
Abstract. Background/Aim: Computed tomography (CT)
has recently been applied to measure bone mineral density
(BMD). However, the definition of osteopenia, which means
depletion of BMD, using CT remains controversial. The aim
of this study was to establish formulae to calculate standard
BMD. Patients and Methods: Fifty healthy donors for liver
transplantation underwent CT. BMD was measured as cross-
sectional average pixel density (Hounsfield units) only in
trabecular-bone at Th11 bottom. Validation was performed
on another 50 healthy donors to check the accuracy of
formulae for standard BMD. Results: Measured BMD was
significantly correlated with age in both males and females
(p<0.0001). The formulae to calculate standard BMD were
308.82-2.49 × Age in males and 311.84-2.41 × Age in
females. Estimated BMD was significantly correlated with
measured BMD in males and females (p<0.0001).
Conclusion: Osteopenia can be defined by the difference
between measured data and calculated data using our new
formula based on each age.

Osteopenia, defined as abnormally low bone mineral density
(BMD), is a common musculoskeletal disorder in the elderly.
It is considered to be caused by a combination of physical,
metabolic, and endocrine factors (1-3). In general, a
decreased physical activity may reduce the mechanical
loading to both bone and skeletal muscle, and result in a
decrease of BMD as osteopenia (4). Depletion of BMD can
predict survival in patients with various kinds of cancers (5-
8) or patients with liver cirrhosis (9). Like sarcopenia, the

loss of skeletal muscle, osteopenia is a common condition in
patients with liver cirrhosis.
Recently, Sharma et al. (9) demonstrated that the low

levels of BMD were independently associated with post-
liver transplantation (LT) mortality in patients with liver
cirrhosis with hepatocellular carcinoma (HCC). They
analyzed BMD by measuring the average pixel density of
trabecular bone at the bottom of the eleventh thoracic
vertebral level (Th11) on preoperative enhanced computed
tomography (CT). In their report, the median BMD was 185
Hounsfield units (HU) and the 25th and 75th percentile
were 162 and 216 HU, respectively. To further explore the
association between BMD and post-LT mortality, they
actually applied the cutoff of BMD <160 HU in accordance
with a previous study (10), in a single uniform way and
independently of age and sex. However, the authors did not
use BMD to determine osteopenia in their study. In patients
with severe liver disease as cirrhosis or advanced HCC,
deceased metabolism of calcium or the change in the
synthesis of steroid hormone may also affect the bone
metabolism, and in many cases these changes are
exacerbated by aging (11, 12). Thus, the definition of
osteopenia using BMD has been set using an unfounded cut-
off level by CT measurement, and has not been accurately
determined as yet.
In this study, we retrospectively studied healthy Japanese

adult living donors for liver transplantation to establish
formulae to calculate the standard BMD, to enable an easy
and accurate definition of osteopenia.

Patients and Methods

Control subjects. Data on 50 healthy adults (25 males and 25
females, aged 20-64 years) who hoped to be liver donors were
reviewed. Donor candidates who had compressed spine fracture or
other bone diseases were excluded from this study, because these
conditions affected BMD. All 50 candidates were eligible to be
donors and underwent left or right hepatectomy after several studies,
including 2-mm-slice abdominal CT. These CT images were used
for determining the quantity of BMD and osteopenia.
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Bodyweight (BW) and height recorded on the donor charts were
used for calculating body surface area (BSA) and body mass index
(BMI). Equations for BSA (13) and BMI (14) were as follows:
BSA(m2)=square root (BW[kg] × height [cm]/3600)
BMI(kg/m2)=BW(kg)/height(m)2

Our goal was to develop a simple formula for men and women
relating a single factor to the standard BMD. Measured BMD was
plotted against age, height, BW, BSA, or BMI, and a formula was
developed using simple regression. The significance of the
regressions was determined as previously described (15).

Measurement of bone mineral density (BMD). BMD was measured
as cross-sectional average pixel density (HU) only in trabecular
bone within a circle in the midvertebral core at the bottom of the
eleventh thoracic vertebral level (Th11) on preoperative enhanced
CT, as previously described (9) (Figure 1a).

Validation set. We then applied our formula to estimate the standard
BMD in another 50 healthy donors (25 males and 25 females, aged
22-63 years). The significance of regressions between the estimated
BMD by our formula and the measured BMD was determined as
previously described (15).

Ethical approval. All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or comparable
ethical standards.

Informed consent. Informed consent was obtained from all
individual participants included in the study.

Statistical analysis. All statistical analyses were performed with JMP
statistical software version 13 (SAS Institute Inc., Cary, NC, USA) (16).
Continuous variables were expressed as mean±standard deviation (SD),
and compared using the nonparametric Wilcoxon test for independent
samples. p-Values <0.05 were considered statistically significant.

