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Abstract

Background: The most consistently identified mortality determinants for the new coro-
navirus 2019 (COVID-19) infection are aging, male sex, cardiovascular/respiratory dis-
eases, and cancer. They were determined from heterogeneous cohorts that included
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patients with different disease severity and previous conditions. The main goal of this
study was to determine if activities of daily living (ADL) dependence measured by Bar-
thel’s index could be a predictor for COVID-19 mortality.

Methods: A prospective cohort study was performed with a consecutive sample of
340 COVID-19 patients representing patients from all over the northern region of Por-
tugal from October 2020 to March 2021. Mortality risk factors were determined after
controlling for demographics, ADL dependence, admission time, comorbidities, clinical .
manifestations, and delay-time for diagnosis. Central tendency measures were used
to analyze continuous variables and absolute numbers (proportions) for categorical
variables. For univariable analysis, we used t test, chi-square test, or Fisher exact test
as appropriate («=0.05). Multivariable analysis was performed using logistic regression.
IBM SPSS version 27 statistical software was used for data analysis.

Results: The cohort included 340 patients (55.3% females) with a mean age of
80.6+11.0 years. The mortality rate was 19.7%. Univariate analysis revealed that aging,
ADL dependence, pneumonia, and dementia were associated with mortality and that
dyslipidemia and obesity were associated with survival. In multivariable analysis, dyslip-
idemia (odds ratio [OR], 0.35; 95% confidence interval [Cl], 0.17-0.71) was independent-
ly associated with survival. Age =86 years (pooled OR, 2.239; 95% CI, 1.100-4.559),
pneumonia (pooled OR, 3.00; 95% CI, 1.362-6.606), and ADL dependence (pooled OR,
6.296; 95% Cl, 1.795-22.088) were significantly related to mortality (receiver operating
characteristic area under the curve, 82.1%; p<0.001).

Conclusion: ADL dependence, aging, and pneumonia are three main predictors for
COVID-19 mortality in an elderly population.

@ It is identical to the Creative
Commons Attribution Non-
Commercial License (http://
creativecommons.org/licenses/
by-nc/4.0/).
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Introduction CoV-2), a newly emergent coronavirus first recognized

in Wuhan, Hubei province, China, in December 2019".
Coronavirus disease 2019 (COVID-19) is caused by se- Several systematic reviews and meta-analysis have
vere acute respiratory syndrome coronavirus 2 (SARS- been published since 2020. They identified several in-
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dependent risk factors for COVID-19 death, including in-
creasing age”"'", male sex””"®, hypertension'®""'®'%'¢¢,
diabetes mellitus®'%"""*"°  obesity*®'", cardiovascu-
lar disease (CVD)'»""*1¢1%2% cerebrovascular dis-
ease'""**°, chronic kidney disease'®"""*'"*° chronic
obstructive pulmonary disease (COPD)>®'0"#1618:20
cancer®®'"'7"182922  dementia®, frailty’***, pneumonia'®,
and end-organ damage'®. Among these risk factors,
the most consistently identified predictors were aging,
male sex, hypertension, diabetes, CVD, COPD, and can-
cer. Available evidence still has some limitations: (1)
possible ethnic bias; (2) hospital-based studies includ-
ing patients with different disease severity and patients
treated with different levels of care: general wards, re-
spiratory wards, intermediate and intensive care units
(ICU); and (3) heterogenous samples (comorbidities and
performance status before COVID-19 infection). For
these reasons, COVID-19 cases should be split and an-
alyzed considering disease severity, patients’ previous
clinical conditions, and the level of care. Some cohort
studies have been published accounting for specifically
stratified age analysis. However, even in these reports,
there were a mix of cases, including ICU and non-ICU
patients®*°, The main goal of this study was to evaluate
the role of activities of daily living (ADL) dependence
as a predictor of COVID-19 mortality in a sample of
COVID-19 patients treated in a general ward without
clinical indications or conditions for ICU admission.

