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Abstract The study aims to investigate the in-
dependent association of muscle mass (MM) and
bone mineral content (BMC) in the performance
of the handgrip strength (HGS) test and whe-
ther there is effect modification by sex and age.
In 12,491 participants from the ELSA-Brasil we
estimated the associations between MM, BMC
and HGS using linear regression models. All the
analyses were performed for total population,
also stratified for sex and age. For total popula-
tion an interaction term was included between
each explanatory variable of interest with sex and
age to verify the presence of effect modification.
We observed that the higher quintiles of MM
and BMC were associated to an increasing in the
mean of HGS compared to the first quintile, with
greater magnitudes in men compared to women,
also adults compared to elderly. When we estima-
ted the independent effect of each exposure of in-
terest, MM showed stronger effect in HGS in wo-
men, men and adults then BMC. In conclusion,
we observed that higher amounts of MM and
BMC are associated with higher HGS, regardless
of sociodemographic characteristics, health con-
ditions and lifestyle, with this effect being greater
in men and adults.

Key words Muscle mass, Bone mineral content,
Handgrip strength, Aging

Resumo O estudo tem como objetivo investigar
a associagio independente da massa muscular
(MM) e contetido mineral 6sseo (CMO) na reali-
zagdo do teste de forca de preensdo manual (FPM)
e se hd modificagdo do efeito por sexo e idade. Em
12.491 participantes do ELSA-Brasil estimamos
as associagées entre MM, CMO e FPM usando
modelos de regressdo linear. Todas as andlises fo-
ram realizadas para a populagdo total, também
estratificada por sexo e idade. Para a populagio
total foi incluido um termo de interagdo entre
cada varidvel explicativa de interesse com sexo
e idade para verificar a presenga de modificagio
de efeito. Observamos que os maiores quintis de
MM e BMC estiveram associados a um aumento
na média da FPM em relagdo ao primeiro quintil,
com maiores magnitudes em homens em relagio
a mulheres, também em adultos em relagdo a
idosos. Quando estimamos o efeito independen-
te de cada exposicio de interesse, MM mostrou
efeito mais forte na FPM em mulheres, homens e
adultos do que BMC. Em conclusdo, observamos
que maiores quantidades de MM e BMC estio
associadas a maior FPM, independentemente das
caracteristicas sociodemogrdficas, condicoes de
saude e estilo de vida, sendo esse efeito maior em
homens e adultos.

Palavras-chave Massa muscular, Contetido mi-
neral 6sseo, For¢a de preensdo manual, Envelhe-
cimento
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Introduction

A low handgrip strength (HGS) in adulthood
leads to a decrease in functional capacity in ag-
ing', expressed in the low performance in instru-
mental activities”® and basic activities of daily
living>* and also greater incidences of chronic dis-
eases*® and general mortalityS. The HGS evaluates
the maximum strength that the individual can do
with each hand using dynamometer equipment’,
which has the advantages of being simple, fast,
and inexpensive®. HGS correlates with strength
in other body compartments, being an alternative
to complex arm and leg strength measurements’.

Muscle mass (MM) and bone mineral content
(BMCQ) are reached in adulthood and reflect the
balance between acquisition, maintenance and
loss throughout life'®!. This process is influenced
by genetic factors, nutrient adequacy, physical ex-
ercises, chronic diseases and health behaviors'.

Skeletal muscle and bone form a functional
unit, which interact directly by the mechanical
load of muscle contraction on the bone, and indi-
rectly by the secretion of cytokines by the muscle
which favor bone maintenance®. Previous evi-
dence suggests an isolated relationship between
low muscle mass*'® and bone mineral densi-
ty (BMD)"* and low HGS in adulthood, and
this effect seems to be stronger with advancing
age'”?*?! and in women”?".

Thus, understanding how skeletal muscle and
bone act independently on muscle strength can
contribute to planning and early interventions
that favor bone and muscle health throughout
life. In addition, the relationship between muscle
and bone mass in HGS in middle-aged and el-
derly adults seems to estimate whether they have
reached the maximum power of development
and, consequently, the risk of illness and mortal-
ity.

Dual-energy X-ray absorptiometry (DXA) is
considered the standard method for detailed as-
sessment of body composition, including bone
mass and skeletal muscle mass**?*. However,
its use in clinical practice has important lim-
itations***, which is why Bioimpedance (BIA)
emerges as an alternative method for assess-
ing body composition?*¥, showing evidence of
good correlation with the values obtained by
DXA24,25,28,29.

Thus, the present study is innovative for cov-
ering a large sample of men and women, adults
and elderly, and for investigating the effect of a life
course marker, bone mass reserve, and the effect
of a current health marker, muscle mass, muscle

strength. In clinical practice, this can be useful, as
the interpretation of the HGS test can explain the
body composition conditions of individuals, al-
lowing for more effective interventions. For pub-
lic health, it can contribute to support actions and
public policies that act throughout life in search
of the promotion of healthy aging. Therefore, the
objective of the present study is to verify the inde-
pendent relationship between MM and BMC in
the performance of the HGS test and whether this
relationship is modified by sex and age.

