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A B ST R AC T  
 

Aim. To evaluate mean Hounsfield unit calculation (HUAC), bone density, 
subcutaneous fat thickness (SFT), breast density (constitutional imaging 
biomarkers) and age in symptomatic patients with COVID-19, to assess their 
correlation with pneumonia severity. Materials and Methods. Between 11 
March and 30 May 2020, 272 consecutive symptomatic female patients with 
COVID-19 who underwent chest CT imaging at baseline were reviewed. 
HUAC, bone density, SFT and breast density were evaluated retrospectively and 
statistically compared in cases with negative/positive PCR test results, 

with/without pneumonia and with mild/moderate-severe pneumonia. 
Univariate/multivariate logistic regression analyses were applied for estimation 
of moderate/severe pneumonia. Results. The parameters of age, HUAC, bone 
density, SFT and breast density were significantly different between patients 
with/without pneumonia. Additionally, the patients with moderate-severe 
pneumonia were older, had lower bone density, lower HUAC values, greater 
SFT and mostly fatty breast density. ROC analysis showed the highest AUC 
values of 0.763 and 0.744 for age and HUAC, respectively. A combination of 

HUAC and age was the most accurate model for estimation of moderate/severe 
pneumonia on logistic regression. Good intraobserver and interobserver 
reliabilities were detected. Conclusions. The severity of COVID-19 pneumonia 
among adult females was associated with older age, lower bone density, a lower 
HUAC value, greater SFT and fatty breast parenchyma. All these factors can be 
responsible for 21.9% of the development of moderate/severe pneumonia. 
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Introduction  

From late 2019, coronavirus disease-2019 (COVID-19) 

quickly changed daily life and medical routines worldwide. 

The proportion of women among COVID-19 patients was 

lower in the geographies where the disease spread [1]. This 

fact caught our attention in our daily radiology routine 

during the COVID-19 pandemic. If a chest computed 

tomography (CT) scan was performed on a young woman, 

the expectation was that there would be no pneumonia or 

at most a mild pneumonia form. It has been reported that 

women are vulnerable but have less severe disease and a 

lower fatality rate [2]. It is clear that the gender distribution 

of COVID-19 appeared to be unbalanced. Men are reported 

to have higher mortality rates (60-70% deaths) [3,4]. The 

underlying causes might include gender dimorphism in 

immunity, immunomodulatory effects of sex hormones, 

smoking, diabetes and social role [3]. 

While the pandemic continued, the question of where 

this difference originates began to be investigated. In 

addition to different sex-specific mortality rates, the 

confirmed cases of SARS-CoV-2 infection differed 

between males and females across age groups. A higher 

incidence is observed in the female group at the age of 10-

50 years, in males under 10 and in males after 50 years [5]. 

On the other hand, men display delayed viral clearance 

[6,7]. Women seem to mount a stronger immune response 

(immunoglobulins protect them from the occurrence of 

virus-induced damage) but exhibit lower proinflammatory 

cytokine release (thus protecting them from immune-

mediated damage occurring at a later time). In particular, 

men show increased type 1 cytokine production (IFN-γ, IL-

2). Another mechanism may be the immunomodulatory 

effects of sex hormones. It was confirmed in an 

experimental mouse model that elevated 17β-oestradiol 

protects females from influenza by suppressing 
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inflammatory responses. A correlation between low 17β-

oestradiol levels and increased CD16 expression (and 

consequently, proinflammatory cytokines) has been found 

[3]. Oestrogen is the primary female sex hormone. Its 

responsibilities are progressing and governing the female 

reproductive system and secondary sex characteristics. 

Additionally, its relationships with age, muscle density, 

bone density, subcutaneous fat thickness and breast density 

have been defined. All these features can be evaluated 

using radiological imaging methods. To the best of our 

knowledge, no other study in the English literature has 

described these structural features and correlated the 

radiological severity of COVID-19 pneumonia. 

Materials and Methods 

This retrospective single-center study was approved by 

the Ministry of Health (2020-06-22T16_19_42) and the 

institutional review board (6.8.2020/566), and written 

informed consent was waived due to both the retrospective 

design and the emergence of epidemic outbreaks. 

