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Aim: Chest computed tomography (CT) scan is useful to evaluate the type and extent of
lung lesions in coronavirus disease 2019 (COVID-19) pneumonia. This study explored the
association between radiological parameters and various circulating serum-derived markers,
including microRNAs, in older patients with COVID-19 pneumonia.

Methods: A retrospective analysis was designed to study geriatric patients (≥75 years) with
COVID-19 pneumonia, who underwent chest CT scan on admission, and for whom clinical
data and serum samples were obtained. To quantify the extent of lung involvement, CT-
score, the percentage of healthy lung (HL%), the percentage of ground glass opacity (GGO
%), and the percentage of lung consolidation were assessed using computer-aided tools. The
association of these parameters with two circulating microRNAs, miR-483-5p and miR-320b,
previously identified as biomarkers of mortality risk in COVID-19 geriatric patients, was
tested.

Results: A total of 73 patients with COVID-19 pneumonia were evaluable (median age
85 years; interquartile range 82–90 years). Among chest CT-derived parameters,
the percentage of lung consolidation (HR 1.08, 95% CI 1.02–1.14), CT-score (HR 1.14, 95%
CI 1.03–1.25), and HL% (HR 0.97, 95% CI 0.95–0.99) emerged as significant predictors of
mortality, whereas non-significant trends toward increased mortality were observed in patients
with higher GGO%. We also found a significant positive association between serum miR-
483-5p and GGO% (correlation coefficient 0.28; P = 0.018) and a negative association with
HL% (correlation coefficient �0.27; P = 0.023).

Conclusions: Overall, the extent of lung consolidation can be confirmed as a prognostic
parameter of COVID-19 pneumonia in older patients. Among various serum-derived
markers, miR-483-5p can help in exploring the degree of lung involvement, due to its associa-
tion with higher GGO% and lower HL%. Geriatr Gerontol Int 2024; ••: ••–••.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic due to
severe acute respiratory syndrome coronavirus 2 infection has
caused high mortality in populations at risk, such as older adults.1

The vulnerability of the older population is linked to the physio-
logical effects of aging, which affect the immune function, favoring
morbidity and mortality from infectious diseases.2 Furthermore,
frailty is a condition that worsens with age and with COVID-19,
mainly in hospitalized older people, who tend to show more evi-
dent symptoms of this disease.3 More advanced ages, chronic
heart disease, cerebrovascular disease, and diabetes mellitus are
the risk factors for functional decline after 1 year since hospitaliza-
tion in older patients who developed COVID-19 pneumonia.4

Chest computed tomography (CT) plays an important role not
only in the diagnosis and management of COVID-19 but it is also
indicated in COVID-19-positive patients with associated com-
orbidities.5 Chest CT can accurately evaluate the type and extent of
lung lesions, through the evaluation of several parameters; that is,
ground glass opacities (GGO), consolidations and crazy-paving pat-
tern.6 Furthermore, during the pandemic, several international stud-
ies evaluated the use of the semiquantitative chest CT severity score
as a quick and objective tool7 to quantify the extent of anatomical
chest abnormalities, to stratify the patient’s risk and to predict the
short-term outcome of patients with COVID-19 pneumonia.8

Circulating microRNAs (miR) have been proposed as consis-
tent biomarkers for the diagnosis and/or prognosis, as well as for
understanding the pathophysiology of a plethora of clinical condi-
tions, including COVID-19.9,10 Some evidence highlighted the
correlation between severe disease and death with impaired path-
ways related to inflammation, interferon and antiviral responses,
organ damage, and cardiovascular failure.11 MiR deregulation has
also been related to COVID-19 severity and mortality.11,12 The
association between miR levels and COVID-19 outcome could
provide a novel tool to develop models for the early prediction of
different outcomes and severity, thus permitting the development
of personalized therapeutic strategies.11 We recently identified,
based on a small RNA sequencing analysis, two new circulating
miRs, miR-483-5p and miR-320b, as biomarkers associated with
an increased risk of mortality in COVID-19 hospitalized geriatric
patients.13 However, the association between the miR levels and
pulmonary conditions in COVID-19 geriatric hospitalized patients
was not previously analyzed.

