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The aim of this study is to evaluate the prognostic value of the vertebral bone mineral density (BMD) on
chest computed tomography (CT) in COVID-19 patients. The chest CT of hospitalized patients with COVID-
19 pneumonia were evaluated for Pneumonia Severity Score (PSS) as the ratio of the volume of involved lung
parenchyma to the total lung volume. In addition, BMD was manually measured from the vertebral corpus
using axial CT images. The relationships of clinical variables, PSS and vertebral BMD with patient outcomes,
namely mortality, intensive care unit (ICU) admission and mechanical ventilation were investigated. Lower
BMD was defined as �100 HU. The study included 209 patients (118 males, 56.4%). As a result of the univari-
ate analysis, the rates of mortality, ICU admission and mechanical ventilation were 17.2% (n = 36), 24.8%
(n = 52), and 20.6% (n = 43), respectively, and they were significantly higher among the patients with lower
BMD (38.1 vs 13.0%, p < 0.001; 33.4 vs 21.2%, p = 0.002; and 38.1 vs 8.2%, p < 0.001, respectively). In the
mortality group, PSS was significantly higher (median, 9 vs 5; p < 0.001) and vertebral BMD was significantly
lower (median, 83 vs 139; p < 0.001). Severe clinical incidence was significantly higher in patients with lower
BMD compared to those with higher BMD (39.7 vs 24.7% and p = 0.028). There was a significant correlation
between clinical classification and lower BMD (r = 0.152 and p = 0.028). The multivariate analysis revealed
vertebral BMD [odds ratio (OR), 1.028; 95% CI, 1.011�1.045, p = 0.001) and lower BMD (OR, 4.682; 95%
CI, 1.784�12.287, p = 0.002) as significant independent predictors of mortality. Vertebral BMD is a strong
independent predictor of mortality that is reproducible and can be easily evaluated on the chest CT images of
COVID-19 patients.
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Introduction

Coronavirus disease 2019 (COVID-19) that emerged
as a pneumonia outbreak in Wuhan, China, in the last
month of 2019 and was found to be caused by the newly
identified severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), has been declared a global public
health emergency by the World Health Organization
(WHO) considering its pandemic potential (1�3).
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Although the reverse transcription polymerase chain
reaction (RT-PCR) test is the gold standard for the diag-
nosis of COVID-19, in cases of COVID-19 presenting
with pneumonia, the computed tomography (CT) of the
chest provides valuable information about diagnosis, dis-
ease severity, and prognosis (4�8). In addition, chest CT
plays an important role in the diagnosis process and deter-
mining the prognosis, especially in patients with respira-
tory failure and those requiring hospitalization. The
typical CT findings of COVID-19 guide treatment at an
early stage and assist in the prompt initiation of preven-
tive quarantine (9).

Quantitative measurements using CT in various tis-
sues, such as the liver (e.g., fat quantification for stea-
tosis), vasculature (e.g., aortic and coronary artery
calcification scoring for atherosclerosis) and fat (e.g.,
size and attenuation for adiposity) can be used as inde-
pendent predictors of specific clinical outcomes, and
such findings can have prognostic power (10). In addi-
tion, the most commonly studied biomarkers in the
musculoskeletal system are bones (e.g., attenuation for
osteoporosis) and muscles (e.g., size and attenuation
for sarcopenia) (10). It has been shown that frailty
caused by decreased function and strength of the mus-
culoskeletal system due to aging affects the prognosis
of various diseases (11). Recent feasibility studies sug-
gest that vertebral attenuation can be used to assess
the loss of bone mineral density (BMD) in the screen-
ing of osteoporosis characterized by low bone mass
and quality, increasing bone fragility and fracture risk
(12,13). A low BMD value has been reported to be a
critical prognostic factor in many benign and malig-
nant diseases such as coronary artery disease, chronic
obstructive pulmonary disease (COPD), cerebrovascu-
lar conditions, and breast cancer (13�15). In addition,
there is pre-existing evidence indicating that in the
presence of systemic inflammation, bone loss and
reduced BMD can be seen due to the interaction of
inflammatory mediators (interleukin, cytokines, etc.)
with bone cells leading to the activation of osteoclasts
through the receptor activator of nuclear factor-kB
ligand (RANKL) system (16). Many studies have mea-
sured cardiac markers, such as the cardiothoracic ratio,
pulmonary artery diameter, epicardial adipose tissue
and coronary artery calcification, liver density for
hepatic steatosis, and muscle volume in the musculo-
skeletal system in the prediction of prognosis in the
CT scans of patients with COVID-19. Thus, predic-
tive factors for the prognosis of COVID-19 have
been explored by performing many quantitative
measurements, and some of these factors have also
been associated with vertebral BMD (9,17�19).
Despite all this information, the prognostic value of
BMD in COVID-19 has not yet been adequately
investigated.

