
Effects of 12-week exercise training on  
osteocalcin, high-sensitivity C-reactive protein 
concentrations, and insulin resistance in elderly 
females with osteoporosis

Nayoung Ahn, PhD1), Kijin Kim, PhD1)*

1)	Department of Physical Education, College of Physical Education, Keimyung University:  
2800 Dalgubeoldaero, Dalseo-gu, Daegu 704-701, Republic of Korea

Abstract.	 [Purpose] This study examined the effects of exercise training on bone metabolism markers, inflam-
matory markers, and physical fitness in patients with osteoporosis from an osteoporosis-related immunological 
perspective. [Subjects and Methods] Twenty-nine elderly female subjects (age, 74.2 ± 3.2 years) were classified 
into normal, osteopenia, and osteoporosis groups based on the T-score measured using dual-energy X-ray absorp-
tiometry. The exercise was performed voluntarily by the patients for 1 hour per day, three times per week, for 12 
weeks. [Results] The differences between bone mineral content, bone mineral density, and osteocalcin concentra-
tions increased significantly in the osteoporosis group after 12 weeks of exercise and were significantly higher than 
those in the normal and osteopenia groups. However, the homeostatic model assessment of insulin resistance score 
decreased significantly in the osteoporosis group after 12 weeks of exercise. High-sensitivity C-reactive protein 
concentrations tended to decrease in all groups after 12 weeks of exercise and showed an inverse correlation with 
osteocalcin concentration; however, no statistical significance was observed. [Conclusion] Our findings suggest 
that an exercise program in patients with osteopenia and osteoporosis effectively reduces the risk of osteoporotic 
fracture and related diseases since it improves bone density and physical fitness and reduces inflammatory marker 
levels.
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INTRODUCTION

Osteoporosis occurs when bone strength deteriorates due to decreases in bone mineral content (BMC) and bone mineral 
density (BMD), the most basic markers of bone metabolism, as well as changes in bone microarchitecture, all of which occur 
with aging1). In particular, osteoporotic fractures occur most frequently in the spine, hip joints, and wrist and can restrict an 
individual’s activity in old age as well as increase psychological and economic losses and mortality rates2). A 10% decrease 
in BMD results in a fracture risk that is increased by 1.6–2.6 times3, 4), and BMC is regulated through a complex process that 
involves a variety of factors such as ethnicity, genetic factors, hormones, calcium intake, and exercise in the balanced process 
of bone formation and bone resorption5).

Bone structure is reconstructed by osteoblast and osteoclast remodeling on a regular basis. Pro-inflammatory cytokines 
such as interleukins, tumor necrosis factor-α, and C-reactive protein (CRP), which increase in a systemic inflammatory state, 
activate bone resorption, thereby accelerating bone density loss and fractures6). Osteoporotic fractures are associated with 
chronic inflammatory diseases, in which bone density is reportedly decreased7). Interest has recently increased in osteoim-
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munology, the study of the cross-talk of immune factors or interactions between the immune system and bone tissue, and the 
components of the immune system may have complex effects on bone that lead to osteoporosis8, 9). Age-related losses in bone 
BMD are seen more commonly in females than in males10, 11).

Therefore, this study examined the effect of exercise training on bone metabolism markers, inflammatory markers, and 
physical fitness in patients with osteoporosis from an osteoporosis-related immunological perspective.

SUBJECTS AND METHODS

Twenty-nine elderly female subjects (age, 74.2 ± 3.2 years; height, 150.7 ± 1.4 cm; body weight, 53.5 ± 1.9 kg; body 
mass index, 24.9 ± 1.4 kg/m2; % fat, 25.7 ± 0.9; systolic blood pressure, 123.7 ± 4.3 mmHg; diastolic blood pressure, 76.3 ± 
2.4 mmHg; BMD, 0.9 ± 0.1 g/cm2; BMC, 46.9 ± 3.7 g) were included. Voluntary exercise (resistance elastic band exercise, 
yoga, senior dance) was performed by the subjects for 1 hour per day three times per week for 12 weeks. The patients 
underwent BMD measurements at the anteroposterior parts of the lumbar (L2–L4) spine by using a QDR-4500 DEXA bone 
densitometer (Hologic Inc., Waltham, MA, USA) and were classified into normal (T-score≥−1; n=6), osteopenia (T-score= 
−1.0 to −2.5; n=13), and osteoporosis (T-score≤−2.5; n=12) groups based on T-score. The patients were not informed of their 
T-score before the exercise program and were advised to refrain from taking medicine whenever possible. Written informed 
consent was obtained from each subject. The study protocol complied with the Declaration of Helsinki.

