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Abstract

Background Adult bone strength and shape are physiologically maintained in large part by thyroid hormones.
Thus, there exists a correlation between thyroid diseases and bony outcomes.

Objective To assess the level of type | collagen cross-linked C-terminal telopeptide in Iragi patients with
thyroid disorders and its relationship to other biochemical markers.
Methods Eighty Iraqgi thyroid disease patients (40 with hypothyroidism and 40 with hyperthyroidism) were

included in this study, aged between 30 and 65 years. Patients were chosen from the Baghdad
Teaching Hospital in the Medical City Complex. The 40 individuals in the healthy control group (20
males and 20 females) ranged in age from 30 to 55 years.

Results Among the three study groups, there was a highly significant decrease in vitamin D3 in
hypothyroidism and hyperthyroidism compared to control. A statistically significant increase in
alkaline phosphatase levels was seen among the study groups (hypothyroidism, hyperthyroidism,
and control); however, no statistically significant differences were seen between phosphate and
calcium levels. There was a highly significant rise in C-terminal telopeptide (CTX-1) between the
groups with hypothyroidism and hyperthyroidism and the control group; similarly, the
hyperthyroidism group showed a highly significant increase in CTX-1.

Conclusion There was a substantial increase in type | collagen cross-linked C-terminal telopeptide in
hypothyroidism and hyperthyroidism compared to control. This rise could be interpreted as a
predictive marker of osteoporosis in thyroid disease.

Keywords CTX-1, hypothyroidism, thyroid hormone, type | collagen cross-linked C-terminal telopeptide,
osteoporosis
Citation Ghadban AH, Tahir NT, Jawad RS. Type I collagen cross-linked C-terminal telopeptide as a

predictor marker of osteoporosis in Iraqi thyroid diseases patients. Iraqi JMS. 2024; 22(2):
330-338.doi: 10.22578/1JMS.22.2.19

List of abbreviations: BMI = Body mass index, CTX-1 = ¢-  might result from this circumstance, which
terminal telopeptide . . '

would have a negative impact on the person's

guality of life as well as their bodily and mental

Introduction health . An imbalance in the activity of
steoporosis is the sixth most prevalent  osteoclasts and osteoblasts, as well as the
disease worldwide. Life expectancy has  disconnection of bone resorption and creation,
increased in an aging culture, making it  are the main causes of bone loss (2. Adult bone

a significant public health issue. Fractures maintenance and the cycle of bone remodeling
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are impacted by clinical thyroid dysfunction.
The risk of bone fracture is raised by both
reduced and accelerated bone turnover G
High bone turnover is caused by excess thyroid
hormone.

High bone turnover and bone density loss are
connected to osteoporosis and an increased
risk of fractures in both overt and subclinical
hyperthyroidism ). It is well recognized that
overt hypothyroidism decreases osteoclastic
bone resorption as well as osteoblastic activity,
which in turn lowers bone turnover. An
increase in bone mineralization would be the
outcome of these modifications to bone
metabolism ©). Collagen degradation and bone
resorption result in the release of type |
collagen cross-linked C-terminal telopeptide
(CTX-1) into the bloodstream. Because of its
distinct amino acid sequences, CTX-1 is
particular to bone and makes about 90% of the
bone matrix. It is an end product of bone
breakdown that is mediated by osteoclasts and
is present in serum, urine (©),

Reduced osteoblast and osteoclast resorption,
as well as inadequate turnover of bone or a
slowing of the process of bone remodeling, are
the outcomes of hypothyroidism. But
thyrotoxicosis is distinguished by elevated
osteoblast and osteoclast activity, increased
bone turnover, and an inefficient bone
production cycle. This leads to a remodeling
process that expedites resorption ),

This study aimed to evaluate the CTX-1 level in
Iraqi thyroid disorder patients and its relation
to other biochemical parameters.

Methods
Study population in this study were 80 lIraqi
patients with thyroid disorders, 40 with
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hypothyroidism, 40 with hyperthyroidism,
ranging in age from 30 to 65 years. The 40
individuals in the health control group (20
males and 20 females) for each group range in
age from 30 to 55 years Data collection
patients chosen from the Baghdad Teaching
Hospital's in the Medical City Complex, from
November 2023 until the end of April 2024. All
information on height, weight, age, sex, body
mass index (BMI) was collected.

Blood samples were obtained for laboratory
analysis, which involved measuring
trilodothyronine (TT3), tetraiodothyronine
(TT4), thyroid stimulating hormone (TSH),
phosphate (POa), vitamin D3, calcium (Ca), and
alkaline phosphatase (ALP) as measured by
Cobas e411 in Germany. Competitive enzyme
Linked Immunosorbant assay (ELISA) was
utilized as the determination test for CTX-1.

