Clinical Interventions in Aging Dove

Association Between Barthel’s Index Change and
All-Cause Mortality Among COVID-I9

Pneumonia Patients Aged Over 80 Years Old:
A Retrospective Cohort Study

Yanting Hao (™', Hua Zhang®?, Fan Zhang®'

'Department of Geriatrics, Peking University Third Hospital, Beijing, 100191, People’s Republic of China; 2Research Center of Clinical Epidemiology,
Peking University Third Hospital, Beijing, 100191, People’s Republic of China

Correspondence: Fan Zhang, Department of Geriatrics, Peking University Third Hospital, 49 North Garden Road, Beijing, 100191, People’s Republic
of China, Email zfpuh3@126.com

Purpose: It has been shown that lower Barthel’s index (BI) at admission is associated with a higher in-hospital mortality. There is
a lack of evidence regarding the association between the change in BI during hospitalization and mortality after discharge. Our purpose
was to determine whether the BI change during hospitalization is associated with all-cause mortality in older adults with COVID-19
pneumonia.

Patients and Methods: We conducted a retrospective cohort study of 330 participants at Peking University Third Hospital during
the COVID-19 pandemic period. In order to analyze the time to death data, a Kaplan-Meier survival curve was used. We used
restricted cubic splines to analyze the association between BI change and all-cause mortality among COVID-19 pneumonia patients
aged over 80 years old. Threshold effect analysis was used to assess the ability of BI change score to predict all-cause mortality.
Results: Our study included 330 patients aged over 80 years with COVID-19 pneumonia. The Kaplan-Meier curve for mortality
showed significantly worst survival with reduced BI among three groups (x°= 6.896, P < 0.05). There was a non-linear association
between the BI change and all-cause mortality (P for all over <0.001). The effect sizes on the left and right sides of the inflection point
were 0.958 (HR: 0.958, 95% CI 0.932-0.958, P < 0.05) and 1.013 (HR: 1.013, 95% CI 0.967-1.062, P > 0.05), respectively.
Conclusion: Reduced BI during hospitalization was associated with the highest mortality risk. It is crucial to monitor BI change
among COVID-19 pneumonia patients aged over 80 years old.
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Introduction

With the pandemic of coronavirus disease 2019 (COVID-19), it has become a public health crisis and continues to inflict
a significant burden on health worldwide." Since December 2022, a wave of the Omicron BA.5.2/BF.7 epidemic has
escalated and then spread quickly across all provinces in China.” Adults aged 65 and older are particularly susceptible to
multimorbidity and the negative mental health impacts of “lockdown” measures.”* They are also especially vulnerable to
severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) infection and are at high risk for COVID-19-associated
mortality.

Identifying and modifying mortality risk factors in older adults may provide new intervention opportunities.
Functional status, including activities of daily living (ADL)*’ and the six-minute walk test,® is an important factor
influencing all-cause mortality in older adults with COVID-19. Barthel’s index (BI) is employed to measure the level of
dependency in ADLs at both hospital admission and discharge. Previous studies have considered BI a potential indicator
of functional status.” Studies have demonstrated that the BI score is significantly and independently associated with in-
hospital mortality with COVID-19.%'*!!
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Although BI at hospital admission is a prognostic factor for older adults, a change in BI between hospital discharge and
hospital admission has been expected and observed. However, it is not clear that whether the BI change can serve as
a prognostic indicator in oldest old patients. In the current study, our purpose was to determine whether the BI change during
hospitalization is associated with all-cause mortality among COVID-19 pneumonia patients aged over 80 years old.

Materials and Methods

Study Design and Patients
The retrospective observational cohort study was conducted at Peking University Third Hospital during the COVID-19
pandemic period from December 2022 to February 2023 in Beijing, China.

All patients aged over 80 years diagnosed with COVID-19 pneumonia based on Guidelines for the Diagnosis and
Treatment of Coronavirus Disease 2019'? who were discharged between Dec 26, 2022 and Feb 9, 2023 were included.
The exclusion criterion was the absence of the important data. The study protocol was approved by the medical ethics

committee of Peking University Third Hospital (M2024045). Informed consent is waived for all patients.