Materials and Methods

1. Study design and sample

This was a prospective cohort study with a consecutive
sample. Inpatients referred from tertiary hospitals all
over the northern region of Portugal to the Hospital-Es-
cola da Universidade Fernando Pessoa (HE-UFP) (Gon-
domar, Portugal) from October 2020 to March 2021
were included. All patients had a confirmed COVID-19
diagnosis (positive polymerase-chain reaction from
nasal-oropharyngeal swab for SARS-CoV-2). They were
treated in a general ward. Patients with clinical indica-
tions for intensive care treatment were excluded.

For data analysis, patients were divided into two
groups: survivor group (SG) and non-survivor group
(NSG). Demographic data, admission time length,
comorbidities, evidence of pneumonia (pulmonary
consolidation radiologically confirmed by chest X-ray),
presence of COVID-19 related symptoms (cough with/
without sputum, dyspnea, fever, anosmia, sore throat,
myalgia, headache, and/or diarrhea), delay-time from
symptoms-to-diagnosis, and in-hospital mortality were
analyzed. ADL dependence was measured on the ad-
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mission using Barthel's index score. Based on several
daily activities (feeding, bathing, grooming, dressing,
bowel and bladder control, toilet use capability, transfer
from bed to chair and vice-versa, mobility on level-sur-
faces, and capability to climb stairs), Barthel's index
score has five categories: independent (80-100 points),
minimally dependent (60-79 points), partially depen-
dent (40-59 points), very dependent (20-39 points),
and totally dependent (<20 points)*’.

Data modeling was performed to identify clinical
predictors of mortality in the cohort. It was performed
in accordance with the principles of the Declaration of
Helsinki.

Informed consent was obtained (written or verbally in
case of telephone interview after hospital admission to
evaluate mortality up to 3 months after admission). This
study was approved by the Institutional Review Board
of Universidade Fernando Pessoa Ethics Committee
for Health (IRB No. 77,6/7/2021).

2. Statistical analysis

Continuous variables are described as mean (standard
error). Categorical variables are described as absolute
numbers and/or proportions. Univariable analysis was
performed using Student’s t test for continuous vari-
ables and chi-square/Fisher exact test for categorical
variables as appropriate. Multivariable analysis was
performed using logistic regression (Wald method,
p>0.10 for model exclusion/p<0.05 for model inclu-
sion). Age was dichotomized based on a statistical ap-
proach to find the best cut-off value to add strength and
prediction capability to the model. We decided to ana-
lyze ADL dependence based on Barthel’s index original
clusters in the univariable analysis and to dichotomize
it into two categories (“independent” - including inde-
pendent and minimally dependent categories; “depen-
dent” - including partially, very, and totally dependent
categories) for the multivariable analysis to clearly
identify patients with/without ADL dependence. Sta-
tistical significance was defined at p<0.05. IBM SPSS
version 27 (IBM Corp., Armonk, NY, USA) was used for
all statistical analyses.

Results

The total cohort included 340 patients (55.3% females)
with a mean age of 80.6+11.0 years. The mortality rate
was 19.7% (18.6% in females and 21.1% in males with
mean ages of 86.8+8.8 years and 84.8+9.1 years, re-
spectively).

The SG included 273 patients. The NSG included
67 patients. There was no significant difference in sex
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Table 1. In-hospital COVID-19 mortality determinants

Death Univariable
Variable Total
Yes No OR (95% ClI)

Sex

Female 188 (55.3) 35 (52.2) 153 (56.0) 1

Male 152 (44.7) 32 (47.8) 120 (44.0) 1.166 (0.682-1.992)
Age, yr

Mean+SD 80.6+11 85.8+8.9 79.3+x11.1 1.079 (1.042-1.118)

Median (P25-P75) 83.5 (75.1-88) 87.1(82.4-91.4) 81.6(73-86.8)

Min-Max 30.7-101.9 51.5-99.2 30.7-101.9
Age, yr

<86 197 (57.9) 24 (35.8) 173 (63.4) 1

>86 143 (42.1) 43 (64.2) 100 (36.6) 3.100 (1.776-5.409)
Admission time, day

Mean+SD 11.5+7.4 8.9+6.6 12.2+7.4 0.926 (0.884-0.970)

