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Abstract: To estimate the biological age of elderly people hospitalized with a confirmed diagnosis 

of COVID-19, and its relationship with mortality. A retrospective and quantitative cohort study, 

carried out in a public hospital in the city of Recife-PE, from April 2020 to April 2021, with 115 

elderly people of both sexes. The biological age of the participants was estimated by a calculator 

that uses nine laboratory blood tests and mortality was analyzed. Of the 115 elderly people hospi-

talized in a public referral hospital for COVID-19, the predominant gender was male, age ≥ 70 years, 

black/brown skin color, illiterate/low education, with a partner. Arterial hypertension and diabetes 

were the most common comorbidities in the study population. Regarding ICU admission, use of 

mechanical ventilation, length of ICU stays and mortality, there was a significant association with 

premature aging (p-value = 0.009, 0.009, 0.042 and 0.009 respectively). The biological Age was able 

to predict clinical outcomes, proving to be superior to Chronological Age. 
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1. Introduction 

Throughout human history, pandemics have occurred numerous times, but the 

COVID-19 (Coronavirus disease 2019) pandemic is unique in that it is the first pandemic 

in a post-industrial society. In its early days, COVID-19 was recognized as a gerolavic 

infection (from the Greek géros “old” and epilavis, “harmful”). In China, in March 2020, 

elderly people aged 60 and over accounted for 81% of deaths from COVID-19, with a risk 

of death 23 times higher than that of non-elderly people [1]. 

Aging is a continuous process that limits resilience to adverse events, such as 

COVID-19 infection. Hypothetical reasons for the greater susceptibility of elderly people 

to COVID-19 include the coexistence of comorbidities and immunosenescence. These 

events occur and develop gradually and at different speeds among people, due to genetic 

background, environmental factors, and lifestyle. Thus, diseases and mortality related to 

aging occur in different ways among elderly people of the same chronological age, and 

this may reflect biological age. Due to the rate at which aging varies, chronological age 

may not be the best resource for quantifying this long-term decline in coping capacity 

[2,3]. 
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There are still many gaps in the complete understanding of the dangers of this pa-

thology for elderly people, including at the molecular level. The consensus, however, is 

that age represents the most important risk factor for the outcome of death from COVID-

19. In this scenario, biological age emerges as a more robust biomarker than chronological 

age for expressing aging. Biological age is a metric capable of quantifying the impact of 

health problems associated with aging. There are resources called aging clocks that esti-

mate biological age based on biodata analyzed by artificial intelligence. People with a bi-

ological age greater than their actual chronological age show accelerated aging [4,5]. 

Biological age has contributed significantly to mortality due to COVID-19. The first 

aging clocks were more difficult to implement, however, we now have tools that use rou-

tine clinical blood tests. Several studies have shown that accelerated biological aging is 

associated with a shorter life expectancy, early menopause, onset of cardiovascular and 

metabolic diseases, cancer, etc. Therefore, establishing the biological age of the elderly 

person is increasingly important for an accurate prediction of the evolution of the infec-

tion. Furthermore, it is believed that the effect of biological age on the course of the disease 

may be more relevant than that of chronological age. To date, we do not have a single 

universal biomarker for estimating health and the probability of longevity. Furthermore, 

there is still no consensus on the concept of aging and how to assess it. In everyday life, 

doctors use indicators that can be biomarkers of biological aging [6].  

Epigenetic clocks predict biological age based on DNA methylation levels. In 2018, 

an epigenetic biomarker of aging was developed, calculating phenotypic age from nine 

clinical markers most significantly associated with mortality (albumin, creatinine, serum 

glucose, C-reactive protein, lymphocyte percentage, mean corpuscular volume, RDW, 

and alkaline phosphatase) and chronological age. Therefore, epigenetic clocks are among 

the most promising biomarkers of biological age and powerful predictors of life expec-

tancy [7]. 

Accelerated biological aging has been shown to be associated with shorter life expec-

tancy, raising the possibility that biological age has a greater effect on the course of 

COVID-19 than chronological age. The present study hypothesizes that biological age, es-

timated through phenotypic biomarkers, represents a more accurate predictor of unfavor-

able outcomes in elderly people with COVID-19, when compared to chronological age. 

