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Background In this study, we aimed to identify bone mineral density :
(BMD) trajectories of hospitalised patients with coronavirus disease 2019
(COVID-19) and to determine the prognostic role of the trajectory groups.

Methods This is a retrospective study of hospitalised patients with
COVID-19 treated in our hospital from November 2022 to February 2023.
BMD was manually measured from the thoracic 12 (T12) and lumbar one
(L1) vertebra using chest computed tomography images. We construct-
ed group trajectory models using group-based trajectory modelling. We
performed the logistic regression analysis to associate the BMD trajectory
pattern with clinical outcomes.

Results This study included 1767 patients. The mean follow-up time af-
ter discharge was 181.5 days (standard deviation (SD)=9.7). There were
1137 (64.3%) male patients, and more than 80% of patients were aged >60
years. We successfully identified three latent BMD trajectories to reveal the
dynamic effects of COVID-19 infection on bone health in patients, namely,
the early low-normal decline group, the average, and the early high-rap-
id decline group. All groups demonstrated consistent overall declining
trends. A significant association was observed between BMD trajectory
pattern (T12 or L1) and baseline characteristics of sex, age, and penetrat-
ing keratoplasty (P<0.05). Our study showed that the BMD trajectories
were significantly associated with mortality. Furthermore, we found that
these trajectories were also associated with the length of hospital stay.

Conclusions This study provided evidence for the COVID-19 process to
bone health, as well as evidence on strengthening bone health manage-
ment before and after COVID-19 infection. BMD trajectories may help
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- manage bone health and guide treatment in patients with COVID-19.

Coronavirus disease 2019 (COVID-19) is caused by severe acute respirato-
ry syndrome coronavirus two infection (SARS-CoV-2), which is rapidly be-
coming a global epidemic and poses a serious threat to human life and health
[1]. While numerous studies have described the effects of COVID-19 on the
nerves, lungs, kidneys, blood vessels, and heart, the musculoskeletal effects
of COVID-19 have only recently attracted attention, particularly on bone me-
tabolism, such as bone loss [2]. Recent studies have suggested that COVID-19
illness and treatment significantly negatively affect bone health and decrease
hospitalised patients’ bone mineral density (BMD) [3-5]. Moreover, COVID-19
illness, treatment, and the patient’s factors are related to osteoporosis [6].
Meanwhile, BMD is closely related to the clinical course and prognosis of
COVID-19 patients [7,8]. However, rare studies have been reported on the dy-
namic changes of BMD and its prognostic value in patients with COVID-19.
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An international cohort study showed that about 24% of respondents with long-term COVID-19 reported
bone ache or burning, with symptoms lasting up to seven months after the onset of COVID-19 [9]. Since
the skeletal system expresses angiotensin-converting enzyme two receptors, which are used by SARS-CoV-2
to enter human cells [2], it is reasonable to believe that SARS-CoV-2 may impact bone metabolism. One
recent study performed with hamsters showed that SARS-CoV-2 causes significant loss of bone trabeculae
as early as four days post-infection. Furthermore, by day 60, the hamsters had recovered from the SARS-
CoV-2 infection, but their bone density did not recover and even gradually decreased [10]. This suggested
that bone loss extends from SARS-CoV-2 infection to recovery. Pathological bone loss due to COVID-19 in-
fection may be an important but overlooked complication. However, there is a lack of studies from patients
on the impact of the COVID-19 pandemic on long-term bone health.

Given the possibility that COVID-19 can cause long-term health complications, commonly known as long
COVID [11], an immediate research priority is to investigate the BMD in these patients and to understand
how it evolves. To provide new ideas and guidance for the treatment of osteoporosis and strengthening bone
health management during the COVID-19 pandemic and future outbreaks, we reported the dynamic chang-
es of BMD in patients with COVID-19. Furthermore, we developed and applied a group-based trajectory
model to distinguish hospitalised individuals with COVID-19 by changes in BMD over time. We hypothe-
sised that patients diagnosed with COVID-19 will exhibit distinct longitudinal trajectories of bone mineral
density changes following infection, and these trajectories will be associated with varying clinical outcomes,
such as mortality rates, length of hospital stay, and intensive care unit (ICU) admissions.

