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Editorial on the Research Topic
 Exploring SARS-CoV-2 interactions in aging and comorbid populations




The coronavirus disease 2019 (COVID-19) pandemic has profoundly reshaped the landscape of global health, revealing complex interactions between viral infection, aging, and chronic comorbidities. Since the early stages of the pandemic, it has become increasingly clear that older adults and individuals with multiple chronic conditions represent the populations most vulnerable to severe clinical outcomes following infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The Research Topic “Exploring SARS-CoV-2 interactions in aging and comorbid populations” was conceived to investigate these multifaceted relationships, bringing together contributions that explore biological mechanisms, clinical predictors, epidemiological trends, and long-term consequences of COVID-19 in frail and multimorbid populations.

Frailty has emerged as a particularly relevant determinant of outcomes in older adults with COVID-19. In this context, the Clinical Frailty Scale has been widely adopted as a practical tool for assessing vulnerability among hospitalized patients. Evidence from hospitalized cohorts has shown that higher frailty scores are strongly associated with increased mortality and poorer clinical outcomes in patients with COVID-19 pneumonia (Siniscalchi, Ticinesi et al.). Frailty reflects a reduction in physiological reserve and an impaired ability to cope with acute stressors such as severe infections. As a consequence, frail patients may experience disproportionate inflammatory responses and organ dysfunction following viral infection, leading to worse outcomes even when controlling for chronological age. Beyond COVID-19 itself, frailty and geriatric syndromes such as delirium and multimorbidity have also been shown to strongly influence in-hospital mortality among older adults admitted to internal medicine wards (1).

Another important aspect highlighted in this Research Topic concerns the role of hematological and inflammatory biomarkers in predicting disease progression. Several studies have explored the prognostic value of routine laboratory parameters in hospitalized patients with SARS-CoV-2 infection. For example, predictive models based on circulating biomarkers have been proposed to identify patients at higher risk of severe disease (Xiaoyan et al.). Hematological parameters, including leukocyte and platelet counts, may reflect the complex interplay between inflammation, immune activation, and endothelial dysfunction that characterizes severe COVID-19 [Matviichuk et al., (2)]. In particular, platelet abnormalities have attracted growing attention as potential markers of disease severity. In a large retrospective cohort of hospitalized patients with COVID-19 pneumonia, thrombocytopenia at hospital admission was independently associated with increased mortality, suggesting that platelet dynamics may represent an accessible and clinically meaningful prognostic indicator (2).

Beyond laboratory markers, biochemical and hematological alterations have also been described among individuals with serological evidence of previous SARS-CoV-2 infection (Izekenova et al.). Radiological and clinical features also play a crucial role in understanding disease severity. Chest imaging, particularly computed tomography, has been widely used to assess the extent of pulmonary involvement during the acute phase of infection. Radiological severity scores correlate closely with respiratory impairment and systemic inflammation, reflecting the degree of lung injury induced by the virus.

Sex-related biological differences represent another emerging dimension in the study of COVID-19 pathophysiology. From the earliest reports of the pandemic, epidemiological data consistently indicated that males were more likely to develop severe disease and experience higher mortality compared with females. However, the mechanisms underlying these differences remain complex and multifactorial. Analyses conducted in large hospital cohorts have shown that women may exhibit milder inflammatory responses and reduced mortality despite older age and greater frailty, suggesting intrinsic biological differences in host response to SARS-CoV-2 infection (Siniscalchi, Guerra et al.). Potential explanations include hormonal influences on immune responses, sex-related differences in the expression of viral entry receptors, and genetic factors associated with immune regulation.

The interaction between SARS-CoV-2 infection and the coagulation system has also emerged as a defining characteristic of severe COVID-19. A prothrombotic state, driven by endothelial dysfunction, inflammatory activation, and platelet hyperreactivity, contributes to the development of both macrovascular and microvascular thrombosis. Venous thromboembolism has been widely reported among hospitalized patients with COVID-19, particularly in those with severe respiratory failure. Clinical factors related to disease severity and respiratory support may further influence thrombotic risk. In this regard, observational data suggest that the use of non-invasive ventilation during hospitalization may be associated with an increased risk of venous thromboembolism, possibly reflecting the severity of respiratory compromise and the systemic inflammatory response (3).

Beyond COVID-19 infection itself, pharmacological factors may also influence thrombotic and inflammatory pathways. Experimental and clinical studies have suggested that statins may exert pleiotropic effects on endothelial function, inflammation, and coagulation pathways (4). Observational data from large registries have further suggested that statin use may be associated with improved outcomes in patients with venous thromboembolism and pulmonary embolism (5–7) highlighting the complex interplay between cardiovascular risk factors, thrombosis, and systemic inflammation in vulnerable populations.

From a broader epidemiological perspective, the determinants of severe COVID-19 outcomes vary across geographic regions and healthcare systems. A comprehensive literature review of the Asia-Pacific region highlighted multiple risk factors associated with severe disease, including advanced age, chronic comorbidities, and delayed access to healthcare (Thompson et al.). Similarly, studies conducted in intensive care settings have identified several predictors of mortality among critically ill COVID-19 patients, emphasizing the role of comorbidities, organ dysfunction, and inflammatory burden (Sathyadas et al.).

Beyond acute clinical outcomes, the pandemic has also revealed the broader social and health consequences of SARS-CoV-2 infection, particularly among older populations. Lockdowns, social isolation, and disruptions in healthcare services have significantly affected the physical and psychological wellbeing of older adults worldwide. Studies included in this Research Topic emphasize that quality of life during the pandemic is influenced not only by biological vulnerability but also by socioeconomic and demographic factors. For example, population-based analyses have shown that gender differences and social determinants significantly influenced changes in daily routines and health-related quality of life among older adults following the pandemic (Cameselle-Lago et al.).

In conclusion, the Research Topic “Exploring SARS-CoV-2 interactions in aging and comorbid populations” provides valuable insights into the biological, clinical, and social determinants of COVID-19 outcomes in older adults and individuals with chronic diseases.
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Introduction: The COVID-19 pandemic has placed unprecedented strain on health-care systems. Frailty is being used in clinical decision making for patients with COVID-19, yet the prevalence and effect of frailty in people with COVID-19 may be influenced by the local characteristics of each pandemic wave. We aimed to establish the prevalence of frailty in older patients with COVID-19 who were admitted to hospital and investigate its association with mortality comparing non-vaccinated patients of the first wave versus vaccinated patients in the fourth wave.
Materials and methods: This was an observational study conducted at one single hospital center in Italy. All older adults (≥70 years) admitted with confirmed COVID-19 (positive molecular testing) were included. Data of 658 patients (493 non-vaccinated COVID-19 patients admitted during the first wave and 165 patients vaccinated against COVID-19 during the fourth wave), were collected from clinical records including symptom type, extension of lung abnormalities on chest computed tomography (CT), laboratory parameters. Frailty was assessed by Clinical Frailty Scale (CFS) and patients were grouped according to their score (≤4: fit or pre-frail; 5–6 = initial signs of frailty but with some degree of independence; >7 = severe or very severe frailty). The primary outcome was in-hospital mortality.
Results: In comparison with vaccinated patients from the fourth wave, unvaccinated patients from the first wave had reduced prevalence of heart disease (35% vs. 56%), renal failure (9% vs. 15%), but higher prevalence of fever at time of diagnosis (84% vs. 59%), malignancy (16% vs. 6%), higher computed tomography (CT) severity visual score, higher CRP (C-reactive protein) serum levels (median value 105 mg/L vs. 75 mg/L), but lower burden of frailty. In a stepwise multivariable logistic regression model, unvaccinated patients from the first wave had a higher risk of death regardless of CFS [Odds Ratio (OR) 2.241, 95% confidence interval (CI) 1.492–3.336, p < = 0.001], while in the fourth wave, CFS was significantly associated with hospital mortality.
Conclusion: Our study suggests that in non-vaccinated older patients from the first pandemic wave CFS was unable to stratify the risk of death.

Keywords
 frailty; COVID-19; vaccine; death; pandemic COVID-19; prognostic


Introduction

SARS-CoV-2 is a viral respiratory tract infection caused by SARS-CoV-2 that led to a pandemic in early 2020 in Western countries after spreading from China. Several studies, clinical trial and case series are being published for describe the clinical features and predictors of mortality in patients with COVID-19 (1, 2). In these studies, older age has consistently been shown to be associated with poor outcomes and increasing mortality (3). Frailty is a geriatric syndrome associated with poor prognosis in all acute and chronic illnesses. Recently the National Institute for Health and Care Excellence suggested the use of frailty indicators, such as the Clinical Frailty Scale (CFS), also for hospitalized COVID-19 patients (4, 5). However, the National Health Service Specialist Clinical Frailty Network recommended that CFS should not be used alone for critical hospitalized patients, but the prognostic stratification must be taken in conjunction with disease-specific scores, and that the guidance might not apply to younger people or those with particular illness and disabilities. An important research gap with regards to supporting the use of CFS in the acute management of SARS-COV2 patients still remains.

Frailty is defined as “a medical syndrome with multiple causes and contributors that is characterized by diminished strength, endurance, and reduced physiologic function that increases an individual’s vulnerability for developing increased dependency and/or death” (6). The prevalence of frailty in middle-aged and older patients varies according to the method of assessment and the specific population but is estimated to be about 40% (7, 8). The likelihood of being frail increases with age, but can occur in younger adults (9). In addition, there is substantial evidence that frailty equates to worse patient outcomes in those admitted to hospital, including medical and surgical admissions as well as patients requiring intensive care (10). Data on the prevalence of frailty in hospitalized patients with COVID-19 and its prognostic value are discordant, depending on the setting and organization of care during the different pandemic waves (11). The aim of our study was to establish whether the CFS was able to stratify the risk of death in hospitalized patients for COVID-19 and if are any differences in this relationship across different waves (first wave with unvaccinated patients versus fourth wave with predominantly vaccinated patients).



Materials and methods


Patient characteristics and data collection

This study was conducted in an Internal Medicine Unit of a large teaching hospital in Northern Italy (Parma University-Hospital), that has been appointed as the main hub for the care of SARS-CoV-2 patients of the whole Parma province (approximately 450,000 inhabitants) since the earliest phases of the first wave (12, 13). Two groups of patients hospitalized with SARS-CoV-2 were retrospectively enrolled after check for inclusion and exclusion criteria and availability of data on clinical records. The two groups corresponding to the first pandemic wave from Mars to May 2020 and the fourth pandemic wave from October to December 2021, including, respectively, 493 patients and 165 patients. This subclassifications were made to distinguish the first period characterized by 100% of patients without a specific vaccine for COVID-19, from the fourth wave in which all patients had received a vaccine against COVID-19 at the moment of admission.

Only patients aged ≥70 years old with SARS-CoV-2 infection confirmed by reverse transcriptase polymerase-chain reaction (RT-PCR) on nasopharyngeal swab performed upon urgent admission were included in the study. Conversely, subjects with missing data on virological and radiological variables and subjects who were transferred to other wards (i.e., with missing data on outcome) were excluded from the study.

The records of each participant were reviewed in order to collect demographic data (age and sex), number and types of comorbidities (including hypertension, diabetes, obesity, dyslipidemia, heart diseases, cancer, chronic kidney disease, dementia), clinical presentation of SARS-CoV-2 (vital signs, chest CT abnormalities) and the results of lab tests performed on admission, including arterial blood gas analysis, blood cell count, D- dimer, CRP and procalcitonin (PCT). The extension of pulmonary infiltrates and abnormalities on chest CT was estimated through calculation of the chest CT visual score, detailed elsewhere (14). We also evaluate the frailty for all enrolled patients using a global clinical measure of fitness and frailty in elderly people, the Clinical Frailty Scale (CFS) developed by Kenneth Rockwood and colleagues (5). This tool is widely used in clinical practice and research for the evaluation of frailty according to the deficit accumulation model, and validated in the scientific literature for multiple clinical settings, ranging from critical care to primary care outpatients (15, 16).

Data on outcome (survival vs. death) were also collected for all participants.

Ethics Committee approval was obtained (Comitato Etico dell’Area Vasta Emilia Nord, Emilia-Romagna region) under the IDs 273/2020/OSS/AOUPR and 959/2021/OSS/AOUPR as part of a larger projects on the characteristics of patients hospitalized with confirmed or suspect COVID-19. All participants, who were contactable by phone or for follow-up reasons, provided written informed consent for participations. For all other cases, the Ethics Committee, in accordance with the guidelines in force at the moment of approval, waived written informed consent collection due to retrospective design of the study.



Statistical analyses

Variables were expressed as median and interquartile range (IQR) or percentages, as appropriate. The characteristics of participants were compared with the Mann–Whitney or Kruskal-Wallis or chi-square tests. P for trend calculated with Jonckheere Terpstra or Mantel Haenszel tests. Kaplan–Meier analysis and Cox regression were used for survival curves. The factors independently associated with death in both groups were investigated with stepwise multivariate logistic regression models considering participants altogether and after partition by pandemic wave and use of vaccine. Additional analyses were also made after categorization of participants according to pandemic wave and vaccination status. Analyses were performed with the SPSS statistical package (v. 29, IMB, Armonk, US), considering p values <0.05 as statistically significant.




Results

We included in this study 658 patients, 493 non-vaccinated patients (first pandemic wave period from March to May 2020) and 165 vaccinated patients (fourth pandemic wave from October to December 2021). Their clinical characteristics are compared in Table 1. Non- vaccinated patients had less comorbidities than the vaccinated ones. The unvaccinated patients from the first wave had lower incidence of obesity than the vaccinated ones from the fourth wave. However, obesity represented a risk factor for mortality in unvaccinated patients rather than the vaccinated ones. The unvaccinated patients had higher pulmonary impairment evaluated through Computed Tomography “visual score” for COVID19 pneumonia (median 30% vs. 20%), they had worse calculated fractional inspired oxygen saturation on admission (PaO2/FiO2) (median value 205 mmHg vs. 281 mmHg), higher C-reactive protein (CRP) (median value 105 mg/L vs. 75 mg/L), higher Procalcitonin serum levels (PCT) (median value 0.21 ng/mL vs. 0.14 ng/mL), but were suffering less often from chronic heart disease (prevalence 35% vs. 56%), renal failure (prevalence 9% vs. 15%) and chronic diseases in general (median 3 vs. 5). When stratifying for three groups of CFS intervals (≤ 4 points, 5–6 points, ≥7 points respectively), unvaccinated patients presented similar PCR value (p = 0.193), PCT (p = 0.600), PaO2/FiO2 (p = 0.799) between groups and similar mortality rate (p = 0.463) (Table 2, a). Vaccinated patients with CFS ≤ 4 had higher PaO2/FiO2 (p = 0.004) and a lower PCT in comparison to vaccinated patients with CSF >7 points (Table 2, b). Unvaccinated patients with CFS ≤4 had higher risk to die in comparison with vaccinated patients (p < 0.001), while for patients with CFS score of 5–6 (p = 0.084) or for patients with CFS score of ≥7 (p = 0.409) no statistical differences were found (Table 3). Using a Cox regression model testing the CFS parameter associated with in hospital mortality, only for vaccinated patients CFS was able to identify patients at risk to die (Table 4). Lactate dehydrogenase (LDH) in patients group with CFS ≤4 was 340 as medium value (with range from 250 to 430), in patients group with CFS 5–6 was 333 (261–459) and in patients group with CFS ≥ 7 was 320 (241–428), with no statistically significant trends across CFS categories.



TABLE 1 Comparison of demographic, anamnestic, and clinical characteristics of patients with COVID-19 pneumonia stratified by pandemic wave.
[image: Table comparing patient characteristics and clinical outcomes between the first COVID-19 wave (March to May 2020, N equals 493) and fourth wave (October to December 2021, N equals 165), showing statistically significant differences in categories such as chronic diseases, chronic heart disease, neoplasia, fever, CT visual score, PaO2/FiO2, hemoglobin, D-dimer, lymphocytes, C-reactive protein, procalcitonin, length of stay, and death percentage, with significant values in bold.]



TABLE 2 Comparison of demographic, anamnestic and clinical characteristics of patients with COVID-19 pneumonia stratified by unvaccinated-first wave (a) and vaccinated -fourth wave (b) and CSF ≤ 4, 5–6 e ≥ 7.
[image: Table compares clinical parameters among unvaccinated first wave and vaccinated fourth wave COVID-19 patients stratified by CSF score, showing differences in age, chronic diseases, comorbidities, laboratory values, and mortality with statistical significance indicated in bold.]



TABLE 3 Death in patients from the 1st and 4th waves.
[image: Table comparing death percentages in CSF patients during the first and fourth waves by Rockwood scores: 42 percent vs. 9 percent (p < 0.001) for scores ≤4, 43 percent vs. 31 percent (p = 0.084) for scores 5–6, and 49 percent vs. 56 percent (p = 0.409) for scores ≥7. Significant difference is bolded for p < 0.05.]



TABLE 4 Cox regression model testing the CSF parameter associated with hospital mortality in the two pandemic waves.
[image: Table comparing the association between CSF scores and death during the first and fourth waves. Significant associations in the fourth wave are indicated in bold with p-values of 0.010 and 0.005. Odds ratios and confidence intervals are provided for the comparisons.]

On a stepwise multivariate logistic regression model (Table 5), age > 75 years (OR 2.075, 95% confidence interval, CI 1.313–3.279, p = 0.002) and male gender were (OR 1.698, 95% confidence interval, CI 1.175–2.454, p = 0.005), were independently associated with mortality during hospitalization in non-vaccinated patients. On a stepwise multivariate logistic regression model (Table 5), age (OR 1.070, 95% confidence interval, CI 1.008–1.135, p = 0.026), high number of chronic diseases (OR 1.254, 95% confidence interval, CI 1.061–1.481, p = 0.008) and CFS score (OR 1.552, 95% confidence interval, CI 1.118–2.156, p = 0.009) were independently associated with mortality during hospitalization in vaccinated patients.



TABLE 5 Factors associated with hospital mortality on stepwise multivariate logistic regression analysis, in the population with COVID-19 pneumonia divided by wave (covariates: age, sex, chronic diseases number and CSF).
[image: Table showing risk factors for death in first and fourth pandemic waves, with significant variables in bold. In the first wave, age over seventy-five and male gender are significant. In the fourth wave, age, number of chronic diseases, and CSF are significant, with respective odds ratios and confidence intervals provided. P values less than zero point zero five are bolded.]

Cumulative survival Kaplan–Meier analysis shows that vaccinated patients in the fourth wave had a 50% survival rate of 38 days of hospitalization vs. 13 days for unvaccinated patients, p < 0.001 (Figure 1).

[image: Kaplan-Meier survival plot compares cumulative survival over fifty days for two groups labeled 1 and 4, with group 4 consistently showing higher survival. Censored data points are marked for both groups.]

FIGURE 1
 Cumulative survival (Kaplan–Meier analysis) in patients from first wave (1) and fourth wave (4).


In a Cox regression model for the risk of death in hospital in COVID-19 patients stratified by vaccine and by CFS score with cutoff of ≤4, 5–6 and ≥ 7, clearly shows that CFS was unable to stratify the risk of death in unvaccinated patients during the first pandemic waive (Figure 2). CFS scale was able to stratify the risk of death in vaccinated patients during the fourth wave (Figure 2).

[image: Two line charts compare cumulative survival over days for three groups, labeled 1, 2, and 3, in waves 1 and 4. In wave 1, all groups show similar steep decreases in survival. In wave 4, survival rates differ more, with group 1 lowest, group 2 intermediate, and group 3 highest, highlighting changing group outcomes across time.]

FIGURE 2
 Risk of death in hospital (COX regression) in COVID-19 patients stratified by wave and by CFS ≤ 4 (1), CFS 5–6 (2), and CFS ≥ 7 (3).




Discussion

In this retrospective study, we showed that, in our clinical and organizational setting, the CFS score was able to stratify the risk of death in vaccinated patients hospitalized for SARS-COV2 during the fourth pandemic wave, but not in unvaccinated older subjects admitted during the first pandemic wave. Despite the latter had a lower burden of comorbidities, the characteristics of COVID-19 infection appeared more severe, with worse CT visual score, higher laboratory inflammations marker (such as PCR and PCT) and worse PaO2/FiO2. The high capability of the CFS to predict the in hospital mortality has been already demonstrated in multicenter studies since the earliest phases of the first pandemic wave (17–27). For example, in a group of older patients with a median age of 85 years old admitted to a Geriatric Department of a general hospital in Belgium, CFS score, serum lactate dehydrogenase levels and viral load on nasopharyngeal swabs were the only significant predictors of mortality (18). In a large multicenter study conducted in the United Kingdom and Italy, CFS score in patients with confirmed COVID-19 infection of different age ranges was able to predict hospital mortality more accurately than age and comorbidities alone (17). Hägg et al. suggested that the addition of CFS evaluation to demographic characteristics and number of comorbidities was extremely accurate in stratifying prognostic risk in older patients during the first pandemic wave (19). Despite the overlap between multimorbidity and frailty, CFS score and number of chronic conditions remained both independently associated with hospital mortality in an Italian acute geriatric ward (20). The prognostic value of CFS, however, seemed to be reduced in adult patients younger than 65, according to an international multicenter study conducted across different European countries (21). The prognostic performance of CFS seemed even superior to that of the traditional 70-item frailty index, with the significant advantage of the very short time of completion (22), and allowed to identify a subgroup of geriatric patients with more severe pulmonary involvement (23). In a multicenter study from the Netherlands, the relationship between CFS and hospital mortality was mitigated by the circumstance that older frail patients tended to be admitted to the hospital at an earlier stage of the illness, with significantly less severe respiratory symptoms than younger individuals (24).

Some studies warned from the use of CFS as the only prediction tool for mortality risk in geriatric patients, highlighting the role of male gender (25), presence of fever and pulmonary involvement on chest radiograms (26). CFS was however able to predict not only in-hospital, but also post-discharge mortality in a large group of patients admitted with COVID-19 in an Italian hospital during the first and the second pandemic wave, before the availability of vaccines (27). Therefore, the state-of-the-art of the literature from the first pandemic wave indicates that each CFS increase was associated with an increase in mortality in a linear fashion (25, 28). Our results, instead, are in contrast with this scenario.

This circumstance can be explained by the particular epidemiological and organizational context in which our research is based. The city of Parma was among the first European areas hit by a significant pandemic wave, in the first weeks of March 2020. The local healthcare system was put under extreme pressure, with significant number of patients seeking outpatient and inpatient care for fever and acute respiratory symptoms in a limited time frame (29, 30). Despite hospital care was promptly re-organized in order to face the pandemic emergency, with the institution of a medical hub, with variable number of beds dedicated to the care of patients with COVID-19 (14), the extreme demand of care among the population and the overload of medical community services could have determined the centralization to hospital only of those patients with extremely severe forms of respiratory failure. The emergence of the pandemic peak at the end of the winter season could have also favored SARS-CoV-2 transmission with very high viral loads, in comparison with geographical areas where the first pandemic peak arrived in spring, with hotter temperature and a climate less favorable to viral transmission (31, 32). If these assumptions are correct, then it seems reasonable that the severity of COVID-19 manifestations prevailed over pre-existing prognostic factors, like frailty, in influencing the risk of death. Some peculiarities of the COVID-19 presentation in older patients should be also considered. Age-related frailty is associated with decreased odds of presenting dyspnea, cough and fever at the onset of COVID-19 (33, 34). Atypical manifestations, like sudden functional decline, acute mental change, delirium, hypotension and dehydration, are instead more common. These characteristics, that were unfortunately unknown at the emergence of the first pandemic wave, could have determined reduced priority in access to hospital care for older frail patients. In any case, some multicenter studies have also underlined that frailty had only little incremental value in defining the prognosis of older patients hospitalized with COVID-19 during the earliest pandemic phases, in comparison with disease-related parameters (33, 35, 36). Frailty, instead, was a significant and strong predictor of post-COVID-19 functional impairment and post-discharge mortality in geriatric patients (37, 38). Interestingly, in a large multicenter study conducted in the Netherlands, atypical presentation of COVID-19 in older people was strongly associated with frailty, but not with increased risk of hospital mortality (39). The COVID-19 pandemic waves after the first were characterized by reduced severity of respiratory symptoms and reduced mortality (40–42). For the second and third wave, occurring in Italy before the widespread vaccination campaigns, the reason of this phenomenon, occurring despite the emergence of more aggressive viral strains, depends on earlier diagnosis, improvements in treatments, and better organization of care (40–42). From mid-2021 onwards, the progressive attenuation of COVID-19 severity and decrease of related mortality could be explained by the effects of vaccines (43, 44). The response to anti-SARS-CoV-2 vaccines and the duration of immunity is generally reduced in older people with frailty in comparison with adults, depending on specific comorbidity and polypharmacy profiles (45–47).

However, even with these limitations, COVID-19 vaccine administration is associated with a significant reduction of COVID-19 severity and mortality in geriatric patients (48). In this context, the association between frailty, measured by CFS, and mortality persisted (49–51). In particular, in a study conducted in 2362 patients over 70 years old, high CFS scores were associated with increased mortality across different pandemic waves, yet in a context of progressive mortality reduction after the introduction of vaccination campaigns (51).

It is noteworthy that the clinical complexity, in terms of comorbidities and prevalence of severe forms of frailty, was increased in vaccinated patients from the fourth pandemic wave, in comparison with patients admitted during the first wave. Despite protection granted by vaccines, older frail subjects from the fourth wave were probably more susceptible to symptomatic forms of COVID-19 requiring hospitalization than subjects without frailty (44). Data from our study reflect routine, unmonitored medical practice involving a broad spectrum of older patients with confirmed SARS-COV2 infection admitted to a single Internal Medicine hub during different phases of the pandemic. It can, therefore, provide insights into the natural history of SARS-COV2 and to be hypothesis generating. However, our investigation has several limitations that need to be addressed. First, the retrospective design does not allow to exclude selection bias. Residual confounding may remain, as certain potential confounding variables may have not been available or may have not had the desired level of granularity. The particular circumstances in which patients were hospitalized during the first pandemic peak, with unprecedented overload of the whole healthcare system, could have influenced the generalizability of our results. Finally, vaccinated patients from the fourth wave had a generally high burden of multimorbidity and clinical complexity not related to COVID-19, but to exacerbation of chronic diseases prompted by even mild SARS-CoV-2 infection (42). In this context, mortality of patients from the fourth wave cannot be certainly attributed to COVID-19, which is an important element that must be considered for a balanced interpretation of our results. Further research, including experimental and clinical studies, is needed to elucidate the underlying biological pathways and confirm causality.



Conclusion

Our data suggest that, even in an older population with a high burden of frailty, the CFS may be unable to stratify the risk of hospital mortality for COVID-19 during an intense pandemic wave with significant workload for the care system. Conversely, the improvement in hospital care in the following waves and the effects of widespread vaccination campaigns restored the well-known association between CFS and mortality risk. These aspects should be considered when addressing preparedness of healthcare systems for future outbreaks.
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This comprehensive synthesis of severe COVID-19 risk factors specific to the Asia-Pacific (APAC) region addresses gaps in previous global studies, which often overlook regional demographic, epidemiological, and healthcare system variations. Three databases (PubMed, Ovid MedLine, Scopus) and two preprint platforms (BioRxiv, MedRxiv) were searched between December 1, 2019, and March 31, 2023. English-language publications from 11 APAC countries/regions (Australia, Hong Kong, Japan, Macau, New Zealand, Philippines, Singapore, South Korea, Taiwan, Thailand and Vietnam) reporting conditions associated with severe COVID-19 outcomes in adults (aged ≥16 years) were included. Of 295 publications screened, 123 met inclusion criteria, mostly from South Korea (n = 68) and Japan (n = 23). Common risk factors included older age, male sex, obesity, diabetes, heart failure, renal disease, and dementia. Less commonly hypertension, chronic obstructive pulmonary disease, cardio-and cerebrovascular disease, immunocompromise, autoimmune disorders, and mental illness were reported. To date, no prior region-specific synthesis of risk factors for severe COVID-19 outcomes across the APAC region has been identified. The findings support the development of tailored vaccination strategies and public health interventions at both national and regional levels, helping ensure high-risk populations are prioritized in ongoing COVID-19 prevention and management efforts.
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Summary

	• This review highlights risk factors for severe COVID-19 outcomes in APAC populations including age, immunocompromise, obesity, diabetes, heart failure, renal disease, dementia and mental illness.
	• Understanding APAC-specific risk factors can support vaccination strategies and improve the targeting of high-risk groups.



Introduction

SARS-CoV-2, the virus responsible for COVID-19, causes a spectrum of disease ranging from mild to severe, with a proportion of patients developing critical illness, particularly early in the pandemic (1, 2). Extensive research has been undertaken globally to identify demographics, lifestyle factors, and medical conditions that may increase the risk of severe COVID-19 outcomes (i.e., hospitalization, intensive care unit [ICU] admission, and death) (2, 3). The presence of preexisting medical conditions including hypertension, diabetes, cardiovascular disease (CVD), dementia, chronic respiratory disease, chronic kidney disease (CKD), cancer, and chronic liver disease are associated with an increased risk of COVID-19-related severe outcomes and mortality (4–6). Although numerous studies have investigated risk factors for severe COVID-19 outcomes globally, few have focused specifically on the Asia-Pacific (APAC) region. These studies often overlook ethnic and geographic differences, as well as social and healthcare variations, unique to the APAC region (7). For instance, elevated smoking rates among low-and-middle-income men in APAC countries contribute to region-specific incidence rates of CVD, stroke, and cancers (8, 9). Similarly, multimorbidity, defined as the presence of ≥2 conditions (10), is increasingly prevalent in Asia. A unique ‘lean diabetic’ phenotype (characterized by diabetes and low body mass index [BMI]), and evidence that Asian patients can experience heart failure (HF) up to a decade earlier than European and Northern American patients, may influence COVID-19 disease burden in the region (11).

Globally, COVID-19 vaccination has substantially improved clinical outcomes, as demonstrated by reductions in COVID-19–related hospitalizations, ICU admissions, and mortality (6, 12, 13). However, to optimize vaccination strategies in the APAC region, it is essential to understand the key medical risk factors that contribute to severe COVID-19 disease. Despite extensive global research, a critical gap remains in identifying and quantifying risk factors specific to APAC populations, where variations in demographics, disease burden and healthcare systems may influence outcomes. This review addresses this gap and contributes the following:

	• Presents, to the best of current knowledge, the first synthesis of medical risk factors for severe COVID-19 outcomes focused specifically on the APAC region
	• Synthesizes evidence in the context of region-specific health characteristics, such as earlier onset of chronic diseases and unique phenotypes like lean diabetes
	• Highlights medical conditions that may be under-recognized in regional vaccination guidelines
	• Identifies substantial heterogeneity across APAC studies in the definitions of risk conditions and outcomes, as well as methodological variability, underscoring the need for standardized approaches
	• Informs more tailored, risk-based public health and vaccination strategies suited to the APAC context



Methods


Search strategy and eligibility criteria

A literature search was conducted across three electronic databases (PubMed, Ovid MedLine, and Scopus) and two preprint platforms (BioRxiv and MedRxiv) between December 1, 2019, and March 31, 2023. English-language publications from 11 APAC countries/regions (Australia, Hong Kong, Japan, Macau, New Zealand, Philippines, Singapore, South Korea, Taiwan, Thailand, and Vietnam) were included if they reported adjusted hazard ratios (aHRs) or odds ratios (aORs) for age, sex, and underlying medical conditions associated with severe COVID-19 outcomes. Studies were limited to research articles (cohort, cross-sectional, and case-controlled studies) of adults aged ≥16 years. Publications were also excluded if they contained pooled data where country- or region-level data could not be isolated and individually evaluated. Two independent reviewers (MT and CC) evaluated each study based on selection criteria, comparability, and outcome assessment. Discrepancies were resolved through discussion with a third reviewer (AKB).



Data extraction and synthesis

Data were extracted from eligible studies on study design, setting, population characteristics, risk factors examined, comparator groups, and reported outcomes. Both positively and negatively associated findings were included, and results were grouped by risk factor and outcome (e.g., hospitalization, ICU admission, or mortality). A narrative synthesis was performed to summarize patterns across studies. Additional methodological detail is available in the Supplementary methods.



Quality assessment of individual studies

Although not designed as a systematic review or meta-analysis, this review employed a robust and comprehensive approach to identify, screen, and extract data from the literature (Supplementary Table 17). Priority was given to larger cohort studies (n > 1,000) for common conditions. For less prevalent conditions (e.g., neurological or autoimmune diseases), studies with at least 50 participants were included if quantitative risk estimates were reported.

To mitigate potential publication bias, a known limitation of narrative reviews, the search strategy also included two preprint server databases. In addition, backward citation searches were conducted to enhance comprehensiveness.




Results


Literature search

The literature search identified 409 studies; 295 full-text articles were screened, and 123 met the inclusion criteria for data extraction (Figure 1). Most publications originated from South Korea (n = 68) and Japan (n = 23; Figure 2) and were conducted during early pandemic phases, with 83 studies published in 2020 and 2021. Only 23 studies examined outcomes during periods when the Delta and Omicron SARS-CoV-2 variants were predominant (from mid-2021).

[image: Pie chart showing the distribution of data points by country in the Asia-Pacific region, with South Korea having the highest count at sixty-eight, followed by Japan with twenty-three, Hong Kong with nine, Australia and the Philippines with seven each, Singapore with five, and Thailand, Vietnam, Taiwan, and New Zealand each with one.]

FIGURE 1
 Study search and screening flow diagram. n, number of studies.


[image: Flowchart diagram shows the identification, screening, and inclusion process for research records. Initial screening of 409 records narrowed to 295 full-texts; 123 publications met inclusion criteria, with exclusions due to missing risk factors, lack of country-level data, non-quantitative outcomes, or focus on unrelated parameters.]

FIGURE 2
 Country/region of origin for included studiesa (N = 123). N, number of studies. aMacau had 0 studies included.




Key risk factors for severe COVID-19 outcomes and mortality

The number of risk factors included per individual study varied widely (range: 1–24 factors), as did the total study sample sizes (range: 84–937,758 individuals). Studies varied in the definitions and number of severe outcomes tested for statistical association. The risk factors most commonly associated with severe COVID-19 outcomes included older age, male sex, obesity (BMI ≥25 or ≥30 kg/m2), diabetes, HF, renal disease (including CKD), and dementia (Table 1). Other associated conditions included hypertension, chronic obstructive pulmonary disease (COPD), CVD, cerebrovascular disease, immunocompromise, autoimmune diseases, and mental illness (Table 1).



TABLE 1 Risk factors for severe COVID-19 and corresponding number, frequency and observed OR/HR ranges for included studies.
[image: Table summarizing 123 studies on risk factors, presenting number of studies, percentage reporting significant outcomes, odds ratio or hazard ratio range, and notes on term definitions or variability. Risk factors include age, male sex, obesity, hypertension, diabetes, chronic respiratory disease, cardiovascular disease, cerebrovascular disease, chronic renal disease, hepatobiliary disorders, cancer, immunosuppression, autoimmune disorders, and neurologic and mental conditions. Data indicate how variability in definitions and subgroup analyses affect reported risk strengths and statistical significance.]


Age

Ninety studies assessed age as a potential risk factor for severe outcomes from COVID-19 infection. Of these, 82 studies (91%) reported a significant association between older age and increased risk of at least one severe COVID-19 outcome (Table 1; Supplementary Table 1). Studies that assessed risk across different age strata consistently reported an incremental increase in risk with advancing age, most notably in adults aged ≥50 years. A nationwide study of 937,758 adults in Japan found that compared with younger adults (aged 20–49 years), the aOR for COVID-19 mortality was 8.8 for those aged 50–64 years (14).



Sex

Sixty-four studies compared the risk of severe outcomes from COVID-19 infection between women and men (Table 1). Overall, 44 (69%) found a significantly increased risk for men (Supplementary Table 2); 1 study found an increased risk for women in a South Korean study of 5,571 patients hospitalized with COVID-19 (15), and the remainder did not find any significant differences between sex. Overall, these studies were conducted in a variety of populations (e.g., hospitalized adults) and the potential for underlying sex biases because of sex-associated risk factors for certain medical conditions and differences in health service utilization needs to be considered when interpreting these findings.



Obesity (BMI ≥25 or ≥30 kg/m2)

Twenty-six studies assessed obesity on the risk of severe COVID-19 outcomes (Table 1). Clinical definitions of obesity varied between studies, with a BMI of ≥25 kg/m2 often used for Asian populations compared with the typical threshold of ≥30 kg/m2 in non-Asian populations. This variation reflects ethnic differences in body composition and metabolic profiles, highlighting the importance of population-appropriate clinical thresholds when interpreting and comparing COVID-19 risk. Almost two-thirds of the studies (17/26; 65%) showed an increased risk of at least 1 reported outcome in individuals with obesity and/or BMI ≥25 or ≥30 kg/m2. No studies showed a decrease in associated risk of severe outcomes among those with obesity. Across studies with large sample sizes (n > 1,000) of individuals classified as overweight or obese, the reported OR (95% CI) for severe COVID-19 outcomes ranged from 1.19 (1.02–1.38) to 6.85 (3.18–14.78; Supplementary Table 3). Several studies evaluated risk levels across different BMI categories. Although some studies indicated a higher risk of severe outcomes among individuals with a BMI ≥30 kg/m2 vs. those with a BMI ranging from 25 to 29 kg/m2, this observation was not uniform across all studies.



Hypertension

Forty-nine studies explored hypertension as a potential risk factor (Table 1). The clinical definition of hypertension varied and was not always clearly described. Twenty studies (41%) found a substantially increased risk of severe COVID-19 outcomes among patients with hypertension, including 10 studies with large cohorts (n > 1,000). Among these studies, the aORs and aHRs ranged from aHR 1.13 (1.01–1.26) to aOR 3.17 (1.05–10.40; Supplementary Table 4).



Diabetes

The impact of diabetes on the risk of severe COVID-19 outcomes was assessed in 70 studies (Table 1). Fifty-two studies (74%) found diabetes was associated with an increased risk of severe outcomes for at least 1 of the outcomes assessed. Of the remainder, 18 studies found no significant association between people with and without diabetes; a single study found a lower risk of COVID-19 hospitalization, albeit in a very small group with diabetes (n < 100) in a cross-sectional internet study (16). Among 12 large (n > 1,000) studies, the aOR (95% CI) for severe COVID-19 outcomes across the different outcomes reported ranged from 1.06 (1.02–1.10) to 2.02 (1.44–2.84; Supplementary Table 5). Two studies also assessed the risk of severe COVID-19 outcomes among patients with prediabetes and/or undiagnosed diabetes, with contrasting results (17, 18).



Chronic respiratory diseases

A total of 46 studies investigated chronic respiratory diseases, including COPD (25 studies) and asthma (16 studies; Table 1). Eighteen studies (39%) reported an increased risk of severe outcomes among patients with a chronic respiratory disease for at least 1 reported outcome. Among the different case definitions for chronic respiratory disease, more evidence was found for COPD (11/25 studies) than asthma (2/16 studies). Many studies included small subpopulations, potentially limiting their ability to accurately detect risk. For larger studies (risk factor cohort n > 50), the reported OR (95% CI) ranged from aOR, 1.04 (1.01–1.08) to OR, 4.19 (1.60–10.98; Supplementary Table 6).



Cardiovascular diseases

Forty-five studies assessed CVD, including HF (19 studies) and ischemic heart disease/coronary artery disease (14 studies), using varying case definitions. Overall, 24 (53%) studies found a substantially increased risk of severe COVID-19 outcomes from at least 1 of the outcomes assessed (Table 1). Among those exploring HF, 13/19 studies (68%) found a significant association with severe COVID-19 outcomes with the aOR (95% CI) ranging from 1.28 (1.24–1.33) to 3.17 (1.88–5.34; Supplementary Table 7). Two of the 5 studies investigating atrial fibrillation (AF) and 1 of the 7 studies investigating peripheral vascular disease (PVD) reported a significant risk of severe COVID-19 outcomes (19, 20).



Cerebrovascular diseases

Twenty-four studies assessed the risk of severe COVID-19 outcomes in patients with cerebrovascular diseases (Table 1), including 15 studies examining cerebrovascular disease broadly and 7 studies specifically addressing conditions defined as stroke, transient ischemic attack (TIA), or cerebrovascular accident (CVA), with varying case definitions. Five of the 15 studies of cerebrovascular disease and 1 of the 7 studies of patients with a history of stroke/TIA/CVA showed an increased risk of severe COVID-19 outcomes (Supplementary Table 8).



