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Abstract. [Purpose] This study aimed to investigate correlations between lumbar bone mineral density (BMD) 
and general characteristics of postmenopausal females, including body composition, knee extensor strength, stand-
ing balance, and femur BMD. [Subjects and Methods] A total of 40 postmenopausal females (55.6 ± 4.6 years) who 
were caregivers or guardians of patients in the K hospital were included in the study. The weight, height, body 
composition, left and right knee extensor strength, standing balance, femur BMD, and lumbar BMD measurements 
of the subjects were obtained. [Results] The effect of measurement variables on lumbar BMD was examined. In-
creases in age and menopausal duration were observed to significantly increase lumbar BMD, whereas an increase 
in height was found to significantly decrease lumbar BMD. An increase in soft lean mass, skeletal muscle mass, 
fat-free mass, and femur BMD was also associated with significantly decreased lumbar BMD. [Conclusion] Age, 
menopausal duration, soft lean mass, skeletal muscle mass, and fat-free mass were factors that decreased lumbar 
BMD in menopausal females. This study is expected to provide basic knowledge for osteoporosis prevention and 
treatment programs for postmenopausal females.
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INTRODUCTION

Osteoporosis has become an important issue that affects the health and decreases the quality of life of elderly females 
because they have a longer average life expectancy than men1). This systemic disease causes frequent fractures, followed 
by weakening of bone strength2, 3). Osteoporosis itself has no symptoms, but it increases the fracture risk of body parts by 
decreasing bone mineral density (BMD) in the femur, spine, wrist, and other skeletal sites and eventually causes collapse of 
bone structure4, 5).

A recent study has suggested that among lumbar BMD-related factors, age, weight, pulse rate, and glycated hemoglobin 
(HbA1c) level can predict lumbar BMD in premenopausal females, with weight being the most influential predictive factor6). 
The same study pointed out that age, weight, and uric acid levels can predict lumbar BMD in postmenopausal females, with 
age as a particularly important predictive factor6). Previous studies reported that an annual weight increase of about 0.8 kg 
for postmenopausal females is due to an increase in body fat mass, followed by changes in hormones after menopause7). 
Moreover, BMD in postmenopausal females is closely related to weight, body fat mass, and fat-free mass because increased 
weight causes stress to the skeletal system and results in an increase in bone mass, which leads to enhanced cellular activity 
in bone formation7). A contrasting result was also reported, in which lumbar BMD and femur BMD in premenopausal 
females presented a significant positive correlation with fat-free mass, and lumbar and femur BMD in postmenopausal 
females presented a positive correlation with body fat mass8). In general, fat-free mass and weight increase in premenopausal 
females because of aging; fat-free mass decreases and body fat mass increases in postmenopausal females9). Thus, the BMD 
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in premenopausal females present a significant positive correlation with fat-free mass, and the BMD of postmenopausal 
females present a significant positive correlation with body fat mass7, 10). However, Reid, et al.11) reported that the BMD in 
premenopausal females is significantly correlated with body fat mass and fat-free mass. In a BMD correlation study of 50 
postmenopausal females, bone mineral content was shown to correlate significantly with fat-free mass rather than with body 
fat mass12). Previous studies presented contrasting results for correlation between body fat mass, fat-free mass, and BMD in 
females. This result was obtained probably because the groups were assigned based on age or menopause stage, regardless of 
varying heterogeneity in subject, age, measured part, and measurement device, among others13).

Bone mineral content in adults decreases about 1% annually after the age of 30, along with an average muscle mass 
decrease from 0.4 kg to 0.8 kg every 10 years after age 20 and from 10–25% decreases after age 5014, 15). Muscle strength 
and BMD are highly correlated, with a particularly strong positive correlation in postmenopausal females, because the 
musculoskeletal system is a structure resistant to external load16–19). In a study that measured the maximum extensor strength 
of left and right lower limbs and BMD in 71 females over the age of 35, the BMD and muscle strength of premenopausal 
females were significantly higher than those of postmenopausal females20). However, the correlation between BMD and knee 
extensor strength was significant only in premenopausal females and no correlation was found in postmenopausal females20). 
Other previous studies also reported that a positive correlation between actual muscle strength and BMD is unclear because 
correlation between muscle strength and BMD is easily influenced by confounding variables13, 21, 22).

Therefore, the aim of this study was to investigate correlations between lumbar BMD and general characteristics of 
postmenopausal females, body composition, knee extensor strength, standing balance, and femur BMD.

SUBJECTS AND METHODS

Postmenopausal females who were caregivers or guardians of patients in the K hospital were included in the study. The 
inclusion criteria consisted of postmenopausal females whose last menstrual period had occurred more than one year ago, 
who had not taken osteoporosis-related drugs or hormones in the last six months, who had no history of fracture in the lumbar 
or femur, and who had not participated in muscle strengthening exercises that could influence BMD in the last six months. 
The exclusion criteria were onset of menopause before age 40, menopause followed by hysterectomy or oophorectomy, 
current smoker or intake of two or more alcoholic drinks per day, presence of hormonal disorders or other chronic diseases, 
females with history of malignant tumor, and females with lumbar-related disease or chronic musculoskeletal disorder.

