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Abstract

Osteoporosis is a disease caused by decrease in bone density and deterioration of bone
structure, that have different causes. the current study showed the interaction between
osteoporosis and cardiovascular diseases by testing patient samples and using Heat Shock
Protein 20 as a biochemical marker. This study was conducted at Al-Hussein Teaching
Hospital in Karbala and some external laboratories in the Holy Karbala Governorate that
have 53 cases, of which 33 were osteoporosis diagnosed with and 20 were healthy controls
and the participants age ranged from 20 to 60 years. however, the result of the current study
showed there is a significant increase in age and BMI, with more females and smokers
in contrast to the control group. Most patients lived in urban areas, and their educational
and social status varied. the result of laboratory showed decrease in levels of vitamin
D3, zinc, magnesium, iron, and vitamin B12 in patients, while CRP and ALP levels were
higher significant suggested possible inflammation. also, the TSH levels were increased,
indicated thyroid function alterations. while the Calcium levels remained stable between
groups. the heat shock protein levels were elevated in patients with osteoporosis, so that this
biochemical marker associated with the disease. Conclusions: Osteoporosis patients were
older, had higher BMI, and were indicated lifestyle and demographic risk factors. They had
decrease in levels of vitamin D3, zinc, magnesium, iron, and B12 levels, with increased in
CRP and ALP, that indicated inflammation and bone issues. the increase in TSH level may
suggested dysfunction in thyroid, but the level of calcium remained stable. the high level in
Heat Shock Protein 20 (HSP20) marker could reflect a protective response to inflammation
and stress, potentially linking osteoporosis and cardiovascular health, warranting further
research.

1. Introduction

Osteoporosis, recognized as the most common metabolic bone disease, impact about 200 million individuals worldwide and is defined by a
reduction in bone mineral density (BMD). These changes are related to elevated the risk of fragility fractures [1]. The osteoporosis disease,
is commonly asymptomatic Before a fracture, while the fracture can be caused post life-threatening [2]. Fractures in the spine and hip
particularly caused severe pain and can lead to mortality, 20% of patient with osteoporotic hip fractures dying within six months [3]. Recent
research showed a strong correlation between osteoporosis and cardiovascular diseases (CVDs), as each disease was common risk factors
for similar pathophysiological mechanisms, such as chronic inflammation, oxidative stress, and endothelial dysfunction [4]. In Addition,
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vascular calcification as a risk factor for CVD disease has been correlated to bone demineralization, suggesting a potential ”bone-vascular
axis” that connects both diseases [5].

Heat-shock proteins (Hsp) are the one type of proteins commonly classified according to their molecular weight and have three different
families. The first group comprises major Hsps Proteins with molecular weight of 60, 70, 90, 110 kDa. The minor Hsps is the second group
that induced by glucose deprivation such as the glucose-related proteins. The last group included low molecular weight Hsps (20 kDa) [6].
However, Hsp20 is the only small heat shock protein that undergoes phosphorylated by PKA/PKG at Ser16 [7, 8]. Hsp20 is expressed in
various tissues while is predominantly present in smooth, skeletal and cardiac muscle., This protein caused relaxation In smooth muscle,
while its role in skeletal muscle is understood [9].

2. Methods

2.1. Study subject

The study was conducted at Al-Hussein Teaching Hospital in Karbala and several external laboratories in the Holy Karbala Governorate and
included 53 cases, of which 33 were diagnosed with osteoporosis and 20 were healthy controls.

2.2. Participants

Fifty-three Iraqi individuals undergoing health assessments between January and June 2024 were included in the research. Additionally,
twenty healthy adults without osteoporosis symptoms served as controls. The samples examined were patients suffering from osteoporosis
receiving drug treatment.

2.3. Inclusion and Exclusion Criteria

Participants comprised in research underwent health assessments and met the following criteria: they were between 20 and 60 years of age
and undergoing osteoporosis examinations for medical reasons. Those Patients with osteopenia or metabolic bone disorders and other disease
are excluded. Participants were excluded if they were pregnant or lactating, and some patients are smokers.

2.4. Assessment criteria

Participants underwent comprehensive health assessments, including blood chemistry (vitamin D3, zinc, CRP, magnesium, Iron, ALP,
vitamin B12, calcium), fasting blood sugar, and TSH.

