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Different reference BMDs affect the prevalence of osteoporosis
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Abstract The T score represents the degree of devia-
tion from the peak bone mineral density (BMD) (reference
standard) in a population. Little has been investigated con-
cerning the age at which the BMD reaches the peak value
and how we should define the reference standard BMD
in terms of age ranges. BMDs of 9,800 participants were
analyzed from the Korean National Health and Nutrition
Examination Survey database. Five reference standards
were defined: (1) the reference standard of Japanese young
adults provided by the dual-energy X-ray absorptiom-
etry machine manufacturer, (2) peak BMD of the Korean
population evaluated by statistical analysis (second-order
polynomial regression models), (3) BMD of subjects aged
20-29 years, (4) BMD of subjects aged 20-39 years, and
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(5) BMD of subjects aged 30-39 years. T-scores from the
five reference standards were calculated, and the preva-
lence of osteoporosis was evaluated and compared for
males and females separately. The peak BMD in the poly-
nomial regression model was achieved at 26 years in males
and 36 years in females in the total hip, at 20 years in males
and 27 years in females in the femoral neck, and at 20 years
in males and 30 years in females in the lumbar spine. The
prevalence of osteoporosis over the age of 50 years showed
significant variation of up to two fold depending on the ref-
erence standards adopted. The age at which peak BMD was
achieved was variable according to the gender and body
sites. A consistent definition of peak BMD needs to be
established in terms of age ranges because this could affect
the prevalence of osteoporosis and healthcare policies.

Keywords Bone mineral demsity - Reference standard -
T-score - Osteoporosis - DXA

Introduction

Osteoporosis and related fractures pose a major health and
economic burden worldwide [1, 2]. The incidence of dis-
ability following an osteoporotic hip fracture exceeds that
of stroke, heart disease, and cancer and is associated with
a significant loss of independence [3]. Osteoporosis-related
disability has increased with the lengthening life expec-
tancy. The increasing rates of morbidity and mortality asso-
ciated with osteoporosis add an enormous cost to the econ-
omy [4, 5]. Annual direct costs of osteoporotic fractures are
increasing [5].

Bone mineral density (BMD) is recognized as one of the
main predictive factors of osteoporosis and osteoporotic
fractures [6, 7]. A wide variety of techniques is available to
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measure BMD [6, 8]. Among them, the most widely used
technique is based on dual-energy X-ray absorptiometry
(DXA) [9]. Although DXA has technical limitations, meas-
urement of the BMD of the spine and hip using DXA is the
gold standard for the diagnosis of osteoporosis [10].

Unlike common clinical measurements such as blood
pressure or hemoglobin, the accepted normal values for
BMD have not been established [6, 11]. Accordingly, the
T-score has been suggested as a way of simplifying the
interpretation of BMD. The T-score is defined as the dif-
ference between the measured BMD and the average BMD
of young healthy adults divided by the standard deviation
(SD), where the BMD of young healthy adults is consid-
ered to represent the peak BMD of the population and to
provide the reference standard for calculating T-scores. It
provides a statistical value for the measured BMD, which
can be categorized into normal, osteopenia, and osteoporo-
sis [6].

However, the optimal age range of young healthy adults
representing the peak BMD of a population has not been
established, and previous studies have used different age
groups to calculate the peak BMD as a reference stand-
ard [12—17]. Furthermore, some countries continue to use
the reference standard of other countries or ethnic groups,
although recent studies have postulated that osteoporosis
should be diagnosed based on the peak BMD of the sub-
ject’s ethnic population [10]. It is hypothesized that the
prevalence of osteoporosis varies according to the refer-
ence standard for peak BMD of the young healthy adults
applied, i.e., it depends on how we define young healthy
adults in terms of age range.

Therefore, the aim of this study was to determine the
effect of using several different reference standards for peak
BMD on the prevalence of osteoporosis in a noninstitution-
alized Korean population using the fifth Korean National
Health and Nutrition Examination Survey (KNHANES V)
database.

