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Abstract

Association of Sasang Constitutional Type with Bone Mineral Density,
Osteopenia, and Osteoporosis
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Object

Although Taeeum and Soyang constitutional types have bigger body shapes and higher body mass index values than those
with the Soeum, the relationship between the Sasang constitutional type and bone mass density is controversial and the
association of osteopenia and osteoporosis remains unknown. Therefore, we investigated the relationship between bone
mineral density, osteopenia, and osteoporosis according to Sasang constitutional type.

Methods

A total of 2,508 participants were included in this study. Among the study participants, 1,396 had Taeeum type, 276
had Soeum type, and 836 had Soyang type, respectively. The relationships to bone mass density, osteopenia, and osteoporosis
in those with Sasang constitutional type were estimated using logistic and linear regression models.

Results

Bone mass density was significantly higher in the order of Taeeum, Soyang, and Soeum group (p < 0.01). Soeum group
in comparison with Taeeum or Soyang group was significantly associated with a high odds ratio for osteopenia and osteoporosis
except in the hip and femoral neck in the comparison of Taceum and Soeum group (p < 0.01). Moreover, the bone mass
density of Soeum group decreased more rapidly as the age increased when compared with Taeceum and Soyang group.

Conclusions
Our findings may contribute to the eatly prevention and management of high-risk individuals with poor bone mass density,
osteopenia, and osteoporosis using Sasang constitution medicine.
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I . Introduction

Obesity and osteoporosis in older people have been rec-
ognized as public health issues for several decades'”. The
world has an increasing aging population. In 2019, people
older than 65 years of age made up 9% of the global
population; by 2050, this number is expected to increase
to almost 16%. Therefore, improving the health and qual-
ity of life with diseases in an aging society is thought
to be an important global concern.

Imbalance between bone resorption and bone formation
causes osteopenia, osteoporosis, and osteoporotic fractures’.
Many risk factors for osteoporosis and fracture have recently
been identified including genetics, nutrition, lifestyle char-
acteristics [e.g., cigarette smoking, alcohol consumption,
exercise, body mass index (BMI)}, and hormone deficien-
cies™. Moreover, osteoporotic fractures are associated with
an increased risk for all-cause mortality®, cardiovascular
events’, decreased quality of life’, and higher health care
costs”, which are recognized as important issues facing the
elderly.

Sasang constitution medicine (SCM) was introduced in
Korea by Jema Lee in 1894 as a way of classifying people
into four constitutional body types based on a set of biopsy-
chological traits’. The four types are Taeyang (TY),
Taeeum (TE), Soyang (SY), and Soeum (SE). Indices of
body composition, which include BMI, weight, height,
and body circumference, play an important role in this
system of classification. In general, TE and SY individuals
tend to have higher BMI, body weight, muscle mass, and
body fat values relative to SE'. Other characteristics used
in the SCM classification include psychological and other
physiological traits (e.g., disease susceptibility, response
to herbal medicines, and equilibrium of bodily functions).
Based on these traits, a useful description of the differences
in SCM body types is provided elsewhere''. However, to

summarize, SY tend to be more outgoing, have more en-

ergy, and show a greater level of curiosity than TE and
SE. SY are also more temperamental and quicker to re-
spond impulsively, while SE tend to be more withdrawn
and guarded, and are often more focused, tolerant, and
well-prepared. Although TE individuals are more like-
ly to have greater body anthropometry, in terms of
psychological traits, they tend to fall in between the
SY and SE.

Previously studies indicate that BMI and body weight
are associated with bone mineral density(BMD)". However,
the relationship between Sasang constitutional type (SCT)
and BMD rermains controversial >, In a comparative SCT
study of young and older groups of women, those who
were older showed a significant difference in BMD of the
lumbar spine ( < 0.05; 1.085 = 0.126 for TE, 1.065
+ 0.161 for SY, and 0.924 + 0.109 for SE), while those
who were younger showed no such signjﬁcanceM. In other
study, The T-score of the femoral neck in the old-age
population exhibited significant differences according to
SCT @ < 0.05; 0.76 + 1.07 for TE, 0.92 + 0.81 for
SY, and 0.84 + 0.86 for SE)"’. However, these studies
do not confirm significant results adjusted for co-
variates'". Therefore, we investigated the associations be-
tween BMD, osteopenia, and osteoporosis according to

SCT in a large population-based cohort study.