METHODS
Study population

We retrospectively analysed the clinical information and chest high-resolution computed tomography (CT)
data of hospitalised patients with COVID-19 treated in our hospital from November 2022 to February 2023.
All patients had at least two chest CT scans. Real-time reverse-transcriptase polymerase chain reaction anal-
ysis was performed on nasal and/or throat swab specimens to diagnose COVID-19 infection. The diagno-
sis of COVID-19 infection was further supported by clinical manifestations, including pertinent signs and
symptoms and radiographic findings suggestive of COVID-19 pneumonia [7]. Inclusion and exclusion cri-
teria are shown in Figure 1. This study was reviewed and approved by the ethics committee from the local
hospital (approval number 2023-0102).

Data collection

We collected data using standardised case report forms or directly through patient interviews. The data
manager and clinicians verified accuracy. Patients’ basic information included sex, age, admission to the ICU
during hospitalisation, need for mechanical ventilation (MV), and percutaneous kyphoplasty (PKP) history.
Clinical outcomes included mortality, length of ICU stay, and length of hospital stay.

BMD measurement

Dual-energy x-ray absorptiometry (DXA) is the current standard for assessing BMD. As our study is ret-
rospective, quantitative CT and DXA were not performed. Many studies have shown that the CT-based
Hounsfield unit (HU) values of the bone trabecula can be used to evaluate osteoporosis [12], including the
lumbar spine [13-15], cervical spine [16,17], thoracic spine [18], femur [19], pelvis [20], and ulna [21]. HU

values of the spine measured by chest CT can be used

Hospitalized patients with COVID-19 and > 2 chest CT images (N=1801 ) to predict osteoporosis without additional cost and

radiation exposure. Thus, chest CT HU can be an al-
ternative for DXA [12,22]. Recently, one study sup-
ported the significance of HU values from chest CT

34 patients were excluded
* 23 patients with incomplete

chest CT images for BMD assessment [23].
* 11 patients underwent surgery on
T2 orL1 We made full use of chest CT to measure the HU val-

ues of thoracic 12 (T12) and lumbar one (L1) verte-

Patients with COVID-19 included in this study ( N=1767 )

bra (Figure S1 in the Online Supplementary Docu-
ment). The vertebral BMD was measured in a bone

Figure 1. The flowchart for the selection of the study population. window (window position: 300, window width: 1600
COVID-19 — coronavirus disease 2019. CT — computed tomography. HUs) on a non-contrast CT. All measurements were
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made in axial sections. An incomplete vertebral scan or a fractured vertebra was ignored. Two experienced
orthopaedists measured vertebral BMD. The changes in vertebral HU values were dynamically monitored
to reflect the dynamic changes of BMD.

The time of the patient’s first CT examination was recorded as day zero. To facilitate statistical analysis,
data were processed according to the following rules: days 0—1 were recorded as day zero; days 2—4 as day
three; days 5-7 as day six; days 8—10 as day nine; days 11-13 as day 12, and days 14-16 as day 15. Then,
30 days were used as a cycle. Days 17-45 were recorded as day 30, days 46—75 as day 60, and so on. The
final statistical time from day 206 to day 225 was recorded as day 210. Each patient has performed at least
two CT scans. The number of patients who underwent CT scans at different time points is shown in Table
S1 in the Online Supplementary Document.

Group-based trajectory modelling

Group-based trajectory modelling was achieved by using the Statistical Analysis System Trajectory Proce-
dure process step-based approach. Group trajectory models were constructed using model fit effect metrics
combined with professional interpretability. The model fit effectiveness metrics include average posterior
probability, proportions per class, Bayesian information criterion, Bayesian information criterion difference
between the two models and relative entropy. First, we fitted linear, square and cubic trajectory models for
2-6 groups. By comparing the fitting metrics of different models and the professional interpretability of
the model trajectory patterns, we chose three cubic groups of trajectories. If not specified, the test level a
is set to 0.05.