Materials and methods
Study population

We recruited participants from the first (2010) and second
(2011) year of the KNHANES V database. KNHANES is
a national program designed to assess the health and nutri-
tional status of adults and children in Korea. It has been
performed periodically since 1998, and in 2007, the survey
became a continuous, annual survey program performed
by the Korea Centers for Disease Control and Prevention.
It provides a variety of health measurements to the World
Health Organization and the Organization for Economic
Cooperation and Development.
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This survey used a complex, multistage probability sam-
ple design. The sample represents the total noninstitution-
alized civilian population of Korea. The survey was com-
posed of a health examination survey, a health interview
survey, and a nutrition survey. This study was conducted
using data from the 2010 and 2011 KNHANES V database.

Each year, over 10,000 people aged >1 year from
3,840 families in 192 districts of Korea participate in
the KNHANES. The BMD of the lumbar spine and left
femur was measured in all survey participants. In par-
ticipants with a history of a previous operation, fracture
or deformity of the left femur, an examination was per-
formed in right femur. Exclusion criteria were (1) subjects
aged <10 years, (2) pregnant women and subjects with the
possibility of pregnancy, (3) subjects with severe scoliosis
or disability that prohibited them from lying down on the
DXA scan table, (4) subjects whose weight exceeded the
limit of the DXA scan table (159 kg), and (5) subjects who
had undergone a contrast examination within 7 days or a
nuclear medicine examination within 3 days. Ultimately,
9,800 participants (4,357 males and 5,443 females) aged
10-97 years were included in the analysis. The present
study was conducted according to the guidelines laid down
in the Declaration of Helsinki, and all procedures involv-
ing human subjects were approved by the Institutional
Review Board of the Korea Centers for Disease Control
and Prevention. Written informed consent was obtained
from all subjects.

Body size measurement and bone mineral density
examination

A structured questionnaire including information on demo-
graphics, education, smoking, alcohol intake, exercise, and
medical history was administered by trained interview-
ers. Height and weight were measured by a nurse who
had received special training in the use of the SECA 225
height meter (Vogel & Halke, Hamburg, Germany) and
the GL-6000-20 weight meter (G-tech, Seoul, Korea).
The body mass index (BMI) was obtained by dividing the
weight (kg) by the square of the height (m?). Height was
measured within 0.1 cm, and weight was measured to the
nearest 0.01 kg in patients wearing only underwear and
without shoes.

BMDs were measured by dual-energy X-ray absorpti-
ometry (DISCOVERY-W fan-beam densitometer; Hologic,
Inc., Waltham, MA, USA). Total femur, femoral neck, and
lumbar spine BMDs were measured. L1-L4 values were
chosen for the lumbar spine BMD analysis. We analyzed
the results of the DXA using industry standard techniques
at the Korean Society of Osteoporosis and Hologic Dis-
covery software (version 13.1; Hologic, Inc., Waltham,
MA, USA) in its default configuration. Education and
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quality control for the examiners were provided. For preci-
sion assessment, the coefficient of variation in all examin-
ers was assessed by obtaining three repeat measurements
in 30 subjects. The coefficient of variation ranged from
0.71 to 1.18 % for the total femur, 1.2 to 2.14 % for the
femoral neck, and 0.73 to 1.07 % for the lumbar spine.
All subscales were checked within the permissible range
(total femur <1.9 %, femoral neck <2.5 %, and lumbar
spine <1.9 %). Daily quality control was performed using a
spine phantom that was provided by the manufacturer (Hol-
ogic, Inc., Waltham, USA). Every day, the densitometer
function, quality of radiation, and coefficient of variation
were checked.

Reference standards of BMD, T-score calculation,
and diagnosis of osteoporosis

The measured BMDs were converted into T-scores using
several reference standards, which were peak BMDs of
young healthy subjects, but the ages of the young healthy
subjects varied according to those used in previous stud-
ies. Five reference standards were defined in this study:
(1) reference standards of Japanese young subjects pro-
vided by the DXA machine manufacturer, (2) peak BMD
of the Korean population evaluated by statistical analysis
(second-order polynomial regression models), (3) average
BMD of subjects aged 20-29 years, (4) average BMD of
subjects aged 20-39 years, and (5) average BMD of sub-
jects aged 30-39 years. Data analysis was performed sepa-
rately for males and females.

