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BACKGROUND: The baseline health status may be a de-
terminant of interest in the evolution of pneumonia.
OBJECTIVE: Our objective was to assess the predictive
ability of community-acquired pneumonia (CAP) mortali-
ty by combining the Barthel Index (BI) and Pneumonia
Severity Index (PSI) in patients aged ≥ 65 years.
DESIGN, PATIENTS ANDMAIN MEASURES: In this pro-
spective, observational, multicenter analysis of comorbid-
ities, the clinical data, additional examinations and sever-
ity of CAPweremeasured by the PSI and functional status
by the BI. Twomultivariablemodels were generated: Mod-
el 1 including the PSI and BI andmodel 2 with PSI plus BI
stratified categorically.
KEY RESULTS: The total population was 1919 patients,
of whom 61% had severe pneumonia (PSI IV–V) and
40.4% had some degree of dependence (BI ≤ 90 points).
Mortality in the PSI V–IV group was 12.5%. Some degree
of dependence was associated with increased mortality in
both the mild (7.2% vs. 3.2%; p = 0.016) and severe (14%
vs. 3.3%; p < 0.001) pneumonia groups. The combination
of PSI IV–V and BI ≤ 90 was the greatest risk factor for
mortality (aOR 4.17; 95% CI 2.48 to 7.02) in our series.
CONCLUSIONS: The use of a bimodal model to assess
CAP mortality (PSI + BI) provides more accurate prognos-
tic information than the use of each index separately.
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INTRODUCTION

Community-acquired pneumonia (CAP) causes high mortality
and morbidity worldwide. The incidence increases with age
and is estimated at 3.1/1000 inhabitants/year in patients aged ≥
65 years, with a mortality rate of 10–25%.1,2 CAP in elderly

patients is a destabilizing factor for baseline comorbidities and
results in a slower recovery and major burden for caregivers as
well as considerable economic costs.3,4

Scales that assess the severity of CAP [Pneumonia Severity
Index (PSI), CURB-65] are of great utility for prognostic
evaluations and determining the level and intensity of care
required.5,6 However, although these scales work well in
clinical practice, there are other intrinsic factors in elderly
patients that are determinants of the outcomes but are not
included in the scales. The previous quality of life is a decisive
prognostic factor, especially in institutionalized patients.7 The
functional status has been independently associated with the
outcome of CAP and a worse prognosis.8,9 The incidence of
emergency room visits in the elderly due to CAP increases in
tandem with a worse functional status.10 In addition, CAP in
the elderly may have some hidden clinical manifestations that
can delay the diagnosis and the administration of antibiotic
treatment, and it may have clearly unfavorable prognostic
consequences.11,12

The baseline functional status is a determinant of immediate
and long-term survival after CAP. It is estimated that 60% of
patients with multiple dependency will die during the first 12
months and only 25% will survive for ≥ 2 years.13

Identification of the risk of complications or mortality is
crucial since it involves specific prognostic and ethical impli-
cations such as the introduction or interruption of some ther-
apeutic measures.14 Moreover, the effectiveness of preventive
measures against respiratory infections in the elderly can be
influenced by the baseline status, with a decrease in the effec-
tiveness of the influenza vaccine observed in patients with
poor functional status.15

There is growing evidence that the functional status, mea-
sured by the Barthel Index (BI), is more important than age
and comorbidity in predicting prognosis at 12 months in the
elderly.16 Even small changes in the BI are associated with
clinically relevant outcomes.16 In CAP, a worse BI is directly
related to increased costs, hospital length of stay and mortal-
ity.17 The BI showed a very good correlation between the
degree of functional impairment and survival of elderly
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patients admitted to an acute geriatric unit.18 A recent study
has reported that, in patients of different ages diagnosed with
CAP with a BI ≤ 80, mortality was four times greater than in
the general population.19

Identification of severity and the risk of death in elderly
patients with CAP is a challenge for clinicians because many
patients have associated comorbidities and other situations
that affect their baseline health and cannot be assessed by
conventional pneumonia severity scales.20 Therefore, accurate
management of CAP in this population requires a holistic
approach, taking the functional status into account in addition
to the assessment of disease severity. The association between
increased mortality in CAP patients with a worse functional
status suggests that the addition of functional indexes to prog-
nostic scales could improve the identification of adverse out-
comes and provide data to improve clinical care.
The objective of this study was to assess the predictive

power of a composite index combining the BI and PSI in
assessing mortality in non-institutionalized patients with
CAP aged ≥ 65 years.