Data Collection and Definitions

The following data from all patients were collected: age, sex, Charlson comorbidity Index (CCI), ADL dependence at admission
and discharge, and comorbidities such as hypertension, diabetes, coronary heart disease, heart failure, atrial fibrillation, chronic
respiratory disease, cerebrovascular disease, chronic kidney disease and solid tumors. Additionally, we recorded vital signs at
admission including heart rate, respiratory rate, respiratory failure and conscious status. Treatments during hospitalization were
also documented, including antiviral therapy, hormone therapy, immunotherapy, anticoagulant therapy, traditional Chinese
medicine, nutrition support and ventilator assisted ventilation. Laboratory parameters were collected within 24 hours of
admission.

ADL dependence was assessed using Barthel’s index (BI) score at admission and discharge. This assessment covered
activities such as feeding, bathing, grooming, dressing, bowel control, bladder care, toileting, chair transfer, ambulation,
and stair climbing.'® Trained nurses and researchers conducted these evaluations. The total BI score ranged from 0 to
100, with higher scores indicating greater independence in daily activities. BI change during hospitalization was
calculated by subtracting the BI score at discharge from the BI score at admission.

Charlson comorbidity Index (CCI) is calculated from the collected data and information using a coding algorithm and
weight assignment.'*

Outcome
All-cause mortality was the primary outcome in the present study.

Statistical Analysis

We used R statistical software (version 4.1.2, R Core Team, Vienna, Austria) for the statistical analysis. Continuous
variables were expressed as median [interquartile range] or mean + standard deviation (SD). Categorical variables were
reported in numbers and percentages. Patients were divided into three groups based on the BI change score (group 1: BI
change < 0; group 2: BI change = 0; group 3: BI change > 0).

To explore the association between BI change and all-cause mortality after discharge, restricted cubic spline was
adopted, and univariate and multivariate Cox regression analyses were conducted to assess the stability of the associa-
tion, which used unadjusted and multivariate adjusted models. Confounders were selected in the fully adjusted model as
adjusted on the basis of judgment, or the matched hazards ratio changed by at least 10%. In order to analyze the time to
death data, a Kaplan-Meier survival curve was used. Threshold effect analysis was used to assess the ability of the BI
change score to predict all-cause mortality. P < 0.05 was considered as statistically significant.
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Results

Baseline Characteristics

All 1018 patients with COVID-19 pneumonia were discharged from Peking University Third Hospital between
December 26, 2022 and February 9, 2023. 381 of them aged over 80 years were screened; 51 of them were ruled out
due to the absence of important data. A total of 330 patients were included in the study (Figure 1).

The baseline characteristics of the patients stratified by change in BI were shown in Table 1. The average age was
86.4 years, with a range of 80 to 100 years. Of them, 204 (61.8%) were male. The mean BI scores at admission and
discharge were 45.0 (IQR 20.0-65.0) and 60.0 (IQR 25.0-70.0), respectively. The average CCI score was 1.0 (IQR 1.0—
2.0). The distribution of patients’ characteristics among BI change groups was similar, with no significant difference
regarding age, sex, comorbidities, vital signs, therapies and laboratory parameters (all P value > 0.05), except for solid
tumors with metastasis (P=0.017), immunotherapy (P=0.002) and nutritional support (P=0.004). The BI scores at
admission (P=0.002) and discharge (P<0.001) were statistically different among the three groups.

Association Between Bl Change and Outcome

The results of the univariate analysis of the risk factors associated with 6-month all-cause mortality in COVID-19
pneumonia patients aged over 80 years old were summarized in Table 2. BI change, coronary heart disease, atrial
fibrillation, chronic kidney disease and BNP were significantly associated with all-cause mortality (P<0.05). Otherwise,
factors such as other comorbidities, laboratory results and vital signs, were not significantly associated with all-cause
mortality (Table 2).