2.5. BMI Calculation

Body mass index (BMI) was calculated by dividing the individual’s self-reported body weight (kg) by their height squared (m). Body mass
index (BMI) was classified based on the WHO physical status classification17: underweight (BMI <18.5 kg/m2), normal weight (BMI
18.5-25 kg/m2), overweight (BMI 25-30 kg/m2), or obese (BMI >30 kg/m [10].

2.6. Laboratory Analyses

Blood samples were collected via venipuncture using sterile syringes of 5mL. Each sample was immediately transferred into designated
tubes. The blood was allowed to clot at room temperature for 10 minutes, then centrifugation at 6000 rpm for 15 minutes. The resulting
serum was then stored frozen at -80 ºC for subsequent laboratory analysis.
Determination of Vitamin D: Vitamin D is measured in the laboratory using immunoassay techniques such as VIDAS. A specific reagent
binds to 25-hydroxyvitamin D in the sample, generating a detectable signal proportional to its concentration. The assay is automated using
analyzers bioMérieux VIDAS, providing results within approximately 30-40 minutes.
Determination of zinc: A colorimetric reaction was used to determine the concentration of zinc in the serum. The level of electrolyte in
serum was supplied by Biolabo SA, France.
Determination of CRP: C-reactive protein (CRP) is determined in the laboratory by utilized Immunoturbidimetric Assay. In the immunotur-
bidimetric method, CRP in the sample binds to specific antibodies, forming immune complexes that increase turbidity, which is measured
spectrophotometrically.
Determination of magnesium: Magnesium is measured using the Colorimetric Spectrophotometry Method. In the colorimetric method, mag-
nesium reacts with a metallochromic dye (such as Xylidyl Blue) to form a colored complex, with absorbance measured spectrophotometrically.
Automated analyzers Mindray BS-200 provide rapid and accurate results.
Determination of Iron: Iron is measured in the laboratory using Colorimetric Spectrophotometry. The test involves releasing iron from
transferrin, reducing it to the ferrous form, and reacting it with a chromogen to produce a colored complex, which is measured at a specific
wavelength.
Determination Fasting Blood Sugar: A colorimetric reaction was used to assess the content of fasting blood sugar in serum. Biolabo SA of
France offered the fasting blood sugar level in serum.
Determination of ALP: A colorimetric reaction was used to determine the concentration of ALP in the serum. Biolabo SA, France supplied
the level of electrolyte in serum.
Determination of vitamin B12: Vitamin B12 is measured in the laboratory using immunoassay techniques such as VIDAS. The test
involves binding vitamin B12 in the sample to specific intrinsic factor-coated reagents, generating a luminescent signal proportional to its
concentration.
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Determination of TSH: The TSH (Thyroid Stimulating Hormone) test using the VIDAS system is performed through the ELFA (Enzyme-
Linked Fluorescent Assay) technique, which relies on enzyme fluorescence detection for accurate measurement.

Determination of calcium: the calcium level in blood analyzed by Colorimetric reaction in serum. The level of electrolyte in serum was
measured by Biolabo SA, France.

2.7. Statistical Analysis

The data were supplied by utilizing Statistical Package for Social Sciences (SPSS) software version 26.0. Significance testing involved
calculating descriptive statistics such as means and standard deviations for comparisons between patient and control subgroups. Data
visualizations were created using Microsoft Office 2016 Excel. All statistical tested were conducted with a significance level set at P <0.05.

3. Results

3.1. Patient Characteristics

The study included 53 individuals were classified into a control group and osteoporosis patient group. As shown in Table 1, the patients had an
average age of 38 ± 2.579 years, in contrast to the other group with an average age of 21.6 ± 1.208 years. However, the BMI of osteoporosis
patients was 23.51 ± 0.30, compared to 21.57 ± 1.30 in healthy group with a significant variation. In this study notable the different gender
distribution, which the females constituting a majority percentage of the patients (55.6%) compared to males (44.4%), while, the control
group has balanced gender distribution comprised 50% male and 50% female individual. Also, the study demonstrated the smoking habits
that comprised 33.3% of the patients but none of the participate in control group identified as smoking. Regarding residential locations,
the majority of the patients (85.2%) resided in urban areas, but few patients 14.8% resided in rural areas. An educational background
tested showed that 40.7% of patients were students of undergraduate, 40.7% held a bachelor’s degree, and 18.5% had postgraduate studies.
Furthermore, the study analyzed social status, relived that 66.7% of patients were married, while 33.3% were single. These findings is the
key of demographic differences between the patient and control groups.

