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Abstract

Purpose To investigate the relationship between post-
menopausal women’s sclerostin levels and bone density
and the factors that may affect this relationship.

Materials and methods 135 postmenopausal patients’
ages, BMIs, hormonal statuses, BMD values, and smoking,
and consumption of coffee and dairy products were com-
pared with their sclerostin levels.

Results No statistical relationship was found between
sclerostin level and age in the group with osteoporosis
(p=0.204, r=-0.305). There was a positive, high-level
relationship between sclerostin levels and BMI in the osteo-
porosis group and it was found to be statistically significant
(p<0.001, r=0.786). No statistical relationship was found
between sclerostin level and age in the non-osteoporosis
group with (p=0.496, r=-0.88). There was a positive,
moderate relationship between sclerostin levels and BMI
in the non-osteoporosis group and it was found to be sta-
tistically significant (p <0.001, r=0.505). No statistically
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significant relationship could be found between sclerostin
levels and vitamin D (p=0.723), PTH (p=0.112), FSH
(p=0.795), E, (p=0.627), TSH (p=0.517), T; (p=0.788),
and T, (p=0.664) blood levels. No significant difference
was found among the groups formed by smoking, con-
sumption of coffee and milk, and dairy products, either
(p=0.405; p=0.626; p=0.234, respectively). It was moni-
tored that sclerostin’s negative effect observed on BMD
scores was independent from age; however, it had a positive
correlation with BMI.

Conclusion As blood sclerostin levels increase, bone
mineral density decreases. This negative effect of sclerostin
on bone density increases as BMI increases, too. Effects
of sclerostin levels on bone density are independent from
age, and they are not affect by levels of vitamin D: PTH,
FSH, E, and thyroid hormones, and daily activities, such
as smoking and consumption of coffee and milk and dairy
products, either.

Keywords Sclerostin - Body mass index - Bone mineral
density - Smoking - Coffee - Dairy products

Introduction

Osteoporosis is a disease characterized by weak bone qual-
ity in which bone mineral density (BMD) decreases as
a result of deterioration in the skeletal microarchitecture
and dilution in the bone protein pattern [1]. As bone min-
eral density and bone resilience decrease, liability to bone
fractures increases [2]. It is predicted that there will be
61 million patients under the risk of fracture due to 14 mil-
lion osteoporosis patients and low bone mass in the United
States by 2020 [3].
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The approach used today in osteoporosis treatment is the
antiresorptive treatment that mitigates bone resorption [4,
5]. In anabolic treatments through which there is an effort
to develop to increase bone formation, agents for inhibiting
sclerostin are worked on [6, 7].

Sclerostin is a 19-amino-acid glycoprotein which is
the product of the SOST gene located on chromosome
17q12—qg21 in humans. It is primarily expressed in osteo-
cytes buried in bone matrix and also in cementocytes and
mineralized hypertrophic chondrocytes [8]. Sclerostin is an
inhibitor indigenous to Wnt signaling. Wnt signaling plays
an essential role in osteogenesis and regulation of bone
mass. Loss of function in Wnt signaling pathway manifests
itself as skeletal fragility and reduced bone mass. Conse-
quently, osteoblastic bone formation is decreased with scle-
rostin production but increased with sclerostin inhibition
[9, 10].

The purpose of this study is to examine the relationship
between the bone density and sclerostin levels of patients in
the postmenopausal period in which osteoporosis increases
and investigate the relationship between sclerostin and
patient’s hormonal status and daily life activities.

Materials and methods

This is a cross-sectional study conducted with 135 post-
menopausal patients who consulted the Medical School
Hospital of Turgut Ozal University between April 2015 and
March 2016.

The 135 patients had been in menopause for at least 1
year. Those who had history of bone fracture and malig-
nity, who experienced hyperparathyroidism and malab-
sorption syndrome, had received chemotherapy in the last
5 years, used steroids, and had been on medication that
might affect bone metabolism other than bisphosphonate
were not included in the study. The patients using antidia-
betic agents, antihipertansive drugs, cardiac drugs, asthma
drugs, and gastroenterological medication were included in
the study as systemic medication use.

Participants’ demographics, such as age, height, weight,
body mass index (BMI), and year of menopause, were
recorded. Blood samples were taken from the patients
under 8-h fasting condition in the morning to perform rou-
tine ELISA tests and measure levels of vitamin D, parathor-
mone (PTH), follicular stimulant hormone (FSH), Estradiol
(E,), thyroid stimulant hormone (TSH), and T; and T,.
Patients’ chronic diseases, such as diabetes mellitus (DM)
and hypertension (HT) and status of systemic administra-
tion and bisphosphonate use, were asked. Those who used
bisphosphonate were classified in a separate group.