MATERIAL AND METHODS

Study Design. Inclusion and Exclusion Criteria

We conducted an observational, prospective, multicenter
study involving 20 hospitals from seven Spanish regions in
2013–2015. The enrollment was prospective. Patients admit-
ted to the hospital for pneumonia were asked to participate in
the study if they met the inclusion criteria.
Inclusion criteria were a diagnosis of CAP requiring hospi-

talization for ≥ 24 h in patients aged ≥ 65 years. Pneumonia
was defined as an acute clinical picture with ≥ 1 of the
following symptoms: fever, dyspnea, cough, sputum, chest
pain and new onset of alveolar infiltration on chest x-ray.21

Patients aged ≤ 64 years, institutionalized patients and those
with nosocomial pneumonia, defined as pneumonia occurring
≤ 48 h after hospital admission or within the first 14 days after
discharge, were excluded.
Patients were consecutively approached for enrollment and

were offered verbal and written information. Signed informed
consent was required to be included in the study.

Variables Analyzed

Baseline variables were collected within the first 24 h after
hospital admission. The following variables were collected:
age, sex, smoking status, alcohol intake > 80 g/day and social
support. Comorbidities analyzed included chronic obstructive
pulmonary disease (COPD), defined as a current or past his-
tory of smoking (> 20 pack-years), clinical evaluation and
lung function tests with an obstructive pattern (FEV1/FVC
<70). Histories of renal failure, heart failure, cerebrovascular
disease, dementia, diabetes mellitus, chronic liver diseases
(viral, toxic liver or cirrhosis) and neoplasia were collected.

Factors collected in association with immunosuppression in-
cluded HIV infection, hematologic malignancy resulting in
impairment of humoral or cellular immunity, chemotherapy
during the 4 weeks before the diagnosis of CAP, prolonged
corticosteroid therapy (> 20 mg prednisone/day for at least 3
weeks) and solid organ transplantation. Information on the
vaccination status (pneumococcal and influenza) and the du-
ration of symptoms before diagnosis was recorded.

Assessment of Functional Status

The BI is a clinical tool that evaluates the ability to perform
basic activities of daily living and assigns a score depending
on the degree of dependence.22 Activities assessed include
autonomy in feeding, moving, climbing stairs, dressing, using
the toilet and continence. The score ranges from 0 (total
dependence) to 100 (complete autonomy). The Barthel Index
(BI) was used to assess the functional status 4 weeks prior to
admission for pneumonia. Since this was a multicenter study
all researchers had the same version of the BI test. When the
patient had cognitive deterioration or confusion, then informa-
tion was obtained from the main carer, family or nursing staff.
A cutoff of BI ≤ 90 was used to define some degree of
dependency.

Assessment of Severity

The severity of CAP was assessed using the PSI, which is
based on demographics, comorbidities, physical examination
and radiologic and laboratory data at the diagnosis of pneu-
monia.5 According to the risk of death at 30 days, patients
were classified as low or moderate risk (PSI I–III) or high or
severe risk (PSI IV–V).

Composite Index

To evaluate the prognostic value, we constructed an index that
dichotomously combined the presence of severe pneumonia
(PSI IV–V) and the existence of some degree of dependency:
PSI IV–V + BI ≤ 90.

Outcomes

The primary outcome was 30-day mortality after the diagnosis
of CAP.
Other adverse outcomes, such as prolonged length of stay

(defined as a stay above the 75th percentile of days of stay in
the series), readmission in the first 30 days after discharge,
intensive care unit (ICU) admission, the use of vasopressors,
requirement for invasive or non-invasive ventilation (IMV/
NIV) and the development of pleural empyema, were
assessed.

Ethical Aspects

Data were treated confidentially by strictly applying Spanish
and European legislation. Written informed consent was
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obtained from all participants. The study was approved by the
ethics committees of all participating hospitals (Hospital Clín-
ic of Barcelona Clinical Research Ethics Committee; Univer-
sity Hospital Mutua de Terrassa Clinical Research Ethics
Committee; Health Corporacion Parc Taulí of Sabadell Clin-
ical Research Ethics Committee; Clinical Research Ethics

Committee of the Hospital of Mataró, Maresme Consorci
Sanitari; Clinical Research Ethics Committee of the Catalan
Fundació Unio Hospitals, University Hospital of Barcelona
Vall d’Hebrón Clinical Research Ethics Committee, Clinical
Research Ethics Committee of the Basque Country; Clinical
Health Area of Burgos and Soria Clinical Research Ethics

Figure 1 Patient distribution according to pneumonia severity (Pneumonia Severity Index) and level of dependence (Barthel Index).