Renal disease

Thirty-eight studies assessed renal disease as a risk factor for severe COVID-19 outcomes, including CKD (24 studies), renal/kidney disease (10 studies), and renal failure (2 studies). Case definitions and criteria used to define CKD varied and cohort sizes were generally small (n < 300). Of these, 24/38 studies (63%) showed a significantly increased risk of severe COVID-19 outcomes in patients with preexisting kidney/renal disease (Table 1). For studies with a risk factor cohort >50 patients, the aOR (95% CI) for severe outcomes ranged from 1.48 (1.42–1.55) to 5.59 (2.48–12.63; Supplementary Table 9). In a large study from Japan that included 20,638 adults with renal disease using broad International Classification of Diseases, Tenth Revision (ICD-10) codes, the aORs (95% CI) were 1.48 (1.42–1.55) for severe COVID-19 disease and 1.67 (1.59–1.75) for mortality (14).



Hepatobiliary disorders (including chronic liver disease)

Twenty-one studies assessed whether hepatobiliary disorders were associated with severe outcomes after COVID-19 infection. Case definitions varied, ranging from broad categories like chronic liver disease and liver disease (9 studies) to specific conditions like chronic hepatitis or cirrhosis, hepatitis B/C, and non-alcoholic fatty liver disease (NAFLD). Overall, 6 studies (29%) showed that hepatobiliary disorders were associated with an increased risk of severe outcomes (Table 1). Of these, 5 studies assessed liver disease/cirrhosis and the sixth study of a large, nationwide study in South Korea found that NAFLD was associated with an increased risk of severe COVID-19 outcomes, although results for mortality were less certain and showed wide confidence intervals (Supplementary Table 10) (21).



Cancer/malignancy

Forty-seven studies explored cancer as a potential risk factor with almost all studies using broad case definitions such as ‘cancer’, ‘malignancy’ or ‘malignant tumor’. Five studies focused on specific cancer types. Cohort sizes also varied widely, ranging from 6 to 42,854 participants. Overall, 27/47 studies (57%) found a significantly increased risk of severe COVID-19 outcomes (Table 1). In a large Korean study, malignancy was associated with an increased risk of severe COVID-19 outcomes including invasive mechanical ventilation (IMV) and other markers of disease severity (high-flow nasal cannula use, acute HF and renal replacement therapy; Supplementary Table 11) (22). However, malignancy was not found to be an independent risk factor for in-hospital mortality among patients with COVID-19 (aOR, 1.24 [95% CI, 0.92–1.66]) (22). Variations between countries in the associations between cancer and COVID-19 related hospitalization and mortality should be interpreted in the context of regional palliative care service provision and cultural variations in place of death.



Immunosuppression

Eleven studies evaluated the risk of severe COVID-19 outcomes in populations with immune-suppressive illnesses or those receiving immunosuppressive medications (Table 1). Five studies focused on HIV/AIDS and 6 studies examined individuals described as immunocompromised, immunosuppressed, or having immunodeficiency, although definitions between studies varied (e.g., use of corticosteroids, biologics, and immunosuppressive drugs; lymphocytopenia; bone marrow dysfunction; hospitalization with organ transplant, hematopoietic cancer, rheumatoid arthritis, Crohn’s disease, or ulcerative colitis). Ten studies included very small cohorts of patients with immunosuppression, ranging from 4 to 129 participants, along with 1 larger study from Korea with 5,186 participants (22). Therefore, quantitative approaches to assess associations and the ability to adjust for confounding factors were limited. Overall, 6/11 studies (55%) found a significantly increased risk of severe COVID-19 outcomes in patients who were immunosuppressed/ immunocompromised. The aOR (95% CI) in these studies varied from 1.06 (1.05–1.07) for IMV to 107 (6.38 to >999) for mortality (Supplementary Table 12).



Autoimmune disorders (rheumatic and connective tissue diseases)

Fourteen studies investigated whether autoimmune disorders increased the risk of severe outcomes from COVID-19 infection. Most studies used broad case definitions such as ‘rheumatic disease’, ‘autoimmune disease’, and ‘connective tissue disease.’ Overall, 4 of the 14 studies (29%) showed a significant increased risk in patients with autoimmune or connective tissue disorders for at least 1 outcome (Table 1). Among the 3 studies including >1,000 participants with autoimmune diseases, the aOR (95% CI) for severe COVID-19 outcomes and/or mortality ranged from 1.19 (1.12–1.26) to 1.81 (1.02–3.18; Supplementary Table 13). In a Korean nationwide cohort study of >8,000 patients with autoimmune inflammatory rheumatic diseases (inflammatory arthritis or connective tissue disease), high-dose corticosteroids use (≥10 mg/day), but not disease-modifying antirheumatic drugs, was associated with increased risk of severe COVID-19 infection and COVID-19–related death (23).



Neurological conditions

Thirty-four studies explored neurological conditions as potential risk factors, with most focusing on dementia (26 studies), hemiplegia/paraplegia/paralysis (4 studies), chronic neurological disorders (3 studies), and Parkinson disease (2 studies). Overall, 30/34 studies (88%) found a significantly increased risk of severe COVID-19 outcomes in patients with neurological conditions (Table 1). A large Japanese study that included >20,000 patients with COVID-19 with diagnosed dementia (using ICD-10 codes) found it was an independent risk factor for severe COVID-19 outcomes (aOR, 1.27 [95% CI, 1.23–1.32]) and death (1.58 [1.52–1.65]; Supplementary Table 14) (14). Another Japanese study observed a greater than 3-fold increased risk of mortality among adults aged >50 years with Parkinson’s disease (OR: 3.57 [95% CI: 1.08, 10.2]) (24).



Mental health and behavioral disorders

Ten studies investigated mental and behavioral disorders and the risk of severe outcomes from COVID-19 infection. Definitions varied across studies and included ‘mental disorder’ and ‘mental illnesses,’ for which studies were larger, and more specific conditions, including schizophrenia and depression/anxiety, wherein cohort sizes were smaller. Overall, 6/10 studies (60%) found a significantly increased risk of severe COVID-19 outcomes for patients with mental and behavioral disorders (Table 1). The aOR (95% CI) for severe COVID-19 outcomes ranged from 1.27 (1.01–1.66) to 3.57 (1.36–9.38; Supplementary Table 15). In a Korean nationwide cohort study of >1,000 patients with a previous diagnosis of a mental illness, severe mental illness (nonaffective or affective disorders with psychotic features) was associated with an increased risk of severe COVID-19 outcomes (OR: 1.27 [95% CI: 1.01, 1.66]) (25).



Other medical conditions

There were 18 studies that were categorized as other medical conditions, of which 9 showed significant associations (Supplementary Table 16).





Discussion

This review identified several risk factors associated with severe COVID-19 outcomes, including older age, male sex, obesity (BMI ≥25 or ≥30 kg/m2), HF, chronic renal disease (including CKD), cancer, immunosuppression and dementia, consistent with global reviews and meta-analyses (2, 26–28). Some risk factors, such as older age and immunocompromise align with current COVID-19 recommendations in the APAC region. However, a large volume of evidence was associated with other conditions, including CVD, hypertension, diabetes (and prediabetes), kidney disease and liver disease, less consistently reflected in regional vaccine guidance. Regional authorities and medical society guidance varies, and often broad disease categories for COVID-19 vaccination are advised, with limited examples of specific conditions. This may result in vulnerable populations being overlooked for targeted prevention.

Associations with severe COVID-19 outcomes were identified under the categories of hypertension, diabetes (including prediabetes), and CVD. This finding is consistent with a recent meta-analysis of cardiometabolic risk factors in the APAC region that demonstrated a 2.85-fold increase in COVID-19–associated mortality for diabetes, a 2.5-fold increase for hypertension, and a 2.75-fold increase for CVD (29). A large volume of evidence was identified to indicate an association between HF and severe COVID-19 outcomes. Given the rapidly rising prevalence of HF in the region, and the earlier onset observed in Asian populations compared to other regions (11), the findings highlight the need for increased awareness of preventative strategies among younger individuals with HF. By 2050, ischemic heart disease and stroke are projected to be the most prevalent subtypes of CVD in the region, with high systolic blood pressure the leading risk factor (8). Regional variations in CVD burden indicate high ischemic heart disease mortality in Central Asia, while stroke is a key driver in Southeast Asia (30). This is largely attributed to regional differences in the burden of AF and flutter, leading to a rise in thromboembolic strokes. Ongoing focus on effective strategies to reduce the burden of CVD-associated severe COVID-19 outcomes among Asian populations is warranted from this review.

This review identified an association between severe COVID-19 disease and neurological conditions, particularly dementia. This finding is consistent with global studies reporting a > 7-fold increased risk of COVID-19 hospitalization and death among older patients with preexisting dementia (31), a phenomenon that has biological (neuronal injury) and environmental explanations (32, 33). Importantly, with Asia now at the forefront of population aging, and Hong Kong, South Korea and Japan expected to have approximately 40% of their populations aged ≥65 years by 2050 (34), regional dementia case estimates are rising in the APAC region (35). Mental and behavioral disorders were found to be associated with an increased risk of severe COVID-19 outcomes. These conditions, along with dementia, are notably under-represented in regional guidelines. This review supports global evidence, for example, a UK Biobank study showing individuals with serious mental illness (SMI) were hospitalized with COVID-19 twice as often as those without SMI (36). SMI was also associated with higher rates of illness and death than heart disease, COPD, and diabetes.

This review suggests that the risk of severe COVID-19 outcomes in patients with liver and kidney disease may be influenced by the stage or severity of these conditions. Global studies have shown that patients with advanced liver disease, such as cirrhosis, and those with CKD stages 4–5 are at substantially higher risk of severe COVID-19 complications which is reflected in current vaccine recommendations across the region (37, 38). While current vaccine recommendations typically focus on the presence of individual medical conditions, it is crucial to consider the cumulative burden of conditions when assessing the risk of severe COVID-19 disease. Given the high prevalence and clustering of cardiometabolic conditions in APAC populations, such as hypertension, diabetes, and increasingly, obesity, risk assessment tools and vaccine prioritization strategies may be enhanced by incorporating measures of multimorbidity (11). Specific recommendations for COVID-19 vaccination for those with multimorbidity and elevated metabolic risks may be warranted. Other regionally relevant exposures, such as elevated smoking prevalence in certain APAC subgroups, may also contribute to underlying cardiovascular and respiratory vulnerability, and warrant further exploration.

A key strength of this analysis is its broad and inclusive review of the available literature across selected APAC countries; however, several limitations must be acknowledged. As a narrative review focused on conceptual themes in the literature, no formal risk-of-bias assessment was conducted, nor was publication bias quantified, as would typically be done in a systematic review. This synthesis is based on published studies and may inadvertently over-represent positive findings due to publication bias. A high degree of heterogeneity was observed across studies, including variations in the definitions of risk conditions and severe outcomes (influenced by definitions and data availability in national health and insurance databases), reported parameters, statistical analyses, modeling approaches, and adjustment for confounding factors. Some studies had small samples sizes, limiting the precision of estimates and the ability to adjust for covariates. Most studies did not account for smoking or medication use for comorbidities, and residual confounding and statistical robustness were limitations of some included studies. Most included studies collected data early in the pandemic, before the introduction of vaccines and/or specific antiviral medications, potentially limiting the applicability of findings to the current context in which these interventions are widely available. Future research should aim to standardize definitions of risk factors and outcomes, adopt more robust confounding adjustments, and include studies that evaluate post-vaccination era cohorts. Regional multicenter collaborations could help reduce heterogeneity and support targeted systematic reviews focusing on specific risk factors identified in this review. Where appropriate, meta-analyses of these data could more accurately quantify risk among Asian populations and improve generalizability.

In summary, this review synthesizes region-specific evidence, identifying several under-recognized risk factors for severe COVID-19 outcomes. These findings complement global evidence but also highlight important regional nuances. Improved identification of high-risk groups, particularly those with dementia, mental illness, and cardiometabolic multimorbidity, can strengthen targeted prevention efforts in APAC settings.



Conclusion

This review appears to be the first synthesis of risk factors for severe COVID-19 outcomes specific to the Asia-Pacific region, based on currently available evidence. Beyond the well-established risks of older age and immunocompromise, several high-priority conditions, such as AF, PVD, dementia, and mental health disorders, were identified as often overlooked in current guidance. To improve protection for vulnerable groups, public health agencies in APAC should update vaccination frameworks to explicitly include these conditions, expand access to boosters and antivirals for individuals with multimorbidity, and integrate region-specific evidence into national risk assessment and public health messaging. Continued surveillance and evidence synthesis will be critical to adapting COVID-19 policy for emerging variants and population needs.
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Objective: To develop and validate a clinical prediction model for assessing the severity of coronavirus disease 2019 (COVID-19) using blood biomarkers, aiming to support clinical decision-making and treatment guidance.
Methods: A retrospective cohort study was conducted at Beijing Shijitan Hospital on January 5, 2023, including SARS-CoV-2 positive patients with initial chest CT-detected from outpatient and emergency departments. Data on demographics, symptoms, and blood biomarkers were collected. Patients were categorized into non-severe (mild and moderate) and severe (severe and critical) groups based on clinical symptoms and disease progression. Outpatient data served as the training set for modeling and validation using logistic regression and 10-fold cross validation. Emergency department data functioned as an independent external validation set to test the model’s generalizability.
Results: The study included 1,007 patients, with 778 in the training set and 229 in the validation set. The C-reactive protein (CRP), neutrophil count (NE), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) were significantly higher in the severe COVID-19 group, while lymphocyte count (LY) and eosinophil count (EO) were significantly lower in the non-severe group (p < 0.001). The predictive model integrating these factors exhibited high discriminative power, achieving an AUC of 0.85, accuracy of 0.80, sensitivity of 0.73, and specificity of 0.81 in 10-fold cross validation, and an AUC of 0.86, accuracy of 0.82, sensitivity of 0.60, and specificity of 0.90 in the validation set.
Conclusion: The predictive model, informed by blood biomarkers, successfully discriminates against COVID-19 patients at higher risk for severe outcomes, offering a valuable tool for clinical management and resource optimization.
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1 Introduction

The coronavirus disease 2019 (COVID-19) pandemic, precipitated by the SARS-CoV-2 virus, emerged in 2019 and has rapidly disseminated across the globe, posing enormous challenges to public health (1–3). The mortality rate of COVID-19 was 0.91%, which is significantly lower than the mortality rates of SARS at approximately 10% and MERS at approximately 34% (2). Despite its lower mortality rate, COVID-19 has seen a succession of dominant strains, including Alpha, Beta, Gamma, Delta, and Omicron, each becoming the most prevalent and contributing to significant waves of infection (4, 5). Among these, Omicron is currently the global dominant strain, having rapidly outcompeted previous variants due to its high transmissibility and ability to evade immunity from prior infections or vaccinations (6). Although the Omicron variant has a lower severity and mortality rate, the large population, aging trend, and many high-risk individuals in China still pose significant challenges for managing the pandemic (7, 8).

Rapid identification of patients at risk for critical illness and early prognostic evaluation are essential for enhancing treatment efficiency. There were several tools for COVID-19 assessment, such as Sequential Organ Failure Assessment (SOFA), Acute Physiology and Chronic Health Evaluation II (APACHE II), and National Early Warning Score (NEWS). The SOFA score measures failure in respiratory, coagulation, hepatic, circulatory, neurological, and renal systems, while the APACHE II score combines the acute physiology score, an age component, and chronic health points, and the NEWS evaluates severity based on deviations in heart rate, respiratory rate, blood pressure, temperature, oxygen saturation, and level of consciousness. In a study of elderly patients with multiple comorbidities in the emergency department, NEWS demonstrated the highest predictive accuracy for COVID-19 severity with an AUC of 0.820, followed by APACHE II at 0.794 and SOFA at 0.784 (9). Despite this, these assessment tools are relatively complex and time-consuming in clinical applications, and some studies have begun to use a single immunological and inflammatory marker to predict the severity of COVID-19 (10, 11). Previous studies have found that C-reactive protein (CRP) has moderate predictive accuracy for severe or critical COVID-19, with an area under the curve (AUC) of 0.783 (12). Similarly, a retrospective cohort study of COVID-19 patients showed that the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) also have moderate accuracy in assessing disease severity, with the AUC for NLR ranging from 0.59 to 0.81 and for PLR from 0.53 to 0.67 (13). This suggests that while these individual markers have some utility, their predictive power is limited when used alone.

Additionally, several studies have aimed to improve the accuracy of COVID-19 prediction models by combining multiple indicators. For instance, Araújo et al. (14) developed a machine-learning model that includes lymphocytes, mean corpuscular volume, platelets, red cell distribution width, and CRP, achieving an average AUC of 0.91 for predicting COVID-19 mortality within a 24-h window (14). Soares et al. (15) created a predictive model for COVID-19 severity with an AUC of 0.996 by integrating laboratory markers such as D-dimer, ferritin, neutrophil counts, haptoglobin, and soluble transferrin receptor, along with the metabolite cytosine, demonstrating high accuracy in identifying patients at risk for severe disease (15). However, these models have limitations. Machine learning models, despite their high AUC values for predicting mortality, are not practical in clinical settings due to their reliance on computer systems. Additionally, markers like D-dimer, ferritin, soluble transferrin receptor, and the metabolite cytosine are not routinely tested in outpatient settings.

Therefore, the aim of this study is to develop a model that can be used in clinical outpatient settings to efficiently and accurately predict COVID-19 disease severity, providing a useful clinical prediction tool and enhancing disease management.



2 Materials and methods


2.1 Study design

This study is a retrospective analysis of data collected from COVID-19 patients who visited the fever clinic and emergency department of Beijing Shijitan Hospital, affiliated with Capital Medical University, between 1 December 2022, and 31 January 2023. All patients tested positive for SARS-CoV-2 nucleic acid or COVID-19 antigen tests. During their outpatient visits, participants completed the recording of clinical symptoms and underwent testing for immunological and inflammatory markers, as well as high-resolution chest CT (HRCT) imaging.

Within two months post-admission, the hospital performed follow-up evaluations through the Health Information System (HIS) or telephone interviews to establish the definitive COVID-19 disease classification. Mild: Predominantly manifests as upper respiratory tract symptoms, including dry throat, sore throat, cough, and fever. Moderate: Defined by persistent high fever (> 3 days) and/or respiratory symptoms (e.g., cough, shortness of breath), accompanied by a resting respiratory rate (RR) < 30 breaths/min and oxygen saturation > 93% on room air, with imaging-confirmed COVID-19 pneumonia. Severe: Adults meeting ≥ 1 criterion (unrelated to other etiologies): (1) Shortness of breath with RR ≥ 30 breaths/min; (2) Resting oxygen saturation ≤ 93% on room air; (3) PaO2/FiO2 ratio ≤ 300 mmHg (1 mmHg = 0.133 kPa); (4) Radiographic evidence of > 50% lesion progression within 24–48 h. Critical: Patients fulfilling any criterion: (1) Respiratory failure requiring mechanical ventilation; (2) Shock; (3) Multiorgan failure necessitating ICU management.

The retrospective collection of clinical data from this phase began on 1 April 2024. This study was approved by the Ethics Committee of Beijing Shijitan Hospital affiliated with Capital Medical University and obtained a waiver of informed consent (IIT2024-008-002). In adherence to ethical standards, patient data have been anonymized to maintain confidentiality throughout the data processing phase.


2.1.1 Inclusion criteria

Patients were included if they tested positive for SARS-CoV-2 nucleic acid or antigen tests and met the diagnostic criteria outlined in the “Diagnosis and Treatment Plan for COVID-19 (Trial Version 10th Edition)” issued by the National Health Commission of China in conjunction with the National Administration of Traditional Chinese Medicine on 5 January 2023.



2.1.2 Exclusion criteria

Patients were excluded if they lacked comprehensive initial clinical data, blood tests, and lung CT scans; were unable to complete follow-up for disease and infection classification; had indistinct or ambiguous chest CT images; or had a history of hematological cancers.




2.2 Data collection

This retrospective study employed a standardized data collection protocol, with dual-researcher independent extraction of clinical and laboratory parameters. Initial clinical symptoms (cough, myalgia, sore throat, dyspnea, diarrhea, anorexia) were documented at presentation, while disease severity stratification was determined through electronic health record review or structured telephone follow-up 1–2 months post-visit. Hematological profiling was performed using the Mindray BC-5390-CRP automated analyzer to quantify C-reactive protein (CRP), leukocyte differential counts (WBC, neutrophils [NE], lymphocytes [LY], eosinophils [EO]), and platelet (PLT) levels, with derived inflammatory indices including neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR). Thoracic imaging was acquired via a 32-detector Beijing Sinoway Insitum-CT338 scanner using standardized protocols: 120 kVp/150 mAs, 16 cm detector coverage, pitch 1.0, with 1.5 mm lung reconstructions (512 × 512 matrix, 380–450 mm FOV, lung window: WW1600/WL-600) and 5 mm mediastinal reconstructions (WW400/WL40), maintaining dose-length product ≤ 600 mGy⋅cm. Multiplanar reconstructions included coronal/sagittal views at 1 mm (lung) and 5 mm (mediastinal) increments. All CT studies underwent blinded independent analysis by two junior radiologists, with discordant interpretations resolved by senior radiologist adjudication. Quantitative imaging assessment focused on lesion topography (lobar distribution, axial/segmental localization), morphological characteristics (ground-glass opacity, consolidation patterns), and ancillary findings (pleural effusions, lymphadenopathy).



2.3 Statistical analysis

Patients were categorized into the non-severe/critical (non-SC) group and the severe/critical (SC) group based on the severity of their COVID-19 infection, with mild and moderate patients in the non-SC group, and severe and critical patients in the SC group. The categorical variables were presented as frequencies (%), and the chi-square test was used for intergroup comparisons. The normality of continuous variables was assessed. The data were reported as median (25th, 75th percentiles) for variables that were not normally distributed, and the Mann–Whitney U test was used for group comparisons. Conversely, normally distributed variables were described using mean ± standard deviation, with analysis of variance (ANOVA) employed for group comparisons. Variables showing significant differences were selected for model inclusion. To refine the diagnostic model variables, univariate logistic regression analysis was conducted to examine the association between clinical symptoms, blood markers, and disease severity. The variables for the multivariate logistic regression analysis were selected using the bidirectional stepwise regression method, and the outcomes of this analysis were used to develop nomograms for predicting disease severity risk.

In this study, data from the fever clinic were used as the training set to develop the model, with 10-fold cross validation applied to assess its internal validity. Meanwhile, data from the emergency department served as the test set to evaluate the model’s generalization ability. In the cross-validation process, StratifiedKFold was used to split the data into 10 folds while preserving the class distribution. SMOTE was applied to the training data of each fold to generate synthetic samples for the minority class, addressing class imbalance. The discriminatory power of these nomograms was evaluated through receiver operating characteristic (ROC) curves, which yielded area under the curve (AUC) values. These AUC values spanned from 0.5 to 1.0, with 0.5 representing the level of random chance and 1.0 indicating perfect accuracy. In addition to AUC, the performance of these models was further assessed using key metrics such as Accuracy, Sensitivity, Specificity, Positive Predictive Value (PPV), and Negative Predictive Value (NPV), with these calculations performed on both the training and validation set. Calibration curves were employed to assess the concordance between the predicted probabilities of COVID-19 severity classification and the actual severity of patients in both the training and validation sets. Calibration curves ensured the model’s reliability in classifying COVID-19 severity. Statistical significance was determined at a two-tailed P-value < 0.05. Data processing and analysis were conducted utilizing R 4.4.0, Python 3.8.20, and Zstats 1.0.




3 Results


3.1 Demographic and baseline characteristics of the patients in the training and validation sets

After excluding those who did not meet the criteria for COVID-19 and those with incomplete data or examinations, we included 778 participants. Among the 778 participants, 661 were classified into the non-SC group and 117 into the SC group, based on disease severity. The general information, clinical symptoms, immunological and inflammatory markers of the patients in the non-SC group and SC group were shown in Table 1. Participants in the SC group exhibited a higher prevalence of cough and sore throat compared to those in the non-SC group. Immunological and inflammatory marker analyses revealed that CRP, NE, NLR, and PLR levels were significantly elevated in the SC group compare to the non-SC group. In contrast, LY and EO levels were reduced in the SC group. These results imply that these markers may serve as potential indicators for classifying COVID-19 severity (Table 1 and Figure 1). The baseline characteristics of the patients in the validation sets are presented in the Supplementary Table S1.


TABLE 1 Baseline characteristics of the non-severe/critical (non-SC) group and the severe/critical (SC) group.


	Variables
	Non-SC group (n = 661)
	SC group (n = 117)
	Z/χ2
	P-value





	Sex, n (%)



	 Male
	355 (53.71)
	70 (59.83)
	1.50
	0.220



	 Female
	306 (46.29)
	47 (40.17)



	 Age, M (Q1, Q3)
	65.00 (44.00, 76.00)
	80.00 (69.00, 87.00)
	−9.01
	< 0.001



	Cough, n (%)



	 No
	143 (21.63)
	37 (31.62)
	1.50
	0.220



	 Yes
	518 (78.37)
	80 (68.38)



	Muscle aches, n (%)



	 No
	609 (92.13)
	106 (90.60)
	0.31
	0.575



	 Yes
	52 (7.87)
	11 (9.40)



	Sore throat, n (%)



	 No
	356 (53.86)
	78 (66.67)
	6.61
	0.010



	 Yes
	305 (46.14)
	39 (33.33)



	SOB, n (%)



	 No
	591 (89.41)
	99 (84.62)
	2.28
	0.131



	 Yes
	70 (10.59)
	18 (15.38)



	Diarrhea, n (%)



	 No
	631 (95.46)
	115 (98.29)
	1.36
	0.243



	 Yes
	30 (4.54)
	2 (1.71)



	Loss of appetite, n (%)



	 No
	641 (96.97)
	114 (97.44)
	0.001
	1.000



	 Yes
	20 (3.03)
	3 (2.56)



	 CRP, M [Q1, Q3]
	19.45 (5.23, 41.77)
	57.71 (29.40, 103.60)
	−9.06
	< 0.001



	 WBC, M [Q1, Q3]
	6.42 (5.09, 8.16)
	6.67 (5.01, 9.11)
	−1.09
	0.274



	 NE, M [Q1, Q3]
	4.23 (3.05, 5.74)
	5.11 (3.59, 7.04)
	−4.05
	< 0.001



	 LY, M [Q1, Q3]
	1.45 (1.03, 1.97)
	0.93 (0.71, 1.24)
	−8.66
	< 0.001



	 EO, M [Q1, Q3]
	0.04 (0.02, 0.10)
	0.01 (0.01, 0.04)
	−6.24
	< 0.001



	 PLT, M [Q1, Q3]
	162.00 (127.00, 213.00)
	146.00 (124.00, 207.00)
	−1.13
	0.261



	 NLR, M [Q1, Q3]
	2.84 (1.82, 4.43)
	5.31 (3.54, 8.32)
	−9.10
	< 0.001



	 PLR, M [Q1, Q3]
	113.89 (86.46, 151.91)
	168.18 (121.78, 242.35)
	−7.30
	< 0.001






The bold values indicate statistical significance. Z: Mann–Whitney test, χ2: chi-square test. M: Median, Q1: 1st Quartile, Q3: 3rd Quartile.
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FIGURE 1
Comparison of immunological markers between non-SC and SC groups. The boxplots represent the median and interquartile range of each marker. **p < 0.01.




3.2 Identification of prognostic factors for disease severity

Variables without statistical significance in initial difference tests were still considered in univariate and multivariate logistic regression analyses to refine our variable selection process. This approach helps ensure that the final model possesses both stability and generalizability. Consequently, we performed univariate logistic regression on all variables to thoroughly evaluate our model for optimal stability and generalizability.

In the univariable logistic regression analysis, the reference values were determined as follows: for the gender variable, “Male” was used as the reference category, while for the symptom variables, the absence of each symptom was set as the reference. The univariate logistic regression analysis presented in Table 2 examines the relationships between various clinical symptoms, immunological and inflammatory markers, and COVID-19 disease severity.


TABLE 2 Univariate logistic regression analysis of blood indicators and the severity of COVID-19 disease.


	Variables
	β
	S.E
	Z
	P
	OR (95% CI)





	Age
	0.06
	0.01
	7.89
	< 0.001
	1.07 (1.05 ∼ 1.08)



	Gender



	1
	
	
	
	
	1.00 (reference)



	2
	−0.25
	0.20
	−1.22
	0.221
	0.78 (0.52 ∼ 1.16)



	Cough



	0
	
	
	
	
	1.00 (reference)



	1
	−0.52
	0.22
	−2.34
	0.019
	0.60 (0.39 ∼ 0.92)



	Muscle aches



	0
	
	
	
	
	1.00 (reference)



	1
	0.20
	0.35
	0.56
	0.575
	1.22 (0.61 ∼ 2.40)



	Sore throat



	0
	
	
	
	
	1.00 (reference)



	1
	−0.54
	0.21
	−2.55
	0.011
	0.58 (0.39 ∼ 0.88)



	SOB



	0
	
	
	
	
	1.00 (reference)



	1
	0.43
	0.29
	1.50
	0.134
	1.54 (0.88 ∼ 2.69)



	Diarrhea



	0
	
	
	
	
	1.00 (reference)



	1
	−1.01
	0.74
	−1.36
	0.173
	0.37 (0.09 ∼ 1.55)



	Loss of appetite



	0
	
	
	
	
	1.00 (reference)



	1
	−0.17
	0.63
	−0.27
	0.786
	0.84 (0.25 ∼ 2.88)



	CRP
	0.02
	0.00
	8.47
	< 0.001
	1.02 (1.01 ∼ 1.02)



	WBC
	0.09
	0.03
	2.73
	0.006
	1.09 (1.03 ∼ 1.17)



	NE
	0.17
	0.03
	5.02
	< 0.001
	1.19 (1.11 ∼ 1.28)



	LY
	−1.77
	0.23
	−7.67
	< 0.001
	0.17 (0.11 ∼ 0.27)



	EO
	−11.95
	2.57
	−4.65
	< 0.001
	0.00 (0.00 ∼ 0.00)



	PLT
	−0.00
	0.00
	−0.36
	0.717
	1.00 (1.00 ∼ 1.00)



	NLR
	0.14
	0.02
	6.67
	< 0.001
	1.15 (1.11 ∼ 1.20)



	PLR
	0.01
	0.00
	6.87
	< 0.001
	1.01 (1.01 ∼ 1.01)






The bold values indicate statistical significance. OR: odds ratio; CI: confidence interval.




Among these, significant predictors with P-values below 0.05 were CRP, WBC, NE, LY, EO, NLR, and PLR, which showed a statistically significant link to disease severity. Specifically, higher CRP, NE, and NLR were tied to greater odds of severe disease, as seen from their positive β coefficients and ORs over 1. Conversely, lower LY and EO levels were associated with reduced odds of severe disease, indicated by their negative β coefficients and ORs under 1 (Table 2).



3.3 Establishment of the nomogram prediction models and internal cross validation results

Utilizing the prognostic factors identified through multivariate logistic regression analysis in the training set (Table 3), each patient’s total score is calculated by summing the points assigned to variables such as age, cough, sore throat, CRP, WBC, LY, and EO. This cumulative score predicts the risk of disease severity, with detailed information provided in Table 3. The internal validation of the model was carried out via 10-fold cross validation. The results, presented in Table 4, show that the model has good performance, with an AUC of 0.85, accuracy of 0.80, sensitivity of 0.73, and specificity of 0.81 in the 10 validations.


TABLE 3 Multivariate logistic regression analysis of blood indicators and the severity of COVID-19 disease.


	Variables
	β
	S.E
	Z
	P
	OR (95% CI)





	Intercept
	−5.10
	0.88
	−5.77
	< 0.001
	0.01 (0.00 ∼ 0.03)



	Age
	0.06
	0.01
	6.24
	< 0.001
	1.06 (1.04 ∼ 1.08)



	Cough



	0
	
	
	
	
	1.00 (reference)



	1
	−0.65
	0.30
	−2.20
	0.028
	0.52 (0.29 ∼ 0.93)



	Sore throat



	0
	
	
	
	
	1.00 (reference)



	1
	−0.55
	0.27
	−2.09
	0.037
	0.57 (0.34 ∼ 0.97)



	CRP
	0.01
	0.00
	5.57
	< 0.001
	1.01 (1.01 ∼ 1.02)



	WBC
	0.10
	0.04
	2.36
	0.018
	1.11 (1.02 ∼ 1.20)



	LY
	−1.09
	0.26
	−4.22
	< 0.001
	0.34 (0.20 ∼ 0.56)



	EO
	−4.91
	2.41
	−2.04
	0.042
	0.01 (0.00 ∼ 0.83)






The bold values indicate statistical significance. OR: odds ratio; CI: confidence interval.





TABLE 4 Model validation and performance metrics for disease severity assessment.


	
	Internal validation (mean ± SD)
	External validation (95% CI)





	AUC
	0.85 ± 0.08
	0.86 (0.80–0.91)



	Accuracy
	0.80 ± 0.06
	0.82 (0.76–0.86)



	Sensitivity
	0.73 ± 0.17
	0.60 (0.48–0.72)



	Specificity
	0.81 ± 0.05
	0.90 (0.86–0.95)



	PPV
	0.41 ± 0.09
	0.71 (0.59–0.83)



	NPV (95% CI)
	0.95 ± 0.04
	0.85 (0.80–0.90)






Internal validation was performed using 10-fold cross–validation, and external validation was conducted using an independent validation set. CI, confidence interval; AUC, the area under the curve.






3.4 External validation results of the nomogram prediction models

To further evaluate the model’s generalizability, it was applied to a new dataset. The external validation results, shown in Table 4, were similar to the internal validation results, with an AUC of 0.86, accuracy of 0.82, sensitivity of 0.60, and specificity of 0.90, indicating the model’s good generalizability (Table 4). In addition, we constructed a nomogram to enhance the model’s clinical applicability (Supplementary Figure S1) and plotted calibration curves for both the training (Supplementary Figure S2) and validation datasets (Supplementary Figure S3).




4 Discussion

The emergence of the COVID-19 pandemic, particularly the Omicron variant, underscores the critical importance of identifying risk individuals for severe outcomes to mitigate the burden on public health systems. Our study found that immunological and inflammatory markers demonstrated a stronger association with the risk of severe disease. Among these markers, we identified age, cough, sore throat, CRP, WBC, LY, EO as key variables for constructing a predictive model of COVID-19 disease severity. Following internal cross validation and external validation, the diagnostic model has demonstrated pronounced discriminative power and precise calibration capabilities, validating its potential for application in clinical practice for accurate diagnostic assessment of COVID-19 patients.

Patients with COVID-19 exhibit higher levels of circulating inflammatory cytokines and infection-related biomarkers, indicating a strong inflammatory response (16, 17). Among those biomarkers, reduced NE, and elevated in LY and NLR reflects a detrimental activation of the immune system in patients with COVID-19, was associated with severe disease and mortality in COVID-19 (18–21). Our study once again confirmed this phenomenon, finding that the LY and NLR in patients of the SC group were significantly higher than those in the non-SC group, while the NE was significantly lower than that in the non-SC group. Furthermore, some studies have also found that NLR and PLR can be used as rapid diagnostic tools to differentiate between mild and severe cases of COVID-19 (22). However, the accuracy of using NLR and PLR alone to predict disease severity is relatively low. In a retrospective COVID-19 cohort study, these ratios showed potential for predicting severity, with AUCs ranging from 0.59 to 0.81 for NLR and from 0.53 to 0.67 for PLR (13). Among the immunological and inflammatory markers, we should also pay attention to CRP. The level of CRP was elevated in the SC group compared to the non-SC group in our study, which was consistent with previous findings in COVID-19 studies (23, 24). The elevation of CRP levels reflects an exaggerated inflammatory response in COVID-19 patients. Previous study have found that the CRP was a key predictors of COVID-19 severity (25), the single CRP indicator can provide moderate predictive accuracy for severe or critical cases, with an AUC of 0.783 (12). Therefore, the diagnostic results of CRP once again indicate that a single indicator can provide moderate predictive accuracy, but it is not a perfect predictive tool. It may need to be used in conjunction with other biomarkers to improve the accuracy and reliability of predictions.

In our study, we identified a significant association between immunological and inflammatory markers and COVID-19 severity. Substantial deviations in these markers are indicative of potential severe disease progression. To rigorously evaluate the model, we employed 10-fold cross-validation coupled with external validation using independent cohorts, and the model demonstrated strong performance. It serves as an effective tool for personalized treatment and risk stratification by differentiating patients at high risk of severe disease progression. Additionally, we developed a nomogram to assess the risk of severe COVID-19. The model’s universality and clinical utility stem from its accurate prediction of disease severity using these common indicators, which is of critical importance for guiding clinical treatment. However, the following limitations should be considered. The study’s single-center sample may not reflect the diverse patient demographics and healthcare settings across different regions, and factors such as varied comorbidity profiles and distinct viral strains could potentially affect the model’s broader applicability and performance. Limited by study design and ethical constraints, the study was restricted to a single-center sample. Future studies can be designed with multi-center collaboration and ethical approval to enhance the model’s diagnostic accuracy.



5 Conclusion

In conclusion, the severity of COVID-19 is closely associated with age and specific immunological and inflammatory markers. Our study has established a predictive model for COVID-19 severity based on age, cough, sore throat, CRP, WBC, LY, EO demonstrating high accuracy in identifying high-risk patients and effectively guiding personalized treatment decisions. The model’s straightforward implementation process and cost-effectiveness make it a practical tool for clinical use. Overall, this study provides valuable insights for the assessment of COVID-19 patients, offering significant guidance for treatment strategies.
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Background: Preventing the in-hospital mortality of critically ill patient is the last opportunity to saves lives during a pandemic. It was a need for the hospital settings of global south to further prioritize the individuals in this vulnerable group to allocate scares resources because of large numbers of such patients admitted in hospitals during pandemics. We, in this study flag the risk factors for in-hospital mortality for critically ill patients at the time of a pandemic like COVID-19.
Methods: This retrospective cohort study aimed to analyze the in-hospital mortality rate and predictors of mortality of patients with critically ill SARS-CoV-2 infection admitted to a Level 3 multi-disciplinary intensive care unit in India from15th September 2020 to 31st March 2021. We compared the incidence proportion of in-hospital mortality in different subgroups. We calculated the relative risk (RR) of clinical and biochemical factors under study for mortality outcome. We used principal component analysis to identify risky groups because the mortality predictors were found to have been highly correlated with one another in univariable analyses.
Findings: Of the 431 adult study participants with a median (IQR) age of 48 (34–60) years, 26.2% (n = 113) were aged 60 years or above, and 58.9% (n = 254) were men. Significant predictors of mortality in patients with severe SARS-CoV-2 infection were; age more than 60 years [RR 1.67 (1.36–2.02), p < 0.001], chronic kidney disease [RR 1.7 (1.01–3.14), p = 0.022], systemic arterial hypertension [RR 1.69 (1.32–2.15), p < 0.001], diabetes mellitus [RR 1.22 (1.00–1.49), p = 0.042], coronary artery disease [RR 1.59 (1.03–2.43), p = 0.012], any malignancy [RR 2.79 (1.17–6.65), p = 0.020], SARS-CoV-2 unvaccinated status [RR 1.59 (1.33–2.22), p = 0.008] COVID ARDS [RR 5.34 (2.54–11.25), p < 0.001], COVID Bronchopneumonia [RR 1.16 (1.03–1.31) p = 0.017], sepsis [RR 4.28 (1.76–10.38) p = 0.001], septic shock [RR 25.65 (3.48–189) p = 0.002], acute kidney injury [RR 10.59 (3.25–34.45) p < 0.001] and infection-related ventilator-associated condition (IVAC) [RR 2.13 (1.43–3.17) p < 0.001].
Interpretation: Renal insufficiency, transaminitis, coronary artery disease and elevated inflammatory markers, comorbidities and lack of vaccination, Pneumonia, Breathlessness and ARDS, sepsis and septic shock, cough, and diarrhea at the time of admission were identified as nine domains/variables that contributed to mortality. It is relevant in the clinical setting of LMICs (low- and middle-income countries) with limited healthcare resources. These predictors would help in prognostication of the disease and guide in rationalizing the management of patients in the context of pandemic threats.
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Introduction

The case fatality rate (CFR) of COVID-19 is lower than that of many pandemics in the past because of public health interventions including prompt and extensive vaccinations (1). However, the risk of dying following SARS-CoV-2 infection varied between countries and communities. The direct and indirect risk of mortality due to the pandemic was higher in countries of global south (2). Identifying the clinical, biochemical, and epidemiologic risk factors for mortality among patients with severe SARS-CoV-2 infection in a resource-constrained LMIC (Low and Middle Income Countries) setting helps in triaging high-risk patients, delivering focused critical care interventions and prioritizing limited resources.

