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ABSTRACT

Background Periostin is an emerging biomarker that plays a
role in bone metabolism and may be associated with bone min-
eral density (BMD). This study is aimed to investigate serum
periostin levels in patients with primary hyperparathyroidism
(PHPT) and its correlation with BMD in these patients.
Methods Forty patients with newly diagnosed PHPT without
co-morbidities and 30 healthy controls were included. Labora-
tory tests for the diagnosis of PHPT and serum levels of peri-
ostin were measured for all patients. BMD was measured on
lumbar spines L1 and L4 by dual-energy X-ray absorptiometry
(DEXA). Serum periostin levels were detected using an en-
zyme-linked immunosorbent assay (ELISA).

Results Serum periostin levels were significantly higher in
patients with PHPT than in healthy controls (p<0.001). Serum
periostin levels were also significantly higher (mean
59.7+11.0ng/mL) in PHPT patients with osteoporosis than
those without osteoporosis (p=0.004). In logistic regression
analysis, only serum periostin levels independently predicted
the patients with osteoporosis. According to this analysis,
every 1 ng/mLincrease in serum periostin increased the risk of
having osteoporosis by 20.6 %. When the cut-off for serum
periostin level was 49.75 ng/mL, the patients with osteoporo-
sis were predicted with 71.4 % sensitivity and 69.2 % specificity.
Multivariate regression analysis revealed a negative correlation
between serum periostin levels and L1-L4 T scores on DEXA.
Conclusion This is the first study to determine that serum
periostin levels are higher in PHPT patients than those without
PHPT and to demonstrate a significant association between
serum periostin levels and T scores on DEXA in patients with
PHPT. These findings will aid in detecting osteoporosis in pa-
tients with PHPT and making the decision for surgery in PHPT
patients with no need for DEXA imaging that involves radiation.

Introduction

Parathyroid hormone (PTH) and vitamin D are the two main requla-
tors of bone and mineral metabolism and have important critical
roles in the regulation of calcium and phosphate metabolism and,
therefore, in the maintenance and development of bone health [1].
Primary hyperparathyroidism (PHPT) is a common endocrine disor-
der, characterized by hypersecretion of PTH and hypercalcemia. Pa-

tients with PHPT may present with findings such as hypercalcemia,
hypercalciuria, and osteoporosis, as well as with subclinical or overt
nephrolithiasis or vertebral fractures [2]. Therefore, due to its cata-
bolic effects, which lead to bone resorption and subsequent osteo-
porosis, PHPT is considered a cause of secondary osteoporosis [3].
Patients with hyperparathyroidism are at high risk for kidney stone
formation, cortical bone loss, and fractures. In patients with PHPT,
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surgery is recommended for patients younger than 50 years, patients
with clinically significant hypercalcemia, osteoporosis or a fragility
fracture, renal calculi, hypercalciuria, orimpaired renal function [4].

Periostin, a 90 kDa extracellular matrix protein of 836 amino
acids, was identified in 1999 and named after its expression in the
periosteum of long bones [5]. It functions in the skeletal system
both as a structural molecule of the bone matrix and as a signaling
molecule through integrin receptors and the Wnt-beta-catenin
pathways, thereby playing a role in osteoblastic activity and oste-
ogenesis [6]. Periostin is mainly produced during ontogenesis and
in adult connective tissues subjected to mechanical loads, such as
heart valves, skin, periodontal ligaments, tendons, and bones [6].
In bone, the periosteum and osteocytes have the highest expres-
sion of periostin. Its production in these regions is controlled by
mechanical stimuli, hormones (PTH), growth factors (TGF-b,
BMP2), and cytokines (TNFa, IL-4, IL-13, and possibly PDGF). All
these factors are known to have important roles in the requlation
of bone remodeling [7]. Some studies suggest that serum periostin
levels may be associated with serum parathormone levels [8]. As a
result, many studies have been conducted to examine the relation-
ship of this new molecule with bone metabolism and osteoporo-
sis, and much information is now available regarding the role of
periostin in bone fractures and osteoporosis [9].