II. Subjects and Methods

A. Subjects

We studied participants enrolled in the Korean Genome
and Epidemiology Study (KoGES) Ansan cohort, a pro-
spective community-based cohort study conducted in
5,012 residents between 40 and 70 years of age in Ansan
city from 2001 to 2002. Biennial follow-up assessments
were completed. For osteoporosis, we petformed a first



dual-energy X-ray absorptiometry (DXA) examination
from 2009 to 2010. During the same period, participants
of the cohort were enrolled in an SCM studylé. We in-
cluded 2,508 (1,278 fernales and 1,230 males) of 2,969
people who had complete DXA data (n = 2,871) and an
SCT classification (n = 3,211). The Institutional Review
Board of Korea University Ansan Hospital approved the
study protocol and written informed consent was obtained

from study participants.

B. DXA and criteria for osteoporosis

Bone mineral density (g/cm’) was measured at the total
hip, femoral neck, and lumbar spine by certified radiology
technicians using DXA (DPX-MD+, General Electric,
Boston, MA, USA) according to the manufacturer’s
instructions. Osteopenia and osteoporosis were diagnosed
on the basis of BMD T-scores following standard
guidelines. Here, osteoporosis was defined when the
T-score was —2.5 point or less. Osteoporosis was also de-
fined when a subject was treated for osteoporosis based
on the World Health Organization International Society
for Clinical Densitometry criteria’’. Osteopenia was de-
fined when the T-score exceeded —2.5 point but remained
—1 point or less. Subjects having either osteoporosis or

osteopenia were combined to form an overall bone-loss

group.

C. Classification of SCTs

We used an integrated diagnostic model for SCT
classification. The diagnostic model was based on proba-
bility values for each type using multinomial logistic
regression-based individual quantitative data for the
face, body shape, and voice as well as that gathered from
a biopsychological questionnairelé. Diagnostic accuracy

of training set and test was 68.9% and 64.0% in men
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and 62.3% and 55.2% in women, respectively. In this
study, TY individuals were not included because the
TY classification is known to affect a very rare frequency
of three to four per 10,000 people in the Korean pop-

. 18
ulation ™.

D. Definition of measurements

Blood samples were collected in the morning after an
overnight fast. Blood pressure was measured using a mer-
cury sphygmomanometer with the patient in a seated
position. Sex was used to indicate physical or physiological
differences between men and women. Diabetes was defined
as presenting a fasting glucose level of 126 mg/dL or more,
two-hour glucose level of 200 mg/dL or more, or current
diabetic drug usage. Hypertension was defined as a sys-
tolic/diastolic pressure of 140/90 mmHg or more, and/or
the use of antihypertensive drugs. BMI was calculated by
dividing the weight in kilograms by the height in meters
squared (kg/m’). Hyperlipidemia was defined as the use
of antihyperlipidemia drugs. Leisure-time physical activity
was evaluated using questionnaires covering the type of
activity, frequency, and duration. A metabolic equivalent
(MET) score was assigned for each sports activity based
on a compendium of physical activities. Time spent per
day performing each activity was multiplied by the MET
value of the activity to obtain the total MET minutes
per week". Beverage-specific alcohol consumption in
g/day was calculated on the basis of the alcohol content
(i.e., 4.5% for beer, 13% for wine, 40% for hard liquor,
22% for soju, 15% for chungju, and 6% for makgeolli),
the frequency of drinking, and the amount consumed™.
Blood test findings were determined using an autoanalyzer
(ADVIA 1650; Siemens, Munich, Germany) in the Seoul
Clinical Laboratories (Seoul, Korea).
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E. Statistical analysis