Another promising marker of COVID-19 prognosis is circulat-
ing cell-free DNA (cfDNA).14 Its plasma concentration is generally
low in healthy individuals, but its levels increase significantly in
several pathological conditions, including tumors and various
inflammatory diseases.15,16

In COVID-19 patients, plasma cfDNA modulates systemic
inflammation, acting as a damage-associated molecular pattern,
and its amount correlates with disease progression.17,18 Recently,
we found that cfDNA abundance in the plasma of COVID-19
hospitalized geriatric patients correlates with an important prog-
nostic factor, such as RNAemia, whereas a reduction in another
cfDNA-associated parameter, specifically cfDNA integrity, is asso-
ciated with an increased risk of in-hospital mortality.19 In the
same study, we also found that increased levels of two circulating
proteins associated with neutrophil activation (neutrophil elastase,
LL-37) and macrophage activation (sCD163) were also associated
with increased risk of in-hospital mortality in the same patients.

The aim of the present study was to compare chest CT-derived
parameters in COVID-19 pneumonia with a number of circulat-
ing innovative biomarkers of immune cell activation/inflammation,
including the expression of circulating miRs and cfDNA burden,
that we previously identified as mortality risk biomarkers in
COVID-19 hospitalized geriatric patients.

Methods

Study design and patient recruitment

The present study is a single-center retrospective analysis carried
out on a cohort of patients with COVID-19 pneumonia, who
underwent chest CT scan on admission (n = 197), and for whom
clinical data and serum were obtained (n = 73). These patients
were recruited in the framework of the Report-Age COVID-19
project, an observational study involving geriatric patients hospi-
talized for COVID-19 at the Italian National Center on Aging
(IRCCS INRCA) between March 2020 and June 2021.

The study was approved by the Ethical Committee of IRCCS
INRCA (reference ID: CE-INRCA-20008), and registered under
the ClinicalTrials.gov database (reference ID: NCT04348396).
The study protocol was carried out according to local and interna-
tional guidelines and regulations, and the research was conducted
in accordance with the Declaration of Helsinki. Among these
patients, we selected 73 older adults (age ≥75 years) from the data-
base on the availability of plasma samples and chest CT scan at
hospital admission. As baseline clinical characteristics, informa-
tion on the following comorbidities was collected: distributions of
infarction, dementia, chronic kidney disease, hypertension, stroke,
chronic obstructive pulmonary disease, atrial fibrillation, cancer,
congestive heart failure, diabetes, Charlson Comorbidity Index
(classified as a score from 0 to 2) and the median values with
interquartile range of oxygen saturation, and days from COVID-
19 diagnosis (through a positive reverse transcription polymerase
chain reaction assay of a nasopharyngeal swab), contagion (based
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on self-reported information) and appearance of symptoms relat-
able to COVID-19 to admission.

The Clinical Frailty Scale, an ordinal 9-point scale in which
the assessor makes decisions about the degree of frailty from clini-
cal data,20 was used to assess frailty. Patients were scored from
1 “very fit” to 9 “terminally ill,” and grouped into three groups
based on their frailty scores. Patients who were scored at 1–3 on
the Clinical Frailty Scale were defined as not frail (group 1),
patients who were scored at 4–6 (group 2) as vulnerable-mildly
frail and patients who scored 7–9 (group 3) as severely frail.

Imaging evaluation

All chest CT findings were defined according to the Fleischner
Society glossary, and the qualitative evaluation included the pres-
ence of the following CT pulmonary abnormalities: GGO, consol-
idations, crazy-paving pattern, interlobular thickenings, atelectasis,
pleural-parenchymal band, bronchiectasis/bronchiolectasis, retic-
ulation, pulmonary nodules and pleural effusion.21

To quantify the extent of pulmonary abnormalities, a semi-
quantitative visual scoring system (chest CT severity score) was
used based on the degree of lung lobe involvement (0: 0%; 1:
<5%; 2: 5–25%; 3: 26–49%; 4: 50–75%; 5: >75%; range: 0–5 for
each lobe; global score range 0–25).22 Chest CT severity scores of
0–7, 8–15, and 15–25 were categorized as mild, moderate, and
severe involvement, respectively.