Fasted blood samples were taken from all the patients
in the morning for the sclerostin measurement to evaluate
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them with the ELISA method using the “Sclerostin East-
biopharm Cat no: CKE90953” kit. The results were given
in ng/ml.

Bone density of the patients was measured by Hologic
machine using DEXA (Dual Energy X-Ray Absorptiom-
etry) method in L1-L4 bones. The densitometry data,
including bone density in lumbar spine and femoral neck,
were collected based on the WHO T score values [11].
Accordingly, the patients with lumbar spine and femoral
neck T scores of —2.5 and below were accepted as the
osteoporosis group.

The patients were asked for their exercise and dietary
habits as their daily life parameters. Unfortunately, it was
not possible to evaluate the answers statistically, because
the exercise habits are not sufficient in the postmenopau-
sal group in our country, and this section was omitted
from the study. The patients were classified by their cof-
fee consumption, smoking, and consumption of milk and
dairy products, which are deemed to be affecting osteo-
porosis, as everyday consumption, consumption for 2-3
times a week, less than once a week and non-users.

Approval of Turgut Ozal University Ethical Com-
mittee and the written consent of all the patients were
obtained for this study.

Statistical analysis

All statistical analyses were performed using SPSS for
the Windows 11.5 software program (SPSS Inc., Chi-
cago, IL). For the quantitative variables, mean +sd and
median (min—max), for the categorical (qualitative) vari-
ables’ percentage (frequency), were used as descriptors in
the study. When to look whether there was a statistically
significant difference between the categories of a quali-
tative variable with two categories in terms of a quan-
titative variable, Student 7T test was used if the normal
distribution assumptions were met; if not, Mann—Whit-
ney U test was used. When to look whether there was a
statistically significant difference between the categories
of a qualitative variable with three or more categories in
terms of a quantitative variable, one-way ANOVA was
used if the normal distribution assumptions were met; if
not, Kruskall-Wallis test was used. When it is the pur-
pose to see if there was a statistically significant relation-
ship between two quantitative variables, the Spearman’s
Rank Correlation Coefficient was used, because at least
one of the variables did not meet the normal distribu-
tion assumptions. The linear regression was utilized for
examining the effect of the quantitative variable(s) on the
dependent quantitative variable. Significance level was
set at p=0.05.
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Results

Average age of the patients was calculated to be
68.14 +9.50, and the median value was calculated to be
69.0 (48.0-89.0). Their BMI average was calculated to
be 24.54 +2.79, and the median value was calculated to
be 25.0 (19.0-30.0). The average levels of blood scle-
rostin were calculated to be 39.38 +46.16 ng/ml, and the
median value was calculated to be 23.0 (5.0-238.0) ng/
ml.

No statistically significant relationship could be found
between sclerostin levels and blood vitamin D (p =0.723),
PTH (p=0.112), FSH (p=0.795), E, (p=0.627), TSH
(p=0.517), T; (p=0.788), and T, (p =0.664) levels.

23 of the patients included in the study were accepted
to the osteoporosis group (24.5%), and 71 were included
in the non-osteoporosis group (74.5%) (41 patients could
not be grouped due to data loss.)

Whereas the mean +sd value of the age of the osteo-
porosis group was 63.39+9.75, it was 67.96+8.52 in
the non-osteoporosis group. A statistically significant
difference was found between the osteoporosis and non-
osteoporosis groups in terms of age (p=0.034). Median
(min—max) value of BMI in the osteoporosis group was
26.0 (20.0-30.0), while it was 24.0 (19.0-29.0) in the
other group. A statistically significant difference was
found between the osteoporosis and non-osteoporosis
groups in terms of BMI (p <0.001).

No statistical relationship was found between scle-
rostin level and age in the group with osteoporosis
(p=0.204, r=—-0.305). There was a positive, high-level
relationship between sclerostin levels and BMI in the
osteoporosis group and it was found to be statistically
significant (p <0.001, r=0.786). This relationship is
charted in Fig. 1.

No statistical relationship was found between sclerostin
level and age in the non-osteoporosis group with (p =0.496,
r=—0.88). There was a positive, moderate relationship
between sclerostin levels and BMI in the non-osteopo-
rosis group and it was found to be statistically significant
(»<0.001, r=0.505). This relationship is charted in Fig. 2.