Osteoporosis, osteopenia, and normal status were diag-
nosed by a T-score of <-2.5, >-2.5 to <-1.0, and >-1.0,
respectively [18]. In addition, according to the recom-
mendation of the International Society for Clinical Densi-
tometry, osteoporosis was diagnosed based on the lowest
T-score among the three sites (lumbar spine, total hip, fem-
oral neck) [18]. Furthermore, if the T-score of any of the
three sites was <-2.5, the status was diagnosed as overall
osteoporosis [18].

Statistical analysis

Descriptive statistics were performed for all data sets
including average and standard deviations. The Kolmog-
orov-Smirnov test was conducted for data normality. A
polynomial regression model was used to identify the
age showing the peak BMD. We applied the functional
relationship between BMD and age to construct a ref-
erence range. The second-order polynomial regression
models were fitted to the total hip, femoral neck, and
lumbar spine. BMD as a function of age was as follows:
BMD = B, + B(age) + B,(age)’, where B, is the intercept
and B,, B, are parameters estimated from the observed data.

Table 1 Baseline characteristics of the study cohort

Characteristics Males (n = 4357) Females (n = 5334)
Age (years) 43.9 (19.9) 45.5 (19.0)
Weight (kg) 67.6 (12.6) 56.5 (9.8)

Height (cm) 168.8 (8.9) 156.6 (6.6)

Body mass index (kg/mz) 23.5(3.4) 23.0(3.7)

Total femur BMD (g/cm?)
Femur neck BMD (g/cmz)

0.935 (0.133)
0.795 (0.134)

0.826 (0.126)
0.695 (0.125)

Trochanter BMD (g/cmz) 0.677 (0.097) 0.609 (0.096)
Intertrochanter BMD (g/ch) 1.118 (0.169) 0.994 (0.158)
Ward BMD (g/cm?) 0.618 (0.165) 0.563 (0.169)

Lumbar BMD (g/cm?) 0.930 (0.163)  0.885 (0.159)

Data are presented as mean (SD)

Based on the parameters in the second-order polynomial
regression models, we determined the means of the peak
BMD and the standard deviation for the total hip, femo-
ral neck, and lumbar spine BMD. Peak BMD was calcu-
lated as the average of the BMDs of the subjects between
5 years before and 5 years after the age of peak BMD. Sta-
tistical analysis was conducted using SPSS version 20.0
for Windows (IBM Co., Armonk, NY, USA) and R soft-
ware environment, version 3.1.1 (R Foundation for Statis-
tical Computing, Vienna, Austria; ISBN 3-900051-07-0,
http://www.r-project.org) using the statistics with the psych
package.

Result

Basic characteristics and BMDs of the subjects are pre-
sented in Table 1. In total, 9800 subjects were included in
the data analysis. There were 4357 males with a mean age
of 43.9 years (SD 19.9; range 10-91) and 5443 females
with a mean age of 45.5 years (SD 19.0; range 10-97).

Age of peak BMD and reference standards of peak
BMDs

The age at which the peak BMD was achieved in the total
hip in the polynomial regression model was 26 years in
males and 36 years in females; in the femoral neck, it was
20 years in males and 27 years in females; in the lumbar
spine, it was 20 years in males and 30 years in females.
Therefore, the age at which peak BMD was achieved in
males was 7-10 years earlier than in females at all three
sites (Figs. 1, 2).

In the comparison of the candidate reference standard
BMDs for calculating T-scores, the average BMD of the
total hip between 20 and 29 years, that of femoral neck
from the polynomial regression analysis, and that of the
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Fig. 1 Relationship between age and bone density at the total hip, femoral neck, and lumbar spine for males
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Fig. 2 Relationship between age and bone density at the total hip, femoral neck, and lumbar spine for females
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Table 2 Reference values of various reference standard

60 80

Age (year)

20

0 60
Age (year)

