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Abstract

Background. Coronavirus disease 19 (COVID-19) is a viral infection mediated by coronavirus-2 that causes
severe acute respiratory syndrome (SARS-CoV-2). The disease may affect biochemical parameters and
electrolytes. G-terminal cross-linking telopeptide (CTX-I) is released during mature bone resorption and
is a biomarker for predicting bone resorption.

Objectives. As the pandemic progressed, understanding the effects of COVID-19 disease remained criti-
cal. Inflammatory responses triggered by the virus can result in a bone metabolism regulation imbalance.
As such, this study aimed to analyze serum levels of CTX-I, calcium (CA), phosphorus (P), magnesium (Mg),
(-reactive protein (CRP), and alkaline phosphatase (ALP) in COVID-19 patients to investigate the relationship
between bone resorption and the disease.

Materials and methods. The study included 56 individuals with COVID-19 (divided into mild, moderate
and severe subgroups depending on disease severity) and 25 healthy adults as a control group. Serum CTX-!
concentrations were measured with enzyme-linked immunosorbent assay (ELISA). In addition, CRP, Ca, Mg, P
and ALP levels were measured using an automated clinical chemistry analyzer.

Results. Serum CTX-I levels were significantly higher in COVID-19 patients than in the control group
(p < 0.05). Furthermore, a positive weak relationship was detected between CRP and CTX-I (r = 0.303,
p <0.05).

Conclusions. Increased serum CTX-I levels in the patient group caused COVID-19-driven bone degradation,
though serum CTX-I levels did not differ according to disease severity.
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Background

Coronavirus disease 19 (COVID-19), caused by severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
infection, was first detected in December 2019 in Wu-
han, China, and spread rapidly over almost the entire
globe.l? Coronaviridae is a family of single-stranded
ribonucleic acid (RNA) viruses, including SARS-CoV-2,
that affect many animals, while other coronaviruses
could infect humans.?® Subjective clinical findings are
considered more reliable with the concomitant biomark-
ers, which provide measurable data during the progres-
sion of biological processes.* With the rapid spread
of COVID-19 and increased mortality in extreme cases,
a better understanding of clinical features, determining
its effects on metabolism and finding accurate labora-
tory markers are required to elucidate the disease pro-
cess. Indeed, its influence on metabolism is not fully
known, and there is a need for studies on the effects
of COVID-19 on various human organs and tissues, such
as muscle and bone.

The bone organic matrix comprises around 90-98% col-
lagen I, which is proteolytically degraded by osteoclasts
during bone turnover, releasing small C-terminal cross-
linking telopeptide (CTX-I) peptide fragments.>~” Serum
CTX-Ilevels correlate with histomorphometric measure-
ments of bone resorption.® Although different biomark-
ers are available for measuring the metabolic products
of bone resorption, serum CTX-I stands out for its high
correlation with bone turnover rate and its immediate re-
sponse to changes in bone metabolism, making it a sensi-
tive marker of bone resorption.>’

Objectives

Studies show that inflammation and bone metabolism
are associated with various biological and clinical mecha-
nisms and suggest measuring bone metabolism markers,
such as CTX-], in COVID-19 patients.!” To investigate
the effect of COVID-19 on bone, the current study exam-
ined the impact of COVID-19 on serum levels of the bone
resorption marker CTX-I.

Materials and methods
Patients

This prospective observational research, conducted
in June and July 2020, included 56 patients diagnosed with
COVID-19 and 25 individuals with no health problems.
The Clinical Research Ethics Committee of Ataturk Uni-
versity (Erzurum, Turkey) approved this research prior
to experiments (approval No. B.30.2.ATA 0.01.00/369).
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All participants provided written informed consent, and
the study conformed to the principles outlined in the Dec-
laration of Helsinki.

Participants provided nasopharyngeal and oropha-
ryngeal samples for real-time polymerase chain reaction
(PCR) COVID-19 detection, with those testing positive
stratified to the COVID-19 group and those testing nega-
tive to the control group. Those diagnosed with COVID-19
(n = 56) were divided into mild, moderate and severe sub-
groups based on disease severity, with 25 healthy individu-
als used as a control group. Power analysis was performed
before determining sample size. Subgroups included a non-
complicated group (NCG), with mild fever and cough pres-
ent/no and no radiological pulmonary findings, a moderate
group (MQ) with fever-cough, radiological uni/bilateral lung
involvement and oxygen saturation SpO, > 93%, and a severe
group (SG) displaying lung radiological imaging with uni/
bilateral involvement and SpO, < 93%. Exclusion criteria en-
compassed being aged less than 18 years, the presence of dis-
eases affecting bone metabolism, undergoing chemotherapy
or immunosuppressive drug treatment, and using calcium,
magnesium or calcitriol supplements. The MG and SG in-
cluded some patients with hypertension, diabetes mellitus
and chronic obstructive pulmonary disease (COPD).

