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Introduction
Type 2 diabetes mellitus (T2DM) is a group 
of pandemic debilitating metabolic diseases 
featuring chronic hyperglycemia that results 
from defective  insulin secretion and/or insulin 
actions [1].

In addition to neurovascular, ocular, and renal 
complications, osteopenia and osteoporosis (OP) are 
major debilitating problems in diabetes mellitus (DM) 
patients. OP and several other DM complications (e.g. 
visual impairment and gait imbalance) increase the risk 
of falls, fragility, and fractures [2]. Although several 
investigators have addressed the question of how DM 

induces bone changes, the exact underlying mechanism 

is still unclear [3].

Although common age-related conditions (i.e. a 

decrease in sex hormone or vitamin D levels) or risk 

factors (i.e. reduced physical activity) may explain 

at least in part the association between diabetes and 

OP, detrimental skeletal eff ects of glucose toxicity, 

and insulin resistance or defi ciency, adipose-derived 

hormones, diabetic complications, and pharmacological 

treatment have also been postulated [4].

Sclerostin is a secreted Wnt antagonist produced almost 

exclusively by osteocytes that binds to the low-density 

 Serum sclerostin levels in type 2 diabetes mellitus patients: 
possible correlations with bone metabolism parameters and 
thrombocytosis
Manal Ali Abdel Khaleka, Amal Mohamad El-Barbarya, Alyaa Ahmed Elsherbenyc, 
Emad Abdel Mohsen Abdel Hadib, Mona Gameel Balatad, 
Manal Shawky Husseina, Rasha Ahmad Gaberb, Sonya Ahmed El-Gaalyc

Introduction
Type 2 diabetes mellitus (T2DM) is a group of pandemic debilitating metabolic diseases 
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a complex interplay of mechanisms. Therefore, the aim of our work is to evaluate serum 
sclerostin levels in patients with T2DM and to analyze the relationships among sclerostin, 
bone mineral density (BMD), bone metabolism, and thrombocytosis.
Objective
This study aimed to evaluate serum sclerostin in T2DM and its correlations with bone 
metabolism and thrombocytosis.
Patients and methods
Fifty male T2DM patients were enrolled; they were divided into two groups according to existing 
thrombocytosis. Forty age-matched men were included as controls. Clinical tests of physical 
mobility, fasting blood glucose, glycated hemoglobin, calcium, creatinine, parathormone (PTH), 
25-hydroxyvitamin D, bone-specifi c alkaline phosphatase (BALP), serum carboxy-terminal 
cross-linked telopeptide of type I collagen (sCTX-I), serum sclerostin, and BMD were performed.
Results
There were insignifi cant increases in BMD in diabetic patients versus controls. There were 
signifi cantly lower levels of PTH, BALP, and sCTX-I in the diabetes mellitus (DM) patient groups 
compared with the controls (P  <  0.001). Serum sclerostin levels were signifi cantly higher in 
DM patients than the controls, with insignifi cantly higher sclerostin levels in group II. Serum 
sclerostin was correlated positively with disease duration and correlated negatively with PTH, 
BALP, and sCTX-I (P < 0.001).
Conclusion
Sclerostin plays a role in the pathogenesis of bone changes in T2DM. The interplay between 
vitamin D, PTH, and blood glucose highlights the possibility of an existing endocrine axis. Finally, 
the role of osteocytes in regulating hematopoiesis and association with DM and osteoporosis 
should be investigated further.
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lipoprotein receptor-related proteins 5 and 6 (LRP5 
and LRP6), inhibiting the canonical Wnt/b-catenin 
signaling pathway and thus osteoblast activity  [5]. It 
has been reported that the levels of sclerostin were 
found to be increased in patients with T2DM [6].

Osteocytes are the most abundant cell type in the bone, 
which were originally believed to be rather inert cells 
whose function was limited to maintaining bone matrix 
locally. Because osteoblasts have been implicated in the 
maintenance of hematopoietic stem cells and B-cells, 
it was suggested that signals generated by osteocytes 
contribute toward the regulation of hematopoiesis [7]. 
Dame and Sutor [8] reported that diabetic patients are 
prone to thrombocytosis through a complex interplay of 
mechanisms. Th erefore, the aim of our work is to evaluate 
serum sclerostin levels in patients with T2DM and to 
analyze the relationships among sclerostin, bone mineral 
density (BMD), bone metabolism, and thrombocytosis.

