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Qrsemr

Background: The relationship between dehydroepiandrosterone sulfate (DHEA-S) and
bone mineral density (BMD) is controversial. And findings of most studies that have in-
vestigated this relationship are restricted to postmenopausal women. In this study, we
investigated the relationship between serum DHEA-S and BMD in both men and wom-
en. Methods: This cross-sectional study evaluated a total of 294 healthy Korean partici-
pants through a medical examination program. And a subgroup of 154 participants was
subjected to a longitudinal analysis. We measured BMD by dual energy X-ray absorpti-
ometry and assayed DHEA-S by a chemiluminescent immunoassay. Results: We evalu-
ated the association between serum DHEA-S concentration and BMD at the femur tro-
chanter after adjusting for cofounders such as age, body mass index, lifestyle factors, se-
rum cortisol level, serum insulin-like growth factor 1 (IGF-1) level, and sex. Through our
longitudinal study, we found that the changes in BMD at the total spine, at the femur
neck, and at the femur trochanter were all smaller in the ADHEA-S <0 group than in the
ADHEA-S >0 group. Conclusions: We found that there was a positive correlation be-
tween serum DHEA-S and femur BMD, which suggests that controlling serum DHEA-S
levels may retard age-related BMD reduction in Koreans.
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INTRODUCTION

Osteoporosis is a common disorder characterized by compromised bone strength,
an age-related bone loss, and an increased risk for fractures, affecting both men
and women. This age-related degeneration begins soon after reaching peak bone
mass and continues through to senescence.[1] Because the prevalence of osteo-
porosis and osteoporotic bone fractures increases with age and the Korea popula-
tion is aging at an alarming rate, these diseases are expected to impose a heavy
burden on the health system in the future. For these reasons, they are also be-
coming recognized as important public health concerns[2] and as serious public
health threats.[3]

Osteoporosis is defined on the basis of the assessment of bone mineral density
(BMD), which remains the single best predictor of primary osteoporotic fractures.
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[4] BMD decreases with age, and this age-related decline
has been shown to be associated with factors such as race,
genetics, hormones, lifestyle, and medication.

Dehydroepiandrosterone (DHEA) is the most plentiful
steroid hormone secreted mainly from the adrenal gland
and exists predominantly in a sulphated form (DHEA sul-
fate [DHEA-S]).[5] DHEA/DHEA-S production in humans
decreases profoundly with age; and soon after the peak
serum levels of DHEA and of DHEA-S are achieved in early
adulthood, their concentration steadily declines.[6] This
age-related decline in DHEA is associated with many age-
related involuntary changes such as osteoporosis.[7] Sev-
eral studies have reported that DHEA plays an important
role in bone metabolism[8,9] and has a positive effect on
BMD in both men and women.[10] However, most former
studies investigating the association between DHEA-S lev-
els and BMD have been studied principally on menopausal
women and have conflicting results.[11,12] Moreover, only
few longitudinal studies have investigated this subject.

We carried out a cross-sectional study to examine the
association between DHEA-S levels and BMD among both
healthy Korean men and women and an additional longi-
tudinal study to evaluate the relationship between chang-
es in serum DHEA-S levels and changes in BMD over 3 years.

METHODS

1. Study population

We reviewed medical records of 329 consecutive adults
who voluntarily participated in a physical examination at
Chaum Life Center, CHA University Schooal of Medicine,
Seoul, Korea, between September 2010 and June 2015. We
recruited a total of 294 participants in whom BMD and se-
rum DHEA-S concentrations had been measured and who
had fulfilled the inclusion criteria of a community-dwelling
healthy Korean. Among them, we selected a subgroup of
154 participants whose annual BMD measurements and
blood samples for DHEA-S had been collected for four years
so that we could investigate the association between change
in serum DHEA-S levels (ADHEA-S) and change in BMD (ABMD).
We excluded those who had cancer, uncontrolled diabetes
mellitus (hemoglobin A1c [HbA1c] >8.0% / total hemo-
globin [THb]), severe kidney disease (Creatinine >2.5 mg/
dL or estimated glomerular filtration rate [eGFR] <60 mL/
min/1.73 m?), severe lung disease (FEV1<60%), severe liv-
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er disease (serum glutamate-oxaloacetate transaminase
[SGOT]/serum glutamate-pyruvate transaminase [SGPT]
>80 IU/L), mental disease or drug abuse and taken drugs
which may affect bone metabolism. Women who were
pregnant or lactating were also excluded. This study was
approved by the Institutional Review Board of CHA Univer-
sity School of Medicine.