Patients 

Our University Hospital is located in Bagcilar, the 

principal zone of the COVID-19 outbreak in Istanbul. 

Between 11 March 2020 and 30 May 2020, 272 

consecutive female patients with an initial diagnosis of 

COVID-19 (based on clinical features and CT or a positive 

PCR test) were evaluated. Although symptomatic, patients 

with both negative PCR results and no CT findings 

(n=106), patients who were evaluated by CT with the aim 

of preoperative evaluation (n=3) and one patient who was 

confirmed to have a different pneumonia (n=1), for a total 

of 110 patients, were excluded from the study. A total of 

162 patients were enrolled (Figure 1). The ages, symptoms, 

acute phase reactant levels (if any, such as CRP, D-dimer 

levels, ESR, ferritin, and procalcitonin), and PCR results 

evaluated during the patients' admission were recorded. 
 

Computed Tomography 

All thorax CT scans were acquired in the supine 

position with a Philips Brilliance BigBore 16-slice 

machine during admission of the patient. A 16×0.625-mm 

collimation, 360 mm field of view (FOV), and 1.0-mm 

section thickness were used. The scan time was 

approximately 10 s. Through a single breath hold, the 

lungs, from the level of the apices of the lungs to below to 

the diaphragmatic level, were scanned. For interpretation, 

standard lung and mediastinal windows were assessed. 

The chest CT indications were determined according to 

the Ministry of Health’s recommendations. A radiologist 

(IDS) who did not know the RT-PCR results interpreted the 

CT images. Thorax CT images were classified as positive 

or negative in terms of COVID-19 pneumonia. The typical 

features of pneumonia, including ground-glass opacities, 

multifocal patchy consolidation, and/or interstitial changes 

with a peripheral distribution, and the classical clinical 

scenario (clinical symptoms, such as fever, cough, fatigue 

and/or shortness of breath, or positive close contact with a 

COVID-19 patient), were accepted as findings of COVID-

19 pneumonia [8]. 

Image Analysis 

CT images were retrospectively analyzed using a 

commercially available picture archiving and 

communication system (Centricity, RIS, GE Healthcare). 

With a semiquantitative scoring system, the extension of 

pulmonary involvement was appraised. Every pulmonary 

lobe was evaluated and scored as follows: 0, no; 1, less than 

5%; 2, 5–25%; 3, 26–50%; 4, 51–75%; and 5, 76–100% 

involvement. The scores for the lobes were summed, and a 

CT severity score ranging from 0 (no involvement) to 25 

(maximum involvement) was obtained. CT severity scores 

of 1–5, 6–14, and 15–25 indicated mild, moderate and 

severe involvement, respectively [9].  

The Hounsfield unit average calculation (HUAC) was 

calculated from the multifidus muscle at the level of L1 for 

evaluation of sarcopenia using the initial CT scans of the 

patients and the following formula: 

HUAC = (right area x density) + (left area x 

density)/total area 

For the bone density measurements, CT attenuation of 

the L1 vertebra was measured in Hounsfield units (HU) by 

insertion of an oval region of interest (ROI) within a 

transverse section of the vertebral medulla by first locating 

the midvertebral body in the sagittal plane. ROIs were 

made as large as possible while avoiding vertebrobasilar 

structures and cortical surfaces [10] (Figure 2). 

Figure 2. Hounsfield unit average calculation (HUAC), 
bone density and subcutaneous fat thickness (SFT) 
measurements. 

 
Figure 1. Flowchart of the study. Hounsfield unit 
average calculation (HUAC), bone density, and 
subcutaneous fat thickness were evaluated. 
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The subcutaneous fat thickness (SFT) was measured 

from the level of the T1 vertebra as the maximum length 

from the spinous process of the vertebra to the skin. 

Breast densities were evaluated on sagittal reformat CT 

images based on the American College of Radiology 

(ACR) breast magnetic resonance imaging definition 

(Figure 3). ACR densities of A and B were accepted  

as fatty, and ACR densities of C and D were considered  

dense patterns. 
 

Figure 3. Breast densities on CT images were evaluated 
using sagittal reformat images. 