Methods
Study population and design

This is a cross-sectional study, using data
from participants in the second wave (2012-
2014) of the Longitudinal Study on Adult Health
(ELSA-Brasil), a multicenter cohort composed
of 15,105 active and retired civil servants, aged
between 35 and 74 years in the baseline (2008-
2010), from higher education and research in-
stitutions located in six Brazilian cities (Belo
Horizonte, Porto Alegre, Rio de Janeiro, Sdo
Paulo, Vitdria, and Salvador). ELSA-Brasil was
approved by the Ethics and Research Commit-
tees of the six participating institutions, and all
participants signed an informed consent form.
Details of the study design and characteristics of
the cohort have been described in previous pub-
lications®>!.

At the end of the second wave, complete
follow-up information was available for 14,014
participants (203 deaths, 640 refusals, and 248
incomplete information). For the present analy-
sis, participants who did not perform the HSG
(n=747) and the measurement of body composi-
tion using electrical bioimpedance (n=776) were
excluded, with 12,491 participants being eligible.

Hand grip strength

The response variable was the manual pres-
sure force in kilogram-force (kgf), measured
using a hydraulic manual dynamometer (Jamar;
Sammons & Preston, USA) according to Amer-
ican Society of Hand Therapists (ASHT)*%. The
participants were instructed to perform the test
while seated, with the spine erect, the arm ex-
tended along the trunk, the elbow flexed at 90°,
the forearm supported on flat support up to the
wrist. The participant was instructed to press the
device all at once, with as much force as he could



when he heard the command: “STRENGTH? re-
peatedly for 3 to 4 seconds. The tester read the
force to the nearest 1 Kg. Three measurements
were performed on each hand alternately, and
the highest of all was considered as the maximum

force according to the universal standardization
of the ASHT.

Muscle mass and bone mineral content

The amount of MM (kg) and BMC (kg) were
determined by an electric bioimpedance device
(BIA)* direct vertical segmental multi-frequen-
cy (InBody 230; BioSpace, Seoul, South Korea).
MM and BMC information was obtained by the
Lookin'Body LBM.1.2.0.16 software version. The
participants were instructed to fast overnight for
12 to 15 hours, to empty their bladders previous-
ly, to abstain from strenuous exercise and alco-
holic beverages 24 hours before the test, and not
to use metallic accessories during the test.

Other variables

All the confounders included in this analysis
were self-reported through standardized ques-
tionnaires or obtained through clinical proce-
dures or laboratory exams measurements®*,

The following covariates were considered:

Sociodemographic variables: sex, age (contin-
uous in years), educational attainment (university
degree or more, complete high school, complete
elementary school, or incomplete elementary
school), and self-reported race/skin color (white,
brown, black, Asian and Indians descendent and
Brazilian indigenous defined in accordance with
the Brazilian Institute of Geography and Statis-
tics recommendation).

Health Behaviors: alcohol consumption (no
use, moderate drinkers: <210 g of alcohol/week
for men and <140 g of alcohol/week for women,
and heavy drinkers: >210 g of alcohol/week for
men and >140 g of alcohol/week for women)*;
smoking, categorized as non-smokers (<100 cig-
arettes over a lifetime), ex-smokers (=100 ciga-
rettes over a lifetime), life and who no longer
smokes) and current smoker (=100 cigarettes
throughout life and who still smokes)®; and
leisure physical activity (mild: <600 MET-min/
week, moderate: 600-3000 MET-min/week, vig-
orous: >3000 MET-min/week) obtained from
the leisure-related domain in the long version of
the International Physical Activity Questionnaire
(IPAQ)* and categorized based on the sum of
time in each type of activity performed. Alcohol

consumption, smoking and physical inactivity
are lifestyle factors that are known to influence
bone and muscle mass status, and therefore will
be considered in this analysis'>*".

Health conditions: Body mass index (Normal
weight: <25.0 kg/m?, Overweight: >25 and <29,9
kg/m?, Obesity: 230 kg/m?). Anthropometric -
current weight (kg) being the measurement per-
formed with the participant barefoot, fasting and
wearing standard uniform on underwear; gauged
by a Toledo® Model 2096PP electronic scale, with
a capacity of 200 Kg and a precision of 50 g; cur-
rent height (meters) measured using Seca® wall
stadiometer, Hamburg, BRD, accurate to 1 mm
and affixed to the wall; the participant remained
supine, barefoot, leaning his head, buttocks and
heels on the wall and with his gaze fixed on the
horizontal plane and his height was verified
during the inspiratory period of the breathing
cycle®®®. The body mass index (BMI) was cal-
culated as weight divided by height squared (kg/
m?); depression symptoms (no and yes), defined
as a score 12 obtained in by adapted Brazil-
ian-Portuguese version of the Clinical Interview
Schedule - Revised (CIS-R)*; and the number
of chronic diseases (cardiovascular diseases, di-
abetes mellitus, hypertension, hypertriglyceri-
demia, categorized in 0, 1, 2, >3). The presence
of cardiovascular disease was considered by the
self-report of the following conditions: acute
myocardial infarction, unstable angina, conges-
tive heart failure, stroke, and myocardial revas-
cularization. Diabetes was self-reported or based
on use of oral hypoglycemic agents and/or insu-
lin therapy, fasting plasma glucose 2126 mg/dL,
2 hours post-prandial 75 g glucose test 2200 mg/
dL, or glycated hemoglobin >6.5%". Hyperten-
sion was defined by systolic blood pressure >140
mmHg or diastolic blood pressure 290 mmHg,
use of antihypertensive medication, or a previous
medical diagnosis of hypertension*'. For hyper-
triglyceridemia, the cut-oft point for triglycerides
(TG) was defined as adequate <150 mg/dL and
inadequate 2150 mg/dL*, measured by the en-
zymatic colorimetric assay - glycerol phosphate
peroxidase (ADVIA Chemistry; Siemens Health-
care Diagnostics Ltda., Sdo Paulo Brazil).