Statistical analysis

We used SAS, version 9.4 for Windows (SAS Institute, Cary, North Carolina, USA) for data management
and statistical analysis. We described qualitative information using n (%), and comparisons between groups
were made using the %* test and Fisher exact probability method.

We used univariate logistic regression analysis to compare the risk of different clinical outcomes across
trajectory groups, and we reported results as odds ratios (ORs) and 95% confidence intervals (CIs). We in-
cluded patients’ basic information (sex, age, and comorbidity) and BMD trajectory patterns for multivariate
logistic regression analysis. A P-value <0.05 was considered statistically significant.

RESULTS
Baseline characteristics between trajectory groups

Atotal of 1767 hospitalised patients diagnosed with COVID-19 were finally included in the study. Of all pa-
tients, 64.3% (n=1137) were male, and the mean age was 73.2 years (standard deviation (SD)=13.9). More
than 80% of patients were aged >60 years. The average hospital stay for all patients was 12.7 days. 315 pa-
tients were admitted to ICU, and 325 patients received MV treatment. There were 42 (2.4%) patients who
had undergone PKP surgery before COVID-19 infection. The average follow-up time after discharge was
181.5 days (SD=9.7) (Table 1, Table 2).

We successfully identified three latent BMD trajectories to reveal the dynamic effects of COVID-19 infection
on bone health in patients (Figure 2). Significant differences in BMD among the three trajectory groups at
each time point were observed (Figure 3). BMD trajectory one, described as an early low-normal decline
group, showed subjects with low HU values on the first day, followed by a gradual decline, with the final
result remaining lower than the initial HU values. BMD trajectory two, described as the average group,
showed that subjects initially maintained a moderate BMD, which decreased over time but not significantly.
BMD trajectory three, described as the early high-rapid decline group, presents subjects starting with high
HU values, which slowly declined over time and then dropped significantly below the initial HU values.
One typical case of the early high-rapid decline group is shown in Figure S2 in the Online Supplementary
Document. Ultimately, all groups demonstrated consistent overall declining trends when juxtaposed with
their initial HU values. Additionally, BMD changes in the entire population and in three BMD trajectories
are presented (Figures S3—4 in the Online Supplementary Document).

A significant association was observed between BMD trajectory pattern (T12 or L1) and baseline charac-
teristics of sex, age, and PKP (P<0.05). The proportion of males in the early high-rapid decline group was
higher than in the early low-normal decline group or average group. The proportion of age >60 years in the
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Table 1. Baseline characteristics of patients in different trajectory groups based on T12 BMD*

BMD trajectory pattern (T12)

Characteristics All (n=1767) Early low-normal Average Early high-rapid P-value
decline (n=634) (n=844) decline (n=289)

Male 1137 (64.3) 339 (53.5) 584 (69.2) 214 (74.1) <0.0017

Age in years, X (SD)

<40 48 1(0.2) 9(1.1) 38 (13.2) <0.0017

40-60 264 24 (3.8 131 (15.5) 109 (37.7)

>00 1455 609 (96.1) 704 (83.4) 142 (49.1)

ICU 315 (17.8) 115 (18.1) 154 (18.3) 46 (15.9) 0.649

MV 325 (18.4) 123 (19.4) 155 (18.4) 47 (16.3) 0.521

PKP 4224 17 2.7) 31 (2.8) 104 0.0457

Comorbidity 599 (33.9) 221 (34.9) 294 (34.8) 84 (29.1) 0.169

Anti-osteoporosis treatment 131 (7.4) 50 (7.9) 56 (6.6) 25(8.7) 0.447

BMD — bone mineral density, ICU — intensive care unit, MV — mechanical ventilation, PKP — percutaneous kyphoplasty, SD — stan-

dard deviation, T12 — thoracic 12, X — mean
*Presented as n (%) unless specified otherwise.
fStatistically significant.