Results

Control set. The median value of BMD was 215.6 HU (25th
percentile, 166.6 HU; 75th percentile, 246.9 HU; Figure 1b).
Age, body size parameters, and BMD of the donor
candidates are shown in Table I. Except for BMI, body size
parameters were significantly greater in males compared
with females (p<0.001).
The measured BMD was not significantly correlated with

all of the body size parameters, such as BSA, BW, height,
and BMI in both men and women (Figure 2). In contrast, the
measured BMD was significantly correlated with age in both
males and females (male, R2=0.55, p<0.0001; female,
R2=0.44, p<0.0001; Figure 3a and b). By linear regression
analysis to predict the BMD for healthy adults, the following
equations were derived from our data of 50 healthy donors
(25 males and 25 females):
BMD (HU) for males=308.82-2.49 × Age
BMD (HU) for females=311.84-2.41 × Age

Validation set. Figure 3c and d shows the relationship
between measured BMD and estimated BMD, which was
calculated using the sex-specific formula in the other cohort
of healthy 50 donors (25 males and 25 females). The
estimated BMD significantly correlated with the measured
BMD in both males and females (male, R2=0.68, p<0.0001;
female, R2=0.49, p<0.0001). The mean difference between
the calculated BMD and measured BMD was 2.76±20.54
HU (–46.61 to 31.44) for males and 10.76±24.41 HU
(–37.83 to 62.41) for females.

Representative cases. Figure 4 shows two representative
cases of osteopenia and non-osteopenia, who underwent
living donor liver transplantation (LDLT) because of
decompensated liver cirrhosis. Case 1 (Figure 4a) was a 64-
year-old male. His physical parameters were as follows:
height, 169 cm; weight, 53 kg; BSA, 1.58 m2; and his BMD,
measured by preoperative CT was 108.7 HU. The BMD
calculated by our formula was 147.3 HU and the difference
between the measured and calculated and BMD was -38.6
HU. Thus, we retrospectively diagnosed that he had
osteopenia before LDLT. His Model for End-Stage Liver
Disease (MELD) score was 19 points before LDLT, and he
received an extended left and caudate lobe graft, weighting
465 g (41.0 % of standard liver weight) from his 31-year-old
son. Although the graft functioned well after reperfusion, he
died 124 days after LDLT because of bacterial sepsis.
Case 2 (Figure 4b) was a 60-year-old male. His physical

parameters were as follows: height, 153 cm; weight, 60 kg;
BSA, 1.60 m2; and his BMD was 261.3 HU. The BMD
calculated by our formula was 168.0 HU. The difference
between the measured and calculated and BMD was 
93.3 HU. Thus, we retrospectively diagnosed that he did not
have osteopenia before LDLT. His MELD score was 14
points before LDLT, and he received an extended left and
caudate lobe graft, weighting 398 g (35.7% of standard liver
weight) from his 31-year-old son. Although he had bacterial
sepsis due to cholangitis after LDLT, she recovered and was
discharged from hospital 50 days after LDLT. She is alive
for 2,407 days after LDLT.

Discussion 

This is the first report to demonstrate that BMD values
measured by CT were highly correlated with age. Additionally,
measurement of BMD was able to accurately estimate
osteopenia. A simple and new formula for estimating BMD in
each sex was established using data from healthy adults.
Previous studies have found that both skeletal muscle and

bone loss are compounded by decreased daily living activities,
which results in reduced mechanical loading (4). Previously
we demonstrated the measured skeletal muscle area was
significantly correlated with BW, height, BMI, and BSA, and
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that BSA was correlated highest with the skeletal muscle area
(15). Sarcopenia, defined by a BSA-dependent formula, has
been reviewed as an independent predictor of mortality in
severe liver disease such as liver cirrhosis and hepatocellular
carcinoma (4, 17). By contrast, as shown in Figure 2, there
was no significant correlation between the measured BMD
and these body size parameters. However, only age was
significantly correlated with higher R2 values. This suggests
that BMD is not associated with individual variations in body
size, and each body size is not a reliable predictor of
osteopenia. Therefore, we used BMD data to define osteopenia
in our validation of the formulae based on age.
In the validation subjects, R2 was relatively high as shown

in Figure 3. The goal of this study was to establish a formula
to define osteopenia. Differences between the calculated
BMD and estimated BMD were between –46.61 to 31.44 for
males and –37.83 to 62.41 for females. Thus, for example,

when a patient has a measured BMD of 50 HU for males or
40 HU for females, which is less than the BMD calculated
using our formula, the patient is osteopenic. Additional
studies are needed to evaluate diagnostic ability, sensitivity,
specificity, accuracy, positive predictive value and negative
predictive value in patients with liver disease.
Recently, Santos et al. (18) reported that low handgrip

strength, which indicates sarcopenia, can be a predictor of
bone disease linked to liver cirrhosis. They also stated that
bone impairment is already present in patients with
compensated cirrhosis, and the rates of osteopenia in these
patients may be similar to those in findings from the patients
with decompensated liver cirrhosis as LT candidates.
Considering the relationship between sarcopenia and
osteopenia, it is very important to accurately define them,
but this also seems very difficult. Regarding the cutoff value
of BMD to define osteopenia, Sharma et al. (9) demonstrated
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Figure 1. (a) Measurement of trabecular BMD within a circle in midvertebral core at bottom of 11th thoracic vertebral level (Th11). (b) Distribution
of measured BMD among healthy adults (n=50). BMD, Bone mineral density; HU, Hounsfield units.