Median (P25-P75) 10 (6-15) 7 (4-12) 11 (7-16)

Min-Max 1-48 1-28 1-48
ADL autonomy (Barthel index

original clusters)

Independent 60 (17.6) 1(1.7) 59 (22.5) 1

Minimally dependent 32(9.4) 2(3.4) 30(11.5) 3.933(0.343-45.143)

Partially dependent 38(11.2) 6(10.2) 32(12.2) 11.062 (1.275-95.952)

Very dependent 41 (12.1) 7(11.9) 34 (13.0) 12.147 (1.433-102.972)

Totally dependent 150 (44.1) 43 (72.9) 107 (40.8) 23.710 (3.183-176.592)
ADL autonomy (Barthel index

dichotomized)*

Independent 92 (27.1) 3(5.1) 89 (34.0) 1

Dependent 229 (67.4) 56 (94.9) 173 (66.0) 9.603 (2.293-31.544)
CV risk factors' (overall)

No 34 (10.0) 5(7.5) 29 (10.6) 1

Yes 306 (90.0) 62 (92.5) 244 (89.4) 1.474 (0.548-3.963)
Hypertension

No 103 (30.3) 24 (35.8) 79 (28.9) 1

Yes 237 (69.7) 43 (64.2) 194 (71.1) 0.730 (0.415-1.282)
Dyslipidemia

No 156 (45.9) 44 (65.7) 112 (41.0) 1

Yes 184 (54.1) 23 (34.3) 161 (59.0) 0.364 (0.208-0.636)
AF

No 278 (81.8) 44 (65.7) 234 (85.7) 1

Yes 62(18.2) 23(34.3) 39 (14.3) 3.136 (1.708-5.759)
DM

No 225 (66.2) 41 (61.2) 184 (67.4) 1

Yes 115 (33.8) 26 (38.8) 89 (32.6) 1.311 (0.754-2.279)

Tuberc Respir Dis 2022;85:349-357

https://e-trd.org/

351



JC da Costa et al.

Table 1. Continued

. Death Univariable
Variable Total
Yes No OR (95% ClI)

