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Qrsemr

Background: This study aimed to analyze the effects of walking and resistance exercises
on bone structure, bone mineral density (BMD), and skeletal muscle mass. We used data
from the fourth Korean National Health and Nutrition Examination Survey (KNHANES).
Methods: A total of 3,477 participants aged =19 years underwent hip structural analy-
sis (HSA), BMD, and skeletal muscle index (SMI). All radiologic evaluations were performed
using dual energy X-ray absorptiometry (DXA). The Korean short version of the Interna-
tional Physical Activity Questionnaire was used to measure physical activity status. The
physical activity recommendations of the American College of Rheumatology Work Group
Panel were used to evaluate the extent of activity. Results: The BMD and SMI in the group
in which walking activity was performed 5 days or more per week for at least 30 min per
day were significantly higher than those in the group in which walking activity was not
performed. HSA and SMI in the group in which resistance exercise was performed 2 days
or more per week for at least 30 min per day were found to be significantly higher than
those in the group in which strengthening exercises were not performed. Conclusions:
If resistance exercise and walking are combined, bone loss and muscle loss are prevent-
ed maintaining cortical thickness in the elderly. Walking for more than 5 days a week
and resistance exercise for more than 2 days a week will help to maintain the skeletal
muscle as well as the cortex around the femur neck, thus helping to prevent fragility
fractures in older individuals.
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INTRODUCTION

Muscle power and strength are the strongest predictors of the functional status
of aged people. Muscular strength depends on muscle mass and neuromuscular
function, which are deteriorated by aging-related muscle atrophy. Sarcopenia
leads to aging-related reductions of muscle mass and strength, causing falls and
fractures.[1-4] Sarcopenia reduces mechanical loading in the elderly and aggra-
vates osteoporosis. Therefore, the bone and muscle interactions simultaneously
deteriorate the muscles and bones, increasing the fragility fracture risk.[4-6] How-
ever, bone density and sarcopenia-induced decreased muscle strength is known
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the skeletal muscle as well as the cortex around the femur neck, thus helping to prevent older fragility fractures

to be improved by resistance exercise or concurrent aero-
bic and resistance training (RT)-induced muscular hyper-
trophy.[7,8]

The molecular basis of the hypertrophic response follow-
ing the weight-bearing (resistance) exercise has been fo-
cused on the role of protein kinase B (PKB/Akt) and the
mammalian target of rapamycin (mTOR) signaling-depen-
dent protein synthesis.[9] Over-expression of PKB and/or
the exercise-induced enhancement of mTOR have stimulat-
ed muscle hypertrophy and rescued muscular deterioration
in animal denervation model.[10-12] Also, exercise training-
induced muscular hypertrophy is accompanied by an in-
crease of the myonuclei number in muscle fibers, which is re-
sponsible for the synthesis of the muscle protein.[13] Dur-
ing the resistance exercise, the satellite cells in the muscle fi-
ber membranes are activated and fused to the existing mus-
cle cells by adding extra nuclei,[14] and this mechanism fa-
cilitates mitochondrial biogenesis and dynamics.[15]

The main function of bones is to support skeletal mus-
cles to maintain body posture and to allow physical activi-
ty. Thus, bone mass is a major determinant of muscle func-
tion.[16] Both weight-bearing resistance and running-based
endurance exercise are dynamic and potentially osteogen-
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ic. However, while endurance exercise stimulates preferen-
tially mitochondrial remodeling by enhancing mitochon-
drial biogenesis and dynamics, resistance exercise prefer-
entially activates myofibrillar protein synthesis. Endurance
exercise, such as jogging or walking, enhances moderately
the loads on the skeleton above gravity, so it does not in-
crease muscle cross-sectional area (CSA), which is directly relat-
ed to muscle strength and power.[17,18] However, resis-
tance exercise, such as weight training, is known to pre-
vent the pathology of osteoporosis.[19,20] Therefore, a
combination of walking and resistance exercise is expected
to have a greater impact on muscle mass and bone struc-
ture or bone density than just walking.

