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Introduction

COVID-19, which stands for Coronavirus Disease 2019, is a highly transmissible viral
infection, caused by the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
[1]. Its rapid dissemination prompted the World Health Organization (WHO) to officially
declare it a global pandemic on March 11, 2020 [2]. It was later recognized as one of the
most significant global health and socioeconomic crisis of modern times, leading to 776.8
million confirmed cases and over 7 million confirmed deaths [2, 3].

The high mortality rate recorded during the COVID-19 pandemic was associated with
several risk factors, among which advanced age and the presence of multiple
comorbidities stand out in particular [4]. To quantify the clinical complexity of patients,
the Charlson Comorbidity Index (CCI), which is based on the presence and severity of
concomitant chronic diseases, was validated.

Both age and CCI represent crucial predictive factors in mortality risk assessment. In
particular, multiple comorbidities exert a greater impact than older age, especially among
younger patients [4-7].

The virus can spread through direct transmission (inhaling droplets expelled when an
infected person coughs or sneezes), indirect transmission (contact with contaminated
objects or surfaces), or close contact with infected individuals via nasal, oral, or ocular
secretions [8].

SARS-CoV-2 uses the homotrimeric spike glycoprotein (protein S) anchored to the
envelope to mediate binding to host cell receptors (ACE2), which are transmembrane
proteins located on epithelial cells in various organs, including the lungs and heart [9]. Its
primary physiological function is to regulate the maturation of the peptide hormone
angiotensin, which helps control vasoconstriction and blood pressure [10]. Therefore, the
expression of ACE2 has anti-inflammatory effects that can protect against lung damage,
while its downregulation through binding with SARS-CoV-2 has pro-inflammatory
effects, promoting severe symptomatic acute lung damage [11].
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The average incubation period was 6.9 days for patients with non-severe illness, and 6.7
days for patients with severe illness [12]. According to a systematic review conducted in
2021, the most frequent manifestations included respiratory symptoms such as fever
(58.66%) and cough (54.52%), followed by dyspnea, fatigue, and sputum/secretion [13].
When symptomatic, the disease can manifest as mild, moderate, or severe depending on
the extent of its symptoms [14]. Even though COVID-19 is not solely a respiratory disease
but a condition that affects multiple organ systems [14], the most severe manifestation is
pneumonia, which can be life-threatening for vulnerable individuals [10] and occurs
during the most critical phase with acute hypoxic respiratory failure [15], ground-glass
bilateral infiltrates, and progression to acute respiratory distress syndrome (ARDS) [16,
17]. Pulmonary parenchymal changes are mainly interstitial and caused by an increase in
fluid and inflammatory cells in the lung interstitium [18]. These substances cause injury
to the capillary endothelium and alveolar epithelium, compromising the integrity of the
barriers separating the capillaries from the airspaces [19]. This initial stage of ARDS is
known as the exudative phase and impairs surfactant function, leading to airspace
collapse, ventilation-perfusion mismatch, shunting, and pulmonary hypertension [19].

The result is widespread alveolar damage with hyaline membranes rich in fibrin and few
multinucleated giant cells [18], marking the fibroproliferative phase [19].

Existing reports and clinical experience in managing COVID-19-related ARDS suggest
notable differences between ARDS caused by SARS-CoV-2 infection and the one
resulting from other etiologies, as defined by the Berlin criteria [20]. Specific
characteristics of COVID-19-related ARDS regard the injury site: while COVID-19
primarily affects the respiratory system (between 15.6% and 31% of cases), it can also
cause damage to other organs, though to a lesser extent, such as the myocardium
(approximately between 7.2 and 17% of severe cases) and kidney (2.9 to 15% of cases)
[20]. This happens probably since the primary driver of the COVID-19-related ARDS
appears to be injury to the alveolar epithelial cells, solely located in the lungs, with less
damage to endothelial cells [20]. Furthermore, while ARDS is generally associated with
decreased lung compliance due to widespread inflammation and lung injury, some
COVID-19-related ARDS patients exhibit relatively normal lung compliance despite
severe hypoxemia [20], referring to a reduction in the partial pressure of oxygen in the
blood, different from hypoxia, a condition of less amount of oxygen in the tissues [21].