Obesity

No 272 (80.0) 62 (92.5) 210(76.9) 1

Yes 68 (20.0) 5(7.5) 63 (23.1) 0.269 (0.104-0.698)
Stroke

No 275 (80.9) 52 (77.6) 223 (81.7) 1

Yes 65 (19.1) 15 (22.4) 50 (18.3) 1.287 (0.671-2.467)
Current stroke

No 325 (95.6) 65 (97.0) 260 (95.2) 1

Yes 15 (4.4) 2(3.0) 13 (4.8) 0.615 (0.135-2.795)
CV disease

No 241 (70.9) 43 (64.2) 198 (72.5) 1

Yes 99 (29.1) 24 (35.8) 75 (27.5) 1.473 (0.837-2.594)
End-stage liver disease

No 333 (97.9) 63 (94.0) 270 (98.9) 1

Yes 7(2.1) 4 (6.0) 3(1.1) 5.714 (1.247-26.176)
CKD

No 301 (88.5) 55 (82.1) 246 (90.1) 1

Yes 39 (11.5) 12(17.9) 27 (9.9) 1.988 (0.948-4.167)
COPD

No 312 (91.8) 62 (92.5) 250 (91.6) 1

Yes 28(8.2) 5(7.5) 23(8.4) 0.877 (0.320-2.398)
Asthma

No 330(97.1) 63 (94.0) 267 (97.8) 1

Yes 10(2.9) 4 (6.0) 6(2.2) 2.825 (0.774-10.311)
Interstitial lung disease

No 337 (99.1) 65 (97.0) 272 (99.6) 1

Yes 3(0.9) 2(3.0) 1(0.4) 8.369 (0.747-93.712)
Depression

No 298 (87.6) 59 (88.1) 239 (87.5) 1

Yes 42 (12.4) 8(11.9) 34 (12.5) 0.953 (0.419-2.167)
Thyroid dysfunction

No 315(92.6) 65 (97.0) 250 (91.6) 1

Yes 25(7.4) 2(3.0) 23(8.4) 0.334 (0.077-1.455)
Dementia

No 264 (77.6) 44 (65.7) 220 (80.6) 1

Yes 76 (22.4) 23(34.3) 53(19.4) 2.170 (1.207-3.902)
Cancer

No 313(92.1) 61(91.0) 252 (92.3) 1

Yes 27 (7.9) 6 (9.0) 21(7.7) 1.180 (0.457-3.050)
COVID-19 symptoms

No 47 (14.0) 9(13.4) 38(14.2) 1

Yes 288 (86.0) 58 (86.6) 230 (85.8) 1.065 (0.487-2.326)
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Table 1. Continued

Death Univariable
Variable Total
Yes No OR (95% ClI)
Pneumonia
No 114 (36.2) 13 (21.3) 101 (39.8) 1
Yes 201 (63.8) 48 (78.7) 153 (60.2) 2.437 (1.257-4.727)
Time from symptoms to
diagnosis, day
Mean+SD 1.85+5.5 1.02+7.5 2.05+4.9 0.964 (0.909-1.023)
Median (P25-P75) 1.0 (0-4.0)
Min-Max -22t0 39

Values are presented as number (%) unless otherwise indicated.

*n=321, independent=independent+minimally dependent; dependent=partially+very+totally dependent. 'Any (single or combination)
of these: dyslipidemia, diabetes mellitus, auricular fibrillation, arterial hypertension, obesity.

COVID-19: coronavirus disease 2019; OR: odds ratio; Cl: confidence interval; SD: standard deviation; ADL: activities of daily living; CV:
cardiovascular; AF: auricular fibrillation; DM: diabetes mellitus; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary

disease.

distribution between the two groups (females: 52.2% in
NSG vs. 56.0% in SG, p=0.575).

Deceased patients were significantly older (mean age,
85.8+8.9 years in NSG vs. 79.3+11.1 years in SG; p<0.001).

NSG patients were almost all dependent (98.3% in
NSG vs. 77.5% in SG) at certain levels in ADLs accord-
ing to Barthel's index score. Partial, very, and total de-
pendencies in ADLs were significantly related to mor-
tality (Table 1). Autonomy or minimal dependency was
unrelated to mortality in univariate analysis.

Grouping these latter clusters in the independent
group and the former ones in the dependent group
revealed that dependency was statistically associated
with mortality (odds ratio [OR], 9.603; 95% confidence
interval [Cl], 2.293-31.544).

Patients were predominantly symptomatic in both
groups (86.6% in NSG and 85.8% in SG for any
COVID-related symptom, p=0.875). There was no signif-
icant difference in the time from symptoms-to-diagno-
sis between the two groups (1.02+7.5 days in NSG vs.
2.05+4.9 days in SG, p=0.226).

Radiological evidence of pneumonia was more fre-
quent in NSG (78.7% in NSG vs. 60.2% in SG). It signifi-
cantly increased the risk of mortality (OR, 2.44; 95% Cl,
1.26-4.73). Unilateral or bilateral pulmonary affection
was not related to an increased risk of death (OR, 0.93;
95% Cl, 0.38-2.24).

Comorbidities distribution and their associations with
mortality are presented in Table 1. Overall, obesity (body
mass index =30 kg/m?) (OR, 0.27; 95% Cl, 0.10-0.70)
and dyslipidemia (OR, 0.36; 95% CI, 0.21-0.64) were
associated with survival. Auricular fibrillation (OR, 3.14;

Tuberc Respir Dis 2022;85:349-357

95% Cl, 1.71-5.76), end-stage liver disease (liver cirrho-
sis and failure) (OR, 5.71; 95% ClI, 1.25-26.18), and de-
mentia (OR, 2.17; 95% ClI, 1.21-3.90) were significantly
related to an increased risk for COVID-19 in-hospital
death. Survivors had a significant higher mean time
length of hospital stay (12.15+7.43 days vs. 8.85+6.65
days, p<0.001). Arterial hypertension, diabetes mellitus,
cardiovascular disease, and chronic respiratory diseas-
es were unrelated to COVID-19 mortality in this cohort.