Blood sampling

Participants provided fasting blood on the first day
of hospital admission, with venous blood drawn us-
ing a 10 mL syringe and transferred to gel-containing
vacutainers. After 30 min, samples were centrifuged
at 1,500 x g for 10 min, and serum was stored at —80°C
until the day of measurement.

Measurement and data collection

Serum CTX-I concentrations were analyzed using a hu-
man-specific CTX-I sandwich enzyme-linked immuno-
sorbent assay (ELISA) (cat. No. CSB-E11224h; Cusabio
Technology, Wuhan, USA). The kit detection range was
0.625—-40 ng/mL, with an intra-assay coefficient of vari-
ance (CV%) <8%, inter-assay precision CV% of <10% and
sensitivity of 0.156 ng/mL. The ELISA measurements used
serum samples (100 pL) according to the manufacturer’s
instructions, with samples analyzed using an XS Pow-
erWave multi-plate spectrophotometer (Agilent Tech-
nologies, Santa Clara, USA). Other biochemical param-
eters were measured using compatible kits and detected
on a cobas 8000 modular analyzer (Roche Diagnostics,
Basel, Switzerland), with C-reactive protein (CRP) immu-
noturbidimetrically detected in the e801 module, and cal-
cium (Ca), magnesium (Mg), phosphorus (P), and alkaline
phosphatase (ALP) in the ¢502 module. These results were
obtained from existing patient files. Analysis was carried
out at the Faculty of Medicine of Ataturk University.
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Statistical analyses

Data analysis employed IBM SPSS 20.0 (IBM Corp., Ar-
monk, USA). Shapiro—Wilk tests evaluated numerical data
distribution, and F test/Brown—Forsythe tests confirmed
the homogeneity of variances. Normally distributed data
were calculated as mean * standard deviation (SD). Stu-
dent’s t-test was used to compare 2 groups and analysis
of variance (ANOVA) 3 groups. Data with a non-normal
distribution were calculated as median and interquartile
range (Me (IQR)), with Mann—Whitney U tests used for
paired group comparisons and Kruskal-Wallis post hoc
with Dunn’s test used for 3 group comparisons. Spearman’s
correlation coefficient was employed to evaluate the mono-
tonic component in the relationship between the data.
A p < 0.05 was considered significant, and p < 0.001 very
significant. Supplementary tables (https://doi.org/10.5281/
zenodo.10719329) provide confirmation of parametric test
assumptions and related data for the control group, CO-
VID-19 patient group and COVID-19 subgroups (NCG,
MG and SQG).

Table 1. Demographic data of all participants

693

Results

Table 1 shows the clinical and demographic characteris-
tics of COVID-19 patients. While 30 of the 56 COVID-19
patients were female and 26 were male, the control group
contained 11 women and 14 men. There was no statistical
difference between group mean age (p > 0.05).

Serum CTX-I levels were higher in COVID-19 patients
than in the control group (p < 0.001), as were CRP levels
(p < 0.001). On the other hand, serum Ca, Mg, P, ALP, cre-
atinine, and blood urea nitrogen (BUN) levels were similar
in both groups (p > 0.05). Table 2,3 show the biochemical
tests measured in both groups, while Fig. 1A—H provides
box-whisker graphics of the group comparison.

‘When the COVID-19 subgroups were compared and evalu-
ated, the highest serum CTX-I levels were found in the NCG,
but this difference was not significant (p > 0.05). While CRP
was significantly higher in the SG compared to the other
groups (p < 0.05), no difference was observed between other
parameters (p > 0.05). Table 4,5 show the COVID-19 sub-
group’s serum biochemical tests, and Fig. 2A—H presents
box-whisker graphics of the group comparisons.

Spearman’s correlation analysis indicated a positive weak
monotonic correlation between CTX-I and CRP in all

COVID-19
Variables ; Control
non-complicated group moderate severe group severe group total COVID-19 (n = 25)
(n=19) (n=25) (n=12) (n=56)
Age [years], mean +SD 40.5+159 526 +18.0 587133 499+17.8 482 £13.3
Sex (female/male), mean +SD 6/12 14/11 4/9 30/26 11/14

mean £SD — mean + standard deviation.