Statistical analysis

The characteristics of the study population
were presented using means (standard deviation
- SD) for quantitative variables with normal dis-
tribution and absolute and relative frequencies
for qualitative variables. The difference of the
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means (SD) of HGS were presented according
the quintiles of MM and BMC were estimated
through Analysis of Variance (ANOVA) with a
significance level of 95% (p-value<0,05).

The spearman correlation coefficients re-
garding the explanatory variables of interest
were moderate (data not shown). We tested for
possible multicollinearity between the variables
included in the final multivariate model by cal-
culating the variance inflation factor (VIF). In
order to avoid multicolinearity between BMC
and MM, for the regression analysis they were
included in quintile.

Linear regression was used to investigate
the associations between MM and BMC with
performance in the HGS. The associations mag-
nitudes were estimated by differences in means
and their 95% confidence intervals. Initially, the
association between exposures (BMC and MM)
and the outcome (HGS) (Model 1) was estimat-
ed. Next, sequential adjustments were made,
considering potential confounders including
sociodemographic factors': continuous age and
self-reported race/color (Model 2), education
(Model 3), as well as behaviors and health condi-
tions>'”: alcohol consumption, smoking, physical
activity (Model 4), BMI, depressive symptoms
and the number of chronic diseases (Model 5).
Afterwards, we further adjusted for the other
exposures of interest (Model 6), whenever they
were also associated with the response variable at
the level of p<0.05 in Model 5. In order to test
for possible heterogeneity in the effect of every
variable of interest (BMC and MM) according
to sex and age we created and added interac-
tion terms to the final model (Models 5 and 6)
for total population, retaining the ones that were
statistically significant. All the analysis were per-
formed for total population and stratified by sex
(Women/Men) and age (<65/>65 years old, since
we observe effect modification between theses
age groups in the multivariate analysis). Regres-
sion diagnostics were run to verify whether the
full models violated the assumptions for linear
regression (i.e., normality of error distribution,
linearity, homoscedasticity). Analyzes were per-
formed using Stata 13.0 (Stata Corporation, Col-
lege Station, EUA).

Results

From of 12,491 individuals, the mean age was
55.56+8.95 years and most participants were
women (54.48%). In total population, also strat-

ified by sex and age stratus, most self-reported
the race skin/color as white, had completed high-
er education, are moderate drinkers of alcohol,
nonsmoker/former smoker, practice mild inten-
sity of physical activity, had at least one chron-
ic disease and non-depression symptoms. Fur-
thermore, we observed higher mean values of
MM, BMC, weight, height, and HGS in men and
adults. However, higher BMI were observed in
women and adults (Table 1).

We observed an increasing in the mean val-
ues of HGS according to higher quintiles of MM
and BMC with greater values in men compared
to women, also in adults compared to the elderly
(Table 2).

In total population, also stratified for wom-
en and men, and adults and elderly, after adjust-
ments for race/skin color, educational attain-
ment, physical activity, alcohol consumption,
smoking, BMI, depressive symptoms and the
number of chronic diseases (Model 5), we ob-
served that the higher quintiles of MM and BMC
were dose-respond associated to an increasing in
the mean of HGS compared to the first quintile.
Higher associations magnitudes between MM,
BMC and HGS were found in men compared
to women (P-value of interaction term for 3%,
4™ and 5" quintile <0.001), also in adults com-
pared to elderly (P-value of interaction term for
5% quintile <0.001). After mutual adjustment for
MM and BMC (Model 6) we verify a significant
reduction in the association’s magnitudes for
BMC, and only total population and adults re-
mained associated to HGS (Table 3).

Discussion

We observed in a large sample of men and wom-
en, middle-aged adults and older, that indi-
viduals with higher amounts of MM and BMC
performed better on HGS, even after adjusting
for sociodemographic characteristics, health
conditions and lifestyle. Concerning the effect
modification, higher MM and BMC seems to be
more related to greater HSG in men compared
to women and adults compared to elderly. Al-
though, when we estimated the independent
effect of each exposure of interest, MM showed
stronger effect in HGS in women, men and adults
then BMC.

Previous studies that investigated the effect
only of the amount of muscle** or bone mass"’
have been performed restricted in older adults.
Some studies have found a stronger association



Table 1. Sociodemographic, lifestyle and health conditions of the study population, data from second wave of
Brazilian Longitudinal Study of Adult Health. ELSA-Brasil, 2012-2014 (n=12,491).