A recurring pattern noticed with every pandemic, is that the mortality burden tends to concentrate in regions with weak health systems (3). In India, the early waves of the COVID-19 pandemic imposed significant mortality challenges, directly through infections and indirectly through collateral damages (2, 3). However, mortality rates vary across communities, largely influenced by local healthcare systems’ response time, effectiveness and resilience. Kerala, among the Indian states, witnessed comparatively lower mortality rates which could be attributed to evidence-based pandemic management strategies (4–6). Notably, the state implemented a protocol-based clinical management of SARS-CoV-2 infection, integrating medical care into universal health coverage and providing free treatment through public health facilities (7). Patients were categorized based on clinical severity with the highest grade (Category C) managed in dedicated COVID hospitals featuring specialized Intensive care units (ICU) and multi-disciplinary intensive care units (MDICU). Understanding the risk of death and the associated factors of death in the clinical setting of an ICU located in an LMIC is critical to curbing the impact of pandemics. This study examined the in-hospital mortality rate and associated risk factors among severe COVID-19 patients admitted to the MDICU at Government Medical College Thiruvananthapuram (GMCT), Kerala, India.



Materials and methods

We conducted this retrospective cohort study among critically ill COVID-19-positive patients admitted to the MDICU of GMCT, one of the largest COVID hospitals in Kerala, India. GMCT was the apex center for all public sector hospitals managing severe COVID-19 in south Kerala. All the consecutive critically ill patients above 12 years of age with SARS-CoV-2 admitted to MDICU from 15th September 2020 to 31st March 2021 were included in the study. After obtaining ethics committee clearance for the study, the hospital records were assessed to collect clinical information at the time of admission to the MDICU, the development of complications if any, and the outcome of the patients (in-hospital mortality or discharge).

We recorded clinical, biochemical, and radiological data in a structured proforma. The major outcome variable was the in-hospital mortality and the effects of sociodemographic variables, vaccination status, comorbidities, and clinicopathological features on the outcome were evaluated. The biochemical and clinical indices captured included total white cell count, neutrophil count, lymphocyte count, platelet count, Erythrocyte Sedimentation Rate (ESR), C-reactive protein (CRP), D-dimer, albumin, procalcitonin, ferritin, lactate dehydrogenase (LDH), creatine phosphokinase (CPK), troponin-T (Trop-T), arterial blood gas (ABG), interleukin-6 levels (IL-6), liver function tests (LFT), renal function tests (RFT), serum electrolytes, blood culture and susceptibility, sputum/Endotracheal (ET) aspirate culture and susceptibility, PT-INR, aPTT, neutrophil-lymphocyte ratio, SOFA score and APACHE SCORE. All patient records with the outcome status were included in our analysis. Patients or caregivers were approached over the phone to get information on the outcome if the data on the case sheet was ambiguous.



Data analysis

We coded and analyzed the data using IBM SPSS Statistics for Windows, Version 27.0 (Armonk, NY: IBM Corp.). We conducted a descriptive analysis of the study participants. We evaluated the proportion of in-hospital mortality and estimated the relative risk of all potential clinical and biochemical factors for mortality, along with their 95% confidence limits. We expressed the dose–response relationship between hierarchical exposures and the chance of mortality as a change in odds ratios. The Chi-square test was used to detect the statistical association between different variables and mortality and the chi-square for the linear trend was used to test the dose–response relationships. We did not use the conventional regression techniques such as multivariable analysis because the exposure factors were found to be highly correlated with each other. Rather we tried to find out the combinations of clinical, immunological, and biochemical combinations that lead to mortality in severe COVID disease. Factor reduction technique (principal component analysis) was used to identify the combinations that lead to the outcome variable, in-hospital mortality. Moreover, our data showed that input variables are correlated and are suited for factor analysis (Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy = 0.541 and p < 0.001 for Bartlett’s test for sphericity).



Results

The study included 431 adult SARS-CoV2-infected critically ill patients, composed of 254 (58.9%) men. Among the study participants, 194 expired in the ICU accounting for a case fatality rate (CFR) of 45%. CFR was found to be 42.1% (107) and 49.2% (87) among males and females, respectively, with no statistically significant difference [RR = 0.86 (0.70–1.06), p = 0.146]. Among the 416 patients, 291 (70%) were diagnosed using the rapid antigen test (RAT), followed by 111 (26.7%) by RTPCR and 14 (3.3%) by the nucleic acid amplification test (NAAT). The average time to diagnosis from the onset of symptoms was 3 days and that to MDICU admission was a week (Table 1). A delay in admission to the MDICU was significantly high among the deceased compared to survivors (p = 0.006).


TABLE 1 Natural history of events in days.


	Variable
	Mean ± SD
	Median ± IQR
	Minimum
	Maximum

 

 	Starting of symptoms to diagnosis 	3.37 ± 2.97 	3 (1–4) 	0 	20


 	Starting of symptoms to MDICU admission 	7.74 ± 5.53 	7 (4–10) 	0 	35


 	Starting of symptoms to discharge /death 	19.67 ± 9.84 	18 (12–25) 	1 	64




 

Treatment was provided based on the Kerala State Medical Board protocol. Steroids were administered to all patients. Anticoagulants were provided in 301 (69.8%), Remdesivir in 274 (63.6%), Tocilizumab in 90 (20.9%), Baricitinib in 80 (18.6%), and Casirivimab-Imdevimab monoclonal antibody cocktail in 18 (4.2%).


Predictors of mortality


Age

The CFR had an increasing trend with age from 25.7% in less than 40 years (reference category) to 73.3% in 70–79 years. The odds ratio (OR) for mortality was eight times in patients 70 years or above from the reference category (Chi-square for linear trend p value < 0.001). The age distribution and age-specific CFRs are given in Table 2. The CFR was 63.8% (67/105) for people with 60 years or more and 39% for those under 60 years (127/326) [RR = 2.76 (1.75–4.35), p < 0.001].


TABLE 2 Dose–response relationship of age, multimorbidity and biochemical parameters with probability of dying.


	Variable
	Categories
	Frequency (percentage)
	Case fatality rate
	OR
	Chi-square for linear trend p value

 

 	Age in years N = 431 	<40 	141 (32.7%) 	36 (25.7%) 	Ref = 1 	<0.001


 	40–49 	92 (21.3%) 	42 (45.7%) 	2.45


 	50–59 	85 (19.7%) 	44 (51.8%) 	3.13


 	60–69 	68 (15.8%) 	39 (57.4%) 	3.92


 	70 and above 	45 (10.4%) 	33 (73.3%) 	8.02


 	Comorbidity N = 431 	No comorbidity 	111 (25.8%) 	44 (39.6%) 	Ref = 1 	<0.001


 	Single comorbidity 	96 (22.3%) 	31 (32.3%) 	0.73


 	Multi-morbidity with two comorbidities 	118 (27.4%) 	53 (44.9%) 	1.24


 	Multi-morbidity with three comorbidities 	62 (14.4%) 	34 (54.8%) 	1.85


 	Multi-morbidity with more than three comorbidities 	44 (10.2%) 	31 (70.5%) 	3.63


 	Vaccination (N = 423) 	Two doses 	41 (9.7%) 	10 (24.4%) 	Ref = 1 	0.002


 	One dose 	44 (10.4%) 	16 (36.4%) 	1.77


 	Unvaccinated 	338 (79.9%) 	164 (48.5%) 	2.92


 	Serum Ferritin at the time of admission (N = 361) 	<500 	154 (42.7%) 	33 (21.4%) 	Ref = 1 	<0.001


 	500–1,500 	139 (38.5%) 	58 (41.7%) 	2.63


 	>1,500 	68 (18.8%) 	33 (48.5%) 	3.46


 	LDH at the time of admission (N = 341) 	<280 	18 (5.3%) 	2 (11.1%) 	Ref = 1 	<0.001


 	280–560 	120 (35.2%) 	24 (20%) 	2.00


 	561–840 	91 (26.7%) 	29 (31.9%) 	3.74


 	841–1,120 	47 (13.8%) 	24 (51.1%) 	8.35


 	>1,120 	65 (19.1%) 	36 (55.4%) 	9.93


 	D-Dimer N = 353 	5 or less 	279 (79%) 	107 (38.4%) 	Ref = 1 	<0.001


 	5.1–10 	54 (15.3%) 	36 (66.6%) 	3.2


 	>10 	20 (5.7%) 	13 (65%) 	3.0


 	SGOT at admission (N = 375) 	<40 	168 (44.8%) 	51 (30.4) 	Ref = 1 	0.028


 	40–120 	169 (45.1%) 	58 (34.3) 	1.20


 	>120 	38 (10.1%) 	20 (52.6) 	2.55


 	SGPT at admission (N = 374) 	<40 	185 (49.5%) 	60 (32.4) 	Ref = 1 	0.272


 	40–120 	155 (41.4%) 	54 (34.8) 	1.11


 	>120 	34 (9.1%) 	15 (44.1) 	1.65


 	Serum creatinine (N = 403) 	<2 	354 (87.8%) 	143 (40.4%) 	Ref = 1 	<0.001


 	2–5 	24 (6%) 	19 (79.2%) 	5.61


 	>5 	25 (6.2%) 	16 (64%) 	2.62


 	Blood Urea (N = 400) 	<40 	220 (55%) 	65 (29.5%) 	Ref = 1 	<0.001


 	40–120 	140 (35%) 	77 (55%) 	2.92


 	>120 	40 (20%) 	35 (87.5%) 	16.69




 



Clinical symptoms

A comparison of symptoms at the time of admission, between the deceased and survivors, showed that breathlessness (70.1% vs. 56.5%), cough (58.2% vs. 48.5%), fever (56.7% vs. 52.7%) and diarrhea (7.7% vs. 2.9%) were significantly more among the deceased (Table 3).


TABLE 3 Symptom profile, comorbidities, and complications among the deceased and survivors.


	Symptom/comorbidity
	Among expired N = 194 (100%)
	Among survived N = 237 (100%)
	RR (95%CI)
	p value

 

 	Symptoms at the time of presentation


 	Breathlessness 	136 (70.1) 	134 (56.5) 	1.24 (1.07–1.43) 	0.004


 	Cough 	113 (58.2) 	115 (48.5) 	1.20 (1.01–1.43) 	0.043


 	Fever 	110 (56.7) 	125 (52.7) 	1.08 (0.91–1.28) 	0.410


 	Diarrhea 	15 (7.7) 	7 (2.9) 	2.62 (1.09–6.29) 	0.032


 	Generalized weakness 	14 (7.2) 	13 (5.5) 	1.32 (0.63–2.73) 	0.736


 	Headache 	15 (7.7) 	25 (10.5) 	0.73 (0.40–1.36) 	0.319


 	Muscle pain 	14 (7.2) 	25 (10.5) 	0.68 (0.58–3.10) 	0.235


 	Throat congestion 	11 (5.7) 	10 (4.2) 	1.34 (0.72–1.81) 	0.488


 	Tiredness 	9 (4.6) 	13 (5.5) 	0.85 (0.37–1.94) 	0.692


 	Vomiting 	13 (6.7) 	19 (8.0) 	0.84 (0.42–1.65) 	0.605


 	Altered sensorium 	6 	3 	 	


 	Decreased urine output 	1 	1 	 	


 	Hemoptysis 	0 	4 	 	


 	Nausea 	4 	6 	 	


 	Known comorbidities at the time of admission


 	Any form of hypersensitivity 	6 (3.1) 	12 (5.1) 	0.82 (0.58–1.15) 	0.309


 	Bronchial Asthma 	11 (5.7) 	14 (5.9) 	0.98 (0.69–1.40) 	0.917


 	Cerebro Vascular Accidents 	8 (4.1) 	4 (1.7) 	1.67 (0.75–3.73) 	0.126


 	Chronic Kidney Disease 	17 (8.8) 	8 (3.4) 	1.76 (1.00–3.14) 	0.017


 	Coronary Artery Disease 	25 (12.9) 	14 (5.9) 	1.59 (1.03–2.43) 	0.012


 	Chronic obstructive pulmonary disease 	7 (3.6) 	4 (1.7) 	1.53 (0.70–3.35) 	0.208


 	Diabetes mellitus 	71 (36.6) 	65 (27.4) 	1.22 (1.00–1.49) 	0.042


 	Dyslipidaemia 	14 (7.2) 	10 (4.2) 	1.34 (0.83–2.17) 	0.177


 	Hypertension 	80 (41.2) 	47 (19.8) 	1.69 (1.32–2.15) 	<0.001


 	Hypothyroidism 	15 (7.7) 	16 (6.8) 	1.07 (0.75–1.52) 	0.695


 	Malignancy 	16 (8.2) 	7 (3.0) 	2.79 (1.17–6.65) 	0.020


 	Obesity 	4 (2.1) 	6 (2.5) 	0.91 (0.55–1.53) 	0.747


 	Reactive airway disease 	1 	0 	 	


 	Tuberculosis 	1 	2 	 	


 	Psychiatric morbidities 	5 	7 	 	


 	Chronic Liver Disease 	2 	2 	 	


 	Complications during hospital stay


 	COVID ARDS 	35 (18.0) 	8 (3.4) 	5.34 (2.54–11.25) 	<0.001


 	COVID Bronchopneumonia 	148 (76.3) 	156 (65.8) 	1.16 (1.03–1.31) 	0.017


 	Sepsis 	21 (10.8) 	6 (2.6) 	4.28 (1.76–10.38) 	0.001


 	Septic shock 	21 (10.8) 	1 	25.65 (3.48–189) 	0.002


 	A/c kidney injury 	26 (13.4) 	3 (1.3) 	10.59 (3.25–34.45) 	<0.001


 	A/c on Chronic kidney injury 	3 	0 	 	


 	Infection related ventilator associated condition (IVAC) 	54 (27.8) 	31 (13.4) 	2.13 (1.43–3.17) 	<0.001


 	Catheter related blood stream infection 	2 	1 	 	


 	Catheter associated UTI 	1 	0 	 	


 	Hypothyroidism 	17 (8.8) 	11 (4.8) 	1.89 (0.91–3.93) 	0.09


 	Hyperthyroidism 	0 	2 	 	


 	Acute coronary syndrome 	2 	3 	 	


 	A/c liver failure 	1 	1 	 	


 	Cardiogenic shock 	3 	1 	 	


 	CVA hemorrhage 	2 	1 	 	


 	CVA infarct 	3 	0 	 	


 	Encephalitis 	2 	0 	 	


 	Hepatitis 	2 	1 	 	


 	Pleural effusion 	1 	3 	 	


 	Pulmonary embolism 	0 	1 	 	


 	Thrombocytopenia 	4 	3 	 	




 



Comorbidities

At the time of admission, at least one known comorbidity was present in 74.2% (320/431) patients, with the highest proportion being diabetes mellitus, (136, 31.6%) followed by systemic arterial hypertension (127, 29.5%) (Table 3). However, 224 (70%) of the320 individuals with comorbidities suffered multi-morbidity which in turn was associated with a high CFR. The CFR had a dose–response relationship with the number of comorbidities. The odds of mortality in multi-morbidity with three or more existing diseases was 3.63 times compared to people without any reported comorbidities (Chi-square for linear trend p value < 0.001). Among individuals with comorbidities, those with chronic kidney disease [RR 1.7 (1.00–3.14), p = 0.022], systemic arterial hypertension [RR = 1.69 (1.32–2.15), p < 0.001], coronary artery disease [RR = 1.59 (1.03–2.43), p = 0.012], diabetes mellitus [RR = 1.22 (1.00–1.49), p = 0.042] and malignancy [RR = 2.79 (1.17–6.65), p = 0.020] were significantly associated with higher in-hospital mortality among critically ill patients.



Vaccination status

Among 423 critically ill patients who reported the vaccination status, 44 (10.4%) received a single vaccine dose and 41 (9.7%) received both doses. Among the vaccinated, 71 (84.5%) received the ChAdOx1 nCoV-19 Corona virus vaccine (Covishield) and 14 (15.5%) received the BBV152-inactivated vaccine (Covaxin). The CFR among unvaccinated was 48.5% (164/338), 36.4% (16/44) among those who received a single dose, and 24.4% (10/41) if both doses were received. People who took at least a single dose of vaccine was found to be significantly protected from mortality [RR = 0.63 (0.45–0.88), p = 0.008]. A dose–response relationship was noted between the number of vaccine shots and mortality. Compared to those who took two doses of vaccine, the odds ratio for mortality for those who received a single dose was 1.77, and in the unvaccinated group, it was 2.92 (Chi-square for linear trend p value = 0.002). There was no significant difference in mortality found among patients vaccinated with Covishield (29.6%) and Covaxin (35.7%), (p = 0.640).



Complications

Among the critically ill patients, 288 (66.8%) needed ventilatory support with, 248 (86.1%) receiving noninvasive ventilation. CFR was significantly more with COVID ARDS [RR = 5.34 (2.54–11.25)], COVID Bronchopneumonia [RR = 1.16 (1.03–1.31)], sepsis [RR = 4.28 (1.76–10.38)], septic shock [RR = 25.65 (3.48–189)], acute kidney injury [RR = 10.59 (3.25–34.45)] and infection-related ventilator-associated condition (IVAC) [RR = 2.13 (1.43–3.17)]. Most patients with bacteremia (72%) died; causative agents isolated include multi-drug resistant (MDR) acinetobacter, klebsiella, pseudomonas, and enterococci. Clinical complications observed during the study period are listed in Table 3.



Biochemical and radiological parameters

Serum ferritin, LDH, d-dimer, and SGOT were detected to have a dose–response gradient with the risk of mortality risk. The mortality risk increased with SGPT values, though it was not statistically significant (Table 2). NT-ProBNP values were more than 500 pg./mL in 33 of the 52 deceased compared to 42 among 90 survivors [RR = 1.36 (1.01–1.84) p = 0.046]. The PaO2/ FiO2 ratio was less than 150 in 58 of 83 deceased subjects compared to 53 among 156 survived [RR = 2.06 (1.59–2.67) p < 0.001]. A CRP of more than 100 mg/dL was observed in only 3 of the 113 expired patients compared to 2 among 226 surviving patients, the difference though not significant statistically. Chest skiagrams of patients showed evidence of bilateral infiltrates, peripheral opacities, consolidation of the lung parenchyma, pleural effusion, and cardiomegaly. Lung ultrasound showed poor aeration in 44.3% of survivors and 55.7% of non-survivors.



Principal components of mortality predictors

Nine domains/sets of variables that contributed to higher mortality were identified in the principal component analysis: (1) renal insufficiency, (2) hepatic insufficiency, (3) coronary artery disease and elevated inflammatory markers, (4) hypertension, diabetes, and lack of vaccination, (5) Pneumonia, (6) Breathlessness and ARDS, (7) sepsis and septic shock, (8) cough and (9) diarrhea at the time of admission. The variable “age more than 60 years” was found to be loaded with many domains (Table 4).


TABLE 4 Principal component analysis for grouping predictors of mortality (total score = 21).


	Sl No
	Principal component (number of subcomponents)
	Variable
	Factor loading

 

 	1 	Renal (3) 	Creatinine value more than 2 	0.789


 	Known case of renal failure 	0.567


 	Blood urea more than 40 	0.651


 	2 	Hepatic (3) 	SGOT more than 40 	0.824


 	SGPT more than 40 	0.646


 	LDH more than 560 	0.463


 	3 	Cardiac and Inflammatory (4) 	Known Coronary artery diseases 	0.482


 	D-dimer more than 5 	0.747


 	Ferritin more than 500 	0.439


 	LDH more than 560 	0.440


 	4 	Comorbidities and no-vaccination (3) 	Hypertension 	0.645


 	Diabetes 	0.713


 	Status of no-vaccination 	0.567


 	5 	Pneumonia (2) 	Respiratory Rate more than 30 	0.720


 	Clinical diagnosis of bronchopneumonia 	0.744


 	6 	Breathlessness and ARDS (2) 	Breathlessness 	0.759


 	COVID ARDS 	0.672


 	7 	Sepsis (2) 	Sepsis 	0.707


 	Septic shock 	0.675


 	8 	Cough (1) 	Cough 	0.812


 	9 	Diarrhea (1) 	Diarrhea 	0.808




 





Discussion

The study cohort exhibited an in-hospital mortality rate of 45%; nevertheless, it is imperative to contextualize this figure within the framework of individuals infected with SARS-CoV-2, who possessed the highest antecedent probability of mortality (patients studied fall into the highest category of clinical severity and were admitted in multidisciplinary ICU of a COVID hospital), as delineated within the study. However, the general community of Kerala experienced one of the lowest CFRs during the COVID-19 pandemic in India (5, 8).

Multiple studies have shown that age and comorbidities are associated with an increased risk of mortality and the relation is directly proportional, like the present study (9–11). The case fatality in COVID-19 grows exponentially with age. The relative immune deficiency from aging (immunosenescence), weakening of antiviral defenses and age-related comorbidities are factors that make age a crucial determinant of COVID-19-related mortality (12). The senior citizens are at increased risk of cytokine storm because of an increase in activity of NLRP-3 (nucleotide binding oligomerization domain) due to SARS-CoV-2 induced decline in sirtuin-2 levels (13). In the present study, 77.3% of the patients who died had comorbidities and CFR has established a dose–response relationship with the number of comorbidities. A study conducted in the UK by Docherty et al. (14) showed that heart disease, COPD, chronic kidney disease, obesity, and liver disorders are associated with a significant increase in COVID-19-related mortality. In a meta-analysis of 42 studies, comorbidities associated with increased mortality in COVID-19 were identified as chronic obstructive pulmonary disease (COPD), diabetes mellitus, systemic arterial hypertension, cerebrovascular disease, malignancy, and obesity (15). In our study patients who developed acute kidney injury (AKI) ARDS, sepsis, septic shock, and IVAC had a significantly increased risk of death. Bacterial superinfections due to MDR pathogens are a significant cause of mortality in severe COVID-19 cases. Critically ill require invasive device insertions and receive immunomodulators like steroids, tocilizumab, and JAK inhibitors which make them susceptible to the development of healthcare-associated infections due to MDR pathogens (16). Most of the bacterial superinfections in COVID-19 are healthcare-associated and a recent study showed that unsuccessfully treated ventilator-associated bacterial pneumonia in patients with severe COVID-19 is associated with increased risk of mortality risk (17, 18).

In the present study, the mortality was significantly lower among patients who had received SARS-CoV-2 vaccination. A dose–response relationship was noted between the number of vaccine shots and mortality. Our study group is not a good cohort to assess the vaccine effectiveness because vaccines would have reduced the probability of people entering into the category of severe COVID-19 disease. Nevertheless, this study provides evidence that even among critically ill patients, vaccination is protective. Studies have shown that full vaccination status had a mortality benefit even in patients who required mechanical ventilation due to COVID-19-related ARDS (19, 20). A large study by Baker et al. (20) in hospitalized adult patients with COVID-19 showed that vaccination was associated with significant reductions in mortality for obese, severely obese, and older adult patients. Vaccine effectiveness studies have proved that 2 or 3 doses of vaccine can result in a 90% reduction in risk for severe COVID-19 outcomes, including invasive mechanical ventilation and in-hospital death across all variant periods (21, 22). Studies have shown that hybrid immunity is superior to vaccine or infection-induced immunity in preventing COVID-19-related adverse clinical outcomes (23).

Several biochemical parameters were also significantly associated with mortality in the present study. Serum ferritin is an acute phase reactant whose levels reflect the hyperinflammatory milieu prevailing in the body due to COVID-19 and could be used as a predictive biomarker for assessing COVID-19 severity (24). Elevated LDH, SGOT, and SGPT are reflections of cellular hypoxia attributed to the reduced PaO2/FiO2 occurring in severe COVID-19 pneumonia. Transaminitis can be due to liver injury by the virus, proinflammatory cytokines, congestive hepatopathy, hypoxia, ischemia, drugs, or due to myositis. Elevated LDH level mirrors the extent of cell membrane necrosis and increasing level of LDH correlates with the extent of tissue damage and inflammation. In the current study, Lung ultrasound (LUS) showed poor aeration in 44.3% of survivors and 55.7% of non-survivors. This difference was statistically significant. In contrast to other studies, in our study, the CT severity index (CTSI) > 15 was not found to be a predictor of mortality. This shows that for functional evaluation of lung aeration in COVID-19 pneumonia, LUS is superior to CTSI. A high LUS score is associated with unfavorable outcomes. Multiple studies have shown that LUS helps diagnose, prognosticate, and initiate optimal critical care interventions without delay. The study has also identified nine domains that contributed to the mortality. Multiple studies have shown that in SARS-CoV-2 patients with cardiovascular disease, elevated markers of thrombo-inflammatory activation like CRP, IL-6, and troponins are predictors of mortality (25). The study points out the importance of infection control practices in ICUs to reduce mortality among critically ill patients. It highlights the need for caregivers to be adequately trained and consistently vigilant in mitigating hospital acquired infections.

We used principal component analysis to identify the syndrome complexes and correlated factors at the time of admissions, those contributed to mortality and identified nine domains. It included renal insufficiency, transaminitis, coronary artery disease and elevated inflammatory markers, comorbidities and being unvaccinated, pneumonia, breathlessness and ARDS, sepsis and septic shock, cough/diarrhea at the time of admission. We suggest a 21-item scoring system to assess the mortality risk for critically ill COVID-19 patients admitted in ICUs (Table 4). The minimum score is 0 and maximum score 21 and the risk of mortality increases with the score. Old age may be included as another component at the time of validation as age was found to be loaded in multiple principal components. The checklist given as Figure 1 could be used by the emergency physician for the risk stratification of critically ill COVID-19 patients admitted in ICUs.

[image: Flowchart listing ICU high-risk factors. At admission: high risk includes age over seventy years, unvaccinated status, symptoms of cough or loose stools, and comorbidities like renal failure or coronary heart disease. During admission or ICU stay: high risk involves comorbidities such as hypertension or diabetes, lung health issues including breathlessness or signs of ARDS, renal health issues like elevated serum creatinine or blood urea, high inflammatory markers such as D-dimer, ferritin, or LDH, and complications like bronchopneumonia, sepsis, or septic shock.]

FIGURE 1
 Risk stratification checklist for critically ill COVID-19 patients admitted in ICUs.



Limitations of the study

Being a retrospective study, the completeness of data to certain variables was a major limitation. The current study was conducted in a single hospital in Kerala and it may not be a representative case of the pan Indian scenario. We presented the distribution of patients who received steroids, antiviral drugs and anticoagulants. However, these treatments were administered based on specific clinical indications, and to those patients with higher risk of in-hospital mortality. The potential selection bias prevented us from performing a specific analysis on the impact of treatments. This study focused solely on in-hospital mortality and did not analyze the mortality risk and contributing factors over a longer time frame. The tool that we proposed to measure the in hospital mortality of critically ill in COVID-19 needs further validation, to assign weightages for different subcomponents, and to find out the cutoff point to predict in-hospital mortality.




Conclusion

In low-and -middle-income countries with limited health system resources, the nine domains identified as main predictors of mortality among critically ill patients in this study will aid the practitioners in triaging the patients and in improving the clinical outcomes. The identified predictors help in prognosticating patient outcomes and thereby guide the rationalization of clinical management. The findings of the current study can help inform the prioritization of patients admitted to intensive care units in hospitals located in LMICs during pandemics and large-scale outbreaks caused by respiratory pathogens.
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Introduction: Leukocyte telomere length is considered a promising prognostic marker associated with COVID-19 severity, adverse outcomes (hospital admission, need for critical care, and respiratory support), and mortality. However, the contribution of telomere length to post-COVID-19 syndrome (PCS) development is unclear.
Aim: This study aimed to evaluate the association between telomere shortening and the course of PCS in patients with type 2 diabetes (T2D) and to determine whether telomere length is linked to clinical phenotype, gender, and biological age.
Materials and methods: In this cross-sectional study, 66 T2D patients who had recovered from COVID-19 were enrolled. Patients were divided into two groups depending on PCS development: the PCS group (n = 44) and patients who did not develop PCS (n = 22) within 6 months after COVID-19 infection. Relative telomere length was determined using the standardized method proposed by Cawthon et al. A range of machine learning models was developed for PCS prediction. These models underwent training utilizing a cross-validation approach, as well as internal validation.
Results: We observed a significantly lower mean of telomere length in T2D patients with PCS as compared to those without it (1.09 ± 0.19 and 1.28 ± 0.24; p = 0.001). In the sub-analysis, shorter telomeres were observed in female patients and patients of older age in both groups. The mean telomere length did not differ significantly among clinical phenotypes of PCS (p = 0.193). The best model generated for PCS prediction was the gradient boosting machine (GBM), which achieved an AUC of 0.753. The most influential variables across the top 10 models included telomere length, HbA1c, vitamin D3, waist circumference, ApoA1, C peptide, ApoB, COVID-19 severity, duration of T2D, IL-6, cholesterol, BMI, and age. Leukocyte telomere length and HbA1c exhibited significantly greater impact than other features.
Conclusion: Shorter telomere length and higher HbA1c levels were significantly associated with the presence of PCS in our cohort of individuals with T2D. These factors may represent potential biomarkers that warrant further investigation.
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Introduction

The recent outbreak of severe acute respiratory syndrome caused by coronavirus 2 (SARS-CoV-2) and the related coronavirus infection (COVID-19), in which inflammation plays a critical role, has gripped the international community and raised widespread public health concern (1, 2). Notably, obesity and type 2 diabetes (T2D) were the most significant risk factors for severe forms of COVID-19, provoking various complications and a high death rate (3). Post-COVID-19 syndrome (PCS; long COVID-19, post-acute COVID-19, and long-term effects of COVID-19) became an emerging health problem in people recovering from COVID-19 infection within the past 3–6 months and is characterized by a set of symptoms, including fatigue, muscle pain, cough, drowsiness, headaches, and more (4). Currently, the bidirectional association between diabetes and long-COVID-19 has been discussed (5–7). Some evidence suggests that diabetes may be a risk factor for the development of PCS (6). Recent data also indicate that new-onset diabetes may be a complication of COVID-19 and represent the metabolic clinical phenotype of PCS (8, 9). However, the particular association between T2D and PCS are still under debate.

Studying the genetic code of aging is a very relevant topic in current times (10). The physiological processes of aging and the impact of pathological changes may be based on the length and quality of telomeres, which maintain chromosomal stability and prevent their degradation (11). The leukocyte telomere can be a surrogate reflection of a genetic clock (12). Telomeres shorten along with cell proliferation, so telomere length negatively correlates with cell replication numbers, reflecting a biological age (13).

Reduced telomere length and their attrition are associated with an increased incidence of cardiovascular, respiratory, digestive, and musculoskeletal diseases (14–16). Telomere shortening is observed in people with acute and chronic diseases, unhealthy habits, stress, and intoxication (17–20). It has also been proven that lifestyle modification, diet, and some medications can increase chromosomal length, thereby preventing the disease (21). It was also found that telomere length is shorter in people with diabetes than in individuals of the same age without metabolic disorders (22). This phenomenon was illustrated in both β-cells and peripheral blood leukocytes and inversely correlated with insulin resistance progression (23–25). Therefore, telomere length was assumed to be a candidate biomarker for predicting T2D progression.

Notably, telomere shortening is also a marker of COVID-19 severity and is linked to mortality (21). Naturally, physiological aging causes a decrease in telomere size, a decline in cell proliferation, and exhaustion of the reparative capabilities (26). It is believed that older people are more susceptible to coronavirus disease at the receptor level due to the damage or shortening of telomeres. This results in the expression of angiotensin-converting enzyme 2 (ACE2) and DNA damage response (DDR), which leads to increased disease severity, more frequent complications, hospitalizations, and mortality (26). Another argument proving the role of telomeres in the aging process was demonstrated in a study on mice with severe viral pneumonia. Macrophages with shortened telomeres were found in lung tissue, and their accelerated senescence was caused by mitochondrial distress and abnormal activation of the STING and NLRP3 inflammatory pathways. Such results may explain the concept of innate immune aging and encourage the study of the role of senolytics for symptomatic support of severe viral pneumonia in the elderly (27).

Recent data regarding telomere length in patients with PCS are very scarce and limited to several reports, which demonstrate its shortening in cases with pulmonary sequelae (28–30). Although COVID-19 and T2D affect telomeres, there is a gap in data concerning a link between PCS, T2D, and telomere length.

The current study aimed to investigate the association between leukocyte telomere length and clinical features, personal history, inflammatory markers, and metabolic profile in patients with T2D suffering from PCS with different clinical phenotypes.



Materials and methods


Study design

In this cross-sectional pilot study, 66 patients with T2D were recruited from the University Hospitals of Bogomolets National Medical University and Kyiv City Clinical Endocrinology Center using a convenience sampling method. As this was an exploratory pilot study, a formal a priori sample size calculation was not performed; the sample size was based on the availability of eligible patients who consented to participate during the recruitment period.

The inclusion criteria were age over 18 years and the presence of T2D and COVID-19 infection confirmed by a positive Reverse transcription polymerase chain reaction (RT-PCR) test (Seegene, South Korea). Next, patients were divided into two groups depending on PCS presence: PCS group (main group, n = 44) and patients who did not develop PCS (comparison group, n = 22) for up to 6 months after COVID-19 infection. PCS was defined according to the WHO criteria as the continuation or development of new symptoms more than 3 months after the initial SARS-CoV-2 infection. Patients with the following PCS clinical phenotypes were included in the study: a predominance of fatigue and/or pain, mental disorders, cardiorespiratory symptoms, and metabolic-associated symptoms (which are defined as fluctuating, increasing, persistent, or relapsing pre-existing chronic complications or the natural course of T2D). The exclusion criteria included type 1 diabetes, new-onset diabetes due to COVID-19 or secondary diabetes, and active malignancy.

The following clinical and demographic data were collected: age, gender, anthropometric indicators, T2D duration and age of onset, T2D complications, history of COVID-19, COVID-19 severity and treatment, PCS phenotype and symptoms, duration of PCS, and hypoglycemic therapy. According to the WHO classification, COVID-19 was categorized into mild, moderate, or severe infection. Mild COVID-19 was defined as respiratory symptoms without evidence of pneumonia or hypoxia, while moderate or severe infection required the presence of clinical and radiological evidence of pneumonia. In moderate cases, SpO2 was ≥90% on room air, while one of the following was required to define the severe cases: respiratory rate >30 breaths/min or SpO2 < 90% on room air (31, 32).

Anthropometric data, including weight and height, were measured to the nearest 100 g and 0.5 cm, respectively. Body mass index (BMI) was calculated as body weight in kilograms divided by the square of the participant’s height in meters (weight/height2). Waist (narrowest diameter between xiphoid process and iliac crest) circumference (WC) was also measured.



Laboratory measurements

In the main group, the blood samples were drawn from patients during hospital admission in the active PCS phase. In the comparison group, blood was collected during the standard follow-up visit in the same period. The venous blood was collected after a 12-h overnight fasting in EDTA tubes (final concentration of 0.1% EDTA) and serum separator gel blood collection tubes.

The blood samples were analyzed for complete blood count (Sysmex 550, Japan), basic metabolic panel (AU-480, Beckman Coulter, United States), HbA1c level (G8), high sensitivity C-reactive protein (hs-CRP), apolipoprotein A and apolipoprotein B (AU-480, Beckman Coulter, United States), vitamin D, and IL-6 (Maglumi X8, China) in an ISO 15189 certified laboratory according to the manufacturer’s instructions and standard operating procedures (SOPs).



Telomere length determination

DNA samples were isolated from peripheral blood mononuclear cells using the phenol–chloroform purification method. The quality of DNA preparations was determined by spectral characteristics, using an ND-1000 spectrophotometer (NanoDrop, United States) in the range of λ220–λ300.

To determine the relative telomere length, a standardized method of quantitative monochrome multiplex polymerase chain reaction in real time (MM–qPCR) was used, which was proposed by Cawthon (33). This reaction was performed in the presence of SYBR Green I intercalating dye using HOT FIREPol® Probe qPCR Mix (Solis BioDyne, Estonia), in accordance with the manufacturer’s recommendations, on a Bio-Rad Chromo4 amplifier. For each sample, 10 ng DNA was used along with a pair of primers telg 5′–ACACTAAGGTTTGGGTTTGGGTTTGGGTTTGGGTTAGTGT–3′ and telc 5′–TGTTAGGTATCCCTATCCCTATCCCTATCCCTATCCCTAACA–3′ (final concentration, 450 nmol each), as well as a pair of albumin primers albu 5′–CGGCGGCGGGCGGCCGGGGCTGGGCGGCTTCATCCACGTTCACCTTG–3′ and albd 5′–GCCCGGCCCGCCGCGCCCGTCCCGCCGGAGGAGAAGTCTGCCGTT–3′ (final concentration of each, 250 nmol). These were added to 18 μL of the reaction mixture containing betaine at a final concentration of 1 M. All experimental DNA samples were analyzed in triplicate. Cy0 alternatives to threshold cycles, as in Guescini et al., were used instead of threshold cycle (Ct) (34). Normalized data were calculated using standard curves generated from serial dilutions (1, 1/3, 1/9, 1/27) of a randomly selected sample. Separate standard curves were created for the telomeric signal and the single-copy gene signal. Cy0 values were used with a standard curve to determine telomeric DNA amount (T) relative to reference DNA; data for albumin DNA(S) amount were obtained in a similar manner. Relative telomere length was determined as T/S ratios.



Statistical analysis

Statistical analysis was performed using standard software SPSS version 20.0 (SPSS, Inc., Chicago, Illinois, United States) and GraphPad Prism, version 6.0 (GraphPad Software, Inc., La Jolla, CA, United States). Data distribution was analyzed using the Kolmogorov–Smirnov normality test. All continuous values were expressed as mean±SD, and categorical variables were presented as percentages. For comparison of telomere length between different clinical phenotypes of PCS, analysis of variance (ANOVA) was performed. The independent samples t-test was used to compare differences between groups. For comparisons of categorical variables, we conducted a χ2 test. The relationship between relative telomere length and main parameters was assessed using univariate Pearson’s correlation analysis. Finally, univariate logistic regression analysis was applied to assess the association between potential risk factors, including telomere length, and the presence of PCS in patients with T2D.



Model development

We used the open-source H2O.ai autoML package for Python (35), enabling utilization on a local device to ensure patient data confidentiality. This package facilitates the training and cross-validation of various common machine learning algorithms, including gradient boosting machine (GBM), extreme gradient boosting (XGBoost), general linear models (GLMs), extremely randomized trees (XRT), distributed random forest (DRF), and deep learning (DL). Moreover, the package generates two types of stacked ensemble models–one utilizing all previously trained models and another incorporating the best model from each model family. Further details regarding the construction of each model and the hyperparameters tuned via autoML are available in the documentation provided by H2O.ai (35). Prior to utilization in model training, all continuous features underwent quantile transformation. Afterward, we used autoML to train 50 models using the 5-fold cross-validation, ranking them based on performance. Permutation importance and Shapley additive explanations (SHAP) were computed for the top model. To determine the most influential variables, we used an aggregated feature importance approach. First, permutation feature importance was calculated for each variable within our top 10 performing classification models. The variables were then ranked according to their median importance score across all 10 models.

GBMs are ensemble learning methods that combine the predictions of multiple weak learners to improve accuracy and robustness. In our case, GBMs performed best, likely because they effectively handle small datasets with many features, leveraging their ability to capture complex interactions and patterns without overfitting.

To assess the diagnostic accuracy of the developed models for predicting PCS, we used receiver operating characteristic (ROC) curves with the analysis of the area under the ROC curve (AUROC). AUROC values close to 1.0 indicated high diagnostic accuracy. Optimal cutoff values were chosen to maximize the sum of sensitivity and specificity (36).




Results


Characteristics of the study participants

Overall, we examined 66 patients with T2D who had COVID-19 in 2023. The main group (n = 44) experienced clinical signs of PCS of varying duration and severity. The comparison group (n = 22) did not report the development of PCS for more than 6 months after COVID-19 infection. The mean age was comparable between groups (62.09 ± 9.46 vs. 62.45 ± 11.45 years, p = 0.896). Anthropometric, clinical, and laboratory parameters are presented in Table 1. It should be noted that patients with PCS had higher weight, WC, and BMI; however, the differences between groups were not statistically significant. The mean duration of T2D in patients with PCS was 10.13 ± 6.93 years, which was comparable to the comparison group (10.68 ± 8.06, p = 0.721; Table 1).


TABLE 1 General participant and COVID-19 characteristics.