The Institutional Review Board of Sahmyook University approved all protocols and procedures, and all 40 subjects signed 
a statement of informed consent.

The measurements of body composition, left and right knee extensor strength, standing balance, and lumbar and femur 
BMD of the subjects were obtained. The change in the body composition of subjects was examined by conducting measure-
ment with InBody (InBody 720, Biospace, Korea). InBody provides various information on body composition by measuring 
biological electric impedance, using 4 pole 8-point touch electrodes. This measurement assists in diagnosing obesity, assess-
ing nutrition, and managing weight. Food intake of subjects was restricted 30 min before the test. The subjects were also 
instructed to empty their bladders and bowels 30 min prior to the test. Measurements were conducted in light clothing under 
comfortable and stable conditions. Subjects were instructed to step on electrodes barefoot, hold hand electrodes lightly, and 
stand with both arms slightly apart.

A manual muscle tester (Model 01163; Lafayette, USA) was used to measure left and right knee extensor strength of 
subjects. Knee extensor strength was measured with subjects sitting upright while leg extended and pressure applied by the 
foot to the equipment pressure plate. The inspector then applied manual pressure to the leg while the subject applied counter-
pressure for 7 s. The measurement was taken three times with 1 min of rest following each test. Knee extensor strength was 
defined as the mean value of these three tests.

A force plate (PDM Multifunction Force Measuring Plate; Zebris, Germany) was used to measure standing balance. The 
inspector performed the test with the subjects’ eyes open and closed. To measure standing balance with eyes open, subjects 
were instructed to step up to the force plate barefoot, with arms comfortably next to the body, and gaze at a red circle of 3 cm 
in diameter. This measurement was performed 3 m away at eye level. Standing balance was measured for 30 s while the 
subjects gazed at the red circle. The mean postural sway was recorded three times. To measure standing balance with eyes 
closed, subjects were in the same posture as with eyes open, and standing balance was measured for 30 s. The mean postural 
sway was again measured three times.

BMD of lumbar vertebrae 2, 3, and 4 and the left femoral neck were measured. The right femoral neck was measured in 
cases of femoral arthroplasty or unavailability of the left femoral neck. The dual-energy X-ray absorptiometry (DEXA) is 
considered the gold standard of BMD measurement and presents high reliability and validity. DEXA was highly correlated 
with BMD measurement (r=0.899, p<0.001). Z- and T-scores were used as the measurement value of BMD. Z-score is 
obtained by subtracting the mean BMD of subjects of the same age from the measured BMD and dividing it by the BMD 
standard deviation of subjects of the same age. T-score was calculated by subtracting the mean BMD of young females age 
20–30 from the measured BMD and dividing it by the BMD standard deviation of young females aged 20–30.

All statistical analyses for this study were performed with SPSS version 19.0. The Shapiro–Wilk test was conducted to 
evaluate the normality of variables. Descriptive statistics was used for general characteristics of subjects. The correlation 
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between lumbar BMD and measurement values of subjects was examined by performing Pearson’s correlation test. Odds 
ratio of logistic regression analysis was also applied to examine the influence of high and low lumbar BMD on variables. 
P<0.05 was considered statistically significant.

RESULTS

Correlations between lumbar BMD and general characteristics of subjects, body composition, knee extensor strength, 
standing balance, and femur BMD are presented in Table 1. Table 2 and Fig. 1 show the influence of general characteristics, 
body composition, knee extensor strength, standing balance, and femur BMD on lumbar BMD.

Table 1.  Correlations between lumbar BMD and measure variables

Variables Mean (SD) Lumbar BMD Lumbar T-score Lumbar Z-score
General characteristics

Age (years) 55.6 (4.6) −0.5 ** −0.5 ** −0.3
Height (cm) 158.2 (4.5) 0.4 * 0.4 * 0.4 *

Weight (kg) 60.2 (7.7) 0.4 ** 0.4 * 0.4 **

Menopausal period (years) 7.7 (4.4) −0.5 ** −0.5 ** −0.3
Body composition

Soft lean mass (kg) 39.3 (3.7) 0.6 ** 0.6 ** 0.6 **

Skeletal muscle mass (kg) 22.4 (2.3) 0.6 ** 0.5 ** 0.5 **

Fat-free mass (kg) 41.6 (3.9) 0.6 ** 0.6 ** 0.6 **

Body fat mass (kg) 18.6 (5.2) 0.2 0.1 0.2
Percent body fat (%)  30.5 (5.3) −0.0 −0.1 −0.1
Waist–hip ratio (%) 89.8 (0.0) −0.1 −0.1 −0.0
Body mass index (kg/m2) 24.5 (3.8) 0.3 0.2 0.3

Knee extensor strength
Right (kg) 20.3 (3.0) 0.2 0.2 0.2
Left (kg) 18.0 (3.2) 0.1 0.1 0.1

Standing balance
Eye open - postural sway (cm) 55.3 (11.5) −0.1 −0.1 −0.1
Eye closed - postural sway (cm) 63.5 (11.9) −0.1 −0.1 −0.2

