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Abstract
Purpose: To improve the risk strati�cation of patients infected with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), an experimental chest x-ray (CXR) scoring system for quantifying lung
abnormalities was introduced in our Diagnostic Imaging Department. The purpose of this study was to
retrospectively evaluate correlations between the CXR score and the age or sex of Italian patients infected
with SARS-CoV-2.

Material and Methods: Between March 4, 2020 and March 18, 2020, all CXR reports containing the new
scoring system were retrieved. Only hospitalized patients with SARS-CoV-2 infection were enrolled. For
each patient, age, sex, and the CXR report containing the highest score were considered for the analysis.
Patients were also divided into seven groups according to age. Non-parametric statistical tests were used
to examine the relationship between the severity of lung disease and the age or sex.

Results: 783 Italian patients (532 males and 251 females) with SARS-CoV-2 infection were enrolled. The
CXR score was signi�cantly higher in males than in females only in groups aged 50 to 79 years. A
signi�cant correlation was observed between the CXR score and age in both males and females. Males
aged 50 years or older and females aged 80 years or older showed a signi�cantly increased risk of
developing severe coronavirus disease 2019 (COVID-19).

Conclusions: Males aged 50 years or older and females aged 80 years or older showed the highest risk of
developing severe lung disease. Our results may help to identify the highest-risk patients and those who
require speci�c treatment strategies.

Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV–2) is a betacoronavirus that was
discovered to be responsible for an acute respiratory syndrome called coronavirus disease 2019 (COVID–
19) [1–3]. This new pulmonary infection �rst developed in China at the end of 2019, speci�cally in Wuhan
[1–3]. Currently, a COVID–19 outbreak is also occurring in Europe, with a cluster in Northern Italy. On
March 22, 2020, the number of con�rmed COVID–19 cases in Italy was 59138 with a mortality rate of
9.3%. Given the mortality rate of this disease [4, 5], physicians should be aware of the potential risk
factors associated with a fatal outcome [6–9]. To improve the risk strati�cation and aid clinicians in
de�ning a “tailored” level of care for high-risk patients, an experimental chest x-ray (CXR) scoring system
for quantifying the severity and progression of lung abnormalities in COVID–19 pneumonia was
introduced in our Diagnostic Imaging Department. This CXR scoring system, designed exclusively for
semi-quantitative assessment of lung disease in COVID–19, ranking the pulmonary involvement on an
18-point severity scale according to extent and characteristics of lung abnormalities.

Considering the close relationship between pulmonary involvement and the risk of death, the purpose of
this study was to retrospectively evaluate correlations between the CXR score and the age or sex of Italian
patients infected with SARS-CoV–2.
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Material And Methods

Patient selection
Through a retrospective search on the department radiology information system (RIS)/picture archiving
and communication system (PACS) between March 4, 2020 and March 18, 2020, all CXR reports
containing the new scoring system were retrieved. Only Italian patients admitted to hospital with SARS-
CoV–2 infection (con�rmed by real-time polymerase chain reaction) were enrolled in this study. Patients
who were younger than 20 years were excluded. For each patient, age, sex, and the CXR report containing
the highest score were considered for the analysis. The radiographic images linked to these CXR reports
were also reviewed by a radiologist (A. B. who had 15 years of experience in thoracic imaging). The
selected patients were divided into seven groups according to age: 20–29 years (group A), 30–39 years
(group B), 40–49 years (group C), 50–59 years (group D), 60–69 years (group E), 70–79 years (group F),
and ≥ 80 years (group G).

Statistical Analysis
The data are presented as the number (%) or the median and the interquartile range because the age of
the patients and the CXR score were not normally distributed. For each group, the Mann-Whitney U-test
was used to compare the CXR scores of males and females. The Spearman rank correlation was applied
to evaluate the relationship between the CXR score and age. The Kruskal-Wallis test was also used to
determine whether there were signi�cant differences in CXR score between the age groups. Statistical
analyses were performed using commercial software (MedCalc Statistical Software version 19, Ostend,
Belgium, 2019). P-values of <0.05 were considered statistically signi�cant.

Results
The search identi�ed 783 Italian patients (532 males and 251 females) with con�rmed SARS-CoV–2
infection (Table 1). The median age was 65 years (interquartile range, 55–74 years). Of the included
patients, 10 (1.3%) were from group A, 29 (3.7%) from group B, 80 (10.2%) from group C, 168 (21.5%)
from group D, 196 (25%) from group E, 210 (26.8%) from group F, and 90 (11.5%) from group G. For each
age group, the sex of the patients and CXR scores are listed in Table 1.