References Males Females

Total hip Femoral neck Lumbar spine Total hip Femoral neck Lumbar spine
Japan reference 0.940 + 0.137 0.846 + 0.124 1.024 +0.120 0.851 £0.115 0.803 £ 0.107 1.006 £ 0.114
Korean reference polynomial 0.999 £+ 0.124 0.929 £+ 0.142 0.983 +0.126 0.882 +0.104 0.764 + 0.102 0.973 £0.109
Korean reference 20—29 1.010 + 0.129 0.906 £+ 0.134 1.003 + 0.128 0.876 + 0.104 0.770 + 0.106 0.958 £ 0.111
Korean reference 20—39 0.988 + 0.127 0.865 +£0.128 0.986 + 0.125 0.877 £ 0.103 0.758 £+ 0.102 0.977 £ 0.114
Korean reference 30—39 0.976 £ 0.115 0.844 +0.119 0.977 £0.123 0.878 £0.103 0.751 £ 0.100 0.987 £0.114

Data are presented as mean £+ SD

lumbar spine from the Japanese reference standard showed
the highest values in male subjects. The average BMD of
the total hip from the polynomial regression analysis and
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those of the femoral neck and lumbar spine from the Japa-
nese reference standard showed the highest value in female
subjects (Table 2).
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Table 3 Prevalence of osteoporosis of Korean males and females aged over 50 using different references

Region References  Osteoporosis Osteopenia Normal
used Males (%) Females (%) Total (%) Males (%) Females (%) Total (%) Males (%) Females (%) Total (%)
Total hip Japan® 1.1 5.8 3.7 18.1 36.1 28.1 80.8 58.1 68.2
Polynomial® 4.0 12.6 8.8 353 43.5 39.8 60.7 43.8 514
20-29 4.0 11.0 8.0 37.0 41.0 39.3 253 27.3 52.7
20-39 33 11.5 8.0 30.8 40.9 36.6 65.9 47.6 554
30-39 4.0 11.6 8.3 30.1 41.2 36.4 65.9 47.3 55.2
Femoral neck Japan 3.6 21.7 13.6 40.7 55.7 49.0 55.7 22.6 374
Polynomial 7.1 15.2 11.6 58.8 51.8 54.9 34.1 33.0 335
20-29 6.6 13.6 10.6 54.7 51.2 52.7 38.7 352 36.7
20—-39 39 13.1 9.1 449 48.7 47.1 51.3 38.2 43.8
30-39 39 12.6 8.8 41.2 47.7 44.9 54.9 39.8 46.3
L-spine Japan 6.7 29.8 19.3 36.0 45.4 41.1 574 24.7 39.6
Polynomial 2.7 253 15.0 28.4 43.8 36.8 68.9 30.9 48.2
20-29 3.7 19.3 12.4 31.9 42.1 37.6 64.5 38.7 49.9
20-39 3.1 21.7 13.6 28.9 439 37.3 68.0 34.5 49.1
30-39 2.8 242 14.9 27.8 433 36.5 69.4 325 48.6

@ Japan means Japanese reference

® Polynomial means the reference age between 5 years before and 5 years after the age of peak BMD measured by polynomial regression model

Prevalence of osteoporosis according to various
reference standards

T-scores from the five reference standards (peak BMD and
SD) were calculated, and the prevalence of osteoporosis
and osteopenia at age >50 years was evaluated and com-
pared for males and females separately. The prevalence of
osteoporosis varied depending on the reference standards
applied. The prevalence at the femoral neck ranged from 3.6
to 7.1 % in males and from 12.6 to 21.7 % in females. The
prevalence at the lumbar spine ranged from 2.8 to 6.7 % in
males and from 19.3 to 29.8 % in females (Table 3).

Discussion

This study investigated the five possible Korean reference
standards of BMD for calculating T-scores, which is used
to determine the prevalence of osteoporosis in the popula-
tion [11, 18]. Although clinicians agree that the T-score is
calculated based on the peak BMD of young healthy adults
in the population, the age at which males and females show
the peak BMD at various body sites has not been deter-
mined [5, 10, 13, 14, 16, 17]. Furthermore, the definition,
in terms of age ranges, of young healthy adults used to
determine peak BMD has not been established [10].