 

Statistical Analysis 

Statistical analysis was performed using SPSS 16.0 

software. Continuous variables were displayed as the 

mean±standard deviation, and categorical variables are 

reported as counts and percentages. To confirm the 

distribution of the data, the one-sample Kolmogorov–

Smirnov test was performed. When a normal distribution 

was not confirmed, log transformation was used. 

The parameters of age, HUAC, bone density, and SFT 

were compared in cases with negative/positive PCR 

results, with/without pneumonia and with mild/moderate-

severe pneumonia using an independent samples t-test. 

Breast density was compared using a chi-square test. A 

receiver operating characteristic (ROC) analysis was 

performed to evaluate the diagnostic capabilities for 

estimating moderate-severe pneumonia. Cut-off values, 

sensitivity, specificity, positive and negative predictive 

values, accuracy and the likelihood ratio for estimation of 

moderate-severe pneumonia were analyzed. 

All variables that were identified as significant (p< 

0.05) via an independent samples t-test or chi-square test 

were considered candidates for univariate or multivariate 

analysis using a binary logistic regression model. We 

conducted binary logistic regression to validate 

constitutional parameters (age and imaging biomarkers) 

for estimation of moderate/severe pneumonia. The 

correlation coefficients were under 0.700 and VIF<3; 

therefore, multicollinearity was ruled out. Four different 

models were considered, and the beta, standard error, t, R2, 

P value, accuracy, sensitivity, and specificity values of the 

models were calculated. All analyses were two-sided, and 

p < 0.05 was considered statistically significant. 

Intra- and interobserver correlations were revealed by 

Pearson correlation for each parameter except breast 

density. The latter was evaluated using Cronbach’s α. 

Results 

A total of 162 female patients (between the ages of 18-

90, mean±standard deviation 47±16) were enrolled. 

All the patients had classical clinical symptoms of 

COVID-19 (Table 1). The most common symptoms for 

this group of patients were cough (n= 80, 49.4%), 

weakness (n=67, 41.4%), fever (n=58, 35.8%) and 

dyspnoea (n=37, 22.8%). The most encountered 

comorbidities were hypertension (n= 22, 13.6%), chronic 

lung disease (n=19, 11.7%), diabetes mellitus (n=14, 

8.6%), and coronary artery disease (n=11, 6.8%). No 

pregnant patients were included in the study. One patient 

was lactating and had mild pneumonia, and she was treated 

as an outpatient. Patients with moderate/severe pneumonia 

(n = 53) were offered hospitalization, followed up and 

treated, and three of these patients died. 

Table 1. Features of the included patient population. 

Age 18-90 years old (47±16) 

Symptoms Cough (n= 80, 49.4%) 

Weakness (n=67, 41.4%) 
Fever (n=58, 35.8%) 

Dyspnoea (n=37, 22.8%) 

Muscle-bone-joint pain, back pain (n=31, 

19.1%) 
Sore throat (n=28, 17.3%) 

Loss of sense of taste/smell (n=27, 0.6%) 

Headache (n=22, 13.6%) 

Emesis (n=13, 8%) 
Chest pain (n=10, 6.2%) 

Others (palpitation, conjunctivitis, hoarseness, 

loss of appetite, enteritis) (n=10, 6.2%) 

Comorbidities Hypertension (n= 22, 13.6%) 

Chronic lung disease (n=19, 11.7%) 

Diabetes mellitus (n=14, 8.6%) 

Coronary artery disease (n=11, 6.8%) 

Arrhythmia (n=5, 3%) 
Chronic kidney disease (n=3, 1.8%) 

Others (Alzheimer’s disease, acute myeloblastic 

leukaemia, Hashimoto thyroiditis, hereditary 

polyneuropathy, hyperlipidaemia, chronic 
hepatitis, migraine, mitral stenosis, rheumatoid 

arthritis, vertigo) (n=12, 7.2%) 

PCR test results 73 negative (45%), 89 positive (55%) 

Hospitalization 24 patients 

Exitus 3 patients 
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s HUAC -73-64 (mean±SD of 43±16) HU 

Bone 

density 
29-327 (mean±SD of 186±65) HU 

SFT 3-59 (mean±SD of 20±9) mm 

Breast 

pattern 

ACR type A (n=36, 22.2%) 

ACR type B (n=45, 27.8%) 

ACR type C (n=62, 38.3%) 
ACR type D (n=37,22.8%) 

Fatty breast type 

(n=81, 50%) 

Dense breast type 
(n=81, 50%) 

ACR: American College of Radiology, HUAC: Hounsfield unit 

average calculation, PCR: polymerase chain reaction 

SFT: subcutaneous fat thickness. 