The purpose of this study is to analyze the effects of walk-
ing and resistance exercises on the structure of bones, skel-
etal muscle mass, and bone mineral density (BMD) using
national representative data.

METHODS

1. Ethics statement
Data from the 2008 Korean National Health and Nutri-
tion Examination Survey (KNHANES), bearing the approval
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number 2008—-04EXP-01-C, was reviewed and approved by
the Institutional Review Board of the Korea Centers for Dis-
ease Control and Prevention (KCDC). Informed consent was
obtained from all participants when the 2008 KNHANES was
conducted.

2. Participants

The KNHANES for the Korean population is a nationwide
representative cross-sectional survey with a clustered, mul-
tistage, stratified, and rolling sampling design. The KNHANES
consists of a health interview, health examination, and di-
etary survey. The survey data is collected from interviews
and direct standardized physical examinations conducted
in specially equipped mobile examination centers.[21] The
data were collected in 2008 from 9,744 participants. Pati-
ents under 19 years of age (N=2,566) or patients without
data on the skeletal-muscle-mass, BMD, and hip structural
analysis (HSA) variables (N=3,701) were excluded. After
these exclusions, 3,477 participants (1,457 men and 2,020
women) were finally analyzed (Fig. 1).

Total N=9,744 assessed for
eligibility KNHANES IV
(2008, N=9,744)

Exclude those with age
<19years (N=2,566)

\4

N=7,178, age =19 years
Men (N=3,043)
Women (N=4,135)

Exclude those with no data
of hip structural analysis
»  and bone mineral density
and skeletal muscle mass
(N=3,701)

\ 4
N=3477

Men (N=1,457)

Women (N=2,020)

Fig. 1. Flow chart of study subjects. KNHANES, Korean National
Health and Nutrition Examination Survey.
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3. Materials

A health questionnaire was used to obtain information
on the age, gender, socioeconomic status, and education
status of each patient. Body weight and height were mea-
sured in light clothing with no shoes, and the body mass
index (BMI) was calculated as the weight (kg) divided by
the height squared (m?). Dietary intake was assessed by
trained staff using a complete 24-hr recall method. The dai-
ly energy intake was calculated by referencing the nutrient
concentrations of the foods according to the Korean Food
Composition Table.[22]

4. Physical activity (Walking and muscle
strengthening activity)

The KNHANES physical activity questionnaire was based
on the Korean short version of the International Physical
Activity Questionnaire (IPAQ).[23] Walking physical activity
was defined as 5 or more days of walking per week for at
least 30 min per day. The group that met the recommen-
dation for walking activity engaged in such activity 5 days/
week; those who did not meet the recommendation did so
on =4 days/week. The muscle-strengthening activity was
defined as 2 or more days of muscle-strengthening exer-
cise per week for at least 30 min per day. Muscle-strength-
ening exercises include lifting weights, push-ups, sit-ups
and squats. The group that met the recommendation for
muscle-strengthening activity engaged in such activity more
than 2 days/week; those who did not meet the recommen-
dation did so on <1 day/week.

5. Measurements of the appendicular skeletal-

muscle mass and BMD

Body composition was measured using whole-body dual
energy X-ray absorptiometry (DXA), for which the QDR 4500A
apparatus (Hologic Inc., Bedford, MA, USA) was employed.
The bone mineral content, fat mass, and lean soft-tissue
mass were measured separately for each part of the body,
including the arms and legs; the lean soft-tissue masses of
the arms and legs are nearly equal to the skeletal muscle
mass. As absolute muscle mass is correlated with height,
the skeletal muscle index (SMI) was calculated as follows:
lean mass (kg)/height (m?). The arm SMI is defined as the
arm lean mass (kg)/height (m?), while the leg SMl is defined
as the leg lean mass (kg)/height (m?). The appendicular SMI
is defined as the sum of the arm and leg SMIs.
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BMD of femur intertrochanteric and at femoral neck (FN)
and lumbar spine (L1-4) sites were measured by trained
technicians using DXA.