Patients and methods
Study design
Fifty male patients with a diagnosis of diabetes 
according to the American Diabetes Association 
criteria [9] were enrolled in the current study from 
among patients attending the Physical Medicine, 
Rheumatology and Internal Medicine Departments of 
Tanta University Hospitals. Patients were divided into 
two groups (group I included 40 patients with T2DM 
without existing thrombocytosis and group II included 
10 T2DM patients with existing thrombocytosis). 
All patients had normal renal function (as assessed 
by serum creatinine levels). In addition, 40 apparently 
healthy age-matched men were included as a control 
group. All the controls included had normal glucose 
homeostasis as assessed by fasting glucose levels and 
measurement of glycated hemoglobin (HbA1c).

Informed consent was obtained from all participants in 
the study. All patients gave their formal consent.  Th e 
protocol was approved the Ethical Comittee of the 
Faculty of Medicine Tanta University.

Exclusion criteria
Patients with chronic diseases other than T2DM, 
conditions that aff ect bone metabolism such as 
rheumatoid arthritis, endocrinal disease, and 
malignancy were excluded. Patients receiving treatment 
with antiresorptive or anabolic compounds for OP in 
the previous 2 months or receiving drugs that aff ect 
bone metabolism such as calcium supplements, vitamin 
D preparations, selective estrogen receptor modulators, 
calcitonin, estrogen therapy, thiazides, glucocorticoids, 
or anticonvulsants were also excluded.

Subject and Methods
All participants underwent the following:

Clinical assessment

Full assessment of history was performed, BMI was 
calculated using the Quetelet formula (weight in kg 
divided by the height in m2), history of falls and history 
of fracture was assessed, and clinical tests of physical 
mobility were performed including the Berg Balance 
Scale [10] and the Timed Up and Go Test [11].

Laboratory assessments

Biochemical assays were performed on fasting morning 
blood samples obtained concurrently with assessments 
of clinical parameters. Blood smears were examined to 
verify platelet counts thrombocytosis was defi ned as a 
platelet level of more than 450 000/μl, in compliance 
with the revised World Health Organization 
Diagnostic Criteria [12] (the normal range for healthy 
individuals is 150 000–450 000/μl). After an hour at 
room temperature, all samples were centrifuged, then 
sera were transferred to fresh tubes in aliquots and kept 
at –70°C until the day of analysis.

Fasting blood glucose, HbA1c, calcium, and creatinine 
were measured using automated standard laboratory 
techniques. Levels of 25-hydroxyvitamin  D 
(25-OH-D) were measured by enzyme-linked 
immunosorbent assay (ELISA) (BioVendor, Asheville, 
North Carolina, USA). Parathormone (PTH) was 
measured using ELISA (Gen Way Biotech Inc., 
San Diego, California, USA), serum bone-specifi c 
alkaline phosphatase (BALP) level was measured 
using ELISA (solid phase ELISA; Biomarkers, 
Seattle, Washington, USA), serum carboxy-terminal 
cross-linked telopeptide of type I collagen (sCTX-I) 
was measured using the ELISA kit (Human Cross-
linked Carboxy-terminal Telopeptide of Type I 
Collagen, MyBioSource, San Diego, USA), and 
serum sclerostin was measured using a commercial 
sandwich ELISA assay (Biomedica Gruppe, Vienna, 
Austria); the detection limit of sclerostin ELISA was 
3.2 pmol/l.