SARS-COV2 PCR tests were negative for 73 patients 

(45%) and positive for 89 patients (55%). The parameters 
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of age (p = 0.625), HUAC (p = 0.929), bone density (p = 

0.687), SFT (p = 0.925) and ACR breast density (p =0.875) 

were not different between PCR-negative and PCR-

positive patients (Table 2). 
 

Table 2. Comparison of age, HUAC, bone density, adipose tissue thickness and breast density between patients with 

different PCR and CT findings (* statistically significant results). 

 

SARS-COV2 PCR 

n= 162 

CT involvement (pneumonia-/+) 

n= 162 

CT involvement score (mild/moderate-

severe pneumonia) n= 135 

Negative  

(n=73, 45%) 

Positive 

(n=89, 55%) 
P value 

Pneumonia- 

(n=27, 17%) 

Pneumonia+ 

(n=135, 83%) 
P value 

Mild  
pneumonia 

(n=82, 61%) 

Moderate/ 

severe  

pneumonia  

(n=53, 39%) 

P value 

Age 

(year-old) 
47±15 46±16 0.625 36±14 49±15 <0.001* 43±14 57±13 <0.001* 

HUAC 

(HU density) 

43±13 

 

43±19 

 
0.929 51±9 41±17 <0.001* 47±9 32±22 <0.001* 

Bone density 

(HU density) 
184±67 188±62 0.687 221±51 179±65 0.001* 190±61 161±67 0.01* 

SFT (mm) 20±9 20±10 0.925 16±9 20±9 0.029* 19±8 23±11 0.009* 

Breast 

Density 

%49 ACR A-B 

%51 ACR C-D 

%51ACR A-B 

%49 ACR C-D 
0.875 

%33 ACR A-B 

%67 ACR C-D 

%53 ACR A-B 

%47 ACR C-D 
0.06 

%44 ACR A-B 

%56 ACR C-D 

%68 ACR A-B 

%32 ACR C-D 
0.008* 

CT: computed tomography, HUAC: Hounsfield unit average calculation, PCR: polymerase chain reaction, SFT: subcutaneous fat 

thickness. 

Overall, 27 of the patients (17%) had no findings of 

pneumonia. All were positive for SARS-COV2 based on 

PCR testing. A total of 135 patients (83%) had classical or 

possible CT findings of SARS-COV2 pneumonia. Patients 

with CT findings of SARS-COV2 pneumonia had a PCR 

negativity rate of 54% (n=73) and positivity rate of 46% 

(n=62). This difference was representative of the study 

population because, although symptomatic, patients with 

negative PCR results and no CT findings (n=110) were 

excluded from the study. 

All parameters were significantly different between the 

patients with negative (n=27, 17%) and positive (n=135, 

83%) CT findings. Patients with pneumonia were older 

(mean±SD of 49±15, p < 0.001), had a lower HUAC value 

(mean±SD of 41±17, p <0.001), had lower bone density 

(mean±SD of 179±65, p = 0.001), and had a greater SFT 

(mean±SD of 20±9, p = 0.029). All differences were 

significant (Table 2). Patients with pneumonia had fatty 

breast density more commonly (53% vs 33%), but the 

difference was not significant (p=0.06). 

Among the female patients with COVID-19 pneumonia 

(n=135), CT findings showed mild disease for 82 patients 

(61%), moderate disease for 37 patients (%27) and severe 

disease for 16 patients (12%). Patients with moderate-

severe pneumonia (n=53) were older (mean ± SD of 57 ± 

13, p <0.001), showed a lower HUAC value (mean±SD of 

32±22, p <0.001), lower bone density (mean±SD of 

161±67, p = 0.01), and greater SFT (mean±SD of 23±11, p 

= 0.009). Patients with moderate-severe pneumonia had 

fatty breast density more commonly than patients with mild 

pneumonia (68% vs 32%, p=0.008) (Table 2). All the 

differences were significant. 