	Parameter
	PCS absent (n = 22)
	PCS present (n = 44)
	
p


 

 	Age, years 	62.09 ± 9.46 	62.45 ± 11.14 	0.896


 	T2D duration, years 	10.81 ± 7.90 	10.13 ± 6.93 	0.721


 	Weight, kg 	86.59 ± 12.12 	87.45 ± 15.45 	0.820


 	BMI, kg/m2 	29.63 ± 4.60 	30.43 ± 5.69 	0.567


 	Waist circumference, cm 	98.22 ± 12.61 	99.18 ± 12.40 	0.770


 	Metformin, % (n) 	72.7 (16) 	75.0 (33) 	0.842


 	SUs, % (n) 	27.3 (6) 	34.1 (15) 	0.575


 	DPP-4 inhibitors, % (n) 	4.5 (1) 	2.3 (1) 	0.612


 	GLP-1 agonists, % (n) 	4.5 (1) 	2.3 (1) 	0.612


 	SGLT-2 antagonists, % (n) 	4.5 (1) 	15.9 (7) 	0.182


 	Insulin human, % (n) 	9.1 (2) 	11.4 (5) 	0.777


 	Insulin analogs, % (n) 	27.3 (6) 	22.7 (10) 	0.685


 	Diet only, % (n) 	- 	2.3 (1) 	0.476


 	Monotherapy, % (n) 	27.3 (6) 	36.4 (16) 	0.720


 	Combination of ADD, % (n) 	31.8 (7) 	38.6 (17) 	0.587


 	Combination of ADD with insulin, % (n) 	27.3 (6) 	22.7 (10) 	0.685


 	Diabetic nephropathy, % (n) 	9.1 (2) 	27.3 (12) 	0.089


 	Diabetic peripheral neuropathy, % (n) 	68.2 (15) 	70.5 (31) 	0.850


 	Diabetic autonomic neuropathy, % (n) 	- 	4.5 (2) 	0.310


 	Diabetic retinopathy, % (n) 	22.7 (5) 	31.8 (14) 	0.442


 	Diabetic foot, % (n) 	13.6 (3) 	9.1 (4) 	0.572


 	No complication, % (n) 	27.3 (6) 	25.0 (11) 	0.842


 	Myocardial infarction, % (n) 	- 	4.5 (2) 	0.310


 	Stroke, % (n) 	9.1 (2) 	6.8 (3) 	0.742


 	HbA1c, % 	7.83 ± 1.26 	8.81 ± 1.55 	0.012


 	Total cholesterol, mmol/L 	5.81 ± 1.69 	5.57 ± 1.66 	0.584


 	Apolipoprotein B, g/L 	0.95 ± 0.31 	0.94 ± 0.36 	0.946


 	Apolipoprotein A1, g/L 	1.79 ± 0.54 	1.60 ± 0.41 	0.119


 	Vitamin D3, ng/mL 	21.89 ± 12.67 	17.43 ± 8.26 	0.091


 	hs-CRP, mg/L 	4.14 ± 2.34 	5.14 ± 4.32 	0.315


 	IL-6, pg/mL 	2.82 ± 2.44 	3.72 ± 3.43 	0.278


 	COVID-19 characteristics


 	No treatment, % (n) 	22.7 (5) 	13.6 (6) 	0.350


 	Supplements/NSAIDs, % (n) 	77.3 (17) 	86.4 (38) 	0.350


 	Antibiotics, % (n) 	40.9 (9) 	54.5 (24) 	0.296


 	O2 therapy, % (n) 	9.1 (2) 	27.3 (12) 	0.089


 	Steroids, % (n) 	13.6 (3) 	36.4 (16) 	0.055


 	Mechanical ventilation, % (n) 	4.5 (1) 	4.5 (2) 	0.999


 	COVID-19 severity (WHO), % (n)


 	Mild, % (n) 	72.8 (16) 	43.2 (19) 	0.161


 	Moderate without hospitalization, % (n) 	13.6 (3) 	29.5 (13) 	


 	Moderate with hospitalization, % (n) 	9.1 (2) 	18.2 (8) 	


 	Severe, % (n) 	4.5 (1) 	9.1 (4) 	





The data are presented as percentages (frequency) and mean±SD; BMI, body mass index; SUs, sulfonylureas; ADD, anti-diabetic drugs; PCS, post-COVID-19 syndrome. NSAIDs, non-steroidal anti-inflammatory drugs; WHO, World Health Organization. The bold indicates significant changes.
 

Among the most common anti-diabetic drugs (ADD) prescribed to patients were biguanides and sulfonylureas (SUs). More than 70% of patients in both groups received metformin (p = 0.842). No significant differences in prescribed ADD were found between groups. However, the 2-fold higher percentages of patients without PCS were treated with DPP-4 inhibitors and GLP-1 agonists (4.5% vs. 2.3%; p = 0.612). Furthermore, patients without PCS more often received insulin analogs (27.3% vs. 22.7%; p = 0.685), whereas patients with PCS more often received SUs (34.1% vs. 27.3%; p = 0.575). However, these treatment differences were not statistically significant between groups.

The chronic T2D complication profile is presented in Table 1. A higher prevalence of all chronic complications, except diabetic foot, was observed in patients with PCS. In addition, diabetic nephropathy was three times more common in the PCS group than in patients without PCS (27.3% vs. 9.1%; p = 0.089). This may explain the more frequent prescriptions of SGLT-2 antagonists in the observed groups (4.5% vs. 15.9%; p = 0.182).

Analysis of main laboratory parameters revealed that patients with PCS demonstrated worse glycemic control and higher levels of pro-inflammatory biomarkers. For instance, the level of HbA1c was significantly higher in PCS patients (8.81 ± 1.55%) than in the comparison group (7.83 ± 1.26%; p = 0.012). This finding reflects the association between metabolic disturbance severity and PCS development. In addition, the PCS group demonstrated slightly elevated levels of hs-CRP (p = 0.315) and IL-6 (p = 0.278), reflecting a link to inflammation and lower levels of vitamin D3 in individuals suffering from PCS (17.43 ± 8.26 vs. 21.89 ± 12.67 ng/mL; p = 0.091); however, these differences were not statistically significant due to high variability in PCS patients.



COVID-19-related anamnesis of the study participants

More than 70% of patients without PCS reported mild COVID-19 disease severity. Patients with T2D and PCS were more frequently diagnosed with moderate and severe forms of COVID-19 infection. In general, the prevalence of moderate-to-severe forms of COVID-19 infection was 2-fold higher in the PCS group than in patients without PCS (56.8% vs. 27.2%, p = 0.161; Table 1).

Differences in the management of active COVID-19 infection were also observed. Patients with PCS reported higher rates of glucocorticoid prescriptions (36.4% vs. 13.6%; p = 0.055). In addition, patients with PCS more frequently received O2 therapy (27.3% vs. 9.1%; p = 0.089). The use of supplements such as zinc, vitamin D3, non-steroidal anti-inflammatory drugs (NSAIDs), and/or antibiotics was approximately on the same level and did not differ significantly between groups (Table 1).



Relative telomere length analysis

In contrast to serum biomarkers, telomere length was closely associated with PCS. The results of our research showed significantly lower relative mean telomere length in patients with PCS as compared to those without it (1.09 ± 0.19 and 1.28 ± 0.24; p = 0.001; Figure 1A). This finding highlights the link between the development of PCS and the acceleration of biological aging mechanisms.
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FIGURE 1
 Comparison of the relative telomere length in study participants. Bar plots represent mean ± standard deviation. (A) Depending on PCS present; (B) difference between main clinical phenotypes of PCS; (C) gender-specific analysis; (D) age-dependent analysis. (A,C,D) Independent Student’s t-test; (B) one-way ANOVA was used for comparison. *p < 0.05.


Patients of the main group were subdivided according to the following clinical phenotypes of PCS: fatigue and/or pain (n = 13), mental disorders (n = 10), cardiorespiratory symptoms (n = 12), and metabolic-associated symptoms (n = 9). The average length of telomeres was the shortest in patients who experienced worsening of metabolic-associated symptoms (1.00 ± 0.14). In patients with a predominance of fatigue, the mean relative telomere length in leukocytes was 1.17 ± 0.2; in mental and cardiorespiratory symptoms, it was 1.11 ± 0.13 and 1.05 ± 0.23. However, the relative telomere length did not differ significantly between clinical phenotype subgroups (p = 0.193; Figure 1B).

The gender-specific sub-analysis demonstrated shorter telomere length in women (Figure 1C). In women with a history of PCS, the relative telomere length was 1.06 ± 0.20, which was lower than the length in men, that is, 1.11 ± 0.19 (p = 0.471); however, these differences were not statistically significant. Among patients without a history of PCS, the relative length of telomeres in leukocytes was 1.22 ± 0.17 in women and 1.33 ± 0.29 in men (p = 0.321). In both groups, gender-specific differences were not significant (Figure 1C).

In another sub-analysis, we compared the relative telomere length in patients with T2D regarding age (Figure 1D). Naturally, the shortening of telomere length in patients over 60 years as compared to younger patients was demonstrated and was more pronounced in the PCS group (1.05 ± 0.19 vs. 1.15 ± 0.20; p = 0.125). Gender- and age-specific telomere shortening have important implications for understanding the biology of PCS and its potential underlying mechanisms.

Overall, these findings point to the importance of considering gender and age when investigating telomere dynamics and their implications for PCS pathophysiology, prognosis, and tailored therapeutic strategies.



Association between telomere length and main parameters

Although there were no statistically significant differences in serum pro-inflammatory biomarkers between PCS patients and the comparison group, we found a significant association between telomere shortening and hs-CPR and IL-6 levels (Table 2). A univariate Pearson’s correlation analysis revealed an inverse correlation between relative telomere length and pro-inflammatory markers—IL-6 (r = −0.289; p = 0.049) and hs-CRP (r = −0.305; p = 0.044), especially in the PCS group. Additionally, in all T2D patients, telomere length correlated with age (r = −0.256; p = 0.038) and HbA1c (r = −0.265; p = 0.032).


TABLE 2 Correlation analysis between relative telomere length and other parameters.


	Parameter
	All patients (n = 66)
	PCS absent (n = 22)
	PCS present (n = 44)

 

 	Age, years 	−0.256 (0.038)* 	−0.376 (0.093) 	−0.258 (0.090)


 	T2D duration, years 	0.054 (0.669) 	−0.052 (0.822) 	0.090 (0.538)


 	HbA1c, % 	−0.265 (0.032)* 	−0.149 (0.520) 	−0.161 (0.296)


 	Weight, kg 	−0.077 (0.537) 	−0.026 (0.911) 	−0.137 (0.374)


 	BMI, kg/m2 	−0.168 (0.178) 	−0.195 (0.398) 	−0.162 (0.293)


 	Waist circumference, cm 	−0.059 (0.641) 	−0.131 (0.570) 	−0.092 (0.553)


 	Total cholesterol, mmol/L 	0.148 (0.235) 	0.158 (0.494) 	0.194 (0.208)


 	Apolipoprotein B, g/L 	0.211 (0.089) 	0.160 (0.487) 	0.271 (0.075)


 	Apolipoprotein A1, g/L 	0.070 (0.578) 	−0.067 (0.773) 	0.033 (0.832)


 	Vitamin D3, ng/mL 	0.002 (0.987) 	−0.322 (0.155) 	0.146 (0.344)


 	hs-CRP, mg/L 	−0.196 (0.049)* 	0.005 (0.984) 	−0.305 (0.044)*


 	IL-6, pg/mL 	−0.182 (0.143) 	0.128 (0.581) 	−0.289 (0.049)*





The data are presented as r (p); BMI, body mass index; SUs, sulfonylureas; ADD, anti-diabetic drugs; PCS, post-COVID-19 syndrome. Bold and * indicates significant changes.
 

In the univariate logistic regression model, telomere length was significantly associated with the presence of PCS (OR 0.016; 95%CI 0.001–0.262; p = 0.004).



Assessment of telomere length as a potential marker for post-COVID-19 syndrome

Among the evaluated models, GBM emerged as the most effective; the best model reached an AUROC of 0.753. The least-performing model within the top 10 was DRF, with an AUROC of 0.672. Notably, the top 10 list comprised 7 GBM models, 1 DRF, 1 XRT, and 1 XGBoost, showcasing a gradual decline in AUROC values from the top-ranking model to the 10th-ranked one.

To explore the relative importance of different variables associated with the presence of PCS, we used permutation feature importance and SHAP values. The best machine learning classification model identified HbA1c and telomere length as the features with the highest importance, followed by IL-6, vitamin D3, and waist circumference. The SHAP analysis indicated that lower HbA1c values were associated with a significantly lower likelihood of having PCS. Similarly, individuals with longer telomeres had a lower likelihood of being in the PCS group, while those with very short telomeres were more likely to have the syndrome (Figures 2, 3).
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FIGURE 2
 The top 20 features’ importance derived from permutation analysis (A) and SHAP (B) analysis within the most effective classification model. A total of 59 features were utilized in constructing a model aimed at identifying post-COVID-19-positive patients. The analysis encompasses the overall influence of each feature, focusing primarily on the top 20. It not only delineates the impact of these features but also elucidates how this impact varies. Each row within the figure corresponds to a specific feature, while the x-axis represents the SHAP value. Each data point signifies a sample, with colors closer to red indicating higher values and those closer to blue indicating lower values. For instance, telomere length emerges as a critical feature exhibiting a negative correlation with post-COVID-19 status. Thus, higher values of telomere length correspond to a lower likelihood of post-COVID-19 determination. (A) Displays the ranking of permutation feature importance for predicting PCS by the top model. Telomere length and HbA1c stand out as the most influential factors in PCS prediction. This significance is further emphasized when examining the feature importance of the top 10 models, as shown in Figure 3. In this analysis, the prominence of HbA1c and telomere length becomes even more pronounced. Conversely, vitamin D, waist circumference, and ApoA1 exhibited significantly weaker importance, while the remaining variables had even lower levels of significance. (B) Illustrates variables arranged in descending order of importance, with each patient represented by a dot on each variable line. The horizontal position of each dot indicates whether the effect of a variable is associated with a higher or lower likelihood of PCS. Variable-specific SHAP values greater than 0 suggest an increased risk of PCS.


[image: Box plot showing variable importance for twelve health-related variables, with telomere length, HbA1c, and vitamin D having the highest median importance. Remaining variables, including BMI and cholesterol, show lower median importance values.]

FIGURE 3
 Permutation importance of the top features across the top 10 models for PCS identification. The permutation importance of each feature for every model was calculated and is shown in box plots.


To further assess the specific ability of telomere length to differentiate between patients with and without PCS, we performed an ROC analysis. This analysis yielded a statistically significant AUROC of 0.708 (95% CI 0.580–0.836; p = 0.006; Figure 4). At an exploratory cutoff value of ≤1.03 for telomere length, the specificity for identifying patients with PCS was 90.9%, and the sensitivity was 40.9%.

[image: Receiver operating characteristic (ROC) curve line graph displaying sensitivity versus one minus specificity. The curve rises above the diagonal reference line, indicating some discriminative ability of the model.]

FIGURE 4
 ROC curves used as a predictor of relative telomere length for PCS development in T2D patients.





Discussion

The results of the study demonstrated the close association between telomere length and PCS development in T2D patients. Our results showed a significant shortening of telomere length in patients with PCS, which allows us to support the fact of accelerated biological aging in the PCS population. Similarly, significant shortening of telomere length was observed in PCS as compared to COVID-19-free subjects (p < 0.0001) (37). In contrast, other authors found that shorter telomere length is associated with COVID-19 hospitalization but not with persistent PCS manifestations (29).

While previous investigations have established the predictive value of HbA1c for assessing COVID-19 severity, our study is among the first to underscore the significance of pre-COVID-19 HbA1c levels as a factor associated with the later presence of PCS in patients with T2D (38). Additionally, HbA1c together with telomere length has been identified as one of the strongest markers of biological age, further supporting the notion that accelerated biological aging could be a significant factor in PCS development (39).

Growing evidence has postulated that PCS appears to be more common among women, older adult individuals, and those with existing comorbidities and higher BMI (40). We observed shorter telomere length in women and patients older than 60 years in both groups. Previous reports also have shown accelerated biological aging and telomere attrition following SARS-CoV-2 infection (41, 42). Furthermore, relative telomere length was significantly lower in the women of reproductive age with COVID-19 than in the control group (p < 0.05) (43) and associated with a higher risk of mortality due to COVID-19 (44). The observed trend of shorter telomeres in women with PCS compared to men, although not statistically significant, is surprising, as women have longer telomere lengths (45). On the other hand, women may experience greater vulnerability to stress-induced telomere attrition (46). This may be linked to sex-based differences in hormonal regulation, immune response, and oxidative stress, which are known to influence telomere maintenance (47). Despite the lack of significant differences, these findings may highlight potential gender-related disparities in the biological impact of PCS, suggesting the need for further research to explore the role of sex hormones and other gender-specific factors in telomere dynamics.

Age-specific telomere shortening, particularly in patients over 60 years old, underscores the natural process of telomere attrition with aging and its potential exacerbation in the context of PCS. The near-significant difference in telomere length between older and younger PCS patients suggests that PCS may accelerate age-related telomere shortening. This finding could reflect a greater biological burden of PCS in older individuals, potentially due to the cumulative effects of inflammation, oxidative stress, or immune dysregulation, which are common features of both aging and PCS (48). Understanding these age-related changes could help identify high-risk groups and guide interventions targeting telomere preservation in older PCS patients.

Our data align with the previous study results. Several investigations conducted during the COVID-19 pandemic have also demonstrated a link between shorter telomeres and higher mortality (49). A strong inverse correlation between relative telomere length and COVID-19 severity has been described, with telomere shortening accelerating biological aging and telomere attrition after SARS-CoV-2 infection (41, 42, 50). In an ordinal regression model, T2D showed the strongest association with telomere length among various diseases. In the same study, telomere length shortening was called a biomarker of COVID-19 infection severity (51). According to Mendelian randomization (MR) analysis, shorter telomere length was associated with a higher risk of adverse COVID-19 outcomes, independently of other risk factors, including age (52). However, other analyses have not shown such a causal relationship (53, 54). Patients with shorter telomeres are known to have lower survival after COVID-19 (55). Persistent radiographic lung abnormalities have been observed in patients with shorter baseline telomere length (29). Accelerated aging may lead to a higher susceptibility to SARS-CoV-2 infection and severe coronavirus disease (56). Overall, recent data suggest that telomere length may serve as a biomarker associated with COVID-19 severity, adverse outcomes (such as hospital admission, need for critical care, and respiratory support), and mortality. However, there are limited data regarding the contribution of telomere length to PCS development. In this study, we evaluated the utility of telomere length as a variable associated with PCS and assessed its relationship with the clinical phenotype of PCS, gender, and biological age.

PCS presents one or more symptoms, including fatigue, dyspnea, chest and joint pain, and cognitive dysfunction, and others. Recent data on telomere length in patients with PCS are limited to several reports that demonstrate its shortening, mainly in pulmonary sequelae. Telomere shortening in patients with PCS was associated with a higher risk of developing and progressing pulmonary fibrosis, chronic obstructive pulmonary disease, and lung cancer (57). The results of the COVID-FIBROTIC cohort study showed the effects of SARS-CoV-2 on peripheral blood leukocyte telomere abrasion in patients after 12 months of infection and past bilateral pneumonia, as well as the presence of fibrotic changes in lung tissue. Specifically, 94.74% of patients were found to have shorter telomere length compared to age- and sex-matched controls 1 year after admission (58). Telomere length in alveolar type II (ATII) cells was studied in more detail, illuminating that their shortening is associated with long-term pulmonary fibrosis in PCS patients (30). The RTEL1 gene has been identified, which encodes a helicase that regulates telomere length increase. The ultra-rare variant of this gene is considered a marker of evolutionary fibrotic changes in the lungs in the PCS phase (59). In our study, we were the first to analyze telomere length in terms of different PCS presentations. The shortest telomere length was observed in patients with cardiorespiratory symptoms, compared to those with fatigue/pain, mental disorders, and metabolic disorders.

Translating our data to clinical settings may require particular management of people with diabetes who suffer from COVID-19 or other respiratory infections at different stages of the infectious disease. Shortening of the telomere length in patients who recovered from COVID-19 may indicate that SARS-CoV-2 infection can cause telomere erosion in blood cells, especially in leukocytes (43). From a clinical point of view, hs-CRP and inflammatory cytokines, such as IL-6, may be important markers of COVID-19 severity and the development of PCS syndrome. We observed a mild negative correlation between relative telomere length and both pro-inflammatory markers. Previously, a negative correlation between C-reactive protein, neutrophil-to-lymphocyte ratio, and telomere length in patients with COVID-19 was also described (50).

On the other hand, inhibition of telomere shortening may be considered a potential target for the treatment of COVID-19 and the consequences of PCS. For this purpose, different strategies should be considered to effectively deal with this disease in the long term. In this regard, the role of several enzymes involved in telomere length regulation has recently attracted much attention (60, 61). Probably, a healthy lifestyle, regular physical activity, and a healthy diet will contribute to telomere elongation, better redox state, lower levels of inflammation, and the ability to have strong resistance to COVID-19 itself and long-term sequelae such as PCS (62).

Given the modest size of our dataset, constructing a generalized model for PCS prediction was not feasible. However, our analysis serves as a valuable resource for identifying key variables that warrant further investigation in future, larger studies. To this end, our application of permutation feature importance revealed a clear hierarchy of factors associated with the presence of PCS (Figure 3). Notably, telomere length and HbA1c demonstrated the strongest association with the syndrome. A secondary group of variables with a moderate association included vitamin D3, waist circumference, and ApoA1. A weaker, yet still observable, association was found for other factors such as C-peptide, ApoB, COVID-19 severity, T2D duration, IL-6, cholesterol, and BMI. These findings help prioritize targets for future longitudinal and interventional research.


Limitations of the study

The findings of this study should be interpreted in the context of several key limitations. The primary limitation is the cross-sectional pilot design, which can establish association but does not allow for the inference of causality or prognostic relationships. Therefore, while our data suggest a link between telomere length, HbA1c, and PCS, we cannot conclude that these factors are predictive of the syndrome’s course.

Another significant limitation is the modest sample size. While our analysis was sufficient to suggest a preliminary association between telomere length and the presence of PCS, these findings require validation in larger, adequately powered cohorts to be confirmed.

These limitations underscore the need for further research. Future prospective cohort studies are needed, incorporating several time points for assessing telomere length with respect to patient outcomes, diabetes, and the course of PCS. Such studies should also include more patients and analyze telomere maintenance pathways, which may influence telomere length, alongside HbA1c levels. Finally, the exploration of relations between different metabolic circuits and signaling pathways in T2D combined with viral infection could shed light on telomere maintenance mechanisms, paving the way for future interventional studies and the development of tailored treatments.




Conclusion

In this pilot study, we found that patients with T2D and PCS had significantly shorter telomere lengths and higher HbA1c levels than patients without PCS. These findings suggest that markers of accelerated cellular aging and altered glycemic control are associated with the presence of PCS in this population. Therefore, telomere length and HbA1c warrant further investigation in larger, longitudinal studies to determine their potential as biomarkers for risk stratification.
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Aims: To examine the association between perceived changes in daily routines due to the COVID-19 pandemic and health-related quality of life (HRQoL) among community-dwelling adults aged 75 and older in Spain, through a gender-stratified analysis.
Design: Cross-sectional, community-based, multicentre study using baseline data from the CUIDAMOS+75 cohort.
Methods: A total of 1,072 older adults over 75 from 11 Spanish regions were interviewed between June 2022 and June 2023. Data on SARS-CoV-2 exposure, sociodemographic and clinical characteristics and perceived changes in daily routines (basic-needs, healthcare and social routines) were collected. HRQoL was measured using the EQ-5D-5L utility index. Gender-stratified linear regression models were used to examine associations between changes in routines and HRQoL.
Results: Over half of the participants (52%) reported considerable changes in their daily routines due to the pandemic, especially in social routines (48%). Women reported more frequent changes across all routine types. Although women had lower overall HRQoL scores, changes in routines were more strongly associated with poorer HRQoL among men, particularly when healthcare routines were affected. Among women, significant associations were observed for disruptions in combined basic and social routines as well as when all three routine types were simultaneously affected. Notably, COVID-19 infection status was not associated with HRQoL after adjustment.
Conclusion: The COVID-19 pandemic led to substantial and persistent changes in daily routines among older adults in Spain, with gender-specific patterns in their association with HRQoL. These findings highlight the importance of incorporating a gender perspective in public health responses to health crises, particularly in strategies aimed at preserving daily routines to support autonomy and wellbeing in older populations.
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Introduction

The COVID-19 pandemic presented an unprecedented challenge to societies around the world. In response, authorities implemented drastic public health measures to contain the spread of the virus, including particularly severe restrictions in countries such as Spain, where citizen mobility was limited and home confinement was mandated. A state of alarm was declared in Spain from 14 March to 21 June 2020, with sequential phases for lifting mobility restrictions, adjusted by region based on epidemiological data (1). The virus containment measures, especially home confinement, proved to be effective (2), although they also resulted in considerable social impact (3) and detrimental effects on physical activity, sleep quality and mental health and wellbeing (4). These measures, combined with the unpredictable course of the pandemic, triggered and exacerbated natural responses such as fear, loneliness, stress and anxiety, particularly among vulnerable groups, including children, migrants, individuals at risk of exclusion, people with psychiatric conditions, older adults and caregivers (5).

The global outbreak of COVID-19 posed distinct challenges for older adults. On the one hand, advanced age was associated with higher mortality rates from SARS-Cov-2 infection, contributing to heightened fear of contagion within this population group (5). On the other hand, containment measures led to a substantial reduction in traditional forms of social interaction with relatives, replaced by increased use of digital tools for communication. In this context, older adults experienced a marked decline in social engagement—partly due to fear of face-to-face interactions, and partly due to the barriers many faced in accessing and using digital communication tools (6). Additionally, individuals with multiple chronic conditions or pre-existing psychiatric disorders encountered further difficulties in accessing health and social care services, due to both the burden on the healthcare system during the health emergency and the deterioration of informal community support networks (7).

Additionally, older adults experienced substantial changes in their daily routines, which affected key dimensions of their quality of life, including mobility, autonomy and social interactions. Everyday activities such as grocery shopping, attending personal care appointments or managing errands were suspended or significantly altered due to the containment measures. In Spain, social gatherings and outdoor activities were also restricted during periods of high viral incidence, leading to reduced opportunities for group-based or outdoor physical activity, as well as limiting interpersonal contact (8). Moreover, access to essential healthcare services—such as medical consultations, rehabilitation or support for chronic conditions—was frequently disrupted. Many older adults, especially women, faced difficulties in providing informal care to others, such as dependent spouses or grandchildren, due to the fear of contagion and mobility restrictions (9).

The disruption of daily activities during the pandemic led to a marked decline in social participation among older adults, which has been linked to a deterioration in both emotional and cognitive health (10). In this population, maintaining daily routines and social participation are crucial drivers of physical activity, as they promote light physical exercise and help prevent sedentary behaviours (9). Moreover, preserving daily routines enhances autonomy and fosters a sense of self-sufficiency and self-determination, contributing to a greater life satisfaction and overall quality of life (11).

Health-related quality of life (HRQoL) is a multidimensional health indicator which considers individuals’ perception of their health status as well as their position in life. It encompasses physical health, psychological wellbeing, functional independence, social relationships and the relationship with the environment. HRQoL is influenced by a wide range of factors, including functional status and physical activity, psychological health, perceived social support and levels of social participation (12).

Given its multidimensional nature, several studies have assessed the impact of the COVID-19 pandemic on HRQoL. A systematic review analysing HRQoL before and during the COVID-19 pandemic concluded that the pandemic had a negative impact on quality of life across the worldwide general population (13). In a study conducted with community-dwelling older adults in Japan, reductions in physical activity due to the pandemic were associated with significantly lower quality of life scores, confirming the relevance of maintaining physical activity in this age group, even in the context of a public health emergency (14). Similarly, a study involving patients with multiple sclerosis found that those who had discontinued a greater number of daily activities due to the pandemic reported lower HRQoL scores than those who had maintained their routines (15).

Furthermore, HRQoL is strongly influenced by sociodemographic factors such as gender, with women generally reporting lower HRQoL scores across all age groups (16). These differences have been partially explained by social factors related to gender roles, as well as by potentially modifiable factors such as body mass index (BMI) and lifestyle determinants, including physical activity (17). Previous studies have shown that men and women have adjusted their activities differently in response to the COVID-19 pandemic. In this regard, women have demonstrated greater adaptability and compliance with public health measures than men, leading to a larger reduction in daily activities (18).

Based on this background, we hypothesised that women and men in Spain may have experienced different patterns of change in their daily routines because of the COVID-19 pandemic. We also hypothesised that changes or interruptions in the daily routines of older adults in Spain could be associated with a poorer health-related quality of life in this age group.

The aim of this study was to examine, in a cohort of individuals aged 75 years and older receiving primary healthcare across 11 Spanish regions, the association between changes in basic, healthcare-related, and social routines due to the COVID-19 pandemic and self-perceived quality of life, as measured with the EQ-5D-5L utility index, through a gender-stratified analysis. Secondary aims included describing the frequency and patterns of changes in routines, as well as identifying the sociodemographic and clinical determinants associated with these changes.



Methods


Study design and setting

This cross-sectional, community-based, multicentre study is based on baseline data from the CUIDAMOS+75 cohort, a mixed-methods project designed to assess the impact of the COVID-19 pandemic on individuals aged 75 years and older in Spain. This analysis focuses on the associations between perceived changes in daily routines and Health-Related Quality of Life (HRQoL). Full methodological details are available in the published protocol (19). The STROBE checklist was followed in the preparation of this manuscript and is provided as supporting information (Additional file 1).



Participants

Eligible participants were non-institutionalised individuals aged 75 years and older with an active electronic health record in the Spanish National Health System, residing in 11 autonomous regions (Andalusia, Balearic Islands, Canary Islands, Cantabria, Castilla-La Mancha, Catalonia, Madrid, Valencia, Murcia, Navarre, and the Basque Country). Inclusion required the ability to complete the interview and provide written informed consent. Exclusion criteria included moderate to severe cognitive impairment (confirmed through clinical history or a Pfeiffer score ≥ 5) (20), severe sensory deficits, documented severe psychiatric illness, a life expectancy of ≤ 9 months (i.e., included in palliative care), or total functional dependence (Barthel Index ≤ 5 points).

Participants were consecutively invited to participate by their usual nurses during routine primary care visits or home assessments. Recruitment took place between June 2022 and June 2023.



Sample and sampling procedure

The estimated sample size was 1,035 participants, based on the projected availability of eligible individuals, and assuming a 2:1 ratio of non-exposed to exposed individuals to SARS-CoV-2. Recruitment continued until the planned sample size was reached.

Participants were classified as exposed if they had a confirmed SARS-CoV-2 infection (positive rRT-PCR or antigen test performed within 5 days of symptom onset) between 11 May 2020 and 1 June 2022. Those with no recorded infection during this period were considered as non-exposed. This date was chosen because it coincided with the start of participant recruitment and reflected a notable change in the epidemiological situation in Spain, including a decrease in COVID-19 incidence following the Omicron BA.4/BA.5 wave and the end of mandatory quarantines for most of the population. Individuals who experienced infection after this date were therefore classified as “non-exposed.” Further details on sample assumptions are available in the study protocol (19).



Data collection procedure and variables

Data were collected through structured interviews conducted by trained nurses and recorded in an electronic data system between June 2022 and June 2023. The primary outcome was HRQoL, assessed using the EQ-5D-5L instrument. This standardised tool includes a descriptive system comprising five dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) each with five levels of severity, as well as a visual analogue scale (EQ-VAS) ranging from 0 to 100. A weighted utility index was calculated for each participant using the value set for the Spanish population (16). The questionnaire’s descriptive system allows the definition of 3,125 different health profiles, ranging from the best health status “11,111” to the worst “55,555.”

Variables were grouped into sociodemographic, clinical, pandemic-related or routine-related and HRQoL. Sociodemographic variables included age at inclusion, self-identified gender (woman, man or non-binary), and cohabitation status (living alone or with others).

Clinical information included the number of chronic conditions (categorised by body system), body mass index at the time of the interview, presence of a regular caregiver (formal or informal, cohabiting or not), and perceived social support measured with the Duke-UNC questionnaire (21).

The COVID-19 exposure variable was confirmed SARS-CoV-2 infection by rRT-PCR or antigen testing with recent symptoms. Additional pandemic-related variables included the loss of a family member or close friend due to COVID-19 (Yes/No), and threat perception assessed using the BIP-Q5 questionnaire (range 0–50) (22). Functional status was measured using the Barthel Index (23), and anxiety symptoms were assessed with the Hamilton Anxiety Scale (24).

The questions used to assess the impact of the COVID-19 pandemic on daily routines among older adults were specifically developed for this study, based on the expertise of clinical professionals and researchers in geriatrics, primary care, and public health. They consisted of three questions regarding basic, healthcare-related, and social routines. Responses were reclassified into “no or little change” versus “moderate or considerable change,” and a composite variable with eight possible combinations was constructed.

Health-related quality of life was assessed with the EQ-5D-5L, including both the EQ-VAS score and the utility index. A complete list of the questions and response categories used during the interviews is provided in Additional file 2.



Statistical analysis

Data were analysed to describe the sociodemographic, clinical, and COVID-19-related characteristics of the study population according to gender and COVID-19 exposure status. Descriptive analysis was performed using means and standard deviations for continuous variables, and frequencies and percentages for categorical variables. Differences between groups were assessed using the Wilcoxon rank-sum test for continuous variables and the chi-square test for categorical variables, with a significance level of 5%. The sociodemographic and clinical factors associated with changes in routines were assessed. For each of the three types of routines (related to basic needs, healthcare, and social routines), participant characteristics were compared according to whether they reported changes. Adjusted odds ratios (aOR) were estimated using logistic regression models, controlling for age and gender.

Separate linear regression models were constructed for men and women to examine the association between changes in routines and HRQoL. Covariates were selected based on their statistical association in the bivariate analysis and theoretical relevance, retaining those that remained significant in the multivariate models, together with the main exposure variable of interest (SARS-CoV-2 infection status). The dependent variable was the EQ-5D-5L utility index, and independent variables included SARS-CoV-2 exposure status, age, change in routines (composite variable), number of chronic conditions, Barthel Index, Hamilton Anxiety Rating Scale, BMI and region of residence. Geographic heterogeneity was accounted for by including region (11 autonomous regions) fixed effects. The assumptions of the linear regression model were assessed and met. Statistical analyses were conducted using RStudio 2023.12.1. All variables were standardised prior to analysis to generate standardised B coefficients, in order to facilitate the interpretation and comparison of coefficients obtained in multivariate regression.



Ethical considerations

All participants provided written informed consent. The study was conducted in accordance with the fundamental ethical principles of autonomy, beneficence, justice and non-maleficence, and adhered to Good Clinical Practice standards, the Declaration of Helsinki (2024) and the Oviedo Convention (1997). The processing, communication and transfer of data were carried out in compliance with current data protection regulations in force (25) and the rights of data access, rectification, cancellation, and opposition (ARCO) contemplated in that law.

The coordinated study received approval from the Central Research Committee of Primary Healthcare Management (June 2022) and the Ethics Committee for Drugs Research (CEIm) of the University Hospital La Princesa in June 2022. All participating regions obtained approval from their respective ethics committees.




Results


Participant characteristics

A total of 1,072 community-dwelling adults aged 75 and older were included in the final analytical sample, after excluding 10 individuals whose reported SARS-CoV-2 infection dates fell outside the eligibility window. A total of 1,029 participants were included in the final analysis. We verified that 3.2% of participants had missing values in at least one of the variables included in the final model.

The sample was predominantly female (59.2%), with a median age of 82 years (range 75–101). Two participants identified as non-binary; they were classified as missing for the gender variable and therefore excluded from stratified and regression analyses where gender was included as a covariate. However, they were retained in the overall descriptive statistics of the study sample. Most participants lived with other individuals (72%), although women were significantly more likely to live alone than men (37% vs. 16%, p < 0.001). Women also had a higher mean number of chronic conditions (2.9 vs. 2.7, p = 0.026) and were more likely to report having a regular caregiver (42% vs. 27%, p < 0.001).

Regarding COVID-19 exposure, 297 (27.7%) participants had a confirmed infection. Exposed individuals were more likely to live with others (77% vs. 70%, p = 0.028) and to report the loss of a close relative due to the pandemic (27% vs. 20%, p = 0.014).

Perceived threat from COVID-19 was slightly higher among women (mean BIP-Q5 score: 24.0 vs. 23.0, p = 0.030), but no significant differences were observed in functional status (Barthel Index), social support (Duke-UNC), or anxiety levels (Hamilton Anxiety Rating Scale) between exposure groups. However, women showed significantly higher anxiety scores (8.0 vs. 5.0, p < 0.001) and a greater prevalence of moderate or severe dependence in activities of daily living (p = 0.014).

Health-related quality of life, measured by the EQ-5D-5L index, was significantly lower in women compared to men (0.8 vs. 0.87, p < 0.001), and slightly lower in the exposed group compared to the non-exposed group (0.77 vs. 0.81, p = 0.017).

Sociodemographic, clinical, and pandemic-related variables of the participants, disaggregated by gender and exposure status, are presented in Table 1.


TABLE 1 Sample description.


	Characteristic
	By exposure to COVID-19
	By gender



	Overall, N = 1,072a
	Exposed, N = 297a
	Non-exposed, N = 775a
	p-valueb,c
	Men, N = 428a
	Women, N = 635a
	p-valueb

 

 	Age (years) 	82.7 (4.4) 	82.8 (4.3) 	82.6 (4.4) 	0.500 	82.3 (4.2) 	82.9 (4.5) 	0.066


 	Home cohabitation status 	 	 	 	0.028 	 	 	<0.001


 	With other/s 	764 (72%) 	227 (77%) 	537 (70%) 	 	359 (84%) 	398 (63%) 	


 	Alone 	300 (28%) 	69 (23%) 	231 (30%) 	 	68 (16%) 	230 (37%) 	


 	Number of conditions (by body system) 	2.8 (1.63) 	3.0 (1.68) 	2.7 (1.61) 	0.075 	2.9 (1.67) 	2.7 (1.59) 	0.026


 	BMI 	27.9 (4.7) 	28.1 (4.7) 	27.9 (4.7) 	0.500 	27.7 (4.5) 	28.1 (4.8) 	0.090


 	Has a caregiver 	378 (35%) 	121 (41%) 	257 (33%) 	0.019 	114 (27%) 	263 (42%) 	<0.001


 	Lost a relative to the pandemic 	230 (22%) 	78 (27%) 	152 (20%) 	0.014 	98 (23%) 	129 (20%) 	0.300


 	COVID-19 threat perception (BIP-Q5) 	24.0 (11) 	23.0 (11) 	24.0 (11) 	0.062 	23.0 (11) 	24.0 (11) 	0.030


 	Changes in routines related to basic needs 	 	 	 	0.130 	 	 	<0.001


 	Little or no change 	789 (74%) 	209 (71%) 	580 (75%) 	 	344 (80%) 	441 (70%) 	


 	Considerable or substantial change 	279 (26%) 	87 (29%) 	192 (25%) 	 	84 (20%) 	190 (30%) 	


 	Changes in healthcare routines (for self or others) 	 	 	 	 	 	 	<0.001


 	Little or no change 	718 (67%) 	190 (64%) 	528 (68%) 	 	318 (74%) 	395 (63%) 	


 	Considerable or substantial change 	350 (33%) 	106 (36%) 	244 (32%) 	 	110 (26%) 	236 (37%) 	


 	Changes social engagement routines 	 	 	 	0.900 	 	 	0.055


 	Little or no change 	556 (52%) 	155 (53%) 	401 (52%) 	 	239 (56%) 	314 (50%) 	


 	Considerable or substantial change 	511 (48%) 	140 (47%) 	371 (48%) 	 	189 (44%) 	316 (50%) 	


 	ADL independence (Barthel Index) 	 	 	 	0.200 	 	 	0.014


 	Independent 	1,018 (96%) 	277 (95%) 	741 (96%) 	 	416 (98%) 	593 (94%) 	


 	Moderate dependence 	31 (2.9%) 	9 (3.1%) 	22 (2.9%) 	 	6 (1.4%) 	25 (4.0%) 	


 	Severe dependence 	15 (1.4%) 	7 (2.4%) 	8 (1.0%) 	 	3 (0.7%) 	12 (1.9%) 	


 	Social support (Duke-UNC) 	46.0 (8) 	46.0 (9) 	46.0 (8) 	0.900 	46.0 (8) 	46.0 (9) 	0.500


 	Hamilton anxiety rating scale 	6.0 (8) 	7.0 (8) 	6.0 (7) 	0.200 	5.0 (6) 	8.0 (8) 	<0.001


 	EQ-5D-5L utility index 	0.80 (0.21) 	0.77 (0.22) 	0.81 (0.20) 	0.017 	0.87 (0.15) 	0.75 (0.22) 	<0.001





a Mean (SD); n (%).

b Wilcoxon rank sum test; Pearson’s Chi-squared test.

c Fisher’s exact test.
 



Changes in daily routines and associated factors

More than half of the participants (56.1%) reported experiencing moderate or substantial changes in at least one type of daily routine due to the COVID-19 pandemic. Social routines were the most frequently affected (48%), followed by healthcare-related (33%), and basic needs routines (26%). Furthermore, 18% of participants reported disruptions across all three domains simultaneously.

Gender differences were notable. Women were significantly more likely than men to report changes in basic routines (30% vs. 20%, p < 0.001) and healthcare-related routines (37% vs. 26%, p < 0.001). A higher frequency of change in social routines was also observed among women (50% vs. 44%), although this difference was not statistically significant.