Primary image datasets were transferred to the PACS worksta-
tion and evaluated using thoracic VCAR software (GE Healthcare,
Chicago, IL, USA), a CE-marked medical device originally
designed to quantify pulmonary emphysema and recently adapted
for quantification of pneumonia lesions in COVID-19.23 Lung
parenchyma was divided by Hounsfield unit intervals in emphy-
sema (�1024/�977), healthy residual lung parenchyma (�976/
�703), GGO (�702/�368) and consolidation (�100/5), and the
software automatically calculated the healthy lung volume,
the GGO, and the consolidation in liters and percentage.

Radiological parameters

Volumetric chest high-resolution CT examinations were acquired
in the supine position at full inspiration and without administra-
tion of intravenous contrast medium.

Baseline CT scans, carried out at hospital admission, were
performed on a 16-slice MDCT scanner (GE BrightSpeed Elite;
GE Healthcare). Scanning parameters were 120 kV and 100–
200 mA, with a slice thickness of 1.0 mm and a matrix size of
512 � 512 pixels. Images were reconstructed with a sharp recon-
struction kernel for parenchyma. The lung window setting was at
a window level of �600 Hounsfield units and a window width of
1600 Hounsfield units.

Three- and 6-month follow-up scans were obtained by 16-
slice MDCT scanner (Brilliance; Philips, Amsterdam, the Nether-
lands) with the following parameters: kvp: 140 kvp, mAs: 170, gan-
try rotation time: 0.5 s and slice thickness: 1 mm. Coronal and
sagittal multiplanar reconstructions were also available in all cases.

Blood sample collection

Peripheral venous blood samples were processed within 2 h from
collection. Samples for complete blood count were collected in
ethylenediaminetetraacetic acid-anticoagulated blood tubes. Spe-
cific plasma and serum tubes were centrifuged at 2500 g at 4�C for
15 min. Plasma and serum were immediately processed for routine

analysis or stored in aliquots of 500 μL at �80�C for subsequent
analysis.

Biological parameters

Total white blood cells (WBC), WBC differential, and platelet
counts were carried out by standard automated procedures, and
the derived indices neutrophil-to-lymphocyte ratio (NLR), derived
NLR (calculated as neutrophil count divided by the result of WBC
count minus neutrophil count), platelet-to-lymphocyte ratio and
lymphocyte-to-monocyte ratio were calculated. Circulating miR
levels were analyzed as previously described.13

The open-source encyclopedia of RNA interactomes (http://
starbase.sysu.edu.cn/index.php) was utilized to locate target genes
of miR-483-5p.24 A stringent threshold of at least three prediction
programs was used to filter out target messenger RNAs (mRNAs).

Ingenuity Pathway Analysis (IPA; QIAGEN, Hilden, Germany)
was used to explore the experimentally observed high-predicted
and moderate-predicted mRNA targets of miR-483-5p (Table S1)
through the miR target filter analysis. Targets were predicted using
the TargetScan algorithm by searching for the presence of con-
served 8mer and 7mer sites that match the seed region of the miR.
Experimentally demonstrated miR/mRNA were identified using
content from TarBase with miRBase identifiers. Biological func-
tions and diseases were assessed using IPA software.