The purpose of the current study was to evaluate the
efficacy of the vertebral BMD value on chest CT in the
Journal of Clinical Densitometry: Assessment & Management of Mus
prediction of the prognosis and outcomes of COVID-19
patients.

Material and Method

Approval for this retrospective study was obtained
from the Ethics Committee of Harran University (Num-
ber: HRU/21.02.19 and date: 18.01.2021), and written
informed consent was waived.

Study Population

This retrospective cohort study was conducted in a ter-
tiary care center in Mehmet Akif Inan Training and
Research Hospital located in Southeast Turkey. All adult
patients with a diagnosis of COVID-19 confirmed by the
RT-PCR test and hospitalized for at least 24 hours
between July 1, 2020 and August 20, 2020 were analyzed.
Of these patients, those that underwent non-contrast
chest CT were included in the study. Pediatric patients
(under 18 years of age), those with major motion artifacts
on CT, and cases in which a non-standardized CT proto-
col was used (e.g., tube voltage other than 120 kV and
intravenous contrast imaging). In addition, patients with
pathologies related to the vertebral corpus (e.g., implants,
focal lesions, and bone island) were excluded from the
analysis. Lastly, patients with mild symptoms of COVID-
19 and no signs of pneumonia on CT, who only required
outpatient treatment were not included in the study.
Figure 1 presents the flow chart of the inclusion and
exclusion criteria.

CT indications were determined according to the
COVID-19 patient management algorithm of the Turkish
Ministry of Health (20) based on the presence of one of the
following clinical conditions in adult patients with symptoms
and suspicion of COVID-19 pneumonia: respiratory distress
or tachypnea (>22/min), tachycardia, and oxygen saturation
(SpO2) < 93%. For those without clinical findings, the CT
indication was being over 50 years and having comorbidities
or having a worsening clinical status (20).

Chest CT Protocol

Chest CT was performed in all patients with a 16-
detector multi-slice CT device (Siemens Healthineers;
Erlangen, Germany). CT images were obtained in supine
position during deep inspiration without the use of any
intravenous contrast material. The main scanning param-
eters were as follows: tube current-time product, 50�350
mAs; tube voltage, 120 kV; pitch, 1.25; matrix, 512£ 512;
slice collimation, 16£ 0.75 mm; slice thickness, 3 mm; and
reconstructed slice thickness, 1 mm. Raw data were
reconstructed with the standard ’’bone tissue’’ reconstruc-
tion kernel.

CT Image Evaluation

Prior to the measurements, the quality and suitability
of the CT images were evaluated by a radiologist (MT)
culoskeletal Health Volume 24, 2021



Fig. 1. Flow chart of the inclusion and exclusion criteria. CT, Computed tomography; RT-PCR, Reverse transcrip-
tion-polymerase chain reaction.
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with eight-year experience in thoracoabdominal imaging,
and the CT images that were not suitable for the study
were excluded. Then, all the measurements of the verte-
bral BMD and lung were simultaneously assessed by two
independent radiologists with eight and nine years of
experience in thoracoabdominal imaging (MT and EK,
respectively), and the average of the 2 separate measure-
ments of the same parameters was recorded as the final
value. All significant discrepancies in measurements
between the two radiologists were analyzed and evalu-
ated again in the presence of a third radiologist (Y.A.)
with 10 years of experience in thoracoabdominal imaging.
Furthermore, the vertebral BMD and PSS of a random
sample of 140 patients were determined by a different
radiologist (NK) with 12 years of experience in thora-
coabdominal imaging to evaluate the interobserver vari-
ability of the measurements. The measurements were
performed blinded to the clinical and laboratory informa-
tion of the patients. Before the measurements were taken,
both researchers participated in an interactive training
session to master the measurement technique.
Assessment of Vertebral BMD and Placement of
Regions of Interest (ROI)