2. Measurements

All physical examinations were performed by medical
staff in accordance to standard procedures. Participants
were asked about lifestyle behaviors (including exercise,
cigarette smoking, and alcohol consumption) and any on-
going treatments for disease. If a participant was undergo-
ing treatment at the time of enrollment, we gathered in-
formation regarding the diagnosis, the date of diagnosis,
and the list of medications with which the patient has been
administered. Trained staff reviewed the completed ques-
tionnaires and entered the responses into a database.

Participants were classified by smoking status as non-
smokers, ex-smokers, or current smokers and by alcohol
consumption as non-drinkers, abstainers (<70 g/week of
alcohol), or current drinkers (=70 g/week of alcohol). Reg-
ular exercise was defined as exercising more than twice a
week. Body weight and height were measured to the near-
est 0.1 kg and 0.1 cm, respectively, with subjects wearing
light indoor clothing without footwear. The body mass in-
dex (BMI) was calculated as the ratio of weight to height
squared (kg/m?). Blood samples were obtained from the
antecubital vein of the participant early in the morning af-
ter a 12-hr overnight fast. We used a chemiluminescent im-
munoassay for the quantitative determination of DHEA-S
(UniCel Dxl 800; Beckman Coulter,Fullerton, CA, USA). ADHEA-S
and ABMD were calculated by (fourth-year result) — (first-
year result).

3.BMD

Using dual energy X-ray absorptiometry (DXA), we mea-
sured BMD in 4 skeletal sites: the lumbar spine (L1-L4), the
femur neck, the femur ward, and the femur trochanter (Ho-
logic Discovery-W; Hologic Inc., Bedford, MA, USA).

4. Statistical analysis
All continuous and categorical variables were reported
as the mean * standard deviation (SD) and as percentages.
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Using Pearson’s correlation, we measured the strength of
the correlation between DHEA-S and BMD at the various
skeletal sites. Multiple linear regression analysis was used
to assess these associations after adjusting for confound-
ing variables including age, BMI, smoking, alcohol consump-
tion, serum cortisol level, and serum insulin-like growth
factor 1 (IGF-1) level. We divided the subjects into three
groups according to serum DHEA-S concentrations and
then evaluated the groups through one-way-analysis of
variance (ANOVA). For the 3-year longitudinal study, we di-
vided the subgroup into two according to the change in
serum DHEA-S levels and used the paired t-test to analyze
the statistical significance of differences between the two
groups. All analyses were performed with IBM SPSS statis-
tics version 18.0 (SPSS Inc.,, Chicago, IL, USA). And statistical
significance was determined by a P-value <0.05.

RESULTS

The baseline characteristics of the 294 subjects in the
study are presented in Table 1. The mean age was 54.9+
11.0 years (range, 16-85 years), and the mean serum DHEA-
S level was 131.5£86.3 pug/dL (range, 4.8-677.7 pug/dL).

Pearson correlation coefficients of BMD with age, BMI,

Table 1. Baseline characteristics of the study population

. Men Women
Variables (n=155) (n=139) P-value
Age, yr 55.89+11.0 53.964+10.9 0.008
BMI, kg/m? 2388+226 21594274 <0.001
Current smoker, n (%) <0.001
Yes 81(52.3) 8(5.8)
No 74(47.7) 131(94.2)
Alcohol consumption, n (%) <0.001
Yes 123 (79.4) 70 (50.4)
No 32(20.6) 69 (49.6)
Exercise, n (%) 0.544
Yes 77(49.7) 74(53.2)
No 78(50.3) 65 (46.8)

DHEA-S, pg/dL
Cortisol, pg/dL

154.68+90.5 105.67+73.4 <0.001
9.41+454  8.02+328 0.003

IGF-1, ng/dL 174.04+£50.1 167.21+£634 0311
Testosterone, ng/mL 4644187

FSH, mIU/mL 51.51+40.1

E2, pg/mlL 75.54+£102.3

DHEA-S is Positively Correlated with BMD ||

smoking, alcohol consumption and serum hormone levels
are presented in Table 2. We found that age was positively
correlated with BMI at the femur neck and at the femur
ward. Conversely, BMI, DHEA-S level, and IGF-1 level were
all positively correlated with BMD at various sites (BMI, all
sites; DHEA-S, femur neck, ward, and trochanter; IGF-1, fe-
mur neck and ward). There was no association between
serum cortisol level and BMD at any of the sites. Testoster-
one was positively correlated with BMD at only the total
spine in men. We found that follicle stimulating hormone
was negatively correlated with BMD and that estradiol was
positively correlated with BMD at all sites in women.

