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Abstract T

Objective: With the increasing proportion of older patients (>80 years) requiring medical care, it becomes highly essential to determine their health
outcomes, which will further aid in providing personalized medical care. However, there are limited studies suggesting the use of geriatric scores,
namely, frailty score, comorbidity-polypharmacy score (CPS), and Katz index for outcome prediction in the Indian population. Thus, the objective
of the current study was to assess the reliability of each of the aforementioned three parameters in predicting the health outcomes (survival) of
older patients.

Materials and Methods: The study population consisted of 300 patients, aged 80 years and above, admitted to the intensive care unit (n=150)
and wards (n=150) during the study period of 18 months. We recorded patient demographics and sequential organ failure assessment scores at 24
hours of hospitalization, categorized patients based on clinical frailty scale (CFS), activities of daily life index and CPS at admission and examined
their survival at 30 and 180 days.

Results: The prevalence of the older population among the overall patient population in the hospital was estimated to be 8.85%. Through our
analyses, we found that both 30-day and 180-day survival rates were decreased with lower Katz scores <4 and higher CFS >3 and CPS >7 scores,
suggesting the use of the three scores as independent predictors of short-term and long-term outcomes in the older population.

Conclusion: We suggest the potential use of the geriatric scores (CFS, CPS, and Katz index) for outcome prediction in the Indian population.
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Previous research has demonstrated that associating age with
the severity of illness at admission could only partially explain
the survival of older patients, suggesting the inefficiency of

Introduction

The outcome prediction plays a pivotal role in determining

the health conditions of patients, particularly in intensive care
medicine wherein increasing attention has been on developing
severity models for the outcome prediction (1). In recent
years, outcome prediction in the older population (>80 years)
has gained substantial attention because of the increased
life expectancy in several countries (1). Thus, predicting the
short-term and long-term outcomes in the aforementioned
group would help in better prognostication and in providing
personalized medical care to this biologically heterogeneous
population.

traditional prognostic scoring systems (2). Furthermore, it has
been suggested that, in older patients (>80 years), the ability
to deal with severe stressors such as critical illness correlates
with the geriatric syndromes, including frailty (3), cognitive
decline, and deteriorating performance on the activity of
daily life (ADL) scale along with comorbidity (2). Frailty is a
clinical state of older patients characterized by age-associated
failures of multiorgan systems, thereby rendering the patients
with increased vulnerability for adverse health outcomes (4).
Additionally, several studies have suggested the importance
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of frailty score in geriatric medicine as frailty is associated
with increased risk of poor outcomes such as falls, depression,
disability, and mortality (5). A study by Hao et al. (6) reported
the prevalence of frailty among older adults and showed
an increase in death and hospital readmission rates of frail
patients when compared with those of non-frail patients.
Moreover, the care of old frail patients is often complicated by
conditions such as comorbidity and polypharmacy; however,
the correlation between frailty and comorbidity-polypharmacy
remains to be investigated. Multiple chronic health conditions
usually develop along with the increasing age, and modern
medical management of chronic medical conditions often put
the patients at a risk of polypharmacy or multiple medications.
Evans et al. (7) introduced the comorbidity-polypharmacy score
(CPS), a sum of the number of pre-injury medications and the
number of comorbidities, to better quantify the severity of
comorbidities and complement existing injury severity scoring
tools for precise prediction of clinical outcomes in the older
population. Amemiya et al. (8) stated that more than 10% of
patients older than 80 years may have extended postoperative
disability. Additionally, postoperative performance of patients,
assessed by ADL and quality of life, have become essential to
accurately predict outcomes of surgical treatment for the older
population (8). Frequently, the ADL is determined using the Katz
index of independence as it assesses the basic activities of daily
living. Necessity of supervision, personal assistance, directive
assistance, or total care for any dependent function of the Katz
index are used as parameters to examine the functional ability
of older people (9).

Thus, the aforementioned factors will help in more accurately
predicting the functional recovery of older patients from major
iliness after hospitalization. However, there is limited evidence
suggesting the use of frailty score, CPS, and Katz index of
independence in ADL for predicting the short term and long-
term outcomes of older population. Therefore, in this study,
we aimed to assess the reliability of each of the three factors,
namely, frailty score, comorbidity-polypharmacy score, and
ADL index in predicting the health outcomes (survival) of older
patients. Upon admission of the patient to the hospital, each
of the three scores were correlated with survival at 30 and
180 days to establish trends in the short-term and long-term
survival of patients, thereby suggesting the potential use of the
three scores for outcome prediction in the Indian population.