The plasma levels of neutrophil elastase, the serum levels of
CD163 and circulating nucleic acids were measured following the
same procedure described in a previous publication.19

Statistical analysis

Regarding descriptive statistics, normality in distribution for con-
tinuous variables was assessed by the Shapiro–Wilk test; the mean
and standard deviation or median and interquartile range were
reported on the basis of their distribution. Comparison of vari-
ables between groups was carried out by unpaired Student’s t-test
or Mann–Whitney U-test, as appropriate. Categorical variables are
expressed as absolute number and percentage, and statistical sig-
nificance was assessed by the χ2-test. Imaging-derived parameters
(i.e. CT Score, percentage of healthy lung [HL%], GGO% and
percentage of consolidation) were dichotomized into under the
median or above (or equal to) the median of the variable itself.
The association of imaging-derived parameters with mortality dur-
ing hospital stay was explored by Kaplan–Meier curves and
assessed by the log-rank test of equality. Hazard ratios (HR) and
95% confidence intervals (95%CI) were estimated by fitting four
Cox proportional hazard models and adjusted for age and sex. To
verify the possible association among biological and imaging-
derived parameters, Spearman’s rank correlation coefficients for
all pairs of variables with a P < 0.01 were calculated, reporting cor-
relation coefficients (rho) and significance levels (P). For statisti-
cally significant correlations, two-way scatterplots with regression
lines were drawn. A two-tailed P-value <0.05 was considered sig-
nificant. Data were analyzed using Stata version 15.1 Statistical
Software Package for Windows (StataCorp, College Station,
TX, USA).

Results

Association between clinical and blood-based parameters
with lung involvement and survival

Overall, 73 patients (median age 85 years, interquartile range
82–90 years, female to male ratio was 1.35) with COVID-19

Imaging Parameters and Circulating microRNAs in COVID-19 Pneumonia in Geriatric Patients
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pneumonia were evaluable with chest CT scan and blood sample
withdrawn on admission. Demographic and clinical characteris-
tics of the study population and after stratifying by survival sta-
tus are reported in Table 1. A total of 30% (22/73) of the
enrolled patients died during the in-hospital stay. Patients who
died were significantly older and experiences a high rate of
stroke events (P = 0.002) and chronic obstructive pulmonary
disease (P = 0.002). The prevalence of diabetes was higher
among survived patients (33.3% vs. 4.5%). Total lung volume
and the proportion of healthy lung parenchyma (HL) were
higher in survivors, whereas the proportion of lung parenchyma
showing consolidation was higher in the group of patients
who died.

We then explored the association of chest CT-derived parame-
ters with the hematological parameters WBC, neutrophils, lym-
phocytes, monocytes, platelet, NLR, derived NLR, platelets,

lymphocyte-to-monocyte ratio, and the serum biomarkers miR-
483-5p, miR-320b, cfDNA, CD163 and elastase (Table 2).

We found a statistically significant association between the
radiological parameters HL%, GGO% and LC% and some clini-
cal characteristics, but no blood-based characteristics. For
instance, a higher proportion of women were observed among
patients with low CT scores. A high CT score was associated with
a longer time from contagion and from symptoms to admission. A
low HL% was associated with more frequent chronic kidney dis-
ease, stroke, and moderate–severe CT severity. A high GGO%
and high LC% were both associated with more frequent chronic
kidney disease and moderate–severe CT severity. Deceased
patients also more frequently showed stroke, chronic obstructive
pulmonary disease and shorter time from infection to admission,
but less frequently had diabetes. Furthermore, deceased patients
presented with higher WBC and lower monocyte counts.

Table 1 Patients’ characteristics according to survival status

Total n = 76 Survived n = 54 Deceased n = 22 P-value

Female sex, n (%) 44 (57.9%) 31 (57.4%) 13 (59.1%) 0.893
Infarction, n (%) 7 (9.2%) 4 (7.4%) 3 (13.6%) 0.394
Dementia, n (%) 23 (30.3%) 17 (31.5%) 6 (27.3%) 0.717
CKD, n (%) 14 (18.4%) 8 (14.8%) 6 (27.3%) 0.204
Hypertension, n (%) 50 (65.8%) 36 (66.7%) 14 (63.6%) 0.801
Stroke, n (%) 10 (13.2%) 3 (5.6%) 7 (31.8%) 0.002
COPD, n (%) 10 (13.2%) 3 (5.6%) 7 (31.8%) 0.002
Atrial fibrillation, n (%) 20 (26.3%) 13 (24.1%) 7 (31.8%) 0.487
Cancer, n (%) 16 (21.1%) 13 (24.1%) 3 (13.6%) 0.311
CHF, n (%) 22 (28.9%) 14 (25.9%) 8 (36.4%) 0.363
Diabetes, n (%) 19 (25%) 18 (33.3%) 1 (4.5%) 0.009
Charlson Comorbidity Index, n (%) 0.856
0 38 (50.0%) 26 (48.2%) 12 (54.6%)
1 24 (31.6%) 18 (33.3%) 6 (27.3%)
2 14 (18.4%) 10 (18.5%) 4 (18.2%)