The researchers first measured vertebral BMD in the
bone window (window level: 300 and window width: 1600
Hounsfield units) on non-contrast CT. All the measure-
ments were undertaken in axial sections. The mean CT
Journal of Clinical Densitometry: Assessment & Management of Mus
attenuation was measured in Hounsfield units (HU). The
measurement site was determined as the area between
the superior endplate of the first lumbar vertebra (L1)
and the entrance of the veins in the midportion. Then, cir-
cular ROI were placed in the homogeneous trabecular
bone area in the middle of the vertebral corpus, avoiding
the posterior basivertebral venous plexus and cortical
bone (Fig. 2). If the L1 vertebra was non-homogeneous,
not visualized, or fractured, the measurement was per-
formed from the next intact vertebra (thoracic 12th verte-
bra) (21). Based on previous studies, a vertebral BMD
value of 100 HU was accepted as lower density (13,22).
Assessment of Pneumonia Severity Score (PSS)
The PSS of each patients was evaluated on the lung

window (window level: -500 HU and window width: 1500
HU) of the CT images. PSS is a semi-quantitative scoring
method in which CT images are evaluated visually. PSS
was first defined by Chung et al (23) and has been used in
previous studies (17). This score is calculated as follows:
each of the 3 lobes in the right lung and 2 lobes in the left
lung is scored separately, and the sum of the scores
obtained from the 5 lobes forms PSS. For each lobe, 0
point is given if there is no pneumonia (0%), 1 point if
there is minimal involvement (1%�25% volume of the
lung lobe), 2 points if mild involvement (26%�50%), 3
points if moderate involvement (51%�75%), and 4 points
if severe involvement (76%�100%) (17,23).
culoskeletal Health Volume 24, 2021



Fig. 2. Computed tomography (CT) images showing region of interest (ROI) placement in the first lumbar vertebra
(L1) of a patient. Sagittal multiplanar reformatting CT images (A) show L1 vertebra level and measurement localiza-
tion. In this selected level, a ROI was placed in the upper part of L1 between the endplate and the entrance of vessels at
the midportion (B). The ROI was as large as possible and positioned in a homogenous area without including the corti-
cal bone.
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Clinical Examination

Comorbidities such as diabetes mellitus, hypertension,
coronary artery disease, cardiac failure, chronic lung dis-
ease (COPD and asthma), chronic renal failure, immuno-
suppression, and malignancy were recorded from the
electronic medical records of the patients. The patients
were divided into three categories according to their clini-
cal severity: (1) common disease (symptomatic patients
with pneumonia signs on chest CT, who did not require
oxygen support; (2) severe disease [signs of respiratory
infection and respiratory distress, and having an increased
respiratory rate (�30 breaths/min), decreased oxygen sat-
uration in room air (SpO2 � 93 %), and/or partial
pressure of oxygen (PaO2)/fraction of inspired
oxygen (FiO2)� 300 mm Hg]; and (3) critical disease
(respiratory failure requiring mechanical ventilation, sep-
tic shock, and other organ failure requiring intensive care
unit (ICU) monitoring and treatment (24).

Data on the length of hospital stay, mechanical ventila-
tion requirement, ICU admission, and mortality develop-
ment were obtained from the electronic medical records
using a standardized data collection form. Prolonged hos-
pital stay was defined as more than 10 days of hospitaliza-
tion (17). The most severe outcome was evaluated as the
presence of multiple hospital presentations due to
COVID-19. For example, patients who were followed up
at home after first admission but then presented to the
hospital again, required longer hospitalization and died,
were assigned to the mortality group.
Statistical Analysis

All statistical analyses were performed using SPSS v.
20.0 (SPSS Inc., Chicago, IL). Variables were divided into
2 as categorical and continuous. Categorical variables
Journal of Clinical Densitometry: Assessment & Management of Mus
were given as numbers and percentages (%) and com-
pared with the pearson’s chi-square or Fisher’s exact test.
Continuous variables were expressed as mean § standard
deviation or median [interquartile range (IQR)], depend-
ing on the normality of the distribution. The Kolmo-
gorov-Smirnov test was conducted to determine whether
the data were normally distributed, and the data with a p
value greater than 0.05 were defined as normally distrib-
uted. Normally distributed data were compared using the
independent-samples t-test, and non-normally distributed
data using the Mann-WhitneyU test. The binominal logis-
tic regression analysis was performed with the data found
significant in the univariate analysis to identify the inde-
pendent predictors of mortality. Pearson’s correlation
analysis was used to examine the relationship between
continuous variables. Interobserver agreement for the
vertebral BMD and PSS measurements was tested using
the intra-class correlation coefficient (ICC). An ICC
value of <0.4 was considered to indicate poor agreement,
0.4�0.75 moderate agreement, 0.75�0.9 good agreement,
and >0.9 excellent agreement (17). Statistically, a p value
of <0.05 was considered significant for all analyses.
Results