When examining the relationship between sclerostin and
BMI, including all the patients, a high-level, positive rela-
tionship was found between sclerostin and BMI (p <0.001,
r=—0.688). This relationship is charted in Fig. 3.

As for the relationship between sclerostin and BMD
measurement results, a negative and statistically significant
relationship was found between all the values and scle-
rostin. There is a high-level, negative relationship between
sclerostin and lumbar spine T and Z scores (p<0.001,
r=-0.645, and p<0.001, r=-0.650, respectively). A
moderate, negative relationship was observed between
sclerostin and femoral neck T and Z scores (p<0.001,
r=-0.453 and p<0.001, r=-0.439, respectively).

No statistically significant difference was found for
the sclerostin parameter between the HT and no-HT
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Fig. 2 Positive relationship
between sclerostin and body
mass index (BMI) in non-osteo-
porosis group

Fig. 3 Positive relationship
between sclerostin and BMI in
all patients
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groups (p=0.135). The median (min-max) values of  statistically significant difference could be found for the
sclerostin were found to be 19 (14-113) and 26 (12-238) sclerostin parameter between the DM and no DM groups
for the no-HT and HT groups, respectively. Likewise, no  (p=0.884). The median (min—max) values of sclerostin
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were found to be 24.5 (12.0-238.0) and 23.0 (13.0-225.0)
for the no-DM and DM groups, respectively.

There is a significant difference for the sclerostin param-
eter among the year of menopause groups (p=0.038).
According to the results of the post-hoc test performed
to see among which subgroups, there was a difference,
and it was found that differences between the group of 20
years and above and the group of 5-10 years (p=0.012)
and the group of 10-20 years and the group of 5-10 years
(p=0.019) caused the significance.

No statistically significant difference was found for the
sclerostin parameter between the systemic medication
groups (p=0.485). Similarly, no statistically significant dif-
ference was found between the groups that did use and did
not use bisphosphonate (p =0.443).

No significant difference could not be found among
the groups formed by smoking, consumption of coffee
and milk, and dairy products, either (p=0.405; p=0.626;
p=0.234, respectively).

It was seen that the effect of blood sclerostin levels on
BMD scores was not found to be related to age.

Sclerostin’s effect on lumbar spine T score was not
found to be related to age (p=0.450). Sclerostin alone
explains 26.8% of the change in the lumbar spine T score
(»<0.001). The change of 100 units in sclerostin causes a
decrease of 1.6 units in the lumbar spine T score (Lumbar
spine T score = —0.264 — 0.016 X sclerostin).

Sclerostin’s effect on lumbar spine Z score was not
found to be related to age (p=0.523). Sclerostin alone
explains 28.8% of the change in the lumbar spine Z score
(p<0.001). The change of 100 units in sclerostin causes a
decrease of 1.6 units in the lumbar spine Z score (Lumbar
spine Z score = —0.050 —0.016 X sclerostin).

Sclerostin’s effect on the femoral neck T score was not
found to be related to age (p=0,670). Sclerostin alone
explains 22.8% of the change in the femoral neck T score
(»<0.001). The change of 100 units in sclerostin causes a
decrease of 1.1 units in the femoral neck T score (Femoral
neck T score = —0.837-0.011 X sclerostin).

Sclerostin’s effect on femoral neck Z score was not
found to be related to age (p=0.060). Sclerostin alone
explains 19.6% of the change in the femoral neck Z score
(p<0.001). The change of 100 units in sclerostin causes a
decrease of 0.9 units in the femoral neck Z score (Femoral
neck Z score = —1.680 —0.009 X sclerostin).

When looking up whether BMI, vitamin D, PTH,
FSH, E, and TSH parameters had an impact on the lum-
bar spine T score, while the sclerostin parameter was
along in the model, sclerostin (p=0.004) along with
BMI (p=0.035) was found to be statistically significant.
Sclerostin and BMI explain 33.2% of the change in the
lumbar spine T score. The change of 100 units in scle-
rostin causes a decrease of 0.11 unit in the lumbar spine

T score; the change of 10 units in BMI causes a decrease
of 1.39 in the lumbar spine T score (lumbar spine T
score =2.108 —0.011 X sclerostin — 0.139 x BMI).