Osteoporosis, one of the indications for surgery in patients with
primary hyperparathyroidism, is diagnosed by measuring bone
mineral density (BMD) using dual-energy X-ray absorptiometry
(DEXA), animaging method that includes radiation. Therefore, if a
biochemical marker associated with osteoporosis can be identified
in patients with PHPT, it may be important in the diagnosis and fol-
low-up of osteoporosis in these patients. Our study aimed to inves-
tigate the relationship between osteoporosis and serum periostin
levels in patients with primary hyperparathyroidism and to evalu-
ate whether serum periostin levels can be used as a surrogate mark-
er for predicting osteoporosis. In patients with PHPT, surrogate
markers may play a role in reducing the need for a DEXA imaging
procedure that includes radiation.

Materials and Method

Study population

This study was conducted prospectively, including 40 patients
(mean age; 50.5+ 14.0 years, male/female; 5/35) without co-mor-
bidities and newly diagnosed with PHPT and 30 healthy controls
(mean age; 47.2 £ 10.6 years, male/female; 19/21). The study par-
ticipants were selected from the patients and volunteers who ap-
plied to XXXXXX Training and Research Hospital’s Internal Medi-
cine or Endocrinology and Metabolic Diseases Clinic between
01/01/2022 and 01/12/2022. PHPT was defined as elevated serum
calcium level (adjusted for serum albumin level) along with elevat-
ed or inappropriately normal serum PTH level. The patients with
musculoskeletal diseases, rheumatic diseases, inflammatory and
hematological diseases, malignancy, pregnancy, cardiovascular
disease, kidney disease, lung disease, and renal failure were exclud-
ed from the study. The study protocol was approved by the XXXXXX
Training and Research Hospital’s Local Ethics Committee, and writ-
ten informed consent was obtained from all the participants.

Baseline characteristics of all groups were recorded after a de-
tailed medical history and a complete physical examination. Body
mass index (BMI) was calculated by measuring the weight and
height of the patients. All subjects had laboratory tests and bone
mineral density (BMD) scans of their lateral lumbar vertebrae (L1-
L4) with DEXA (Lunar Prodigy; General Electric Medical Systems;
WI, USA). Patients with T-score < — 2.5 SD were diagnosed with os-
teoporosis. Each scan was manually analyzed by an experienced ra-
diology specialist, for the lumbar spine for the consistent placing
of the intervertebral spaces.

Biochemical measurements

In addition to routine blood tests for PHPT, periostin levels of the
patients included in the study were analyzed, and blood samples
were obtained from the patients in a bd vacutainer sst ii advance
tube (BD Diagnostics - Preanalytical Systems, Dubai, United Arab
Emirates), the serum part was separated by centrifugation at 2000
rpm for 10 min and stored at - 80 degrees in Eppendorf tubes.
Serum periostin levels were measured using an enzyme-linked im-
munosorbent assay (ELISA) kit (eBioscience, Europe/International,
Austria) following the manufacturer’s instructions. Complete blood
count analyses were performed with Sysmex XN 9000 brand de-
vice, and other biochemistry parameters were measured with
Cobas C 701 brand biochemistry autoanalyzer (Roche, Germany).

Statistical analyses

All analyses were performed using the SPSS 22.0 (Chicago, IL, USA)
statistical software package. Variables were divided into two
groups as categorical and continuous variables. Whether the dis-
tribution of continuous variables is normal or not was evaluated
with the Kolmogorov-Smirnov test. Continuous variables that
showed normal distribution were compared using the Student t-
test, whereas the Mann-Whitney U test was used for abnormally
distributed samples. Continuous variables with normal distribution
were expressed as mean £ SD, and abnormally distributed variables
were expressed as median (interquartile range). The Chi-square
test was used to compare categorical variables. Categorical varia-
bles were specified with numbers and percentages. The groups and
their statistical comparisons are presented in tables. The variables
found to be statistically significant in univariate analysis were in-
cluded in the multivariate model, and multivariate logistic regres-
sion analysis was performed to determine the PHPT patients with
aTscore on DEXA< - 2.5. AROC curve analysis was performed to
reassess markers that were independent variables in identifying
PHPT patients as T score on DEXA< - 2.5 and to determine the cut-
off value of these markers. Parameters with the area under the
curve (AUROC)>0.70 were detected. For those parameters, the
cut-off value was determined to ensure the best sensitivity and
specificity in identifying the T score on DEXA < - 2.5 PHPT patients.
ROC curve was used to evaluate the diagnostic value of periostin
forthe T score on DEXA < - 2.5. Univariate correlation analysis was
performed using Pearson’s and Spearman’s correlation methods
to determine parameters related to periostin level in patients with
PHPT. Statistically significant parameters were included in a multi-
variate model and linear regression. Independent indicators affect-
ing the periostin level were determined. Statistical significance was
accepted as p<0.05.
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Results