The association between BMD and serum DHEA-S was
analyzed after adjusting for potential confounders (Table
3). In model 1 where cofounders age and BMI were adjust-
ed for, we found that serum DHEA-S level was positively
associated with BMD at the femur neck and the trochanter.
In model 2, we found that serum DHEA-S level was posi-
tively associated with BMD at the femur neck and the tro-

Table 2. Pearson’s correlation coefficients between bone mineral
density and variables

. Total Femur Femur Femur
Variables ;
spine neck ward trochanter

Age

r 0.047 -0.163 -0.303 0.98

P-value 0.423 0.005 <0.001 0.093
BMI

r 0.26 0.259 0.167 0.475

P-value <0.001 <0.001 0.004 <0.001
DHEA-S

r 0.022 0.204 0.201 0.167

P-value 0.704 <0.001 0.001 0.004
Cortisol

r 0.095 0.026 -0.007 0.05

P-value 0.104 0.661 0.903 0.396
IGF-1

r 0.048 0.166 0.192 0.031

P-value 0.413 0.004 0.001 0.598
Testosterone®

r 0.177 0.012 -0.028 0.008

P-value 0.032 0.886 0.737 0.925
FSHY

r -0.315 -0.42 -0.451 -0.281

P-value <0.001 <0.001 <0.001 0.001
E20

r 0.259 0.296 0.317 0.243

P-value 0.002 0.001 <0.001 0.005

The data is presented as mean % standard deviation or number (%).
BMI, body mass index; DHEA-S, dehydroepiandrosterone sulfate; IGF-1,
Insulin-like growth factor 1; FSH, follicle stimulating hormone; E2, estra-
diol.
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Men (n =155). "Women (n=139).

BMI, body mass index; DHEA-S, dehydroepiandrosterone sulfate; IGF-1,
Insulin-like growth factor 1; FSH, follicle stimulating hormone; E2, estra-
diol.
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Table 3. Multiple regression analysis between bone mineral density and dehydroepiandrosterone sulfate

Total spine Femur neck Femur ward Femur trochanter
B SE P-value B SE P-value B SE P-value B SE P-value
Model 1 0.091 0.017 0.178 0.163 0.012 0.012 0.018 0.013 0.775 0.265 0.012  <0.001
Model 2 0.060 0.018 0.436 0.155 0.013 0.033 0.022 0.014 0.805 0.246 0.012  <0.001
Model 3 0.036 0.019 0.619 0.059 0.013 0.399 0.019 0.014 0.784 0.163 0.013 0.012
The serum dehydroepiandrosterone sulfate and cortisol levels were logarithmically transformed.
Model 1 adjusted for age and body mass index.
Model 2 additionally includes smoking, alcohol consumption, exercise, cortisol level, and Insulin-like growth factor 1 level.
Model 3 additionally includes sex.
SE, standard error.
0.02 m ADHEA-S"<0
= ADHEA-S>0 .
* 1
—
0.01 |
3 —
= S 0
@ 3
-001
-002 -
Total spine Femurneck  Femurward Femur trochanter Total spine  Femurneck Femurward Femurtrochanter

Fig. 1. Mean bone mineral density (BMD) values according to dehy-
droepiandrosterone sulfate tertile categories. The mean estimated
BMD values were calculated by one-way analysis of variance (ANO-
VA). *P<0.05: one-way ANOVA with Tukey’s multiple comparison test.

chanter even after adjusting for other variables. But in mod-
el 3, after adjustment for sex, there was no significant asso-
ciation between DHEA-S and BMD at the femur neck.

The subjects were categorized into three tertile groups
(T1, T2, and T3) according to serum DHEA-S concentration
and compared by one-way analysis of variance (Fig. 1). We
found that BMD at the femur neck, at the ward, and at the
trochanter increased in a dose-dependent fashion across
increasing DHEA-S tertile categories. Compared to subjects
in the lowest DHEA-S tertile category (T1), those in the high-
er DHEA-S categories (T2, T3) showed significantly higher
BMD at the femur neck, at the ward, and at the trochanter.

The subgroup (n=154) was divided into two groups (G1,
n=72; G2, n=82) according to the change in serum DHEA-
S levels over 3 years. As seen on Figure 2, which shows the
mean change in BMD by group, we found that the change
in BMD was lower in the ADHEA-S <0 group than in the
ADHEA-S >0 group at the total spine, at the femur neck, and
at the femur trochanter. The change in BMD did not signifi-
cantly differ between the two groups at the femur ward.

34 http://e-jbm.org/

Fig. 2. Association between changes in serum dehydroepiandrosterone
sulfate (DHEA-S) level and changes in bone mineral density (BMD). *P<
0.05. #ABMD: change in BMD. "ADHEA-S: change in serum DHEA-S.

DISCUSSION

We investigated the correlation between BMD and se-
rum DHEA-S levels in healthy Koreans. Our data suggest
that serum DHEA-S level is positively correlated with BMD,
especially with BMD in the femur. Even after adjusting for
potential confounders, such as age, BM|, sex, lifestyle, and
other hormones, we found that BMD at the femur neck and
at the femur trochanter was associated with serum DHEA-
S. However after adjusting for sex, this association was no
longer significant at the femur neck.