Table 1: Comparison of the clinical characteristics between Patients with Osteo disease and control groups

Clinical characteristics Mean ± SE
Patient N=33 Control N=20

Age (year) 38 ± 2.579* 21.6 ± 1.208
BMI (kg/m2) 23.51 ± 0.30* 21.57 ± 1.309
Gender Male (44.4%) Male (50%)

Female (55.6%) Female (50%)
Level of Education Undergraduate Bachelors (100%)

studies (40.7%)
Bachelors
Degree (40.7%)
Postgraduate (18.5%)

Residence City (85.2%) City (100%)
Rural Area (14.8%)

Smoking Yes (66.7%) No (100%)
No (33.3%)

Social status Single (33.3%) Single (100%)
Married (66.7%)

Laboratory parameters values between patients and the control group revealed significant differences in several parameters, as shown in
Table 2. Specifically, Vitamin D3 levels were 16.57 ± 2.066 in osteoporosis patients versus 55.62 ± 1.84 in controls. Similarly, zinc levels
were lower in patients 64.89 ± 5.431 compared to controls 95 ± 7.239 while the concentration of CRP significantly higher in patients (39.97
± 14.70) compared to controls (8.8 ± 0.37), suggesting chronic inflammation. Magnesium concentration were also decrease in patients
(1.45 ± 0.25) compared to controls (2.48 ± 0.16). Iron levels were decreased in patients (36.83 ± 6.13) in contrast to the control group (75
± 12.45). Glucose levels were slightly lower in patients (131.75 ± 19.93) compared to controls (77.4 ± 2.50). Additionally, ALP levels
were significantly higher in patients (137.25 ± 32.73) compared to controls (61.2 ± 8.83).

However, significant differences were observed in Vitamin B12 levels were reduced in patients 142 ± 28.49 compared to controls 674.8
± 106.61. While, the TSH levels were higher in patients 3.74 ± 1.51 compared to controls 2.88 ± 0.80, suggesting potential thyroid function
alterations. Calcium levels remained relatively similar between the two groups, with patients showing 9.44 ± 0.25 and controls 9.48 ± 0.31.
These results indicate significant changes in several biochemical markers in patients, which may be related to the disease pathophysiology.
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Table 2: Comparison of clinical tests between patients and control group

Test Mean ± Std
Patient Control

Vitamin D3 (ng/mL) 16.57 ± 2.066* 55.62 ± 1.845
Zinc (µg/dL) 64.89 ± 5.431* 95 ± 7.239
CRP (mg/L) 39.9667 ± 14.69608* 8.8 ± 0.37417
Magnesium (mg/dL) 1.4488 ± 0.24735 2.48 ± 0.15937
Iron (µg/dL) 36.83 ± 6.129* 75 ± 12.45
Glucose (mg/dL) 131.75 ± 19.926 * 77.4 ± 2.502
ALP (U/L) 137.25 ± 32.727* 61.2 ± 8.834
Vitamin B12 (pg/mL) 142 ± 28.49* 674.8 ± 106.614
TSH (µIU/mL) 3.7412 ± 1.508848* 2.88 ± 0.796492
Calcium (mg/dL) 9.438 ± 0.2456 9.48 ± 0.3121

3.2. Evaluation of biomarkers associated with osteoporosis

Figure 1, shows the Heat shock protein 20 test levels between the studied groups. As illustrated in these figures, there are significant increases
(p Heat shock protein 20 levels were assessed as a specific biomarker between the studied groups. Our data demonstrated a significant
elevation (p <0.05) in HSP 20 levels 11.582 ± 2.77 pg/m) in patients diagnosed with Osteoporosis in contrasted to the healthy control group
(0.7550 ± 0.365 pg/mL) (Figure 1).

Figure 1: Comparison of the HSP-20 between Groups of osteoporosis disease and healthy group * P <0.05 statistically significant with control group

4. Discussion

Ageing is a significant risk factor for osteoporosis. An earlier study by Pignolo et al., [11] found that aging leads to a shift in mesenchymal
stem cell differentiation towards adipogenesis, reducing osteoblast function [11]. Studies indicate that bone mineral density (BMD)
significantly decreases with age, particularly in the lumbar spine and femoral neck, increasing osteoporosis incidence [12].