Table 2. Baseline characteristics of patients in different trajectory groups based on L1 BMD*

BMD trajectory pattern (L1)

Characteristics All (n =1767) Early low-normal Average Early high-rapid P-value
decline (n=589) (n=965) decline (n=213)

Male 1137 (64.3) 315 (53.5) 660 (68.4) 162 (76.1) <0.0017

Age in years, X (SD)

<40 48 0 (0.0) 19 (2.0) 29 (13.6) <0.0011

40-60 264 21 (3.6) 162 (16.8) 81 (38.0)

>60 1455 568 (96.4) 784 (81.2) 103 (48.49)

ICU 315 (17.8) 103 (17.5) 177 (18.3) 35 (16.4) 0.777

MV, n (%) 325 (18.4) 110 (18.7) 180 (18.7) 35 (16.4) 0.733

PKP 42024 11 (1.9) 313.2) 0(0.0) 0.0137

Comorbidity 599 (33.9) 214 (36.3) 316 (32.7) 69 (32.4) 0.310

Anti-osteoporosis treatment 131 (7.4) 46 (7.8) 67 (6.9 18 (8.5) 0.684

BMD — bone mineral density, ICU — intensive care unit, L1 — lumbar one, MV — mechanical ventilation, PKP — percutaneous kyph-
oplasty, SD — standard deviation, X — mean

*Presented as n (%) unless specified otherwise.

fStatistically significant.
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Figure 2. Three trajectory patterns were determined. Panel A. By T12 BMD. Panel B. By L1 BMD. HU — Hounsfield units, L1 —

lumbarone, T12 — thoracic 12.
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Figure 3. Cumulative BMD in the three trajectory groups. There were statistical differences in BMD among the three
groups at each time point. Panel A. By T12. Panel B. By L1. HU — Hounsfield units, L1 — lumbar one, T12 — thoracic 12.

early low-normal decline group was significantly higher than that in an average group or early high-rapid
decline group. The proportion of PKP in the early high-rapid decline group was significantly lower than in
an average or low-normal decline group. ICU, MV, comorbidity, and anti-osteoporosis treatment were not
associated with BMD trajectory patterns (T12 or L1) (Table 1, Table 2).

Clinical outcomes

There were 213 (12.1%) patients who died during the follow-up. 889 (50.3%) were hospitalised for more
than 10 days, and 132 (7.5%) were admitted to the ICU for more than 10 days. Additionally, eight of the
42 patients (19.0%) who had undergone PKP surgery died. A significant association was observed between
BMD trajectory pattern (T12 or L1) and clinical outcomes of mortality and length of hospital stay (P<0.05).
Length of ICU stay was not associated with BMD trajectory pattern (T12 or L1) (Table 3, Table 4).

Table 3. Clinical outcomes of the patients with different BMD trajectory patterns (T12)*

Bone density trajectory pattern (T12)

Characteristics All (n=1767) Early low-normal Average Early high-rapid P-value
decline (n=634) (n=844) decline (n=289)

Mortality 213 (12.1) 91 (14.49) 99 (11.7) 23 (8.0) 0.020%

Hospital stay in days

<10 878 (49.7) 284 (44.8) 429 (50.8) 165 (57.1) 0.002+

>10 889 (50.3) 350 (55.2) 415 (49.2) 124 (42.9)

ICU stay in days

0 1452 (82.2) 519 (81.9) 690 (81.7) 243 (84.1) 0.198

1-10 183 (10.3) 65 (10.2) 84 (10.0) 34 (11.8)

>10 132 (7.5) 50 (7.9) 70 (8.3) 12 (4.1

BMD - bone mineral density, ICU — intensive care unit, T12 — thoracic 12
*Presented as n (%).
tStatistically significant.
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Table 4. Clinical outcomes of the patients with different BMD trajectory patterns (L1)*

Bone density trajectory pattern (L1)

Characteristics All (n=1767) Early low-normal Average Early high-rapid P-value
decline (n=589) (n=965) decline (n=213)

Mortality 213 (12.1) 85 (14.4) 111 (11.5) 17 (8.0) 0.0347

Hospital stay in days

<10 878 (49.7) 276 (46.9) 476 (49.3) 126 (59.2) 0.008+

>10 889 (50.3) 313 (53.1) 489 (50.7) 87 (40.8)

ICU stay in days

0 1452 (82.2) 486 (82.5) 788 (81.6) 178 (83.6) 0.638

1-10 183 (10.3) 56 (9.5) 103 (10.7) 24 (11.3)

>10 132 (7.5) 47 (8.0) 74 (1.7) 11 (5.1)

BMD — bone mineral density, ICU — intensive care unit, L1 — lumbar one
*Presented as n (%).
Statistically significant.