Radiological assessment: bone mineral density 
measurement

BMD of the lumbar spine (anterior–posterior 
projection at L1–L4) and hip (total proximal femur) 
were measured using DXA [Hologic QDR Discovery 
(UMCG) or Hologic QDR Delphi (MCL); Waltman, 
MA, USA]; the results were expressed as g/cm2. 
According to the WHO classifi cation, normal bone 
density was defi ned as T score ≥−1.0, osteopenia as 
−2.5 < T score < −1.0, and OP as T score ≤−2.5 [13].
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Statistical analysis

All data were analyzed using software (version 11; SPSS 
Inc., Chicago, Illinois, USA). Baseline characteristics 
are presented as mean ± SD for continuous variables 
and as frequency and percentage for discrete variables. 
Comparisons between groups were carried out 
using analysis of variance. Th e correlation between 
variables was examined using Pearson’s correlation 
coeffi  cient. Multiple linear regression analysis was 
used to determine the independent predictors of 
serum sclerostin levels. A P value less than 0.05 was 
considered statistically signifi cant.

Results
Fifty T2DM male patients were enrolled in this study: 
40 patients without thrombocytosis (group I) and 10 
patients with thrombocytosis (group II). Th e mean 
age of DM patients was as follows: 53.4 ± 7.3 years in 
group I and 56.23 ± 5.3 years in group II. Th e mean age 
of the controls was 57.6 ± 6.3 years, with insignifi cant 
diff erences among the three groups. Table 1 shows the 
demographic, clinical, and radiological parameters of 
the study population.

Comparisons between the diabetic groups and the 
controls indicated that diabetic patients showed worse 
performances (P < 0.0001) on the Berg Balance Scale 
and Timed Up and Go Test.

BMD showed an insignificant increase in the two 
groups of diabetic patients versus the controls. 
In group I, only six (17.5%) out of 40 patients 
were  osteopenic. In addition, in group II, one 
(10%) out of 10 patients was osteopenic. However, 
among the controls, seven (15%) participants were 
osteopenic.

In terms of laboratory findings, serum levels 
of calcium and 25-OH-D were found to be 
insignificantly lower in our patients than in the 
controls. The current study showed significantly 
lower levels of PTH, BALP, and sCTX-I in the 
patient groups compared with the controls, whereas 
there was no significant difference between groups 
I and II (Table 2).

Our results showed signifi cantly increased sclerostin 
levels in the T2DM groups compared with the controls, 
with an insignifi cantly higher level in thrombocytosis 
diabetic patients (group II).

Table 1 Demographic, clinical, and radiological data of type 2 diabetes mellitus patients and controls

Parameters Group 1 T2DM patients (n = 40) Group 2 T2DM patients (n = 10) Controls (n = 40)

Age (years) 53.4 ± 7.3 56.23 ± 5.3 57.6 ± 6.3

BMI (kg/m2) 30.76 ± 7.86 31.02 ± 5.43 28.67 ± 5.77

Diabetes duration (years) 15.3 ± 5.5 14 ± 6.8 –

History of falls [n (%)] 5 (12.5) 1 (10) 3 (7.5)

History of fracture [n (%)] 2 (5) – 1 (2.5)

BBS 51 ± 3* 51 ± 2* 55 ± 1

TUG (s) 8.46 ± 1.35* 8.5 ± 1.22* 6.22 ± 0.85

BMD (g/cm2)

Lumbar spine 1.123 ± 0.17 1.122 ± 0.18 1.088 ± 0.15

T score −0.58 ± 1.49 −0.56 ± 1.48 −0.63 ± 1.45

Proximal femur 1.132 ± 0.142 1.112 ± 0.150 1.037 ± 0.125

T score −0.71 ± 1.23 −0.70 ± 1.21 −0.97 ± 1.14

The values represent the mean ± SD; BBS, berg balance scale; BMD, bone mineral density measurement; T2DM, type 2 diabetes mellitus; 
TUG, Timed Up and Go Test; *P < 0.001 versus controls. 