6. HSA

To evaluate the hip-bone geometry, DXA scans were an-
alyzed at the FN, and intertrochanteric region using the
HSA program. The CSA, and cortical thickness (CT) were
measured based on the bone-mass profiles, respectively.
[24]

7. Statistical analyses

All subjects were analyzed based on age 65. To compare
the means and proportions of each group, the Student’s t-
test and the * test were employed.

Hip structure, skeletal muscle mass, and BMD were com-
pared between the exercise group. In addition, the sex, age,
BMI, energy intake, and osteoporosis medication were ad-
justed when comparing the mean of the 2 groups. Then,
non-activity group, only walking group, only muscle activi-
ty group, and walking and muscle activity group were di-
vided into 4 groups. Likewise, hip structure, skeletal muscle
mass, and BMD were compared between the 4 groups af-
ter adjusted covariates.

All statistical calculations were performed using SPSS
Statistics version 22 (SPSS Inc., Chicago, IL, USA).

RESULTS

1. Demographic characteristics included

present study

Of the 3,477 participants in this study, those age under
65 and those age 65 or more were 2,730 and 747, respec-
tively. Height (P<0.0001), BMI (P<0.001), education (P<
0.001), and energy intake (P<0.001) were statistically sig-
nificant differences between both age groups. Muscle-stren-
gthening activity (P<0.001) and walking activity (P<0.001)
were found to be statistically higher in those aged under
65 (Table 1). The incidence of osteoporosis was significant-
ly higher in those aged over 65 (P<0.001). Physical activity
was also significantly different in both age groups (P<0.001).

2. DXA findings by the walking activity

DXA finding demonstrated that BMD of femur neck (P=
0.003), intertrochanteric area (P<0.001) and lumbar spine
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Table 1. Demographic characteristics included present study
Age <65 Age =65

Variables (N=2,730) (N=747) P-valug®
Age (yr) 4241122 718153 <0.0001
Female 1,567 (57.4) 453 (60.6) <0.0001
Height (cm) 163.4+8.7 156.1+8.9 <0.0001
Weight (kg) 628+11.3 57.3£99 0.889
BMI (kg/m?) 234433 234132 <0.0001
Income? 645 (24.0) 176 (23.6) 0.716
Education® 2,269 (83.1) 167 (22.4) <(0.0001
Osteoporosis 97 (3.6) 263 (35.2) <0.0001

Energy intake (kcal/day) 1,902.2+804.5 1,565.1+603.4 <0.001

Muscle-strengthening 769 (28.2) 85(11.4) <0.001
activity?
Walking activity® 1,339 (49.0) 364 (48.7) 0.877
Physical activity <0.001
Non activity 1,047 (38.4) 347 (46.5)
Only waking 914 (33.5) 315(42.2)
Only muscle activity 344 (12.6) 36 (4.8)
Walking and muscle 425 (15.6) 49 (6.6)

activity

JIncome: highest quartile (%).

YEducation: more than middle school graduation (%).
“Muscle-strengthening activity (%): more than 2-3 days/week.
9Walking activity (%): more thang 5 days/week.

®To compare the means and proportions of each group, the Student's ¢
test and the y’ test were performed.

BMI, body mass index.

(P=0.005) in a group of the age of 65 or older in which walk-
ing activity was performed with 5 days of walk or more per
week for at least 30 min for each day were found to be sig-
nificantly higher than that in the group in which walking
activity was not performed with covariates concerned. DXA
finding demonstrated that only SMI (P<0.001) in both age
groups in which walking activity was performed with 2 days
of muscle strengthening exercise or more per week for at
least 30 min for each day were found to be significantly
higher than that in the group in which muscle strengthen-
ing exercise was not performed following adjustment of
covariates (Table 2).