Data are presented as means = standard deviation for
continuous variables and frequencies and percentages for
categorical variables. Significant differences in means were
evaluated using a generalized linear model for continuous
variables and the chi-squared test for categorical variables.
In addition, a logistic regression model was adopted to
estimate the relative odds of osteopenia, osteoporosis, and
all bone loss between SCT (including 95% confidence in-
tervals). In the multiple logistic and linear regression mod-
els, potential confounding variables were adjusted, which
included age, sex, BMI, alcohol consumption, exercise,
smoking, hypertension, diabetes, hyperlipidemia, lean
mass (tertiles), and fat mass (tertiles). Statistical analysis
was performed using SAS version 9.4 (SAS Institute, Cary,
NC, USA). All reported p-values were based on two-sided

tests of significance.

III. Results

A. Study characteristics according to SCT

Table 1 presents the general characteristics according
to SCT. Participants included 1,396 with the TE, 276
with the SE, and 836 with the SY, respectively. The pro-
portions of wormen were 45.8% in the TE group, 55.8%
in the SE group, and 58% in the SY group. The average
age of study participants according to SCT was 57.5 =
7.8 years for TE, 55.5 + 6.8 years for SE, 554 + 6.6
years for SY. Weight and BMI had lower means in the
order of SE, SY, and TE. Separately, height and alcohol
consumption of SE and SY participants presented lower
means than those of TE participants, while there was no
difference between SE and SY participants in this regard.
SCT had significant associations with diabetes, hyper-

tension, hyperlipidemia, current smoking, lean mass, and

fat mass (p < 0.05). Specifically, diabetes affected lower
proportions of participants in the order of SE, SY, and
TE. Hypertension and hyperlipidemia in SE and SY partic-
ipants also affected lower proportions relative to those
found among TE participants, while there was no differ-
ence between SE and SY participants in this regard.
Exercise was only significant in the comparison between
SE and SY, while current smoking was only significant
in the comparison between SY and TE. The low- and
mid-level groups of lean mass and fat mass affected higher
proportions in the order of SE, SY, and TE.

B. Prevalence rates of osteopenia, osteoporosis,
and mean BMD according to SCT

The prevalence rates of osteopenia, osteoporosis, and
mean BMD of the three sites (total hip, femoral neck,
and lumbar spine) and all sites stratified by SCT are shown
in Table 2. Total hip and lumbar spine had higher BMDs
in the order of TE, SY, and SE (» < 0.05; 1.00 = 0.15,
0.96 = 0.14, and 0.92 =+ 0.15 for total hip; 0.94 + 0.14,
091 + 0.13, and 0.87 + 0.13 for femoral neck; and 1.11
+ 0.17, 1.08 = 0.16, and 1.02 = 0.15 for lumbar spine,
respectively).

Osteopenia and osteoporosis affected a significantly
larger proportion of the SE group than the TE and SY
groups at the total hip, femoral neck, lumbar spine, and
all sites ( < 0.05). In the case of the TE and SY groups,
only the total hip findings presented a significant differ-
ence, while the other sites did not show any difference.
In Figure 1, we indicate the proportions of normal (black
bar), osteopenic (light grey bar), and osteoporotic (grey
bar) bone according to SCT and age in various skeletal
sites. The proportions of osteopenia and osteoporosis at
all sites increased progressively with age. With the in-
creases in the SE group confirmed to be higher relative
to those in the TE and SY groups.



Table 1. Average and Percentage of Study Characteristics according to Sasang Constitutional Type
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SCT Strata Test for group
Characteristic TE (n = 1,396) SE (n = 276) SY (n = 836) differences

Women 45.8% (639)° 55.8% (154) 58.0% (485)°
Age (years) 575 = 7.8" 55.5 + 68 554 + 66" <0.001
Weight, kg 69.0 = 89" 55.0 + 6.3 592 + 75" <0.001
Height, cm 162.1 = 83" 160.1 = 7.4 159.6 + 8.0f <0.001
Body mass index, kg/m’ 262 + 25 214 + 1.8 232 + 19" <0.001
Alcohol consumption, g/day 104 + 2157 5.7 + 186 63+ 159" <0.001
Exercise, MET-min/week 200.8 + 259.4 160.3 + 209.3 208.3 = 270.9 0.025
Hypertension 42.2% (589" 19.2% (53) 22.8% (191" <0.001
Diabetes 32.8% (458)" 14.5% (40)'t 20.1% (168)* <0.001
Hyperlipidemia 11.8% (165)° 5.8% (16) 6.5% (54)* <0.001
Current smoker 13.9% (194) 13.8% (38) 10.3% (86):F <0.001
Lean mass (tertiles) <0.001