Statistical analysis

Microsoft Excel 2010 was used for statistical
analysis. The data are given as means %
standard deviation (SD). Unpaired student ttest
was used to compare between each pair of the
study groups. A difference was deemed
significant if the P value was less than 0.05, and
highly significant if it was less than 0.01.

Results

In table (1), there was no significant variation in
age or height among the 3 study groups.
Weight and BMI were observed to have a
significant increase in hypothyroidism when
compared with hyperthyroidism and the
healthy control group, and, on the other hand,
there has been a significant reduction in weight
and BMI in hyperthyroidism as compared to
the control group.
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Table 1. Anthropometric measurements among study groups (hypothyroidism, hyperthyroidism,
and control)

Mean1SD P value
Parameter Hypothyroidism Hyperthyroidism Control G1Vs G1Vs G2 Vs
(G1) (G2) (G3) G2 G3 G3
N=40 N=40 N=40
Age (year) 41+14 39.8+18.3 33+13 0.120 0.241 0.06
Weigh (kg) 80.4+14.2 71.6+£14.2 75.9427.5 0.05* 0.05* 0.05*
Height (cm) 166110 168+10.9 167.37+8.85 0.153 0.025 0.141
BMI (kg/m?) 28.47+3.92 23.60+3.71 26.27+2.78 0.05* 0.05* 0.05*

*Significant P value <0.05

In table (2), TT3 and TT4 concentrations were
observed to be significantly lower in
hypothyroidism compared to hyperthyroidism
and the control group. TSH concentrations

Table 2. Thyroid function test among study gro

were observed to have an extremely significant
rise in hypothyroidism when compared with
hyperthyroidism and the healthy control group.

ups (hypothyroidism, hyperthyroidism, and

control)
Mean1SD P value
Parameter Hypothyroidism Hyperthyroidism Control G1Vs G1Vs G2 Vs
(G1) (G2) (G3) G2 G3 G3
N=40 N=40 N=40
TT3 (ng/mL) 0.831+0.4 3.781.16 1.56+1.1 0.05* 0.05* 0.05*
TT4 (ng/dL) 40.0+37.0 98.47186.42 83.7+5.64 0.01**  0.01**  0.01**
TSH (ulU/mL) 18.29+21.48 0.39+0.90 2.13+1.25 0.01**  0.01**  0.01**
*Significant P value <0.05, ** High significant P value <0.01
In table (3), there was a very significant rise in  groups, while no statistically significant

vitamin D3 levels among the 3 study groups. A
significant increase in ALP level among 3 study

difference was observed between PO4 and Ca
levels among 3 study groups.

Table 3. Clinical variables among study groups (hypothyroidism, hyperthyroidism, and control)

MeanSD P value

Parameter Hypothyroidism Hyperthyroidism Control G1Vs G1Vs G2 Vs

(G1) (G2) (G3) G2 G3 G3

N=40 N=40 N=40

Vit. D3 (ng/mL) 4.382+14.59 18.7+4.66 27+4.25 0.01%** 0.01%** 0.01%**
ALP (U/L) 33+113 99.45+22.16 69.7616.72 0.05* 0.05* 0.05*
PO4 (mg/dL) 2.310.6 2.27+0.58 2.8+0.71 0.201 0.145 0.274
Ca (mg/dL) 7.7+1.02 8.26+0.86 7.9610.65 0.203 0.104 0.221

*Significant P value <0.05, ** High significant P value <0.01

[@loslel



In table (4), there was a statistically significant
rise in CTX-1 in hypothyroidism relative to both
hyperthyroidism and control groups, as well as
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a highly significant rise in CTX-1 in
hyperthyroidism relative to the control group.

Table 4. CTX-1 level among study group (hypothyroidism, hyperthyroidism and control)

MeanSD P value
Parameter Hypothyroidism Hyperthyroidism Control G1Vs G1Vs G2 Vs
(G1) (G2) (G3) G2 G3 G3
N=40 N=40 N=40
CTX-1 ng/L 8121+727.22 6089+414.7 968.8+198.25 <0.01** <0.01** <0.01**

*Significant P value <0.05, ** High significant P value <0.01

In table (5), when comparing CTX-1 to vitamin
D3, PO4, and TT3, there was a negative
correlation seen in both hypothyroidism and
hyperthyroidism. Between CTX-1 and ALP,
there is a negative correlation in
hyperthyroidism and a positive correlation in

hypothyroidism. In both hypothyroidism and
hyperthyroidism, there is a positive correlation
between CTX-1 and TT4. Between CTX-1 and
TSH, there is a positive correlation in
hyperthyroidism and a negative correlation in
hypothyroidism.