COVID-19-related ARDS was classified into three categories based on specific
physiological parameters [21]. These include FiO2 (fraction of inspired oxygen), which is
normally 21% at sea level, PaO2 (partial pressure of arterial oxygen) typically around 100
mmHg under standard atmospheric conditions at sea level, PaO2 /FiO2 or P/F ratio,
used to assess respiratory failure and considered physiological when > 300 [22] and PEEP
(positive end-expiratory pressure), which indicates the pressure maintained in the lungs at
the end of exhalation during mechanical ventilation cmH2O [19]. In spontaneously

breathing individuals, intrinsic PEEP is between 0 and 5 cmH2O [19].

ARDS severity is categorized as follows: mild (200 mmHg < PaO2/FiO2 < 300 mmHg
with PEEP > 5 cmH20), mild-moderate (150 mmHg < PaO2/FiO2 < 200 mmHg with
PEEP > 5 cmH20) and moderatesevere (PaO2/FiO2 < 150 mmHg with PEEP > 5
cmH20) [19].

Most patients recover after SARS-CoV-2 infection, while a subset of them continues to
experience persistent respiratory dysfunction and systemic complications even after the
resolution of the acute phase [1].
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This situation, known as postacute sequelae of SARS-CoV-2 infection (PASC), Long
COVID [1] or post COVID-19 condition (PCC) [23] encompasses a wide range of
symptoms, including lingering respiratory impairment, fatigue, aches and pains in
muscles or joints and neurological deficits [1].

It occurs specifically when the symptoms persist for at least three months after the onset
of the disease, or the development of new symptoms lasts more than two months without
an alternative diagnosis [1].

According to global estimates, around 6% of individuals who have had COVID-19
experienced Long COVID [24]. In Europe, WHO data indicates that approximately 36
million people were affected between 2020 and 2023 [23].

This condition can affect anyone who has been previously infected, though women, older
adults, smokers, individuals who are overweight or obese, and those with pre-existing
chronic conditions are at a greater risk [24].

The likelihood also increases with repeated infections, severe cases requiring
hospitalization or intensive care unit (ICU) admission, disabilities and in populations
facing health disparities [24].

The first supportive strategy is to ensure adequate tissue oxygenation and prevent hypoxia
[25] through the administration of oxygen, whose role at the pulmonary level is to
supplement the amount of oxygen present in the air we breathe [26, 27].

For the patients who experienced Long COVID and low oxygen levels, LTOT (long-term
oxygen therapy) may be prescribed to maintain adequate oxygen saturation (SpO,),
reduce respiratory distress by decreasing the work of breathing and minimizing the need
for excessive ventilatory effort and prevent intubation, when possible, mainly through

high-flow nasal cannula (HFNC) oxygen [26, 27].
WHO recommends keeping SpO; levels of > 92% (preferably 94-98%), since below 90%

small variations in PaO2 correspond to a significant decrease in the percentage of oxygen

bound to hemoglobin [26-28].

The patient's oxygenation status guides management and therapeutic decisions, as
significant hypoxemia, or a notable desaturation (approximately 3-4% from baseline) at
rest or with mild exertion warrants hospitalization, particularly when accompanied by
radiological or ultrasonographic evidence of pulmonary involvement [27].

The administration of oxygen therapy depends largely on the severity of hypoxemia [27].
Patients with mild hypoxemia may be managed at home with careful monitoring of their
respiratory status to ensure timely hospitalization if their condition worsens [27].

Meanwhile, since oxygen is classified as a medication requiring a Therapeutic Plan
prescribed by authorized specialists at the regional level (such as Geriatrics, Internal
Medicine, Oncology, Radiation Oncology, and Pulmonology), nearly all regions have
authorized general practitioners to prescribe liquid oxygen [29-31].

They have also entrusted local pharmaceutical services with the responsibility of ensuring
prescription appropriateness and promptly initiating treatment [29-31].

The aim of this study is to analyze the association between selected clinical and
demographic variables (age, sex, Charlson Comorbidity Index and prescribed oxygen flow
rate) and mortality in COVID-19 patients receiving Home Oxygen Therapy (HOT),
residing in or under the healthcare jurisdiction of the Local Health Authority (ASL) of
Vercelli.
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Materials and Methods

This retrospective observational study included all COVID-19 patients receiving Home
Oxygen Therapy from March 2022, considered representative of the post-pandemic phase.
Each patient was followed from therapy initiation until study end. The observation period
spanned from March 2020 to December 2024.

The primary outcome of the study was mortality. For deceased patients, the end of the
observation period was defined as the date of death, verified through institutional
demographic database. For surviving patients, follow-up ended either at the date of

therapy discontinuation or, for those still receiving Home Oxygen Therapy, on December
31, 2024, which marked the end of the observation period.