Low 23.1% (322) 46.0% (127) 46.3% (387)

Middle 34.4% (480) 40.2% (111) 29.3% (245)

High 42.6% (594" 13.8% (38)' 24.49% 04
Fat mass (tertiles) <0.001

Low 18.4% (257) 70.3% (194) 46.1% (385)

Middle 32.2% (450) 22.1% (61) 38.9% (325)

High 49.4% (689)" 7.60 (21)" 15.1% (126)°

Continuous variables are expressed as average

+ SD and categorical variables are expressed as % (n).
* Significant difference between TE and SE strata (p < 0.05)
' Significant difference between SE and SY strata (p < 0.05)
¥ Significant difference between SY and TE strata (p < 0.05)
Abbreviation: MET; metabolic equivalent of task

Table 2. Average Bone Mass Density and Prevalence of Osteopenia and Osteoporosis according to Sasang Constitutional Type

SCT strata Test for group
TE SE SY differences
Total hip
BMD (g/cm?) 1.00 + 0.15" 092 + 0.15" 0.96 + 0.14" <0.001
Normal 90.1% (1258)" 75.0% (207 87.1% (728)" <0.001
Osteopenia 7.4% (104) 21.0% (58) 10.8% (90)
Osteoporosis 24% (34) 4.0% (11) 2.2% (18)
Femoral neck
BMD (g/cm?®) 0.94 = 014" 0.87 + 0.13" 091 + 0.13" <0.001
Normal 84.7% (1183)" 71.7% (198)" 82.9% (693) <0.001
Osteopenia 12.8% (178) 22.8% (63) 15.0% (125)
Osteoporosis 2.5% (35) 5.4% (15) 2.2% (18)
Lumbar spine
BMD (g/cm?) L11 + 017" 1.02 = 015" 1.08 + 0.16' <0.001
Normal 66.29% (924)" 48.6% (134)" 63.6% (532) <0.001
Osteopenia 27.4% (382) 37.0% (102) 28.8% (241)
Osteoporosis 6.4% (90) 14.5% (40) 7.5% (63)
Overall
Normal 62.0% (865)" 43.8% (121)' 58.9% (492) <0.001
Osteopenia 31.2% (436) 40.9% (113) 33.3% (278)
Osteoporosis 6.8% (95) 15.2% (42) 7.9% (66)

BMD is expressed as average + SD and osteopenia and osteoporosis are expressed as % (n)

" Significant difference between TE and SE strata (p < 0.05)
ki Significant difference between SE and SY strata (p < 0.05)
¥ Significant difference between SY and TE strata (p < 0.05)

Abbreviation: BMD; Bone mass density
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Figure 1. Age-specific prevalence of overall bone loss, osteopenia, and osteoporosis according to Sasang constitutional type
across different skeletal sites.

C. Association between osteopenia, osteoporosis,

and SCT

We used a logistic regression model to evaluate osteope-
nia and osteoporosis in the total hip, femoral neck, lumbar

spine, and all sites according to SCT (Table 3). The odds
ratios (ORs) were analyzed by selecting the TE or SY group
as the reference. Before adjusting for confounding variables,
the osteopenia proportion of the SE group co to