Table 2. Biochemical parameters of the coronavirus disease 19 (COVID-19) and control groups

COVID-19 Control Mean Standard 95% cl
Variables mean +SD mean +SD ig. f . error of the difference
difference .
(n=56) (n=25) difference lower upper
Ca [mg/dL] 89+04 9.1+04 0.331 0567 -1.788 79 -0.1833 0.1025 -0.3874 0.0208 0.780
Mg [mg/dL] 2402 21402 2644 0108 | -1674 79 -0.07424 0.04434 -0.16250 2.644 0.980
P [mg/dL] 3.2+0.6 3.1+04 10.554  0.002 0.205 79 0.0282 0.1378 -0.2461 0.3026 0.838

Ca - calcium; Mg — magnesium; P — phosphorus; mean +SD — mean = standard deviation; df — degrees of freedom; 95% Cl — 95% confidence interval.
The t-test was used for Ca, Mg, and P.

Table 3. Biochemical parameters of the coronavirus disease 19 (COVID-19) and control groups

Variables e ﬁg\é;?nf 5 e (IE)ORr;t(r:L ) Mann-Whitney U Wilcoxon W ‘ ‘ p-value
CTX-l [ng/mL] 3.81(2.18) 2.94 (0.76) 239.00 564.000 -4.714 0.001*
ALP [U/L] 79.5(32) 99 (58) 501.50 2097.500 -2.032 0.095
CRE [mg/dL] 0.8 (0.3) 0.8(0.2) 420 612.000 -0.59 0.552
CRP [mg/L] 5.5(283) 30(2) 204.00 529.000 -5.094 0.001*
BUN [mg/dL] 14.9 (5.4) 15 (8.1) 6435 968.5 -0.578 0.563

CTX-l = Gterminal cross-linking telopeptide; ALP — alkaline phosphatase; BUN - blood urea nitrogen; CRP — Greactive protein; CRE — creatinine;
Me (IQR) — median (interquartile range); *statistically significant. Mann-Whitney U test used for CTX-I, ALP, BUN, CRE, and CRP.
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Fig.1. A. Comparison of serum CTX-I in COVID-19 and control groups; B. Comparison of serum Ca in COVID-19 and control groups (p > 0.05); C. Comparison
of serum Mg in COVID-19 and control groups (p > 0.05); D. Comparison of serum P in COVID-19 and control groups (p > 0.005); E. Comparison of serum ALP
in COVID-19 and control groups (p > 0.05); F. Comparison of serum CRP in COVID-19 and control groups (p > 0.05); G. Comparison of serum BUN in COVID-19
and control groups (p > 0.05); H. Comparison of serum CRE in COVID-19 and control groups (p > 0.005). COVID-19 group n = 56 and control group n = 25.
The lowest and last stem ends show the minimum and maximum values. The bottom and top edges of the box indicate the IQR, and the line in the middle
of the box indicates the median. A t-test was used for Ca, Mg and P, and a Mann-Whitney U test was used for CTX-I, ALP, BUN, CRE, and CRP

ALP - alkaline phosphatase; Ca — calcium; COVID-19 — coronavirus disease 19; CRE - creatine; CRP — C-reactive protein; CTX-I — Gterminal cross-linking
telopeptide; BUN — blood urea nitrogen; IQR - interquartile range; Mg — magnesium; P — phosphorus.



Fig. 2. A. Comparison of serum CRP of all groups (p < 0.200 for COVID-19 subgroups). B. Comparison of serum CTX-I of all groups (p > 0.005 for COVID-19
subgroups). C. Comparison of serum Ca of all groups (p > 0.005 for COVID-19 subgroups). D. Comparison of serum Mg of all groups (p > 0.005 for COVID-19
subgroups). E. Comparison of serum P of all groups (p > 0.005 for COVID-19 subgroups). F. Comparison of serum ALP of all groups (p > 0.005 for COVID-19
subgroups). G. Comparison of serum BUN of all groups (p > 0.005 for COVID-19 subgroups). H. Comparison of serum CRE of all groups (p > 0.005 for
COVID-19 subgroups). Non-complicated group n = 19, moderate severe group n = 25, severe group n = 12, and control group n = 25. The lowest and last
stem ends show the minimum and maximum values. The bottom and top edges of the box indicate the IQR, and the line in the middle of the box indicates
the median. ANOVA was used for CA, Mg and P, and a Kruskal-Wallis test was used for CTX-I, ALP, CRE, BUN, and CRP

ALP - alkaline phosphatase; ANOVA — analysis of variance; Ca — calcium; COVID-19 — coronavirus disease 19; CRE — creatine; CRP — Greactive protein;
CTX-I = Gterminal cross-linking telopeptide; BUN - blood urea nitrogen; IQR — interquartile range; Mg — magnesium; P — phosphorus.