2. Method 

A retrospective, quantitative cohort study was conducted in a public referral hospital 

for the treatment of COVID-19, in the city of Recife, Northeastern Brazil. The study in-

cluded all (100%) individuals aged 60 years or older, with a positive diagnosis for COVID-

19 by polymerase chain reaction in an oropharyngeal swab, according to the WHO-2019 

criteria [8], admitted to the service between April 2020 and April 2021, totaling 115 elderly 

individuals. 

Pre-hospital and hospital circumstances were investigated. The pre-hospital varia-

bles considered were sociodemographic (chronological age, sex, education, skin color, and 

marital status), comorbidities (type 2 diabetes mellitus, systemic arterial hypertension, 

heart failure, chronic obstructive pulmonary disease, asthma, dementia, cancer, chronic 

kidney disease), and smoking. The hospital variables included the need for admission to 

the Intensive Care Unit, use of invasive ventilatory support, length of hospital stay and 

mortality. Data collection took place at the Medical and Statistical Archiving Service 

(SAME), with research into patient records and application of the research inclusion cri-

teria. Data from the physical and virtual medical records made available by SAME were 

collected by a team of properly trained researchers, through the application of a structured 

instrument composed of sociodemographic, clinical and laboratory variables. 

To estimate biological age, we used the online phenotypic calculator Ageless Rx cal-

culate [9], which uses nine main blood markers (albumin, creatinine, glucose, C-reactive 

protein, lymphocytes, mean corpuscular volume, RDW (Red cell distribution width), al-

kaline phosphatase and leukocytes), participants' birth dates and laboratory test results. 
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This tool was selected because its calculation relies on easily accessible blood tests already 

performed in clinical practice, in addition to having been validated in previous studies [7] 

as a better prognostic tool than chronological age. 

To analyze the data, a database was created in Excel and the SPSS 25.0 (Statistical 

Package for the Social Sciences) for Windows and Excel 365 software were used. A 95% 

confidence interval was applied to all tests. Chi-square and Fisher's exact tests were used 

for categorical variables, due to the nature of the variables and the need to evaluate asso-

ciations between clinical outcomes and sociodemographic characteristics. The results are 

presented in table form with their respective absolute and relative frequencies. 

3. Results  

A total of 115 elderly individuals participated in the study, of which 60 (52.1%) were 

men. Fifty-six (48.7%) were between 60 and 69 years old and 59 (51.3%) were 70 years old 

or older. It was found that 103 (89.6%) patients presented premature aging. 71.3% of the 

sample declared themselves black/brown, 25.2% were illiterate, while 30.4% had a low 

level of education, with up to 5 years of formal schooling. In this population studied, 

52.1% had a partner. 

Table 1 shows the sociodemographic characteristics according to the presence or ab-

sence of premature aging. Premature aging was equally prevalent between the two chron-

ological age groups (60 to 69 and 70 years or older). Characteristics such as sex, education, 

skin color, and marital status were not different between the groups with and without 

premature aging.  

 

Table 1. Sociodemographic characteristics and their association with premature aging in 

elderly patients hospitalized with COVID-19. 

 Premature aging    

Variables Yes (n, %) No (n, %)  PR CI 95% PR p-value 

Chronological age      

60 a 69 50 (89,3) 6 (10,7) 1,00 --- 0,924 * 

70 or + 53 (89,9) 6 (10,2) 1,01 0,89 – 1,14  

Sex      

Male 55 (91,7) 5 (8,3) 1,00 --- 0,441 * 

Female 48 (87,3) 7 (12,7) 0,95 0,84 – 1,08  

Education      

Illiterate 26 (89,7) 3 (10,3) 1,00 0,82 – 1,22 1,000 ** 

1-5 years 32 (91,4) 3 (8,6) 1,02 0,85 – 1,23  

6-9 years 21 (91,3) 2 (8,7) 1,02 0,84 – 1,25  

> 9 years 17 (89,5) 2 (10,5) 1,00 ---  

Skin color      

Black / Brown 74 (90,2) 8 (9,8) 1,03 0,87 – 1,22 0,709 ** 

Others 21 (87,5) 3 (12,5) 1,00 ---  

Conjugality      

With partner 55 (91,7) 5 (8,3) 1,00 --- 0,726 ** 

Without partner 47 (94,0) 3 (6,0) 1,03 0,92 – 1,14  

(*) Chi-square (**) Fisher's exact test. 

