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Abstract

Background: Biochemical indicators and endocrine factors, particularly thyroid hormones and sex
hormones, are closely related to bone metabolism and skeletal regulation in women.Knowledge
Gap: Although several biomarkers are known to participate in bone metabolism, the combined profile
of biochemical and hormonal parameters associated with osteoporosis in women remains
insufficiently documented in certain regional populations. Aims: This study investigated selected
biochemical and hormonal biomarkers in women diagnosed with osteoporosis in Al-Diwaniyah
Governorate. Results: A total of 76 women aged 25-45 years participated in the study and were
divided into an osteoporosis group (46 patients) and a healthy control group (30 individuals).
Statistical analysis showed significant reductions in body mass index, serum calcium, and vitamin D
levelsin osteoporotic women compared with controls. In contrast, thyroid-related hormones, including
thyroid-stimulating hormone and thyroxine, were significantly elevated in the patient group.
Additionally, estrogen and follicle-stimulating hormone concentrations were significantly lower in
women with osteoporosis. Novelty: The study provides an integrated evaluation of biochemical and
endocrine biomarkers related to bone metabolism among women within the studied population.
Implications: These findings highlight the importance of hormonal and biochemical assessment in
understanding metabolic alterations associated with osteoporosis and may support clinical laboratory
monitoring strategies for women at risk of bone metabolism disorders.

Keywords: Osteoporosis, Bone Metabolism, Thyroid Hormones, Vitamin D, Women

Key Findings Highlights
Reduced calcium, vitamin D, and body mass index detected in affected participants.
EZevated thyroid-related hormones identified in the patient group.

Lawer estrogen and follicle-stimulating hormone concentrations observed in osteoporotic
women.
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Introduction

Osteoporosis is a progressive disease that weakens bones, increasing their susceptibility to fractures. Typically associated
with a gradual loss of bone density with age or due to deficiencies in certain nutrients, this widespread health problem can
often be prevented or managed through early intervention and a healthy lifestyle.

Osteoporosis is a highly prevalent condition among older women, even in the absence of identifiable predisposing risk
factors. This condition represents a major public health concern, as it significantly compromises bone strength and increases
susceptibility to fractures. Understanding osteoporosis in women requires comprehensive knowledge of both modifiable and
non-modifiable risk factors, as well as insight into the underlying pathophysiological mechanisms. In addition, effective
management strategies rely heavily on pharmacological interventions and lifestyle modifications, underscoring the essential
role of a multidisciplinary healthcare team in the accurate diagnosis and optimal management of osteoporosis [1],
Osteoporosis exerts substantial adverse effects on the physical, psychological, and emotional well-being of postmenopausal
women. Epidemiological evidence indicates that osteoporosis affects approximately one in three women and one in five men
over the age of 50, classifying it as a chronic and widespread disease [2]. The condition is characterized by a progressive
reduction in bone mass and deterioration of bone microarchitecture, resulting in decreased bone strength and an elevated
risk of fractures. Consequently, individuals with osteoporosis are more susceptible to fractures, even following low-impact
events such as minor falls. According to the World Health Organization, osteoporosis is diagnosed when bone mineral
density falls 2.5 standard deviations or more below the average value observed in healthy individuals of the same age and
sex [3].

The present study was designed to investigate the effects of osteoporosis on women in Al-Diwaniyah Governorate by

assessing several biomarkers, including thyroid hormone (T4, TSH), estrogen (E2), follicle-stimulating hormone (FSH),
calcium (Ca), and vitamin D levels.

2- Materials and Methods

3-2 Sample Collections
Samples were collected from December 2024 to January 2025 from female patients with osteoporosis at Diwaniyah Teaching
Hospital and other laboratories in the governorate center. The sample totals consisted of (76) women aged between (25-45)
years. The samples were categorized into two groups; the first group consisted of healthy women and served as the control
group , consisted of (30) individuals , and the second group, representing women with osteoporosis (Patients women),
consisted of (46) individuals. Women with other diseases were also excluded.

3-3 Blood Draw
Venous blood (5 mL) was collected from the brachial vein for each individual enrolled in the study , participant and
distributed into two types of plastic tubes . For biochemical analyses, a portion of the blood was transferred into plain tubes
without anticoagulants. The samples were then centrifuged at 3,000 rpm for 15 minutes to separate the serum for
subsequent analysis . Serum was then withdrawn using a micropipette and transferred to clean, sterile tubes. The tubes
were stored at -20°C until the study could be carried out later.

3-4 Parameters Study

3-4-1 Biochemical Parameters

1- Vitamin D Measurement
Serum vitamin D3 levels were determined using the ELISA kit provided by [4].

2- Measurement of Calcium Concentration

The concentration of calcium ions in serum was measured according to [5] using a spectrophotometer, reading it at a
wavelength of 570 nm.

3- Measurement of Thyroid , FSH and Estrogen Hormone

Thyroid hormones (TSH, T4 , FSH and Estrogen) were measured using a modern automated quantitative VIDAS device,
according to the methods used for serum analysis using the Enzyme Linked Fluorescent Assay (ELFA) technique [6].