Exploratory analysis helped us define 86-year-old
(rounded mean age of the NSG) as the best discrimi-
nant cut-off for in-hospital mortality. As such, we decid-
ed to categorize age into two groups before modeling:
<86 years and =86 years. Modeling into a multivariable
analysis using logistic regression (Table 2) demonstrat-
ed that dyslipidemia (pooled OR, 0.302; 95% Cl, 0.147-
0.623) was significantly associated with survival.

Age =86 years (pooled OR, 2.239; 95% CI, 1.100-
4.559), pneumonia (pooled OR, 3.00; 95% CI, 1.362-
6.606), and Barthel's index score (pooled OR, 6.296;
95% ClI, 1.795-22.088) were significantly and inde-
pendently related to in-hospital COVID-19 mortality.

Hosmer and Lemeshow analysis demonstrated that
our model had a good fitness (p=0.413) to predict
COVID-19 mortality in this cohort of patients. Receiver
operating characteristic curve demonstrated an area
under the curve of 82.1% (p<0.001) (Figure 1) for death
prediction.

Discussion

Our results showed that ADL dependence measured
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Table 2. Multivariable analysis (logistic regression modeling) of in-hospital COVID-19 mortality determinants

Variable p-value OR (95% CI)

Dyslipidemia (yes) 0.001 0.302 (0.147-0.623)
AF (yes) 0.072 2.127 (0.934-4.843)
Obesity (yes) 0.059 0.332 (0.106-1.044)
Pneumonia (yes) 0.006 3.000 (1.362-6.606)
ADL dependence (Barthel index dichotomized) (yes) 0.004 6.296 (1.795-22.088)
Age (=86 yr) 0.026 2.239 (1.100-4.559)
Constant <0.001 0.027

% correctly predicted by the model 84.3%

AUC ROC (95% Cl), p<0.001

0.821 (0.760-0. 883)

COVID-19: coronavirus disease 2019; OR: odds ratio; Cl: confidence interval; AF: auricular fibrillation; ADL: activities of daily living;

AUC: area under the curve; ROC: receiver operating characteristic.

Figure 1. Receiver operating characteristic (ROC)
curve of the model predicting coronavirus disease
2019 mortality.
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by Barthel's index score was the most important deter-
minant for COVID-19 mortality in a sample of patients
without clinical indications for ICU admission due to
age, comorbidities, and/or disease severity.

Aging is a consistent risk factor for COVID-19 death
among available trials and revisions®"". This result has
several possible explanations such as immune senes-
cence, frailty, and a higher burden of comorbidities.
However, this might not be a good explanation since
aging is consistently found to be an independent risk
factor for death among COVID-19 patients even after
controlling for comorbidities. In the first waves of the
pandemic, infections and deaths occurred mainly in
the elderly population. The present study confirmed
such finding. However, we found that ADL dependence

https://doi.org/10.4046/trd.2022.0006

was a stronger mortality predictor than individual co-
morbidities.

Cardiovascular and cerebrovascular diseases are the
two main causes of death in the elderly®® worldwide.
Previous data from Kalligeros et al.”’ and Klang et al.*
have shown an increased risk of COVID-19 mortality in
ICU-admitted COVID-19 patients with previous cardio-
vascular disease and obesity, particularly in younger
patients under 50 years old, suggesting that these co-
morbidities have an important effect on mortality in the
most severe and younger cases. However, this might
not be the case in the elderly since such risk factors
are prevalent in the elderly as seen in our study.

Hypertension, cardiovascular disease (ischemic or
valvular), and cerebrovascular disease were unrelated
to the risk of death in our cohort. This fact might be ex-
plained by the homogeneity of our sample (Table 1): (1)
all these comorbidities were highly frequent; (2) young
severe patients were not included.

Auricular fibrillation was not independently associ-
ated with COVID-19 mortality in our study. This result
is different from results of previous studies. Ip et al.”
reported that auricular fibrillation was associated
with COVID-19 mortality, particularly in critically ill
patients, consistent with a published meta-analysis®.
These conflicting results reinforce the need for further
specific designed studies for a better understanding
of the role of auricular fibrillation in the prognosis of
CQOVID-19 patients.