Total <65 Years >65 years
Population Women Men old oi’d
n (%) n (%) n (%) n (%) n (%)
Sex
Men 5,686 (45.52) 4,666 (45.13) 1,020 (47.38)
Women 6,805 (54.48) 5,672 (54.87) 1,133 (52.62)
Age in years, mean (SD) 55.56 (8.95)  55.52(8.74) 55.62(9.21) 52.63(6.62) 69.67 (3.80)

Self-reported race/skin color
White
Brown
Black
Asian Descendent
Brazilian Indigenous
Educational Attainment
University Degree or more
High School Degree
Elementary School Degree
Incomplete Elementary School
Alcohol consumption
No use
Moderate drinkers
Heavy drinkers
Smoking
Nonsmoker
Former smoker
Current smoker
Leisure-time physical activity
Vigorous
Moderate
Mild
Depressive symptoms
Yes
Number of chronic diseases
0
1
2
>3
Muscle Mass (kg), mean (SD)

Bone Mineral Content (kg), mean (SD)

Weight (kg), mean (SD)
Height (m), mean (SD)
BMI (Kg/m?), mean (SD)

Handgrip Strength (HGS), mean (SD)

6,675 (54.04)

3,361 (27.21)

1,859 (15.05)
325 (2.63)
131 (1.06)

7,229 (57.90)
3,856 (30.89)
763 (6.11)
637 (5.10)

4,311 (34,56)
7,159 (57.40)
1,003 (8.04)

7,260 (58.16)
3,839 (30.75)
1,384 (11.09)

998 (8.00)
2,238 (17.94)
9,239 (74.06)

593 (4.75)

4,528 (36.25)
3,735 (29.90)
2,044 (16.37)
2,184 (17.48)
27.28 (6.39)
2.78 (0.57)
74.88 (15.29)
164.62 (9.44)
27.57 (4.86)
29.82 (10.80)

2,409 (52.30)
1,430 (31.05)
629 (13.66)
77 (1.67)
61 (1.32)

4,082 (59.99)
2,145 (31.53)
344 (5.06)
233 (3.42)

2,750 (40.47)
3,760 (55.33)
285 (4.19)

4,323 (63.55)
1,768 (25.99)
712 (10.47)

396 (5.83)
1,152 (16.95)
5,249 (77.23)

435 (6.40)

2,861 (47.29)
1,948 (32.20)
907 (14.99)
304 (5.53)
22.89 (3.59)
2.43 (0.35)
69.81 (13.96)
158.62 (6.48)
27.73 (5.24)
22.73 (6.15)

3,070 (54.77) 5,394 (52.73)

1,623 (28.96) 2,901 (28.36)

725(12.93) 1,587 (15.51)
112 (2.00) 241 (2.36)
75 (1.34) 107 (1.05)

3,147 (55.40) 5,951 (57.59)
1,711 (30.12) 3,401 (32.91)
419 (7.38) 554 (5.36)
404 (7.11) 428 (4.14)

1,561 (27.49) 3,511 (34.56)
3,399 (59.86) 5,958 (57.68)
718 (12.65) 860 (8.33)

2,937 (51.71) 6,084 (58.87)
2,071 (36.46) 3,013 (29.16)
672 (11.83) 1,237 (11.97)

602 (10.60) 862 (8.34)
1,086 (19.13) 1,706 (16.51)
3,990 (70.27) 7,763 (75.14)

158 (2.78) 519 (5.02)

1,667 (32.71) 4,069 (44.33)
1,787 (35.07) 3,024 (32.95)
1,137 (22.31) 1,518 (16.54)
505 (9.91) 567 (6.17)
32.53(4.92) 27.67 (6.45)
3.20(0.49)  2.81(0.57)
80.96 (14.59) 75.51 (15.49)
171.79 (7.14) 165.15(9.35)
27.38 (4.35) 27.62(4.93)
38.34 (8.85) 30.43 (10.96)

1,281 (60,40)

460 (21.69)

272 (12.82)
84 (3.96)
24 (1.13)

1,278 (59.41)
455 (21.15)
209 (9.72)
209 (9.72)

800 (37.31)
1,201 (56.02)
143 (6.67)

1,176 (54.72)
826 (38.44)
147 (6.84)

136 (6.34)
532 (24.81)
1,476 (68.84)

74 (3.45)

459 (23.32)
711 (36.13)
526 (26.73)
272 (13.82)
25.43 (5.74)
2.63(0.52)
71.90 (13.92)
162.03 (9.41)
27.33 (4.52)
26.90 (9.46)

Abbreviation: n = number of observations; % = percentage; SD = Standard Deviation;

Source: Authors.

of MM with HGS in women”?, or in men®. In
a longitudinal study'” with individuals aged 50
years or more, over a 10-year follow-up period,
it was observed that men and women present a

BMI = Body Mass Index.

reduction in bone mass, as well as a reduction
in HGS in both sexes, although stronger decline
were observed among women. In addition, for
MM, in the elderly in Sweden, after 5 years of fol-
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Table 2. Handgrip strength according to quintiles of muscle muss and bone mineral content, data from second
wave of Brazilian Longitudinal Study of Adult Health. ELSA-Brasil, 2012-2014.