4-5 Statistical Analysis

Statistical analysis was performed using SPSS version 23, and differences between group means were assessed using the t-
test.

4 . Results and Discussions
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1- Body Max index (BMI)

Results showed that those with osteoporosis women had (BMI) decrease compared to the healthy control group with the
percentages reaching(28.75) 58% and (20.53)42%, respectively, as shown in Figure (1) .

Variables such as BMI, sex, and age have been shown to significantly influence the incidence of vitamin D3 deficiency . A
low body mass index (BMI) has been consistently identified as a major determinant of osteoporosis risk [7]. This effect is
largely mediated by the strong link between body weight and bone mass. Population-based studies have shown that
increased body weight contributes to higher bone mineral density and a decreased likelihood of fragility fractures, especially
among older women, whereas low BMI is associated with a greater risk of hip fractures , even before adjustments for bone
mineral density are taken into account. Furthermore, postmenopausal women present additional challenges: thinner skin,
reduced capacity to synthesize vitamin D, decreased intestinal absorption of vitamin D, and reduced hydroxylation in the
liver and kidneys. These metabolic changes are further compounded by lower levels of outdoor activity and insufficient
dietary vitamin D intake [8].

2- Calcium and vitamin D Levels

The results summarized in Table (1) indicate a significant decrease (P < 0.05) in calcium and vitamin D concentrations
among women with osteoporosis relative to the control group. The findings of this study contradict those of other research
in the field, such as the study by Catalano [9], which reported no change in calcium levels in individuals with osteoporosis.
Calcium plays a crucial role as a reservoir in bones, serving multiple vital functions, including supporting bone cell
development, heart functions, and various other physiological processes. When blood calcium levels decrease, the body
compensates for the deficiency by drawing from calcium reserves in the bones as in figure (2) .

Vitamin D deficiency represents one of the primary causes of hypocalcemia, given its essential role in promoting intestinal
calcium absorption and regulating calcium incorporation into bone tissue [10]. Insufficient dietary intake or untreated
deficiency may disturb calcium homeostasis and negatively affect bone metabolism. These observations are in agreement
with the findings of [11], who reported significantly reduced serum vitamin D concentrations in osteoporotic individuals
compared with healthy controls.

Furthermore, the present study emphasizes the clinical relevance of assessing Serum level of 25-hydroxyvitamin D
[25(0OH)D] in postmenopausal women with osteoporosis on a global scale. Variations in vitamin D status have been
documented across different populations and geographical regions, influenced by factors such as seasonal changes, latitude,
and sun exposure, which contribute to significant differences in vitamin D levels among countries.

Although cutaneous synthesis following sunlight exposure is considered the primary source of vitamin D, additional
factors—including dietary intake and supplementation—substantially influence serum 25(0OH)D concentrations [12]. Several
studies have highlighted the importance of consuming vitamin D-rich foods, particularly oily fish such as mackerel, herring,
sardines, and salmon, which are among the most potent natural dietary sources of this vitamin. Previous research has shown
that approximately 60% of individuals using cod liver oil supplements achieved sufficient vitamin D levels. Seasonal variation
also plays a role, with higher proportions of adequate vitamin D status observed during summer months compared to winter,
where deficiency rates markedly increase [13].

Vitamin D supplementation is therefore essential for a considerable proportion of postmenopausal women with osteoporosis,
particularly during periods of limited sunlight exposure. It has been reported that approximately 25% of affected women
require supplementation during winter, while up to 35% may need it during summer. Therapeutic regimens including daily
doses of up to 10,000 IU or weekly doses not exceeding 50,000 IU have been shown to effectively correct 25(OH)D
deficiency and produce significant clinical improvements in osteoporotic patients [12], [13].

3- Thyroid hormones level

In contrast, the results of this study, shown in Table (1), revealed a significant increase (P < 0.05) in thyroid function levels,
particularly thyroxine (T4) hormone, along with a significant decrease in the level of thyroid-stimulating hormone (TSH) in
women with osteoporosis compared to the healthy group , as illustrated in Figure (2). Thyroid function plays a fundamental
systemic role in the regulation of bone mineral metabolism, and abnormalities in thyroid hormone secretion are well
recognized as an important cause of secondary osteoporosis [14].

Thyroid hormones are key regulators of bone remodeling and mineral homeostasis in adults. The hormonal pattern observed
in this study—elevated T4 levels accompanied by suppressed TSH—indicates a state of increased thyroid hormone activity.
Such a condition is known to accelerate bone turnover and promote bone resorption through the activation of T3 receptors
expressed in chondrocytes and osteoblasts [15]. Enhanced thyroid hormone activity stimulates osteoclast differentiation and
function, ultimately leading to a decline in bone mineral density and a higher risk of osteoporosis. Moreover, TSH itself has
been shown to exert a protective effect on skeletal health by inhibiting osteoclast formation and activity, thereby supporting
the maintenance of bone mass and microstructural integrity [16]. Consequently, the reduced TSH levels detected in the
osteoporosis group may further contribute to excessive osteoclastic resorption and disruption of normal bone homeostasis.
In addition, thyroid hormones exert direct catabolic effects on bone mineral balance, and elevated circulating levels can
increase renal calcium excretion, exacerbating bone demineralization [17].