Materials and Methods

Patients and methods

The study population consisted of 300 patients, aged 80 years
and above, admitted to the intensive care unit (ICU) (n=150)
and wards (n=150) during the study period of 18 months from
November 21, 2019, to May 21, 2021. The study was conducted
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at the Department of Critical Care Medicine and Clinical Medical
Wards, Sir H. N. Reliance Foundation Hospital & Research Centre
(RFH), Mumbai, India and approved by the Institutional Ethics
Committee of the hospital (IEC number: HNH/IEC/2019/0CS/
IMED/11). All patients, aged 80 years and above, admitted for
more than 24 hours in ICU and wards were considered for the
study. Consistently, patients who were discharged, left against
medical advice, or died within 24 hours of hospitalization
were excluded from the current study. Additionally, patients or
substitute decision makers who refused to provide study-related
information were excluded from the study. The sample size was
decided based on the study outcomes reported by Siriwardhana
et al. (10). The study suggested that the prevalence of frailty
is 26% in the age group 80 years and above in low-income
and middle-income countries. Therefore, the study population
consisted of 300 patients based on the fact that if 26% of the
subjects in the population have the factor of interest, the study
would require a sample size of 296 for estimating the expected
proportion with 5% absolute precision.

This present study is a prospective, observational, analytical
study without any control group. No additional intervention
such as drugs, diagnostic procedures, or surgery were performed
on the patients, except those as per usual hospital treatment
protocols and methods. Informed consent was obtained from
patients included in this study. Data were collected and analyzed
from the electronic medical record of RFH for all adult patients
admitted to the ICU and wards, as per the inclusion criteria.
The following 19 parameters were recorded after 24 hours of
hospitalization: Demographic profile of the patient such as
age, sex, and comorbidity; date of ICU/ward admission; reason
for ICU/ward admission; habitat before hospital admission;
sequential organ failure assessment (SOFA) score at 24 hours;
clinical frailty scale [minor (CFS <3), moderate (CFS 4-6), and
severe (CFS 7-9)] at admission (11); ADL index (Katz ADL) [no
impairment (Katz index=6), moderate impairment (Katz index
<4), and severe impairment (Katz index <2)] at admission (9);
CPS [minor (CPS <7), moderate (CPS 8-14), and severe (CPS
>15)] at admission (12):; intubation and ventilation: non-
invasive ventilation; tracheostomy; vasoactive inotropes drugs;
renal replacement therapy; length of stay in ICU; length of stay
in hospital; withholding/withdrawal of life sustaining care; and
survival at 30 and 180 days. We used CFS to describe patients'
frailty prior to hospital admission with 9 possible classes varying
from very fit prior to the acute illness to terminally ill. Similarly,
we used Katz index to assess the patients' ability to perform
activities of daily life independently and was stratified into 6
classes ranging from patient independent to very dependent,
whereas CPS was used to determine the number of pre-injury
medications and comorbidities associated with the patients.
Based on CPS, patients were classified into 3 categories, namely,
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mild (CPS 0-7), moderate (8-14), and severe (CPS >15). The
scoring of these geriatric tests was performed by physicians.

Statistics

We estimated the mean and standard deviation or median and
interquartile range for continuous variables. We estimated the
proportions for categorical variables. The mean values were
compared using the t-test (for independent groups), and the
non-normal data were compared using the Mann-Whitney U
test. The proportions across groups were compared using the
chi-square test or the Fisher's Exact test for low expected cell
counts. We used the logistic regression models for multivariate
analysis. The outcome in the variable was survival (short term:
30 days or long term: 180 days). The primary explanatory
variable was score category (Katz index, frailty score, and CPS).
The additional variables in the models were: Type of patient
(ward or ICU), age, and gender. We built separate models for
each score and p-values of <0.05 were considered statistically
significant. Data were analyzed using the stata version 15.1
software (®StataCorp, College Station, Texas, USA).

Results

1. Patient characteristics of older patients (=80 years) in a
tertiary care hospital

In total, 300 patients were included in this study, which
consisted of 150 patients each admitted to the ward and ICU.
The prevalence of older population (>80 years) among the
overall patient population in the hospital was found to be
8.85% [95% confidence interval (Cl): 8.27% to 9.46%)]. Of the
overall patient population, we found that the distribution of
older male and female population (>80 years) was 9.00% (95%
Cl: 8.21% to 9.85%) and 8.69% (95% Cl: 7.87% to 9.57%). In
our study group, the number of males admitted to the hospital
were higher than that of females (58.7% vs 41.3% in ward and
52.0% vs 48.0% in ICU) (Table 1). Moreover, the average age
(+ standard deviation) of patients admitted to the ward and
ICU was estimated to be 83.7+3.4 years and 84.9+4.3 years,
respectively. Majority of the patients admitted to the hospital
ward did not receive both invasive (intubation and tracheostomy)
and non-invasive ventilation, vasoactive medication, and renal
replacement therapy. Median length of stay in the ICU was 4.5
days. Furthermore, no considerable differences in the median
SOFA scores between patients admitted to the ward and ICU
were found. We also determined the reasons for hospital
admission of patients and found that the most common cause
of admission among ward patients was cardiovascular diseases
(25.3%), whereas that among ICU patients was neurological
diseases (2.3%) (p<0.001). Most of the information regarding
ICU patients was collected from family and physicians, whereas
almost all of the information regarding ward patients were
collected from patients, family, and doctors. Survival records

for all patients were obtained through telephonic conversations
and family physicians.