Variables included in the study were selected based on their clinical relevance and
potential prognostic value. These comprised sex (categorical variable), age (in years),
oxygen dose (expressed as flow rate in liters per minute) and the Charlson Comorbidity
Index (CCI), with the latter three treated as continuous variables.

Data were presented, with frequencies and percentages for categorical variables, as mean
value * standard deviation and median (1st-3rd quartile) for continuous variables.

Survival analysis was conducted using the Kaplan-Meier method their 95% confidence
intervals (95% Cls). A univariate and multivariate Cox proportional-hazards model and
hazard ratios with 95% confidence intervals were used to evaluate the association between
clinical variables and death.

The variables included in the multivariate regression model respect proportionality
assumption.

A p value<0.05 was considered as statistically significant and 95% confidence intervals
(ClIs) were calculated. All statistical analyses were performed with SAS 9.4 (SAS institute,
Cary, NC, USA).

Results and Discussion

A total of 130 patients with COVID-19 receiving liquid oxygen therapy were included,
with a mean age of 79.95 £ 12.53 years, reflecting a predominantly elderly population.

As reported in Table 1, there was a slight predominance of male patients (52.31%)
compared to females (47.69%), indicating a relatively balanced sex distribution.

Variables

Total population

Deceased

Non-deceased

(n = 130) (n =50) (n = 80)
F (47.69%) 62 25 37
M (52.31%) 68 25 43
CCI
Mean (SD) 3.59 + 3.28 3.94 +3.47 3.38 + 3.16
Median [IQR] 5.00 [0 - 6] 5.00 [0 - 6] 4.50[0 - 6]
Range 0.00 - 11.00 0.00 - 11.00 0.00 - 10.00
Oxygen flow rate (I/min)
Mean (SD) 1.94 + 0.81 1.97 £ 0.98 1.92 + 0.69
Median [IQR] 2.00 [1.50 - 2.00] 2.00 [1.00 - 2.00] 2.00 [1.50 - 2.00]
Range 0.50 - 6.00 1.00 - 6.00 0.50 - 4.00
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Variables Total population Deceased Non-deceased

(n = 130) (n = 50) (n = 80)
Age (years)
Mean (SD) 79.95 + 12.53 85.58 + 10.30 76.44 + 12.57
Median [IQR] 82.00 [75.00 - 89.00] | 86.00 [82.00 - 93.00] | 79.00 [70.00 - 84.50]
Range 40.00 - 99.00 40.00 - 97.00 44.00 - 99.00

Table 1. Distribution of patients by sex, CCI, oxygen flow rate and age divided by clinical outcome (deceased vs. non-
deceased).

The overall mortality rate was 38.46%. Sex-specific analysis showed a mortality rate of
40.32% in female patients and 36.76% in males. Despite an equal number of deaths in
both groups, the mortality proportion was marginally higher among female group.

Subgroup analysis stratified by clinical outcome showed that deceased patients had a

higher mean age of 85.58 + 10.30 years (Table 1).

Regarding oxygen dosage, the mean flow rate was 1.94 + 0.81 I/min, with an interquartile
range of 0.50 I/min to 6.00 I/min. The mean flow rate among deceased patients was 1.97
+ 0.98 I/min, slightly higher than in surviving patients (Table 1).

Another clinically relevant variable observed in this study was the CCI with a mean value
of 3.59 + 3.28 across the entire cohort, indicating a moderate level of comorbidity.
Stratification by clinical outcome revealed that deceased patients had a higher mean CCI

(3.94 + 3.47) compared to survivors (3.38 + 3.16).

These findings suggest a potential association between advanced age, higher oxygen flow
rate and elevated CCI with mortality, indicating that each of these variables may represent
significant risk factors for adverse outcomes in COVID-19 patients undergoing oxygen
therapy.

The Kaplan-Meier survival analysis (Figure 1) estimated a 12-month survival probability of
69.22% (95% CI: 59.11-77.30), with 33 deaths recorded. Survival probability gradually
decreased to 57.84% (95% CI: 46.67-67.86) at 24 months, 46.73% (95% CI: 34.01-58.43)
at 36 months and 37.38% (95% CI: 23.99-50.75) at 48 months.

Quartile estimates indicated a survival time of at least 7.19 months for 75% of the study
population, while the median survival time was 34.77 months (95% CI: 15.45-49.00).

Figure 1. Kaplan—Meier survival curve showing the estimated survival probabilities over time.
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In the univariate analysis performed using the Cox proportional-hazards model (Table 2),
a statistically significant association was found between the CCI and mortality.