Table 1 Patient Characteristics According to Degree of Dependence

Barthel>90 (n = 1144) Barthel≤90 (n = 775) Unadjusted OR 95% CI p value

Demographics
Mean age 76.5 (SD: 6.8) 81.9 (SD: 7.1) – < 0.001
Males 772 (67.5) 395 (51) 0.50 (0.42–0.60) < 0.001
Social support (lives alone) 243 (21.2) 101 (13) 0.56 (0.43–0.72) < 0.001
Comorbid conditions
Smoking 127 (11.1) 41 (5.3) 0.45 (0.31–0.64) < 0.001
Alcohol abuse 276 (24.1) 97 (12.5) 0.45 (0.35–0.58) < 0.001
COPD 377 (33) 211 (27.2) 0.76 (0.62–0.93) 0.008
Diabetes mellitus 358 (31.3) 287 (37) 1.29 (1.07–1.57) 0.009
Chronic renal failure 184 (16.1) 211 (27.2) 1.95 (1.56–2.44) < 0.001
Malignancy 204 (17.8) 133 (17.2) 1.05 (0.82–1.33) 0.705
Chronic liver disease 52 (4.59 23 (3) 0.64 (0.39–1.06) 0.080
Cerebrovascular disease 39 (3.4) 119 (15.4) 5.14 (3.54–7.47) < 0.001
Dementia 46 (4) 183 (23.6) 7.34 (5.26–10.35) < 0.001
Chronic heart disease 254 (22.2) 277 (35.7) 1.95 (1.59–2.39) < 0.001
Immunosuppression 99 (8.7) 76 (9.8) 1.15 (0.84–1.57) 0.389
Influenza vaccination 543 (47.5) 262 (46.7) 1.03 (0.86–1.24) 0.745
Pneumococcal vaccination 550 (48.1) 378 (48.8) 1.03 (0.86–1.23) 0.764
Clinical data
Duration of symptoms 5.9 (SD: 11.1) 5.4 (SD: 7.2) – 0.175
PSI IV–V 617 (53.9) 552 (71.2) 2.11 (1.74–2.57) < 0.001
Microbiology
Etiologil diagnosis 285 (24.9) 188 (24.3) 0.97 (0.78–1.19) 0.744
Pneumococcal etiology 187 (20.8) 111 (20.1) 0.96 (0.74–1.24) 0.739
Bacteremia 60 (9.9) 53 (13.7) 1.44 (0.97–2.13) 0.069
Evolution
Length of stay 9.7 (SD: 9.5) 11.8 (SD: 10) – < 0.001
Prolonged LOS (LOS > 75thP) 223 (19.5) 237 (30.5) 1.72 (1.39–2.13) < 0.001
Readmission (30 days) 143 (12.5) 121 (15.6) 1.29 (0.99–1.68) 0.052
ICU admission 56 (4.9) 25 (3.2) 0.65 (0.40–1.05) 0.074
Vasopressors use 58 (5.2) 82 (10.7) 2.22 (1.56–3.14) < 0.001
NIV/IMV 169 (14.7) 147 (18.9) 1.74 (0.58–2.20) 0.317
Empyema 28 (2.4) 20 (2.6) 0.95 (0.59–1.70) 0.868
Mortality 38 (3.3) 108 (14) 4.71 (3.22–6.91) < 0.001

COPD: chronic obstructive pulmonary disease. LOS: length of stay. ICU: intensive care unit. IMV: invasive mechanical ventilation. NIV: non-invasive
ventilation. 75thP: 75th percentile
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Committee; Leon Health Area Clinical Research Ethics Com-
mittee, Ethics Committee for Clinical Research Area Health
Valladolid-East Health Area Clinical Research Ethics Coordi-
nating Committee of Andalusia; Clinic Ramon y Cajal,
Madrid Clinical Research Ethics Committee and General
Hospital University of Valencia Consortium Clinical Research
Ethics Committee).
National reference no. 2013/8355