In the multivariate Cox regression analysis (Table 3), BI change expressed as a continuous variable was significantly
negatively associated with risk of all-cause mortality (HR=0.97, 95% CI 0.96-0.99, P=0.002). When considered as
a categorical variable, a third group of BI change >0 was used as a baseline reference, and BI change <0 group was
associated with the highest risk of all-cause mortality (crude HR: 2.79; 95% CI 1.26-6.22; P<0.05). Further, a first group
of BI change < 0 was significantly associated with the highest risk of all-cause mortality after adjustment for sex,
coronary heart disease, atrial fibrillation, chronic kidney disease, procalcitonin and platelet count in model 3 (adjusted
HR:2.43; 95% CI 1.07-5.5; P < 0.05) (Table 3).

1,018 patients discharged due to COVID-19
from December, 2022 to February, 2023

Inclusion criteria
Aged over 80 years
Diagnosed with COVID-19 pneumonia >
(N=381) Exclusion criteria
< Patients with the absence of the Bl score
(N=51)
Study population
330 individuals
y 4
Patients (Bl change <0) Patients (Bl change =0) Patients (Bl change >0)
(N=71) (N=73) (N=186)
Figure | Flowchart of study population.
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Table | Baseline Characteristics of the Study Population Stratified by Bl Change

Variables All (n = 330) Group | (n=71) Group 2 (n =73) Group 3 (n = 186) P
Age(years), Mean + SD 86.4+ 4.1 87.1 £43 86.5 £ 4.5 86.1 £ 3.9 0.262
Male, n (%) 204 (61.8) 49 (69) 38 (52.1) 117 (62.9) 0.1

Bl at admission, Median (IQR) 45.0 (20.0, 65.0) 55.0 (30.0, 75.0) 40.0 (5.0, 70.0) 40.0 (20.0, 55.0) 0.002
Bl at discharge, Median (IQR) 60.0 (25.0, 70.0) 35.0 (10.0, 60.0) 40.0 (5.0, 70.0) 60.0 (45.0, 75.0) <0.001
CCl, Median (IQR) 1.0 (1.0, 2.0) 2.0 (1.0, 2.0) 1.0 (0.0, 2.0) 1.0 (0.2, 2.0) 0.369
Comorbidities, n (%)

Hypertension 227 (68.8) 47 (66.2) 49 (67.1) 131 (70.4) 0.76
Diabetes 92 (27.9) 13 (18.3) 20 (27.4) 59 (31.7) 0.1
Coronary heart disease 22 (6.7) 9 (12.7) 34.1) 10 (5.4) 0.089
Heart failure 33 (10.0) 7(9.9) 3(410) 23 (12.4) 0.137
Atrial fibrillation 45 (13.6) Il (15.5) 7 (9.6) 27 (14.5) 0.51
Chronic respiratory disease 46 (13.9) 4 (5.6) 10 (13.7) 32 (17.2) 0.057
Cerebrovascular disease 81 (24.5) 13 (18.3) 21 (28.8) 47 (25.3) 0.325
Chronic kidney disease 46 (13.9) 14 (19.7) 9 (12.3) 23 (12.4) 0.284
Solid tumors 32 (9.7) 14 (19.7) 5(6.8) 13 (7) 0.015
Vital signs

Heart rate (bpm), Mean + SD 779 + 142 764 = 152 772 £ 129 787 + 144 0.453
Respiratory rate (bpm), Mean + SD | 20.0 £ 3.7 19.5 +2.7 19.8 + 3.5 203 £ 4.1 0.267
Respiratory failure, n (%) 95 (28.8) 24 (33.8) 19 (26) 52 (28) 0.547
Conscious disorders, n (%) 33 (10.0) 5(@7) 8 (Il 20 (10.8) 0.643
Therapy, n (%)

Antiviral 143 (43.3) 34 (47.9) 24 (32.9) 85 (45.7) 0.118
Hormone therapy 266 (80.6) 60 (84.5) 55 (75.3) 151 (81.2) 0.363
Immunotherapy 71 (21.5) 26 (36.6) I (15.1) 34 (18.3) 0.002
Anticoagulant therapy 185 (56.2) 46 (64.8) 39 (53.4) 100 (54.1) 0.259
Chinese medicine 43 (13.0) 12 (16.9) I (15.1) 20 (10.8) 0.357
Nutrition support 98 (29.7) 25 (35.2) 31 (42.5) 42 (22.6) 0.004
Ventilator support 28 (8.5) 2 (2.8) I (I5.1) 15 (8.1) 0.029
Laboratory parameters