Both thyroid-stimulating hormone (TSH) and triiodothyronine (T3) are key regulators of bone remodeling, exerting their
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influence by regulating the activity of osteoblasts and osteoclasts. TSH, in particular, stimulates the production of
osteoprotein (OPG), a protein that inhibits osteoclast-mediated bone resorption and supports skeletal homeostasis [18]. A
study by [19] indicated that thyroid hormone imbalances, characterized by elevated T4 and low TSH levels, may be closely
associated with impaired bone turnover, decreased bone mineral density, and exacerbation of osteoporosis in women. These
hormonal imbalances disrupt bone regulation at the cellular level, ultimately leading to increased bone loss.

4- Follicle stimulating hormone (FSH) and Estrogen (E2) Levels

The current study, shown in Table (1), demonstrated a significant decrease (P = 0.05) in estrogen (E2)and FSH levels in
women with osteoporosis compared to healthy controls women as in figure (2) , Several studies in this area support these
findings [20] [21].

The reduced FSH levels in the osteoporosis group may be attributed to differences in menopausal status, age distribution,
hormonal therapy, or metabolic and inflammatory changes that alter pituitary feedback regulation. These factors can
collectively suppress FSH secretion and explain the lower levels observed in this study. The primary purpose of FSH is
believed to be to promote estrogen production and ovarian follicle development. While the reproductive function of FSH is
widely recognized, The relationship between elevated blood levels of follicle-stimulating hormone (FSH) and bone loss
remains controversial [22]. Evidence from studies involving premenopausal and perimenopausal women suggests that
elevated FSH concentration, even before menopause, is associated with decreased bone mineral density, increased bone
resorption indices, and decreased estradiol levels [23]. Confirming this observation, a meta-analysis of ten prospective
studies showed that the rate of spinal bone mineral loss during perimenopause—when estrogen levels are relatively
high—was greater than that observed in postmenopausal women, despite the significantly lower estrogen concentration in
the latter group [24]. Experimental evidence further complicates this relationship; using a genetically modified mouse model
expressing human FSH, [25] demonstrated that increased FSH activity in vivo, via ovarian pathways, is associated with
increased bone mass. This effect appears to be indirect, as increased bone mass has been observed even in the absence of a
direct stimulatory effect of FSH on bone tissue. Furthermore, FSH-related bone changes have been linked to ovarian
testosterone secretion, FSH-stimulated inhibitory factors that suppress FSH secretion from the pituitary gland, and immune
cell changes occurring during perimenopause [25].

Estrogen is a very important hormone for bone health , Estradiol is a major estrogen receptor and a key female sex
hormone. This hormone plays a crucial role in regulating bone metabolism. Primarily produced in the ovaries, its levels
remain within the normal range during the premenopausal period and then gradually decline with age [26]. After
menopause, estradiol levels drop sharply, and this decline is closely associated with decreased bone mineral density. The
marked decrease in estradiol negatively impacts bone strength and increases the risk of osteoporosis [27].

Groups Healthy Control (N = 30) Women Patients(N = 46)
Ca 8.90 = 0.62 * 6.21 £ 0.63

Vitamin D 33.45+3.70 * 24.25+3.90

E2 (pg/L) 30.04 £ 1.45 * 25.72 £1.96

FSH (mU/ml) 10.30 = 0.61 * 6.30 £ 0.72

TSH (U/ml) 3.31 £0.16 2.20 £0.13 *

T4 (pg/ml) 34.2 £ 0.64 51.80 + 1.82*

Table 1. Table (1) : Shows the comparison between control (healthy) and osteoporosis women (Patients) for
Engiigh Hecandnb€f€FERT, 61D , E 0106 ana (FM) s éoitid] bethimendiin phticmban FEEHNytgneimpB, and Calcium (Ca) .

Body mass index (control)

B Body mass index pateint
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Figure 1.

Figure ( 1) : Shows the comparison between control ( healthy ) and osteoporosis women (Patients)
for Body Mass Index (BMI) .

35

_

30

25

20

15 W Control
M Patients

10

Vitamin D

Ca

Figure 2. Figure ( 2 ) : Shows the comparison between control ( healthy ) and osteoporosis women (Patients)
for Vitamin D, and Calcium (Ca) .

&0
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W Control group
20 M Patients
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Figure 3. Figure (2 ) : Shows the comparison between control (healthy) and osteoporosis women (Patients) for
thyroid hormones (TSH, T3), Estrogen (E2), follicle-stimulating hormone(FSH), Vitamin D, and Calcium (Ca) .
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Conclusion:

This research concludes that osteoporosis in the context of thyroid hormonal imbalance is statistically correlated with a
significant downregulation of bone-regulating markers. This includes a marked decrease in Vitamin D and calcium, as well
as an observed reduction in systemic estrogen and FSH levels and thyroid hormones.
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