Statistical Analysis

The demographic and clinical characteristics, comorbidities
and outcomes of patients with PSI IV–V with and without a
BI ≤ 90 were compared. A bivariate analysis was made of
patient characteristics according to 30-day survival.
The results are expressed as absolute numbers and

percentages for categorical variables and as mean and
standard deviation for continuous variables. A bivariate
analysis was made to identify patient characteristics asso-
ciated with PSI IV–V in patients with and without BI ≤ 90
and factors associated with mortality. Categorical varia-
bles were analysed using the chi² test, while continuous
variables were analyzed using the Student’s t test. The
results were expressed as odds ratios (OR) and 95% con-
fidence intervals (95% CI). Unadjusted odds ratios in the

univariate analysis were calculated. Then, an adjusted OR
(aOR) was calculated using multivariate analysis (step-
wise forward) to assess the association between mortality
(dependent variable) and independent variables with a
value of p < 0.10 in the univariate analysis.
Two multivariable models were constructed: Model 1 inde-

pendently included the PSI and the BI, and model 2 included
the PSI + BI stratified categorically.
Kaplan-Meier survival curves were constructed to compare

mortality in patients with PSI IV–V with or without BI ≤ 90
and statistical significance was assessed using the Mantel-Cox
log rank test.

RESULTS

The total study population was 1919 patients, of whom 61%
had PSI IV–Vand 40.4% (775 cases) had a BI ≤ 90: the mean
BI was 82.3 (27.3). Figure 1 shows the distribution of patients
according to the PSI and BI.
Older age and comorbidities were significantly associated

with a worse BI (Table 1). A worse BI was significantly
associated with a poor CAP outcome.
Table 2 compares the characteristics of patients with PSI

IV–V with and without BI ≤ 90. Patients with PSI IV–V and

Table 2 Characteristics of Patients with Severe Pneumonia (PSI IV–V) by Degree of Dependence

PSI IV–V and Barthel
> 90 (n = 617)

PSI IV–V and Barthel
≤ 90 (n = 552)

Unadjusted OR 95% CI p value

Demographics
Mean age 77.8 (SD: 6.9) 82.8 (SD: 7) – < 0.001
Males 450 (72.9) 302 (54.7) 0.45 (0.35–0.57) < 0.001
Social support (lives alone) 134 (21.7) 74 (13.4) 0.56 (0.41–0.76) < 0.001
Comorbid conditions
Smoking 68 (11) 24 (4.3) 0.37 (0.23–0.59) < 0.001
Alcohol abuse 149 (24.1) 70 (12.7) 0.46 (0.33–0.62) < 0.001
COPD 217 (35.2) 156 (28.3) 1.37 (1.07–1.76) 0.011
Diabetes mellitus 189 (30.6) 203 (36.8) 1.32 (1.03–1.68) 0.026
Chronic renal failure 123 (19.9) 163 (29.5) 1.68 (1.29–2.20) < 0.001
Malignancy 149 (24.1) 103 (18.7) 1.38 (1.05–1.84) 0.023
Chronic liver disease 32 (5.2) 21 (3.8) 0.72 (0.41–1.27) 0.257
Cerebrovascular disease 24 (3.9) 91 (16.5) 4.88 (3.06–7.78) < 0.001
Dementia 26 (4.2) 137 (24.8) 7.50 (4.84–11.62) < 0.001
Chronic heart disease 156 (25.3) 219 (39.7) 1.94 (1.51–2.49) < 0.001
Immunosuppression 60 (9.7) 57 (10.3) 1.07 (0.73–1.57) 0.732
Influenza vaccination 313 (50.7) 264 (47.8) 1.12 (0.89–1.41) 0.322
Pneumococcal vaccination 315 (51.1) 277 (50.2) 1.04 (0.82–1.30) 0.766
Clinical data
Duration of symptoms 6 (SD: 13.4) 5.3 (SD: 7.2) – 0.280
Microbiology
Etiologic diagnosis 175 (28.4) 140 (25.4) 0.86 (0.66–1.11) 0.248
Pneumococcal etiology 118 (24.2) 85 (21.7) 0.87 (0.63–1.199 0.382
Bacteremia 43 (13.2) 46 (16) 1.25 (0.79–1.97) 0.328
Evolution
Length of stay 10.3 (SD: 8.6) 12.9 (SD: 0.9) – < 0.001
Prolonged LOS (LOS > 75thP) 142 (23) 190 (34.4) 1.75 (1.36–2.27) < 0.001
Readmission (30 days) 83 (13.5) 94 (17) 1.32 (0.96–1.82) 0.089
ICU admission 41 (6.7) 24 (4.4) 1.56 (00.93–2.62) 0.089
Vasopressors use 39 (6.5) 70 (13) 2.15 (1.43–3.24) < 0.001
NIV/IMV 114 (18.5) 122 (22.1) 0.79 (0.59–1.06) 0.119
Empyema 23 (3.7) 17 (3) 1.22 (0.65–2.34) 0.534
Mortality 21 (3.4) 92 (16.7) 5.68 (3.48–9.26) < 0.001