Handgrip Strength, Mean (SD)

Total <65 Years >65 years
Population Women Men old oi’d
Muscle Mass (kg)*
1o 20.60 (5.32)  19.66 (4.98) 33.54 (7.48) 2091 (5.37) 19.64 (5.06)
20 23.58 (6.05) 21.69 (5.38) 36.96 (7.90) 23.69 (6.00) 23.05 (6.27)
30 28.32(8.30) 22.94(5.64) 38.14 (7.67) 28.24(8.35) 28.68 (8.03)
4o 35.76 (8.68)  23.95(5.79) 40.39 (8.94) 36.10(8.77) 34.10 (8.03)
50 41.08 (9.30)  25.54(7.09) 42.77 (9.24) 41.43(9.29) 37.42(8.58)
Bone Mineral Content (kg)*
1° 21.18(5.93)  19.93 (5.04) 34.06 (7.65) 21.50(5.99) 20.17 (5.64)
20 24.22(6.77) 2191 (5.75) 36.97(7.87) 24.30(6.75) 23.89 (6.87)
30 28.59(8.94) 22.55(5.63) 38.40(8.03) 28.69(8.93) 28.09 (8.97)
40 34.90 (9.19) 2398 (5.82) 39.98(9.17) 35.15(9.35) 33.50(8.12)
5° 40.49 (9.56)  25.38(6.95) 42.41(9.17) 41.01(9.56) 36.25(8.47)

Abbreviation: SD = Standard Deviation; Kg = Kilograms. *Analysis of Variance (ANOVA) with a significance level of 95%
(p-value<0,05) to estimate the differences between sex and age groups.

Source: Authors

low-up, the lowest amount of muscle mass was
associated with worse performance on five tests
of muscle strength, including HGS, but the de-
cline in strength was more prominent in men®.
In our study, the greater amount reserve of BMC
and MM were associated with greater perfor-
mance on HGS, especially in men and adults
(Models 5), since the higher amount of HSG
were expressed in all quintiles of BMC and MM
compared respectively to women and elderly.
During the life-course, skeletal muscle un-
dergoes constant modifications resulting from
the synthesis and degradation of proteins, and in
advancing age, the increase in catabolism leads
to muscle loss. Several factors are involved in
this process, such as cell senescence, reduction
in the number and regenerative capacity of mus-
cle cells, resistance to anabolic stimuli, impaired
mitochondrial function, changes in gene expres-
sion, resistance to insulin, and impaired neuro-
muscular signaling*’. Muscle gain, on the other
hand, is supported by testosterone, a growth fac-
tor similar to insulin-1 (IGF1), interleukins IL-4
and IL-6, while muscle loss is supported by the
ubiquitin-proteasome-dependent ATP system,
caspase activity, and increased autophagy*.
Regarding BMC, bone quantity and quality
reflect a large set of events that happened to an
individual from intrauterine life to adulthood,
when peak bone mass is reached®. The process
of obtaining and maintaining peak bone mass is

influenced by several factors, including gender,
genetic factors, physical activity, diet (calcium
and vitamin D), endocrine status (sex hormones,
growth hormone, insulin as a growth factor 1),
alcohol consumption, smoking, chronic diseases,
and medications'?. During puberty, there are dif-
ferent patterns of bone acquisition between the
sexes, due to the action of sex steroids*, explain-
ing the lower net bone loss in men during ag-
ing*. As for the loss of BMC, this occurs mainly
in postmenopausal women, due to the imbalance
between the processes of bone resorption (osteo-
clasts action) and bone formation (osteoblasts
action). Osteoclasts, in women, have receptors
for alpha estrogens (ERa), so these hormones
would act by decreasing their resorption activity,
which seems to be minimized after menopause''.

Our findings point to a stronger independent
effect of MM on HGS in women, men and adults.
We aimed to analyze the independent effects of
MM and BMC to understand how these param-
eters influence muscle strength. BMC, as it is
formed from the fetal period and reaches its for-
mation peak in young adulthood, already has its
status defined in middle-aged and elderly adults,
where the process of bone loss already begins®. In
turn, although muscle mass decreases with age,
it can be continuously stimulated even in the el-
derly, such as by strength exercises®. Thus, this
may explain why MM had a stronger effect when
compared to BMC.



Table 3. Associations of Muscle Mass and Bone Mineral Content with handgrip strength, data from second wave of Brazilian
Longitudinal Study of Adult Health. ELSA-Brasil, 2012-2014.