696

M. Gul et al. COVID-19 increases bone resorption

Table 4. Biochemical parameters of the coronavirus disease 19 (COVID-19) subgroups

Moderate severe

Non-complicated

Severe group

. Sum Mean
Variables group group mean £SD of squares square
mean +SD (n = 19) mean +SD (n = 25) (n=12) a a
Ca [mg/dL] 9.0+03 8805 89 +05 0.40 2 0.20 1.05 0.358
Mg [mg/dL] 2+0.1 1.9+0.2 19402 0.02 2 0.01 0.22 0.799
P [mg/dL] 3.14 £0.7 3.11+06 3.34£0.53 0.45 2 0.23 0.54 0.586

Ca - calcium; Mg — magnesium; P — phosphorus; mean +SD — mean + standard deviation; df — degrees of freedom. The analysis of variance (ANOVA) was

used for CA, Mg and P.

Table 5. Biochemical parameters of the coronavirus disease 19 subgroups

Non-complicated group

Variables Me (IQR) (n = 19)

Moderate severe group
Me (IQR) (n = 25)

Me (IQR) (n=12)

Severe group ‘

CTX-I [ng/mL] 445 (2.97) 3.56 (2.09) 36(1.73) 321 2 0.200
ALP [U/L] 74 (29) 80 (33) 79.5 (61) 0.14 2 0.933
CRE [mg/dL] 0.82 (0.27) 0.80 (0.26) 0.75(0.39) 0.183 2 0.991
CRP [mg/L] 4.2 (44) 41(11.7) 435(92) 13.68 2 0.001*
BUN [mg/dL] 14.9 (4.7) 14.5(8.3) 13.1(7.9) 0.302 2 0.860

CTX-l - Gterminal cross-linking telopeptide; ALP — alkaline phosphatase; CRP — Creactive protein; CRE - creatinine; BUN - blood urea nitrogen;

Me (IQR) — median; df — degrees of freedom; *statistically significant. Kruskall-Wallis test used for CTX-I, ALP, CRE, BUN, and CRP.

Table 6. Spearman’s correlation analyses between CTX-I and other tests

Parameter | CRP | Ca | | P | ALP | BUN | CRE
r-value 0.303* -0.104 -0.083 -0.020 0.023 -0.025

e p-value 0.006 0357 0460 0.858 0.841 0.827

CTX-I = Gterminal cross-linking telopeptide; Ca - calcium; Mg — magnesium; P — phosphorus; ALP - alkaline phosphatase; BUN — blood urea nitrogen;

CRP — Greactive protein; CRE - creatinin; *statistically significant.

Fig. 3. Relationship between Creactive protein (CRP) and CG-terminal cross-
linking telopeptide-I (CTX-I) for all participants

participants (r = 0.303, p < 0.05). Table 6 shows the analysis
of the monotonic component of the relationship between
CTX-I and other tests, and Fig. 3 shows the relationship
between CTX-I and CRP

Discussion

To the best of our knowledge, this is the first study re-
porting on serum CTX-I levels in patients with COVID-19.
The findings demonstrated that serum CTX-Ilevels were
statistically higher in the COVID-19 patient group than
in the healthy controls. However, there were no differ-
ences between COVID-19 patients divided into subgroups
according to disease severity (mild, moderate and severe).

Many studies on diverse viruses have sought to charac-
terize their roles in bone metabolism,!° with those on bone
metabolism in SARS-CoV-2 indicating that much more
research is required on the risk of fracture in patients re-
covering from SARS-CoV-2 infection.! Although not all
features of COVID-19 are fully understood, pathological
studies on the lungs, liver and heart have shown the po-
tential negative effects of COVID-19 on certain tissues.!!
In this regard, bone-forming capacity is prone to worsen
due to the progression of underlying diseases resulting
from SARS-CoV-2 infection.?