Comparison of demographic and laboratory values
of patients with primary hyperparathyroidism and
healthy controls

Serum calcium, PTH, and serum periostin levels were significantly
higher, while serum phosphorus level was significantly lower in the
patients with PHPT compared to the healthy controls (p<0.001,
for each; » Table 1). Other demographic and laboratory parame-
ters were similar in both groups (p>0.05 for each; » Table 1).

In patients with PHPT, L1-L4 T scores on DEXA mean value was -
2.15£0.76 (> Table 1). Of the 40 patients with PHPT, 14 (35.0 %)
had osteoporosis (> Table 2). The PHPT patients’ data were divid-
ed into two groups and evaluated according to the presence of os-
teoporosis (> Table 2).

Comparison of demographic and laboratory findings
of patients with primary hyperparathyroidism
according to the presence of osteoporosis

In PHPT patients with osteoporosis, L1-L4 T scores on DEXA mean
value was - 2.94+0.57; whereas in PHPT patients without osteo-
porosis, L1-L4 T scores on DEXA mean value was — 1.72+0.44, and
this difference was statistically significant (p<0.001, » Table 2). It
was observed that serum periostin levels were significantly higher
(meanvalue 59.7 £ 11.0 ng/ml) in PHPT patients with osteoporosis
compared to PHPT patients without osteoporosis (p =0.004,
» Table 2). Other demographic and laboratory parameters were

similarin PHPT patients with and without osteoporosis (p>0.05 for
each; » Table 2).

Multivariate logistic regression analysis for the
detection of patients with primary

hyperparathyroidism who had L1-L4 T score on
dual-energy X-ray absorptiometry score< - 2.5

The parameters found to be significantly different in patients with
osteoporosis in the univariate analysis were further evaluated by
multivariate analysis. The results revealed that only serum periostin
levels independently predicted the patients with osteoporosis
(> Table 3). According to this analysis, every 1 ng/mL increase in
the serum periostin level increased the risk of having osteoporosis
by 20.6 % (> Table 3).

Receiver operating characteristic curve (ROC)
analysis for the detection of patients with L1-L4 T
score in dual-energy X-ray absorptiometry
score<-2.5

When the ROC analysis was performed to assess the importance of
serum periostin level in determining patients with osteoporosis,
the area under the curve (AUC) was found to be 0.826 (> Figure 1).
According to our analysis, when a limit value of serum periostin
level was taken as 49.75 ng/mL, serum periostin level predicted pa-
tients with osteoporosis with 71.4 % sensitivity and 69.2 % specific-
ity (> Figure 1).

> Table 1 Demographic and laboratory findings of patients with PHPT and healthy controls

Variable PHPT n=40 Healthy controls n:30 p-value
Age (year)* 50.5+14.0 47.2+10.6 0.292
Gender (female) 35(87.5%) 21(70.0%) 0.087
White blood cell (pL)* 6.85+1.84 6.42+1.52 0.302
Hemoglobin (g/dL)* 13.07+1.46 12.7£0.62 0.242
Platelet, IQR (K/mm3) 250.0 (194.75-315.5) 279.0 (261.5-326.0) 0.541
Glucose (mg/dL)* 90.8+8.33 92.4+9.43 0.455
Creatinine (mg/dL)* 0.81+0.16 0.64+0.13 0.219
Serum sodium (mmol/L)* 139.4+2.13 140.1+1.83 0.182
Serum potassium (mmol/L)* 4.51+0.41 4.50+0.39 0.908
Triglycerides, IQR (mg/dL) 101.0 (98.0-142.25) 111.0 (67.0-145.0) 0.418
LDL cholesterol, IQR (mg/dL) 137.5 (120.0-155.0) 117.0 (110.0-149.5) 0.114
Aspartate aminotransferase, IQR (U/L) 20.0 (15.25-26.75) 18.0(16.0-23.0) 0.302
Alanine aminotransferase, IQR (U/L) 19.0 (13.0-24.75) 16.0 (11.75-32-75) 0.425
Alkaline phosphatase, IQR (U/L) 60.5 (56.0-65.0) 58.5(55.75-66.75) 0.959
Serum albumin (gr/dL)* 4.19£0.16 4.16+0.49 0.778
Serum calcium (mg/dL)* 11.2+1.20 9.8+0.31 <0.001
Serum phosphorus (mg/dL)* 2.80£0.61 3.37£0.52 <0.001
Urine calcium, IQR (mg/day) 291.0 (196.0-450.0) - -