Based on ROC analysis, for estimation of moderate-

severe pneumonia, the area under the curve values from 

highest to lowest were as follows: age (0.763), HUAC 

(0.744), bone density (0.630) and SFT (0.616) (Table 3, 

Figure 4). The threshold values were 47 years old for age, 

45 HU for HUAC, 183 HU for bone density and 18.5 mm 

for SFT. The most accurate parameter to estimate 

moderate-severe pneumonia was HUAC, with an accuracy 

rate of 68%. The most sensitive parameter was age, with a 

sensitivity of 75%, and the most specific was HUAC, with 

a specificity of 66%. The highest PPV went to HUAC 

(57%), and the NPV went to age (80%). The positive 

likelihood ratio for age and HUAC was ≥2.00. 

 Table 3. ROC results for estimation of moderate-severe pneumonia.  

 AUC 95% CI Threshold Sens (%) Spec (%) PPV (%) NPV (%) Acc (%) Pos LR 95% CI 

Age 0.763 0.684-0.842 ≥47-y-o 75 62 56 80 67 2.00 1.45-2.74 

HUAC 0.744 0.656-0.834 ≤45 HU 71 66 57 78 68 2.08 1.47-2.95 

Bone 

density 
0.630 0.532-0.729 ≤183 HU 68 49 46 70 56 1.33 1.00-1.76 

SFT 0.616 0.517-0.714 ≥18.5-mm 64 50 45 68 56 1.28 0.95-1.72 

Acc: accuracy, AUC: area under the curve, CI: confidence interval, PPV: positive predictive value, Pos LR: positive likelihood ratio, Sens: 

sensitivity, Spec: specificity. The highest values are given in bold. 
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Figure 4 (A, B). ROC curves for age, SFT, HUAC and bone density. 

We conducted univariate/multivariate logistic 

regression analyses to validate the age- and constitutional 

imaging biomarkers for estimation of moderate/severe 

pneumonia. The model showed an accuracy of 69.4% in 

estimating moderate-severe pneumonia, and the 

contribution of the model for estimation of 

moderate/severe pneumonia was 21.9%. Another model 

utilizing age and HUAC demonstrated a similar 

performance. Individually, the parameters (age and 

HUAC) showed a lower but similar performance (Table 4). 

 Table 4. Results of different regression models for predicting moderate/severe pneumonia. 

Model Parameter Beta SE Exp (B) R2 P A (%) Sens (%) Spec (%) 

1 Age (≥47 yo) 1.622 0.392 5.062 0.178 <0.001* 67.4 75.5 62.2 

2 
HUAC 

(≤45 HU) 
1.560 0.385 4.757 0.169 <0.001* 67.9 71.2 65.9 

3 
Age (≥47 yo) 

HUAC (≤45 HU) 

1.027 

0.965 

0.478 

0.470 

2.792 

2.624 
0.210 

0.032 

0.040 
69.4 73.2 63.5 

4 Age (≥47 yo)  

Breast density (fatty) 

Bone density (≤183 HU) 

HUAC (≤45 HU) 

SFT ≥18.5-mm 

1.137 

-0.325 

-0.389 

0.920 

0.020 

0.550 

0.499 

0.489 

0.432 

0.451 

3.118 

0.678 

2.509 

1.020 

0.723 

0.219 0.039 

0.471 

0.436 

0.060 

0.963 

69.4 73.2 63.5 

There were good intra- and interobserver reliabilities for 

HUAC (R=0.782, p<0,001 and R=0.807, p<0,001, 

respectively), bone density (R=0.857, p<0,001 and R=0.878, 

p<0,001, respectively), fat tissue thickness (R=0.973, p<0,001 

and R=0.953, p<0,001, respectively) and breast density 

(Cronbach’s α 0.93 and 0.97, respectively) (Table 5). 

 Table 5. Intra/interobserver reliability analyses. 