Based on T12 BMD, the mortality rate was significantly higher in the early low-normal decline group com-

pared to the early high-rapid decline (14.4% vs 8.0%). The proportion of hospitalisations longer than 10

days was significantly higher in the early low-nor-

Table 5. The odds ratio for risks of clinical outcomes by the three subgroups ~ mal decline group than in the early high-rapid de-

of different BMD trajectory patterns (T12) cline group (55.2% vs 42.9%). Similar results were
Clinical outcomes (T12) Events, n (%) OR (95% Cl) P-value seen based on L1 BMD (Table 4).

Primary (mortality)

Early low-normal decline o1 (14.35) ref. Association of the BMD trajectory

Average 99(11.73)  079(058-108) 0136  pattern with clinical outcomes

Early high-rapid decline 23 (7.96) 0.52 (0.32-0.83)  0.007*

The existing data indicate possible clinical asso-

Secondary (length of hospital stay) . . .
ros L > ciations between COVID-19 infection and BMD.

Early low-normal decline 350 (55.2) ref.

Average 415@9.2) 078 (0.64-097) 0.022* However, this retrospective study cannot estab-
Early high-rapid decline 124(429) 061 (046-08) <0001+  lish causality. Based on T12 BMD, compared
Secondary (length of ICU stay)# with the early low-normal decline group, the ear-
Early low-normal decline 50 (7.89) ref. ly high-rapid decline group was significantly as-
Average 70 (8.29) 0.99 (0.76-129) 0932 sociated with decreased mortality (OR=0.52; 95%
Early high-rapid decline 12 (4.15) 1.21(0.83-1.76)  0.323 CI=0.32-0.83). Compared with the early low-nor-
BMD — bone mineral density, CI — confidence interval, ICU — intensive care unit, OR mal decline group, the average group and the early
— odds ratio, ref — reference, T12 — thoracic 12 high—rapid decline group were significandy associ-
*Statistically significant. ated with a decreased risk of length of hospital stay
+Event: length of hospital stay >10 days. of more than 10 days (OR=0.78, 95% Cl=0.64—

+E ! h of ICU 10 days.
vent fength o L stay >0 days 0.97: OR=0.61, 95% Cl=0.46-0.81). In terms of

length of ICU stay, no significant correlation was
observed between the early low-normal decline
group and the early high-rapid decline group (Ta-
Clinical outcomes (L1) Events, n (%) OR (95% Cl) P-value ble 5). Similar results were seen based on L1 BMD
Primary (mortality) (Table 6). Additionally, multivariate logistic regres-

Table 6. The odds ratio for risks of clinical outcomes by the 3 subgroups of
different BMD trajectory patterns (L1)

Early low-normal decline 85 (14:43) ref sion showed that BMD trajectory pattern was an
Average 111 (11.50) 0.77 (0.57-1.04) 0.092 . . .

: — : independent risk factor for mortality or length of
Early high-rapid decline 17 (7.98) 0.51 (0.30-0.89) 0.017*

hospital stay (>10 days) (Tables S2-5 in the Online

Secondary (length of hospital stay)t
Supplementary Document).

Early low-normal decline 313 (53.1) ref.

Average 489 (50.7) 0.91 (0.74-1.11) 0.345

Early high-rapid decline 87 (40.9) 0.61 (044-0.84)  0.002*

Secondary (length of ICU stay)# DISCUSSION

Early low-normal dedline 47798 rel Recently, extrapulmonary manifestations caused
Average 74 (7.67) 095(0.73-1249) 0716

Early high-rapid decline 11516 L11(073-169)  0.633 by long COVID-19 have gradually attracted atten-

_ » _ : : _ _ tion. However, less is known about the skeletal con-
BMD — bone mineral densuy, CI — confidence interval, ICU — intensive care unit, L1 sequences of COVID-19. We identified three latent
— lumbar one, OR — odds ratio, ref — reference ] . )