Femur BMD
T-score −1.3 (0.9) 0.7 ** 0.7 ** 0.7 **

Z-score −0.5 (0.7) 0.6 ** 0.7 ** 0.7 **

SD: standard deviation; BMD: bone mineral density.
*p<0.05, **p<0.01

Table 2.  Influence of measure variables on lumbar BMD

Variables B SE OR
General characteristics

Age 0.3 0.1 1.3 **

Height −0.2 0.1 0.8 *

Weight −0.1 0.0 0.2
Menopausal period 0.3 0.1 1.3 *

Body composition
Soft lean mass −0.3 0.1 0.8 *

Skeletal muscle mass −0.4 0.2 0.6 *

Fat-free mass −0.3 0.1 0.8 *

Femur BMD
T-score −1.4 0.5 0.2 **

Z-score −1.1 0.5 0.3 *

BMD: bone mineral density; B: logistic regression coefficient; 
SE: standard error; OR: odds ratio.
*p<0.05, **p<0.01

Fig. 1. Odds ratio for influence of measure variables on lumbar 
BMD
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DISCUSSION

This study was conducted to analyze the correlation between lumbar BMD and general characteristics, body composition, 
knee extensor strength, standing balance, and femur BMD in 40 postmenopausal females. The lumbar BMD of subjects was 
strongly negatively correlated with age and menopausal duration, whereas positively correlated with height and weight. 
Previous studies suggested that age is the most predictive and influential risk factor of lumbar BMD because a remarkable 
decrease in BMD occurs after menopause6). BMD and weight presented strong positive correlations in the results obtained 
by another study, which was conducted with 220 females aged over 35 years23). The result of the present research agrees well 
with those in previous studies.

Soft lean mass, skeletal muscle mass, and fat-free mass of the subjects indicated a strong positive correlation with lumbar 
BMD. No significant correlation was found for body fat mass, percent body fat, waist-hip ratio, and body mass index.

The femur BMD of the subjects was significantly positively correlated with lumbar BMD. In a BMD study with 885 peri-
menopausal and postmenopausal females, lumbar BMD presented a strong positive correlation with femur BMD24). Based 
on ‘Mechanostat’ theory of synthesis and absorption, a direct influence on bone is observed with an increase in impact25, 26). 
Therefore, BMD differs accordingly to the degree of impact and part. In a study with tennis players who exercised more 
than 3 h/week for 25 years or more, significant difference was not found in lumbar or femur neck BMD, although the BMD 
of the frequently used arm was higher than that of the less used arm27). In a study with 55 general female office workers and 
44 nurses with more than 5 years of experience, no significant difference was observed in lumbar BMD; however, the femur 
BMD of general female officer workers who spend a considerable amount of time sitting was significantly lower than that 
of nurses28). A significant correlation was found between lumbar and femur BMD because the subjects of the two groups 
were mostly caregivers who looked after patients in the hospital most of the time, and performed similar physical activities. 
To examine the influence of change in age, height, weight, and menopausal duration of subjects on lumbar BMD, logistic 
regression analysis was conducted with high and low lumbar BMD based on normal variables. The analysis revealed that 
there are 1.318 and 1.284 times increases in the probability of inclusion into the low lumbar BMD group, with a one-year 
increase in age and menopausal duration. With regard to height, a 1.190 times increase was found in the probability of inclu-
sion into the normal group with a 1 cm-increase in height6). Weight did not significantly influence lumbar BMD. Given the 
remarkable decrease in BMD after menopause, previous studies reported that age are the most predictive and influential risk 
factor of lumbar BMD. The present study revealed that menopausal duration and age are the predictive factors of BMD risk.

Logistic regression analysis was also applied to examine the influence of body composition of subjects on lumbar BMD. 
The results revealed a 1.333 times increase in the probability of inclusion into the high group of normal lumbar BMD range 
with a 1 kg increase in muscle mass. There was a 1.533 times increase in the probability of inclusion into the high group 
of normal lumbar BMD range with a 1 kg increase in skeletal muscle mass. Moreover, a 1.308 times increase was found 
in the probability of inclusion into the high group of normal lumbar BMD range, with a 1 kg increases in fat-free mass. No 
significant influence on lumbar BMD was found for body fat mass, percent body fat, waist–hip ratio, and body mass index. 
A previous study with 261 postmenopausal females reported that body fat mass or percent body fat is not significantly 
correlated with lumbar or femur BMD29). In a study that examined the correlation between body composition and BMD in 
3,241 perimenopausal and postmenopausal females in Germany, fat-free mass rather than body fat mass presents a significant 
correlation with lumbar BMD. Thus, the influence of soft lean mass, skeletal muscle mass, and fat-free mass on lumbar BMD 
is significant, as revealed in the logistic regression analysis in the present study30).

In conclusion, age, menopausal duration, soft lean mass, skeletal muscle mass, and fat-free mass are factors that influenced 
lumbar BMD risk in postmenopausal females. This study is expected to provide basic knowledge for osteoporosis prevention 
and treatment programs for postmenopausal females.
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