 

The study population presented several comorbidities, as shown in Table 2, with high 

blood pressure, diabetes mellitus and cancer being the most prevalent. In the group with 
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premature aging, comorbidities were more frequent, but without statistical significance. 

Smoking was of low prevalence. Regarding the outcome of death, a significant association 

with premature aging was observed (p-value = 0.009). 

 

Table 2. Clinical characterization, smoking, mortality and premature aging in elderly peo-

ple hospitalized with COVID-19. 

 Premature aging    

Variables Yes (n, %) No (n, %)  PR CI 95% PR p-value 

Diabetes mellitus      

Yes 45 (84,9) 8 (15,1) 0,91 0,80 – 1,03 0,131 * 

No 58 (93,5) 4 (6,5) 1,00 ---  

Hypertension      

Yes 72 (91,1) 7 (8,9) 1,06 0,91 – 1,23 0,512 ** 

No 31 (86,1) 5 (13,9) 1,00 ---  

Heart failure      

Yes 15 (93,8) 1 (6,3) 1,05 0,91 – 1,22 1,000 ** 

No 88 (88,9) 11 (11,1) 1,00 ---  

COPD      

Yes 9 (90,0) 1 (10,0) 1,01 0,81 – 1,25 1,000 ** 

No 94 (89,5) 11 (10,5) 1,00 ---  

Asthma      

Yes 2 (100,0) 0 (0,0) 1,12 1,05 – 1,19 1,000 ** 

No 101 (89,4) 12 (10,6) 1,00 ---  

Dementia      

Yes 6 (100,0) 0 (0,0) 1,12 1,05 – 1,20 1,000 ** 

No 97 (89,0) 12 (11,0) 1,00 ---  

Cancer      

Yes 18 (94,7) 1 (5,3) 1,07 0,94 – 1,22 0,687 ** 

No 85 (88,5) 11 (11,5) 1,00 ---  

Chronic kidney disease      

Yes 15 (93,8) 1 (6,3) 1,05 0,91 – 1,22 1,000 ** 

No 88 (88,9) 11 (11,1) 1,00 ---  

Smoking      

Active 8 (80,0) 2 (20,0) 0,90 0,64 – 1,25 0,709 ** 

Inactive 43 (89,6) 5 (10,4) 1,00 0,85 – 1,18  

Never smoked 25 (89,3) 3 (10,7) 1,00 ---  

Death      

Yes 37 (100,0) 0 (0,0) 1,18 1,08 – 1,30 0,009 ** 

No 66 (84,6) 12 (15,4) 1,00 ---  

(*) Chi-square (**) Fisher's exact test. 

 

Regarding ICU admission, use of mechanical ventilation assistance and length of 

ICU stay, Table 3 shows a significant association with premature aging (p-value = 0.009, 

0.009 and 0.042, respectively). Regarding the accumulation of comorbidities, there was no 

statistical significance. 
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Table 3. ICU admission, use of invasive mechanical ventilation assistance, length of ICU 

stays, number of comorbidities and premature aging in elderly people hospitalized with 

COVID-19. 

 Premature aging    

Variable Yes (n, %) No (n, %)  PR CI 95% PR p-value 

ICU admission      

Yes 58 (96,7) 2 (3,3) 1,18 1,03 – 1,35 0,009 * 

No 45 (81,8) 10 (18,2) 1,00 ---  

Use of mechanical ventilation      

Yes 75 (94,9) 4 (5,1) 1,22 1,02 – 1,46 0,009 ** 

No 28 (77,8) 8 (22,2) 1,00 ---  

      

 Median 

(P25; P75) 

Median 

(P25; P75) 

   

Hospitalization time 11,0 

(6,0 – 20,0) 

6,0 

(4,3 – 7,0) 
--- --- 0,042 *** 

Number of comorbidities 2,0 

(1,0 – 3,0) 

2,0 

(1,0 – 2,0) 
--- --- 0,268 *** 

(*) Chi-square (**) Fisher's exact (***) Mann-Whitney. 