25(0OH) Vit D, IQR (ng/mL) 18.0 (14.0-23.0) 13.45 (9.02-21.18) 0.495
Parathyroid hormone, IQR (pg/mL) 182.5(120.0-325.25) 47.65 (30.0-57.60) <0.001
L1-L4 T scores on DEXA* -2.15+0.76 - -

Periostin (ng/mL)* 52.7+9.96 33.9+6.76 <0.001

*: Mean £ standard deviation, IQR: interquartile range, LDL: low density lipoprotein, PHPT: primary hyperparathyroidism, 25(0OH) Vit D: 25-hydroxyvi-
tamine D, DEXA: dual-energy X-ray absorptiometry
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> Table 2 Demographic and laboratory findings of patients with PHPT according to the presence of osteoporosis

Variable Osteoporosis present (+) n=14 (35%) Osteoporosis absent (-) n:26 (65 %) p-value
Age (year)* 55.5+10.2 47.8%15.2 0.101
White blood cell (pL)* 6.69+2.50 6.94+1.42 0.689
Hemoglobin (g/dL)* 13.3£1.42 12.9+1.49 0.479
Platelet, IQR (K/mm3) 218.5 (191.0-266.5) 289.5 (212.5-332.5) 0.463
Glucose (mg/dL)* 88.4+9.35 92.0+£7.62 0.190
Creatinine (mg/dL)* 1.05+0.40 0.65+0.22 0.240
Serum sodium (mmol/L)* 138.6+2.37 139.9+£1.89 0.69

Serum potassium (mmol/L)* 4.53+0.42 4.50+0.41 0.869
Triglycerides, IQR (mg/dL) 130.0 (100.0-149.25) 100.0 (95.5-124.0) 0.227
LDL cholesterol, IQR (mg/dL) 135.5(119.75-150.25) 145.0 (131.25-154.5) 0.271
Aspartate aminotransferase, IQR (U/L) 19.0 (14.0-25.5) 20.0 (16.75-27.25) 0.320
Alanine aminotransferase, IQR (U/L) 17.0(10.0-21.0) 19.0 (13.0-25.5) 0.184
Alkaline phosphatase, IQR (U/L) 56.0 (56.0-70.0) 64.0 (56.0-65.75) 0.887
Serum albumin (g/dL)* 4.20+0.12 4.18+0.18 0.711
Serum calcium (mg/dL)* 11.02+1.15 11.38+1.24 0.372
Serum phosphorus (mg/dL)* 2.95+0.63 2.72+0.59 0.256
Urine calcium, IQR (mg/day) 284.0 (134.0-400.0) 292.0(195.5-490.0) 0.312
25(0OH) Vit D, IQR (ng/mL) 17.0 (9,68-23.0) 18.03 (14.0-23.07) 0.441
Parathyroid hormone, IQR (pg/mL) 156.5 (100.77-442.25) 190.5 (125.25-302.0) 0.287
L1-L4 T scores on DEXA™ -2.94+0.57 -1.72+0.44 < 0.001
Periostin (ng/mL)* 59.7+£11.0 48.9+6.92 0.004

roidism, DEXA: dual-energy X-ray absorptiometry

*: Mean £ standard deviation, IQR: interquartile range, LDL: low density lipoprotein, 25(0OH) Vit D: 25-hydroxyvitamine D, PHPT: primary hyperparathy-

> Table 3 Variable regression analysis for the detection of PHPT patients
with osteoporosis.