Several factors were associated with a higher likelihood of reporting moderate or substantial changes in routines (Table 2). Participants who had lost a close relative due to COVID-19 were significantly more likely to report disruptions across all routine types (basic: 33% vs. 24%; healthcare: 45% vs. 29%; social: 62% vs. 44%; all p < 0.01). Similarly, higher perceived threat from COVID-19, as measured by the BIP-Q5, was consistently associated with greater routine disruption (p < 0.001 across all domains).


TABLE 2 Sociodemographic and clinical factors associated with changes in routines.


	Characteristic
	Change in routines related to basic needs
	Changes in healthcare routines
	Changes in social routines



	Frequencya or mean differenceb
	Adj. ORc (confidence interval)
	Frequencya or mean differenceb
	Adj. ORc (confidence interval)
	Frequencya or mean differenceb
	Adj. ORc (confidence interval)

 

 	Age (years) 	82.3 vs. 82.8 	0.968 (0.936–0.999) 	82.6 vs. 82.7 	0.993 (0.964–1.020) 	82.6 vs. 82.7 	0.992 (0.965–1.020)


 	Gender


 	Men = 428 	84 (20%) 	 	110 (26%) 	 	189 (44%) 	


 	Women = 635 	190 (30%) 	1.795 (1.340–2.420) 	236 (37%) 	1.731 (1.320–2.280) 	316 (50%) 	1.280 (0.999–1.640)


 	Cohabitation status


 	With other/s = 764 	200 (26%) 	 	242 (32%) 	 	364 (48%) 	


 	Alone = 300 	79 (26%) 	0.891 (0.647–1.220) 	108 (36%) 	1.050 (0.785–1.410) 	144 (48%) 	0.985 (0.747–1.300)


 	Social support (Duke-UNC) 	44 vs. 47 	0.958 (0.943–0.973) 	45 vs. 47 	0.965 (0.950–0.980) 	45 vs. 48 	0.963 (0.949–0.977)


 	COVID-19 exposure


 	Non-exposed = 309 	192 (25%) 	 	244 (32%) 	 	371 (48%) 	


 	Exposed = 763 	87 (29%) 	1.250 (0.920–1.690) 	106 (36%) 	1.210 (0.908–1.610) 	140 (47%) 	0.965 (0.736–1.260)


 	Time since interview (months) 	23.8 vs. 23.9 	0.988 (0.947–1.030) 	24.0 vs. 23.8 	1.030 (0.989–1.070) 	23.8 vs. 24.0 	0.980 (0.944–1.020)


 	Lost a relative to the pandemic


 	No = 835 	202 (24%) 	 	245 (29%) 	 	366 (44%) 	


 	Yes = 230 	75 (33%) 	1.580 (1.140–2.179) 	103 (45%) 	2.092 (1.540–2.840) 	143 (62%) 	2.132 (1.580–2.890)


 	COVID-19 threat perception (BIP-Q5) 	27 vs. 23 	1.031 (1.020–1.040) 	26 vs. 23 	1.029 (1.020–1.040) 	25 vs. 22 	1.024 (1.010–1.040)


 	Number of conditions 	2.91 vs. 2.75 	1.090 (0.999–1.190) 	2.89 vs. 2.74 	1.080 (0.995–1.170) 	2.84 vs. 2.75 	1.04 (0.963–1.120)


 	BMI 	27.8 vs. 28.0 	0.988 (0.959–1.020) 	27.8 vs. 28.0 	0.987 (0.960–1.01) 	27.8 vs. 28.0 	0.988 (0.962–1.010)


 	ADL Independence (BI) 	90 vs. 93 	0.984 (0.974–0.994) 	90 vs. 93 	0.988 (0.979–0.998) 	92 vs. 93 	0.993 (0.984–1.000)


 	Has a caregiver


 	No = 692 	156 (23%) 	 	194 (28%) 	 	323 (47%) 	


 	Yes = 378 	123 (33%) 	1.907 (1.400–2.600) 	156 (41%) 	1.889 (1.410–2.530) 	188 (50%) 	1.160 (0.885–1.530)





a n(%) of participants who reported a considerable or substantial change in each category.

b Mean comparison between the participants who reported a considerable or substantial change compared to (vs.) those who did not.

c Adjusted for age and gender. Bold values indicate statistical significance (p < 0.05).
 

Lower perceived social support was also associated with changes in routines. Participants reporting changes in basic, healthcare, or social routines had significantly lower Duke-UNC scores compared to those without changes (mean differences of 2–3 points, all p < 0.001).

Functional status was another key factor. Individuals with lower Barthel Index scores were more likely to report changes in basic and healthcare routines (mean score: 90 vs. 93, p < 0.01). Additionally, having a caregiver was associated with a higher likelihood of reporting changes in both basic (33% vs. 23%, p < 0.001) and healthcare routines (41% vs. 28%, p < 0.001).

No significant associations were found between changes in routines and age (except a weak inverse association with basic routines after adjusting for gender), cohabitation status, number of chronic conditions, BMI, or COVID-19 infection status.



Gender differences in HRQoL and their relationship with changes in routines

Of the 1,072 individuals included in the study, 1,065 (426 men and 630 women) completed all items of the EQ-5D-5L questionnaire, allowing for the calculation of utility scores. The dimension with the highest prevalence of reported problems was pain/discomfort, affecting 65% of the total sample (53% of men vs. 73% of women, p < 0.05). Mobility (35% in men vs. 50% in women, p < 0.01) and anxiety/depression (22% vs. 47%, p < 0.05) were the next most frequently affected dimensions. Participants aged 85 and older reported a higher prevalence of problems across all dimensions except pain. The lowest EQ-5D-5L index scores were observed among women aged ≥85 (0.69), followed by women <85 (0.78), men ≥85 (0.83), and men <85 (0.88).

Figure 1 displays the distribution of response across EQ-5D-5L dimensions disaggregated by gender along the proportion of participants reporting changes in daily routines (basic, healthcare and social), categorised as little or no change versus moderate or substantial change. Women showed a higher prevalence of problems across all EQ-5D dimensions, with the largest gender gap observed for Anxiety/depression.

[image: Grouped bar charts compare the proportion of men (N equals 426) and women (N equals 629) experiencing little or no change versus considerable or great change in basic routines, health care routines, and social participation routines, across five EQ-5D quality of life dimensions: mobility, self-care, usual activities, pain or discomfort, and anxiety or depression. Each group uses color-coded bars to indicate the degree of change for each category.]

FIGURE 1
 Changes in routines and EQ-5D-5L dimensions.


In general, participants who reported problems in any EQ-5D dimension were more likely to report changes in their routines. Among women, this pattern was less pronounced. Even those without reported problems in EQ-5D dimensions showed a relatively high prevalence of changes in routines. However, stronger associations were observed between changes in routines and problems in the dimensions of pain/discomfort and anxiety/depression. Specifically, women experiencing greater levels of pain or more severe anxiety/depression were more likely to report changes in their routines. In contrast, among men, reporting no problems in Mobility, Self-care, or Usual Activities was associated with a greater tendency to report little or no change in basic and healthcare routines.

Adjusted linear regression results for the EQ-5D-5L utility index, stratified by gender, are presented in Table 3. Although COVID-19 exposure status was statistically significant in the bivariate analysis, it was not associated with HRQoL after adjustment in either model. In the model for men, older age (B* = −0.137, p < 0.001), the number of chronic conditions (B* = −0.075, p = 0.042) and higher BMI (B* = −0.208, p < 0.001) were significantly associated with lower HRQoL. In the model for women, the number of chronic conditions (B* = −0.055, p = 0.044) and BMI (B* = −0.095, p < 0.001) showed significant negative associations.


TABLE 3 Linear regression for EQ-5D-5L index score, stratified by gender.


	Variables
	Male (N = 416)
	Female (N = 613)



	B*
	p value
	B*
	p value

 

 	Exposure status (yes) 	0.034 	0.315 	0.017 	0.476


 	Age (years) 	−0.137 	<0.001 	0.013 	0.639


 	Number of conditions (by body system) 	−0.075 	0.042 	−0.055 	0.044


 	BMI 	−0.208 	<0.001 	−0.095 	<0.001


 	ADL independence (BI) 	0.499 	<0.001 	0.606 	<0.001


 	Hamilton anxiety rating scale 	−0.259 	<0.001 	−0.347 	<0.001


 	Change in daily routines 	 	 	 	


 	No-change 	Ref 	 	Ref 	


 	Basic-only 	−0.023 	0.504 	−0.024 	0.345


 	Care-only 	−0.081 	0.021 	−0.002 	0.920


 	Social-only 	−0.066 	0.068 	0.000 	0.998


 	Basic-care 	−0.101 	0.003 	−0.041 	0.100


 	Basic-social 	−0.026 	0.453 	−0.052 	0.041


 	Care-social 	−0.050 	0.158 	−0.005 	0.851


 	All 	−0.061 	0.104 	−0.055 	0.003





B*, Standardised beta coefficients. All models were adjusted by the 11 autonomous regions. Bold values indicate statistical significance (p < 0.05).
 

Functional independence, measured by the Barthel Index, showed the strongest positive association with HRQoL in both men (B* = 0.499, p < 0.001) and women (B* = 0.606, p < 0.001). Anxiety symptoms, assessed with the Hamilton scale, were negatively associated with HRQoL in all genders, with a slightly stronger effect in women (men: B* = −0.259, p < 0.001; women: B* = −0.347, p < 0.001).

Regarding changes in daily routines, men showed significant associations between lower HRQoL and changes in healthcare routines (B* = −0.081, p = 0.012) and combined basic and healthcare routines (B* = −0.101, p = 0.003). Among women, changes in combined basic and social routines (B* = −0.052, p = 0.041) as well as in all three routine types (B* = −0.076, p = 0.006) were significantly associated with lower HRQoL.




Discussion

To our knowledge, this is the first study to examine the impact of the COVID-19 pandemic on daily routines among older adults and its relationship with health-related quality of life from a gender perspective. We recruited a sample of 1,072 community-dwelling individuals aged 75 and older, with a remarkably high level of functional independence (96% classified as fully independent). The prevalence of moderate or substantial changes in daily routines was considerable, particularly in social routines, and these changes did not appear to be associated with the time elapsed since the interviews. Women reported significantly more frequent changes across all routine types. However, the pattern of associations with lower HRQoL differed by gender: in men, significant associations were observed for disruptions in healthcare routines and in combined basic and healthcare routines, while in women, lower HRQoL was linked to disruptions in combined basic and social routines and when all three types of routines were affected simultaneously. These findings suggest gender-specific vulnerabilities, with men being potentially more sensitive to care-related disruptions, whereas women appear more affected by routine disruptions involving social domains or multiple areas of daily life.

When comparing the results of this study with data from the pre-pandemic Spanish National Health Survey (26) for the 75 to 85 age group, men showed a higher proportion reporting no mobility problems (65.00% vs. 60.43%), suggesting a potential improvement in this dimension. However, both men and women in our sample exhibited a worsening in the dimensions of Pain/Discomfort and Anxiety/Depression. A recent scoping review analysing seven studies on social isolation, loneliness, and health-related quality of life in older adults during the COVID-19 pandemic concluded that perceived social isolation due to restrictions had a negative impact on loneliness and HRQoL, which could explain these differences from pre-pandemic data.

Similarly, a study conducted in Taiwan analysed the impact of social situation, self-rated physical health, sleep quality and residential stability on the quality of life of older adults during the COVID-19 pandemic (27). The authors concluded that HRQoL was negatively affected by a shortage of social interactions, poor sleep quality, cohabitation with relatives with mobility problems, frequent changes in place of residence and lower income levels. Another study conducted in Brazil aimed at describing the quality of life of older adults before and during the COVID-19 pandemic, focusing on physical activity, sedentary time and sleep quality during home confinement, obtained similar results (28). Specifically, a greater burden of illness and increased time spent sitting were associated with lower HRQoL.

This heightened vulnerability among older adults, particularly in the physical dimension of quality of life, was also observed in a study conducted in Spain (29). The authors reported that individual aged over 70 experienced greater physical vulnerability during the pandemic, largely due to isolation and pre-existing health and immunity issues. These findings are consistent with our results and highlight the importance of addressing the specific physical and social challenges faced by older adults following a public health crisis.

Physical activity and social participation are essential for maintaining both physical and mental health in older adults. The 2020 WHO guidelines on physical activity and sedentary behaviour recommended minimising sedentary time and replacing it with any level of physical activity in this age group (30). The UK Chief Medical Officers’ guidelines advocate for a combination of moderate and/or vigorous aerobic activity and strength training, as well as breaking up periods of inactivity with light activity such as household chores or shopping (31).

These daily activities not only support physical functioning and reduce the risk of falls, but are also associated with increased well-being and improved mental health (32). Physical activity and social participation are closely interrelated and often depend on maintaining daily routines. Routine activities such as grocery shopping, taking out the trash, or going to the hairdresser provide opportunities to stay active and socially connected. Being an active member of the community and maintaining autonomy in daily responsibilities provides a sense of self-fulfilment and belonging, which has been linked to greater life satisfaction and better quality of life (15). Social participation has also been associated with increased muscle mass, improved cognitive function, reduced comorbidity, prevention of disability, increased social support, decreased psychological distress and ultimately improved HRQoL (10).

The COVID-19 pandemic constituted a period of unprecedented reconfiguration of daily activities in the older populations living in the community. Both government-imposed restrictions and fear of infection led to reductions in both physical activity—especially outdoors—and social interactions (33). The pandemic also constituted a major environmental stressor, affecting access to health care for chronic diseases (e.g., for medication adjustment), hindering mobility, leisure activities and social contact. This external stressor was likely to generate a misalignment between one’s capacity and the environment, promoting the development of new disabilities (9). Older individuals are particularly vulnerable to the physical decline triggered by the pandemic, which may occur rapidly after periods of inactivity (34). During home confinement in 2020, a substantial decrease in overall physical activity was observed in the adult Spanish population, particularly for walking (35). In Spanish older cohorts it was observed that the most substantial changes in healthy habits during confinement were for physical activity and sedentary time (8). Several European and U.S. studies on older adults confirmed that self-reported physical activity (walking, moderate and vigorous exercise) and time on feet decreased substantially in the first years after the epidemic onset (31, 36).

However, few studies had previously analysed changes in light physical activity or routines, which may be critical in avoiding sedentary behaviours and maintaining social connections. Fors Connolly assessed changes in three daily activities (shopping, walking, and visiting family or friends) among European adults over 50 and found that changes in shopping and walking had greater significant repercussions on mental health (anxiety and depression) than changes in visits to relatives (32). Goverover et al. examined changes in 26 daily activities and their relationship with HRQoL, finding that individuals who changed routines the least —or adapted them to pandemic conditions—reported better quality of life (15). Otto et al. studied the change in the lives of U.S. cancer survivors due to the COVID-19 pandemic and its association with HRQoL (FACTG7), and found that those whose access to healthcare was most affected and whose routines suffered the most disruption reported a lower quality of life (37). These studies, however, were conducted in the early stages of the pandemic and focused on immediate effects. In contrast, our results suggest that pandemic-related disruptions in daily lives may persist in the medium or long term as, on the one hand, changes in routines were reported after the change in the COVID-19 surveillance strategy (38) and, on the other hand, no statistical association was observed between time since the interview and the reported change.

In our sample, women reported significantly more changes in routines than men, notably in basic and healthcare activities. Olofsson et al. similarly found that women experienced greater changes than men in all assessed routines, with a much larger effect for the reduction of shopping compared to the other activities (39). Other studies assessing the determinants of physical activity changes in older adults during the pandemic also found greater reductions in exercise levels and time on their feet among women (14). This difference may be explained by a higher sense of responsibility in the context of a crisis and greater adaptability, as women are more likely than men to implement preventive measures (39). Women may have been more compliant with the restrictions due to a greater fear of the disease, which has been observed previously (40) and has been confirmed in this study.

The largest differences in our study regarding change in routines were found for basic routines and healthcare routines and, in this context, it is possible that gender roles may have played a part. Older women are typically more involved than men in caregiving and household responsibilities, largely due to long-standing gender norms and expectations. As a result, they tend to dedicate more time to domestic tasks and care work, even in households where men are present or contribute (41, 42) In this sense, as women are more frequently involved in basic and caregiving tasks than men, they may have been more likely to notice changes in day-to-day activities during the pandemic. Furthermore, societal expectations and a strong sense of obligation to fulfill these roles may have led them to modify or interrupt their routines more than men, contributing to the higher frequency of reported routine changes (43). Their responsibility for the care of others may also have made them more likely to follow pandemic-related restrictions to protect those under their care.

Our results are subject to potential reverse causality between change in routines due to the pandemic and HRQoL. Individuals with poorer pre-pandemic health or higher disability levels may have experienced greater disruption due to a greater fear of infection or unmet healthcare needs. Also, these same individuals might have had lower resilience, more fragile mental health, and weaker social support networks, potentially triggering a more rapid deterioration of their physical condition and HRQoL as a result of the pandemic crisis (44).

The study has the limitations inherent to cross-sectional designs. The main limitation was its cross-sectional nature, which precludes causal inference and makes it vulnerable to reverse causality bias. In addition, we lacked pre-pandemic data on health-related quality of life and disability, which limits comparisons. Future studies using longitudinal designs would help to establish the directionality of associations, while qualitative approaches could provide further insights into the mechanisms underlying these observed changes. The recruitment of a representative sample of older adults (aged 75 and over) during a pandemic also constituted a significant logistical challenge and was the cause of the long recruitment period.

Another important limitation of this study was the use of non-validated questions to assess the impact of the COVID-19 pandemic on daily routines. A pragmatic approach was chosen to capture, in a clear and concise manner, the perceived changes in key areas of daily life (basic self-care, health management and social relationships), which were particularly relevant for the older populations during the pandemic. Although these questions are not part of formally validated psychometric instruments, they were designed using clear and structured wording to ensure comprehension by older adults. Given their self-reported nature, these questions are suitable for enabling comparability between groups and exploring associations between changes in daily routines and HRQoL. Nonetheless, the lack of formal validation may limit the reliability and generalizability of our findings. Future research should aim to develop standardized, validated tools for assessing changes in daily routines among older adults, in order to enhance reliability and validity. Finally, although two participants identified as non-binary and were retained in overall descriptive statistics, their small number precluded meaningful stratified or regression analyses, limiting the representation of gender diversity in our study. Future research should aim to include larger and more diverse samples of older adults to better capture the experiences and health outcomes of non-binary individuals.

Nonetheless, this study also has considerable strengths. The interviews of the participants were conducted by trained nurses using questionnaires widely used in their daily practice. Moreover, these clinical nurses were the primary care providers of the participants at their health centres, which allowed them to have a solid knowledge of the individuals’ health status and personal circumstances. This likely contributed to improving the accuracy of the data collected and minimising information loss. Sampling was carried out consecutively, minimising potential selection bias.



Conclusions

This study provides novel evidence on the impact of the COVID-19 pandemic on daily routines and health-related quality of life among community-dwelling Spanish adults aged 75 and older, with a focus on gender differences. Our results show that Spanish older adults experienced substantial and persistent changes in their daily routines, particularly in social activities, and that these changes were associated with HRQoL outcomes.

Gender-specific patterns were observed. Women reported more frequent changes across all routine types. In men, HRQoL was more sensitive to disruptions in healthcare routines and when basic and healthcare routines were simultaneously affected. Among women, lower HRQoL was observed when basic and social routines were disrupted together, as well as when all three routine types were simultaneously affected. Importantly, the association between changes and HRQoL was found to be independent of COVID-19 infection status, suggesting that the broader social and environmental consequences of the pandemic had a greater impact on perceived heath than the infection itself.

These findings underscore the importance of incorporating a gender perspective in public health responses to future crises. Strategies aimed at preserving or restoring daily routines, especially those related to healthcare and social participation, may be key to maintaining autonomy and health-related quality of life in older populations. Moreover, it is crucial to develop personalized policies and support systems that address the diverse needs of older adults. Efforts to empower them through improved digital literacy and to create strategies that prevent and manage unwanted loneliness will be essential for enhancing resilience and well-being in this population.
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Background: This study aimed to evaluate sociodemographic and health-related factors associated with quality of life (QoL) in older adults from Kazakhstan during the COVID-19 pandemic, as well as gender- and place-of-residence differences in these factors associated with QoL.
Method: This study included 445 individuals aged 60 years and above from both urban and rural areas in Kazakhstan, between June and July 2022. Sociodemographic and health-related variables were analyzed. QoL was evaluated by the Older People’s Quality of Life (OPQoL) Scale.
Results: The multivariate regression analysis indicated that the entire study population belonging to an ethnic group other than Kazakh (p < 0.001) was associated with lower OPQoL scores. For men, being married (p = 0.001) was significantly associated with the higher OPQoL scores, while belonging to an ethnic group other than Kazakh (p = 0.040) was associated with the lower OPQoL scores. Regarding women, the presence of COPD (p < 0.001) and belonging to an ethnic group other than Kazakh (p < 0.001) were significantly associated with the lower OPQoL scores. For those living in urban areas, better self-reported overall health (p = 0.005) and the absence of chronic heart failure (p = 0.041) were significantly associated with higher OPQoL scores. In comparison, the presence of chronic diseases (p < 0.001) and belonging to an ethnic group other than Kazakh (p < 0.001) were associated with lower OPQoL scores. In the rural area, in univariate regression analysis, only diabetes (p = 0.012) was significantly associated with lower OPQoL scores. General linear model analysis indicated that age, in combination with various health and sociodemographic factors, significantly affected OPQoL scores. In men, significant associations involved age with diabetes (p = 0.024) and marital status (p < 0.001), and in women, age with COPD (p = 0.005), chronic diseases (p = 0.014), and ethnic background (p < 0.001). Among urban residents, age was significantly associated with chronic heart failure (p = 0.021), chronic disease (p = 0.005), and ethnic background (p < 0.001), while among rural residents, age was significantly associated with hypertension (p = 0.024) and chronic diseases (p = 0.043).
Conclusion: Our findings suggested that various sociodemographic and health-related factors influence QoL in older adults. Furthermore, this study showed gender- and place of residence-differentiated predictors of QoL. These results call for gender and place-of-residence-responsive healthcare provision and community support services.
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Background

The outbreak of the COVID-19 pandemic affected all spheres of people’s lives globally, with devastating effects on all aspects of population functioning and quality of life. Reports from 03 October 2023 pointed out that there were more than 1.4 million cases with confirmed COVID-19 infection, and 19,071 deaths in Kazakhstan (1). In the study by Marzo et al. (2), it was reported that COVID-19 adversely affected quality of life (QoL) across different age groups and professions. According to the 2021 population and housing census in Kazakhstan, 12.8% of the total population was 60 years and older (3). Previously, it was pointed out that older adults are more susceptible to COVID-19, with a higher prevalence of mortality related to COVID-19 in the age group 60 years and older compared with other population groups (4). During the COVID-19 pandemic, numerous countries have proposed measures to reduce the spread of the virus (2, 5, 6). Among them are social distancing, employment reductions, changes in everyday activities, and medical service restrictions that affect an individual’s psychological wellbeing (2).

Pandemic measures resulted in profound changes in lifestyle in older people, with the potential to affect the physical and mental health of individuals, particularly for those with disabilities, chronic diseases, and geriatric syndromes (6). In a population-based study in Finland, it was observed that during the early phase of the COVID-19 pandemic, the QoL of older people remained stable, even as negative changes in QoL-related factors were reported (7). A possible explanation for this phenomenon is that older people have a greater capacity to cope with environmental stressors than younger people (7).

In previous studies, numerous factors were reported to affect the QoL of older adults during the COVID-19 pandemic (8–10). In a cross-sectional study by Sürmeli et al. (8), it was noted that age, anxiety, fear, and education level were predictors of QoL in older people. In another study, poorer QoL among older adults during the COVID-19 pandemic was found to be associated with older age, lower education level, being single, unemployment, chronic disease, and self-reported functional constipation (9). Additionally, in a cross-sectional study, in Brazilian older adults with long COVID-19 syndrome, significant predictors of QoL were shown to be race, daily screen time, owning a home, musculoskeletal and anxiety symptoms, and working status (10). Differences between sexes and QoL were described in a cross-sectional online survey of community-dwelling older Canadians during the COVID-19 pandemic, in which ethnicity, region of residence, and social contact were associated with QoL in women (11). In contrast, social engagement was associated with QoL in both sexes (11). In the study on global AGEing and adult health, the results from community-dwelling older adults in China, India, Russia, South Africa, and Ghana demonstrated that social cohesion in men was significantly associated with higher QoL, while in women, being married was significantly associated with higher QoL except for women from Ghana (12).

In a population-based study on the elderly from Brazil, the authors reported a higher prevalence of chronic diseases among the elderly, and that type of disease is associated with the degree of impact on health-related quality of life (13). Furthermore, the literature reports that older people aged 65 years and above have a prevalence of multimorbidity of 67.5–87% globally (14). Additionally, female gender was positively associated with multimorbidity (15).

Moreover, it was noticed that COVID-19 reshaped the quality of life in cities, where the role of transport and land use, facilities and services, housing, urban nature, public space, and information and communication technologies (ICT) underwent transformation during COVID-19 in the quality of life in cities (16). Another study from Norway found that during COVID-19, some characteristics of compact cities were negatively associated with wellbeing and health outcomes, including higher neighborhood density, greater reliance on public transport, smaller dwellings, and reduced green space (17). In contrast, others were positively associated with wellbeing and health outcomes, including the presence of numerous local facilities (17). However, individuals from rural areas in Iowa reported lower perceived importance of social distancing and less concern about COVID-19 (18).

The primary aim of this study was to evaluate the sociodemographic and health-related factors associated with quality of life in older adults from Kazakhstan during the COVID-19 pandemic, as well as to examine gender and place of residence differences in these associations.



Methods


Study design and participants

This cross-sectional study included 445 individuals aged 60 years or older from both urban and rural areas in Kazakhstan. The inclusion criterion for age was 60 years or older, as the retirement age in Kazakhstan is 60 for women and 63 for men. A face-to-face survey was conducted between June and July 2022 by trained personnel. The initial study sample was 451, and the response rate was 98.7%.



Sampling methodology and ethical considerations

In this study, a stratified sampling method was used to ensure the representativeness of the study population based on the percentage distribution of older adults aged 60 years and above in the general population of Almaty City and surrounding rural areas, as reported by the Bureau of National Statistics of the Republic of Kazakhstan (19). These areas encompass a broad range of socioeconomic and living conditions, with the highest proportion of older adults in Kazakhstan. To balance the urban and rural representation, 50% of participants were recruited from urban areas and 50% from rural areas. Within each stratum, participants were further stratified by gender, aiming for a target distribution of approximately 60% women and 40% men in the Almaty region (19).

To secure the privacy and protection of participants’ data, confidentiality was a key ethical consideration. Data collection was carried out by a team of trained interviewers. Before participating, all prospective participants were informed about the research objectives, the research team, and their rights, including the option to withdraw or discontinue the survey at any time without any penalty. Oral informed consent was obtained from all participants. To maintain anonymity, data without names were recorded in the dataset. For accuracy and quality control, all interviews were recorded, and responses were securely stored in a cloud-based system. Participants were assigned unique ID numbers in place of names. Access to the dataset was restricted to the core research team members and protected by password security to prevent unauthorized access.



Inclusion and exclusion criteria

Inclusion criteria:


	1. Adults aged 60 years and above

	2. Residents of Almaty city and Almaty region



Exclusion criteria:


	1. Individuals below 60 years of age

	2. Individuals who refused to provide oral informed consent

	3. Individuals with aphasia or significant hearing loss





Testing instrument

The Older People’s Quality of Life (OPQoL) Scale was used to assess participants’ quality of life. This questionnaire is specifically designed for older populations and consists of 35 items in 8 categories: Life overall (4 items); Health (4 items); Social relationships (5 items); Independence, Control over life, and Freedom (4 items); Home and neighborhood (4 items); Psychological and emotional wellbeing (4 items); Financial circumstances (4 items); and Leisure and activities (6 items) (20). Participants are asked to indicate the extent to which they agree with each statement by choosing one of five options: “strongly disagree”; “disagree”; “neither agree nor disagree”; “agree”; and “strongly agree” (21). Each response was assigned a score from 1 to 5, and scores for negative statements were reversed so that higher scores indicate better QoL (21). The total OPQoL score ranges from 35 (indicating the worst possible QoL) to 175 (indicating the best possible QoL) (20).



Evaluated variables

The information collected in the survey is as follows:


	• Sociodemographic information includes age (categorized as 60–64; 65–69; 70–74; 75–79; and 80 years and above), gender (male and female), education level primary school (3–4 grades); incomplete secondary school (8–9 grades); secondary school (10–11 grades); specialized secondary (technical school and college); higher (bachelor and specialist); postgraduate (master, doctor, PhD, professor, candidate of science, doctor of science, and other); marital status (single, married, widowed, divorced, and other), number of children living with the participant (none; 1–3; 4–6; 7–9; 10 and more), ethnic background (Kazakh and other), and place of residence (urban and rural).

	• Health-related information includes self-reported overall health (weak; below average; average; good; and very good), hypertension (no; yes), diabetes (no; yes), chronic heart failure (no; yes), cerebrovascular disease (no; yes), cardiovascular disease (no; yes), chronic obstructive pulmonary disease (COPD) (no; yes), and presence of chronic diseases (neurological except cerebrovascular diseases, respiratory except COPD, musculoskeletal, endocrinological except diabetes, gastrointestinal, hepatobiliary, renal, urological, and hematological diseases) (have; do not have).



For this study, we modified further variables into the following categories:


	• Age group: 60–69 years, 70–79 years, and 80 years and above

	• Education: Primary and secondary (Primary, Incomplete secondary, and Secondary), Specialized secondary, and University (Higher, Postgraduate, and other)

	• Marital status: Single (Single, Widowed, Divorced, and other) and Married

	• Number of children participants live with was formulated to “live with children”: no, yes (1 or more children).





Statistical analysis

To assess the adequacy of the sample size, a power analysis was conducted assuming a small-to-moderate effect size (f2 = 0.10), a significance level of 0.05, and a statistical power of 80%. The results indicated that a minimum of 300 participants would be required to obtain reliable and generalizable findings. Therefore, the sample size in this study was sufficient to detect meaningful associations and to ensure the robustness of the statistical analyses.

We first compared sociodemographic and health-related characteristics between men and women as well as between individuals living in urban and rural places. Subsequently, we examined mean OPQoL scores in relation to sociodemographic and health-related characteristics for the entire sample, as well as separately for men and women and for those living in urban and rural places. Categorical variables were presented as frequencies (N) and percentages (%), while continuous variables were summarized as mean values (MVs) with standard deviations (SDs). The normality of continuous variables was assessed using the Kolmogorov–Smirnov test and graphical methods, including Q–Q plots, histograms, scatterplots, and residual plots. The Mann–Whitney U-test was used to assess statistical significance between two groups, and the Kruskal–Wallis test was applied for comparisons involving three or more groups.

In this study, all participants completed all items in the survey included in the analysis, resulting in 100% item-level completeness. No data were missing, and therefore no imputation or exclusion of responses was necessary. Data collection was conducted in person under supervision, ensuring that all items were answered.

Linear regression analysis was performed in every model to analyze associations between categorical variables and OPQoL. Coefficients were estimated by ordinary least squares (OLS), and 5,000 bootstrap resamples were used to generate robust 95% confidence intervals (CIs). All regression models were checked for standard assumptions, including linearity, normality, and homoscedasticity of residuals, and multicollinearity (VIF). No violations were observed.

Five separate models were run: (Model 1) the entire sample, (Model 2) men, (Model 3) women, (Model 4) those living in an urban setting, and (Model 5) those living in a rural setting. All variables that were significantly associated with OPQoL in the univariate linear regression were included in the multivariate linear regression analysis.

An adjusted General Linear Model (GLM) was applied with all factors included as fixed effects. Two-way interaction effects were systematically assessed by testing each primary factor (age, gender, and place of residence) against all other covariates. Stratified analyses were also conducted by gender and place of residence to explore subgroup-specific patterns. Effect sizes were reported using partial eta-squared (η2) interpreted according to Cohen (22) as small (η2 = 0.01), medium (η2 = 0.06), and large (η2 = 0.14) effects.

Statistical analysis was done using IBM SPSS statistical software (SPSS for Windows, version 26.0, SPSS, Chicago, IL, USA).




Results

Table 1 presents the study group’s sociodemographic and health-related characteristics by gender. Frequencies across different levels of education significantly differed by gender (p = 0.008), presence of hypertension (p = 0.008), presence of chronic diseases (p = 0.001), and marital status (p < 0.001).


TABLE 1 The study group’s sociodemographic and health-related characteristics regarding gender.


	Variables
	Males N = 174
	Females N = 271
	
p*




	N (%)
	N (%)

 

 	Age 	60–69 years 	106 (60.9) 	163 (60.1) 	0.797


 	70–79 years 	58 (33.3) 	88 (32.5)


 	80 years and above 	10 (5.7) 	20 (7.4)


 	Education 	Primary and secondary 	57 (32.8) 	61 (22.5) 	0.008


 	Specialized secondary 	61 (35.1) 	85 (31.4)


 	University 	56 (32.2) 	125 (46.1)


 	Self-reported overall health 	Weak 	5 (2.9) 	8 (3.0) 	0.431


 	Below average 	8 (4.6) 	17 (6.3)


 	Average 	71 (40.8) 	130 (48.0)


 	Good 	79 (45.4) 	99 (36.5)


 	Very good 	11 (6.3) 	17 (6.3)


 	Hypertension 	No 	112 (64.4) 	140 (51.7) 	0.008


 	Yes 	62 (35.6) 	131 (48.3)


 	Diabetes 	No 	159 (91.4) 	245 (90.4) 	0.729


 	Yes 	15 (8.6) 	26 (9.6)


 	Chronic heart failure 	No 	155 (89.1) 	227 (83.8) 	0.116


 	Yes 	19 (10.9) 	44 (16.2)


 	Cerebrovascular disease 	No 	171 (98.3) 	257 (94.8) 	0.065


 	Yes 	3 (1.7) 	14 (5.2)


 	Cardiovascular disease 	No 	137 (78.7) 	211 (77.9) 	0.827


 	Yes 	37 (21.3) 	60 (22.1)


 	COPD 	No 	166 (95.4) 	263 (97.0) 	0.363


 	Yes 	8 (4.6) 	8 (3.0)


 	Chronic diseases 	Have 	98 (56.3) 	196 (72.3) 	0.001


 	Do not have 	76 (43.7) 	75 (27.7)


 	Marital status 	Single 	36 (20.7) 	117 (43.2) 	<0.001


 	Married 	138 (79.3) 	154 (56.8)


 	Living with children 	No 	122 (70.1) 	193 (71.2) 	0.803


 	Yes 	52 (29.9) 	78 (28.8)


 	Ethnic background 	Kazakh 	124 (71.3) 	185 (68.3) 	0.503


 	Other 	50 (28.7) 	86 (31.7)


 	Place of residence 	Urban 	88 (50.6) 	134 (49.4) 	0.816


 	Rural 	86 (49.4) 	137 (50.6)





*—Chi-square test.
 

In Table 2, the study group’s sociodemographic and health-related characteristics regarding place of residence were presented. Frequencies in different levels of education (p < 0.001), different degrees of self-reported overall health (p < 0.001), presence of cerebrovascular diseases (p = 0.006), cardiovascular diseases (p = 0.001), COPD (p = 0.011), marital status (p < 0.001), living with children (p < 0.001), and ethnic background (p < 0.001) significantly differed between individuals from urban and rural places.


TABLE 2 The study group’s sociodemographic and health-related characteristics regarding place of residence.


	Variables
	Urban N = 222
	Rural N = 223
	
p*




	N (%)
	N (%)

 

 	Age 	60–69 years 	130 (58.6) 	139 (62.3) 	0.692


 	70–79 years 	77 (34.7) 	69 (30.9)


 	80 years and above 	15 (6.8) 	15 (6.7)


 	Gender 	Male 	88 (39.6) 	86 (38.6) 	0.816


 	Female 	134 (60.4) 	137 (61.4)


 	Education 	Primary and secondary 	37 (16.7) 	81 (36.3) 	<0.001


 	Specialized secondary 	68 (30.63) 	78 (35.0)


 	University 	117 (52.7) 	64 (28.7)


 	Self-reported overall health 	Weak 	8 (3.6) 	5 (2.2) 	<0.001


 	Below average 	20 (9.0) 	5 (2.2)


 	Average 	113 (50.9) 	88 (39.5)


 	Good 	75 (33.8) 	103 (46.2)


 	Very good 	6 (2.7) 	22 (9.9)


 	Hypertension 	No 	123 (55.4) 	129 (57.8) 	0.603


 	Yes 	99 (44.6) 	94 (42.2)


 	Diabetes 	No 	198 (89.2) 	206 (92.4) 	0.245


 	Yes 	24 (10.8) 	17 (7.6)


 	Chronic heart failure 	No 	184 (82.9) 	198 (88.8) 	0.074


 	Yes 	38 (17.1) 	25 (11.2)


 	Cerebrovascular disease 	No 	208 (93.7) 	220 (98.6) 	0.006


 	Yes 	14 (6.3) 	3 (1.4)


 	Cardiovascular disease 	No 	159 (71.6) 	189 (84.8) 	0.001


 	Yes 	63 (28.4) 	34 (15.2)


 	COPD 	No 	209 (94.1) 	220 (98.6) 	0.011


 	Yes 	13 (5.9) 	3 (1.4)


 	Chronic diseases 	Have 	155 (69.8) 	139 (62.3) 	0.095


 	Do not have 	67 (30.2) 	84 (37.7)


 	Marital status 	Single 	97 (43.7) 	56 (25.1) 	<0.001


 	Married 	125 (56.3) 	167 (74.9)


 	Living with children 	No 	203 (91.4) 	112 (50.2) 	<0.001


 	Yes 	19 (8.6) 	111 (49.8)


 	Ethnic background 	Kazakh 	118 (53.2) 	191 (85.6) 	<0.001


 	Other 	104 (46.8) 	32 (14.4)





*—Chi-square test.
 

Mean OPQoL values were tested across sociodemographic and health-related groups for the entire study sample and for men and women separately, and are presented in Table 3. Among men, OPQoL mean values differed significantly across categories of self-reported overall health (χ2 = 14.73; df = 4; p = 0.005), with the highest mean in the “very good” category and the lowest in the “below average” category. Significantly higher OPQoL mean values were observed among men without chronic diseases (U = 3071.50; z = −1.98; p = 0.048), married men (U = 3463.50; z = 3.64; p < 0.001), and those of Kazakh ethnic background (U = 2256.50; z = −2.81; p = 0.005).


TABLE 3 Mean values of OPQoL score for tested variables (total score and regarding gender).