Serum CTX-I levels increase following proteolysis
of type I collagen, the main component of the bone ex-
tracellular organic matrix, during mature bone resorp-
tion. Therefore, CTX-I levels decrease in patients with
suppressed bone resorption.”!* Most research on viruses
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and CTX-I shows that virus infection causes increased
CTX-I levels. Huang et al.'* showed that the dengue vi-
rus caused a temporary inflammatory reaction in bone
tissue and increased osteolytic activity to release CTX-I.
Research on human immunodeficiency virus (HIV) and
hepatitis C virus (HCV) infections showed that HIV was
related to increased bone resorption and formation, and
increases in CTX-I, whereas HCV infection was not asso-
ciated with CTX-1.1° Increased bone resorption has been
shown in the pathogenesis of bone loss, which was evalu-
ated by measuring CTX-I in hemophiliacs and correlations
with HIV infection.!®

A study on biochemical markers of bone metabolism
in SARS conducted in Hong Kong showed significant bone
resorption, as indicated by a significant increase in serum
CTX-I from certain days after fever onset.!” Patients with
chronic hepatitis C (CHC) and osteoporosis or osteopenia
had higher serum CTX-I levels, which may mean that bone
loss in the early stages of CHC is not due to reduced bone
synthesis but secondary to increased bone resorption.!®
Furthermore, animal studies on SARS-CoV-2 demonstrate
a significant reduction in several bone parameters.’

Tao et al. hypothesized that angiotensin-converting en-
zyme 2 (ACE2) deficiency caused by SARS-CoV2 invasion
may result in bone matrix reduction and that COVID-19
can cause anaphase bone loss and earlier muscle disor-
der by targeting ACE2 in the bone marrow microenvi-
ronment.!? The current study supports this hypothesis
by showing higher CTX-1levels in patients with COVID-19
than in the healthy controls.

Magnesium has many biological functions, espe-
cially in bone, with 60% of the total body content found
in bone.?® A recent meta-analysis showed an association
between unstable Mg homeostasis and COVID-19, and
suggested incorporating Mg into the ionogram and sup-
plementing it externally.?! In parallel, a lower Mg level
was observed in the COVID-19 group in our study, but
this decrease was not significant. In addition, moderate
and severe patients had lower Mg than non-complicated
patients, though this difference was not significant.
A retrospective study by Pal et al.?2 found widespread
hypocalcemia in mildly severe COVID-19 patients and
attributed it to the disease, though they did not clarify
its pathophysiological mechanism.

In a study of 420 COVID-19 patients and 165 healthy
controls, serum Ca was lower in the COVID-19 patients.
Although the current study found a slight discrepancy
in Ca levels, it was not considered significant.

Alkaline phosphatase is a bone-building enzyme with
several isoforms. Although studies on bone-specific ALP
(B-ALP) in COVID-19 are limited to only a few case
reports,?2* a study showing elevated total ALP in CO-
VID-19 patients suggested it was primarily due to liver
damage. In the current study, serum ALP values were
similar in both groups and although it increased with
COVID-19 severity, this difference was not significant.
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Since CTX-I excretion takes place in the kidneys,
the CTX-Ilevel may be high in the plasma due to impaired
renal function. However, kidney function tests of serum
creatinine and BUN showed no differences between
the healthy group and COVID-19 patients, indicating that
the high CTX-I level was of COVID-19 origin. The CRP
serum level, which is a positive acute phase reactant, in-
creases during infection,?® with many reports showing
increased CRP in COVID-19 patients.?®?” Qur findings
showed an increase in CRP levels in COVID-19 patients,
which is compatible with current research results. In ad-
dition, a positive weak relationship was found between
CTX-I and CRP.

Limitations

Study limitations include the absence of B-ALP and
radiological images to support bone resorption. While
this study includes critical clinical laboratory param-
eter results, the small sample size could be a limitation,
particularly within the COVID-19 subgroups. Another
limitation is the lack of parathyroid hormone (PTH) and
calcitriol measurement since they play a role in bone
metabolism.

Conclusions

The study showed that COVID-19 patients had increased
serum CTX-I levels, a reference marker for bone resorp-
tion, though there were no differences based on disease
severity. Our data may be foundational to clinical studies
investigating bone metabolism in COVID-19.

Supplementary data

The Supplementary materials are available at https://doi.
org/10.5281/zenodo.10719329. The package includes the fol-
lowing files:

Supplementary Table 1. Verification of parametric test
assumption for control.

Supplementary Table 2. Verification of parametric test
assumption for COVID-19 patient group.

Supplementary Table 3. Verification of parametric test
assumption for NCG COVID-19 subgroup.

Supplementary Table 4. Verification of parametric test
assumption for MG COVID-19 subgroup.

Supplementary Table 5. Verification of parametric test
assumption for SG COVID-19 subgroup.

Supplementary Table 6. Tests of homogenity.

Data availability
The datasets generated and/or analyzed during the cur-

rent study are available from the corresponding author
on reasonable request.
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