Frailty has been described as an important risk fac-
tor for COVID-19 death, particularly in the elderly®***,
Frailty is usually related to old age, ADL dependence,
and dementia®**. Interestingly, we found that aging
and ADL dependency were independently related to

https://e-trd.org/ 354



COVID-19 mortality. Dementia lost its significance in
the multivariable analysis due to its interaction with
ADL dependence (data not shown).

Dyslipidemia was a protective determinant for mortal-
ity in our study. The reason for such finding is currently
unclear. This might be because dyslipidemia is not as-
sociated with malnutrition or an advanced “consump-
tion state” - a frail state. Indeed, malnutrition is usually
related to frailty®**°. It is not associated with obesity or
dyslipidemia.

Obesity was not independently associated with mor-
tality in the current study. Obese patients frequently
face difficulties to ventilate. This fact may amplify the
effect of obesity in COVID-19 mortality based on other
published studies, mainly among cohorts that include
ICU patients®’. Further studies with more homoge-
neous samples are needed to clarify this issue.

As expected, the presence of pneumonia was related
to mortality. Pneumonia is one of the major risk factors
for mortality from diseases worldwide® in the overall
population, including COVID-19 patients'”.

There is conflicting evidence about the role of liver
diseases in COVID-19 mortality'®. We excluded end-
stage liver disease from our multivariable model due
to terminal stage of such patients represented in the
cohort. Liver diseases with milder or moderate presen-
tations should be considered in future studies to clarify
their potential role as a deleterious factor in COVID-19
infection.

Respiratory diseases such as asthma, COPD, and
interstitial lung diseases were underrepresented in our
cohort. The reason for such underrepresentation might
be related to an increase in the number of beds in Pul-
monology/Oncology wards dedicated to COVID-19 in
reference hospitals at the time this study was done. For
this reason, conclusions should be taken with caution
about these groups of patients.

Our model provided an easy and readily accessible
tool to predict mortality in older patients. Age equal to
or above 86 years, ADL dependence, and pneumonia
were very strong predictors of mortality. There are
several models available in the current literature that
contain not only clinical variables, but also complex
analytical and a priori unmeasurable variables such as
admission time***°. Here, we provide a pragmatic tool
at the time of diagnosis or admission to predict mortali-
ty. It is not designed to predict mortality in all COVID-19
cases. Its application must be considered only in the
elderly considering age distribution of our sample.

Many COVID-19 cohort studies have been published
with the aim to determine mortality risk factors. They
have several sources of heterogeneity such as inclu-
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sion of probable cases, mix-analysis of severe and
non-severe cases, and inclusion of patients who have
died “with” or “from” COVID-19. These facts impose
limitations in the generalization of their results. In our
study, we only included patients without clinical criteria
for intensive care. This inclusion criterion strengthened
our findings since possible risk factors and causes of
death related to intensive care were excluded (venti-
lator associated pneumonia, myopathies, insufficient
volume-ventilation for obese patients, and so on). An-
other strength of our study was the homogeneity of
the sample. Indeed, comorbidities, age, and sex were
evenly distributed. Despite being from a single-center,
patients included were representatives from the pop-
ulation all over the northern region of Portugal, which
increased the generalizability of our findings.

Our study has some limitations that must be consid-
ered. First, its hospital-based nature might have been
a natural source of bias. Second, there was an overrep-
resentation of very old people with several comorbid-
ities. The reason for this was based on the admission
criteria to our hospital: confirmed COVID-19 patients
without clinical indications or conditions to be admit-
ted to an ICU. There was also an underrepresentation
of certain comorbidities such as COPD, asthma, diffuse
pulmonary diseases, and cancer. Thus, generalizability
of findings for this group of patients must be done with
caution.

In our study, ADL dependence was a better predictor
of COVID-19 mortality than comorbidities. Together
with increasing age and the presence of pneumo-
nia, these three factors were the best predictors for
COVID-19 mortality in elderly patients.
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