Table 2 Laboratory data in type 2 diabetes mellitus patients and controls

Parameters Group 1 T2DM patients (n = 40) Group 2 T2DM patients (n = 10) Controls (n = 40)

FBG (mg/dl) 185.1 ± 53.5* 174.1 ± 58.6* 87.9 ± 11.4

HbA1c (%) 8.2 ± 1.9* 8.1 ± 1.9* 4.8 ± 0.5 

Creatinine (mg/dl) 0.9 ± 0.19 0.93 ± 0.18 0.87 ± 0.17

Calcium (mg/dl) 9.53 ± 0.43 9.52 ± 0.46 9.73 ± 0.54

PTH (pg/ml) 36.8 ± 17.1* 38.8 ± 16.3* 50.2 ± 20.65

25-OH-D (ng/ml) 18.14 ± 9.11 17.98 ± 10.1 20.34 ± 8.66

BALP (U/l) 15.52 ± 4.53* 15.90 ± 5.23* 22.0 ± 8.7 

sCTX-I (ng/ml) 0.46 ± 0.62* 0.43 ± 0.52* 0.78 ± 0.54

Sclerostin (pmol/l) 59.51 ± 35.52* 64.51 ± 35.58* 45.51 ± 30.24

The values represent the mean ± SD; BALP, serum bone-specifi c alkaline phosphatase; FBG, fasting blood glucose; HbA1c, glycated 
hemoglobin; 25-OH-D, 25-hydroxyvitamin D; PTH, parathormone; sCTX-I, serum carboxy-terminal cross-linked telopeptide of type I 
collagen; T2DM, type 2 diabetes mellitus; *P < 0.001 versus controls. 
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In our study, sclerostin levels in T2DM showed a 
signifi cant positive correlation with disease duration 
and HbA1c (P < 0.001). However, sclerostin levels 
were correlated negatively with PTH, BALP, and 
sCTX-I (P < 0.001) (Table 3).

Multiple linear regression of serum sclerostin levels 
showed that there were statistically signifi cantly 
correlated independent factors, which were PTH 
(β = −0.389, P < 0.001), BALP (β = −0.381, P < 0.001), 
and sCTX-I (β = −0.289, P = 0.009).

Discussion
OP and DM are two highly prevalent diseases that 
are associated with an increased risk of fragility 
fractures, and have a major impact on the morbidity 
and mortality of the general population. Although 
various observational studies have investigated the 
association between the two, the mechanism by which 
DM favors the appearance of fractures does not appear 
to have been established adequately [14]. However, it 
is widely accepted that hyperglycemia is a salient factor 
that exerts direct and indirect deleterious eff ects on 
osteoblast function and bone formation [3].

Our study showed an insignifi cant increase in BMD 
in diabetic patients versus controls and among the 
two patient groups. Chin et al. [15] and Th railkill 
et al. [16] reported that T2DM patients show a modest 
increase in BMD than controls, whereas low BMD has 
consistently been observed in T1DM patients  [17]. 
However, Tuominen et al. [18] and Maghbooli 
et al. [19] reported no clear association between BMD 
and T2DM. One of the hypotheses that explains 
increased BMD in T2DM is that insulin is an anabolic 
factor for bone. As a consequence, hyperinsulinemia in 
T2DM stimulates bone formation [20].

Paradoxically, a decrease in physical mobility and an 
increased risk of osteoporotic fracture in T2DM have 
been reported repeatedly and this was independent of 
BMD [21–23]. In addition, it has been well established 
that diabetic patients have impaired bone healing 
after fracture [24]. Th is led to the hypothesis that 
there are diabetes-associated alterations in material 
and structural properties. An overly glycated collagen 
matrix, confounded by a low turnover state, lipid 
accumulation in the marrow of long bones, leads to 
expansion of marrow cavity and thinning of the cortical 
envelope, leading to subtle cortical abnormalities, and 
the osteoblast-to-adipocyte shift might also reduce 
the number of diff erentiated osteoblasts available for 
bone formation. All these may lead to compromised 
biomechanical competence [25].