When looking up whether BMI, vitamin D, PTH,
FSH, E, and TSH parameters had an impact on the fem-
oral neck T score, while the sclerostin parameter was
along in the model, sclerostin (p=0.022) along with
BMI (p=0.038) was found to be statistically significant.
Sclerostin and BMI explain 28.4% of the change in the
femoral neck T score. The change of 100 units in scle-
rostin causes a decrease of 0.07 unit in the femoral neck
T score; the change of ten units in BMI causes a decrease
of 1.39 in the femoral neck T score (Femoral neck T
score =0.963-0.007 x sclerostin — 0.103 x BMI).

Discussion

It was seen in this study that bone density decreases as
blood sclerostin levels increase in postmenopausal patients.
It was revealed that sclerostin levels are not affected by
hormonal parameters in blood and dietary habits. It was
concluded that blood sclerostin levels are inversely propor-
tional to age and directly proportional to BMI. Sclerostin’s
negative effect on bone density was not found to be related
to age, and it is in a positive correlation with BMI.

The inhibitor effect of sclerostin on bone mineral den-
sity was shown in the study. Studies performed on this sub-
ject in the literature are in parallel with negative effects of
sclerostin on bone formation via various mechanisms and
the fact that sclerostin increases the risk of bone fracture
[12—14]. It is thought that therapies to be applied with scle-
rostin antibodies in osteoporosis treatment will regulate
bone formation, and studies are carried out on this subject
[4,5, 10, 14].

According to the results of our study, blood sclerostin
levels were not affected by endocrinal parameters. There
are publications in the literature that regard bone tissue
as an endocrine organ and support that bone formation is
affected by hormonal status [15]. Even though no connec-
tion could be found in this study, Wang published a paper
revealing that FSH increases the risk of osteoporosis [16].
In the study conducted by Liakou et al., it was revealed that
blood sclerostin levels do not differ by menstrual cycle.
This result coincides with the fact that blood sclerostin lev-
els are not affected by hormonal status [17].

There are studies in the literature, too, showing that
there is a negative correlation between blood parathor-
mone level and sclerostin level and blood sclerostin lev-
els change in the vitamin D supplement [18-20]. Differ-
ence between previous studies and this study is that those
studies evaluated the sclerostin levels after administer-
ing PTH and vitamin D externally; however, this study
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compared the spontaneous blood levels. Moreover, the
study group in this research was composed only of meno-
pausal patients; studies in the literature abovementioned
also included premenopausal patients. Changes occurring
in the bone metabolism with age may be the reason for
the difference.

No relationship was found between sclerostin levels
and the presence of DM and HT in this study conducted
with postmenopausal patients. Yet, there are publications
in the literature showing that patients with diabetes have
increased levels of sclerostin [21, 22]. There have been arti-
cles revealing the relationship between sclerostin and vas-
cular calcification in the literature in recent years; however,
as far as the authors are concerned, no studies have been

performed to examine the hypertension—sclerostin relation-
ship to date [23-25] (Table 1).

According to the literature, smoking and coffee con-
sumption are risk factors for osteoporosis, and regular con-
sumption of dairy products diminishes the risk of osteo-
porosis [26-29]. It was aimed in this study to examine the
relationship between sclerostin levels and smoking, coffee
consumption, and consumption of dairy products, so that it
could be understood whether the relationship between these
products and osteoporosis is caused by sclerostin, but no
relationship could be found. This subject is open for inves-
tigation in the literature (Table 1). There is one study in the
literature that investigates the relationship between alcohol
intake and sclerostin [30].