that in the TE or SY group was significantly associated



with all sites (OR for all sites: minimum 1.65 and max-
imum 3.39; p < 0.05). Osteoporosis in the SE groups rela-
tive to that in the TE or SY group significantly affected
the femoral neck, lumbar spine, and all sites (OR: 2.52 -
3.16; p < 0.05), while the findings in the total hip were
not significant. After the adjustment of model 1 including
age, sex, BMI, alcohol consumption, exercise, smoking,
hypertension, diabetes, and hyperlipidemia, osteopenia in
the SE group was significantly associated with a higher
OR when compared with the TE or SY group in all sites
(OR: 1.47 - 2.13; p < 0.05). Further, osteoporosis in the
SE group was significantly associated with a higher OR
when compared with in the TE or SY group at the lumbar
spine and all sites (OR: 1.88 - 2.01; p < 0.05). However,
findings for the total hip and femoral neck in this context
were not significant. Separately, model 2 was adjusted for

age, sex, alcohol consumption, exercise, smoking, hyper-
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tension, diabetes, and hyperlipidemia, lean mass (tertiles),
and fat mass (tertiles). Here, osteopenia in the SE group
was significantly associated with a higher OR when com-
pared with the TE or SY groups in all sites (OR: 1.48 -
2.57; p < 0.05). Finally, osteoporosis in the SE group was
significantly associated with a higher OR relative to in
the TE or SY groups at the lumbar spine, femoral neck
(SY vs. SE), and all sites (OR: 1.78 - 2.06; p < 0.05),
while that in the total hip and femoral neck (TE vs. SE)

was not significant.

D. Distribution of BMD according to SCT

We displayed the distribution of BMD according to
SCT using kernel density estimate curves (Figure 2A - 20).
The median BMD at all sites had higher in the order
of TE, SY, and SE (¢ < 0.05; 1.00, 0.95, and 0.91 for

Table 3. Relative Odds Ratios of Osteopenia and Osteoporosis comparing TE and SY with SE

Sites Unadjusted Model 1 Model 2
Osteopenia
Total hip TE vs. SE 3.39 (2.38-4.83) <0.001 2.13 (1.30-3.51) 0.003 2.57 (1.62-4.08) <.0001
SY vs. SE 2.27 (1.58-3.26) <0.001 1.75 (1.16-2.64) 0.305 1.97 (1.32-2.95) 0.001
Femoral neck TE vs. SE 2.12 (1.53-2.93) <0.001 1.62 (1.05-2.51) 0.030 1.54 (1.02-2.31) 0.039
SY vs. SE 1.76 (1.25-2.48) 0.001 1.47 (1.01-2.15) 0.045 1.52 (1.05-2.21) 0.026
Lumbar spine TE vs. SE 1.84 (1.39-2.45) <0.001 1.68 (1.18-2.38) 0.004 1.52 (1.09-2.12) 0.014
SY vs. SE 1.68 (1.25-2.27) 0.001 1.54 (1.13-2.11) 0.007 1.49 (1.09-2.03) 0.013
Overall TE vs. SE 1.85 (1.40-2.45) <0.001 1.66 (1.17-2.35) 0.004 1.48 (1.07-2.06) 0.020
SY vs. SE 1.65 (1.23-2.22) 0.001 1.51 (1.11-2.07) 0.009 1.48 (1.09-2.02) 0.012
Osteoporosis
Total hip TE vs. SE 1.97 (0.98-3.94) 0.057 1.27 (0.50-3.21) 0.621 1.49 (0.62-3.58) 0.373
SY vs. SE 2.15 (1.00-4.62) 0.050 1.36 (0.59-3.16) 0.843 1.55 (0.68-3.54) 0.301
Femoral neck TE vs. SE 2.56 (1.37-4.78) 0.003 1.96 (0.82-4.69) 0.131 2.10 (0.94-4.73) 0.072
SY vs. SE 2.92 (1.44-5.89) 0.003 1.98 (0.91-4.30) 0.085 2.17 (1.02-4.65) 0.045
Lumbar spine TE vs. SE 3.07 (2.03-4.64) <0.001 1.94 (1.11-3.38) 0.019 2.01 (1.20-3.35) 0.008
SY vs. SE 252 (1.63-3.91) <0.001 1.88 (1.16-3.02) 0.010 1.78 (1.11-2.87) 0.017
Overall TE vs. SE 3.16 (2.10-4.76) <0.001 2.01 (1.16-3.50) 0.013 2.04 (1.22-3.41) 0.006
SY vs. SE 2.59 (1.68-4.00) <0.001 1.92 (1.19-3.10) 0.007 2.06 (1.29-3.28) 0.002

Model 1 was adjusted for age, sex, BMI, alcohol consumption,

exercise, smoking, hypertension, diabetes, and hyperlipidemia.