Table 3 Correlations of sclerostin in type 2 diabetes mellitus 
patients and controls

Parameters T2DM patients 
(n = 50)

Controls 
(n = 40)

r P r P

Age (years) 0.123 NS 0.095 NS

Diabetes duration (years) 0.865 <0.001 0.324 NS

BBS 0.324 NS 0.235 NS

TUG (s) 0.235 NS 0.078 NS

BMD lumbar spine 0.078 NS 0.241 NS

BMD proximal femur 0.027 NS 0.224 NS

HbA1c (%) 0.783 <0.001 0.235 NS

PTH (pg/ml) −0.964 <0.001 0.238 NS

25-OH-D (ng/ml) 0.127 NS 0.327 NS

BALP (U/l) −0.675 <0.001 0.024 NS

sCTX-I (ng/ml) −0.732 <0.001 0.135 NS

Platelets count 0.027 NS 0.224 NS

Abbreviations as in Tables 1 and 2

Th e current study showed that there were signifi cantly 
lower levels of PTH, with insignifi cantly lower calcium 
and 25-OH-D levels in the patient groups compared 
with the controls, which is in agreement with the 
results of many studies [26–28]. Paula et al. [29] clearly 
showed that PTH secretion is impaired in patients 
with poorly controlled DM. Several mechanisms have 
been postulated to explain the low PTH levels, such 
as patients with DM usually have hypomagnesemia 
because of osmotic diuresis [30], a factor that is 
known to interfere with PTH synthesis. Also, studies 
with bovine parathyroid cell cultures have shown 
PTH inhibition with an excess of glucose or defi cit 
of insulin [4]. Th us, it appears that both factors are 
independent and additive in inhibiting PTH. McNair 
et al. [31] have shown that serum calcium is slightly 
lower in DM than in controls. Th is can be attributed 
to increased calcium excretion in association with 
‘functional hypoparathyroidism’ that is observed during 
poor blood glucose control and wastage of calcium in 
urine and also because of vitamin D insuffi  ciency in 
these patients.

Th e reduced PTH in our patients can explain the 
increased levels of sclerostin as PTH plays an inhibitory 
role in sclerostin production in humans as described 
by several authors [17,32] and circulating sclerostin is 
reduced by intermittent PTH therapy [19].

Th e levels of BALP and sCTX-I were signifi cantly 
lower in our patient groups compared with the 
controls, which is in agreement with Parkinson and 
Fazzalari [33], who reported that biochemical markers 
of bone formation have generally been shown to be 
reduced.

Recent reports propose that the Wnt signaling pathway 
may be implicated in the association between T2DM, 
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OP, and increased risk of fractures [2,34], and that its 
role may be crucial in the pathogenesis of impaired 
bone quality observed in these patients [14].

Sclerostin is one of the major regulators of the Wnt 
pathway that is expressed almost exclusively in 
osteocytes [16–17].

Our results showed signifi cantly increased sclerostin 
levels in the two DM groups compared with the controls, 
with insignifi cantly higher levels in thrombocytosis 
diabetic patients.

Th is fi nding is in agreement with many authors 
who reported increased sclerostin levels in T2DM 
compared to controls [14,35–37]. Th is fi nding diff ers 
from previous data of sclerostin function derived from 
sclerosteosis [38] and Van Buchem’s disease [39], given 
that the physiological role of sclerostin is the inhibition 
of osteoblast proliferation and activity, which would 
be expected to have a negative relationship with bone 
mass, thus highlighting the assumption of impaired 
Wnt signaling pathway in T2DM.

A possible hypothesis explaining this contradictory 
fi nding is that the increase in sclerostin levels 
means a decrease in bone formation on the basis of 
its physiological functions, and therefore leads to a 
decrease in bone turnover. A lower bone turnover 
would mean slowed bone loss and higher bone mass. 
Conceptually, high sclerostin serum levels would be 
indicative of decreased formation of bone markers [40].

Van Lierop et al. [36] clarifi ed that men with T2DM 
have higher serum sclerostin levels than controls, 
and these levels further increase after treatment with 
pioglitazone, which is also associated with increased 
sCTX-I. Th ese fi ndings suggest that increased sclerostin 
production may be involved in the pathogenesis of 
increased skeletal fragility in patients with T2DM in 
general and may specifi cally contribute toward the 
detrimental eff ect of thiazolidinediones on bone.