3. DXA findings by the muscle resistance
exercise
DXA finding demonstrated that BMD of intertrochanteric
area (P=0.001) and SMI (P<0.001) in a group of the age of
65 or older in which muscle resistance exercise was per-
formed with 2 or more days per week for at least 30 min
for each day were found to be significantly higher than
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Table 2. Dual energy X-ray absorptiometry findings by the walking activity base on the 65 years after adjusting covariates

Age <65 Age =65
R N
CSA of femur neck 2.90540.024 2.904+0.023 0.971 2.87840.040 2.88540.042 0.897
Cortical thickness of femur neck 0.174£0.001 0.174£0.001 0.890 0.17040.002 0.17140.002 0.754
CSA of intertrochanter area 4.737+0.040 4.755+0.040 0.693 4.645+0.069 4.708+0.067 0.450
Cortical thickness of intertrochanter area 0.394+0.003 0.396+0.003 0.592 0.387£0.006 0.392+0.006 0.473
BMD (g/cm?®) of femur neck 0.743£0.004 0.748+0.004 0.349 0.62540.007 0.65040.007 0.003
BMD (g/cm?) of intertrochanter area 1.070£0.005 1.080£0.005 0.078 0.94540.009 0.989+0.009  <0.001
BMD (g/cm?) of lumbar spine 0.926+0.005 0.92740.005 0.777 0.82840.010 0.86140.009 0.005
SMI (kg/m?) 6.889+0.036 6.991+0.069 0.002 6.76140.053 7.0044+0.051  <0.001

After adjusting age, sex, body mass index, energy intake, osteoporosis.

CSA, cross-sectional area; BMD, bone mineral density; SMI, skeletal muscle index.

Table 3. Dual energy X-ray absorptiometry findings by the muscle resistance exercise based on the 65 years after adjusting covariates

Age <65 Age =65
Variables < (ZNdj\qs’é\év]e)ek 22( ﬂazy%vgv)eek Pralue <2( Elazfssév;)eek zz(ilal%/g\)/eek Pyalue
CSA of femur neck 2.89840.021 2.92840.030 0.299 2.85610.034 3.00310.072 0.062
Cortical thickness of femur neck 0.174£0.001 0.174£0.002 0.619 0.170£0.002 0.174£0.004 0.414
CSA of intertrochanter area 4.722+0.036 4.829+0.052 0.035 4669+ 0.059 4.7204+0.125 0.711
Cortical thickness of intertrochanter area 0.393£0.003 0.402£0.004 0.042 0.390£0.005 0.3860.011 0.719
BMD (g/cm?) of femur neck 0.74010.004 0.767£0.006 <0.001 0.63010.006 0.67510.012 0.001
BMD (g/cm?) of intertrochanter area 1.067 £0.005 1.101£0.007 <0.001 0.957+0.008 1.019£0.016 0.001
BMD (g/cm?®) of lumbar spine 0.92410.004 0.936+0.006 0.037 0.83940.008 0.87510.017 0.059
SMI (kg/m?) 6.82410.031 7.37510.044 <0.001 6.80610.045 7.26810.094 <0.001

After adjusting age, sex, body mass index, energy intake, osteoporosis.

CSA, cross-sectional area; BMD, bone mineral density; SMI, skeletal muscle index.

that in the group in which muscle resistance exercise was
not performed following adjustment of covariates. In addi-
tion, DXA findings demonstrated that CSA of intertrochan-
teric area and CT of intertrochanteric area in a group of the
aged under 65 in which muscle resistance exercise was
performed 2 or more days per week for at least 30 min for
each day were significantly higher than that in the group
in which muscle resistance exercise was not performed fol-
lowing adjustment of covariates (Table 3).