 Pearson Correlation Coefficient Cronbach’s α 

 HUAC Bone density SFT Breast density 

Intraobserver reliability R=0.782 

p<0,001 

R=0.857 

p<0,001 

R=0.973 

p<0,001 

0.93 

Interobserver reliability R=0.807 

p<0,001 

R=0.878 

p<0,001 

R=0.953 

p<0,001 

0.97 

Discussions 

In our study, we found that adult females with moderate-

severe COVID-19 pneumonia were older and had lower bone 

density (osteopenic), lower HUAC values (sarcopenic), 

greater SFT (obese) and fatty breast parenchyma during their 

initial evaluation. To predict moderate/severe pneumonia, 

while the parameter of age provided the most sensitive results, 

HUAC had the most specific results, and the “HUAC and 

age” combination was the most accurate.  

COVID-19 is associated with a mortality rate of 1-3% 

and frequently associated with acute respiratory distress 

syndrome. This is attributed to an uncontrolled immune 

response, the so-called "cytokine storm". Senility, diabetes, 

hypertension, and obesity meaningfully raise the risk of 

hospitalization for COVID-19 and mortality due to the 

disease [11]. Females generally have inherently resilient 

and changeable immune responses because of their higher 

number of X-chromosomes, which contain immune-

related genes [1]; gender-reliant production of steroid 
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hormones [12]; and sex differences in angiotensin 

converting enzyme-2 (ACE-2) [13]. ACE-2 has lung 

protective effects by limiting angiotensin-2-mediated 

pulmonary capillary leakage and inflammation [14]. ACE-

2 is also the primary target of the virus, and its expression 

level decreases with senility. In our female study 

population, advanced age was found to be associated with 

severe illness, and the threshold value was 47.  

Another important imaging biomarker of a patient's 

physiologic reserve is body muscle mass and quality. 

Sarcopenia is a worsening of muscle mass and function and 

perhaps one of the most important issues associated with 

the pandemic. Globally, governments are applying actions, 

such as travel sanctions, isolation, separation, and public 

distancing, which are causing a prolonged sedentary life 

and hence sarcopenia. Additionally, alterations in 

nutritional consumption may enhance sarcopenia and 

increase body fat [15]. Another important factor is that 

COVID-19 infection itself causes acute sarcopenia [16]. 

Additionally, our study showed that sarcopenia detected 

during the initial evaluation is associated with severe 

disease. ROC analysis and regression analysis revealed that 

sarcopenia alone is as decisive as age. It can even provide 

more specific estimates. 

Sarcopenia is affected by many factors, including age, 

physical activity, protein consumption, anabolic hormonal 

activity, and vitamin D levels [17,18]. Hormone decay 

(especially testosterone, oestrogen, and growth hormone) 

related to ageing contributes to muscle wasting [19]. 

Sarcopenia has been associated with reduced 

diaphragmatic muscle thickness [20]. Acute declines in 

diaphragmatic muscle thickness in hospitalized patients 

can provoke respiratory failure and necessitate prolonged 

mechanical ventilation in critically unwell patients [21]. In 

a recent study, to assess the relationship between clinical 

variables, pneumonia severity score, pectoralis muscle 

area, pectoralis muscle index, and patient outcomes 

(intubation, prolonged hospital stay, and death), chest 

computed tomography images of 130 COVID-19 patients 

were evaluated, and the pectoralis muscle index was found 

to be a predictor of prolonged hospital stay and death [4]. 

Our study also showed a negative impact of sarcopenia on 

the severity of pneumonia. For COVID-19, which has 

become a global epidemic, the fight against sarcopenia 

before and after the disease should be added to the fight 

against COVID-19. In the current study, HUAC was found 

to be as valuable as age.  

CT imaging reveals fatty streaks within the muscles and 

permits analysis of muscle quality [22]. Lumbar, thoracic 

or cervical levels can be used [23]. Muscle cross-sectional 

area, muscle density and intramuscular adipose tissue area 

can be evaluated via CT, and lower densities are associated 

with high mortality [23,24].  Managing muscle health is 

important in COVID-19, as with any critical illness. Old 

age, physical inactivity and insufficient protein 

consumption create an inclination to sarcopenia and 

insensitivity to anabolic stimuli [25]. Skeletal muscle 

produces myokines. Among them, interleukin (IL)‐6 and 

IL‐7 greatly affect the immune response [26]. It has been 

reported that preventive measures for frailty/sarcopenia 

can strengthen a patient’s ability to fight COVID-19 [27]. 