COPD: chronic obstructive pulmonary disease. ICU: intensive care unit. IMV: invasive mechanical ventilation. LOS: length of stay. NIV: non-invasive
ventilation. PSI: Pneumonia Severity Index. 75thP: 75th percentile
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BI ≤ 90 were older, had significantly more comorbidities and
had a more unfavorable evolution with more complications
and greater mortality.

Evolution

The 75th percentile of mean stay was 12 days, and 264
(13.8%) patients were readmitted within 30 days. In 140
(7.3%) patients, vasopressors were required, and 81
patients (4.6%) required ICU admission, while 23 (1.2%)
and 15 (0.8%) patients required invasive and non-invasive
mechanical ventilation, respectively. Forty-eight (2.5%)
patients developed pleural empyema.
Patients with BI ≤ 90 with or without PSI IV–V had a

significantly longer mean hospital stay and more frequent
requirement for vasopressors than patients without BI ≤ 90
(Tables 1 and 2).
Overall mortality was 7.6% (146 patients). Factors sig-

nificantly associated with increased mortality were a his-
tory of chronic renal failure, malignancy, cerebrovascular
disease, dementia, chronic heart disease, PSI IV-V, BI ≤
90 and the combination of the latter two factors. ICU
admission and the use of vasopressors were associated
with a worse outcome (Table 3).

Evolution According to PSI and BI

Thirty-three (4.4%) patients with PSI I–III died compared with
12.5% (146 patients) with PSI IV–V (Fig. 1). BI ≤ 90 was
significantly associated with increased mortality in patients
with PSI I–III (7.2% vs. 3.2%; OR 2.32, 95% CI 1.15–4.68;
p = 0.016) and PSI IV–V (14% vs. 3.3 %, OR 4.71, 95% CI
3.22–6.91; p = <0.001), respectively. Figure 2 compares mor-
tality in patients with PSI IV–V with and without BI ≤ 90
(Mantel-Cox log rank 34.733; p < 0.001).

Multivariable Analysis

The results of the two multivariable models are shown in
Table 4. BI ≤ 90 was an important risk factor for mortality
(aOR 3.32; 95% CI 2.19–5.03). On the other hand, the com-
posite index of BI ≤ 90 and PSI IV–V was the greatest risk
factor for mortality (aOR 4.17; 95% CI 2.48–7.02). Age,
dementia and neoplasia were also independently associated
with mortality in both models.

DISCUSSION

The results of this study show that, in a cohort of non-
institutionalized patients aged ≥ 65 years hospitalized for