Total Population Women Men <65 years old >65 years old
Mean difference Mean difference  Mean difference Mean difference Mean difference
(95%CI) (95%CI) (95%CI) (95%CI) (95%CI)
Muscle mass
(kg)
Model 1
1° Reference Reference Reference Reference Reference
20 2.98(2.56;3.41)*  2.02(1.59;2.46)* 3.42 (2.74;4.10)*  2.78 (2.29;3.26)*  3.41 (2.55;4.27)*
30 7.75(7.29;8.15)*  3.28(2.85;3.71)* 4.60 (3.91;5.28)*  7.33(6.84;7.82)*  9.04 (8.18; 9.90)*
40 15.16 (14.73; 15.59)* 4.28 (3.85;4.72)*  6.85 (6.16; 7.53)* 15.19 (14.70; 15.68)* 14.46 (13.59; 15.33)*
5¢ 20.48 (20.05; 20.90)* 5.88 (5.44; 6.32)*  9.23 (8.54;9.91)* 20.51 (20.04; 20.99)* 17.78 (16.69; 18.87)*
Model 2
1° Reference Reference Reference Reference Reference
20 2.05(1.66;2.44)*  1.84(1.40;2.28)* 2.84 (2.16;3.51)*  2.25(1.80; 2.69)* 1.69 (0.90; 2.49)*
30 348 (3.06;3.90)*  2.95(2.51;3.38)* 3.84 (3.154.53)*  3.68 (3.21;4.16)*  3.27(2.32;4.22)*
4o 598 (5.46;6.51)*  3.86(3.42;4.30)*  5.65 (4.95;6.35)*  5.94(5.356.53)*  6.18 (5.06; 7.31)*
50 9.46 (8.89; 10.04)* 526 (4.81;5.71)* 7.67 (6.96;8.38)*  9.38 (8.73; 10.02)*  9.08 (7.76; 10.40)*
Model 3
1° Reference Reference Reference Reference Reference
20 2.04 (1.65; 2.43)* 1.83 (1.39; 2.26)*  2.85(2.17; 3.52)* 2.23 (1.79; 2.68)* 1.70 (0.91; 2.50)*
30 3.47 (3.05; 3.89)* 2.93 (2.50; 3.37)*  3.92(3.23;4.61)* 3.68 (3.20; 4.15)* 3.17 (2.22; 4.12)*
40 5.96 (5.43; 6.49)* 3.85(3.40; 4.29)*  5.74 (5.03; 6.44)* 5.93 (5.34; 6.53)% 6.04 (4.91;7.17)*
50 9.46 (8.88; 10.04)* 5.24 (4.79; 5.69)*  7.78 (7.06; 8.49)*  9.38 (8.74; 10.03)* 8.92 (7.60; 10.25)*
Model 4
1° Reference Reference Reference Reference Reference
20 2.02 (1.63; 2.40)* 1.83 (1.39;2.27)*  2.82(2.14; 3.49)* 2.20 (1.75; 2.64)* 1.76 (0.96; 2.56)*
30 3.47 (3.05; 3.90)* 2.93 (2.49;3.36)* 3.87(3.17;4.56)* 3.68 (3.20; 4.15)% 3.21 (2.25;4.17)*
40 5.97 (5.44; 6.49)* 3.84 (3.39; 4.28)*  5.66 (4.95; 6.36)* 5.94 (5.35; 6.53)* 6.08 (4.94; 7.21)*
50 9.42 (8.85; 10.00)* 5.29 (4.84;5.76)*  7.69 (6.97; 8.41)* 9.32 (8.68; 9.97)* 8.99 (7.66; 10.32)*
Model 5
1° Reference Reference Reference Reference Reference
20 2.44 (2.03; 2.86)* 2.18 (1.71; 2.65)*  3.21 (2.48; 3.93)* 2.60 (2.12; 3.08)* 2.28 (1.41; 3.14)*
30 4.38 (3.91; 4.86)* 3.44 (2.97;3.91)*  4.71 (3.95; 5.46)* 4.55 (4.01; 5.09)* 4.25(3.19; 5.30)*
40 7.22 (6.61; 7.83)* 4.65 (4.15; 5.14)*  6.65 (5.85; 7.45)* 7.13 (6.44; 7.82)% 7.45 (6.16; 8.74)*
50 11.12 (10.42; 11.82)*  6.51 (5.97;7.05)* 9.47 (8.61;10.33)* 10.92 (10.13; 11.71)* 11,10 (9.54; 12.65)*
Model 6
1° Reference Reference Reference Reference Reference
20 1.96 (1.40; 2.52)* 2.03 (1.45; 2,60)*  2.79 (1.81;3.76)* 2.11 (1.47; 2.76)* 1.78 (0.67; 2.88)*
30 3.64 (2.88;4.41)* 345 (2.74;4.15)*  4.41 (3.20; 5.62)* 3.79 (2.92; 4.67)* 3.44 (1.88; 4.99)*
40 6.09 (5.08; 7.10)* 4.61 (3.77; 5.44)*  6.57 (5.14; 8.01)* 5.88 (4.72; 7.04)* 6.34 (4.33; 8.34)*
5° 9.21 (7.98; 10.43)* 6.34 (5.34; 7.34)*  9.23 (7.52; 10.94)*  8.60 (7.20; 10.00)*  10.26 (7.74; 12.78)*

In terms of sex differences and in agreement
with our results, Orsatti et al.*® found in a sample
of Brazilian women (n=52) lower MM and muscle
strength values in the fifth decade oflife, with low-
er MM a probable factor for these findings. One
explanation would be that, in general, the fifth
decade of life is marked by the advent of meno-

it continues

pause, which seems to be related to the decline
of MM*. On the other hand, men are favored by
the androgenic action of testosterone, and when
muscle strength is considered in absolute values,
men are generally stronger than women, with this
difference being more pronounced in the muscle
groups of the trunk and upper limbs*.
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Table 3. Associations of Muscle Mass and Bone Mineral Content with handgrip strength, data from second wave of Brazilian

Longitudinal Study of Adult Health. ELSA-Brasil, 2012-2014.