Variable Odds 95 % Confidence | p-value
Ratio Interval
25(0H) Vit D (ng/mL) 0.900 0.752-1.078 0.254
Parathyroid hormone (pg/mL) | 1.001 0.997-1.004 0.764
Serum calcium (mg/dL) 0.556 0.169-1.829 0.334
Urine calcium (mg/day) 1.000 0.994-1.005 0.915
Periostin (ng/mL) 1.206 | 1.060-1.373 0.004
25(0OH) Vit D: 25-hydroxyvitamine D, PHPT: primary hyperparathy-
roidism

Parameters associated with serum periostin levels in
patients with primary hyperparathyroidism

When univariate correlation analysis was performed to determine
the parameters associated with serum periostin level, only L1-L4 T
scores on DEXA were correlated with serum periostin level, and this
correlation was negative. Furthermore, in multivariate regression
analysis, L1-L4 T scores on DEXA were also independently correlat-
ed with serum periostin levels (> Table 4, » Figure. 2).

Discussion

The most important finding of our study is that serum periostin
level is increased in patients with PHPT and the level is higher in
PHPT patients with osteoporosis compared to the PHPT patients
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> Figure 1 Receiver operating characteristic curve (ROC) analysis of
serum periostin level for predicting the presence of osteoporosis in
patients with primary hyperparathyroidism.
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without osteoporosis. To the best of our knowledge, our study is
the first to compare serum periostin levels in PHPT patients with
healthy controls and demonstrate a close relationship between
serum periostin level and T scores on DEXA in PHPT patients. The
finding that serum periostin levels in patients with PHPT have a
close and negative relationship with T-scores on DEXA suggests
that periostin may be used in patients with PHPT to identify those
with osteoporosis requiring surgery, without a need for DEXA im-
aging that involves radiation. Therefore, these data provided im-
portant information to the literature.

In patients with vitamin D insufficiency, vitamin D replacement
was performed after blood samples were taken so that periostin
results would not be affected, and secondary hyperparathyroidism
was ruled out with appropriate test repetitions. Vitamin D insuffi-
ciency is common in the Turkish population [10, 11]. Therefore,
most patients included in our study also had vitamin D deficiency.
However, the statistically similar vitamin D levels in the study
groups gave us the opportunity to compare the periostin levels. In
addition, we did not observe any relationship between vitamin D
levels and periostin in our study.

There are some differences in the estimates of the prevalence
of osteoporosis in patients with PHPT, varying in the range of 39 %

> Table 4 The parameters associated with serum periostin level and linear
regression analysis for parameters significantly correlated with serum
periostin level in patients with PHPT

Variable Univariate analyze Multivariate
analyze
P r P B
L1-L4 T score on DEXA <0.001 -0.671 <0.001 -9.414

DEXA: Dual X-ray Absorptiometry, * R2sgjusted =0.506, PHPT: primary
hyperparathyroidism

-1.0 - ocec o R? Linear=0.518
o
o oo
o
-2.0 - e =R
=] e} 2
° Bly=0.75-0.06"x
o
2
5 -3.0 1 2
- o
o
o
-4.0 1
o
-5.0

T T T T T T

30.00 40.00 50.00 60.00 70.00 80.00
periostin

» Figure 2 Scatter plot diagram for the relationship of T scores in
dual-energy X-ray absorptiometry (DEXA) and serum periostin level.

and 62.9 % according to different studies [2]. In our study, the rate
of osteoporosis in patients with PHPT was 35 %. This may be due to
the relatively lower mean age of the patients included in our study
than other studies reported earlier. To the best of our knowledge,
thereis only one study examining serum periostin levels in patients
with PHPT. According to this study conducted by Pepe et al. (2021),
serum periostin level was significantly associated with a fracture in
PHPT [12]. However, their study did not have a control group of pa-
tients without PHPT, and therefore, they could not compare serum
periostin levels in PHPT patients compared to patients without
PHPT. In addition, Pepe et al. (2021) also found that the mean
serum periostin level of patients with fracture was significantly
higher compared to the patients without fracture (46.2 £21.4 vs.
34.7+13.5ng/mL, p = 0.02) [12]. Furthermore, they did not indi-
cate a correlation between periostin levels and BMD values, possi-
bly because all patients included in that study were postmenopau-
sal and most of them already had osteoporosis. On the other hand,
in our study, serum periostin levels were significantly higherin the
patients with PHPT compared to the healthy controls (mean value
52.7£9.96 vs. 33.9+6.76 ng/mL, p<0.001). Furthermore, serum
periostin levels were significantly higher in PHPT patients with os-
teoporosis compared to PHPT patients without osteoporosis (mean
value 59.7£11.0vs. 48.9+6.92 ng/mL, p=0.004).