2. Association of CFS, CPS, and ADL index with survival at 30
days

Geriatric scores, namely, CFS, CPS, and Katz ADL index were
estimated for all the patients included in our study group, and
these scores were correlated with survival at both 30 and 180
days. The 30-day survival among ICU patients was estimated to
be 83%, whereas 98% patients admitted to the ward survived
after 30 days of admission (Figure 1). The number of impaired
patients with a high degree of comorbidity was higher in the
ICU than in the ward. Overall, 60.67% patients admitted to the
ICU were impaired (Katz index <4) and 4% patients had a high
degree of comorbidity (CPS >15), whereas 48.67% patients
admitted to the ward were impaired (Katz index <4) and only
1.33% patients had a high degree of comorbidity (CPS >15), as
expected. Interestingly, the number of frail patients to the ICU
(12%) were lower than those admitted to the ward (20%) (Figure
2). Among ward patients, the 30-day survival of patients with
moderate impairment was estimated to be 98%, whereas that
of patients with severe impairment was estimated to be 82%
(p<0.001). Similarly, significant differences between the 30-
day survival of patients with CPS >7 (97%) and CPS >15 (50%)
(p<0.001) were observed. However, no statistically significant
differences were observed between the short-term survival of
non-frail and frail patients in both the ward [99% (CFS <3), 93%
(CFS 4-6), and 100% (CFS 7-9), p=0.10] and ICU patients [83%
(CFS <3), 78% (CFS 4-6) p=0.56] (Table 2). On further analysis,
we found that lower Katz scores (Katz index <4) and higher
frailty (CFS >3) and comorbidity-polypharmacy scores (CPS >7)
suggested decreased 30-day survival of older patients admitted
to both the ICU and the ward (Table 3).

3. Association of CFS, CPS, and ADL index with survival at 180
days

Similarly, 180-day survival of patients admitted to the ward
and the ICU was determined, and we found that 89% patients
survived after 180 days of ward admission, whereas 75%
patients admitted to the ICU survived (Figure 1). Among ward
patients, significant differences between the long-term survival
of patients with moderate (82%) and severe impairment
(45%) in comparison to no impairment (100%) were observed
(p<0.001) (Figure 2). Similarly, significant differences were
observed between the 180-day survival of frail [54% (CFS 4-6)
and 50% (CFS 7-9)] and non-frail patients (98%) (p<0.001)
and those between CPS <7 (98%) and CPS >7 [79% (CPS 8-14)
and 50% (CPS >15)] (p<0.001) admitted to the ward (Table 2).
Thus, patients with lower Katz scores (Katz index <4) and higher
frailty (CFS 3) and comorbidity-polypharmacy scores (CPS >7)
were less likely to survive. We found significant differences in
180-day survival between the patients with Katz scores of 6
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‘ Table 1. Patient characteristics

Variables

W [y

150 (100) 150 (100)
Demographics
Age
Mean (SD) 83.7 (3.4) 84.9 (4.3) 0.005
Gender n (%)
Female 62 (41.3) 72 (48.0) 0.296
Male 88 (58.7) 78 (52.0)
Reasons for admission
Acute gastrointestinal diseases 11 (7.3) 15 (10.0)
Acute kidney injury 1 (0.7) 4(2.7)
Cardiovascular diseases 38 (25.3) 20 (13.3)
Chronic liver disease 2 (1.3) 1(0.7)
Chronic kidney diseases 2 (1.3) 1(0.7)
Elective surgery 3(2.0) 7 (4.7)
Endocrine disorders 1(0.7) 1(0.7)
Malignancy 5(3.3) 5(3.3)
Haematological diseases 0 (0) 14 (9.3) <0.001
Neurological disease 25 (16.7) 32 (21.3)
Respiratory diseases 31 (20.7) 8 (5.3)
Sepsis 22 (14.7) 24 (16.0)
Trauma 9 (6.0) 18 (12.0)
Clinical Features
SOFA median (IQR) 100, 1) 1(0,3) <0.001
ICU stay median (IQR) - 4.5 (3, 8)
Hospital stay median (IQR) 4(3,6) 8(5,12) <0.001
Invasive ventilation 0(0) 34 (23) <0.001
Non-Invasive ventilation 1(1) 37 (25) <0.001
Tracheostomy 0(0) 5(3) 0.06
Vasoactive drug support 0(0) 36 (24) <0.001
Renal replacement therapy 0(0) 9 (6) 0.003
Withdrawal of life sustaining care 1(0.7) 5(3) 0.21
SOFA: Sequential organ failure assessment, ICU: Intensive care unit, SD: Standard deviation, IQR: Interquartile range