Table 5. Correlation coefficient between CTX-1 level and clinical variables parameters in
hypothyroidism and hyperthyroidism

Parameter Hypothyroidism Hyperthyroidism
CTX-1vs Vit. D3 -0.392** -0.128**
CTX-1vs ALP 0.39* -0.264*
CTX-1vs Ca 0.0122 0.05
CTX-1 vs PO4 -0.320* -0.1*
CTX-1vsTT3 -0.16* -0.24*
CTX-1vsTT4 -0.068* 0.108*
CTX-1vs TSH -0.167* 0.084*

**Correlation is significant at P < 0.01, *Correlation is significant at P < 0.05

In table (6) and figure (1), the receiver
operating characteristic (ROC) was employed
to assess the accuracy of CTX-1 levels in
individuals  with  hypothyroidism  and
hyperthyroidism. According to ROC analysis,
the CTX-1 level is a highly reliable diagnostic
for osteoporosis prediction in patients with
hypothyroidism and hyperthyroidism. ROC
analysis indicated that CTX level in
hypothyroidism patients is an excellent

marker for predicting osteoporosis with a
predictive cut-off value of 1937.5 U/ml, AUC
0.953, specificity 99%, sensitivity 93%, and P
value <0.01, but ROC analysis indicated that
CTX-1 level in hyperthyroidism patients is a
very good marker for predicting osteoporosis
with a predictive cut-off value of 1676.0 U/ml,
area under curve (AUC) 0.886, specificity 99%,
sensitivity 93%, and P value <0.01.
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Table (6). Receiver operating characteristic curve data, specificity, and sensitivity of the studied
CTX-1 in hypothyroidism and hyperthyroidism groups

Group Area Cut off Explanation P value Sensitivity% Specificity %
Hypovs 953 1937.50 Excellent  <0.01%** 93% 99%
control

Hypervs — cg6 167600  Verygood  <0.01%* 90% 99%
control

ROC Curve o ROC Curve
% 08 g s
Hypothyroidism vs control Hyperthyroidism vs control
Figure 1. CTX-1 level Receiver operating characteristic curve (ROC)
Discussion groups in this study. This is in agreement with

The physiological function of thyroid hormones
is crucial for preserving the strength and shape
of adult bones, which protect critical organs,
facilitate movements, house hematopoietic
cells, and are essential for maintaining mineral
homeostasis 9. As such, there exists a
correlation between thyroid disorders and
skeletal results; an established factor in fast
bone turnover and accelerated bone loss,
which increases the possibility of fractures and
osteoporosis, is overt hyperthyroidism (19,
Patients with hypothyroidism exhibit higher
bone mineralization, while those with
hyperthyroidism have increased osteoclast
activity and osteoporosis (11,

The fact that the patients in the three groups in
the study were within the same age range may
have contributed to the lack of significant
variations in  mean age between the
hyperthyroidism, hypothyroidism, and control

studies (1213),

The BMIs of hypothyroidism, control, and
hyperthyroidism differ significantly from one
another. This result is explained by the fact
that thyroid hormones control thermogenesis
and energy metabolism. They also have a
major impact on food intake, lipid and glucose
metabolism, and fatty acid oxidation. This
study supports the research by Sanyal and
Raychaudhuri, which indicates that
hypothyroidism is linked to a lower metabolic
rate and has been linked to a higher prevalence
of obesity and an elevated BMI 4, Reduced
levels of T3 and T4, or a minor rise in TSH, will
promote the overstuffing of energy stored in
adipose tissues, which will ultimately result in
an increase in body weight and obesity — a
frequent symptom of hypothyroidism (1),
Santini et al. found that the hyperthyroid
patient had a lower BMI and most body
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composition measurements in comparison with
the group of controls (%), However, their
results disagree with those of another study
(17)which found no significant differences in
the relationship between BMI and small
variations within the normal range of thyroid
features. As opposed to control groups, there
was a significant rise (P = 0.01) in TSH and a
significant low (P = 0.01) in T3 and T4 within
hypothyroidism, and a significant reduction (p
=0.01) in TSH and a rise (P =0.01) in T3 and T4
in  hyperthyroidism. In  people  with
hypothyroidism, the pituitary gland may
release more TSH in an attempt to encourage
the thyroid to produce additional thyroid
hormones (T3, T4), which could explain their
elevated TSH levels. In contrast, people with
hyperthyroidism have a decrease in thyroid
hormone levels, which leads to a reduction in
thyroid hormone output. This aligns with
research findings (1819),