The CXR score was signi�cantly higher in males than in females only in groups D, E, and F (p ≤ 0.020)
(Table 1). A signi�cant correlation was observed between the CXR score and age in both males and
females (rho = 0.205, p < 0.0001 for males; rho = 0.310, p < 0.0001) (Fig 1).

For males, the CXR score of groups D, E, F, and G was signi�cantly higher than that of groups A, B, and C
(Fig. 2a). For females, the CXR score of groups E, F, and G was signi�cantly higher than that of groups A
and B (Fig 2b). The CXR score of group G was also signi�cantly higher than that of groups C, D, and E.
The CXR score of group F was signi�cantly higher than that of group C.
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Discussion
The literature reports that older age, and underlying comorbidities (such as hypertension, diabetes,
cardiovascular disease, and oncologic history) are risk factors of fatal outcome in adult patients with
con�rmed SARS-CoV–2 infection [6–9]. However, the currently available data on COVID–19 was obtained
exclusively from Asian patients.

To the best of our knowledge, this study is the �rst to examine the relationship between the severity of
lung disease and the age or sex in European (Italians) patients. In addition, no published study used a
radiographic severity index to analyze these correlations.

In our large sample, 67.9% of hospitalized patients were males and only 15.2% were younger than 50
years. In the age groups between 50 and 79 years, pulmonary involvement was signi�cantly greater in
males than in females (Table 1). For both males and females, lung involvement increased signi�cantly as
age increased, although with a different slope (Fig. 1). Males aged 50 years or older and females aged 80
years or older showed a signi�cantly increased risk of developing severe pneumonia (Fig. 2).

Our CXR scoring system, the �rst designed speci�cally for COVID–19 pneumonia, is a very useful method
for ranking the risk strati�cation of patients with SARS-CoV–2 infection. It allows to easily and quickly
obtaining a severity index of lung abnormalities. In addition, it provides relevant information on lung
disease in an extremely clear way by channeling the available resources toward the maximal amount of
bene�ts. Obviously, we realize that further studies, particularly enrolling European patients, are needed to
con�rm the effectiveness of this new CXR scoring system in predicting the risk of worst outcome.

The main limitations of this study include the retrospective nature of our analysis and lack of comparison
between CXR score and patient comorbidities (such as hypertension, diabetes, cardiovascular disease,
and oncologic history) or �nal outcome (recovery versus death) because these clinical data were only
available in a small percentage of patients due to the short time for case collection and the large sample
size.

In conclusion, we found that males aged 50 years or older and females aged 80 years or older showed
the highest risk of developing severe lung disease. We believe that the results of our study make a
signi�cant contribution to clinicians because they could help to identify at an early stage the highest-risk
patients and to know who require speci�c treatment strategies and which people need to protected from
becoming infected.
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Table 1
Table 1 Distribution of chest x-ray scores by age group and gender
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Age group Gender Patients CXR score Mann-Whitney U-test
p-value

A
(20–29 years old)

Male
Female

4 (40)
6 (60)

1.5 (0.5–2.5)
2 (1–3)

0.593

B
(30–39 years old)

Male
Female

18 (62)
11 (38)

3 (1–8)
2 (0.3–5.5)

0.429

C
(40–49 years old)

Male
Female

48 (60)
32 (40)

4 (2–8.5)
3.5 (0–7)

0.355

D
(50–59 years old)

Male
Female

114 (68)
54 (32)

8 (3–12)
4.5 (2–9)

0.011

E
(60–69 years old)

Male
Female

138 (70)
58 (30)

9 (4–13)
5 (2–9)

0.0003

F
(70–79 years old)

Male
Female

151 (72)
59 (28)

9 (5–12)
5 (3–11)

0.020

G
(≥ 80 years old)

Male
Female

59 (66)
31 (34)

9 (5–12)
8 (6–10.8)

0.446

Data are presented as numbers (%) or medians (interquartile range)

Figures
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Figure 1

Scatter diagram showing the relationship between chest x-ray (CXR) scores and age. Red dashed line,
trend line for males; blue solid line, trend line for females.

Figure 2

Box-and-Whisker plots showing the distribution of chest x-ray (CXR) scores by age group in males (M)
and females (F).