Clinical frailty scale category, n (%) 0.003
0–3 15 (19.7%) 14 (25.9%) 1 (4.5%)
4–6 42 (55.3%) 32 (59.3%) 10 (45.5%)
7–9 19 (25.0%) 8 (14.8%) 11 (50.0%)

CT severity, n (%) 0.167
Mild (<8) 38 (50%) 29 (53.7%) 9 (40.9%)
Moderate (9–15) 31 (40.8%) 22 (40.7%) 9 (40.9%)
Severe (>15) 6 (7.9%) 2 (3.7%) 4 (18.2%)
NA 1 (1.3%) 1 (1.9%) 0 (0%)

Age, median (IQR) 86 (82–90) 85 (82–90) 90 (87–93) 0.003
Saturation, median (IQR) 97 (95–98) 97 (95–98) 97 (95–98) 0.826
Days from COVID-19 diagnosis to admission, median
(IQR)

2 (0–3) 2 (0–3) 1 (0–1) 0.025

Days from contagion to admission, median (IQR) 10 (8–14) 11 (8–14) 8 (8–17) 0.574
Days from symptoms to admission, median (IQR) 5 (1–8) 5.5 (1–8) 4 (1–8) 0.815
Duration of hospital stay (days), median (IQR) 14 (9–19) 14.5 (12–20) 9 (4–17) 0.006
CT total score, median (IQR) 8 (5.5–12) 8 (5–11) 10.5 (6–15) 0.143
HL (l), median (IQR) 1.5 (1.0–2.3) 1.8 (1.1–2.5) 1.1 (0.7–2.0) 0.046
GGO (l), median (IQR) 0.9 (0.6–1.2) 0.9 (0.6–1.2) 0.8 (0.5–1.2) 0.388
Consolidation (l), median (IQR) 0.2 (0.1–0.3) 0.2 (0.1–0.3) 0.3 (0.1–0.4) 0.238
Lung volume (l), median (IQR) 2.8 (2.2–3.5) 2.9 (2.4–3.8) 2.5 (1.7–2.9) 0.018
HL (%), median (IQR) 59.9 (38.5–72.8) 61.0 (42.8–72.8) 45.0 (35.8–70.5) 0.254
GGO (%), median (IQR) 32.5 (21.1–46.4) 30.7 (22.7–45.3) 38.5 (19.6–48.7) 0.590
Consolidation (%), median (IQR) 7.5 (4.2–13.6) 6.7 (3.5–11.7) 10.0 (4.9–16.8) 0.050

Data are median (interquartile range) or number (%). P-values for Mann–Whitney U-test (continuous variables) or χ2-test (categorical variables).
CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CT, computed tomography; GGO, gro-
und glass opacity; HL, healthy lung; IQR, interquartile range; NA, not available. P-values <0.05 are in bold.
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Figure 1 shows baseline and 6-month CT scans of two older
patients who experienced COVID-19 pneumonia.

Prognostic role of radiological parameters

The effect on overall survival of each radiological parameter was
tested both as dichotomous and continuous variables. The log-
rank test was used to explore the differences in survival time
between the patients with high versus low CT score, HL%, GGO
% and LC%. Kaplan–Meier curves represented these findings
in Fig. 2.