Total Population Women Men <65 years old >65 years old
Mean difference Mean difference  Mean difference Mean difference Mean difference
(95%CI) (95%CI) (95%CI) (95%CI) (95%CI)
Bone Mineral
Content (kg)
Model 1
10 Reference Reference Reference Reference Reference
20 3.04 (2.58; 3.49)* 1.97 (1.53; 2.42)* 291 (2.21; 3.60)* 2.80 (2.27; 3.32)* 3.72 (2.81; 4.63)*
30 7.40 (6.95; 7.86)* 2.61 (2.17;3.05)*  4.34 (3.65; 5.03)* 7.18 (6.67; 7.70)* 7.92 (6.98; 8.85)*
40 13.72 (13.26; 14.17)*  4.04 (3.60; 4.48)* 592 (5.23; 6.61)* 13.65 (13.14; 14.16)* 13.33 (12.37; 14.28)*
50 19.31 (18.85;19.76)*  5.44 (5.00; 5.88)*  8.35(7.65;9.04)* 19.51 (19.00; 20.02)* 16.08 (15.00; 17.16)*
Model 2
1° Reference Reference Reference Reference Reference
20 177 (1.37;2.16)*  1.81 (1.36;2.25)*  2.52 (1.83;3.20)*  1.92 (1.46;2.37)*  1.70 (0.90; 2.49)*
30 2.95(2.54;3.36)  2.38(1.94;2.82)* 3.65(2.97;4.33)*  3.06 (2.60;3.52)*  3.04(2.15; 3.92)*
4o 4.80 (4.33;527)*  3.66 (3.22;4.10)* 501 (4.31;5.70)*  4.86 (4.33;5.38)*  4.94 (3.89; 5.98)*
50 776 (7.24;8.28)%  4.83(4.38;5.28)*  6.95 (6.25;7.66)*  7.82(7.24;8.40)*  7.08 (5.91;8.25)*
Model 3
1° Reference Reference Reference Reference Reference
20 179 (1.39;2.18)*  1.81 (1.37;2.25)*  2.61 (1.93;3.29)*  1.93 (1.48;2.38)*  1.69 (0.89; 2.49)*
30 2.98 (2.57;3.39)*  2.37(1.93;3.81)* 3.80(3.12;4.49)  3.09 (2.63;3.55)*  2.96 (2.07; 3.84)*
4o 4.86(4.38;5.33)*  3.65(3.21;4.10)* 522 (4.51;5.92)*  4.92 (4.39; 5.44)* 4.8 (3.81;5.92)*
50 7.86(7.33;8.38)*  4.82(4.37;527)* 7.20(6.48;7.91)  7.93 (7.358.52)*  6.98 (5.80; 8.17)*
Model 4
1° Reference Reference Reference Reference Reference
20 1.78 (1.38; 2.17)* 179 (1.35;2.23)*  2.64 (1.96;3.32)*  1.90 (1.45;2.35)*  1.76 (0.96; 2.56)*
30 2.95(2.54;3.36)*  2.38(1.94;2.82)* 3.78 (3.09;4.47)*  3.06 (2.60;3.52)*  2.97 (2.08; 3.86)*
4o 4.85(4.38;5.32)*  3.63(3.18;4.08)* 5.16 (4.46;5.87)  4.92 (4.39;5.44)*  4.90 (3.84; 5.96)*
50 7.82(7.29;8.34)*  4.83(4.38;529)* 7.13(6.41;7.86)*  7.87 (7.29;8.46)*  7.04 (5.85; 8.22)*
Model 5
1° Reference Reference Reference Reference Reference
20 1.98 (1.56; 2.40)* 197 (1.50; 2.44)*  2.74 (2.00; 3.47)*  2.16 (1.67;2.64)*  1.69 (0.85; 2.54)*
30 329 (2.84;3.73)*  2.54(2.07;3.02)* 4.13(3.38;4.89)*  3.44 (2.93;3.94)*  3.19 (2.23; 4.15)*
4o 528 (4.75;5.80)*  3.92 (3.43;4.41)* 560 (4.82;6.39)  5.33 (4.74;5.92)*  5.41 (4.24; 6.57)*
50 8.47 (7.87;9.08)* 529 (4.78;5.81)* 8.03(7.19;8.87)*  8.54(7.86;9.22)*  7.73 (6.41;9.05)*
Model 6
1° Reference Reference Reference Reference Reference
20 0.68 (0.14; 1.23)*  0.56 (0.00; 1.13)  0.71 (-0.25; 1.67)  0.69 (-0.58;1.32)  0.71 (-0.33; 1.75)
30 0.78 (0.08; 1.48)*  -0.12 (-0.80;0.56) 0.46 (-0.71;1.64)  0.78 (-0.19;1.58)  0.89 (-0.48; 2.27)
4o 1.13(0.27; 1.98)*  0.18 (-0.60;0.98)  0.70 (-1.31;1.45)  1.22 (0.24;2.21) 1.38 (-0.32; 3.09)
50 2.08 (1.04;3.12)*  0.32(-0.60; 1.25) 042 (-1.20;2.06)  2.51 (1.32;3.70)*  0.88 (-1.22; 3.00)

Model 1: without adjustment; Model 2: Model 1 + adjustment for age, sex and color/skin race; Model 3: Model 2 + educational attainment;
Model 4: Model 3 + Leisure-time physical activity, alcohol consumption, and smoking; Model 5: Model 4 + BMI, depressive symptoms, and
the number of chronic diseases; and Model 6: Model 5 + mutual adjustment for bone mineral content and muscle mass. Abbreviations: 95%CI:
confidence interval 95%; BMI: Body Mass Index. *P-value significance <0.05.