	Variables
	OPQoL males
	OPQoL females
	OPQoL total



	MV ± SD
	
p

	MV ± SD
	
p

	MV ± SD
	
p


 

 	Age 	60–69 years 	128.93 ± 11.43 	0.056* 	128.77 ± 11.87 	0.429* 	128.83 ± 11.68 	0.229*


 	70–79 years 	124.86 ± 14.43 	127.02 ± 12.37 	126.16 ± 13.22


 	80 years and above 	136.90 ± 16.38 	125.05 ± 13.20 	129.00 ± 15.16


 	Gender 	Male 	– 	– 	– 	– 	128.03 ± 13.05 	0.872**


 	Female 	– 	– 	127.93 ± 12.14


 	Education 	Primary and secondary 	128.09 ± 13.22 	0.577* 	129.77 ± 13.58 	0.328* 	128.96 ± 13.38 	0.323*


 	Specialized secondary 	126.67 ± 13.24 	126.94 ± 11.81 	126.83 ± 12.38


 	University 	129.46 ± 12.74 	127.70 ± 11.61 	128.24 ± 11.96


 	Self-reported overall health 	Weak 	119.00 ± 14.49 	0.005* 	127.25 ± 15.72 	<0.001* 	124.08 ± 15.22 	<0.001*


 	Below average 	113.38 ± 9.23 	116.29 ± 11.21 	115.36 ± 10.51


 	Average 	128.04 ± 13.74 	126.70 ± 11.80 	127.17 ± 12.50


 	Good 	129.38 ± 12.01 	130.41 ± 11.52 	129.96 ± 11.72


 	Very good 	133.09 ± 9.98 	134.76 ± 8.62 	134.11 ± 9.04


 	Hypertension 	No 	128.88 ± 13.13 	0.317** 	129.74 ± 12.68 	0.004** 	129.36 ± 12.87 	0.005**


 	Yes 	126.50 ± 12.86 	125.98 ± 11.26 	126.15 ± 11.77


 	Diabetes 	No 	127.65 ± 12.59 	0.154** 	128.18 ± 12.10 	0.272** 	127.98 ± 12.28 	0.946**


 	Yes 	132.07 ± 17.17 	125.50 ± 12.52 	127.90 ± 14.54


 	Chronic heart failure 	No 	128.74 ± 12.78 	0.060** 	129.09 ± 11.35 	0.002** 	128.95 ± 11.94 	<0.001**


 	Yes 	122.32 ± 14.14 	121.91 ± 14.29 	122.03 ± 14.13


 	Cerebrovascular disease 	No 	127.94 ± 13.10 	0.418** 	128.12 ± 12.25 	0.141** 	128.05 ± 12.58 	0.331**


 	Yes 	133.33 ± 10.26 	124.29 ± 9.46 	125.88 ± 9.92


 	Cardiovascular disease 	No 	129.20 ± 12.51 	0.054** 	129.09 ± 11.68 	0.006** 	129.14 ± 12.00 	0.001**


 	Yes 	123.70 ± 14.24 	123.82 ± 12.91 	123.77 ± 13.36


 	COPD 	No 	128.07 ± 12.90 	0.431** 	127.67 ± 12.08 	0.065** 	127.83 ± 12.39 	0.453**


 	Yes 	127.25 ± 16.88 	136.38 ± 11.70 	131.81 ± 14.80


 	Chronic diseases 	Have 	126.24 ± 14.19 	0.048** 	126.36 ± 12.47 	<0.001** 	126.32 ± 13.04 	<0.001**


 	Do not have 	130.34 ± 11.07 	132.03 ± 10.24 	131.18 ± 10.66


 	Marital status 	Single 	120.42 ± 12.78 	<0.001** 	127.13 ± 13.06 	0.354** 	125.55 ± 13.26 	0.006**


 	Married 	130.02 ± 12.41 	128.53 ± 11.41 	129.24 ± 11.89


 	Have children 	No 	126.98 ± 13.81 	0.083** 	127.36 ± 13.07 	0.328** 	127.21 ± 13.34 	0.062**


 	Yes 	130.52 ± 10.78 	129.33 ± 9.38 	129.81 ± 9.94


 	Ethnic background 	Kazakh 	129.86 ± 12.77 	0.005** 	130.65 ± 11.80 	<0.001** 	130.34 ± 12.18 	<0.001**


 	Other 	123.50 ± 12.74 	122.06 ± 10.76 	122.59 ± 11.50


 	Place of residence 	Urban 	126.50 ± 14.53 	0.131** 	126.41 ± 12.90 	0.014** 	126.45 ± 13.54 	0.004**


 	Rural 	129.60 ± 11.21 	129.41 ± 11.20 	129.48 ± 11.18





*—Kruskal–Wallis test; **—Mann–Whitney U-test.
 

Similarly, among women, OPQoL mean values differed significantly across categories of self-reported overall health (χ2 = 30.35; df = 4; p < 0.001), with the highest mean in the “very good” category and the lowest in the “below average” category. Higher OPQoL mean values were noted among women without hypertension (U = 11002.50; z = 2.84; p = 0.004), chronic heart failure (U = 6502.50; z = 3.17; p = 0.002), cardiovascular disease (U = 7788.00; z = 2.72; p = 0.006), and other chronic diseases (U = 5019.00; z = −4.04; p < 0.001), as well as among those of Kazakh ethnic background (U = 4205.00; z = −6.25; p < 0.001) and those living in rural areas (U = 10767.50; z = 2.46; p = 0.014).

For the entire study sample, OPQoL mean values also varied significantly across categories of self-reported overall health (χ2 = 42.26; df = 4; p < 0.001), with the highest mean in the “very good” category and the lowest in the “below average” category. Significantly higher OPQoL mean values were observed among participants without hypertension (U = 28119.00; z = 2.83; p = 0.005), chronic heart failure (U = 15486.50; z = 3.65; p < 0.001), cardiovascular disease (U = 20654.00; z = 3.37; p = 0.001), and other chronic diseases (U = 16698.00; z = −4.28; p < 0.001). Higher mean OPQoL values were also noted among married older adults (U = 25843.00; z = 2.72; p = 0.006), those of Kazakh ethnic origin (U = 12676.00; z = −6.67; p < 0.001), and individuals living in rural areas (U = 28612.00; z = 2.85; p = 0.004).

Mean OPQoL values were tested across sociodemographic and health-related groups for individuals residing in urban and rural regions and are presented in Table 4. Among individuals residing in urban regions, OPQoL mean values differed significantly across categories of self-reported overall health (χ2 = 44.51; df = 4; p < 0.001). Higher OPQoL mean values were noted among older adults without hypertension (U = 7098.50; z = 2.12; p = 0.034), chronic heart failure (U = 5089.50; z = 4.42; p < 0.001), cardiovascular disease (U = 6269.50; z = 2.92; p = 0.003), and other chronic diseases (U = 2828.50; z = −5.38; p < 0.001), as well as among those of Kazakh ethnic background (U = 3153.00; z = −6.25; p < 0.001).


TABLE 4 Mean values of OPQoL score for tested variables regarding place of residence.


	Variables
	OPQoL urban
	OPQoL rural



	MV±SD
	
p

	MV±SD
	
p


 

 	Age 	60–69 years 	127.98 ± 13.41 	0.169* 	129.63 ± 9.77 	0.651*


 	70–79 years 	124.06 ± 13.50 	128.51 ± 12.60


 	80 years and above 	125.40 ± 13.90 	132.60 ± 15.97


 	Gender 	Male 	126.50 ± 14.53 	0.868** 	129.60 ± 11.21 	0.859**


 	Female 	126.41 ± 12.90 	129.41 ± 11.20


 	Education 	Primary and secondary 	125.35 ± 12.96 	0.229* 	130.60 ± 13.32 	0.526*


 	Specialized secondary 	124.19 ± 14.17 	129.13 ± 10.13


 	University 	128.10 ± 13.23 	128.50 ± 9.32


 	Self-reported overall health 	Weak 	122.00 ± 7.13 	<0.001* 	127.40 ± 24.15 	0.641*


 	Below average 	112.55 ± 9.80 	126.60 ± 3.05


 	Average 	124.83 ± 12.96 	130.18 ± 11.27


 	Good 	131.72 ± 12.25 	128.67 ± 11.20


 	Very good 	143.17 ± 7.99 	131.64 ± 7.74


 	Hypertension 	No 	128.38 ± 13.55 	0.034** 	130.29 ± 12.16 	0.056**


 	Yes 	124.04 ± 13.20 	128.37 ± 9.62


 	Diabetes 	No 	126.97 ± 13.44 	0.108** 	128.94 ± 11.01 	0.007**


 	Yes 	122.08 ± 13.84 	136.12 ± 11.44


 	Chronic heart failure 	No 	128.27 ± 13.07 	<0.001** 	129.58 ± 10.77 	0.594**


 	Yes 	117.61 ± 12.36 	128.76 ± 14.22


 	Cerebrovascular disease 	No 	126.60 ± 13.76 	0.439** 	129.43 ± 11.22 	0.330**


 	Yes 	124.21 ± 9.81 	133.67 ± 7.23


 	Cardiovascular disease 	No 	128.18 ± 13.40 	0.003** 	129.95 ± 10.65 	0.433**


 	Yes 	122.08 ± 12.98 	126.91 ± 13.67


 	COPD 	No 	126.25 ± 13.56 	0.479** 	129.32 ± 11.00 	0.291**


 	Yes 	129.62 ± 13.33 	141.33 ± 20.21


 	Chronic diseases 	Have 	123.26 ± 12.78 	<0.001** 	129.73 ± 12.52 	0.980**


 	Do not have 	133.82 ± 12.39 	129.07 ± 8.56


 	Marital status 	Single 	124.79 ± 13.69 	0.167** 	126.86 ± 12.49 	0.080**


 	Married 	127.73 ± 13.33 	130.37 ± 10.60


 	Have children 	No 	126.08 ± 13.78 	0.132** 	129.26 ± 12.32 	0.754**


 	Yes 	130.37 ± 10.13 	129.71 ± 9.95


 	Ethnic background 	Kazakh 	131.52 ± 14.11 	<0.001** 	129.61 ± 10.80 	0.488**


 	Other 	120.69 ± 10.21 	128.75 ± 13.37





*—Kruskal–Wallis test; **—Mann–Whitney U-test.
 

Among individuals residing in rural regions, significantly higher OPQoL mean values were observed among older adults with diabetes (U = 1068.00; z = −2.68; p = 0.007).

The results of the univariate and multivariate linear regression analyses of sociodemographic and health-related factors associated with OPQoL scores for the entire sample are presented in Table 5. In the univariate linear regression analysis, better self-reported overall health (p < 0.001), absence of hypertension (p = 0.007), absence of chronic heart failure (p < 0.001), absence of cardiovascular diseases (p = 0.001), being married (p = 0.003), having children (p = 0.022), and rural place of residence (p = 0.010) were all significantly associated with the higher OPQoL scores, while presence of chronic diseases (p < 0.001) and belonging to the ethnic group other than Kazakh (p < 0.001) were associated with the lower OPQoL scores. In the multivariate linear regression analysis, belonging to an ethnic group other than Kazakh (p < 0.001) was significantly associated with lower OPQoL scores. In the overall multivariate regression model, we accounted for 14% of the variance in OPQoL (R2 = 0.141, F = 7.931, p < 0.001).


TABLE 5 Sociodemographic and health-related factors associated with OPQoL in the entire sample.


	Model 1 (OPQoL entire sample)
	Univariate linear regression
	Multivariate linear regression



	Variable
	
B

	95% CI
	
p

	
B

	95% CI
	
p


 

 	Age 	−1.181 	−3.302 to 0.813 	0.247 	– 	– 	–


 	Gender 	−0.108 	−2.548 to 2.315 	0.938 	– 	– 	–


 	Education 	−0.231 	−1.767 to 1.276 	0.759 	– 	– 	–


 	Self-reported overall health 	3.818 	2.346–5.248 	<0.001 	1.627 	−0.277 to 3.466 	0.088


 	Hypertension 	3.211 	0.959–5.571 	0.007 	0.013 	−3.445 to 3.308 	0.995


 	Diabetes 	0.073 	−4.506 to 4.583 	0.975 	– 	– 	–


 	Chronic heart failure 	6.916 	3.144–10.665 	<0.001 	2.503 	−1.648 to 6.692 	0.247


 	Cerebrovascular diseases 	2.169 	−2.796 to 7.036 	0.386 	– 	– 	–


 	Cardiovascular diseases 	5.365 	2.408–8.392 	0.001 	1.820 	−1.723 to 5.491 	0.323


 	COPD 	−3.987 	−11.614 to 3.276 	0.279 	– 	– 	–


 	Chronic diseases 	−4.859 	−7.122 to −2.638 	<0.001 	−1.920 	−5.334 to 1.387 	0.272


 	Marital status 	3.687 	1.220–6.189 	0.003 	2.468 	−0.010 to 5.104 	0.061


 	Having children 	2.598 	0.362–4.787 	0.022 	−0.254 	−2.983 to 2.450 	0.854


 	Ethnic background 	−7.748 	−10.057 to −5.377 	<0.001 	−6.363 	−9.057 to −3.674 	<0.001


 	Place of residence 	3.038 	0.788–5.314 	0.010 	−0.503 	−3.394 to 2.340 	0.727




 

The results of the univariate and multivariate linear regression investigations of sociodemographic and health-related factors associated with OPQoL scores in men and women are presented in Table 6. In the univariate linear regression analysis, better self-reported overall health (p = 0.001), absence of cardiovascular diseases (p = 0.030), and being married (p < 0.001) were significantly associated with the higher OPQoL scores, while the presence of chronic diseases (p = 0.036) and belonging to an ethnic group other than Kazakh (p = 0.003) were associated with the lower OPQoL scores. In the multivariate linear regression analysis, being married (p = 0.001) was significantly associated with the higher OPQoL scores, while belonging to an ethnic group other than Kazakh (p = 0.040) was associated with the lower OPQoL scores. In the multivariate regression model from the men subgroup, we verified 15% of the variance for OPQoL (R2 = 0.151, F = 5.974, p < 0.001).


TABLE 6 Sociodemographic and health-related factors associated with OPQoL in men and women.


	Variable
	Univariate linear regression
	Multivariate linear regression



	
B

	95% CI
	
p

	
B

	95% CI
	
p


 

 	Model 2 (OPQoL male)


 	Age 	−0.106 	−3.976 to 3.461 	0.955 	– 	– 	–


 	Education 	0.682 	−1.692 to 3.193 	0.579 	– 	– 	–


 	Self-reported overall health 	3.816 	1.460–6.072 	0.001 	1.491 	−1.602 to 4.378 	0.319


 	Hypertension 	2.384 	−1.591 to 6.405 	0.256 	– 	– 	–


 	Diabetes 	−4.413 	−13.042 to 4.844 	0.333 	– 	– 	–


 	Chronic heart failure 	6.420 	−0.205 to 13.220 	0.055 	– 	– 	–


 	Cerebrovascular diseases 	−5.392 	−14.665 to 6.642 	0.312 	– 	– 	–


 	Cardiovascular diseases 	5.502 	0.596–10.611 	0.030 	3.367 	−2.290 to 9.387 	0.255


 	COPD 	0.822 	−12.678 to 11.439 	0.889 	– 	– 	–


 	Chronic diseases 	−4.097 	−7.957 to −0.403 	0.036 	−0.512 	−4.978 to 3.930 	0.826


 	Marital status 	9.605 	4.959–14.265 	<0.001 	8.035 	3.438–12.730 	0.001


 	Having children 	3.544 	−0.317 to 7.375 	0.074 	– 	– 	–


 	Ethnic background 	−6.363 	−10.639 to −2.200 	0.003 	−4.322 	−8.438 to −0.345 	0.040


 	Place of residence 	3.105 	−0.749 to 6.976 	0.118 	– 	– 	–


 	Model 3 (OPQoL female)


 	Age 	−1.809 	−4.080 to 0.468 	0.120 	– 	– 	–


 	Education 	−0.827 	−2.671 to 1.123 	0.396 	– 	– 	–


 	Self-reported overall health 	3.838 	1.965–5.640 	<0.001 	1.109 	−1.171 to 3.329 	0.342


 	Hypertension 	3.758 	0.862–6.650 	0.012 	0.636 	−3.504 to 4.776 	0.756


 	Diabetes 	2.684 	−2.264 to 7.887 	0.296 	– 	– 	–


 	Chronic heart failure 	7.183 	2.661–11.835 	0.003 	4.310 	−0.857 to 9.661 	0.106


 	Cerebrovascular diseases 	3.839 	−1.496 to 8.827 	0.136 	– 	– 	–


 	Cardiovascular diseases 	5.278 	1.597–9.061 	0.004 	1.084 	−2.852 to 4.997 	0.589


 	COPD 	−8.706 	−17.140 to −0.254 	0.022 	−13.840 	−20.088 to −7.258 	<0.001


 	Chronic diseases 	−5.670 	−8.517 to −2.763 	<0.001 	−3.105 	−7.070 to 0.807 	0.133


 	Marital status 	1.404 	−1.549 to 4.295 	0.350 	– 	– 	–


 	Having children 	1.976 	−0.872 to 4.778 	0.162 	– 	– 	–


 	Ethnic background 	−8.596 	−11.473 to −5.801 	<0.001 	−7.210 	−10.380 to −3.964 	<0.001


 	Place of residence 	2.998 	0.189–5.869 	0.040 	0.704 	−2.541 to 3.954 	0.677




 

In the univariate linear regression analysis, better self-reported overall health (p < 0.001), absence of hypertension (p = 0.012), absence of chronic heart failure (p = 0.003), and absence of cardiovascular diseases (p = 0.004), and rural residence (p = 0.040) were significantly associated with the higher OPQoL scores, while COPD (p = 0.022), presence of chronic diseases (p < 0.001), and belonging to the ethnic group other that Kazakh (p < 0.001) were associated with the lower OPQoL scores. In the multivariate linear regression analysis, the presence of COPD (p < 0.001) and belonging to an ethnic group other than Kazakh (p < 0.001) were significantly associated with the lower OPQoL scores. In the multivariate regression model from the women subgroup, we verified 20% of the variance for OPQoL (R2 = 0.201, F = 8.243, p < 0.001).

The results of the univariate and multivariate linear regressions analyzing sociodemographic and health-related factors associated with OPQoL scores for urban and rural residents are presented in Table 7. In the univariate linear regression analysis for urban residents, better self-reported overall health (p < 0.001), absence of hypertension (p = 0.017), absence of chronic heart failure (p < 0.001), and absence of cardiovascular diseases (p = 0.002) were significantly associated with the higher OPQoL scores, while the presence of chronic diseases (p < 0.001) and belonging to the ethnic group other that Kazakh (p < 0.001) were associated with the lower OPQoL scores. In the multivariate linear regression model for urban residents, better self-reported overall health (p = 0.005) and absence of chronic heart failure (p = 0.041) were significantly associated with the higher OPQoL scores. In comparison, the presence of chronic diseases (p < 0.001) and belonging to an ethnic group other than Kazakh (p < 0.001) were associated with the lower OPQoL scores. In the multivariate regression model from the urban subgroup, we verified 31% of the variance for OPQoL (R2 = 0.309, F = 16.009, p < 0.001).


TABLE 7 Sociodemographic and health-related factors associated with OPQoL in urban and rural residences.


	Variable
	Univariate linear regression
	Multivariate linear regression



	
B

	95% CI
	
p

	
B

	95% CI
	
p


 

 	Model 4 (OPQoL urban)


 	Age 	−2.513 	−5.395 to 0.329 	0.083 	– 	– 	–


 	Gender 	−0.090 	−3.906 to 3.641 	0.962 	– 	– 	–


 	Education 	1.872 	−0.358 to 4.164 	0.104 	– 	– 	–


 	Self-reported overall health 	6.787 	4.883–8.907 	<0.001 	3.545 	1.129–5.983 	0.005


 	Hypertension 	4.342 	0.774–7.761 	0.017 	−2.304 	−6.213 to 1.362 	0.233


 	Diabetes 	4.891 	−1.146 to 10.799 	0.106 	– 	– 	–


 	Chronic heart failure 	10.666 	6.285–15.102 	<0.001 	5.197 	0.161–10.220 	0.041


 	Cerebrovascular diseases 	2.382 	−3.136 to 7.822 	0.375 	– 	– 	–


 	Cardiovascular diseases 	6.097 	2.333–9.971 	0.002 	−1.780 	−5.888 to 2.569 	0.404


 	COPD 	−3.367 	−10.843 to 4.054 	0.354 	– 	– 	–


 	Chronic diseases 	−10.563 	−14.102 to −6.939 	<0.001 	−7.519 	−11.797 to −3.388 	<0.001


 	Marital status 	2.934 	−0.709 to 6.631 	0.115 	– 	– 	–


 	Having children 	4.290 	−0.633 to 9.154 	0.081 	– 	– 	–


 	Ethnic background 	−10.825 	−14.023 to −7.540 	<0.001 	−7.909 	−11.131 to −4.868 	<0.001


 	Model 5 (OPQoL rural)


 	Age 	0.306 	−2.616 to 3.078 	0.833 	– 	– 	–


 	Gender 	−0.196 	−3.244 to 2.792 	0.898 	– 	– 	–


 	Education 	−1.070 	−2.958 to 0.777 	0.254 	– 	– 	–


 	Self-reported overall health 	0.334 	−2.008 to 2.452 	0.773 	– 	– 	–


 	Hypertension 	1.922 	−0.965 to 4.818 	0.196 	– 	– 	–


 	Diabetes 	−7.181 	−12.914 to −1.557 	0.012 	– 	– 	–


 	Chronic heart failure 	0.816 	−4.673 to 6.914 	0.785 	– 	– 	–


 	Cerebrovascular diseases 	−4.239 	−12.973 to 1.153 	0.247 	– 	– 	–


 	Cardiovascular diseases 	3.035 	−1.597 to 8.114 	0.222 	– 	– 	–


 	COPD 	−12.011 	−34.222 to 6.778 	0.244 	– 	– 	–


 	Chronic diseases 	0.662 	−2.005 to 3.466 	0.627 	– 	– 	–


 	Marital status 	3.508 	−0.185 to 7.154 	0.064 	– 	– 	–


 	Having children 	0.453 	−2.530 to 3.440 	0.767 	– 	– 	–


 	Ethnic background 	−0.857 	−5.741 to 4.135 	0.726 	– 	– 	–




 

In the univariate linear regression analysis for rural residents, diabetes (p = 0.012) was significantly associated with the lower OPQoL scores.

Adjusted GLM analyses examining the interaction effects of age, gender, and place of residence with sociodemographic and health-related variables on OPQoL scores are presented in Table 8. This general linear model analysis revealed that age, in interaction with self-reported overall health (p = 0.032), COPD (p = 0.025), chronic diseases (p = 0.042), marital status (p = 0.013), and ethnic background (p < 0.001), had a significant impact on quality of life, as measured by the OPQoL score. In the age interaction model, the age in interaction with self-reported overall health (η2 = 0.056) had the largest effect, followed by the interaction with ethnic background (η2 = 0.049), marital status (η2 = 0.027), COPD (η2 = 0.024), and chronic diseases (η2 = 0.021).


TABLE 8 Adjusted GLM analyses examining the interaction effects of age, gender, and residence with sociodemographic and health-related variables on OPQoL scores.


	Variables
	OPQoL



	Age*
	Gender*
	Place of residence*



	
F

	
p

	
η
2

	
F

	
p

	
η
2

	
F

	
p

	
η
2


 

 	R
2
 	0.266 	0.245 	0.291


 	Adjusted R2 	0.160 	0.172 	0.223


 	Age 	– 	– 	 	2.447 	0.046 	0.024 	1.291 	0.273 	0.013


 	Gender 	1.915 	0.127 	0.015 	– 	– 	 	0.928 	0.396 	0.005


 	Education 	0.681 	0.665 	0.010 	0.431 	0.786 	0.004 	0.576 	0.680 	0.006


 	Self-reported overall health 	1.908 	0.032 	0.056 	1.910 	0.057 	0.036 	2.349 	0.018 	0.044


 	Hypertension 	1.614 	0.186 	0.012 	0.791 	0.454 	0.004 	1.869 	0.156 	0.009


 	Diabetes 	1.276 	0.282 	0.010 	2.703 	0.068 	0.013 	2.763 	0.064 	0.013


 	Chronic heart failure 	1.980 	0.116 	0.015 	2.167 	0.116 	0.011 	5.133 	0.006 	0.025


 	Cerebrovascular disease 	1.581 	0.194 	0.012 	1.542 	0.215 	0.008 	1.326 	0.267 	0.007


 	Cardiovascular diseases 	0.958 	0.412 	0.007 	0.420 	0.657 	0.002 	1.078 	0.341 	0.005


 	COPD 	3.158 	0.025 	0.024 	5.597 	0.004 	0.027 	3.832 	0.022 	0.019


 	Chronic diseases 	2.762 	0.042 	0.021 	1.962 	0.142 	0.010 	7.042 	0.001 	0.034


 	Marital status 	3.613 	0.013 	0.027 	7.016 	0.001 	0.033 	3.225 	0.041 	0.016


 	Living with children 	0.094 	0.963 	0.001 	0.106 	0.899 	0.001 	1.658 	0.192 	0.008


 	Ethnic background 	6.680 	<0.001 	0.049 	10.027 	<0.001 	0.047 	9.624 	<0.001 	0.045


 	Place of residence 	0.206 	0.892 	0.002 	0.005 	0.995 	<0.001 	– 	– 	–





η2 = partial eta-squared (effect size), *—two-way interactions between age, gender, or place of residence and all covariates (fixed effects).
 

Furthermore, gender in interaction with age (p = 0.046), COPD (p = 0.004), marital status (p = 0.001), and ethnic background (p < 0.001) significantly affected OPQoL scores. In the gender interaction model, the gender in interaction with ethnic background (η2 = 0.047) had the largest effect, followed by the interaction with marital status (η2 = 0.033), COPD (η2 = 0.027), and age (η2 = 0.024).

Additionally, place of residence in interaction with self-reported overall health (p = 0.018), chronic heart failure (p = 0.006), COPD (p = 0.022), chronic diseases (p = 0.001), marital status (p = 0.041), and ethnic background (p < 0.001) also had a significant impact on OPQoL scores. In the place of residence interaction model, the place of residence in interaction with ethnic background (η2 = 0.045) had the largest effect, followed by the interaction with self-reported overall health (η2 = 0.044), chronic diseases (η2 = 0.034), chronic heart failure (η2 = 0.025), COPD (η2 = 0.019), and marital status (η2 = 0.016).

Tests of between-subjects effects for OPQoL in relation to age across different genders and places of residence are presented in Table 9. The general linear model analysis demonstrated that, in men, age in interaction with diabetes (p = 0.024) and age in interaction with marital status (p < 0.001) had a significant impact on quality of life measured by the OPQoL score. In women, significant interactions were observed between age and COPD (p = 0.005), chronic diseases (p = 0.014), and ethnic background (p < 0.001). In the male gender interaction model, the age in interaction with marital status (η2 = 0.123) had the largest effect, followed by the interaction with diabetes (η2 = 0.057), while in the female gender interaction model, the age in interaction with ethnic background (η2 = 0.111) had the largest effect, followed by the interaction with COPD (η2 = 0.056) and chronic diseases (η2 = 0.047).


TABLE 9 Tests of between-subjects effects for OPQoL regarding age between different genders and place of residency.


	Variables
	OPQoL



	Gender
	Place of residency



	Type
	
F

	
p

	
η
2

	Type
	
F

	
p

	
η
2


 

 	Age*gender 	Male 	– 	– 	– 	Urban 	1.797 	0.169 	0.021


 	Female 	– 	– 	– 	Rural 	0.383 	0.766 	0.007


 	Age*education 	Male 	0.821 	0.514 	0.025 	Urban 	0.793 	0.556 	0.023


 	Female 	1.562 	0.159 	0.041 	Rural 	0.459 	0.807 	0.013


 	Age*self-reported overall health 	Male 	0.930 	0.494 	0.055 	Urban 	1.694 	0.094 	0.082


 	Female 	1.393 	0.177 	0.066 	Rural 	0.619 	0.797 	0.034


 	Age*hypertension 	Male 	1.211 	0.301 	0.019 	Urban 	0.482 	0.618 	0.006


 	Female 	2.277 	0.081 	0.030 	Rural 	3.232 	0.024 	0.053


 	Age*diabetes 	Male 	3.836 	0.024 	0.057 	Urban 	0.818 	0.443 	0.009


 	Female 	2.179 	0.091 	0.029 	Rural 	2.136 	0.097 	0.036


 	Age*chronic heart failure 	Male 	2.106 	0.126 	0.032 	Urban 	3.940 	0.021 	0.044


 	Female 	1.661 	0.176 	0.022 	Rural 	0.520 	0.669 	0.009


 	Age*cerebrovascular disease 	Male 	1.970 	0.144 	0.030 	Urban 	0.287 	0.751 	0.003


 	Female 	0.532 	0.661 	0.007 	Rural 	0.976 	0.325 	0.006


 	Age*cardiovascular disease 	Male 	0.479 	0.620 	0.007 	Urban 	0.346 	0.708 	0.004


 	Female 	1.416 	0.239 	0.019 	Rural 	2.246 	0.109 	0.025


 	Age*COPD 	Male 	0.675 	0.511 	0.010 	Urban 	1.449 	0.230 	0.025


 	Female 	4.350 	0.005 	0.056 	Rural 	0.060 	0.942 	0.001


 	Age*chronic diseases 	Male 	1.466 	0.235 	0.022 	Urban 	5.402 	0.005 	0.059


 	Female 	3.620 	0.014 	0.047 	Rural 	2.780 	0.043 	0.046


 	Age*marital status 	Male 	8.950 	<0.001 	0.123 	Urban 	2.241 	0.109 	0.026


 	Female 	0.571 	0.634 	0.008 	Rural 	2.240 	0.110 	0.025


 	Age*living with children 	Male 	1.816 	0.167 	0.028 	Urban 	0.976 	0.379 	0.011


 	Female 	0.611 	0.608 	0.008 	Rural 	0.222 	0.801 	0.003


 	Age*ethnic background 	Male 	0.562 	0.571 	0.009 	Urban 	9.203 	<0.001 	0.097


 	Female 	9.086 	<0.001 	0.111 	Rural 	1.110 	0.347 	0.019


 	Age*place of residence 	Male 	1.837 	0.164 	0.028 	Urban 	– 	– 	–


 	Female 	0.916 	0.434 	0.012 	Rural 	– 	– 	–





η2 = partial eta-squared (effect size), *—reported values refer to two-way interactions between age and all covariates (fixed effects).
 

Among participants living in urban areas, age in interaction with chronic heart failure (p = 0.021), chronic diseases (p = 0.005), and ethnic background (p < 0.001) had a significant impact on OPQoL scores. In contrast, among those living in rural areas, age in interaction with hypertension (p = 0.024) was significant, as well as age with chronic diseases (p = 0.043). In the urban interaction model, the age in interaction with ethnic background (η2 = 0.097) had the largest effect, followed by the interaction with chronic diseases (η2 = 0.059) and chronic heart failure (η2 = 0.044), while in the rural interaction model, the age in interaction with hypertension (η2 = 0.053) had the largest effect, followed by the interaction with chronic diseases (η2 = 0.046).

The R2 values for the men and women samples were 0.444 and 0.348, respectively. The R2 values for the urban and rural population samples were 0.451 and 0.308, respectively. The adjusted R2 values for the men and women samples were 0.248 and 0.192, respectively. The adjusted R2 values for the urban and rural population samples were 0.290 and 0.117, respectively.



Discussion

Before COVID, a 2014 study from Kazakhstan reported that circulatory and respiratory diseases were more common among urban than rural residents (23). Our findings during the COVID pandemic were similar to those of a previous report (23), which demonstrated that cardiovascular diseases and COPD were more frequent in urban than in rural areas.

According to the report analyzing results from the Regional Well-Being Survey of Kazakhstan, conducted by the Economic Research Institute between August and November 2022, it was stated that those living in Almaty city were more satisfied with their lives (89%) then those living in the Almaty region (78%) (24). Additionally, 57% of respondents from Almaty city were satisfied with the quality of health care in their region, compared to 41% of respondents from Almaty region (24). Moreover, according to the study by Panzabekova and Digel (25), life expectancy in the City of Almaty increased from 68.41 years in 2001 to 75.54 years in 2018, while in the Almaty region, it increased from 67.42 years in 2001 to 73.44 years in 2018. Additionally, the authors stated that, aside from economic factors, which have the most decisive influence on life expectancy in Kazakhstan, other factors related to life expectancy and quality of life begin to gain prominence after reaching a certain level of socio-economic development (25). These data indicate the need to evaluate other possible factors that may influence the quality of life of people from Kazakhstan.

During the tested time period in 2022, our results demonstrated from the univariate linear regression that better self-reported overall health, absence of hypertension, absence of chronic heart failure, absence of cardiovascular diseases, being married, having children, and rural place of residence were all significantly associated with better quality of life, while the presence of chronic diseases and belonging to ethnic group other that Kazakh were significantly associated with decreased quality of life. However, in the multivariate linear regression model, belonging to an ethnic group other than Kazakh was associated with decreased quality of life.

In older adults aged 75–99 years, specific self-reported health parameters, such as fatigue, pain, and mobility impairment, predicted both low overall and health-related QoL (26). Regarding chronic conditions, it should be noted that their progression is slow and long-lasting, with an increasing number of individuals with such conditions that may adversely affect one’s health-related QoL (27). However, aside from the fact that chronic disease can adversely affect QoL, particularly in older people, QoL is a complex construct with several dimensions, including physical and mental health, personal perspectives, social and economic factors, and environmental factors (28). Additionally, multimorbidity was reported to have the highest prevalence among older adults with an unfavorable consequence such as disability, functional decline, high health care costs, and poor QoL (29).

Previously, in a study of elderly individuals from India, it was stated that living without a spouse affects QoL (30). Moreover, in another study from Brazil on active elderly, it was also stressed that marital status has an impact on one’s QoL (31). However, in another study, living alone was not associated with lower QoL, whereas loneliness, as a subjective measure, was associated with lower QoL (32). Although living alone is not the same as feeling lonely, it should be noted that older age is often marked by loneliness (32). Therefore, the influence of marital status on older adults’ QoL should be considered a complex dimension, with various factors that can affect the QoL outcome.

Considering ethnic background, a previous study that included Chinese, Malay, and Indian individuals in Singapore found that ethnicity and socioeconomic status were associated with health-related quality of life (33). Furthermore, in another study that was performed on White British, Asian, Black Caribbean, Black African, and Chinese people aged 55 years and above living in England and Scotland, differences in health, income, and social support were found among the ethnic groups (34). These findings could suggest that factors from different ethnic groups can have varying degrees of influence on one’s QoL and its perception.

Regarding the influence of the living environment on individuals’ quality of life, our findings indicated that living in a rural area in Kazakhstan has more favorable effects on older adults’ QoL. It has been stated in the literature that living environment, whether rural or urban, affects income levels, access to services, and the attention received, thereby impacting the QoL of older adults (35). In a cross-sectional study of community-dwelling older adults in Mongolia, lower levels of life satisfaction were associated with living in rural areas (36). However, in the Canadian Longitudinal Study on Aging, higher levels of satisfaction were reported in the rural population than in urban areas (37). Moreover, in a Nigerian study of community-dwelling older adults, it was reported that, in the environmental domain, QoL scores were significantly higher among those living in rural areas than among those living in urban areas (38). At the same time, no differences were found for the physical, psychological, and social domains of QoL (38). These findings imply that the residing area (urban or rural) might have a complex influence on individuals’ QoL; thus, specific and targeted interventions should be proposed and implemented, bearing in mind numerous factors that can influence the overall QoL, particularly in older adults, to improve their wellbeing, satisfaction, and achieve optimal functioning.

Regarding gender during the tested time period in 2022, our findings from univariate linear regression showed that better self-reported overall health and the absence of cardiovascular disease in both genders were significantly associated with better quality of life, whereas chronic diseases and belonging to an ethnic group other than Kazakh in both genders were associated with decreased quality of life. In men, being married was significantly associated with a better quality of life. In women, the absence of hypertension and the absence of chronic heart failure, as well as a rural place of residence, were associated with better quality of life, while the presence of COPD was associated with decreased quality of life. Additionally, we have pointed out that in male participants, aging with diabetes as well as being single significantly worsens the quality of life, while in female participants, aging with COPD, chronic diseases, and belonging to an ethnic background other than Kazakh significantly worsens their quality of life.

It was previously reported that women, compared to men, have more chronic conditions, which, despite causing suffering, threaten life less than heart disease and cancer, which are seen more in men (39). Moreover, it has been stated that, in addition to biological differences between genders, cultural and social structures have a greater influence on gender differences in determining quality of life (39). In our study, we demonstrated that the strongest interaction between age and other variables in both genders was with ethnic background for women, where they had a significantly lower quality of life as they aged compared to their male counterparts. Our results imply that different factors might influence the specific degree of quality of life in men and women; thus, an individualized approach, bearing in mind potential gender differences, should be taken into consideration to adequately address potential factors that can affect the quality of life in both men and women to different degrees.

Regarding the place of residence, univariate linear regression, in subjects from the urban region, better self-reported overall health, absence of hypertension, absence of chronic heart failure, and absence of cardiovascular diseases were significantly associated with better quality of life, while the presence of chronic diseases and belonging to an ethnic group other than Kazakh were significantly associated with decreased quality of life, for those from rural regions, diabetes was significantly associated with decreased quality of life. In the multivariate linear regression model, better self-reported overall health and the absence of chronic heart failure were significantly associated with better quality of life, whereas the presence of chronic diseases and belonging to an ethnic group other than Kazakh were associated with decreased quality of life among participants from urban regions.

For participants from urban areas in our study, aging in combination with chronic heart failure, existing chronic diseases, and belonging to ethnic groups other than Kazakh significantly worsened quality of life. In contrast, for participants from rural areas, aging in combination with hypertension, as well as with chronic diseases, significantly worsened quality of life. These findings suggest that people living in urban areas are exposed to more factors that can affect their quality of life.

In a study of older adults in urban communities in Thailand, good family support was associated with better COVID-19 preventive behaviors (40). Additionally, it was reported that face-to-face communication became less frequent and physical activity decreased more often among rural individuals (41). All of this underscores the complexity of the factors affecting QoL among older people living in urban and rural areas.


Limitations

The design of the study is cross-sectional, thus limiting causal analysis evaluation. We evaluated the quality of life of elderly patients in 2022 in the context of the COVID-19 pandemic without the impact of the pandemic. Self-reported data are used in this study; therefore, certain biases should be pointed out, including proposed measurement misunderstanding and social-desirability bias (42). Moreover, only participants from one region of Kazakhstan (Almaty city and Almaty region) were included in the sampling process; therefore, potential sampling limitations and generalizability difficulties can exist. Additionally, small sample sizes of some subcategories for certain variables are present, thus potentially limiting statistical power in selective subgroup analysis. Furthermore, additional variables including overall mortality, prolonged hospitalization when needed, and long COVID should also be included in future studies. Moreover, to evaluate the impact of the pandemic on the quality of life in the elderly, additional variables should be evaluated, such as fear of infection, social effects of the closures and quarantine, and the use of masks.



Policy and practice implications

Healthcare policies must emphasize the prevention and control of chronic illnesses, especially among the elderly. In this case, it includes boosting access to regular screening, low-cost drugs, and patient education programs. Social programs that provide help to reduce loneliness and provide emotional and practical support to single elderly individuals are also essential.

The Republic of Kazakhstan, within the State Program for Healthcare Development 2020–2025, focuses on additional domains, including healthy lifestyle, development of public health services, and improvement of medical care quality and sustainable development of the healthcare system (43, 44).

This study further indicates gender- and place-of-residence-differentiated predictors of QoL. These results call for gender and place-of-residence-responsive healthcare provision and community support services.

Given that ethnic background was significantly associated with quality of life across all interaction models—including age, gender, and place of residence—it can be assumed that special attention should be directed toward better understanding the factors underlying this association. These interaction effects highlight the importance of considering multiple sociodemographic and health-related factors simultaneously, which is a key advantage of the general linear model. In particular, future efforts should consider the roles of health perception, social integration, and socioeconomic resources, as well as propose and implement optimal measures to reduce the impact and burden of these factors.

This finding shows that rural-dwelling older people reported higher QoL than their urban-dwelling counterparts, suggesting the need to study and improve living conditions in urban settings. Urban planning and service delivery need to be better aligned with the needs of aging populations. Healthcare and social services should be more readily available and adaptable to the needs of aging individuals.

Therefore, policymakers and physicians should use collaborative, culturally valid approaches to address the needs of aging people and alleviate declines in quality of life during and well after government health crises, such as the COVID-19 pandemic.




Conclusion

The findings of our study indicate that quality of life in older adults varies according to the level of self-reported overall health, presence of chronic diseases, marital status, ethnicity, and place of residence. Better quality of life was reported in older adults with better self-reported overall health, those without chronic diseases, as well as those without hypertension, chronic heart failure and cardiovascular disease, older adults who are married, belonging to the Kazakh ethnic group, and living in rural areas.

Subgroup analyses indicated that the influence of health-related and sociodemographic factors differed by gender and place of residence in older adults. For men, marital status and ethnic background were identified as factors associated with the quality of life, whereas among women, COPD and ethnic background were pointed out as factors associated with the quality of life. Differences were also observed between urban and rural residents, with self-reported overall health, presence of chronic diseases, chronic heart failure, and ethnic background being more relevant in urban areas and diabetes in rural areas.

These findings should be interpreted with caution, as they reflect associations observed within the context of the study design. Overall, the results suggest the potential need for preventive and interventional strategies in healthcare and social care settings that account for both gender and place of residence.
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Background: In the early phase of the coronavirus disease 2019 (COVID-19) pandemic, before containment strategies and without vaccines or targeted therapies, clinical outcomes among hospitalized patients were heterogeneous. Preliminary reports suggested possible sex-related differences in susceptibility and disease severity. This study examined sex-based differences in clinical presentation, radiological involvement, laboratory findings, and in-hospital outcomes among patients admitted during the pre-lockdown phase of the outbreak in Italy.
Methods: We conducted a retrospective observational study of 689 consecutive adults hospitalized at Parma University Hospital between 28 February and 22 March 2020, with chest CT findings consistent with COVID-19–related interstitial pneumonia, regardless of RT-PCR results. Demographics, comorbidities, symptoms, laboratory parameters, and outcomes were compared between males and females. Lung involvement was quantified using a CT visual score. Multivariable logistic regression identified predictors of in-hospital mortality.
Results: Females accounted for 39% of the cohort and were significantly older and frailer than males, with a higher prevalence of Rockwood ≥7 (15 vs. 5%). Despite this, females demonstrated a lower CT visual score (25 vs. 30%), higher oxygenation parameters, and a less pronounced inflammatory and tissue-damage profile, including lower CRP, LDH, and CPK. Females had shorter hospital stays (5 vs. 6 days) and lower age-adjusted mortality. Multivariable analysis confirmed female sex as independently protective (OR 0.597), an effect largely mediated by reduced radiological lung involvement and attenuated inflammatory response.
Conclusions: Females showed milder radiological and biochemical profiles and reduced mortality despite being older and frailer. These findings highlight intrinsic sex-related biological differences in host response. These early patterns remain relevant today, as sex-specific vulnerability may inform precision medicine and risk stratification.
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Introduction

Since the emergence of coronavirus disease 2019 (COVID-19), substantial heterogeneity in clinical presentation and outcomes has been observed among affected individuals. Early epidemiological reports consistently indicated that males were disproportionately affected by severe disease and mortality compared with females (1–3). However, most available data were generated during phases of the pandemic in which public health measures, diagnostic pathways, hospital admission criteria, and therapeutic strategies had already evolved rapidly, complicating the interpretation of sex-related biological effects (4).