Baseline Characteristics

A total of 209 patients with COVID-19 pneumonia
who were hospitalized for treatment and met the eligibil-
ity criteria were included in the study. The characteristics
of all patients are summarized in Table 1. Of the patients,
56.4% (n = 118) were male, and the mean age was 61.0 §
16.2 years. At least one comorbidity was present in 65.1%
of the patients (n = 135), with the most common being
hypertension (n = 71, 34.0%).
culoskeletal Health Volume 24, 2021



Table 1
Characteristics of the Patients With Lower (�100 HU) and Higher (>100 HU) Vertebral BMD

Variables All patients
(n = 209)

Lower BMD
(�100 HU)(n = 63)

Higher BMD
(>100 HU)(n = 146)

p value

Age (yr), mean § SD 61.0 § 16.2 72.1 § 12.6 56.3 § 15.3 <0.001*
Older age (�65 yr), n (%) 92 (44.0) 47 (74.6) 45 (30.8) <0.001*
Male gender, n (%) 118 (56.4) 31 (49.2) 87 (59.6) 0.165
Pneumonia Severity Score, median (IQR) 5 (1-17) 6 (1-17) 5 (1-17) 0.150
C-reactive protein (mg/L), median (IQR) 121 (4-379) 244 (9-304) 69 (4-379) 0.001
Comorbidity, n (%) 136 (65.1) 52 (82.5) 84 (57.5) <0.001*
Hypertension 71 (34.0) 28 (44.4) 43 (29.5) 0.027*
Diabetes mellitus 67 (32.1) 24 (38.1) 43 (29.5) 0.143
Coronary artery disease 32 (15.3) 15 (23.8) 17 (11.6) 0.023*
Chronic lung disease 25 (12) 8 (12.7) 17 (11.6) 0.497
Cardiac failure 9 (4.3) 4 (6.3) 5 (3.4) 0.270
Chronic kidney failure 11 (5.3) 2 (3.2) 9 (6.2) 0.303
Other 14 (6.8) 6 (9.5) 8 (5.2) 0.193
Clinical classification, n (%)
Common 143 (68.4) 36 (57.1) 107 (73.3) 0.021*
Severe 61 (29.2) 25 (39.7) 36 (24.7) 0.028*
Critical 5 (2.4) 2 (3.2) 3 (2.1) 0.627
Clinical outcomes, n (%)
Prolonged hospital stay 77 (36.8) 26 (41.3) 51 (34.9) 0.383
Mechanic ventilation 43 (20.6) 24 (38.1) 19 (13.0) <0.001*
Intensive care unit admission 52 (24.8) 21 (33.4) 31 (21.2) 0.002*
Mortality 36 (17.2) 24 (38.1) 12 (8.2) <0.001*

*Statistically significant. Abbr: BMD, bone mineral density; IQR, interquartile range; SD, standard deviation.
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Relationship Between Vertebral BMD and Clinical
Variables

As shown in Table 1, the patients with COVID-19
were classified into two groups as lower (�100 HU) and
higher (>100 HU) vertebral BMD. The group with low
BMD had significantly higher age (72.1 § 12.6 vs 56.3 §
15.3 years; p < 0.001) and included significantly more
patients over 65 years (74.6 vs 30.8%, p < 0.001) com-
pared to the higher BMD group. The incidence of hyper-
tension was also significantly higher in the lower BMD
group compared to the patients with higher BMD (44.4 vs
29.5%, p = 0.027). The rates of mechanical ventilation,
ICU admission and mortality were significantly higher
among the patients with lower BMD (38.1 vs 13.0%, p <

0.001; 33.4 vs 21.2%, p = 0.002; and 38.1 vs 8.2%, p <

0.001, respectively). There was a significant correlation
between clinical classification and lower BMD (r = 0.152
and p = 0.028).

