMD: total body bone mass density
Values are presented as mean + SD. One-way ANOVA followed by Tukey’s post hoc test
Means with a common superscript letter are not significantly different (p < 0.05)
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Discussion

In clinical practice, the evaluation of body
composition with DXA is considered the refer-
ence technique, offering reliable and reproduc-
ible measurements?-?*. Consequently, DXA was
utilized in this study for evaluating the sample,
enabling unique observations regarding the
quality and distribution of body tissue at differ-
ent stages of life and contributing to local data
collection?. To date, no population studies have
been published in our country, and evidence re-
garding changes in body composition in select-
ed cohorts remains controversial'»26-2,

On average, total lean mass represented more
than 70% of body weight in men and 60% in
women. In the present investigation, this per-
centage, or relative lean mass, tended to de-
crease mainly from the sixth decade of life. Ad-
ditionally, this study reports that men exhibited
greater absolute lean mass in the arms and legs
than women. However, the relative distribution
(%) of lean mass differed according to sex, being
greater in the upper limbs but lower in the lower
limbs in men compared to women. These dif-
ferences in the percentage of distribution align
with findings by Janssen et al.**. Additionally, our
participants showed a maximum gain in ASMM
around the third decade of life, followed by a
gradual decrease until the seventh decade of life
to approximately 13% and 12% loss in men and
women, respectively. Similar observations were
reported by other authors, who noted a maxi-
mum acquisition of muscle mass around the
second and third decades with a subsequent
decrease**. The age-related decline in muscle
mass observed in our cohort, independent of
body size, is consistent with the progressive loss
of appendicular lean tissue described as a hall-
mark of sarcopenia, which begins as early as the
fourth decade of life and accelerates thereafter.

When analyzing the influence of height on
ASMM, a significant positive correlation was
found in both sexes, consistent with previous
studies, indicating that individuals with greater
height generally exhibit higher lean mass®. Sar-
copenia, referring to the loss of muscle mass
and function accompanying aging, has adverse
consequences for health. Therefore, the evalua-
tion of muscle mass becomes crucial in diagnos-
ing sarcopenia®. Measuring ASMM (arms + legs)

Changes in body composition

is highly recommended, as this region has mini-
mal interposition of structures and is responsi-
ble for locomotion3*3.

Various causes contribute to the pathogen-
esis of muscle mass loss, including age-related
motor neuron losses, leading to denervation of
muscle fibers and decreased contraction.®*. On
the other hand, as a consequence of this de-
nervation, a decrease in the size and number of
type Il muscle fibers is observed**. Recognizing
muscle loss thresholds associated with limita-
tions in muscle function is important in clinical
practice®.

Regarding fat tissue, sex was observed to play
a fundamental role in its distribution and quan-
tity. As in previous studies, a higher proportion
in women was found regardless of the fat mea-
surement technique used'?. This difference is
already identified at an early age when greater
fatty deposits are evident in the extremities. In
this study, a significant increase in the percent-
age of adipose tissue with age was observed,
reaching a maximum around the sixth decade
of life. However, despite the quantity, redistri-
bution of adipose tissue is a prominent feature
among changes in body composition. This phe-
nomenon is characterized by an increase in the
deposition of visceral adipose tissue and a de-
crease in subcutaneous fat®*®4. It was observed
that fat (% and kg) was positively correlated with
age in both sexes.

Finally, bone mineral content peaked between
the second and third decades in both men and
women, followed by a decrease similar to muscle
mass. This likely supports the close relationship
between both structures. The increase in muscle
mass imposes higher mechanical loads on bone
tissue, activating osteogenic pathways that en-
hance bone formation and mineral accrual.

Although this study is cross-sectional and has
limitations such as the absence of biochemical
data the importance of establishing local refer-
ence values for body composition parameters
should be emphasize. Furthermore, the useful-
ness of DXA for measurements needs to be dis-
tinguished for each compartment separately.

In conclusion, this study provides valuable
insights into age-related changes in body com-
position parameters among men and women in
our population. Our findings highlight the im-
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portance of considering sex-specific differences
in body composition and their implications for
overall health and well-being. We hope our data
could contribute to a better understanding of
age-related changes in body composition. Mov-
ing forward, further longitudinal studies incor-
porating biochemical markers are warranted
to elucidate the underlying mechanisms and
potential interventions to mitigate age-related
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