The earliest phase of the pandemic in Italy provides an opportunity to isolate intrinsic host determinants of disease expression. During late February and early March 2020, viral circulation was uncontrolled, personal protective equipment was largely unavailable, and no vaccines or disease-specific therapies existed (4). Hospital admissions included a broad, unselected population, and diagnosis frequently relied on clinical and radiological features due to limited RT-PCR testing capacity and suboptimal test sensitivity (5). Chest computed tomography (CT) rapidly emerged not only as a diagnostic tool but also as a robust marker of the extent of lung injury, providing prognostic information on disease severity, hypoxemia, and clinical outcomes, demonstrating high sensitivity for interstitial pneumonia compatible with SARS-CoV-2 infection, even in RT-PCR-negative patients (6).

Sex-related differences in immune responses are well established across infectious diseases. Females typically develop stronger innate and adaptive immune responses, which may enhance viral clearance while limiting excessive inflammatory activation (7). Potential mechanisms include X-linked immune regulatory gene expression, hormonal influences such as estrogen-mediated modulation of cytokine signaling, and differential angiotensin-converting enzyme 2 (ACE2) expression and activity (8). These pathways may influence viral entry, replication, endothelial dysfunction, and thrombo-inflammatory responses, ultimately affecting pulmonary and systemic manifestations. These sex-related differences may be particularly relevant at the level of the lung, where alveolar-capillary injury, endothelial dysfunction, and dysregulated inflammatory responses play a central role in the development of hypoxemia and respiratory failure in COVID-19.

Despite this mechanistic framework, clinical studies addressing sex differences in COVID-19 have produced heterogeneous findings, often influenced by confounders such as differing exposure patterns, viral variants, vaccination status, and evolving therapeutic protocols (3, 9). Furthermore, outcomes may have been modified by the later introduction of corticosteroids, anticoagulation strategies, and antiviral therapies (10). Therefore, early real-world cohorts without these confounding elements are essential to evaluate intrinsic sex-related disease vulnerability.

Addressing this gap in the literature, the present study analyzes a cohort of 689 consecutive patients hospitalized at Parma University Hospital during the pre-lockdown phase in Italy (28 February−22 March 2020) to investigate sex-based differences in clinical presentation, radiological involvement, laboratory profiles, and in-hospital outcomes during the initial COVID-19 outbreak.



Materials and methods

This retrospective observational study was conducted at Parma University Hospital, a tertiary-care academic center designated as the primary hub for COVID-19 management during the earliest phase of the pandemic in the Parma province (approximately 450,000 inhabitants). The study period extended from 28 February to 22 March 2020, corresponding to the pre-lockdown phase in Italy. During this interval, viral circulation was uncontrolled, personal protective equipment was not yet routinely available, and no vaccines or disease-specific treatments existed. Hospital admission criteria were broad and based primarily on clinical presentation and radiological suspicion of COVID-19 pneumonia, with nasopharyngeal swab testing (RT-PCR) also used to confirm the diagnosis. Consecutive adult patients (≥18 years) admitted with suspected COVID-19 infection and chest computed tomography (CT) showing findings consistent with interstitial pneumonia were included in the analysis. A total of 689 patients met these criteria. COVID-19 infection was confirmed by reverse transcription polymerase chain reaction (RT-PCR) when available; however, patients with negative RT-PCR swabs were retained if CT imaging demonstrated patterns typical of COVID-19 pneumonia. No exclusion criteria were applied on the basis of comorbidities, frailty, or treatment limitations. Patients with incomplete core clinical or radiological data were excluded. Demographic data, comorbidities, chronic medication use, clinical symptoms, time from symptom onset to hospital presentation, laboratory findings at admission, arterial blood gas results, and radiological characteristics were extracted from electronic medical records using a standardized template. Frailty was assessed using the Rockwood Clinical Frailty Scale, based on pre-admission functional status as documented in medical records and caregiver reports, according to standard definitions. Comorbidity burden was expressed as the total number of pre-existing chronic conditions. Chest CT scans were interpreted by experienced radiologists. Disease extent was quantified using a semi-quantitative CT visual score reflecting the estimated percentage of lung parenchyma involvement. The presence of ground-glass opacities and consolidations was recorded. The CT visual score was analyzed both as a descriptive variable and as a predictor in multivariable regression models. In RT-PCR–negative patients, COVID-19 diagnosis was supported by chest CT patterns considered typical for SARS-CoV-2 infection at that time, including bilateral ground-glass opacities with peripheral and posterior distribution, with or without consolidations, in the appropriate clinical context. Chest CT scans were independently reviewed by experienced radiologists involved in routine COVID-19 care during the study period. Radiologists were blinded to clinical outcomes. Lung involvement was visually estimated as the percentage of affected parenchyma and expressed as a semi-quantitative CT visual score. Discrepancies were resolved by consensus. No patients were excluded from the analysis because of missing core clinical or radiological data.

The primary outcome was in-hospital mortality. Secondary clinical outcomes included oxygen saturation levels, PaO2/FiO2 ratio, maximum oxygen flow requirement, need for non-invasive ventilation (NIV), transfer to intensive care unit (ICU), and length of hospital stay. Outcomes were compared between males and females.


Statistical analysis

Continuous variables were reported as median and interquartile range (IQR), and comparisons were performed using the Mann–Whitney U-test. Categorical variables were expressed as percentages and compared using the Chi-square test. Age-adjusted analyses were conducted using Quade's non-parametric ANCOVA for continuous variables and binary logistic regression for categorical variables. Associations between CT visual score and laboratory or clinical variables were examined using multivariable linear regression with stepwise selection. A separate multivariable stepwise linear regression was used to identify factors associated with PaO2/FiO2 at admission. In-hospital mortality was analyzed using multivariable logistic regression. Odds ratios (OR) with 95% confidence intervals (CI) were calculated. A two-sided p-value < 0.05 was considered statistically significant. To further assess sex-related differences in survival over time, a multivariable Cox proportional hazards regression model was also performed, including age, CT visual score, PaO2/FiO2, number of chronic illnesses, RT-PCR positivity, and sex. Statistical analyses were performed using SPSS software (version 29.0; IBM, Armonk, NY, USA).



Ethical approval

Ethics Committee approval was obtained (Comitato Etico dell'Area Vasta Emilia Nord, Emilia-Romagna region) under the ID 273/2020/OSS/AOUPR as part of a larger project on the characteristics of patients hospitalized with confirmed or suspected COVID-19 during the first pandemic wave. All participants, who were contactable by phone or for follow-up reasons, provided written informed consent for participation. For all other cases, the Ethics Committee, in accordance with the guidelines in force at the moment of approval, waived written informed-consent collection due to the retrospective design of the study.




Results

A total of 689 patients were hospitalized during the study period, of whom 422 (61%) were male and 267 (39%) were female. The median age was 71 years (IQR 60–80), with females being significantly older than males (73 vs. 70 years). Frailty was more pronounced in females, with a higher prevalence of Rockwood ≥7 (15 vs. 5%; p < 0.001), while the number of chronic comorbidities was comparable between sexes. However, specific conditions differed: chronic heart disease, diabetes, dyslipidemia, and COPD were more frequent in males, whereas thyroid disorders, dementia, epilepsy, and malignancy were more common in females. Clinical presentation was often non-specific. Fever was reported more frequently in males (91 vs. 84%; p = 0.003), whereas atypical symptoms and asthenia were more common among females (19 vs. 14% and 13 vs. 8%, respectively; Table 1).


TABLE 1 Patients hospitalized between 28 February and 22 March 2020 with CT-Confirmed ground-glass opacities, stratified by sex.


	N.689
	Males N.422
	Females N.267
	p
	*P



	Age, years
	70 (58–78)
	73 (63–82)
	< 0.001
	


	Rockwood ≤ 4, %
	77
	68
	0.012
	0.914


	Rockwood ≥7, %
	5
	15
	< 0.001
	0.003


	Chronic comorbidities, number
	2 (1–4)
	2 (1–4)
	0.133
	0.688


	Systemic drugs, number
	3 (1–5)
	3 (1–6)
	0.030
	0.829


	Consolidations on chest CT, %
	68
	75
	0.058
	0.069


	RT-PCR positive on admission, %
	76
	75
	0.754
	0.529


	Anamnestic data


	CHA2DS2Vasc score
	2 (1–3)
	3 (2–4)
	< 0.001
	< 0.001


	Hypertension, %
	56
	58
	0.650
	0.404


	Diabetes, %
	22
	17
	0.160
	0.046


	Obesity, %
	14
	10
	0.068
	0.120


	Dyslipidemia, %
	19
	14
	0.091
	0.031


	Chronic heart disease, %
	22
	18
	0.219
	0.007


	Arrhythmia, %
	10
	17
	0.006
	0.209


	COPD, %
	11
	6
	0.022
	0.003


	Cancer, %
	10
	16
	0.013
	0.026


	Dementia, %
	5
	13
	< 0.001
	0.025


	Vascular disease, %
	8
	7
	0.519
	0.120


	Thyroid disorders, %
	7
	22
	< 0.001
	< 0.001


	Epilepsy, %
	1
	4
	0.006
	0.009


	Antipsychotics, %
	3
	7
	0.018
	0.091


	Antidepressants, %
	9
	18
	< 0.001
	0.003


	Antiepileptics, %
	3
	6
	0.049
	0.050


	Antiplatelet drugs, %
	29
	25
	0.253
	0.011


	Corticosteroids, %
	3
	6
	0.071
	0.139


	OAC/NOAC, %
	8
	13
	0.058
	0.578


	Diuretics, %
	22
	30
	0.018
	0.275


	Clinical presentation of suspect COVID-19


	Symptom duration, days
	7 (5–10)
	7 (3–10)
	0.014
	0.006


	Cough, %
	56
	49
	0.067
	0.238


	Fever, %
	91
	84
	0.003
	0.028


	Dyspnea, %
	47
	46
	0.815
	0.432


	Diarrhea, %
	7
	6
	0.448
	0.556


	Asthenia, %
	8
	13
	0.023
	0.014


	Atypical symptoms, %
	14
	19
	0.047
	0.049


	Parameters on admission


	CT visual score, %
	30 (20–50)
	25 (15–40)
	< 0.001
	< 0.001


	Temperature on admission, °C
	37.1 (36.0–37.8)
	36.8 (36.0–37.5)
	0.013
	0.026


	O2 saturation on admission, %
	95 (92–97)
	95 (93–97)
	0.005
	0.001


	Arterial blood gas analysis


	pH
	7.45 (7.43–7.48)
	7.45 (7.42–7.48)
	0.327
	0.478


	HC)3-, mmol/L
	25 (23–27)
	25 (23–28)
	0.088
	0.036


	pCO2, mmHg
	36 (32–39)
	36 (33–39)
	0.008
	0.003


	pO2, mmHg
	70 (58–83)
	72 (61–89)
	0.032
	0.010


	pO2/FiO2
	240 (121–324)
	240 (147–338)
	0.205
	0.032

Data are shown as median and interquartile range or percentages.
p calculated with Mann–Whitney test or chi-square test, as appropriate.
p* adjusted for age with Quade's non-parametric ANCOVA or binary logistic regression.
p-values < 0.05 are indicated in bold.


Laboratory findings reflected more severe systemic involvement in males. Higher levels of C-reactive protein, LDH, creatinine, and CPK were observed, along with a higher prevalence of lymphopenia (61 vs. 53%). In contrast, platelet counts and normal procalcitonin values were more frequent in females (Table 2).


TABLE 2 Laboratory parameters on admission by sex.


	Parameter
	Males N.422
	Females N.267
	p
	P*



	Clinical chemistry and hematology


	Hemoglobin, g/dl
	14.2 (13.2–15.2)
	13.0 (11.8–14.1)
	< 0.001
	< 0.001


	Platelets, 1,000/mm3
	196 (158–246)
	211 (168–277)
	0.017
	0.007


	White blood cells, n/mm3
	6,680 (5,035–8,965)
	6,020 (4,400–8,830)
	0.024
	0.007


	Neutrophils, n/mm3
	5,103 (3,678–7,474)
	4,550 (2,964–6,986)
	0.015
	0.003


	Lymphocytes, n/mm3
	893 (630–1,196)
	982 (652–1,300)
	0.039
	0.005


	Creatinine, mg/dl
	1.00 (0.80–1.20)
	0.70 (0.60–1.00)
	< 0.001
	< 0.001


	Urea, mg/dl
	46 (35–63)
	38 (28–61)
	< 0.001
	< 0.001


	AST, UI/L
	52 (36–77)
	43 (32–62)
	<0.001
	<0.001


	CPK, UI/L
	177 (101–424)
	112 (67–225)
	< 0.001
	< 0.001


	LDH, UI/L
	371 (292–500)
	337 (269–449)
	0.004
	0.001


	D-Dimer, ng/dl
	992 (639–1,749)
	954 (618–1,421)
	0.216
	0.047


	Fibrinogen, ng/dl
	647 (536–779)
	580 (469–708)
	< 0.001
	< 0.001


	C-reactive protein, mg/L,
	112 (60–179)
	77 (39–135)
	< 0.001
	< 0.001


	Procalcitonin, ng/ml
	0.19 (0.10–0.53)
	0.12 (0.06–0.29)
	< 0.001
	< 0.001


	INR ratio
	1.21 (1.16–1.30)
	1.18 (1.10–1.29)
	0.001
	0.001


	PT
	1.21 (1.15–1.30)
	1.18 (1.11–1.28)
	< 0.001
	< 0.001


	aPTT ratio
	0.98 (0.91–1.06)
	0.94 (0.88–1.04)
	0.002
	0.001


	Lymphocytes < 1,000/mm3, %
	61
	53
	0.033
	0.008


	C-reactive protein ≥5 and < 40 mg/L, %
	14
	21
	0.012
	0.003


	C-reactive protein ≥40 and < 200 mg/L, %
	63
	64
	0.726
	0.978


	C-reactive protein ≥200 mg/L, %
	21
	10
	< 0.001
	< 0.001


	Procalcitonin < 0.05 ng/ml, %
	7
	16
	0.001
	< 0.001


	Procalcitonin ≥0.05 and < 0.5 ng/ml, %
	67
	68
	0.805
	0.893


	Procalcitonin ≥0.5, %
	26
	17
	0.009
	0.001

Data are shown as median and interquartile range or percentages.
p calculated with Mann–Whitney test or chi-square test, as appropriate.
p* adjusted for age with Quade's non-parametric ANCOVA or binary logistic regression.
p-values < 0.05 are indicated in bold.
AST, aspartate aminotransferase; CPK, creatine-phosphokinase; LDH, lactate-dehydrogenase.


Radiological severity mirrored these differences. The median CT visual score was significantly lower in females (25 vs. 30%; p < 0.001), indicating reduced pulmonary involvement (Table 1). This difference was clearly evident in the distribution of CT visual scores, which showed a marked leftward shift in females (Figure 1). Multivariable regression identified LDH, D-dimer, C-reactive protein, and platelet count as independent predictors of visual score severity (Table 3), while PaO2/FiO2 impairment was primarily associated with visual score, inflammatory markers, comorbidity burden, and age (Table 4).


[image: Box plot comparing TC visual scores (%) by sex, with females coded as 1 and males as 0. Females have a median score of 25% (range 15-40%), males 30% (range 20-50%). Outliers are present in the female group.]
FIGURE 1
 CT visual score (whiskers plots) in patients hospitalized between 28 February and 22 March 2020 for COVID-19 pneumonia stratified by sex (p < 0.001). Distribution of CT visual score according to sex (whisker plots). Females showed significantly lower lung involvement than males (p < 0.001).



TABLE 3 Determinants of CT visual score extent identified by stepwise linear regression.


	Variable
	Standardized beta
	p



	LDH, UI/L
	0.460
	< 0.001


	D-Dimer, ng/dl
	0.216
	< 0.001


	C-reactive protein, mg/L
	0.209
	< 0.001


	Platelets, 1,000/mm3
	0.126
	0.001

R = 0.717, R2 = 0.515, p < 0.001.
This table shows the independent variables associated with the extent of the CT visual score, as identified through stepwise linear regression analysis.
Standardized beta coefficients and corresponding p-values are reported.
The final model demonstrated good explanatory capacity (R = 0.717; R2 = 0.515; p < 0.001), indicating that LDH, D-dimer, C-reactive protein, and platelet count significantly contributed to the variability of the visual score.



TABLE 4 Factors associated with admission PaO2/FiO2 identified through stepwise linear regression.


	Variable
	Standardized beta
	p



	CT visual score, %
	−0.297
	< 0.001


	C-reactive protein, mg/L
	−0.205
	< 0.001


	Chronic comorbidities, number
	−0.184
	< 0.001


	LDH, UI/L
	−0.152
	0.001


	Dyspnea, %
	−0.124
	0.006


	Age, years
	−0.106
	0.030


	Hemoglobin, g/dl
	−0.091
	0.045

R = 0.689, R2 = 0.475, p < 0.001.
This table presents the factors independently associated with PaO2/FiO2 ratio at hospital admission.
Negative standardized beta coefficients indicate variables associated with lower oxygenation.
The model (R = 0.689; R2 = 0.475; p < 0.001) highlights the influence of CT visual score, inflammatory biomarkers, comorbidity burden, LDH levels, dyspnea, age, and hemoglobin on respiratory impairment at presentation.


Clinical course indicators were consistently more favorable in females. They required lower maximum oxygen flow rates and experienced shorter hospital stays. Non-invasive ventilation and ICU admission were comparable between sexes (Table 5).


TABLE 5 Clinical course in patients stratified by sex.


	Parameter
	Males N.422
	Females N.267
	p
	P*



	Worst O2 saturation during stay, %
	90 (84–93)
	91 (86–94)
	0.008
	< 0.001


	Maximum O2 flows during stay, %
	50 (30–75)
	40 (28–75)
	0.043
	0.001


	Worst arterial O2 pressure, mmHg
	56 (44–66)
	59 (48–71)
	0.005
	0.001


	Temperature peak during stay, °C
	38.2 (37.3–38.8)
	38.0 (37.1–38.6)
	0.003
	0.011


	Length of hospitalization, days
	6 (3–12)
	5 (2–10)
	0.029
	0.045


	Non-invasive ventilation during stay, %
	14
	9
	0.049
	0.108


	Intensive care unit, %
	6
	4
	0.207
	0.336


	Death, %
	28
	25
	0.515
	0.009

Data are shown as median and interquartile range or percentages.
p calculated with Mann–Whitney test or chi-square test, as appropriate.
p* adjusted for age with Quade's non-parametric ANCOVA or binary logistic regression.
p-values < 0.05 are indicated in bold.


Overall mortality was 28% in males and 25% in females, but after age adjustment the difference became significant, confirming lower mortality in females (Table 6). Kaplan–Meier survival analysis adjusted for age, CT visual score, PaO2/FiO2, comorbidity burden, and RT-PCR positivity confirmed a significantly better survival in females compared with males (Figure 2). Multivariable logistic regression demonstrated that age, comorbidity burden, and RT-PCR positivity were independently associated with mortality, while female sex was protective (OR 0.597; Table 7). In time-to-event analysis, a multivariable Cox proportional hazards model confirmed the independent association between female sex and lower in-hospital mortality (hazard ratio 0.63, p = 0.012), together with age, CT visual score, PaO2/FiO2, comorbidity burden, and RT-PCR positivity (Table 8).


TABLE 6 Outcomes by sex and test result.


	Outcome
	RT-PCR negative on admission
	RT-PCR positive on admission


	
	Males N.103
	Females N.68
	p
	P*
	Males N.319
	Females N.199
	p
	P*



	Age, years
	67 (54–74)
	71 (61–82)
	0.023
	
	71 (60–79)
	75 (63–83)
	0.002
	


	Non-invasive ventilation during stay, %
	13
	9
	0.448
	0.462
	14
	9
	0.069
	0.148


	Intensive care unit, %
	5
	6
	0.770
	0.673
	7
	4
	0.104
	0.184


	Death, %
	15
	12
	0.602
	0.105
	32
	30
	0.664
	0.045

Data are shown as median and interquartile range or percentages.
P for age calculated with Mann–Whitney test.
p and p* for percentages calculated with binary logistic regression without and with age adjustment.
p-values < 0.05 are indicated in bold.



[image: Two survival analysis line charts are shown. The top chart compares cumulative survival over time between two groups labeled SAK 0 and SAK 1. The bottom chart compares cumulative survival for groups labeled 0 and 10 across a longer time span. Both charts use days on the x-axis and cumulative survival on the y-axis, displaying declining survival curves that separate between the compared groups.]
FIGURE 2
 Cumulative survival in patients hospitalized between 28 February and 22 March 2020 for COVID-19 pneumonia stratified by sex (females = 1 and males = 0) after adjustment for age, CT visual score, pO2/FiO2, chronic illnesses, RT-PCR positive on admission. Adjusted Kaplan–Meier survival curves according to sex, controlling for age, CT visual score, PaO2/FiO2, number of chronic illnesses, and RT-PCR positivity.



TABLE 7 Association of age, chronic illnesses, RT-PCR positivity, and sex with hospital mortality.


	Variable
	Odds ratio
	95% confidence interval
	p



	Age, years
	1.082
	1.061–1.104
	< 0.001


	Chronic illnesses, number
	1.256
	1.133–1.392
	< 0.001


	RT-PCR positive on admission
	2.637
	1.556–4.469
	< 0.001


	Females
	0.597
	0.396–0.898
	0.013

This table summarizes the univariate logistic regression analysis evaluating the association of demographic and clinical characteristics with hospital mortality.
Odds ratios with 95% confidence intervals and p-values are provided.
Older age, a higher number of chronic illnesses, and RT-PCR positivity at admission were associated with increased mortality risk, whereas female sex was associated with reduced mortality.



TABLE 8 Risk of death in hospital in patients with COVID-19 pneumonia tested with Cox regression multivariate analysis.


	Variable
	Hazard ratio
	95% CI for hazard ratio
	p



	Age, years
	1.073
	1.053–1.093
	< 0.001


	CT visual score, %
	1.016
	1.008–1.024
	< 0.001


	pO2/FiO2
	0.995
	0.993–0.998
	< 0.001


	Chronic illnesses, number
	1.122
	1.029–1.224
	0.009


	RT-PCR positive on admission
	2.029
	1.225–3.359
	0.006


	Females
	0.631
	0.440–0.904
	0.012

This table displays the results of the multivariate stepwise logistic regression model assessing independent predictors of hospital mortality.
Odds ratios, 95% confidence intervals, and p-values are reported.
Age, comorbidity burden, RT-PCR positivity, platelet count, PaO2/FiO2 ratio, and CT visual score emerged as significant contributors to mortality risk.


Despite being significantly older and frailer at admission, females exhibited less extensive radiological lung involvement, better oxygenation, and lower age-adjusted in-hospital mortality compared with males.



Discussion

In this pre-lockdown cohort of hospitalized patients with radiologically confirmed COVID-19 pneumonia, we observed striking sex-related differences in clinical presentation, inflammatory profile, radiological severity, and outcomes. Females represented a minority of admissions, yet they were significantly older and frailer than males, with a threefold higher prevalence of severe frailty. Based on established prognostic indicators in COVID-19, including advanced age, multimorbidity, and functional impairment, this group would have been expected to experience substantially worse outcomes (11, 12). Instead, females demonstrated a markedly more favorable clinical trajectory, characterized by reduced radiological lung involvement, better oxygenation, lower inflammatory marker levels, shorter hospital stay, and significantly lower age-adjusted mortality.

These findings strongly support the hypothesis that intrinsic sex-related biological mechanisms modulate disease severity in SARS-CoV-2 infection. Several studies have demonstrated higher mortality among males across different countries and clinical settings, independent of demographic structure or healthcare system differences (1, 2). Proposed mechanisms include sex-based variation in immune responses, hormonal regulation, and differences in angiotensin-converting enzyme 2 (ACE2) expression and activity. ACE2, the primary entry receptor for SARS-CoV-2, is expressed differently in males and females, potentially contributing to variation in viral entry and replication dynamics (8). Moreover, estrogens may exert protective effects by modulating cytokine production, enhancing antiviral immune responses, and stabilizing endothelial function (13).

The inflammatory profile observed in our cohort supports these biological considerations. Males displayed higher levels of C-reactive protein, lactate dehydrogenase, and creatine phosphokinase, along with more pronounced lymphopenia, features consistently associated with severe COVID-19 and poor outcomes (14). In contrast, females showed more preserved laboratory parameters despite greater frailty. This suggests that females may mount a more balanced immune response, capable of controlling viral replication while limiting excessive systemic inflammation, a phenomenon previously described in other viral respiratory infections (7).

Radiological findings reinforce this interpretation. The CT visual score, an established marker of pulmonary involvement and disease severity, was significantly lower in females. In multivariable analysis, radiological extent was strongly associated with inflammatory and coagulation markers, supporting the concept that lung involvement reflects systemic inflammatory activity. Importantly, when CT visual score and oxygenation indices were included in regression models, sex lost statistical significance as an independent predictor of mortality, indicating that the survival advantage of females is mediated primarily through reduced pulmonary damage and better respiratory physiology (Table 8).

Taken together, these findings support a lung-centered interpretation of sex-related differences in COVID-19 severity, whereby females appear relatively protected from extensive alveolar-capillary damage, resulting in preserved gas exchange and reduced progression toward hypoxemic respiratory failure. The graphical representation of lung involvement and survival further supports this interpretation. The whisker plot of CT visual score demonstrates a clear separation between sexes, with females clustering at lower levels of radiological lung injury (Figure 1), while adjusted Kaplan–Meier curves confirm a persistent survival advantage in women over time (Figure 2).

The early pandemic context of this cohort provides a unique perspective. Unlike later phases characterized by reduced viral circulation, widespread mask use, vaccination campaigns, and evolving treatment strategies, patients in this study were exposed to high viral loads and received no specific antiviral or immunomodulatory therapies. Therefore, observed sex differences are unlikely to be influenced by differential access to care, treatment response, or vaccination status. Similar observations were reported in early cohorts from China and the United States, where males consistently showed higher rates of severe disease and mortality before treatment standardization (15, 16).

The high proportion of RT-PCR-negative patients with typical CT patterns highlights limitations of early diagnostic testing and underscores the importance of radiological assessment during this phase. Interestingly, mortality differences between sexes were most evident among RT-PCR-positive patients, suggesting that viral burden may interact with sex-related biological factors. Previous studies have reported that viral load, measured by cycle threshold values, was higher in males and associated with worse outcomes (17), potentially contributing to the observed differences.

Our findings also align with literature exploring the interaction between frailty and COVID-19 outcomes. Frailty is a recognized predictor of mortality and functional decline in hospitalized older adults (18, 19). However, in our cohort, frailty did not attenuate the protective effect of female sex, suggesting that biological resilience may persist even in highly vulnerable individuals.

This study has several strengths. The cohort represents a real-world, unselected population hospitalized during the earliest phase of the pandemic, allowing the assessment of intrinsic host factors with minimal confounding from treatments or varying exposure patterns. Radiological confirmation of pneumonia ensured diagnostic accuracy even in RT-PCR negative cases. Furthermore, the availability of detailed laboratory and clinical data enabled robust multivariable analyses.

However, limitations must be acknowledged. The retrospective design may introduce information bias, although data extraction was standardized. Frailty assessment relied on documented clinical information rather than direct evaluation. Viral load measurements were not available, preventing direct correlation between sex, viral burden, and outcomes. Although no standardized COVID-19-specific therapies were available during the study period, minor sex-related differences in supportive treatments cannot be entirely excluded and may have partially influenced clinical trajectories. Finally, the absence of long-term follow-up limits evaluation of post-acute sequelae.

Overall, this study provides compelling evidence that females exhibit a more favorable response to SARS-CoV-2 infection during the early pandemic phase, despite older age and higher frailty. The protective effect appears largely mediated by reduced pulmonary involvement and attenuated inflammatory response. Understanding the biological basis of this resilience may inform personalized therapeutic strategies and improve risk stratification in future respiratory pandemics.



Conclusions

In this large pre-lockdown cohort of hospitalized patients with radiologically confirmed COVID-19 pneumonia, we identified clear and clinically meaningful sex-related differences in disease expression and outcomes. Despite being significantly older and exhibiting higher levels of frailty, females presented with less extensive pulmonary involvement, more favorable respiratory parameters, and a markedly attenuated inflammatory and tissue-damage profile. These characteristics translated into shorter hospital stays, reduced oxygen requirements, and significantly lower age-adjusted mortality compared with males.

The particular context of this cohort, characterized by high viral exposure, absence of vaccination, and lack of disease-specific treatments, provides valuable insight into the intrinsic biological response to SARS-CoV-2 infection.

These results contribute to the understanding of COVID-19 pathophysiology by demonstrating that female resilience is evident even in the presence of advanced age and frailty, factors traditionally associated with poorer prognoses. Recognizing sex-specific patterns in disease manifestation may support more accurate risk stratification and inform personalized clinical management strategies in future respiratory pandemics.
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Background: SARS-CoV-2 infection is known to induce systemic biochemical and hematological alterations, particularly in hospitalized patients. However, data regarding subclinical changes in ambulatory, non-hospitalized individuals—especially in Latin American populations—remain limited.
Objective: To compare biochemical and hematological parameters between ambulatory adults with and without serological evidence of prior SARS-CoV-2 infection, in order to identify potential subclinical alterations associated with previous virus exposure.
Methods: A cross-sectional study was conducted in 201 ambulatory adults from central-northern Mexico between August and December 2020. Anti–SARS-CoV-2 IgG and IgM antibodies were detected using two independent lateral flow immunochromatographic assays. Participants were classified as seropositive only when both assays showed concordant reactivity. Biochemical and hematological parameters were compared between seropositive and seronegative individuals using appropriate parametric or non-parametric tests.
Results: Overall seroprevalence of anti–SARS-CoV-2 antibodies was 22.3%. No significant differences were observed in hematological parameters between seropositive and seronegative participants. In contrast, seropositive individuals exhibited significantly lower high-density lipoprotein cholesterol (HDL-C) levels compared to seronegatives (median: 40.5 vs. 45.3 mg/dL; p = 0.009), with significance maintained in females. Liver enzymes were significantly higher among seropositive subjects, including aspartate aminotransferase (AST) (median: 30 vs. 24 U/L; p = 0.007) and alanine aminotransferase (ALT) (median: 32.5 vs. 20 U/L; p = 0.001). These differences were more pronounced in males. No significant differences were found in glucose, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), alkaline phosphatase (ALP), or total bilirubin (TB).
Conclusion: Even mild or asymptomatic SARS-CoV-2 infection is associated with subtle but consistent alterations in lipid metabolism and liver enzymes in ambulatory, unvaccinated individuals. These findings support the need for biochemical monitoring after SARS-CoV-2 infection, particularly in populations with high baseline cardiometabolic risk.
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Introduction

COVID-19 is a highly infectious disease caused by SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2), characterized by a broad spectrum of clinical presentations ranging from asymptomatic infection to respiratory failure and death (1). Although the disease is not exclusive to any particular population, individuals with cardiovascular disease, type 2 diabetes, and obesity have been shown to be at higher risk of developing severe complications (2).

Since the beginning of the pandemic, numerous studies have highlighted the systemic effects of SARS-CoV-2 infection, which go beyond the respiratory tract and involve multiple metabolic and immunological pathways (3, 4). In hospitalized patients, significant alterations in biochemical and hematological markers have been reported, including changes in glucose, lipid profiles, liver enzymes, inflammatory markers, and complete blood counts (5–8). One of the most consistently altered biomarkers is high-density lipoprotein cholesterol (HDL-C), which has been associated with inflammation and worse outcomes (8, 9).

However, most of this evidence comes from inpatient cohorts, leaving an important gap in knowledge regarding these markers in ambulatory individuals or those with asymptomatic or mild disease. Moreover, most published studies have focused on populations from Europe, Asia, or North America, with limited data available from Latin America, particularly from central-northern Mexico. Considering that metabolic and immune responses may vary by region due to genetic, dietary, and environmental factors (10), region-specific evidence is needed.

To address these gaps in the existing literature, we conducted a cross-sectional study during the pre-vaccination phase of the pandemic (August to December 2020) in an ambulatory population from central-northern Mexico. The objective was to compare biochemical and hematological parameters between outpatients with and without anti–SARS-CoV-2 IgG and IgM antibodies, in order to explore potential subclinical alterations associated with prior virus exposure in a non-hospitalized population during the pre-vaccination phase.



Methods


Study population

A cross-sectional study was conducted on 201 individuals residing in the state of San Luis Potosí, Mexico. Eligible participants were ambulatory individuals aged ≥18 years. Exclusion criteria included pregnancy and substance abuse. Elimination criteria included voluntary withdrawal.

Participants were voluntarily recruited at the Universidad Autónoma de San Luis Potosí, and all provided written informed consent. The study was approved by the Committee for Ethics in Health Research (CEID2020-06R1).



Variables

Independent variables were categorized into hematological and biochemical parameters, whereas the dependent variable was the presence of anti–SARS-CoV-2 antibodies (IgG and/or IgM antibodies).



Sample collection and laboratory procedures

Venous blood samples were collected from participants following a 12-h fasting period. Serum was obtained by centrifugation under standardized conditions for biochemical analysis, while whole blood was used for hematological evaluation.



Detection of IgG and IgM antibodies against SARS-CoV-2

The presence of anti–SARS-CoV-2 IgM and IgG antibodies was assessed using lateral flow chromatographic immunoassays: the Panbio™ COVID-19 IgG/IgM Rapid Test Device (Abbott, Germany) and the Certum IgG/IgM Rapid Test™ (All Test Biotech Co., Ltd., Hangzhou, China), following the manufacturers’ instructions. These rapid tests allow for the qualitative and differential detection of IgG and IgM antibodies against SARS-CoV-2. The Panbio™ assay is directed against the nucleocapsid (N) antigen, whereas the Certum IgG/IgM Rapid Test™ detects antibodies targeting both the spike (S) and nucleocapsid (N) antigens. Participants were classified as seropositive only when reactivity was simultaneously detected by both assays, a criterion considered indicative of reliable evidence of natural SARS-CoV-2 infection, either in a late stage or, in some cases, potentially active.



Hematological profile

The following parameters were determined from whole blood using a CELL-DYN 22 Emerald® hematology analyzer (Abbott Laboratories, Chicago, IL, USA): leukocytes, lymphocytes, MID (monocytes, basophils, and eosinophils), neutrophils, erythrocytes, hemoglobin, hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width (RDW), and platelet count.



Biochemical profile

The biochemical profile included the measurement of fasting glucose, total cholesterol (TC), HDL-C, low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), serum creatinine (SC), uric acid (UA), aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and total bilirubin (TB). All analyses were performed using the VITROS-250® automated analyzer (Ortho Clinical Diagnostics, Raritan, NJ, USA), employing standardized in vitro diagnostic methods and VITROS Chemistry Products slides, in accordance with the manufacturer’s specifications.



Statistical analysis

A descriptive statistical analysis was performed to calculate frequencies and percentages for categorical variables, as well as means or medians with corresponding measures of dispersion for continuous variables. The McNemar test was used to compare concordance between the two antibody detection brands. The distribution of continuous variables was assessed using the Kolmogorov–Smirnov test. Depending on the distribution, comparisons between groups were made using the Student’s t-test for independent samples or the Mann–Whitney U test. Statistical significance was set at p < 0.05. All analyses were conducted using SPSS Statistics® version 21 (IBM Corp., Armonk, NY, USA).




Results


Seroprevalence of SARS-CoV-2 antibodies

A total of 201 participants, with a median age of 36 years (range: 18–81), were evaluated. Among them, 45 individuals (22.3%) showed simultaneous reactivity in two different rapid lateral flow immunochromatographic assays: Panbio™ targeting the nucleocapsid (N) antigen and Certum IgG/IgM Rapid Test™ targeting both N and spike (S) antigens. Of these seropositive individuals, 13 (6.46%) were positive for IgG only, 21 (10.4%) for IgM only, and 11 (5.47%) for both IgG and IgM antibodies.

When stratified by sex, females (n = 122) exhibited a cumulative seroprevalence of 18.7% (n = 23), whereas males (n = 79) showed a seroprevalence of 27.8% (n = 22). However, chi-square analysis revealed no statistically significant association between sex and seropositivity to SARS-CoV-2 antibodies (p = 0.166) (Table 1).


TABLE 1 Seroprevalence of anti-SARS-CoV-2 IgG and IgM antibodies (n = 201).


	Sex
	n
	IgG
	IgM
	IgG + IgM
	Cumulative seroprevalence
	p1




	n (%)
	n (%)
	n (%)
	n (%)

 

 	Female 	122 	7 (5.73) 	14 (11.4) 	2 (1.63) 	23 (18.7) 	0.166


 	Male 	79 	6 (7.59) 	7 (8.86) 	9 (11.4) 	22 (27.8)


 	Total 	201 	13 (6.46) 	21 (10.4) 	11 (5.47) 	45 (22.3)




 



Hematological parameters by sex

A comparative analysis of hematological parameters between female and male participants revealed statistically significant differences in several variables. Males exhibited significantly higher mean values of erythrocytes, hemoglobin, and HCT compared to females (all p < 0.001). Additionally, MCHC was slightly higher in males (p = 0.014), whereas platelet count was significantly lower in males than in females (p = 0.020).

No statistically significant differences were observed in leukocyte count, lymphocytes, MID, neutrophils, MCV, MCH, or RDW between sexes (p > 0.05 for all comparisons) (Table 2).


TABLE 2 Characteristics in hematological variables (n = 201).


	Variable
	n
	Mean or Median
	SD or (minimum - maximum)
	p1


 

 	Leukocytes (K/μL)


 	Female 	122 	6.70 	3–12 	0.292


 	Male 	79 	6.50 	4–14


 	Total 	201 	6.60 	3.1–13.7


 	Lymphocytes (K/μL)


 	Female 	122 	2.50 	1–4 	0.833


 	Male 	79 	2.55 	1–4


 	Total 	201 	2.50 	0.8–4.3


 	MID (K/μL)


 	Female 	122 	0.50 	0.3–0.9 	0.494


 	Male 	79 	0.50 	0.3–1.0


 	Total 	201 	0.50 	0.3–1.0


 	Neutrophils (K/μL)


 	Female 	122 	3.6 	1–9 	0.342


 	Male 	79 	3.3 	1–11


 	Total 	201 	3.5 	0.7–11


 	Erythrocytes (K/μL)


 	Female 	122 	4.57 	± 0.43 	<0.001*


 	Male 	79 	5.11 	± 0.52


 	Total 	201 	4.77 	± 0.54


 	Hemoglobin (g/dL)


 	Female 	122 	14.1 	9–17 	<0.001*


 	Male 	79 	16.1 	12–20


 	Total 	201 	14.7 	9–20


 	HCT (%)


 	Female 	122 	42.6 	29–91 	<0.001*


 	Male 	79 	48.9 	38–62


 	Total 	201 	44.3 	29–91


 	MCV (fL)


 	Female 	122 	93.6 	60–110 	0.220


 	Male 	79 	94.2 	85–105


 	Total 	201 	93.9 	60–110


 	MCH (pg)


 	Female 	122 	30.6 	18–65 	0.069


 	Male 	79 	31.1 	28–39


 	Total 	201 	30.8 	18–65


 	MCHC (g/dL)


 	Female 	122 	32.6 	21–40 	0.014*


 	Male 	79 	32.9 	30–40


 	Total 	201 	32.7 	21–40


 	RDW (%)


 	Female 	122 	11.2 	6–18 	0.308


 	Male 	79 	11.3 	6–14


 	Total 	201 	11.2 	6–18


 	Platelets (K/μL)


 	Female 	122 	260 	± 70.49 	0.020*


 	Male 	79 	237 	± 62.26


 	Total 	201 	251 	± 68.03





MID, monocytes, basophils, and eosinophils; HCT, hematocrit; MCV, mean corpuscular volume (fL); MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell distribution width; SD, standard deviation.

1Student T-statistic for independent samples or U-Mann Whitney statistic for unrelated data.

*Significant difference by sex at p < 0.05.
 



Biochemical parameters by sex

Statistically significant sex differences were also observed in the biochemical profile (Table 3). Male participants exhibited higher median fasting glucose (p = 0.038) and significantly lower HDL-C levels compared to females (p < 0.001). Conversely, triglyceride levels were significantly higher in males (p = 0.011).