4. Discussion 

This study shows that the group of elderly patients identified as prematurely aging 

based on their biological age had a greater need for ICU care, use of ventilatory support, 

longer hospital stays, and a higher mortality rate due to COVID-19. It is important to clar-

ify that the number of elderly individuals who required ventilatory support exceeded the 

number of individuals admitted to the ICU because many received ventilatory support in 

the ward, since there were insufficient ICU beds to meet demand in that pandemic sce-

nario. 

In the context of the pandemic, the severity criteria were based on the chronological 

age and hemodynamic instability of hospitalized patients. However, studies have indi-

cated that chronological age is not a reliable marker of an individual's health conditions. 

Bakakos et. al [10] evaluated the impact of chronological age and other clinical markers 

on the 60-day survival of elderly individuals hospitalized for COVID-19 in the ICU. De-

spite the lower survival rate for those aged ≥65 years (58%) compared to those aged <65 

years (89.3% and p-value <0.001), multivariate analysis demonstrated that the presence of 

sepsis and a higher Charlson comorbidity index were independent predictors of mortal-

ity, whereas Chronological Age was not, suggesting the need to search for a set of clinical 

markers that better predict outcomes in COVID-19. 

Initial studies with Biological Age sought to predict Chronological Age from DNA 

methylation biomarkers in blood or other tissues. However, it was observed that the effect 

size of these clocks in correlating with age-related diseases and conditions was small to 

moderate [11,12]. Thus, the study by Levine et al. [7] sought to develop the PhenoAge 

calculator, based on the prediction of a new age - the phenotypic age - that would be able 

to predict the risk of morbidity and mortality among individuals of the same age. The 

phenotypic age, created from routine blood tests, predicted clinical outcomes - all-cause 

mortality, mortality from specific causes, count of coexisting diseases and physical func-

tionality. From this new composite of clinical measures, these researchers identified new 

DNA methylation groups that had not been observed in studies targeting Chronological 

Age, and that are possibly the result of age-related diseases and conditions. In this way, 
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PhenoAge would be able to capture changes in the number of years lived as well as other 

clinical conditions that differ among individuals of the same Chronological Age. Thus, the 

calculation of Biological Age by PhenoAge was able to predict clinical outcomes due to 

COVID-19 in our study. 

Research by Kuo et al. [13] demonstrated the potential of phenotypic age in predict-

ing complications from COVID-19. In this study, Biological Age was measured by 

PhenoAge prior to the pandemic, through exams collected between 2006 and 2010, and 

they observed an association with COVID-19 severity results, and the association was par-

tially explained by prevalent chronic diseases close to the time of infection. In contrast, 

our study calculated Biological Age at hospital admission for COVID-19, which may have 

been able to encompass the baseline health conditions of patients at the time they con-

tracted COVID-19 infection, which predispose them to a state of greater vulnerability to 

infectious complications. Both studies corroborate the potential of Biological Age as a 

measure that more accurately measures the real physiological state of organs, systems or 

the organism as a whole and is more capable of predicting clinical complications. 

Cao et. al. [14] calculated Biological Age in people with COVID-19 using five different 

epigenetic clocks, one of which was PhenoAge. Acceleration of epigenetic age was found 

for patients with severe and non-severe COVID-19 compared to healthy individuals, 

across all timescales. In particular, the study also explored the dynamic changes in epige-

netic age throughout the course of the disease in six individuals with COVID-19 compared 

to healthy individuals. A progressive increase in Biological Age was observed in the early 

and critical phases of COVID-19, which was partially reversed in the late phases of the 

disease across all timescales. This result corroborates the present study in capturing the 

acceleration of Biological Age at the time of admission for COVID-19, and may be useful 

as a prognostic marker. 