These analyses show a trend toward a better prognosis with
low CT score, low GGO%, low LC% and high HL%, even
though statistical significance was not reached (P > 0.05) in all the

four radiological parameters. However, a Cox proportional haz-
ards regression carried out considering these parameters as con-
tinuous variables, and adjusting for age and sex showed that LC%
(HR 1.10, 95% CI 1.04–1.16) and CT score (HR 1.14, 95% CI
1.03–1.25) were significantly associated with in-hospital mortality.
Furthermore, a higher HL% was associated with a decreased risk
of mortality (HR 0.97, 95% CI 0.95–0.99). No significant associa-
tions were observed for GGO% (HR 1.02, 95% CI 0.99–1.06).

Correlation between radiological parameters and miRs

We also studied the correlation between the four radiological
parameters and two biological parameters, miR-483-5p and
cfDNA, which achieved P < 0.1 in the univariate analysis. These

Figure 1 (a, b) Axial thin-
section unenhanced chest
computed tomography
(CT) images in an 81-year-
old man who presented with
fever, cough and dyspnea.
(a) Baseline scan shows
multiple bilateral confluent
ground glass opacity (GGOs),
more numerous on the right
lung, with a peripheral
distribution; (b) 6-month
follow-up scan shows
complete resolution of GGOs
without fibrosis-like changes.
(c–f) Axial thin-section
unenhanced chest CT images
in a 82-year-old woman who
presented with dyspnea. (c, e)
Baseline scans show GGOs
with superimposed interstitial
septa thickening (crazy
paving) in the left lower lobe
and subpleural consolidative
pulmonary opacities in the
left upper; (d, f) 6-month
follow-up scans show
decreased GGOs, interstitial
septa thickening and fibrosis-
like changes characterized by
subpleural parenchymal
bands, interstitial septa
thickening and
honeycombing, and with
distortion of lung architecture
and thickening of the
adjacent pleura.

Imaging Parameters and Circulating microRNAs in COVID-19 Pneumonia in Geriatric Patients

© 2024 The Author(s). Geriatrics & Gerontology International
published by John Wiley & Sons Australia, Ltd on behalf of Japan Geriatrics Society.

| 7

 14470594, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ggi.14940 by U

niversity Polit D
elle M

arche-A
ncona C

tr A
teneo, W

iley O
nline L

ibrary on [23/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



two biological parameters have a higher likelihood of being associ-
ated with the risk of COVID-19 in-hospital mortality.13,19 We ver-
ified whether the circulating levels of these two biomarkers are
also associated with lung involvement. We found that the levels of
miR-483-5p increase with higher GGO% (correlation coefficient
0.28; P = 0.018), and decrease with higher HL% (correlation coef-
ficient �0.27; P = 0.023; Fig. 3). No correlations were observed
between cfDNA and all the radiological parameters (Table S2).

The association of miR-483-5p with the IPA database “diseases
and disorders” showed a significant enrichment of biological pro-
cesses related to lung disease (Fig. 4). All the mRNA targets of
miR-483-5p, experimentally observed and highly or moderately
predicted, identified by IPA software, are listed in Table S1.

Discussion

In the present cohort study of 73 patients affected with COVID-
19 and subjected to chest CT, we investigated the associations
between imaging-derived parameters and circulating biomarkers;
that is, miRs and cfDNA, previously associated with mortality.

Our results support the prognostic value of CT score and pul-
monary involvement, as previously described by other
authors,7,8,25,26 with a significant association between higher LC%
and CT score, and lower HL% with increased risk of death.

Similarly, in the present study, the LC% emerged as a feature
frequently observed in cases with a worse prognosis, and

confirmed its significant negative prognostic role associated with
death. Overall, our results are in agreement with previous reports
of increased mortality in patients presenting with a reduction of
healthy lung parenchyma, as measured using computer-aided
tools.25–27

In contrast, among the various circulating biomarkers of
immune cell activation, including cfDNA and CD163, that we
previously analyzed as biomarkers of mortality risk in COVID-19
patients,19 only miR-483-5p was associated with higher GGO%
and lower HL%. However, no correlation was found with LC%.