Table 1 Relationship between

. Parameters Sclerostin
blood sclerostin levels and
HT, DM, year of menopause, N Average +SD Median (min—-max) p value
bisphosphonate use, coffee
consumption, smoking, and Hypertension
consumption of milk and dairy No 9 30.44+31.79 19.0 (14.0-113.0) 0.135
products Yes 49 42.55+48.78 26.0 (12.0-238.0)
Missing 77
Diabetes
No 24 43.13+52.47 24.5 (12.0-238.0) 0.884
Yes 33 39.67+43.03 23.0 (13.0-225.0)
Missing 78
Years after menopause
<5 7 73.71 £85.55 31.0 (7.0-238.0) 0.038*
5-10 years 63.89+66.93 33.0 (22.0-225.0)
10-20 years 25 30.84+25.11 23.0 (5.0-112.0)
20 years and above 39 33.67+39.15 22.0 (12.0-235.0)
Missing 55
Bisphosphonate use
No 62 40.10+50.29 23.0 (5.0-238.0) 0.443
Yes 18 38.28+£30.24 23.0 (5.0-238.0)
Missing 55
Coffee consumption
Never 6 20.67 +5.09 21.5 (15.0-28.0) 0.405
Everyday 33 42.36 +46.65 26.0 (12.0-235.0)
2-3 times in a week 26 47.00+59.46 26.5 (14.0-238.0)
Less than once in a week 15 28.73+20.90 21.0 (7.0-75.0)
Missing 55
Smoking
Never 60 35.20+41.79 23.0 (5.0-238.0) 0.626
Everyday 16 48.06 +44.17 23.5 (13.0-144.0)
2-3 times a week 4 73.50+101.12 26.5 (16.0-225.0)
Missing 55
Milk and dairy products
Everyday 37 31.76+39.43 22.0 (5.0-238.0) 0.234
Two-to-three times a week 31 44.97+54.10 24.0 (14.0-235.0)
Less than once in a week 11 50.55+46.37 26.0 (12.0-144.0)
Missing 56
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It has been also reported that bisphosphonate use in
postmenopausal osteoporosis increases sclerostin levels
[31]. According to the results of this study, no significant
difference could be put forth on the subject. This result
may be explained by the reason that the patients who par-
ticipated in the study had different durations of bisphospho-
nate use and used different preparations.

It was also observed in the study that there is no cor-
relation between blood sclerostin levels and age. Neverthe-
less, Amrein and Modder stated in their study performed
with premenopausal patients that sclerostin levels increase
as individual gets older [32, 33]. In the research conducted
by Roforth et al. circulating sclerostin levels and bone
mRNA levels of sclerostin were compared using quantita-
tive polymerase chain reaction (QPCR) analyses in needle
bone biopsies between the groups of younger individuals
and postmenopausal older individuals [34]. As a result, it
was seen that blood sclerostin levels in the group of post-
menopausal older individuals are higher than in the group
of younger individuals, but bone sclerostin mRNA levels
do not differ. Despite higher blood sclerostin levels in the
group of older individuals than the younger population, this
correlation may be over in the postmenopausal group; this
may mean what is desired to do with anabolic bone pro-
tection treatments is done by the nature itself. The changes
observed the sclerostin levels along with age are still a mat-
ter of subject open to investigation.

It was seen in the study that blood sclerostin levels are
in a positive correlation with BMI and they are effective
together in decreased bone density. Similarly, Amrein et al.
put forth sclerostin’s positive correlation with BMI [32].
There are studies in the literature which found that scle-
rostin levels increase or do not change with the weight loss
in obese people; however, these data may not be in paral-
lel with the result of these study, because they are related
to bariatric surgery and acute weight loss upon a strict diet
[35-37]. While a higher percentage of body fat has been
associated with elevated sclerostin levels [32] and obese
subjects have a much lower bone turnover than healthy
controls [38], patients after bariatric sugery also show
elevated levels of sclerostin up to 2 years after the initial
weight loss [37]. In these cases, high sclerostin levels were
negatively associated with bone density loss during weight
loss [37]. In addition, higher sclerostin levels have been
found in patients suffering from pre-diabetes [39], suggest-
ing that sclerostin may have an impact on insulin action and
clearance in humans. No significant difference of sclerostin
levels was found in patients diagnosed with diabetes in this
study, however.

This is a study that shows the relationship between scle-
rostin levels and age, BMI, bisphosphonate use, smoking,
coffee consumption, and consumption of dairy products
in postmenopausal patients. The fact that the study group

was composed only of postmenopausal older individuals
caused the study to achieve different results than the stud-
ies which included younger population. It is obvious with
this case that different points of view should be considered
for premenopausal and postmenopausal groups. The most
important limitation of the study is that all blood measure-
ments were performed in one go by the nature of the cross-
sectional structure and number of patients was limited
due to data loss. It could have enhanced the value of the
study to collect information on patients’ diets and daily life
activities rather than relying on their own statements. The
literature is in need of prospective studies to be performed
for longer years on broader patient series and with more
detailed examinations.

In conclusion, bone mineral density decreases as blood
sclerostin levels increase. This negative effect of sclerostin
on bone density increases as BMI increases, too. Effects
of sclerostin levels on bone density are independent from
age, and they are not affect by levels of vitamin D; PTH,
FSH, E, and thyroid hormones and daily activities, such
as smoking and consumption of coffee and milk and dairy
products, either.

Combating obesity needs to become more effective with
new treatment modalities which are planned to have an
impact on the prevention of osteoporosis through sclerostin.
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