Source: Authors.

As far as we know, this is the first study with MM and BMC in the performance of the HGS
a sample of men and women to investigate in-  in middle-aged and older Brazilians (Models

dependent associations between the amounts of  6). It is important to understand the influence



of these two markers in parallel, since MM rep-
resents a current marker and BMC a life course
marker**. Another study that investigated MM
and Bone Mineral Density (BMD) exposures, in
97 American overweighted and obese women at
the beginning of menopause, found that higher
amounts of MM and BMD were associated with
higher HGS™.

Some studies indicate that, with aging, reduc-
tions in muscle strength are seen more quickly
than a reduction in muscle mass®, by a neuro-
logical mechanism, such as deficits in neural acti-
vation and reductions in the capacity to generate
intrinsic strength muscle®*. In addition, losing
muscle mass is not always associated with re-
duced muscle strength, and gaining mass alone
may not be a predictor of strength gain®-**. How-
ever, our findings indicate the greater amount of
MM as an important predictor of HGS in men,
women and adults, reinforcing that having more
muscle mass in adulthood impacts strength, but
longitudinal studies are needed to better under-
stand this relationship. As for the elderly, the
BMC appears as an important component to pre-
dict muscle strength along with the MM, pointing
to the need to promote an adequate accumulation
of bone mass throughout life with a view to better
muscle quality.

Some studies show that excess weight, mea-
sured by BMI, may also be influencing BMD***,
due to the effect of mechanical overload on the
bone®. In relation to the MM, aging alone caus-
es part of the muscle mass to be replaced by fat
mass, and these changes in body composition are
potentiated by hormonal differences between the
sexes, so that women have a greater proportion-
al amount of fat than men*. However, to remove
the effect of body mass on HGS, we adjusted our
analyzes by BMI, a factor that is sometimes over-
looked™.

Bone mineral content is a parameter that
helps in the assessment and monitoring of bone
mass, and corresponds to the amount in grams or
kilograms of bone tissue. Bone mineral density,
on the other hand, takes into account the size of
the bone, and is projected by the importance of
the amount in its size in grams of tissue in square
centimeters (g/cm?)**. Dual energy X-ray ab-
sorptiometry (DXA) is considered the standard
method for detailed assessment of body compo-
sition, including bone mass. However, its use in
clinical practice has important limitations, such
as high cost, low accessibility, need for trained
operators, in addition to not being portable,
making field evaluations difficult; and exposes

participants to a certain amount of ionizing ra-
diation?*”. Thus, Bioelectrical Impedance (BIA)
emerges as an alternative method for assessing
body composition’*?. BIA is a simpler, cheaper
and non-invasive technique, suitable for use in
field studies and larger research, as well as being
valid and accurate in the assessment of body com-
position in healthy individuals®.

Some studies have already reported a high
correlation between BMC values obtained by
DXA and multifrequency BIA?%. Although some
studies show unfavorable results regarding the use
of BIA in the assessment of BMC®% this meth-
od has received attention as it can be effective in
longitudinally monitoring changes in bone mass.
Likewise, BIA was presented as a valid method for
the assessment of fat-free mass and skeletal mus-
cle mass in Brazilians***. However, further stud-
ies are needed in this area, especially in countries
where access to DXA is more difficult®.

Some limitations need to be considered in our
study. First, because it is a cross-sectional anal-
ysis, factors that interfere in the peak and accu-
mulation of bone mass or muscle mass may not
have been considered, such as maternal factors,
growth trajectory, poverty conditions, behaviors
and health and diet conditions were not consid-
ered. Additionally, MM and BMC were measured
by bioelectrical impedance rather than DXA,
but studies already show good correlation with
DXA*#2%2 However, the strength of is the large
sample of a multicenter study including individu-
als with different physiological characteristics and
biotypes. In addition, we stratified the analysis by
sex and age to better understand the differences
in the relationship between HGS and MM and
BMC between men and women and adults and el-
derly. We also tried to remove some of the poten-
tial confounding effects of this relationship, such
as sociodemographic characteristics, lifestyle and
health conditions. Finally, this study was carried
out in a developing country, which is undergoing
a process of demographic transition, but with dif-
ficulties in addressing active aging, mainly due to
unfavorable socioeconomic conditions.

Conclusion

In our study, we observed that higher amounts of
MM and BMC are associated with higher HGS,
regardless of sociodemographic characteristics,
health conditions and lifestyle, with this effect
being greater in men and adults. When we in-
vestigated the independent effect of each expo-
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sure, the MM seems to be more related to HGS
in women, men and adults then BMC. Our re-
sults contribute to and reinforce the importance
of a lifelong approach in public health promotion
policies, from the fetal period to aging, as an in-
centive to adequate nutrition and good physical
health. This can impact bone and muscle health,
with a view to maintaining a good status of these
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parameters. We also reinforce the importance
of strategies that prioritize the maintenance and
gain of muscle mass at the current age, to pos-
itively impact muscle strength. In clinical prac-
tice, our results indicate that HGS, a simple and
inexpensive method, can be useful in assessing
the individual’s body composition conditions,
enabling more effective health interventions.
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