Model 2 was adjusted for age, sex, alcohol consumption, exercise, smoking, hypertension, diabetes, hyperlipidemia, lean mass (tertiles), and

fat mass (tertiles). *[7 < 0.05
Abbreviation: BMD; Bone mass density
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Figure 2. Distribution of bone mass density according to Sasang constitutional type and age. Percentage frequency distribution
of bone mass density in various sites according to Sasang constitutional type (A, B, C). Age-related decline in bone
mass density at various sites according to Sasang constitutional type (D, E, F).

total hip; 0.93, 0.09, and 0.86 for the femoral neck; and
1.10, 1.07, and 1.01 for lumbar spine, respectively). Also,
variable age-related declines in BMD at the various sites
according to SCT are shown in Figures 2D, 2E, and 2F.
All sites had lower BMD in the SE group than in the
TE and SY groups with increased age. Noticeably, the
BMD of the SE group decreased more rapidly as age in-
creased than in the TE and SY groups (p for SCT < 0.01,
p for age < 0.01, and interaction p < 0.01).

IV. Discussion and Conclusion

In this study, we examined the BMD and prevalence
rates of osteopenia and osteoporosis according to SCT in

a large population-based cohort study. We found that SE

not only experience higher proportions of osteopenia and
osteoporosis in comparison with TE or SY but also had
lower BMD than either TE or SY. Moreover, increased
aging of SE leads to significantly higher proportions of
osteopenia and osteoporosis and lower BMD than in TE
and SY matched for age.

SCM is a traditional medicine approach with a long
history that has been applied clinically in Korea.
Personalized medicine using herbal medicines according
to individual SCT has been adopted for about 100 years”'.
In SCM, obesity is an important traits. Specifically, BMI,
waist circumference, and waist-to-hip ratio of TE and SY
impart significantly higher odds for such than in SE?.

Obesity and osteoporosis have multifactorial etiologies
including genetic and environmental risk factors, with po-

oy . 2 . ..
tential interactions between them®. Obesity has tradition-



ally been recognized as a protector or inhibitor of
osteoporosis. In several studies, it has been reported that
high weight or BMI is positively associated with high
bone density and that weight loss leads to bone loss".
In contrast, extreme obesity (BMI > 40 kg/n) is associated
with lower BMD?. BMI s the most commonly used meas-
urement of obesity, but it does not distinguish body fat
mass from lean mass™. The development of DXA and
bioelectrical impedance analysis enabled the measurements
of body fat mass, lean mass, and bone mass, which led
to active relevant research®. A recent meta-analysis sug-
gested that both body fat mass and lean mass are positively
correlated with BMD of the lumbar spine, femoral neck,
and whole body despite sex, age, ethnicity, and menopausal
status”.

Although these results indicated that fat mass and mus-
cle mass show interdependent relationships in the growth
and maintenance of bone mass, it is difficult to explain
this in the context of bone metabolism among different
SCT dlassifications. Several mechanisms including mechan-
ical loading and adipocytokines have been proposed to ex-
plain the relationships between lean mass and fat mass
with BMD or bone mineral contents.