WBC (x10%/L), Median (IQR) 6.9 (5.0,9.2) 6.5 (4.7, 8.3) 7.0 (5.2,9.5) 7.0 (5.0,9.1) 0.544
HGB (g/dL), Mean * SD 120.8 + 20.3 119.6 +20.7 118.6 = 17.9 122.1 £ 21.0 0.386
PLT (x107/L), Mean #* SD 204.4 + 80.6 200.2 + 87.8 2029 + 785 206.6 + 78.9 0.837
Neutrophil ratio (%), Mean + SD 780 + 13.1 793+ 112 76.6 £ 142 781 £ 133 0.491
Lymphocyte ratio (%), Median (IQR) | 12.6 (7.5, 18.0) 114 (7.3, 17.7) 13.8 (9.4, 20.6) 11.9 (7.5, 17.5) 0.367
BNP (pg/mL), Median (IQR) 891.5 (364.0, 1977.0) | 837.0 (393.5, 1999.0) | 841.0 (342.0, 2268.0) | 973.5 (364.0, 1917.0) | 0.947
Procalcitonin (ng/mL), Median (IQR) | 0.1 (0.1, 0.3) 0.1 (0.1, 0.3) 0.1 (0.1, 0.3) 0.1 (0.1, 0.2) 0.321
D dimer (ug/mL), Median (IQR) 0.6 (0.3, 1.2) 0.6 (0.4, 1.2) 0.6 (04, 1.3) 0.5 (0.3, 1.1) 0.334

Abbreviations: WBC, White blood cell; HGB, Hemoglobin; PLT, platelets; BNP, Brain natriuretic peptide.

Table 2 Association of Covariates and All-Cause

Mortality in Older Patients with COVID-19

Pneumonia
Variables P HR (95% CI)
Age 1.000 | 1.00 (0.00 - Inf)
Female 0.138 | 0.54 (0.24-1.22)
Ccl 0.048 | 1.25 (1.01-1.55)
Bl change 0.002 | 0.97 (0.96-0.99)
Hypertension 0.340 | 0.70 (0.34-1.45)
Diabetes 0.515 | 0.76 (0.33-1.75)

(Continued)

https:

1354

Dove!

Clinical Interventions in Aging 2024:19


https://www.dovepress.com
https://www.dovepress.com

Dove Hao et al

Table 2 (Continued).

Variables P HR (95% CI)
Coronary heart disease 0.029 | 291 (1.12-7.58)
Heart failure 0.249 | 1.75 (0.67-4.57)
Atrial fibrillation 0.013 | 2.68 (1.23-5.83)
Chronic respiratory disease | 0.230 | 0.42 (0.10-1.74)
Cerebrovascular disease 0.304 | 1.48 (0.70-3.15)
Chronic kidney disease 0.040 | 2.32 (1.04-5.19)
Solid tumors 0.470 | 0.68 (0.24-1.94)
Heart rate 0.183 | 1.02 (0.99-1.04)
Respiratory rate 0.285 | 0.94 (0.83-1.06)
Respiratory failure 0.980 | 1.0l (0.47-2.19)
Conscious disorders 0916 | 0.94 (0.29-3.09)
Antiviral 0.615 | 0.83 (0.40-1.71)
Hormone therapy 0.350 | 1.65 (0.58-4.72)
Immunotherapy 0.875 | 1.07 (0.46-2.48)
Anticoagulant therapy 0.181 | 1.67 (0.79-3.55)
Chinese medicine 0.265 | 0.44 (0.11-1.86)
Nutrition support 0.052 | 2.02 (0.99-4.09)
Ventilator support 0.794 | 1.17 (0.36-3.85)
WBC 0.553 | 0.97 (0.89-1.07)
HGB 0.056 | 0.98 (0.97-1.00)
PLT 0.241 | 1.00 (0.99-1.00)
Neutrophil ratio 0.095 | 1.03 (0.99-1.07)
Lymphocyte ratio 0.161 | 0.97 (0.92-1.01)
BNP 0.015 | 1.0l (l.01-1.01)
Procalcitonin 0.054 | 1.03 (1.00-1.07)
D dimer 0.726 | 0.98 (0.90-1.08)

Abbreviations: WBC, White blood cell; HGB, Hemoglobin; PLT,
platelets; BNP, Brain natriuretic peptide.