Table I. Body size and bone mineral density in 50 healthy adults.

Variables                                                                         Male (n=25)                                                   Female (n=25)                                      p-Value

Age (years, range)                                                    44.2±13.7 (21-62)                                            41.0±13.4 (20-64)                                     0.414
Body height (cm, range)                                        170.6±4.7 (162-180)                                        158.7±6.1 (148-177)                                   0.001
Body weight (kg, range)                                          65.7±8.7 (51-81)                                              53.5±9.3 (41-82)                                       0.001
Body surface area (m2, range)                                  1.76±0.13 (1.53-2.00)                                      1.53±0.16 (1.31-2.01)                             0.001
BMI (kg/m2, range)                                                 22.6±2.7 (18.6-28.0)                                        21.1±2.4 (16.8-26.2)                                 0.099
BMD (HU, range)                                                  199.0±45.9 (106.9-288.7)                                213.1±48.4 (96.8-294.2)                             0.304

BMD, Bone mineral density; BMI, body mass index; HU, Hounsfield units.
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Figure 2. Relationship between measured BMD and each body size parameter in 50 healthy adults. The measured BMD was not significantly
correlated with all body size parameters, such as height, BW, BSA, and BMI in both men (left panel) and women (right panel). BW, Body weight;
BSA, body surface area; BMI, body mass index.



that the post-LT mortality was about 3-fold higher among
those who have BMD <160 HU and, accordingly, they used
160 HU as the cut-off of BMD, regardless of age. However,
the results of the present study, indicate that the standard
BMD clearly varies with age, even in healthy adults.
Therefore, it is not always accurate to define osteopenia by
an absolute value cutoff like the method of Sharma et al. In
this respect, our formula, based on the regression analysis
with age correlation for each patient, is feasible for use in
definition of osteopenia.
In severe liver disease, for example, liver cirrhosis is a

major cause of morbidity and mortality and many efforts have
been made to improve the survival and life quality of patients.
Osteopenia is a representative complications of severe liver
disease (9, 19). Crawford et al. (19) demonstrated that the
osteoporotic fracture rate in patients with chronic liver
disease is approximately twice of that of age-matched, control

individuals. Indeed, in cases of impaired liver function, it
seems reasonable that bone disease would be more
prominent. They estimated the prevalence of osteopenia
among these patients as 26-42%, which indicated the strong
relationship between impaired liver function and osteopenia.
Regarding the hormonal impact, Chen CC et al. (20) reported
that cirrhosis severity was associated with changes in the
serum levels of 25-vitamin D and testosterone, but not with
serum levels of osteocalcin or parathyroid hormone. These
findings are part of a complex physiopathology involving
cirrhosis-related bone disease; however, if a lack of vitamin
D is the cause of osteopenia, various complications may be
prevented by vitamin D supplementation in these patients.
Therefore, it is very important to accurately figure out the
presence of osteopenia in patients with severe liver disease.
To achieve this goal, comparison of measured BMD to
standard BMD is quite feasible.
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Figure 3. Relationship between measured BMD and age in 50 healthy adults (a, b). The measured BMD was significantly correlated with age in
both males and females (male, R2=0.55, p<0.0001; female, R2=0.44, p<0.0001). The BMD in each sex was predicted using the following equations:
(a) BMD (HU) for males=308.82 – 2.49 × Age; (b) BMD (HU) for females=311.84-2.41 × Age. Relationship between measured BMD and estimated
BMD in each sex in another 50 healthy adults (c, d). The estimated BMD significantly correlated with the measured BMD in both males and females
(male, R2=0.68, p<0.0001; female, R2=0.49, p<0.0001). BMD, Bone mineral density.



In the first discovery step, we used the data from 50
healthy living donors to make the formula for predicting the
standard BMD. Next, as a validation step we constructed
strong evidence with data from another 50 healthy donors to
compensate the small number of cases. Therefore, the
predictive formula for the standard BMD with high
reproducibility could be created.
In conclusion, we analyzed BMD using CT data from

healthy adults and found that age was significantly correlated
with BMD. Osteopenia can be defined by the difference
between measured and calculated data using the newly-
established formula.
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