Univariate Analysis Multivariate Analysis
Parameter Parameter Estimate HR (CI 95%) pvalue | Parameter Estimate HR (CI 95%) p-value
CCI 0,1 1,1 (1,01 - 1,20) 0,029 0,12 1,12 (1,032 - 1,22) | 0,0073
Age (years) 0,05 1,05 (1,02 -1,08) | 0,002 0,06 1,06 (1,03 - 1,10) | 0,0005
Sex (F vs M) 0,12 0,89 (0,51-1,56) = 0,68 0,25 0,78 (0,43 - 1,41) 0,41
Oxygen flow rate (I/min) 0,113 1,12 (0,81-1,55) 0,49 0,11 1,12 (0,78 - 1,60) 0,54

Table 2. Univariate and Multivariable Cox regression analysis for death.

Similarly, age showed a significant correlation with the outcome: each additional year of
age was associated with an approximately 5% increase in mortality risk (HR = 1.05; 95%

CI: 1.02-1.08; p = 0.002).

Each one-point increase in the CCI was associated with a 10% higher risk of death (HR =
1.1;95% CI: 1.01-1.20; p = 0.029). By contrast, neither sex (HR = 0.89; p = 0.68) nor flow
(HR = 1.12; p = 0.49) were significantly associated with mortality.

Given the limited number of variables, it was decided not to exclude those that were not
statistically significant in the univariate analysis, such as sex and oxygen flow rate, from
the multivariate model.

CCI was associated with a 12% increase in the risk of mortality for each additional point
(HR = 1.12; 95% CI: 1.03-1.22; p = 0.0073), while age was associated with a 6% increase
in mortality risk per additional year (HR = 1.06; 95% CI: 1.03-1.10; p = 0.0005). The
model was subsequently extended to include sex. This did not alter the estimates of the
other variables and remained non-significantly associated with outcome (HR = 0.78; p =
0.41), indicating a negligible confounding effect. Comparable results were observed for
oxygen flow rate, which values consistent with those from the univariate analysis (HR =

1.12; p = 0.54).

Although not statistically significant, the observed correlation suggests an approximate
12% rise in mortality risk for each additional unit of oxygen flow, consistent with prior
evidence linking greater oxygen requirements to higher mortality [32, 33].

In summary, the multivariate analysis revealed an independent and statistically significant
association between both age and the CCI and the risk of mortality, even after
adjustment for sex and oxygen flow rate.

These findings support the importance of a multidimensional approach in the prognostic
assessment of COVID-19 patients receiving oxygen therapy. The independent association
between CCI and mortality highlights how the presence and severity of pre-existing
comorbidities represent a significant predictor of adverse outcomes.

These results are consistent with existing literature identifying CCI as a relevant
prognostic indicator in certain hospitalized COVID-19 patients [4-7].

Advanced age also emerged as a significant determinant of mortality risk, likely reflecting
increased vulnerability to respiratory and infectious complications typical of this
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population. In contrast, neither sex nor prescribed oxygen flow rate showed an
independent association with the outcome in the present study. These results suggest that,
within the clinical context analyzed, comorbidities and age constitute more relevant
prognostic factors compared to the other variables considered.

Limitations and Future Prospects

The study has inherent limitations due to its observational and retrospective design,
which does not allow for definitive causal inferences between the analyzed covariates and
the mortality outcome. Potential selection bias, as well as variability in the quality and
completeness of the collected clinical data, represent additional factors that may influence
the interpretation of the results.

Furthermore, the division of the outcome into deceased and non-deceased groups, where
the latter includes both recovered patients and those still undergoing treatment,
introduces a degree of heterogeneity that could impact the accuracy of prognostic
assessment. While pragmatic, this approach underscores the need for future studies with
more comprehensive follow-up.

Finally, the cohort was selected from a single Local Health Authority, limiting the
generalizability of the findings to different geographical and organizational settings.
Future investigations involving larger, multicenter populations could help to strengthen
the evidence reported here.

Conclusions

In conclusion, this study suggested that among COVID-19 patients receiving Home
Oxygen Therapy, advanced age and CCI are independently associated with an increased
risk of mortality. In contrast, sex and prescribed oxygen flow rate did not significantly
impact the outcome.

These findings highlight the importance of considering the overall clinical complexity of
the patient, rather than focusing only on respiratory parameters, in the processes of risk
stratification and therapeutic management.
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