The effects of mechanical load on bone metabolism have
been reported in studies of BMD encompassing weight
loss achieved by calorie restrictions and exetcise. One year
of follow-up revealed that caloric restriction-induced
weight loss reduced BMD of the lumbar spine, total hip,
femoral neck, and intertrochanter site, but this not sim-
ilarly achieved by exercise'”. During the 12-week study
period, dietary intervention with energy restrictions led
to the BMDs of the higher-protein chicken group and
higher-protein beef group exhibiting a more significant
decrease than that in the nonintervention control group™.
Different kinds of exercise, including gymnastics, running,
and no exercise, were studied to determine differences in

BMD among adolescent girls during 12 months.
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Gymnastics help with increasing the BMD in the femoral
neck, trochanter, and lumbar spine”. Additionally, gym-
nasts and runners in comparison with those in the control
group showed increases in BMD in the lumbar spine and
femoral neck during seven years of follow-up study™. These
results support that regular weight-bearing activity is
strongly connected to BMD. Also, mechanical loading ac-
tions such as greater weight-bearing increases bone for-
mation by decreasing apoptosis and increasing the pro-
liferation and differentiation of osteoblasts and osteoclasts
through the Wnt/b-catenin signaling pathway’'.

In our previous study, we reported that TE not only
showed significantly lower adiponectin and ghrelin levels
relative to the SE and SY, whereas the SE had the highest
levels of adiponectin and ghrelin among all SCT classi-
fications, but also showed that the contributions of adipo-
nectin, ghrelin, and leptin to metabolic syndrome and its
components differ according to SCT?>. Adiponectin and
leptin are released predominantly from fat tissues, while
ghrelin is predominantly released from the stomach®™.
These appetite-regulating hormones are types of adipocyto-
kines and are associated with bone metabolism™. The tra-
becular bone mass volume in an adiponectin transgenic
mouse model increased compared with control animals,
and tartrate-resistant acid phosphatase - positive mono-
nuclear cell count was confirmed to have decreased. Also,
adiponectin not only inhibited macrophage colony-stim-
ulating factor and receptor activator of nuclear factor kap-
pa-B ligand - induced differentiation of osteoclasts 7z i
but also suppressed bone resorption activity by inhibiting
osteoclastogenesis”. Known as the hunger hormone, ghre-
lin stimulates appetite and promotes eating. Research sug-
gests that ghrelin increases the bone resorption of mature
rat osteoclasts but does not affect the differentiation of
osteoclasts. In human primary osteoblasts culture, ghrelin
promoted an increase in the roughly two-fold proliferation

of osteoblasts’®. Ob/ob (leptin mutant) mice and db/db
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(leptin receptor mutant) presented bone mass and volume
increases, while bone mass was inhibited with an intra-
cerebroventricular infusion of leptin®’. A recent meta-anal-
ysis suggested that adipokine was negatively associated
with BMD and independently with sex, menopausal status,
and fat mass parameters™, while leptin appears positively
correlated with BMD, in particular in postmenopausal
women™. Although many studies have been conducted
to discern the link between bone mass and bone density
of adiponectin, ghrelin, and leptin, results are not con-
sistent and the roles of bone muass and bone density remain
unclear. The fact that even the systematic review report
emphasized a need for further investigation in larger longi-
tudinal studies supports this. Moreover, follow-up research
in the areas of osteopenia and osteoporosis may explain
the importance of managing low BMD by the development
of high bone fractions (1.73- and 2.74-fold respectively)®.
Despite the importance of osteoporosis and obesity in
SCT, studies of BMD, osteoporosis, and osteopenia remain
inadequate. In this study, we suggested that SE not only
exhibit higher proportions of osteopenia and osteoporosis
in comparison with TE or SY but also reduced BMD.
These results are meaningful as they come after the adjust-
ment of previously known risk factors. The possible ex-
planation for the discrepancies between these studies might
be related to variations between populations (small or
large), research designs (tandom or population-based), and
methodological differences (Questionnaire of Sasang
Constitution Classification, Phonetic system, or integrated
diagnostic model for the classification of SCT).
Although our results did not reveal the exact mecha-
nism of BMD, osteopenia, or osteoporosis according to
SCT, we still show differences in BMD, osteopenia, and
osteoporosis depending on SCT. These findings may con-
tribute to the early prevention and management of
high-risk individuals of osteoporosis according to SCT.
Further investigations are needed to confirm BMI changes

in baseline and over time and the incidences of osteopenia
and osteoporosis through longitudinal studies, while future
research should attempt to confirm the risk factors for
osteoporosis according to SCT and to explore the physio-

logical mechanisms underlying the association.
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