Relationship Between PSS and Clinical Variables

There was an excellent agreement between the two
observers both for the vertebral BMD measurements
(ICC, 0.931; 95% CI, 0.904�0.951) and for PSS (ICC,
0.986; 95% CI, 0.980�0.990). The median PSS of the total
study population was 5 (IQR, 1�17), and a PSS of >5 was
Journal of Clinical Densitometry: Assessment & Management of Mus
defined as high (Table 2, Figure 3). No differences were
detected between the patients with low and high PSS with
respect to the demographic data or rate of comorbidities.
The rates of mechanical ventilation, ICU admission and
mortality were significantly higher in the high PSS group
(26.9 vs 10.1%, p = 0.004; 31.5 vs 13.9%, p = 0.001; and
23.8 vs 6.3%, p < 0.001, respectively). There was a signifi-
cant correlation between clinical classification and PSS
(r = 0.591 and p < 0.001).
Association Between Vertebral BMD and Patient
Mortality

The characteristics of the patients who were discharged
from hospital and those that developed in-hospital mor-
tality are shown in Table 3. The univariate analysis
showed that the age of the patients who died was higher
compared to those that survived (78.9 § 6.4 vs 58.1 § 15.9
years; p < 0.001), and there were significantly more
patients aged �65 years in the mortality group (75.0 vs
37.6%, p < 0.001). In addition, the mean vertebral BMD
value was significantly lower in the mortality group (83 vs
139 HU, p < 0.001, respectively). Prolonged hospital stay
(52.8 vs 33.5%, p = 0.025) and severe disease according to
clinical classification (63.9 vs 22.0%, p < 0.001) were also
significantly more common in the mortality group
culoskeletal Health Volume 24, 2021



Table 2
Comparison of the Demographic and Clinical Characteristic of the Patients According to PSS

Variables All patients (n = 209) Low PSS (�5) (n = 79) High PSS (>5) (n = 130) p value

Age (yr), mean § SD 61.0 § 16.2 59.8 § 16.8 61.8 § 15.9 0.401
Older age (�65 yr), n (%) 92 (44.0) 31 (39.2) 61 (46.9) 0.278
Male gender, n (%) 118 (56.4) 38 (48.1) 80 (61.5) 0.057
Comorbidity, n (%) 136 (65.1) 46 (58.2) 90 (69.2) 0.071
Hypertension 71 (34.0) 24 (30.4) 47 (36.2) 0.393
Diabetes mellitus 67 (32.1) 22 (27.8) 45 (34.6) 0.194
Coronary artery disease 32 (15.3) 9 (11.4) 23 (17.7) 0.152
Chronic lung disease 25 (12) 11 (13.9) 14 (10.8) 0.319
Cardiac failure 9 (4.3) 4 (5.1) 5 (3.9) 0.392
Chronic kidney failure 11 (5.3) 3 (3.8) 8 (6.2) 0.346
Other 14 (6.8) 6 (7.7) 8 (6.2) 0.614
Clinical classification, n (%)
Common 143 (68.4) 70 (88.6) 73 (56.2) <0.001*
Severe 61 (29.2) 8 (10.1) 53 (40.8) <0.001*
Critical 5 (2.4) 1 (1.3) 4 (3.1) 0.406
Clinical outcomes, n (%)
Prolonged hospital stay 77 (36.8) 25 (31.6) 52 (40.0) 0.225
Mechanic ventilation 43 (20.6) 8 (10.1) 35 (26.9) 0.004*
Intensive care unit admission 52 (24.8) 11 (13.9) 41 (31.5) 0.001*
Mortality 36 (17.2) 5 (6.3) 31 (23.8) 0.001*

*Statistically significant. Abbr: PSS, Pneumonia Severity Score; SD, standard deviation.

Fig. 3. Chest CT images of 2 different patients with a low (A) and high (B) pneumonia severity score (PSS): a) small
ground glass opacities (arrows) in the lower lobes of both lungs and b) diffuse infiltrates in both lungs.
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(Table 3). The data that were determined to be significant
for mortality in the univariate analysis were further ana-
lyzed using the regression analysis (Table 4). In the multi-
variate analysis, vertebral BMD [odds ratio (OR), 1.028;
95% CI, 1.011�1.045, p = 0.001) and lower density (OR,
4.682; 95% CI, 1.784�12.287, p = 0.002) were significant
independent predictors of mortality.
Discussion