DHEA mediates its action via multiple signaling pathways
and in this process converts into androgens and estrogens,
leading to several downstream signaling cascades.[13,14]
The role of DHEA in bone metabolism is likely to be com-
plex. Not only does DHEA stimulate cell proliferation and
alkaline phosphatase activity in human osteoblasts, it also
stimulates osteoblast differentiation in human marrow mes-
enchymal stem cells.[15] In porcine osteoblast-like cells
and porcine osteoblasts, DHEA has anabolic effects and

https://doi.org/10.11005/jbm.2017.24.1.31
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promotes alkaline phosphatase activity and collagen | syn-
thesis.[16] Further, DHEA has a role in the inhibition of in-
terleukin 6 (IL-6) in skeletal muscle catabolism and in the
stimulation of IGF-I-mediated mechanisms that underlie
osteoanabolic events.[15,17]

Based on the findings of the previously mentioned re-
ports, a number of clinical studies have investigated the
association between serum DHEA-S and BMD. For exam-
ple, Osmanagaoglu et al.[18] suggested that DHEA-S levels
positively correlate with BMD in postmenopausal women
and Bacsi et al.[12] reported that serum DHEA-S levels pos-
itively correlate with BMD at the lumbar spine. Recently, a
Korean study showed that DHEA-S has favorable effects on
bone mass and that a low serum DHEA-S level is a poten-
tial risk factor for osteoporosis in healthy Korean men. [19]
However, some studies have reported that there is no sig-
nificant association between DHEA-S levels and BMD.[11,20]

In our study, the data showed a positive correlation be-
tween serum DHEA-S and BMD at the femur but not at the
total spine. Tok et al.[8], who reported similar findings as in
our study, reported that serum DHEA-S level is the only in-
dependent predictor of BMD at the femoral neck. Althou-
gh, it is well known that trabecular bone is more sensitive
to gonadal steroids than cortical bone, research on the ef-
fects of DHEA-S on trabecular bone and on cortical bone is
limited. A recent study showed that low levels of DHEA-S
may be associated with weak cortical bone in patients with
congenital adrenal hyperplasia,[21] which can be partially
explained by the findings of our study. But further studies
are required to confirm the relationship between DHEA-S
and cortical bone.

We found that subjects in the lowest serum DHEA-S ter-
tile had consistently lower BMD than those in higher se-
rum DHEA-S tertiles in our study. This is similar to the re-
sults of a former study that was performed on healthy men.
[19] In addition, although most of the former studies re-
port a positive correlation between DHEA-S and BMD in
men and in women, their investigations are based on a
single-sex population.[12,19,22] Because our study includ-
ed both sexes as a single sample, the findings of our study
suggest that DHEA-S is an independent predictor of BMD
change irrespective of gender.

Several studies support a beneficial role of DHEA-S in bone
health. For instance, intervention studies have reported that
DHEA replacement therapy improves hip BMD and spine

https://doi.org/10.11005/jbm.2017.24.1.31
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BMD in the aged population.[23-25] In another study, it
was shown that high baseline levels of serum DHEA-S is
associated with reduced bone loss at the femur neck and
the lumbar spine.[22] Similarly, using our subgroup analy-
sis, we showed that BMD at the total spine, the femur neck,
and the femur trochanter was more preserved in the ADHEA-S
>0 group than in the ADHEA-S <0 group after 3 years. Our
results imply that maintaining levels of serum DHEA-S can
minimize the age-related bone loss. Further, our data sug-
gest that follow-up serum DHEA-S levels may be a useful
indicator of BMD in healthy subjects.

Our study has several limitations. Because the study sub-
jects were volunteers for a physical evaluation at a single
hospital, selection bias may have been introduced in the
way participants were recruited, which means that our study
population may not be a representative sample of the gen-
eral Korean population. Further, the number of subjects
studied, especially in the subgroup analysis, was not large
enough to provide conclusive evidence. And because of
subjects were small in number, we could not separate men
and women in Figure 1 and 2. To raise the statistical power
and wider representation of our study, more subjects are
needed in a future study. Lastly we measured BMD at fe-
mur neck, ward and trochanter instead of total femur BMD
which is widely used for diagnosing osteoporosis.

CONCLUSION

Our study showed that higher concentrations of serum
DHEA-S are correlation with higher femur BMD, but not
with spine BMD, in healthy Koreans. As such, we propose
that maintaining serum DHEA-S level can slow down the
age-related reduction in BMD. However, prospective stud-
ies with a larger sample number and longer follow-up pe-
riods are required.
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