Comprehensive physical activity is recommended for older adults that consists of aerobic, muscle-strengthening, flex-
ibility, and balance activities that promote health12). Yoga, resistance elastic band exercise, and senior dance were performed 
voluntarily for 12 weeks. Asana yoga was performed. The resistance elastic band exercise consisted of sitting and standing 
movements. The senior dance with a focus on aerobic exercise was performed to music. To control exercise intensity, the 
heart rate was regularly measured and was maintained at a moderate rate in the range of 120–130 beats/min and at a rated 
perceived exertion (RPE) of 12–14. Warm-up and cool-down were performed at an RPE of 9–10 for 5–10 minutes each.

Lower-extremity endurance was tested by the chair squat on a chair 46 cm tall without armrests; the number of repetitions 
in 30 s was recorded (sit & up, times/30 s). The timed up-and-go test was used to evaluate dynamic balance ability (sec/3 m). 
The number of steps in the same spot was measured for 2 min to measure cardiorespiratory function. Static balance ability 
was evaluated by the one-leg stance test (right leg), in which the participant stood on one foot with their eyes open.

A 5-ml blood sample collected from the patients was centrifuged at 3,000 rpm for 20 minutes to separate the serum, and 
high-sensitivity C-reactive protein (hs-CRP) concentrations were analyzed using latex agglutination turbidimetry on a BN 
analyzer (Hitachi 77600-110, 7170; Hitachi Ltd., Tokyo, Japan). Glucose concentrations were measured using the enzymatic 
method on an automatic analyzer (Auto-analyzer Hitachi 7150, Hitachi Ltd.), while serum insulin concentrations were 
measured using immunoradiometric assays. HOMA-IR was calculated using the following formula: fasting blood insulin 
concentration (µU/ml) × fasting blood glucose concentration (mmol/l)/22.5 based on the homeostasis model13). Osteocalcin 
concentration was analyzed by an enzyme-linked immunosorbent assay (Biotek Instrument Inc., Windoski, VT, USA) using 
a NovoClacin kit (Metra Biosystem Inc., Mountain view, CA, USA).

For all data, the mean and standard deviation for each group were calculated using SPSS version 17.0 (SPSS Inc., Chi-
cago, IL, USA). Inter-group differences in bone metabolism markers before and after exercise were analyzed using one-way 
analysis of variance, and glucose metabolism markers, inflammatory markers, and physical fitness assessment variables 
before versus after exercise were analyzed using a paired t-test. The correlation of each variable was assessed using Pearson’s 
correlation analysis. Statistical significance was set at p<0.05.

RESULTS

Regarding the changes in bone metabolism markers after 12 weeks of exercise, the differences in BMC, BMD, and serum 
osteocalcin concentration increased significantly in the osteoporosis group after 12 weeks of exercise and were significantly 
higher than those in the normal and osteopenia groups (p<0.05). In addition, T-score differences were increased in the 
osteopenia and osteoporosis groups (Fig. 1). Glucose and insulin concentrations were decreased in all groups; in particular, 
mean insulin concentration significantly decreased in the osteoporosis group (p<0.01), exhibiting a significant decrease 
in HOMA-IR (p<0.01) (Fig. 2). With regard to the changes in inflammatory markers after the 12-week exercise program, 
hs-CRP concentration tended to decrease in all groups (Fig. 3). Regarding the correlations between bone-related markers, 
insulin resistance, and pro-inflammatory markers after the 12-week exercise program, hs-CRP was negatively correlated with 
osteocalcin concentration and HOMA-IR in all groups, but the differences were not significant. With regard to changes in 
physical fitness after the 12-week exercise program, muscular endurance of the lower extremity and balance ability improved 
in the osteopenia and osteoporosis groups (Fig. 4). The hs-CRP concentrations tended to decrease in all groups after the 12 
weeks of exercise and were negatively correlated with osteocalcin concentration; however, no significant differences were 
observed (Table 1).
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DISCUSSION