In our study, sclerostin showed a positive correlation 
with disease duration and HbA1c, which is consistent 
with many authors. Meanwhile, sclerostin showed an 
inverse relationship with bone formation and resorption 
markers, indicating a state of slow turnover [34,40,41]. 
In theory, elevated concentrations of sclerostin ought 
to be associated with a decrease in markers for bone 
formation. Meanwhile, our results are not in agreement 
with other studies reporting no relationship between 
sclerostin and markers for bone remodeling [32,42].

We could not establish a correlation between sclerostin 
and BMD in T2DM; however, we did not fi nd a 
signifi cant relationship between serum sclerostin and 

biochemical markers of bone turnover or BMD in our 
controls.

Sclerostin levels were associated negatively with 
PTH in our patients. Th is fi nding is consistent 
with phosphocalcic balance alterations described in 
T2DM [42,43] and could explain in part the increase 
in sclerostin that we observed in T2DM. Th e reduced 
eff ect of PTH on bone might decrease inhibition of 
the SOST gene, which would stimulate the expression 
of sclerostin, a contrasting situation to that described 
in patients with primary hyperparathyroidism.

However, Andress et al. [44] reported slightly higher 
PTH levels in T2DM than in controls and this, under 
normal circumstances, might have led to reduced rather 
than increased sclerostin levels.

In our study, we attempted to establish a relationship 
between DM, bone metabolism, and thrombocytosis. 
Th is idea emerged from the fi nding that diabetic 
patients are prone to thrombocytosis [8] and that 
osteocytes contribute toward the regulation of 
hematopoiesis [45] and that other cell types, such as 
endothelial progenitor cells lining the blood vessels, are 
also aff ected by hyperglycemia [25].

We could recruit ten T2DM patients with 
thrombocytosis selected from among hundreds of 
patients, but we failed to fi nd signifi cant diff erences 
between those patients and others without 
thrombocytosis. Th ey also showed the same relations 
as the nonthrombocytopenic group. Th is could be 
attributed to the small sample size or to the fact that 
thrombocytosis may not be exerting additional changes 
on bone metabolism. Meanwhile, the only reference 
found was the case report of Vani and Mohen [46] of 
one diabetic patient with thrombocytosis.

To test the hypothesis that signals generated by 
osteocytes contribute toward the regulation of 
hematopoiesis, Fulzele et al. [45] generated mice with 
a conditional deletion of GαS in osteocytes. GαS 
is an obligate subunit of several G protein-coupled 
receptors that are expressed in osteocytes. Surprisingly, 
the deletion of GαS in osteocytes resulted in a 
myeloproliferative-like syndrome characterized by 
neutrophilia, thrombocytosis, and splenomegaly. 
Indeed, deletion of GαS in osteocytes results in 
osteocyte expansion, loss of osteoblasts, and osteopenia. 
Th e authors show that increased osteocyte expression 
of sclerostin is responsible for the loss of osteoblasts. 
Th e study led to the discovery that osteocytes produce 
large amounts of granulocyte colony-stimulating 
factor, the principal cytokine regulating granulopoiesis. 
Meanwhile, they clarifi ed that osteocytes play an 
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essential role in sensing and responding to mechanical 
stress on bone. Th us, osteocytes may provide a 
mechanism by which mechanical and other stresses on 
bone regulate hematopoiesis.

Conclusion
Bone fragility in T2DM does not appear to be refl ected 
by BMD, which eliminates the possibility of using 
BMD as a marker for the risk of fracture in T2DM. 
Sclerostin seems to play a key role in the pathogenesis 
of bone changes in T2DM, with contradictory fi ndings 
of increased sclerostin and reduced bone turnover 
markers and lack of association with BMD suggestive 
of impaired Wnt signaling pathway in T2DM. Th e 
interplay between vitamin D, PTH, and blood glucose 
highlights the possibility of an existing endocrine axis 
involving bone and glucose metabolism. Th is raises a 
question of whether it may be possible to eventually 
formulate a single therapy that can concurrently target 
OP and T2DM.

Finally, the assumed role of osteocytes in regulating 
hematopoiesis and their association with DM and 
OP should be investigated further to be clarifi ed, 
and also to postulate whether selerostin-neutralizing 
antibodies can possibly be used in the future to correct 
thrombocytosis or leukocytosis.
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