TABLE 3 Characteristics in biochemical variables (n = 201).


	Variable
	n
	Mean or Median
	SD or (minimum - maximum)
	p1

 

 	Glucose (mg/dL)


 	Female 	122 	90 	73–218 	0.038*


 	Male 	79 	95 	56–264


 	Total 	201 	91 	56–264


 	TC (mg/dL)


 	Female 	122 	184 	± 38.1 	0.952


 	Male 	79 	185 	± 37.0


 	Total 	201 	185 	± 37.6


 	HDL-C (mg/dL)


 	Female 	122 	47.7 	25–99 	<0.001*


 	Male 	79 	40.0 	13–82


 	Total 	201 	43.6 	13–99


 	LDL-C (mg/dL)


 	Female 	122 	105 	± 32.7 	0.278


 	Male 	79 	112 	± 34.9


 	Total 	201 	108 	± 33.5


 	TG (mg/dL)


 	Female 	122 	126 	43–575 	0.011*


 	Male 	79 	152 	47–575


 	Total 	201 	137 	43–575


 	SC (mg/dL)


 	Female 	122 	0.72 	± 0.12 	<0.001*


 	Male 	79 	0.98 	± 0.15


 	Total 	201 	0.82 	± 0.18


 	UA (mg/dL)


 	Female 	122 	4.30 	1.6–7.6 	<0.001*


 	Male 	79 	6.20 	2.6–9.1


 	Total 	201 	5.10 	1.6–9.1


 	AST (U/L)


 	Female 	122 	23 	14–70 	<0.001*


 	Male 	79 	29 	15–125


 	Total 	201 	25 	14–125


 	ALT (U/L)


 	Female 	122 	18 	8–94 	<0.001*


 	Male 	79 	32.5 	13–238


 	Total 	201 	24 	8–238


 	ALP (U/L)


 	Female 	122 	77 	37–207 	0.453


 	Male 	79 	79 	44–190


 	Total 	201 	77 	37–207


 	TB (mg/dL)


 	Female 	122 	0.6 	0.3–1.5 	<0.001*


 	Male 	79 	0.7 	0.3–3.6


 	Total 	201 	0.6 	0.3–3.6





TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; SC, serum creatinine; UA, uric acid; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; TB, total bilirubin; SD, standard deviation.1 Student T-statistic for independent samples or U-Mann Whitney statistic for unrelated data.

*Significant difference by sex at p < 0.05.
 

Renal function markers showed a clear sex-related pattern: males presented higher SC and UA levels (both p < 0.001). Regarding the hepatic profile, males exhibited higher median levels of AST and ALT compared to females (both p < 0.001). TB was also slightly higher in males (p < 0.001), whereas no significant differences were detected for TC, LDL-C, or ALP.

Overall, these findings indicate a more adverse biochemical risk profile in male participants, especially regarding lipid metabolism and liver function.



Biochemical and hematological parameters in relation to anti-SARS-CoV-2 antibody status

When biochemical parameters were compared between participants with and without anti–SARS-CoV-2 antibodies (Table 4), significant differences were observed in specific markers. HDL-C levels were significantly lower in seropositive individuals compared to seronegatives in the total population (median: 40.5 mg/dL vs. 45.3 mg/dL; p = 0.009). This difference reached statistical significance in females (p = 0.042), but not in males.


TABLE 4 Characteristics in biochemical variables in subjects with presence or absence anti-SARS-CoV-2 antibodies (n = 201).


	Variable
	n
	Presence (n = 45)
	Absence (n = 156)
	p1


 

 	Glucose (mg/dL)


 	Female 	122 	90 (77–152) 	90 (73–218) 	0.305


 	Male 	79 	90 (77–264) 	96 (56–142) 	0.566


 	Total 	201 	90 (77–264) 	91 (56–218) 	0.564


 	TC (mg/dL)


 	Female 	122 	184 ± 27.2 	184 ± 40.3 	0.973


 	Male 	79 	182 ± 35.3 	186 ± 38 	0.650


 	Total 	201 	183 ± 31.1 	185 ± 39.4 	0.752


 	HDL-C (mg/dL)


 	Female 	122 	43.4 (26–82) 	48.5 (25–99) 	0.042*


 	Male 	79 	38.7 (18–71) 	40 (13–82) 	0.320


 	Total 	201 	40.5 (18–82) 	45.3 (13–99) 	0.009*


 	LDL-C (mg/dL)


 	Female 	122 	113 ± 26.8 	105 ± 33.8 	0.328


 	Male 	79 	108 ± 35.3 	113 ± 34.7 	0.587


 	Total 	201 	110 ± 30.9 	108 ± 34.2 	0.672


 	TG (mg/dL)


 	Female 	122 	122 (65–528) 	128 (43–575) 	0.908


 	Male 	79 	139 (63–482) 	155 (47–575) 	0.961


 	Total 	201 	132 (63–528) 	138 (43–575) 	0.790


 	SC (mg/dL)


 	Female 	122 	0.76 ± 0.14 	0.72 ± 0.12 	0.120


 	Male 	79 	0.92 ± 0.16 	0.99 ± 0.14 	0.079


 	Total 	201 	0.84 ± 0.17 	0.82 ± 0.18 	0.442


 	UA (mg/dL)


 	Female 	122 	4.3 (2.7–7.2) 	4.3 (1.6–7.6) 	0.950


 	Male 	79 	5.5 (3–8.2) 	6.4 (2.6–9.1) 	0.016*


 	Total 	201 	4.9 (2.7–8.2) 	5.1 (1.6–9.1) 	0.561


 	AST (U/L)


 	Female 	122 	27 (16–70) 	22.5 (14–63) 	0.167


 	Male 	79 	33 (21–125) 	28 (15–92) 	0.032*


 	Total 	201 	30 (16–125) 	24 (14–92) 	0.007*


 	ALT (U/L)


 	Female 	122 	27 (10–70) 	17 (8–94) 	0.018*


 	Male 	79 	40 (19–238) 	30 (13–181) 	0.041*


 	Total 	201 	32.5 (10–238) 	20 (8–181) 	0.001*


 	ALP (U/L)


 	Female 	122 	80 (53–125) 	76 (37–207) 	0.439


 	Male 	79 	81 (50–190) 	79 (44–136) 	0.352


 	Total 	201 	80.5 (50–190) 	78 (37–207) 	0.202


 	TB (mg/dL)


 	Female 	122 	0.50 (0.3–1.5) 	0.60 (0.3–1.4) 	0.103


 	Male 	79 	0.80 (0.4–3.6) 	0.70 (0.3–2.0) 	0.417


 	Total 	201 	0.60 (0.3–3.6) 	0.60 (0.3–2.0) 	0.893





Median (minimum-maximum). Mean ± standard deviation. TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; SC, serum creatinine; UA, uric acid; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; TB, total bilirubin; SD, standard deviation.

1Student T-statistic or U-Mann Whitney statistic.

*Significant difference by absence or presence of antibodies at p < 0.05.
 

Liver enzymes were also significantly higher among seropositive participants. AST levels were elevated in antibody-positive individuals in the total population (median: 30 U/L vs. 24 U/L; p = 0.007), with statistical significance observed in males (p = 0.032). Similarly, ALT levels were significantly higher in seropositive subjects overall (median: 32.5 U/L vs. 20 U/L; p = 0.001), with significant differences in both females (p = 0.018) and males (p = 0.041).

In contrast, no significant differences were detected between seropositive and seronegative individuals for fasting glucose, TC, LDL-C, TG, ALP, or TB.

Regarding renal biomarkers, UA levels were significantly lower in seropositive males compared to seronegative males (median: 5.5 mg/dL vs. 6.4 mg/dL; p = 0.016). No significant differences in SC or UA were observed in females or in the total population.

No statistically significant differences were found in any hematological parameters between participants with and without anti–SARS-CoV-2 antibodies (Table 5).


TABLE 5 Characteristics of hematological variables in subjects with presence or absence of anti-SARS-CoV-2 antibodies (n = 201).


	Variable
	n
	Presence (n = 45)
	Absence (n = 156)
	p1

 

 	Leukocytes (K/μL)


 	Female 	122 	6.9 (4.3–11.8) 	6.8 (3.1–11.5) 	0.532


 	Male 	79 	6.0 (3.7–13.7) 	6.6 (4.3–9.7) 	0.362


 	Total 	201 	6.4 (3.7–13.7) 	6.7 (3.1–11.5) 	0.953


 	Lymphocytes (K/μL)


 	Female 	122 	2.6 (1.1–4.3) 	2.5 (0.8–4.3) 	0.170


 	Male 	79 	2.1 (1.6–3.5) 	2.7 (0.8–3.7) 	0.109


 	Total 	201 	2.6 (1.1–4.3) 	2.6 (0.8–4.30) 	0.892


 	MID (K/μL)


 	Female 	122 	0.5 (0.3–0.8) 	0.5 (0.3–0.9) 	0.951


 	Male 	79 	0.5 (0.3–1) 	0.5 (0.3–0.8) 	0.133


 	Total 	201 	0.5 (0.3–1.0) 	0.5 (0.3–0.9) 	0.545


 	Neutrophils (K/μL)


 	Female 	122 	3.3 (2.2–8.6) 	3.7 (0.7–8.8) 	0.911


 	Male 	79 	2.8 (1.4–11) 	3.4 (1.8–6.3) 	0.404


 	Total 	201 	3.2 (1.4–11) 	3.6 (0.7–8.8) 	0.544


 	Erythrocytes (K/μL)


 	Female 	122 	4.6 ± 0.44 	4.5 ± 0.4 	0.526


 	Male 	79 	4.9 ± 0.57 	5.1 ± 0.5 	0.262


 	Total 	201 	4.7 ± 0.52 	4.7 ± 0.5 	0.953


 	Hemoglobin (g/dL)


 	Female 	122 	13.7 (8.5–16.6) 	14.1 (9.5–16.5) 	0.504


 	Male 	79 	16.1 (13–17.6) 	16.1 (12.1–20.2) 	0.380


 	Total 	201 	14.9 (8.5–17.6) 	14.7 (9.5–20.2) 	0.911


 	HCT (%)


 	Female 	122 	41.8 (28.9–51.2) 	43 (32.4–91) 	0.583


 	Male 	79 	46.8 (37.8–55.1) 	49 (37.7–61.8) 	0.193


 	Total 	201 	44.4 (28.9–55.1) 	44.4 (32.4–91) 	0.788


 	MCV (fL)


 	Female 	122 	92.4 (60.4–102) 	93.6 (67.3–109) 	0.257


 	Male 	79 	94.5 (85.1–102) 	94.2 (85.1–104) 	0.557


 	Total 	201 	94.2 (60.4–102) 	93.8 (67.3–109) 	0.654


 	MCH (pg)


 	Female 	122 	30.4 (17.8–37.6) 	30.6 (19.7–65.2) 	0.323


 	Male 	79 	31.3 (27.5–39.3) 	30.9 (27.5–39.2) 	0.530


 	Total 	201 	30.7 (17.8–39.3) 	30.8 (19.7–65.2) 	0.764


 	MCHC (g/dL)


 	Female 	122 	32.4 (21.4–36.8) 	32.6 (29.3–40) 	0.721


 	Male 	79 	33.5 (30.3–39.6) 	32.9 (31.7–38.3) 	0.667


 	Total 	201 	32.7 (21.4–39.6) 	32.7 (29.3–40) 	0.983


 	RDW (%)


 	Female 	122 	11.2 (7.2–18.4) 	11.2 (5.9–16.9) 	0.356


 	Male 	79 	11.1 (5.9–12.6) 	11.3 (7.2–13.5) 	0.349


 	Total 	201 	11.2 (5.9–18.4) 	11.3 (5.9–16.9) 	0.909


 	Platelets (K/μL)


 	Female 	122 	282 ± 70.8 	257 ± 68 	0.137


 	Male 	79 	244 ± 76.4 	238 ± 57 	0.694


 	Total 	201 	264 ± 75.1 	250 ± 65.2 	0.218





Median (minimum-maximum); Mean ± standard deviation. MID, monocytes, basophils, and eosinophils; HCT, hematocrit; MCV, mean corpuscular volume (fL); MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW, red blood cell distribution width; SD, standard deviation.

1Student T-statistic or U-Mann Whitney statistic.

*Significant difference by absence or presence of antibodies at p < 0.05.
 

Overall, the most consistent biochemical alterations associated with prior SARS-CoV-2 exposure in this ambulatory population were reduced HDL-C levels and elevated aminotransferases.




Discussion

In this study conducted in a pre-vaccination context in central-northern Mexico, we evaluated the biochemical and hematological profiles of outpatients with serological evidence of previous exposure to SARS-CoV-2. While no significant differences were found in hematological parameters, we observed notable alterations in several biochemical markers, particularly in lipid metabolism and liver function.

One of the main strengths of this study is its timing: all participants were recruited before COVID-19 vaccines became available, allowing us to observe the natural biochemical and metabolic response to SARS-CoV-2 infection in an unvaccinated ambulatory population. This is particularly important given emerging evidence that unvaccinated individuals who recover from COVID-19 may still develop new-onset metabolic disorders, such as dyslipidemia, even in mild cases (11). Moreover, persistence of biochemical alterations, such as elevated liver enzymes or changes in lipid profiles, has been described in Long COVID, especially among unvaccinated individuals, reinforcing the clinical value of our pre-vaccination data (12, 26). Studying an unvaccinated cohort thus provides valuable insight into subclinical or long-term sequelae in low-risk populations.

Our study demonstrated that HDL-C levels were significantly reduced and ALT and AST levels elevated in seropositive individuals, suggesting that even mild or asymptomatic SARS-CoV-2 infection can exert subclinical effects on lipid and liver metabolism. The reduction in HDL-C aligns with previous reports indicating that SARS-CoV-2–induced inflammation alters lipid handling, possibly through cytokine-mediated suppression of apolipoprotein A-I synthesis and enhanced catabolism of HDL-C particles (13, 14). These mechanisms may reduce the anti-inflammatory and antioxidant functions of HDL-C, contributing to systemic inflammation and potentially increasing cardiovascular risk in the post-infection phase (15, 27).

Elevated ALT and AST in seropositive individuals is consistent with hepatic involvement observed in COVID-19, even in non-hospitalized cohorts. Hepatic alterations may result from direct viral tropism via ACE2 expression in hepatocytes and cholangiocytes, as well as indirect effects of systemic inflammation and metabolic stress (16, 28). While most hospitalized patients present marked elevations in aminotransferases, our findings highlight that even ambulatory subjects may experience subclinical hepatic stress, reinforcing the need for monitoring liver function post-infection.

Interestingly, we observed sex-related differences in renal biomarkers, with seropositive males showing lower SC and UA compared to seronegatives. Although these differences were modest, they may reflect alterations in renal handling of metabolites during or after infection. Previous studies have described both hyperuricemia and hypouricemia during acute COVID-19, potentially linked to oxidative stress and changes in renal tubular transport (17). The directionality of our results, showing lower levels in seropositive males, suggests heterogeneity in renal metabolic adaptation after mild infection that warrants further study.

Contrary to many inpatient reports, our study found no significant differences in hematological parameters between seropositive and seronegative participants. In severe COVID-19, lymphopenia, neutrophilia, and elevated RDW are well-established prognostic markers (18, 19). However, our findings suggest that in ambulatory or mild cases, hematopoietic function is largely preserved. This highlights the importance of stratifying biomarker interpretation by disease severity.

Overall, our results support the notion that even mild SARS-CoV-2 infection may induce subtle biochemical alterations, particularly in lipid and liver metabolism, which could predispose individuals to long-term metabolic complications. These findings are especially relevant for Latin American populations, where the prevalence of obesity, diabetes, and metabolic syndrome is high (20, 29). Preventive follow-up of lipid and hepatic markers in post-COVID outpatients may be a cost-effective strategy to mitigate downstream cardiometabolic risks.

Our findings of decreased HDL-C and elevated ALT and AST in seropositive individuals are consistent with reports from other ambulatory cohorts worldwide. In a Spanish cohort study including outpatients with mild COVID-19, Masana et al. (14) described that low HDL-C and high triglycerides were frequent alterations, even in the absence of severe disease, reinforcing the notion that lipid metabolism is highly sensitive to SARS-CoV-2–induced inflammation. Similarly, a recent U. S. population-based study by Sorokin et al. (15) highlighted persistent dyslipidemia, particularly reduced HDL-C, as a common feature in post-COVID subjects, with potential implications for cardiovascular risk.

Evidence from Latin America also supports our observations. A Brazilian study reported lower HDL-C levels in recovered COVID-19 outpatients compared to controls, (21). These data align with our results and emphasize that populations in Latin America—already burdened by high prevalence of obesity and metabolic syndrome—may face an amplified risk for post-infection cardiometabolic complications.

International studies have reported that mild elevations in ALT and AST are not limited to severe COVID-19 cases but can also occur in asymptomatic or oligosymptomatic individuals (16, 22). Collectively, these findings suggest that hepatic involvement is a frequent yet often subclinical feature of COVID-19, reinforcing the need for biochemical follow-up even in patients who did not require hospitalization.

The identification of biochemical alterations in ambulatory, non-hospitalized individuals with anti-SARS-CoV-2 antibodies carries important clinical implications. First, the consistent reduction in HDL-C observed in our study suggests that SARS-CoV-2 infection may contribute to a pro-atherogenic lipid profile, even in individuals with mild or asymptomatic disease. This is particularly relevant in Latin American countries, such as Mexico, where the prevalence of obesity, metabolic syndrome, and type 2 diabetes is among the highest worldwide (23). The additive effect of COVID-19–related dyslipidemia on pre-existing metabolic risk factors may increase the likelihood of future cardiovascular complications in these populations.

Second, the elevation of ALT and AST in seropositive participants highlights the potential for subclinical hepatic involvement, reinforcing the need for long-term monitoring of liver function. Although most alterations remain within reference ranges, even mild enzyme elevations could indicate underlying hepatocellular stress or inflammation, which might predispose certain individuals to chronic hepatic conditions (16). Given the high burden of non-alcoholic fatty liver disease (NAFLD) in Mexico and other Latin American countries, SARS-CoV-2 infection could act as an additional stressor that accelerates disease progression (24).

From a preventive perspective, our findings support the incorporation of simple biochemical monitoring (lipid profile and hepatic enzymes) into follow-up protocols for patients with confirmed prior exposure to SARS-CoV-2, regardless of disease severity. Such an approach would allow early identification of individuals at risk and the implementation of lifestyle or pharmacological interventions to mitigate long-term complications. In particular, strategies aimed at improving HDL-C levels, such as dietary modification, physical activity, and smoking cessation, may play a protective role in this context.

The study has limitations. Pre-existing comorbidities were not included in the analytical models; therefore, residual confounding and potential effect modification cannot be excluded. Additionally, the time elapsed since SARS-CoV-2 infection could not be precisely determined or incorporated as a covariate. Given the cross-sectional design and serological classification in an ambulatory, non-hospitalized population, variability in this interval may have introduced residual heterogeneity in the observed biochemical parameters.

Although participants were recruited during a defined epidemiological period prior to the introduction of vaccination, the potential influence of infection timing cannot be entirely ruled out. In the current context of widespread vaccination and hybrid immunity, replication in strictly unvaccinated populations is inherently limited; however, analyses based on historical pre-vaccination cohorts may help strengthen the interpretation of these associations within the specific temporal framework of the study.

One of the main strengths of this study was the classification of seropositive individuals exclusively as those showing simultaneous reactivity in two rapid immunochromatographic assays from different manufacturers (Panbio™ and Certum IgG/IgM Rapid Test™). This dual-testing strategy increases diagnostic reliability and allows a more accurate association between observed biochemical alterations and the immune response derived from natural SARS-CoV-2 infection.

Previous studies have evaluated rapid immunochromatographic assays in comparison with automated immunoassays, reporting variable but generally acceptable sensitivity and specificity, supporting their use as complementary diagnostic tools (25). Moreover, serological testing is particularly valuable for confirming infection after the first week of symptom onset, when the sensitivity of molecular viral RNA detection declines, while antibody detection increases substantially.

Rapid serological assays remain valuable due to their ease of use, low cost, and rapid turnaround time, especially in regions with limited access to automated platforms or low vaccination coverage. Assays targeting the nucleocapsid (N) antigen offer an additional advantage by enabling differentiation between natural infection and vaccine-induced immune responses, as current vaccines primarily target the spike (S) protein (30). This reinforces their relevance not only for clinical assessment but also for epidemiological surveillance.

An additional strength of this study lies in its focus on ambulatory, non-hospitalized individuals and the comprehensive evaluation of biochemical and hematological parameters, allowing the identification of subtle alterations that might remain undetected in asymptomatic or mildly symptomatic patients. Furthermore, the inclusion of an unvaccinated population provides valuable baseline information to distinguish the direct metabolic impact of SARS-CoV-2 infection from vaccine-related effects.

Although global vaccination coverage is currently high, certain subpopulations without prior vaccination and settings with limited vaccine access persist. In such contexts, our findings may still offer clinically relevant insight into the metabolic consequences of natural SARS-CoV-2 infection. Moreover, historical pre-vaccination cohorts are essential for understanding the unmodified biological response to the virus and for contextualizing findings in populations with heterogeneous or hybrid immunity. These considerations underscore the importance of longitudinal studies in diverse immunological settings to clarify the persistence of these alterations and their relationship with long COVID.
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A hypothesis connecting dysgeusia due to defects in ATP-P2X3 signaling and fatigue in myalgic encephalomyelitis/chronic fatigue syndrome: lessons learned from long-COVID
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Myalgic encephalomyelitis (ME)/chronic fatigue syndrome (CFS) is a neuroimmune disease characterized by debilitating post-exertional malaise (PEM), brain-fog/cognitive problems, and dysregulation of the autonomic nervous system. Currently, there are no objective biomarkers for ME/CFS despite decades of research. Here, we compile evidence from literature that supports taste dysfunction, particularly alterations of taste perception mediated by Type II taste receptor cells, may be a critical underrecognized feature of ME/CFS. The impetus is drawn from the emerging evidence of clinicopathological similarities between long-COVID and ME/CFS. We discuss in parallel the mechanisms of cellular metabolism, inflammation, vascular dysfunction, and autonomic dysregulation in ME/CFS and long-COVID pathophysiology. We postulate that mechanistically, dysregulation of ATP signaling through P2X2/P2X3 purinergic receptors underlies both gustatory impairment and core ME/CFS symptoms. Adopting information from the NIH-RECOVER shared resources, we present evidence that suggests chemosensory dysfunction as a potential indicator of progression/severity of PEM. We discuss standardized taste testing as a non-invasive screening tool complementary to molecular biomarkers for ME/CFS. Notwithstanding, we acknowledge the limitations, confounding and contributing factors such as medications and deficiencies that may exacerbate or independently cause taste-related symptoms in ME/CFS. In conclusion, we present a compelling case for the multi-factorial role of taste dysfunction in ME/CFS and suggest specific research priorities for investigating the relationship between chemosensory function and post-viral chronic illness.
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1 Introduction

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a debilitating disease characterized by persistent or recurring symptoms including fatigue, post-exertional malaise (PEM), myalgia, joint pain, sleep disturbances, and cognitive dysfunction (1, 2). Proposed triggers include new or reactivation of latent viral infections, physiological or psychological stressors, and genetic susceptibility (3). Significantly, as the long-term effects of the recent severe acute respiratory syndrome (SARS) coronavirus-2 (CoV2) pandemic unfold, emerging data suggest that post-acute SARS-CoV2 symptom complex (PASC) shares many features of ME/CFS symptoms, including debilitating fatigue, PEM, cognitive issues, and sleep disturbances (3–5). Data from NIH’s RECOVER initiative reveal that new ME/CFS cases are 15 times more frequent than before pandemic and that the increased risk is independent of severity of CoV2 infection or reinfection status (5, 6). Indeed, PEM is recommended as an outcome measure for PASC or long-COVID clinical trials (7).

Yet, an interesting discrepancy is the frequent occurrence of dysgeusia in long-COVID and its paucity in ME/CFS reports (3, 4). Persistent taste dysfunction extending for periods longer than one-year post-CoV2 infection has been consistently reported as a component of PASC (8, 9). Isolated dysgeusia, independent of smell loss, occurred in 5–10% of long-COVID cases (10). Furthermore, longitudinal electronic health records of PASC showed that even in children and adolescents CoV2 reinfection increased the risk of chemosensory dysfunction with an odds ratio of 2.83 (1.41–5.67) (11). Interestingly, an observational study reported that dysgeusia occurred in 19% of cases of long-COVID patients diagnosed with ME/CFS (12). Yet, in general, taste dysfunction has not been recognized amongst the symptom clusters of ME/CFS. This could be due to under-recognition, rather than true absence. Indeed the 2021 guidelines by the National Institute of Health and Care Excellence includes altered taste and smell sensitivities as associated symptoms of ME/CFS (1). Evidence supporting under-recognition has been overlooked. A large Belgian study of 2,073 CFS patients reported that 38–42.4% of patients meeting Fukuda or Holemes criteria experienced altered taste, smell, or hearing (1). Further, existing data are derived from patient self-report, which underestimates true symptom prevalence. This trajectory parallels the historical pattern of other ME/CFS symptoms that were initially overlooked but subsequently validated through objective measurements.

The ME/CFS patient community has long advocated for objective diagnostic biomarkers to validate illness and improve care. In this perspective, we present a mechanistic model highlighting the critical roles of taste dysfunction in ME/CFS with supporting evidence from long-COVID as a natural experiment. In the following sections we first provide a brief overview of physiology of taste and introduce a framework for understanding the shared biological pathways between ME/CFS and long-COVID. We next review evidence linking taste dysfunction and ME/CFS emphasizing adenosine triphosphate (ATP) dependent mechanisms of bioenergy deficit and inflammation. We then provide evidence from a publicly available long-COVID data set that supports taste dysfunction as biomarker for ME/CFS. In conclusion, we propose an ATP-dysfunction based model that integrates these separate but related fields, namely chemosensory dysfunction, in particular taste dysfunction, and ME/CFS.



2 The sense of taste and taste dysfunction

Gustation, the sense of taste, is mediated by taste buds located chiefly on the tongue’s papillae. Each taste bud contains 50–100 taste receptor cells (TRCs), classified as Type I supporting cells, Type II cells that detect sweet, bitter, and umami tastes, and Type III cells responsible for sour perception (13). TRCs exhibit a turnover rate of 8–10 days, with loss modulated by apoptosis and extrusion and regeneration mediated by proliferation of stem cells (13). Taste disorders include dysgeusia, hypogeusia, phantogeusia, and ageusia. Age associated increased apoptosis or extrusion of TRCs, genetic variants in bitter TRCs, mutations in ATP-channel proteins, and systemic or local inflammation that impairs TRC regeneration are mechanisms attributed to taste dysfunction (13–15).

Several reports show that patients with long-COVID experience dysgeusia characterized by prolonged metallic or bitter taste in the mouth (e.g., coffee tastes metallic and that chocolate has lost its typical taste) (9, 16). Type-II TRCs that mediate such taste dysfunctions rely on ATP as their primary neurotransmitter. Mechanistically, the tastants bind G protein coupled receptors on type-II TRC’s, activate phospholipase C beta 2 (PLCβ2), generate inositol 1,4,5-trisphosphate (IP3), and release intracellular Ca2+, which drives ATP efflux through calcium homeostasis modulator 1 (CALHM1) channels. Subsequently, released ATP activates specific purinergic receptors such as P2X2 and P2X3, on cranial nerves VII, IX, and X, triggering action potentials that are transmitted to central gustatory regions culminating in taste perception (13, 17).



3 Similarities in pathophysiological mechanisms of ME/CFS and long-COVID

The clinical overlap between ME/CFS and long-COVID has become increasingly apparent as the long-term effects of SARS-CoV-2 infection continue to unfold (4, 5). Similarly, emerging data show that multiple interconnected biological pathways implicated in the ME/CFS pathology are also observed in long-COVID pathology (3, 4). Building on these shared mechanisms, we discuss how dysgeusia, specifically the most frequently reported bitter taste dysfunction, could connect to ME/CFS through energy-dependent mechanisms (Figure 1).
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FIGURE 1
 Neuroimmune and metabolic pathways linking chronic fatigue syndrome to dysgeusia: insights from long COVID.



3.1 Metabolic-neurotransmitter pathway linking ME/CFS and taste dysfunction


3.1.1 Metabolic dysfunction in ME/CFS

A central feature of ME/CFS is a profound disturbance in cellular energy metabolism due to mitochondrial abnormalities, resulting in low ATP levels. The chronic bioenergy deficit creates a perpetual “anticipation error” for the brain to challenges it cannot meet, manifesting as cognitive impairment, and PEM as a preemptive measure. Thus, a self-perpetuating, pathological feedback loop ensues where the physical energy crisis fuels a neurobiological state of perpetual exhaustion that is not resolved by rest and provides a compelling explanation for the core symptoms of ME/CFS (18, 19). Alternatively, ME/CFS represents a “cell danger response” driven largely by extracellular ATP acting on purinergic (P2X) receptors (20). Activation of multiple P2X receptors including P2X2/P2X3/P2X4 and P2X7 has been associated with immune, metabolic, and neurological dysfunction in ME/CFS. Pertinently, moderate exercise induced significant upregulation of P2X4 and P2X5 expressions in peripheral blood leukocytes of ME/CFS patients and correlated with the severity of PEM (18, 19).



3.1.2 Metabolic dysfunction in long-COVID

Emerging data show that mitochondrial bioenergetic dysfunction is strongly associated with the debilitating symptoms in long-COVID (4, 6). Cellular studies showed that SARS-CoV-2 targets host-cell mitochondria causing structural damage and compromises their function. Consistently, COVID-19 tongue tissues exhibited neurite loss and distorted taste buds (21). Further, several mitochondrial proteins affecting many metabolic pathways were observed to be differentially regulated in peripheral blood mononuclear cells of long-COVID patients (22). Impaired oxidative phosphorylation observed in skeletal muscles also suggests compromised energy-generating capacity in long-COVID. Additionally, blood and skeletal muscle metabolomes of long-COVID patients exhibited higher glycolytic and lower tricarboxylic acid cycle metabolites supporting reduced mitochondrial function (18, 23).



3.1.3 Linking ME/CFS and taste dysfunction

The bioenergy deficits and extracellular ATP dynamics shared between CFS, and long-COVID offer a biologically coherent explanation for why taste dysfunction may both mirror and contribute to ME/CFS pathophysiology. Low ATP levels in ME/CFS could directly impair TRC function by interfering with signal transduction, and neurotransmitter synthesis, thereby disrupting the flow of taste information. Altered purinergic receptor activation patterns could further disrupt taste signaling (17, 24). Mutations in CALHM1, an ion channel gene critical for ATP release by TRCs and hence, taste perception as discussed above, have been linked to cognitive impairment (24). Knockdown of ATP-activated purinergic receptors (P2X2, P2X3) resulted in complete loss of taste (17, 25). In addition, the widespread distribution of P2X and bitter taste receptor genes in gustatory and non-gustatory tissues further substantiates the premise of how perturbations in ATP-mediated taste pathways could contribute to the multisystem dysfunction, characteristic of ME/CFS (17, 26). We extend this framework to suggest that dysgeusia mediated by dysfunction of the highly ATP-sensitive P2X3 receptor could provide a measurable peripheral marker for the systemic purinergic dysregulation in ME/CFS.




3.2 Immune dysregulation and inflammation


3.2.1 Neuroinflammation in ME/CFS

A proinflammatory state triggered by infection or autoimmunity (anti-neuronal and anti-endothelial antibodies) underlies the “flu-like” malaise in CFS (4, 6). Further, sustained inflammation activates glial cells, leading to neuroinflammation and hypersensitivity of the hypothalamic paraventricular nucleus, which drives PEM and relapses. Indeed, serum cytokine profiles have been linked to symptom severity in ME/CFS (27).



3.2.2 Chronic inflammation and long-COVID

Emerging data suggest that dysregulated immune responses mediated by persistent SARS-CoV-2 RNA and proteins in various tissues lead to severe fatigue, PEM and cognitive dysfunction in long-COVID (4, 5). The CoV2 damaged host mitochondria act as damage-associated molecular patterns, further amplifying inflammatory responses and worsening fatigue symptoms.



3.2.3 Chronic inflammation strengthens the link between dysgeusia and ME/CFS

Inflammatory conditions in humans have been shown to exhibit a three-fold increase in dysgeusia risk, albeit with high heterogeneity (28). Interestingly, in addition to systemic inflammation, CFS patients also frequently report oropharyngeal lesions like non-exudative pharyngitis and aphthous ulcers (1, 4). Sustained inflammation has been shown to reduce TRC proliferation and impair taste sensation (28). Further, alteration of the P2X3 receptor function by the inflammatory cytokines IL-1β, TNF-α, and IL-6 could modulate ATP signaling in taste cells and sensory neurons (19). This bidirectional relationship between ATP signaling and inflammation creates a positive feedback loop that could sustain both taste dysfunction and broader ME/CFS symptoms.




3.3 Vascular dysfunction

Developing evidence suggests that both ME/CFS and long-COVID exhibit vascular dysfunction. In CFS, fatigue severity is correlated with endothelial dysfunction and reduced cerebral and muscular perfusion (29, 30). Fibrinolysis resistant fibrin amyloid microclots that limit oxygen delivery to tissues have been reported in long-COVID. Chronic tissue hypoxia could impair the high-energy demands of TRC-II signaling, as ATP synthesis depends critically on adequate oxygen supply (18, 19). This vascular mechanism may contribute to taste dysfunction, independently or synergistically with the purinergic signaling disruption central to our hypothesis.



3.4 Autonomic nervous system dysregulation

Orthostatic intolerance and a blunted heart rate variability observed in ME/CFS are attributed to autonomic nervous system (ANS) dysfunction (2). Disruption of the neural circuitry of the hypothalamus and limbic system within the ANS could interfere with central processing of taste signals, regardless of the health of peripheral taste buds (31). Additionally, a subgroup of ME/CFS patients exhibit autoantibodies against β2-adrenergic and M3 muscarinic receptors, implicating autoimmune disruption of the ANS and salivary glands, both of which are essential for normal taste perception (4, 18). Dysfunction of P2X3 receptors densely expressed in autonomic ganglia and sensory nerve terminals throughout gastrointestinal pathways could lead to autonomic instability and taste disturbance (17). Further, vagus nerve carrying both autonomic efferent and taste afferents from the posterior tongue provides a direct anatomical bridge linking gustatory signaling to autonomic control, reinforcing the biological plausibility of a shared P2X3-mediated mechanism (17, 25).



3.5 Other factors influencing taste perception with potential relevance to ME/CFS


3.5.1 Sex-specific considerations

CFS disproportionately affects women, parallelling the well-documented sex differences in taste perception (1, 5). Women tend to be more sensitive to bitter taste and experience fluctuations in their taste sensitivity across the menstrual cycle. The expression of estrogen receptors in TRCs suggest that the hormone estradiol can affect TRC turnover and influence taste perception and could explain higher preponderance of women in ME/CFS (26).



3.5.2 Nutritional deficiencies

Malnutrition and reduced appetite are well-known causes of taste dysfunction and can exacerbate metabolic and neurological disorders. In CFS, gastrointestinal symptoms often drive restrictive eating, leading to vitamin B12 and zinc deficiencies, micronutrients essential for TRC renewal (1, 26). Thus, taste changes may arise from both primary ME/CFS-related alterations and secondary nutritional disturbances, while dysgeusia can worsen nutrient intake and compound the underlying energy deficits.



3.5.3 Medications

Common CFS medications, including tricyclic antidepressants like amitriptyline, can influence taste-receptor activity, suggesting that dysgeusia could be an adverse effect (1).



3.5.4 Potential confounding factors for taste dysfunction as a symptom of ME/CFS

The unique gustatory and olfactory neural tropism of SARS-CoV2 with potential central and/or peripheral effects could contribute to the altered taste perception in long-COVID. Hence, dysgeusia as contributing factor could be restricted to the ME/CFS cohort secondary to CoV2 infection (21, 32). Several additional factors can be etiologically related to gustatory disorders. These include multiple classes of drugs, such as anti-infectives, anti-inflammatory anti-pyretic, antihistamines, antihypertensives, sympathomimetics, anti-diabetics and psychopharmacologic agents (33). Furthermore, oral health issues such as candidiasis and xerostomia (dry mouth) secondary to medications can distort taste sensations. Systemic co-morbidities such as fibromyalgia and Sjogren’s syndrome associated with ME/CFS can also contribute to the taste dysfunction independently or due to medications (14, 34).





4 Taste sensitivity as biomarker: evidence from long-COVID

Researching COVID to enhance recovery (RECOVER) is a NIH initiated program to understand, diagnose, prevent, and treat long-COVID. Data from this initiative showed that 4.5% of post-COVID-19 participants met ME/CFS diagnostic criteria, compared to 0.6% of uninfected participants (35). As of January 2026, this dataset curated for adult COVID included 84,172 and 58,320 entries from SARS-CoV2 infected and uninfected participants, respectively. We queried the data set of infected participants for the following symptoms over a period of 2–4 years post-index date; (Q1) loss of or change in smell or taste, (Q2) How much does your post-exertional malaise bother you? and (Q3) How much do your problems thinking or concentrating (“brain fog”) bother you?. The percentage of participants reporting “yes, I still have it” for Q1 exhibited an increasing trend, from 9% at 24 months to 17% at 48th month post-index period. Similarly, the percentage of participants responding “very much” for Q2 and Q3 increased with time from 24 to 48 months, consistent with previous reports (Figure 2A). Interestingly, the number of people reporting chemosensory disturbance and PEM increased from 1% in 24 months to 4% in 48 months (Figures 2B, C). Furthermore, the number of people reporting chemosensory disturbance and brain fog doubled from 6% in 24 months to 13% in 48 months. Collectively, these observations suggest that chemosensory dysfunction could represent a biomarker for increased PEM and brain fog, characteristic features of ME/CFS (Figure 2B). However, correlational occurrences are interpreted with caution. The data set does not allow tracking of individual responses, and the combined symptoms could potentially indicate new onset of either symptom. Infrequent reports of taste dysfunction in pre-COVID era in ME/CFS further adds to the cautious interpretation.

[image: Data table labeled "Table 1" summarizes the number of SARS-CoV2-infected individuals over multiple time points from 48 to 24 months, breaking down totals and cases with symptoms like brain fog, post-exertional malaise (PEM), taste loss, combined brain fog and taste, and combined PEM and taste. Below, two pie charts labeled "B" and "C" show symptom distribution percentages at 24 months and 48 months, respectively. For 24 months, brain fog represents 28 percent, taste 9 percent, PEM 2 percent, other 7 percent, BF plus taste 6 percent, and PEM plus taste 1 percent. For 48 months, brain fog is 39 percent, taste 17 percent, PEM 10 percent, other 17 percent, BF plus taste 13 percent, and PEM plus taste 4 percent.]

FIGURE 2
 Post exertional malaise (PEM), brain fog and dysgeusia in long-COVID.


Yet, considering that millions of people were exposed to SARS-CoV2, and the increasing trajectory of new ME/CFS, the value of a non-invasive, easily measurable clinical marker such as quantitative taste-testing is very high, even if it is restricted for a subset of ME/CFS patients. Pertinently, ME/CFS therapeutic strategies under development such as P2X3 receptor antagonists and interventions aimed at boosting cellular energy are closely connected to taste perception (18, 19). Yet, with respect to long-COVID data the following limitations are acknowledged: (1) combined documentation of taste and smell changes in the NIH shared data resource and (2) inherent neurotropism of SARS-CoV2 that contributes to the increased chemosensory dysfunction in long-COVID, as opposed to other ME/CFS associated viruses.



5 Summary and future directions

Available literature presents substantial indirect and supportive evidence for taste dysfunction as a biomarker or indicator of disease progression or severity of ME/CFS. Future longitudinal studies that systematically track the onset, severity, and fluctuation of taste dysfunction alongside other symptoms in a well-characterized cohort of ME/CFS patients (e.g., Canadian Consensus Criteria or the Institute of Medicine criteria) will determine the significance of dysgeusia, if any, in ME/CFS. As opposed to the emerging screening platforms such as 3D genomics or transcriptomics that need specialized infrastructure, taste testing provides a rapid, inexpensive, non-invasive option that can be repeated frequently in clinical or home settings (36). Quantifying taste preference and thresholds for the five basic tastes and serial assessments can potentially anticipate PEM episodes, offer an objective index of disease progression, and identify individuals needing confirmatory molecular testing. The metabolic-neurotransmitter hypothesis could be addressed by quantifying ATP levels and mitochondrial function in TRCs and using advanced brain imaging to investigate the integrity of gustatory brain regions.
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Data expressed as median and IQR or percentage. p values calculated with Mann-Whitney for continuous variables and chi-square test for dichotomous variables. p < 0.05 are indicated in
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