Several clinical studies have examined the relationship of peri-
ostin with bone fracture and BMD. The first clinical study on the re-
lationship between serum periostin levels and osteoporotic frac-
ture risk was conducted by Rousseau et al. in 2014; they found that
the risk of fracture increased in patients with high serum periostin
levels [13]. In addition, Kim et al. (2015) concluded that serum per-
iostin may be a potential biomarker to predict osteoporotic frac-
turerisk, especially for nonvertebral regions, and there is an inverse
relationship between periostin level and proximal femur BMD [14].
In a study highlighting the genetic polymorphism effect, Guo et al.
(2022) found that serum periostin may be a predictor for the risk
of vertebral fracture, and periostin is negatively correlated with tro-
chanter and total hip BMD [15]. All these studies suggest that
serum periostin levels can be altered by genetic differences or pa-
thologies that directly affect bones, such as fractures, and there-
fore, periostin levels can be used as a predictor for bone fractures
instead of BMD. In our study, the effect of PHPT on the bones may
have caused higher periostin levels, especially in the osteoporotic
group.

According to recent studies, periostin is closely related to corti-
cal bone thickness, density, and porosity [16, 17]. Also, it has been
suggested as an emerging potential biomarker for osteoporosis
[18]. Thus, in our study, the existence of a relationship between
periostin and bone architecture may have led to a significant rela-
tionship between serum periostin levels and BMD. In our study,
periostin levels independently determined the presence of osteo-
porosis in patients with PHPT. The AUC for periostin was 82.6 %
(95% Cl, 68.3-96.8 %; p = 0.001). In addition, when the cut-off
value for serum periostin level was taken as 49.75 ng/ml, the sen-
sitivity and specificity of serum periostin levels in predicting pa-
tients with osteoporosis were 71.4 % and 69.2 %, respectively.

In the management of patients with PHPT, making the surgical
decision is one of the most important steps. Therefore, some stud-
ies have focused on biomarkers that may predict surgical needs in
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this patient group. For example, in a study by Demirtas et al. (2020),
CTRP3 levels decreased significantly decreased in patients with
PHPT, and they were also related to osteoporosis, which is a surgi-
cal criterion in PHPT [19]. Also, in a study conducted by Gulumsek
et al. (2022), native SH (thiol) values were lower in PHPT patients
who were candidates for surgery. These findings suggest that na-
tive SH may be helpful in determining the indication for surgical
treatment in asymptomatic PHPT patients [20]. Our study may also
be helpful in detecting the presence of osteoporosis in PHPT pa-
tients and thus aiding the surgical decision in this patient group.

Limitations

The most important limitation of this study is that it is single-cen-
tered, cross-sectional, with a limited number of patients. In addi-
tion, periostin is expressed in many tissues other than bones. Al-
though we tried to exclude the main confounding factors, this
could have implications as we were not able to measure the bone-
specific isoform. The other limitations of our study were that we
did not study other bone biomarkers and genetic polymorphism,
did not measure DEXA from other body regions such as obtaining
densitometric values of the radius, did not consider additional fac-
tors such as smoking, exercise, and nutritional factors, did not in-
clude osteoporosis patients without PHPT and PHPT patients with
fracture and did not evaluate the patients after the treatment.

Conclusion

In our study, serum periostin levels were significantly higher in pa-
tients with PHPT and negatively correlated with T scores on DEXA.
To our knowledge, our study is the first to demonstrate an increase
in periostin levels in patients with PHPT compared to patients with-
out PHPT and also the first to demonstrate a correlation between
serum periostin levels and osteoporosis in patients with PHPT.
These findings might be helpful in determining the indication for
surgical treatment in patients with PHPT without a need for anim-
aging method that involves radiation. Further studies with larger
patient groups are required for better elucidation of the relation-
ship between periostin levels and BMD in PHPT patients.
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