A significant variation (P <0.01) was seen in the
concentrations of vitamin D3 between the
study groups, which agrees with the outcomes
of Mackawy et al.,, who discovered that
individuals suffering from hypothyroidism and
hyperthyroidism had hypovitaminosis D. Their
findings also suggested a significant correlation
between the severity and degree of the disease
and serum vitamin D deficiency. This
relationship has two possible causes. First,
inadequate intestinal absorption of vitamin D
could be the cause of the low vitamin D levels.
Second, improper vitamin D activation may
occur in the body 9. Additionally, insufficient
calcium intake from food and elevated bone
turnover in hyperthyroid individuals result in
elevated calcium levels, which have a
detrimental effect on PTH hormone release
and vitamin D synthesis Y. Vitamin D
maintains the necessary mineralization of the
skeleton by controlling the metabolism of
calcium and phosphate (22,

Between the research groups, there was no
discernible variation in Ca or PO4 levels. This
may be explained by the fact that many
hypothyroid individuals have thyroid hormone
levels within the normal range; only their TSH
level is increased, and there is a lack of
epidemiological information regarding changes
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in Ca or PO4 levels or because they have been
taking calcium and phosphate supplements as
well as thyroid medication. Thyroid hormones
are important for mineral and metabolic
activities, thermogenic maintenance, and
cellular development in our bodies. When it
comes to bone mineral density, osteoporotic
fractures, and serum Ca or PO; levels,
hyperthyroidism is to blame for some of these
problems, while hypothyroidism is known to
lower these levels (3). Current study results
concerning Ca or POj is in agreement with 24
and in disagreement with previous studies
(25,26)_

Patients with hyperthyroidism and
hypothyroidism had serum ALP levels greater
than those of the control group, according to
the current study. A rise in osteoblastic activity
is the cause of elevated ALP. This study's
findings agree with Priya and Prathyusha study
(27) who found that out of the 36 hyperthyroid
individuals, 15 showed higher levels of blood
alkaline phosphatase activity. Patients with
thyroid  disorders  (hypothyroidism and
hyperthyroidism) have higher levels of ALP
compared to controls because membrane-
bound glycoprotein ALP is widely known to be
a potential osteogenic marker of calcification
and bone formation. In order to deposit an
elevated amount of phosphate at the outer
layer of the osteoblast cell throughout bone
formation, osteoblasts release ALP (28),
Between the study groups, there was an
extremely significant variation (P <0.01) in the
CTX-1 concentrations. According to several
studies, an extremely significant rise in CTX-1
was observed in hypothyroidism when
compared to the control and hyperthyroidism
groups, and a highly significant increase in CTX-
1 in hyperthyroidism when compared to the
control group (239, QOsteoclasts secrete a
variety of proteolytic enzymes that can
degrade the organic matrix of the bone,
discharging calcium and a variety of collagen
breakdown products into the serum. CTX-1 is
among the products that degrade collagen G,
The adult bone maintenance cycle and the
bone remodeling cycle are impacted by clinical
thyroid disease. The risk of bone fracture is
increased by both decreased and accelerated

©loclel



Ghadban et al, CTX-1 as A Predictor Marker of Osteoporosis in Iraqi Thyroid Diseases Patients

bone turnover. High bone turnover is caused
by excess thyroid hormone 2. The fast bone
turnover and bone density loss connected to
both overt and subclinical hyperthyroidism
have been associated with osteoporosis and a
higher chance of fractures. In overt
hypothyroidism, slower bone  turnover
additionally elevates the possibility of bone
fractures ®3). On the other hand, it is unknown
how subclinical hypothyroidism and fracture
risk are related to bone density reduction.
Subclinical hypothyroidism and bone loss have
been linked in some research; however, there
has been no correlation found in other studies
investigating fracture risk or bone loss 4. In
order to assess TSH's contribution to bone
metabolism independently of T3 and T4,
Heemstra et al. employed CTX-1 as a marker
for bone turnover. They discovered an
inversely proportional association between
CTX-1 and TSH. While bone markers should rise
in conjunction with a decrease in TSH, low TSH
levels may indicate hyperthyroidism 3. There
remains controversy regarding the relationship
between bone turnover indicators and TSH
concentration with regard to fragility fracture
risk.

TSH increases osteoblast differentiation, as
demonstrated by %), Tsai et al., on the other
hand, previously only observed a small amount
of cAMP activation, TSH binding, and TSHR
expression among human osteoblasts, leading
them to postulate that TSH is unlikely to play a
physiological role within osteoblast blood-brain
barriers 7). Expression of osteocalcin, type |
collagen, and bone sialoprotein is all down-
regulated by TSH, which also inhibits
osteoblasts (38),

In conclusion, in both the hyperthyroidism and
hypothyroidism study groups, there was a
statistically significant increase in CTX-1
relative to the control group. This rise could be
interpreted as a predictive marker of
osteoporosis in thyroid disease. Osteoporosis is
the most significant problem that coexists with
bone diseases; variations in thyroid hormone
levels and thyroid disease treatment are
factors that impact bone health.
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