*Statistically significan, BMD trajectories to reveal the dynamic effects of
TEvent: length of hospital stay >10 days. COVID-19 infection on bone health in patients,

FEvent: length of ICU stay >10 days. namely, the early low-normal decline group, the
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average group, and the early high-rapid decline group. Our study showed that the BMD trajectory pattern
(T12 or L1) was significantly correlated with baseline characteristics of sex, age, and PKP (P<0.05). More-
over, these trajectories were significantly associated with mortality and length of hospital stay. Our study
provided preliminary evidence of the association between COVID-19 infection and BMD but cannot prove
their causation.

In our study, the selection of a three-trajectory model of BMD was assessed based on several indicators. A
good model fit is indicated by 1) average posterior probability >0.7 for each group, 2) proportions per class
>5%, 3) Bayesian information criterion close to zero, 4) the large Bayesian information criterion difference
between complex and simple models (the more complex models are accepted), and 5) relative entropy >0.8.
According to the results, we chose the three-trajectory model (Tables S6-S7 in the Online Supplementa-
ry Document). Additionally, the fitting effect of each trajectory group in the three-trajectory model was
also good (Tables S8—S9 in the Online Supplementary Document). A good model fit in the three-trajecto-
ry model was indicated as follows: 1) average posterior probability for each group >0.7, 2) the odds of cor-
rect classification for each group >5, and 3) a close correspondence between proportions per class and 7j.

Our study showed the longitudinal effect of COVID-19 on BMD, which was measured by quantitative chest
CT. The overall trends of BMD in those three latent trajectories were first decreased, then stable or gradu-
ally increased, and finally decreased again, showing an overall downward trend. There was one study that
showed that BMD in 58 patients with COVID-19 decreased by 8.6% (SD=10.5) on average 81 days (SD=48)
after discharge [6]. However, the number of patients in this study was very small, and follow-up was short.
Therefore, one of the long-term effects of COVID-19 on bone health was BMD decrease.

A significant association was observed between BMD trajectory pattern and baseline characteristics of sex,
age, and PKP. Our study showed that the prevalence of COVID-19 was associated with the male gender,
which was similar to the results of previous studies [24]. The proportion of early low-normal decline group
in female patients was significantly higher than that in male patients. This may be explained by the sig-
nificantly higher incidence of bone loss or osteoporosis in women than men. The proportion of the early
low-normal decline group in patients aged >60 years was higher than that in patients aged <60 years. This
may be explained by the fact that BMD decreases with age. However, our analyses showed that ICU, MV,
and anti-osteoporosis treatment were not associated with BMD trajectory patterns. This may be due to a
lower incidence of positive events. As for comorbidity, we only counted whether patients had comorbidities
and did not analyse the number and severity of comorbidities in depth. More research is needed to further
clarify our findings.

BMD is a key prognostic factor for many benign and malignant diseases, such as coronary artery disease,
chronic obstructive pulmonary disease, cerebrovascular disease, and breast cancer [25-27]. Recent studies
have shown that vertebral fractures are highly prevalent during the COVID-19 pandemic, and lower BMD
can predict a poorer prognosis for patients with COVID-19 [7,8]. However, the prognostic value of dynam-
ic BMD among patients with COVID-19 has not been thoroughly studied. Our study showed that these la-
tent BMD trajectories were associated with clinical outcomes. Compared with the early low-normal decline
group, the early high-rapid decline group was associated with decreased mortality. Additionally, we found
that the early high-rapid decline group was associated with a decreased risk of hospital stay of >10 days.
Those results suggest that maintaining a high level of BMD after COVID-19 may be helpful to reduce mor-
tality and hospital stay.