In agreement with previous literature, the current research presents Biological Age 

as a prognostic tool that best responds to the dichotomy between survival and mortality 

in patients affected by COVID-19 infection, to the detriment of Chronological Age. It is 

noteworthy that data on sociodemographic characteristics, such as sex and Chronological 

Age, and underlying diseases did not contribute to the prediction of mortality in the pre-

sent study. Possibly, analyzing such attributes individually does not allow us to under-

stand the complex and interdependent process of health and disease in patients, trans-

lated into the form of risk of complications from COVID-19. However, it is noteworthy 

that Chronological Age is one of the variables that feeds the PhenoAge calculator, incor-

porating it into the Biological Age compound together with the other nine blood test var-

iables. 

It is important to highlight that PhenoAge was constructed from 42 laboratory vari-

ables and Chronological Age. Using the Cox penalized regression model, the ten variables 

most associated with the clinical outcomes studied were selected, one of which was 

Chronological Age. The selected tests represent measures of liver function (albumin and 

alkaline phosphatase), kidney function (creatinine), metabolic function (glucose), immune 

function (percentage of lymphocytes, MCV, RDW and leukocytes) and inflammatory sta-

tus (CRP). According to the authors, these variables and Chronological Age express the 

physiological dysregulation caused by endogenous, exogenous and age-related factors, 

which in turn promote imbalance in the various organic systems, producing pathogenesis 

and consequently molecular alterations. Together, the combination of variables makes up 

the phenotypic age constructed from clinical risk markers, such as mortality [9]. 

The use of a tool, available free of charge via the internet - Ageless Rx calculate - and 

which uses resources that are easy to collect in a controlled hospital environment - date of 

birth and the results of laboratory tests - to compose the Biological Age makes it an acces-

sible and practical tool in clinical settings. In contrast, previous studies have measured 

Biological Age using more complex methods, such as genetic and epigenetic markers – 

telomere shortening and DNA methylation [15-17], however, such methods are difficult 

to access in routine clinical practice. 
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Some limitations stand out in this study. This is a retrospective study and, therefore, 

there is a need for future prospective longitudinal studies to investigate the contribution 

of these variables to biological aging and vulnerability to SARS-CoV-2 infection in the 

elderly population. Our sample consisted of 103 elderly people with premature aging and 

only 12 with normal aging. Since our study was carried out in a hospital setting, the sam-

ple consisted of all elderly people with severe COVID-19 requiring hospitalization, and 

the Biological Age tool may have captured this group of greater clinical severity in the 

form of premature aging. A larger sample would be interesting to include more patients 

with normal aging to allow greater robustness in comparisons between the groups and 

possible generalization of the results. A study with a larger sample of healthy individuals 

could result in greater statistical difference between the groups. 

However, it is important to note that our analysis is based on the spectrum of the 

Brazilian population, which has multiple health inequalities and lacks a measurement of 

severity that is based on the availability of health resources. However, future studies are 

needed with larger sample sizes and including populations from other regions of Brazil, 

since the country has great demographic diversity and health conditions, which may in-

fluence the outcomes related to COVID-19. 

This research, therefore, adds to the previous literature to corroborate the potential 

of Biological Age from routine blood samples as a prognostic tool and brings as a differ-

ential its applicability in the COVID-19 scenario. The recognition of Biological Age as a 

better prognostic tool can help in clinical practice to identify patients at higher risk, im-

proving care, reducing unfavorable outcomes and enabling the optimization of health re-

source management, especially in the public setting and in extreme situations, such as the 

pandemic. 

5. Conclusion 

This study sought to assess whether Biological Age, measured through laboratory 

blood tests, would be able to predict the risk of severity and mortality due to COVID-19 

in elderly patients hospitalized. The group of patients identified as having premature ag-

ing by Biological Age had a higher mortality rate, need for MVA, and length of hospital 

stay. These results demonstrate the prognostic value of Biological Age for outcomes in 

elderly patients with COVID-19, using a free, easily accessible tool and based on common 

blood tests in daily clinical practice. 
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