The cytokine storm associated with COVID‐19 may harm 

tissues directly and inhibit muscle protein synthesis [28]. 

Sarcopenia appears to play important roles in cause-and-

effect relationships. In our study, we found that the HUAC 

value has the highest sensitivity in predicting moderate-

severe pneumonia. At densities below 45 HU, the positive 

LR for having moderate-severe pneumonia was 2.08, the 

highest among the parameters studied. Bone density, 

another important metabolic biomarker, offered a high 

NPV value, although not the highest. 

Bone is a tissue that has much contact with other tissues 

and possesses endocrine and paracrine functions important 

for metabolism, ageing and general health [29]. 

Opportunistic screening of metabolic bone disease on CT 

has been performed previously for the abdomen, pelvis, or 

lumbar spine, and bone density was assessed using 

Hounsfield units [10]. DXA, which is often used in daily 

routines, produces superpositional images and covers 

many anatomical structures. Therefore, a false elevated 

bone mineral density will be observed, and it will be 

challenging to predict the real risks to bone [10]. HU 

thresholds for L1 allow clinicians to screen for 

osteoporosis with >90% sensitivity and specificity using 

screening thresholds of 160 HU and 110 HU, respectively 

[30]. In our study, to predict moderate-severe pneumonia, 

the threshold was 183 HU, which provided a sensitivity of 

68%, specificity of 49%, PPV of 46%, NPV of 70% and 

accuracy of 56%. Although bone density did not seem to 

contribute to the estimation of moderate-severe pneumonia 

in the regression analysis, statistically significant 

differences emerged in comparison of the various groups. 

In fact, the average bone density in the PCR-positive and 

non-pneumonia group was 221 HU, while the average 

density was 161 in the moderate-severe pneumonia group.  

Another constitutional imaging biomarker may be 

breast hypertrophy in females, which has been related to 

high oestrogen levels [31]. Our study showed that the PCR-

positive and non-pneumonia group had dense breast 

patterns at a rate of 67%, while the moderate-severe 

pneumonia group had a fatty breast pattern at a rate of 68%. 

This difference cannot be attributed to age alone. A 

correlation between oestradiol-estrone and mammographic 

density has been found for postmenopausal women [32]. 

Additionally, with ageing, a dense breast structure is not 

completely replaced by fat, and only some decreases in 

density are observed.  
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Obesity has been demonstrated to be an adverse 

prognostic factor in COVID-19 and is associated with an 

increased risk of hospitalization, critical care admission, 

and mortality [16]. The profuse fat content in obese 

patients overexpresses receptors for SARS-CoV-2, acts as 

a reservoir for viruses and supports the immune response 

[33]. Thus, patients with obesity may have a higher viral 

burden than lean patients, have more severe COVID-19, 

and usually take longer to convalesce [34]. In our study, 

SFT was directly correlated with the severity of the disease. 

Our study was carried out at a time and in an 

environment in which a pandemic was underway and rapid 

virus transmission was occurring in the absence of 

vaccines. This study was conducted early in the pandemic 

and partly in an environment where CT was used in triage. 

Considering that CT is used in more selected cases today, 

it is therefore likely to represent a larger population. The 

current study is a screening perspective for clinical scenery 

and highlights the idea that warning images should be 

evaluated from a broad perspective. Additionally, patients 

have the right to know their silent conditions, such as 

osteoporosis, sarcopenia or osteosarcopenic obesity, as a 

requirement of personalized medicine.  

Conclusions 

In conclusion, the severity of COVID-19 pneumonia 

among adult females is associated with older age, lower 

bone density, lower HUAC value, greater SFT and fatty 

breast parenchyma. According to the regression analysis 

model created in this study, the effect of age and HUAC  

on development of moderate-to-severe COVID-19 

pneumonia was 21%, and the contribution of constitutional 

factors was 21.9%. This is a substantial contribution to a 

disease that is affected by many factors and is currently a 

worldwide pandemic. Therefore, preventive medicine 

measures addressing conditions that affect the muscle 

quality of patients and the effects of age will gain more 

importance in the upcoming period. 
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