Table 3 Patient Characteristics According to Survival

Survivors (n = 1773) Death (n = 146) Unadjusted OR 95% CI P value

Demographics
Mean age 78.6 (SD: 7.3) 82.4 (SD: 7.8) – < 0.001
Males 1070 (6.9) 88 (60.3) 0.98 (0.69–1.34) 0.890
Social support (lives alone) 323 (18.2) 21 (14.4) 0.75 (0.47–1.22) 0.246
Comorbid conditions
Smoking 153 (8.6) 15 (10.3) 1.21 (0.69–2.12) 0.499
Alcohol abuse 352 (19.9) 21 (14.4) 0.68 (0.42–1.09) 0.108
COPD 554 (31.2) 34 (23.3) 0.67 (0.45–0.99) 0.045
Diabetes mellitus 596 (33.6) 49 (33.6) 0.99 (0.69–1.43) 0.989
Chronic renal failure 353 (19.9) 42 (28.8) 1.62 (1.12–2.37) 0.011
Malignancy 297 (16.8) 40 (27.4) 1.87 (1.28–2.76) 0.001
Chronic liver disease 66 (3.7) 9 (6.29 1.69 (0.83–3.48) 0.143
Cerebrovascular disease 135 (7.6) 23 (15.8) 2.27 (1.41–3.67) 0.001
Dementia 188 (10.6) 41 (28.1) 3.29 (2.23–4.87) < 0.001
Chronic heart disease 476 (26.8) 55 (37.7) 1.65 (1.16–2.34) 0.005
Immunosuppression 159 (9) 16 (11) 1.25 (0.73–2.15) 0.422
Influenza vaccination 931 (52.5) 83 (56.8) 1.19 (0.85–1.68) 0.313
Pneumococcal vaccination 929 (52.4) 62 (42.5) 1.49 (1.06–2.09) 0.021
Clinical data
Duration of symptoms 5.7 (SD: 9.9) 5.4 (SD: 6.3) – 0.680
PSI IV–V 1056 (59.6) 133 (77.4) 2.32 (1.56–3.47) < 0.001
Barthel ≤ 90 667 (37.6) 108 (74) 4.71 (3.22–6.91) < 0.001
PSI IV–V + BI ≤ 90 444 (25) 108 (73.9) 4.71 (3.22–6.91) < 0.001
Microbiology
Etiologic diagnosis 442 (24.9) 31 (21.2) 0.81 (0.54–1.22) 0.319
Pneumococcal etiology 285 (21.1) 13 (13.1) 0.57 (0.31–1.03) 0.059
Bacteremia 101 (11.2) 12 (13.2) 1.20 (0.63–2.28) 0.574
Evolution
Length of stay 10.5 (SD: 9.9) 11.3 (SD: 7) – 0.348
Prolonged LOS (LOS > 75thP) 421 (23.7) 49 (33.6) 1.62 (1.13–2.33) 0.008
Readmission (30 days) 238 (13.4) 26 (17.8) 1.39 (0.90–2.18) 0.139
ICU admission 67 (3.8) 14 (9.6) 2.70 (1.48–4.93) 0.001
Vasopressors use 117 (6.6) 23 (15.8) 2.65 (1.63–4.29) < 0.001
NIV/IMV 282 (15.9) 34 (23.2) 0.78 (0.17–3.62) 0.754
Empyema 44 (2.5) 4 (2.7) 0.89 (0.32–2.51) 0.825

BI: Barthel Index. COPD: chronic obstructive pulmonary disease.ICU: intensive care unit. IMV: invasive mechanical ventilation. LOS: length of stay.
NIV: non-invasive ventilation. PSI: Pneumonia Severity Index. 75thP: 75th percentile
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CAP, the combination of the BI and PSI improved the predic-
tion of mortality. Other factors independently associated with
mortality were older age, active neoplasm and dementia.
Accurate recognition of severity is essential for the man-

agement of pneumonia since therapeutic decision-making
with the introduction of more or less intensive support meas-
ures or their interruption depends on it.23 However, the exclu-
sive use of pneumonia severity scales results in a loss of
prognostic information as it does not take into account the
baseline functional status, which has been shown to be a
determinant of mortality, especially in the elderly.
Assessment of the functional status using the BI has been

shown to be an independent predictor of mortality in several
studies with heterogeneous populations. In patients attending
the ER for fever with different infectious foci, a worse baseline
BI was associated with greater mortality.24 Studies of primar-
ily institutionalized patients have reported that a low BI is
associated not only with increased risk of nursing home-
acquired pneumonia, but also with increased mortality.25 A

prospective observational study of factors other than the PSI
associated with pneumonia mortality found a BI < 80 was
more important than other factors, such as age or comorbid-
ities, and as important as the PSI in predicting the prognosis of
elderly patients with pneumonia.19 This is particularly relevant
in the case of institutionalized patients, in whom a low BI is a
major determinant of the need for hospitalization.26 Further-
more, in patients aged > 75 years with CAP, a high level of
autonomy determined by the BI has been reported as a pro-
tective factor against mortality.27,28

An interesting point of our study is that, as shown in Fig. 2,
the difference in mortality appeared to be largely after the 15th
day. This is probably more related to the destabilization of
comorbidities and the functional basal status rather than to the
initial infectious process, in which mortality occurs earlier.
The BI may be able to detect this better than the PSI. This
increased mortality after 15 days may be due to the short- and
long-term cardiovascular mortality previously described in
relation to pneumonia.29,30