Our results in the current study revealed that PSS, ver-
tebral BMD values, and lower BMD (�100 HU)
Journal of Clinical Densitometry: Assessment & Management of Mus
measured on chest CT were significantly associated with
mortality. In addition, age, coronary artery disease, pro-
longed hospital stay, and clinical severity were found to
be significantly associated with mortality. Furthermore,
when age, PSS, vertebral BMD, coronary artery disease,
and clinical severity were included in the regression anal-
ysis, a low BMD value (�100 HU) was observed to
increase the risk of mortality by 5 times (OR, 4.682; 95%
CI, 1.784�12.287, p = 0.002), independent of the remain-
ing parameters. In addition, several adverse outcomes
such as low vertebral BMD, which can be easily measured
on CT, mechanical ventilation (38.1 vs 13.0%, p < 0.001),
culoskeletal Health Volume 24, 2021



Table 3
Comparison of the Discharged Patients and Those That Developed In-Hospital Mortality

Variables Discharge(n = 173) Mortality(n = 36) p value

Age (yr), mean § SD 58.1 § 15.9 78.9 § 6.4 <0.001*
Older age (�65 yr), n (%) 65 (37.6) 27 (75.0) <0.001*
Male gender, n (%) 95 (54.9) 23 (63.9) 0.212
PSS, median (IQR) 5 (1-17) 9 (2-17) <0.001*
High PSS (>5), n (%) 99 (57.2) 31 (86.1) 0.001*
Vertebral BMD (HU), median (IQR) 139 (28-296) 83 (61-221) 0.005*
Lower BMD (<100 HU), n (%) 39 (22.5) 24 (66.7) <0.001*
Prolonged hospital stay, n (%) 58 (33.5) 19 (52.8) 0.025*
C-reactive protein (mg/L), median (IQR) 62 (4-379 235 (52-304) <0.001*
Comorbidity, n (%) 106 (61.3) 30 (83.3) 0.008*
Hypertension 55 (31.8) 16 (44.4) 0.104
Diabetes mellitus 53 (30.6) 14 (38.9) 0.219
Coronary artery disease 21 (12.1) 11 (30.6) 0.008*
Chronic lung disease 22 (12.7) 3 (8.3) 0.340
Cardiac failure 8 (4.6) 1 (2.8) 0.521
Chronic kidney failure 7 (4.0) 4 (11.1) 0.100
Other 11 (6.4) 3 (8.4) 0.533
Clinical classification, n (%)
Common 133 (76.9) 10 (27.8) <0.001*
Severe 38 (22.0) 23 (63.9) <0.001*
Critical 2 (1.1) 3 (8.3) 0.01*

*Statistically significant. Abbr: BMD, bone mineral density; HU, Hounsfield unit; IQR, interquartile range; PSS, Pneumonia
Severity Score; SD, standard deviation.

Table 4
Binominal Logistic Regression Analysis of the Data Found Significant in the Univariate Analysis for the Prediction of

Mortality in Patients With COVID-19

Variables Odds ratio (OR) 95% confidence interval (CI) P value

Age (yr) 1.055 0.985-1.131 0.125
Older age (�65 yr) 1.185 0.203-6.928 0.851
PSS 1.049 0.928-1.187 0.443
High PSS (score >5) 1.717 0.404-7.300 0.464
Vertebral BMD 1.028 1.011-1.045 0.001*
Lower BMD (�100 HU) 4.682 1.784-12.287 0.002*
Coronary artery disease 1.713 0.558-5.258 0.347
Clinical classification
Common 0.166 0.015-1.844 0.144
Severe 0.745 0.081-6.829 0.795
Critical 6.012 0.542-66.631 0.144
Prolonged hospital stay 1.766 0.690-4.519 0.235

*Statistically significant. Abbr: PSS, Pneumonia Severity Score; BMD, bone mineral density;HU,Hounsfield unit.
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and ICU admission (33.4 vs 21.2%, p = 0.002) were
related to mortality. To the best of the authors’ knowl-
edge, this is the first study that evaluated the role of quan-
titative vertebral BMD and PSS obtained from CT and
their relationship with mortality, which is an indicator of
the worst clinical outcome in COVID-19 patients.
Journal of Clinical Densitometry: Assessment & Management of Mus
It is becoming increasingly common to measure attenu-
ation from the L1 vertebra included in the examination
on both chest and abdominal CT and to report values less
than 100 HU as they indicate possible osteoporosis. It has
also been reported that lower BMD is significantly associ-
ated with an increased risk of all-cause and cardiovascular
culoskeletal Health Volume 24, 2021
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mortality in the general population (14,22). The presence
of calcium deposits in coronary arteries on CT has been
accepted as a marker of atherosclerotic coronary artery
disease and plays an important role in predicting cardiac
events (10). Similarly, the measurement of vertebral
BMD has been used as a predictor of various clinical sit-
uations in previous studies (10,14,25). However, the effi-
cacy of a lower vertebral BMD value obtained from chest
CT, which is a predictor of osteoporosis, in COVID-19
was previously unknown. We measured the L1 vertebral
density in COVID-19 patients who underwent chest CT
at the time of hospitalization and showed that low BMD
(�100 HU) had a significant relationship with mortality.
We consider vertebral density can be easily measured on
the chest CT scans of COVID-19 patients without addi-
tional radiation, scanning, or patient burden, and it can
be an important parameter in predicting the prognosis of
these patients. However, further studies are needed to
validate this finding.