Previous studies showed that diet, physical activity, and smoking habits can also contribute to bone health, independent of BMI [13].
Studies show that a significant percentage of individuals with normal BMI still present with osteoporotic BMD. Furthermore, in one
research, 48.7% of women have normal BMI with osteoporotic BMD [14, 15]. Other researches demonstrated that osteoporosis developed
in normal-weight individuals can needed for monitoring regularly [16]. nutritional deficiencies, hormonal changes and lifestyle factors in
postmenopausal women were the important risk factors for Osteoporosis disease because the estrogen level decline after menopause and
caused resorption of bone increased and bone formation decreased, which leading to higher fracture risk [17, 18]. In addition, low calcium
intake, deficiency of vitamin D, and genetic predisposition were the other factors effected this condition increased [19, 20]. So that, the
decrease in dietary calcium and vitamin D concentration among women, contributing to osteoporosis [21]. A previous study indicated that
osteoporosis is inerasably developed in urban settings due to several factors such as genetic, environmental, and lifestyle factors. However,
insufficient consumption of fruits and vegetables caused decrease calcium intake that common in urban diets [22]. Other study relived that
Malnutrition and obesity also play important roles in bone healthy [23]. High rates of smoking and alcohol consumption further exacerbate
the risk of osteoporosis [23].

The current study found that 66.7% of patients were married, and 33.3% were single. Infante et al., [24] found that sedentary lifestyles,
often seen in married individuals due to family responsibilities, can contribute to bone density loss [24]. While these factors highlight the
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risks associated with osteoporosis in married individuals, it is also important to consider that not all married individuals will experience these
issues. Osteoporosis is a multifactorial condition that significantly increases with age due to various intrinsic and extrinsic factors.

Current study consistent with Sabirov et al., [25], who found that vitamin D is essential for calcium and phosphorus metabolism, and
crucial for bone mineralization. Deficiency in vitamin D is linked to an increased risk of low bone mineral density and fractures [25]. Elderly
individuals are particularly vulnerable due to reduced synthesis and activation of vitamin D [25]. A study by Zofková et al. [26] demonstrated
that zinc is vital for bone formation and mineralization; its deficiency can slow bone mass increase and accelerate loss post-menopause [26].

However, the low level of Magnesium associated with osteoporosis disease directly by acting on formation of crystal and indirectly by
effecting on the secretion and activity of parathyroid hormone and by induced low-grade inflammation. Multiple studies link low magnesium
status with osteoporosis risk [27]. One study found that women with osteoporosis had significantly lower magnesium levels than those
without [28]. Another study found a link between low serum magnesium and osteoporosis of the spine [29]. Magnesium supports bone
structure and influences calcium metabolism; inadequate levels can lead to osteoporosis [30].

Iron is play important role in collagen formation that is essential for bone strength [26]. Also, vitamin B12 is contributed to bone cell
function and the levels decrease caused osteoporosis disease [30]. Other studies were consistent with the current study demonstrated that
diabetes mellitus is an important factor caused of osteoporosis because the Insulin hormones that regulates osteoblast and osteoclast activity
and effected on bone building and resorption [31]. The mineral deposition impaired and decline in osteoblast numbers was the risk factor
of insulin deficiency and bone integrity. Abnormal glucose metabolism (AGM), characterized by blood glucose elevation that linked to
osteoporosis [31]. Li et al. [12] demonstrated a decreased prevalence of osteoporosis in people with T2DM, while Park et al. [32] relived a
similar association while without considering diabetes status. Wang et al. [33] resulted that increase in insulin resistance related with higher
osteoporosis risk which suggesting a link between hyperglycemia and osteoporosis.