Due to the absence of a consistent definition of young
healthy adults in terms of age range, previous studies have
used arbitrary reference standards for peak BMD calculated

using data from subjects aged 20-29 years, 20-39 years,
and 30-39 years or even from subjects from different eth-
nic groups [12-15, 17, 19]. The recommended reference
range used by the International Osteoporosis Foundation
and the International Society for Clinical Densitometry
is the National Health and Nutrition Examination Survey
(NHANES) III reference database for femoral neck meas-
urements in white females aged 20-29 years. Although
20-29 years was used for the young healthy adult refer-
ence range in NHANES III, Japanese and Danish studies as
well as Swedish and Chinese studies used 20-39 years for
the reference group, corresponding to the GE Healthcare
Lunar DXA system [10, 14, 19, 20]. A Norwegian study
used 30-39 years for the young adult reference range, and an
Estonian study used 25-39 years [13, 19]. A Thai study used
an age group of 30-34 years for the reference range [12].

To obtain the exact age of peak BMD, we used a specific
statistical method in this study, i.e., polynomial regression
analysis. The results of our polynomial regression model
indicated the age at which peak BMD is achieved in males
for the total hip, femoral neck, and lumbar spine was 26,
20, and 20 years, respectively. The age at which peak BMD
was achieved in females for the total hip, femoral neck,
and lumbar spine was 36, 27 and 30 years, respectively.
Results of the present study correspond well with those of
earlier studies that reported peak BMD was achieved later
in females than in males. For example, for the spine, age of
peak BMD in Caucasian males was 22 years, while that in
Caucasian females was 29 years [21]. This tendency also
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was observed in a Chinese study that reported peak BMD
was achieved in the 2nd decade of life in males and in the
3rd decade of life in females [22]. It has not been fully clar-
ified why peak BMD is achieved later in females than in
males. We consider that this may be attributable to hormo-
nal effects [21, 23, 24], but this hypothesis is not evidence
based. Further study is required to clarify this issue.

On the contrary, another previous study using the same
statistical method reported that the age of peak BMD of
the total hip, femoral neck, and lumbar spine was 32, 26,
and 27 years, respectively, in Vietnamese males and 27,
22 and 27 years, respectively, in Vietnamese females [17].
These findings differ from those of our study, which dem-
onstrated the age of peak BMD was younger in males than
in females. It is possible that each ethnic group and body
site has its own specific age at which the peak BMD is
achieved; each ethnic group also may have its own specific
peak BMD value. This issue needs to be investigated in a
future study including more comprehensive factors, such
as genetics, diet, physical activity, and lifestyle factors, as
well as sex and ethnicity.

We calculated the peak BMD of each reference group
using an age range commonly used in previous studies and
compared the result with that of the polynomial regression
model. The prevalence of osteoporosis differed according
to the age range of the reference group in the Korean eth-
nic group. The prevalence of osteoporosis in the femoral
neck in males was nearly two-fold higher when the Korean
polynomial reference was used (7.1 %) compared to when
the reference for 30-39 years of age was used (3.9 %). The
prevalence of osteoporosis in the lumbar spine of females
was 6 % higher when the Korean polynomial reference
was used (25.3 %) compared to when the reference for
20-29 years of age was used (19.3 %). Thus, the present
study shows that the prevalence of osteoporosis can be vari-
able when using different age range references, even within
an identical ethnic group. These results indicate that a con-
sistent age range reference standard should be adopted. To
do so, ethnic-specific references should be evaluated and
the age range of the reference group standardized to com-
pare the prevalence of osteoporosis and propose a treat-
ment protocol. We propose that an established definition of
‘young healthy adults’ be determined and a consistent age
range be used for calculating reference standard BMD and
T-scores. We believe this will standardize treatment plans
and healthcare costs. Ideally, the most appropriate refer-
ence standard BMD and T-scores will reflect the osteoporo-
tic fracture risk and associated morbidity and mortality;
however, this issue requires further study. For now, a more
detailed and established definition of a reference standard
BMD and T-score would promote the appropriate commu-
nication and interpretation of data between clinicians as
well as healthcare policy.
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This study has some limitations. First, we could not
establish causal associations between the T-score of the
BMD and fracture rates because of our cross-sectional study
design. Furthermore, a longitudinal study is required to elu-
cidate the clinical implications of different T-scores accord-
ing to the different reference standards with regard to frac-
ture rates. Second, cohort effects might have influenced the
BMD levels of different age groups. A longitudinal study is
needed to describe real BMD changes adjusted by age.
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