4. DXA findings by presence of physical activity

DXA findings demonstrated that BMD of femur neck, in-
tertrochanteric area and SMI in both age groups in which
walking activity was performed with 2 days of muscle stren-
gthening exercise or more per week for at least 30 min for
each day were found to be significantly higher (P<0.001)
than that in the group in which muscle strengthening ex-

https://doi.org/10.11005/jbm.2022.29.4.255

ercise was not performed without covariates unconcerned.
HSA findings demonstrated that SMI (P<0.001) in both
age groups in which any level of activity was performed
were found to be significantly higher than that in the group
in which any level of activity was not performed while BMD
of femur neck and intertrochanteric area were found to be
significantly higher (P<0.001) in both age groups with any
level of activity (Table 4).

DISCUSSION

The principle findings of this study were that muscle mass
and BMD are either increased or preserved in groups that
have performed steady walking and muscle strength train-
ing. In addition, thickness and CSA of FN and intertrochan-
ter were higher in elderly group compared to younger group
in both long-term walking and muscle strength training
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Fig. 2. Overall mechanism of the study.

fraction (LMF) tertile. Women in the highest LMF tertile
had the widest femurs. Differences in section modulus be-
tween the highest and lowest tertile of LMF were 50% to
80% greater than the association with bone mineral con-
tent and 2 to 3 times that on BMD. They suggested that
more active women in the Women’s Health Initiative ob-
servational study had geometrically stronger femurs, al-
though effects are underestimated, not apparent, or some-
times negative when using BMD as an outcome.[27]

A previous systematic review reported that performing
resistance exercise 2 to 3 times a week for 1 year demon-
strated the maintenance or increase of BMD at the lumbar
spine and hip in postmenopausal women.[28] In a sub-
group analysis of the Cochrane review and previous meta-
analyses, resistance exercise has resulted in a significant
improvement of BMD in the lumbar spine and femur neck
in postmenopausal women.[29-31] A combination of resis-
tance exercise and weight-bearing aerobic exercise (e.g.,
running, skipping, jumping, or high-impact aerobics) is rec-
ommended as resistance exercise training provides mus-
cular loading while weight-bearing aerobic exercise pro-
vides additional mechanical loading to the bone above gra-
vity. This combination has improved multiple musculoskel-
etal outcomes including BMD, muscle mass, and strength.
[32-34]

Several studies have shown that resistance exercise and
walking can affect osteoporosis and sarcopenia. There are
also some reports that resistance exercise is related to bone

https://doi.org/10.11005/jbm.2022.29.4.255
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strength. Nonetheless, we found that walking at least 30
min/day for more than 5 days a week and resistance exer-
cise at least 30 min/day for more than 2 days a week can
change bone structure important for fracture prevention.
In particular, the strength of this study was to analyze the
structure of bones, muscle mass, and BMD according to
the intensity of exercise through the nationwide represen-
tative and analyzed the whole ages of 20s to 80s.

Several limitations need to be considered with respect
to this study. First, its cross-sectional design does not allow
for evaluation of the causality between the exercise and
the bone and muscle; prospectively-designed studies are
necessary to clarify this relationship. Second, the question-
naire was used to determine the degree of physical activity
through exercise. Nevertheless, the validity and reliability
of the Korean short version of the IPAQ used in this study
have been verified through a number of studies. Future
studies should demonstrate the relationship between ob-
jective indicators of exercise and musculoskeletal health.
Third, because this study is a cross-sectional design, the
patients’ past nutritional status and past exercise amount
were not reflected in the study. In future studies, it is nec-
essary to consider the past status of the participants.

CONCLUSIONS

In conclusion, if accompanied by muscle strength exer-
cise and walking, it will be possible to maintain bone and
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muscle loss and CT in the elderly. In particular, more than 5
days of walking per week and more than 2 days of muscle
strengthening exercise will help to maintain the skeletal
muscle as well as the cortex around the femur neck, thus
helping to prevent older fragility fractures.
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