Previous studies demonstrated that high glucose levels inhibit the expression of key osteogenic markers, including ALP, osteoglycin
(OGN), and Runx2, leading to reduced osteoblast proliferation and mineralization [29]. In vitro studies indicate that high glucose conditions
can decrease ALP activity by approximately 50%, suggesting a significant impairment in mineralization capacity [34]. High glucose can
enhance ALP expression during early osteoblast differentiation but may lead to decreased expression in later stages, indicating a time
dependent effect on mineralization [35]. Another study found that the important biomarker for bone metabolism and BMD was alkaline
phosphatase (ALP), the different in its concentration can affected on repair, remodeling and growth of bones so that, the decrease the mass of
bone or decline in bone formation caused Osteoporosis. ALP important hydrolyzes phosphate esters induced formation of bone that essential
phosphate for hydroxyapatite deposition and the inhibition in concentration caused inhibitory effect on bone salt formation, and induced
bone formation [36, 37]. Thus, it can serve as a bone turnover marker.

The current study was consistent with Francisqueti-Ferron et al. [21], who found that increased serum ALP concentration may
demonstrated an elevated risk of osteoporosis or redused bone density and could potentially serve as a biomarker for the diagnosis and
treatment of osteoporosis [21]. Bone changes involve two processes: bone modeling and bone remodeling. Reducing bone remodeling or an
imbalance between bone synthesis and absorption can lead to bone diseases such as osteoporosis [21, 38].

The current study was consistent with Wang et al. [33] who found HSP20 enhances osteoblast differentiation while inhibiting osteoclast
activity, promoting bone formation [39]. Studies have shown that small heat shock proteins, including HSP20/HSPB6, participate in bone
metabolism by regulating osteoblast and osteoclast activity, suggesting their involvement in osteoporosis development and bone remodeling
[40]. Reduced expression of protective cellular proteins, including heat shock proteins, has been associated with increased bone resorption,
lower bone mineral density, and higher fracture risk in osteoporosis patients [41].

The HSP20/HSPB6 has necessary role in health and disease, as highlighted by Reddy et al. [42]. Several studies have demonstrated that
HSP20 has cardioprotective properties [43]. Overexpressing HSP20 caused improved cardiac outcomes after a drug induced heart injury
[43] or even in the diabetic heart [44]. HSP20 is also a vasorelaxant [45], also declined vasospasms and thrombosis associated with vein
grafting [46, 47].

Another study found that HSP20 reduces oxygen/glucose deprivation/reperfusion-induced organelle damage and cellular apoptosis,
indicating neuroprotective effects [48]. It is abundant in stressed cells [49] and expressed in many tissues, including the brain and heart [43].
The study by Fan et al., [50] found that HSP20 exerts anti-inflammatory and anti-apoptotic effects in vascular endothelial cells, reducing
atherosclerosis progression [50]. It inhibits vascular smooth muscle cell (VSMC) calcification, a key factor in arterial stiffness observed in
osteoporosis patients [51]. Also, HSP20 enhances nitric oxide (NO) production, improving endothelial function and preventing hypertension
[52].

In cardiac myocytes, HSP20 acts as a chaperone protein, binding to PDK1 for nuclear transport [53], and its phosphorylation affects
the cytoskeleton structure [54]. HSP20’s function can be affected when it forms dimers under heat [55]. As a heat shock protein, HSP20
enhances cell survival under stress, protecting the heart against apoptosis, remodeling, and ischemia/reperfusion injury [56]. HSP20 levels
increase under conditions like ischemia, exercise, doxorubicin treatment, and β adrenergic stimulation [57–60]. It plays a crucial role in
heart protection, with increased expression in failing hearts, suggesting a compensatory mechanism [43, 60, 61]. HSP20 is emerging as a
potential biomarker for assessing both osteoporosis and CVD risk. Circulating HSP20 Levels: Reduced HSP20 levels correlate with low
BMD and arterial calcification. Exosome-derived HSP20 plays a role in intercellular communication between vascular and bone cells [62].
Gene therapy and pharmacological modulation of HSP20 are being explored for osteoporosis and CVD prevention [63].

5. Conclusion

In conclusion, our findings support the notion that osteoporosis is a multifaceted condition influenced by various factors, including age,
gender, smokers, those with higher BMI. lower levels of vitamin D3, zinc, magnesium, iron, and vitamin B12, alongside higher CRP, ALP,
and TSH levels, suggesting possible effects on bone metabolism and inflammation. The elevated HSP20 levels in osteoporosis patients
showed a correlation between cellular stress and disease progression. Furthermore, increased HSP20 levels can be used as suitable biomarkers
and indicate a possible association between osteoporosis and cardiovascular disease. However, further research is needed to understand the
mechanisms linking these circulating biomarkers to osteoporosis.
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