Exercise performance reportedly has great effects on bone formation14, 15) and BMD improvement16). In previous studies 
on the correlations between exercise and osteocalcin concentration, when mature male mice were subjected to a 6-week low- 
and high-intensity ladder exercise, the results showed that serum osteocalcin concentration significantly increased in the two 
groups compared to the control group, whereas BMD significantly increased in the high-intensity exercise group alone17). 
In addition, in vitro and in vivo studies have shown that exercise as mechanical stimulation inhibits osteoclast formation 
and increases the OPG/RANKL ratio18). In this study, performing 12-week exercise improved BMC, BMD, and osteocalcin 
concentration, implying improvement in maximum bone mass and bone density. These findings are similar to the results of 
a study demonstrating that osteocalcin concentration increased in post-menopausal females with a low BMD who performed 
underwater exercise for 8 months19).

Fig. 1.  Comparison of the differences in BMC, BMD, T-score, and 
osteocalcin concentrations before versus after exercise

BMC: bone mineral content; BMD: bone mineral density; T-score: 
normal≥−1, osteopenia=−1.0 to −2.5, osteoporosis ≤−2.5; *p<0.05, 
significantly different from the normal group

Fig. 2.  Change in glucose concentration, insulin concentration, 
and HOMA-IR after 12-week exercise training in elderly 
females

HOMA-IR: homeostatic model assessment of insulin resistance
Values are mean ± SD; **p<0.01, pre- vs. post-exercise

Fig. 3.  Change in hs-CRP concentration after the 12-week exer-
cise training in elderly females

hs-CRP: high-sensitivity C-reactive protein Fig. 4.  Changes in physical fitness variables after 12-week exer-
cise training in elderly females

TUG: timed up-and-go test. Values are mean ± SD; *p<0.05, pre- 
vs. post-exercise

Table 1.  Correlation among hs-CRP, osteocalcin, and HOMA-IR after 12-week exercise training

Normal Osteopenia Osteoporosis
Osteocalcin 
(ng/ml) HOMA-IR Osteocalcin 

(ng/ml) HOMA-IR Osteocalcin 
(ng/ml) HOMA-IR

hs-CRP (mg/dl) −0.412 −0.362 0.022 −0.161 −0.044 −0.209
Osteocalcin (ng/ml) −0.316 0.094 −0.055
hs-CRP: high-sensitivity C-reactive protein; HOMA-IR:homeostatic model assessment of insulin resistance
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Hs-CRP, a vascular inflammatory marker, is known to be highly relevant to metabolic diseases and increases in post-
menopausal females. Pro-inflammatory cytokine derived from monocytes, macrophages, and adipocytes increase CRP 
levels; CRP is synthesized in the liver and enters the blood. Therefore, hs-CRP concentration can be decreased by a decrease 
in body fat due to physical activity20). The decrease in muscular strength that may cause a decline in physical fitness in older 
people was recently suggested to be related to the systemic and chronic inflammatory state21).

In line with previous reports that a negative correlation exists between osteocalcin and hs-CRP concentrations22, 23), the 
results of this study revealed that hs-CRP concentration decreased after 12 weeks of exercise and that there was a negative 
correlation between hs-CRP and osteocalcin concentrations. In addition, increased insulin resistance is mostly accompanied 
by the accumulation of body fat and the abnormal state of metabolic variables; thus, it is highly related to increased risks 
of obesity, atherosclerosis, and cardiovascular disease24). Therefore, in this study, osteocalcin concentration was inversely 
correlated with HOMA-IR in osteoporosis group after exercise, but no statistical significance.

Exercise improves muscular strength and balance ability in older people. When resistance exercise was performed in older 
females with a low bone mass, a 57% decrease in the risk of fracture was found, while agility exercise and stretching resulted 
in a 48% reduction and 20% decrease in the risk of fracture, respectively25). In conclusion, after the 12-week exercise training 
program, the elderly females with osteopenia and osteoporosis demonstrated improvements in cardiopulmonary function, 
muscular endurance of the lower extremities, and balance ability. Therefore, although this study is limited by the lack of a 
control group and small sample size, examining the correlation between the bone metabolic markers and the stimulatory 
and inhibitory activities that induce bone turnover and the inflammatory biomarkers after exercise training for patients with 
osteopenia and osteoporosis is very important in decreasing the risk of osteoporotic fractures and related diseases by enhanc-
ing bone density and physical fitness as well as by decreasing the inflammatory marker concentrations.
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