Recent findings support the involvement of miR-483-5p in
infectious diseases. It was found that high levels of miR-483-5p
showed >90% sensitivity and specificity in discriminating between
adult COVID-19 patients and healthy individuals.12 In addition,
miR-483-5p has been found to be upregulated in pediatric pneu-
monia, severe pneumonia, and pulmonary TB patients compared
with healthy individuals.28,29 Here and in our previous work,13 we
extended the association between miR-483-5p and COVID-19
clinical and radiological characteristics to older individuals.

In the IPA knowledge database, the diseases and functions
predicted to be affected by miR-483-5p in the lung confirm its
involvement with lung fibrosis. The present results suggest that
miR-483-5p could be implicated in COVID-19 infection by par-
ticipating in the activation of immunity and the fibrotic process.

It is reasonable to assume that early and intense activation of
immunity might find its morphological correlation with GGO%

Figure 2 Kaplan–Meier curves of survival time differences between the patients with (a) high versus low computed tomography
(CT) score, (b) percentage of healthy lung (HL%), (c) percentage of ground glass opacity (GGO%) and (d) percentage of lung
consolidation.
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expression of alveolar involvement, airspace edema, interstitial
thickening and fibrin deposition at the bronchiolar level.

GGO%, as already evidenced in the literature, is the first and
most common feature in the early CT evaluation of COVID-19
pneumonia, whereas in later stages, LC% appears more frequently
and has become an index of disease severity.30

The positive correlation between GGO% and miR-483-5p at
early stages might be attributed to the activation of immunity, and
the overexpression of miR-483-5p might underscore the robust-
ness of the immune response associated with a higher percentage
of GGO% in the early stages.

It is reasonable to assume that the intensity of the early
immune response, along with the increase of GGO%, could con-
tribute to a higher percentage of lung consolidation (LC%) at a
later stage, which has been associated with a worse prognosis in
both early and later stages according to existing literature.7,25–27,31

Interestingly, we did not find any association between miR-
483-5p and lung consolidation, a parameter frequently associated

with disease severity and prognosis in COVID-19 pneumonia.
This lack of correlation could be attributed to various factors. One
possibility is that miR-483-5p might play a more significant role in
the early stages of lung involvement, as reflected by GGOs, rather
than in the later stages characterized by consolidation. This
hypothesis aligns with existing literature, which suggests that
GGO is the predominant feature in the early evaluation of
COVID-19 pneumonia, whereas lung consolidation becomes
more prevalent in later stages and is indicative of disease sever-
ity.23,26 Therefore, miR-483-5p might primarily reflect the activa-
tion of immune responses associated with GGOs, rather than the
later processes reflected by lung consolidation.

The main limitation of the present study was the small sample
size, which might limit the generalization of the findings and the
ability to detect statistical significance. Other limitations include
the observational and retrospective design of the study, and the
absence of a longitudinal assessment to examine changes over
time in the radiological parameters and miR levels. Further studies

Figure 4 Relationship
generated by the Ingenuity
Pathway Analysis program
(IPA). The shown
associations among the
microRNA (miR)-483-5p,
and the diseases and
functions have been selected
as related to lung diseases
and functions. A solid line
represents a direct interaction
between miR-483-5p, and the
gene products and a dotted
line means there is an
indirect interaction.

(a) (b)
P = –0.27
P = 0.023

P = 0.28
P = 0.018

ln(miR-483-5p)ln(miR-483-5p)

G
G

O
 (%

)

H
L 

(%
)

Figure 3 Scatter plots with regression lines of the correlations between microRNA (miR)-483-5p with (a) percentage of ground
glass opacity (GGO) and (b) percentage of healthy lung (HL). Spearman’s rho coefficients and P-values are shown.
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with larger sample sizes and a longitudinal approach are needed to
explore the precise role of miR-483-5p and other miRs in the con-
text of lung involvement and disease progression in COVID-19.

In conclusion, the assessment of inflammation, as expressed by
miR-483-5p, and the degree of lung involvement, as indicated
by CT features, appears to be a promising tool for the prognostic
evaluation of COVID-19 pneumonia in older patients. Integrating
these measures might provide a better understanding of the differ-
ent expressions of the disease and contribute to improving patient
outcomes.
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