Table 3 Cox Proportional Hazard Regression Analyses for All-Cause Mortality

Bl Change Bl Change<0 | Bl Change=0 | Bl Change>0
(n=330) (n=73) (n=71) (n=186)
HR (95% CI) P HR (95% CI) | HR (95% CI) Reference
Non-adjusted Model | 0.97(0.96-0.99) | 0.002 | 2.79(1.26-6.22) | 1.49(0.59-3.78) 1.00
Model | 0.98(0.96-0.99) | 0.003 | 2.71(1.22-6.05) | 1.58(0.62—4.03) 1.00
Model 2 0.98(0.96-0.99) | 0.006 | 2.38(1.06-5.37) | 1.74(0.68—4.47) 1.00
Model 3 0.98(0.96-0.99) | 0.008 | 2.43(1.07-5.5) | 1.75(0.68—4.52) 1.00

Notes: Data presented are HRs and 95% Cls. Reference is Bl change>0. Model I: adjusted for sex. Model 2: adjusted for
sex, coronary heart disease, atrial fibrillation, chronic kidney disease. Model 3: adjusted for sex, coronary heart disease,

atrial fibrillation, chronic kidney disease, procalcitonin, platelets count.

Survival analysis showed a statistical difference in time to death among the three groups. The Kaplan-Meier curve for
all-cause mortality further showed significantly the worst survival with BI change <0 (x*=6.896, P= 0.032) (Figure 2).
A multivariable adjusted restricted cubic spline showed a nonlinear relationship between BI change and all-cause

mortality (P for non-linearity =0.027) (Figure 3).

In the threshold analysis, we found an inflection point at approximately 4.468. On the left side of the inflection point,
the effect size was 0.958 (HR: 0.958, 95% CI 0.932-0.985, P<0.05). This indicates that a decrease of 1 in BI change is
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Bl change=0 731 701 681 661 17
Bl change>0 86 77 77 74 37

Figure 2 Kaplan-Meier survival curves for oldest old patients with COVID-19 pneumonia by the Bl change categories.

associated with a 4.2% increase in the risk of all-cause mortality. On the contrary, there was no significant association
between BI change and all-cause mortality in those patients with BI change >5 (Table 4). This means that the risk of all-
cause mortality no longer increases with decreasing BI change.

Discussion

This retrospective study focuses on older patients aged over 80 years with COVID-19 pneumonia, demonstrating that
changes in the Barthel’s index are a simple and effective predictor of 6-month all-cause mortality. Our study observed
a non-linear association and threshold effect between BI change and all-cause mortality. This rapid and cost-effective test
effectively classifies oldest old patients, thereby more accurately predicting who will experience major adverse outcomes
and who will need further medical care and rehabilitation.

ADL was introduced in the early 1980s as a means of evaluating individual independence in daily living. At first, it
was intended to determine life expectancy for older patients.'> Independent ADL accounts for a large part of the
functions of the older adults.'® In fact, the older adults who perform ADL independently have a higher quality of life and
a lower mortality rate than those who do not.'” It has been found that lower ADL scores in non-COVID patients who
require mechanical ventilation were associated with a worse outcome, implying a higher degree of dependence.'®
Similarly, it was found that ADL impairment was associated with functional decline and was also associated with in-
hospital mortality among older patients with COVID-19. Previous studies have shown that Barthel Index of prognostic
value for in-hospital mortality to measure the level of ADL dependency among older adults with COVID-19.%'*"" Lower
BI scores were associated with higher all-cause mortality in older patients with COVID-19.° In this study, Cos et al
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P for non—linearity: 0.027
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-100 -50 0 50
Bl change