Recent clinical studies show that some inflammatory
diseases are associated with increased bone loss and
increased fracture rate. Current data in the field of
osteoimmunology, referring to the reciprocal communica-
tion between inflammatory cells and bone cells, offer
some insight into the complex pathogenesis of bone loss
in systematic inflammatory diseases. Fundamental Basic
studies have clarified that upregulated RANKL followed
by activated osteoclastogenesis is an important determi-
nant of bone loss (26). In addition to local pathological
changes, immunological factors, such as excessive
immune response (cytokine storm), which in are directly
related to morbidity and mortality in some cases, play an
important role in COVID-19 (27). Our study revealed
that COVID-19 cases with low BMD had a poor progno-
sis. This shows the necessity of directing the systemic
inflammatory response of COVID-19 to the osteoimmu-
nological field in order to better elucidate its pathophysi-
ology.

Chung et al. (23), who evaluated PSS using the chest
CT of COVID-19 patients, reported that high PSS was
correlated with a high clinical severity score. Although
PSS is a semi-quantitative scoring, excellent interobserver
agreement has been reported in previous studies (ICC
range, 0.957�0.985), indicating that this measurement can
be used as an objective criterion among radiologists
(17,28). In addition, Ufuk et al (17) demonstrated a signif-
icant correlation between PSS and clinical disease score in
COVID-19 patients (p< 0.001, r = 0.609). Similarly, in the
current study, the agreement between the 2 observers for
PSS were excellent with the ICC value being calculated
as 0.986 (95% CI, 0.980�0.990), and there was a correla-
tion between PSS and clinical severity score (r = 0.591
and p < 0.001).

Many studies have shown that advanced age and
underlying comorbidities are associated with mortality
and poor prognosis in patients with COVID-19
(17,29,30). In a study examining 5,279 COVID-19 patients
Journal of Clinical Densitometry: Assessment & Management of Mus
in the United States (US), advanced age (>75 years),
malignancies, cardiac failure, and male gender were
reported to be independent factors of mortality (29). Sim-
ilarly, Du et al (30), evaluating 179 patients with COVID-
19, reported advanced age (> 65 years) and cardiovascu-
lar or cerebrovascular disease to be strong independent
predictors of mortality. In a different study investigating
143 patients with COVID-19 in Turkey, advanced age
(>65 years) was a significant parameter for mortality
according to the univariate analysis but it was not an inde-
pendent predictor in the multivariate analysis (17). The
differences between studies can be attributed to the effect
of different geographic regions and patient populations
studied. The current study that was also conducted in Tur-
key similarly showed that advanced age (>65 years) and
presence of coronary artery disease were significant for
mortality in the univariate analysis but they were not sig-
nificant predictors according to the regression analysis.
However, low vertebral BMD was determined to be a
strong and independent predictor of mortality.

In various studies, the mortality rate of COVID-19
patients is reported in a wide range from 1.4 to 20.3%,
with marked differences (31�34). Piroth et al. (32) inves-
tigated 89,530 COVID-19 patients in France and reported
the prevalence of in-hospital mortality as 16.9%
(n = 15,104) and the rate of ICU admission as 16.3%
(n = 14,585). In contrast, Guan et al. (31) stated that of the
1,099 COVID-19 patients, 5% (n = 55) were admitted to
ICU and 1.4% (n = 15) died. These differences between
studies may be due to demographic characteristics and
comorbidities of the patients, such as age and gender,
geographic region where the study was conducted, and
hospital and ICU capacities. Another possible explana-
tion for the higher mortality rate of COVID-19 in some
areas may be the sudden patient flow in a short period of
time creating medical structural constraints and care
teams being directed to prioritize patients according to
clinical status and prognosis. In our study, the in-hospital
mortality rate of COVID-19 patients was 17.2% How-
ever, unlike previous studies, only patients with chest CT
were investigated and analyzed in the current study. The
exclusion of patients with mild COVID-19 who did not
have a CT scan may have led to differences in mortality
rates.