A prospective, multicenter study by Marrie et al. analyzed
factors associated with mortality in patients hospitalized for
pneumonia and found that a worse functional status evaluated
by autonomy of movement was independently associated with
reduced survival.31

Therefore, the question arises as to whether combining
these indices would increase the predictive ability of pneumo-
nia mortality in the elderly.
Despite the evidence on the influence of the functional

status in the prognosis of pneumonia, there are few reports
on the combined use of scales measuring functional status and
the prognosis of pneumonia. Yeon et al. proposed the com-
bined use of pneumonia risk scales (PSI, CURB-65) and the
ECOG scale (Eastern Cooperative Oncology Group), which
evaluates the quality of life and autonomy, and found the
combination of indices improved predictions of mortality in
patients with pneumonia.32,33 However, these studies have
some limitations: several reports were based on very elderly
patients (> 75 years) or patients living in nursing homes or
long-term care facilities and with little baseline autonomy.28,34

The assessment of the functional status was made using scales
designed for other patients (e.g., cancer patients) or only
assessed the degree of mobility.
A strength of our study is that we collected data prospec-

tively from a large number of patients, thus minimizing infor-
mation bias. We used the BI, which is widely validated for the
assessment of the functional status, unlike other studies that
applied scales designed for cancer patients.33 Furthermore, use
of a strict cutoff value of 90 points for BI to define some
dependence allows us to demonstrate how slight changes in
functional basal status can have an impact on the prognosis of
pneumonia at the same initial level of severity measured by
PSI, and a wider cutoff point could further increase the pre-
dictive capacity of the combined model.
The study had some limitations. We did not include insti-

tutionalized elderly patients and therefore the results may not

Figure 2 Kaplan-Meier survival curves by severity and functional
status in patients with severe pneumonia: (A) severe pneumonia (PSI
IV–V) and Barthel Index > 90 points; (B) severe pneumonia (PSI

IV–V) and Barthel Index ≤ 90 points (p < 0.001).

Table 4 Multivariate Analysis of Factors Associated with Mortality

aOR 95% CI p

Model 1a: Including Barthel Index ≤ 90
Barthel ≤ 90 3.32 (2.19–5.03) < 0.001
Malignancy 2.17 (1.45–3.24) < 0.001
Dementia 1.94 (1.28–2.95) 0.002
Age 1.05 (1.02–1.07) 0.001
Model 1b: Including Pneumonia Severity Index (PSI) grade IV–V
Dementia 2.64 (1.75–3.98) < 0.001
Malignancy 2.03 (1.36–3.03) 0.001
Chronic heart disease 1.45 (1.01–2.08) 0.044
PSI IV–V 1.56 (1.03–1.08) < 0.001
Age 1.06 (1.03–2.38) 0.038
Model 2: Pneumonia Severity Index (PSI) grade IV–V plus Barthel
Index ≤ 90
PSI IV–V + Barthel ≤ 90 4.17 (2.48–7.02) < 0.001
Dementia 1.99 (1.25–3.18) 0.004
Malignancy 1.77 (1.09–2.85) 0.020
Age 1.04 (1.01–1.07) 0.007
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be applicable to this population, nor can the results be gener-
alized to patients aged ≤ 64 years, who were excluded. An-
other potential limitation of our study is that we found signif-
icantly more dementia (23.6%) and cerebrovascular disease
(15.4%) in the BI ≤ 90 group. Both entities are potentially
associated with aspiration pneumonia, which was not assessed
in our study. We recognize that the realization of BI at the time
of acute illness could be affected by possible recall bias.
However, we believe that recall bias would be higher for lower
scores, which is why we chose to use a cutoff of 90 points.
Despite the limitations of dichotomizing quantitative scales

such as the PSI and BI, this approach gives to the clinician a
simple and easy tool with important prognostic information.
A potential limitation may be the time to perform BI.

However, this essay takes about 5 min to complete, and there
are several helpful computer tools that may be used to perform
the BI.
We propose that the first assessment to be performed in a

patient over 65 years of age diagnosed with community pneu-
monia is BI and second PSI to establish a holistic and more
accurate severity assessment, which should alert the clinician
to potential unfavorable outcomes and complications.
In conclusion, a combined assessment using the pneumonia

severity scale and Barthel Index more accurately predicted
mortality than the application of each tool separately. Future
studies are needed to validate our data in different populations.
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