It is worth mentioning that the mortality rate of hospitalised patients with COVID-19 who had previous-
ly performed PKP surgery was higher than that of the overall hospitalised patients with COVID-19. As we
all know, PKP surgeries have been widely used to treat osteoporotic vertebral compression fractures. Pa-
tients who undergo PKP often have osteoporosis and have poor bone density. Lower BMD was associated
with higher mortality risk in patients with osteoporosis [28]. In the context of COVID-19, patients with
PKP surgery might have very poor BMD status which may worsen their overall health outcomes. Active an-
ti-osteoporosis treatment is crucial for osteoporosis patients during the COVID-19 pandemic. Despite the
difficulties in managing osteoporosis during the COVID-19 pandemic, many scholars supported the con-
tinuation of anti-osteoporosis treatment [29,30]. Filippo et al. [31] reported that low vitamin D levels were
correlated with long COVID-19. Furthermore, many studies showed that vitamin D has potential benefits
for the COVID-19 pandemic and is being considered a possible prevention strategy for COVID-19 [32-34].

COVID-19 itself and its treatment, as well as patient factors, have been associated with bone loss. SARS-
CoV2 infection can cause inflammatory activation via direct and indirect effects on osteoclasts, leading to
severe bone loss during illness and recovery [3]. Glucocorticoids are used to treat severely ill patients with
COVID-19, but they can cause bone loss [35]. Vitamin D is an immunomodulatory hormone with proven
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efficacy against various upper respiratory tract infections [36]. Patients with vitamin D deficiency may be
at a higher risk of contracting COVID-19 and developing severe COVID-19 than patients without vitamin
D deficiency, which may lead to a higher incidence of osteoporosis than patients with moderate COVID-19
[37]. A recent study showed that normal levels of endogenous vitamin D are associated with reduced se-
verity and risk of unfavourable outcomes in COVID-19, possibly via attenuation of tissue-specific hyperin-
flammation [38]. Further, another study revealed that vitamin D regulated COVID-19-associated severity
by suppressing the nucleotide oligomerisation domain, leucine-rich repeats, and pyrin domain-containing
protein three inflammasome pathway [39]. Thus, vitamin D is expected to be one of the critical compo-
nents for treating COVID-19 infection. Studies have shown that age and hypocalcaemia are also associated
with bone loss in patients with COVID-19 [6,40]. Additionally, the BMD of patients with COVID-19 may
decrease due to reduced activity or bed rest.

This study was the first to investigate the dynamic effect of BMD trajectories on clinical outcomes in patients
with COVID-19. There are some limitations in the present study. First, due to the retrospective nature of this
study, no causal relationship between BMD trajectories and clinical outcomes can be explained. Second, the
time interval and frequency of chest CT re-examination in patients with COVID-19 are inconsistent, which
may affect the accuracy and reliability of BMD measurements. Patients with few CT scans cannot accurately
and dynamically reflect the BMD changes. In future studies, we suggest implementing a more standardised
approach to CT scan timing, such as fixed intervals or specific time points for all patients. This would help
reduce variability and potentially enhance the accuracy and reliability of the findings. Third, this study
used an accessible chest CT to obtain BMD without using standard testing methods for BMD. Many previ-
ous studies reveal that lumbar CT HU can be an additional diagnostic tool for osteoporosis and an alterna-
tive for DXA [12,22]. Additionally, one recent study supports the significance of HU values from chest CT
for BMD assessment [23]. In the future, we plan to conduct a prospective clinical trial and include DXA or
quantitative CT as the methods to evaluate BMD. Fourth, this study lacked a control group, which may af-
fect the validity of interpretation and inference of results. Additionally, the dynamic inflammatory status
of patients was lacking, which may be relevant to the BMD trajectory pattern. Many studies showed that
inflammation was negatively associated with the BMD [41-43]. The complex correlation between inflam-
mation and BMD requires further evaluation in large prospective studies. Changes in inflammatory indica-
tors in blood should be detected simultaneously with chest CT. Further, the trend of changes in inflamma-
tory indicators (interleukin six, C-reactive protein, etc) combined with CT HU values should be analysed.

CONCLUSIONS

In this study, we highlighted the contribution of the COVID-19 process to bone health and the need for
better prevention and treatment of bone loss in patients before and after COVID-19 infection. BMD trajec-
tories may help manage bone health and guide treatment in patients with COVID-19. However, we strong-
ly believe that additional experimental and clinical data are needed to better understand the long-term ef-
fects of COVID-19 on BMD.
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