The current study has certain limitations. First, it solely
focused on hospitalized patients that underwent chest CT,
and therefore our findings cannot be generalized to
asymptomatic patients or those with only mild symptoms
of COVID-19. Second, the study had a retrospective and
single-center design, and the sample size was relatively
small. However, it is the first most comprehensive study
investigating the relationship between vertebral BMD
and COVID-19 based on quantitative data obtained from
CT and reveal its prognostic significance. Third, only lab-
oratory-confirmed COVID-19 patients were analyzed,
with those having negative test results but typical clinical
symptoms being excluded from the sample. Fourth, dual-
culoskeletal Health Volume 24, 2021
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energy X-ray absorptiometry (DEXA), which is the gold
standard for osteoporosis, was not performed on the
patients. However, it is very difficult to apply this test dur-
ing a pandemic. Finally, patients included in the current
study were treated in a single tertiary hospital, and all
patients were from a single geographic area. Factors asso-
ciated with adverse outcomes may differ in other regions
and populations.

In conclusion, this study revealed that the quantita-
tively obtained vertebral BMD in hospitalized COVID-
19 patients was a strong predictor of mortality. In addi-
tion, PSS was determined to be associated with various
negative outcomes, such as ICU admission, mechanical
ventilation, and mortality. These parameters are repro-
ducible and can be easily evaluated using the chest CT
images of COVID-19 patients, and we consider that they
may be useful in routine clinical practice due to their
prognostic value and requirement of no additional exami-
nation.

Authors’ Contributions

MT, NK, YA, and EK designed the study. MT and NK
contributed equally to this work. MT analyzed and inter-
preted the data with NK, YA, EK. MT and FS wrote the
manuscript. YKI and MG provided scientific support and
valuable advice. All authors proofread the manuscript
and revised it critically. All authors read and approved
the final manuscript.

Ethics Approval and Consent to Participate

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of institutional and/or national research committees and
with the 1964 Declaration of Helsinki and its later amend-
ments or comparable ethical standards. The research
project was approved by Harran University Institutional
Review Board.

Acknowledgments

Not applicable
The authors declare that they received no funding for

this study.

References

1. Huang C, Wang Y, Li X, et al. 2020 Feb Clinical fea-
tures of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet 395(10223):497–506 [Internet]
Available from: https://linkinghub.elsevier.com/retrieve/
pii/S0140673620301835. Accessed March 15, 2021.

2. Gorbalenya AE, Baker SC, Baric RS, et al. 2020 The species
Severe acute respiratory syndrome-related coronavirus:
classifying 2019-nCoV and naming it SARS-CoV-2. Nat
Microbiol 5(4):536–544.

3. Salehi S, Abedi A, Balakrishnan S, et al. 2020 Jul (COVID-
19): a systematic review of imaging findings in 919 patients.
Journal of Clinical Densitometry: Assessment & Management of Mus
Am J Roentgenol 215(1):87–93 [Internet] Available from:
https://www.ajronline.org/doi/10.2214/AJR.20.23034.
Accessed March 15, 2021.

4. Alpdagtas S, Ilhan E, Uysal E, et al. 2020 Evaluation of cur-
rent diagnostic methods for COVID-19. APL Bioeng 4
(4):041506.

5. Gietema HA, Zelis N, Nobel JM, et al. 2020 CT in relation
to rt-PCR in diagnosing covid-19 in the netherlands: a pro-
spective study. PLoS One [Internet] 15:1–10 (7 July) Avail-
able from: http://dx.doi.org/10.1371/journal.pone.0235844.
Accessed March 15, 2021.

6. Zuo H. 2020 Contribution of CT Features in the diagnosis of
COVID-19. Can Respir J 2020(September):1237418.

7. Rubin GD, Ryerson CJ, Haramati LB, Sverzellati N, Kanne
JP, Raoof S, et al. 2020 Jul The role of chest imaging in
patient management during the COVID-19 pandemic: a
multinational consensus statement from the Fleischner Soci-
ety, 296; 2020 Jul. p. 172�180. Radiology [Internet] Avail-
able from: http://pubs.rsna.org/doi/10.1148/
radiol.2020201365.
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