Figure 3 Association between Bl change and all-cause mortality in oldest old patients with COVID-19 pneumonia. Solid and dashed lines represent the predicted value and
95% confidence intervals. They were adjusted for age, sex, coronary heart disease, atrial fibrillation, chronic kidney disease, procalcitonin and platelets count. 99% of the data
is shown.

suggested that ADL dependence was significantly related to in-hospital mortality (OR 6.296; 95% CI 1.795-22.088,
P <0.05). However, there is a lack of evidence regarding the association between BI change during hospitalization and
mortality after discharge. Our study examined the impact of BI change on survival in older patients aged over 80 years
old. A non-linear association between BI change and 6-month all-cause mortality was observed in this study. Participants
with worse BI scores at discharge than at admission had the highest risk of death.

Reduced BI score is an important indicator of functional decline. Previous studies have reported that older patients
suffered from severe functional decline after hospitalization due to COVID-19'° and functional decline was closely
related to prognosis among older adults with COVID-19.2%?! Meanwhile, functional decline may be at high risk for
increasing frailty, and frailty is a predictor of COVID-19 outcomes.* This is consistent with our study, which found that

Table 4 Threshold Effect Analysis of Bl
Change and the All-Cause Mortality Using
Cox Regression Models

Bl Change | HR 95% CI P
<4.468 0.958 | 0.932, 0.985 | 0.0025
24.468 1.013 | 0.967, 1.062 | 0.5794

Notes: Data presented are HRs and 95% Cls. Adjusted
for sex, coronary heart disease, atrial fibrillation, chronic
kidney disease, procalcitonin, platelets count. 99% of the
data is displayed.
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a BI change below around 5 scores significantly increase the risk of 6-month all-cause mortality. When the BI change
was below 4.468 scores, each 1 score reduction in BI change was associated with a 4.2% increase in the risk of 6-month
all-cause mortality after discharge. According to our findings, it is practical to monitor BI changes during hospitalization
in addition to a single- time point BI at admission.

Indeed, hospitalization for an acute infection can lead to an increased functional decline and is associated with
a deterioration in health-related quality of life in the post-discharge period. Functional decline was reported 27 to 54% in
older patients after COVID-19.”"" According to the study, at least 35% of COVID-19 survivors became dependent
within one year of discharge (BI lower than 100).>* Our study showed that the older patients with BI change < 0 (21.5%)
after an acute disease experienced the worst survival outcome. Geriatrists should be aware that ADL-dependent patients
discharged from the hospital are at increased risk of not regaining their independence. Based on our study, we infer that
for those with decreased BI, rehabilitation should be done after discharge to improve the patient’s functional status, and
maybe it is helpful to improve the patient’s survival prognosis.

Besides, our study had some limitations that should be mentioned. Firstly, given the observational nature of this study,
we could not establish causality between BI change and mortality. Further prospective studies are needed to explore
whether elevated BI after discharge with rehabilitation improves patients’ prognosis. Secondly, our study population
included individuals aged 80 and older. However, we did not investigate the impact of BI change on the prognosis of
young older individuals. Further study should consider different age groups. Thirdly, due to the single-center study
design, there may be regional and population bias. Further study should consider multiple regions to verify our results.
Finally, several studies have demonstrated that malnutrition,”* sarcopenia,” and frailty*® were associated with poor
prognosis in COVID-19 patients. Our study did not consider above factors in predicting outcomes for older COVID-19
patients. Future research should explore these factors to verify our findings.

Conclusion

Our study showed the BI change during hospitalization could be considered a valid test to predict 6-moth all-cause
mortality in oldest old patients with COVID-19 pneumonia. It is important to recognize that the broader background of
ADL plays a key role in the outcome of acute viral pneumonia infection. These results suggest that practitioners should
create individualized discharge plans that consider both aging and functional status assessments, as well as severity
assessments. Moreover, these patients require specialized geriatric follow-up in order to develop a long-term personalized
care plan.
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