and <2 (p=0.004); however, no significant differences in the
long-term survival of patients with a CPS of 8-14 and >15 were
observed when compared with those of CPS <7. Additionally,
we found significant differences in 180-day survival between
frail (CFS >3) and non-frail patients (CFS <3) (p<0.001). Using
each of these geriatric scores individually, we found that male
patients were less likely to survive than female patients, and
ward patients were more likely to survive than ICU patients, as
expected, in both long and short terms (Table 3).

Discussion

According to the population census and United Nations
Population Fund estimates there were 104 million older persons
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(above 60 years of age) in India in 2011 and this number is
projected to be 173 million by 2026, thereby leading to an
increase in the demands on the health infrastructure (13).
Therefore, having efficient prognostic tools are important in
making treatment decisions and counselling family members
and patients on choices of treatments and outcomes. Thus, we
conducted a prospective observational study on 300 patients,
which consisted of 150 ICU and ward patients each, to assess
the health outcomes of older patients (>80 years) using CFS,
CPS, and Katz ADL index. We found that the prevalence of older
patients in tertiary care hospital was 8.85% and no considerable
difference between the male and female populations was
observed among the study groups. Through our analyses,
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Figure 1. Survival of older ward and intensive care unit (ICU) patients at 30 and 180 days
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Figure 2. Categorization of older ward and intensive care unit (ICU) patients based on Katz, frailty, and comorbidity-polypharmacy scores

*0<0.09, *p=0.11

we found that both 30-day and 180-day survival rates were
decreased with lower Katz scores <4 and higher CFS >3 and
CPS >7; thus, the three scores can be suggested as independent
predictors of short-term and long-term outcomes in the older
population.

Frailty is a state of increased vulnerability, characterized
by weakness, fatigue, decline in physical activity, and the
prevalence of which increases with aging (14). Frailty is an
important geriatric syndrome that is dynamic, fluctuates with
time, and reflects multisystem dysfunction. In our study, the
prevalence of frailty among ward and ICU patients was found

to be 20% and 129%, respectively. As per the findings of Hewitt
et al. (15), the prevalence of frailty (CFS 5-8) was 49.4% among
patients aged 74 years and above, and frailty was associated
with early death. Moreover, it has been reported that frailty is
significantly associated with 30-day mortality compared with
those that were fit or non-frail (16). As expected, we found
that the short-term survival rate was 78% for frail ICU patients,
whereas that of non-frail patients was 83%, suggesting the use
of CFS in determining health outcomes in the older population.
Moreover, as per the study by Shamliyan et al. (17), the
correlation of frailty with poor survival was significant in both
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Table 2. Association of Katz score, frailty score, and comorbidity—polypharmacy (CPS) score with short-term and long-term
survival of ward and ICU patients
S StortwmGodn  logemOsoda)
Ward ICU Ward ICU
All Survived All Survived All Survived All Survived
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
All 150 (100) 147 (98) 150 (100) 124 (83) 150 (100) 133 (89) 150 (100) 13 (75)
Scores
Katz score
No impairment 77 (51) 77 (100) 59 (39) 50 (85) 77 (51) 77 (100) 59 (39) 46 (78)
Moderate impairment 62 (41) 61 (98) 74 (49) 61 (82) 62 (41) 51 (82) 74 (49) 54 (73)
Severe impairment 11 (7) 9 (82) 17 (11) 4 (24) 11 (7) 5 (45) 17 (11) 13 (76)
p <0.001 0.73 <0.001 0.80
Frailty score
Minor 120 (80) 119 (99) 132 (88) 110 (83) 120 (80) 117 (98) 132 (88) 101 (77)
Moderate 28 (19) 26 (93) 18 (12) 14 (78) 28 (19) 15 (54) 18 (12) 12 (67)
Severe 2(1) 2 (100) 0 (0) 0 (0) 2(1) 1 (50) 0 (0) 0 (0)
p 0.10 0.56 <0.001 0.36
Polypharmacy score
Minor CPS 82 (55) 82 (100) 67 (45) 55 (82) 82 (55) 80 (98) 67 (45) 49 (73)
Moderate CPS 66 (44) 64 (97) 77 (51) 64 (83) 66 (44) 52 (79) 77 (51) 59 (77)
Severe CPS 2(1) 1 (50) 6 (4) 5(83) 2(1) 1 (50) 6 (4) 5(83)
p <0.001 0.99 <0.001 0.80
ICU: Intensive care unit, CPS: Comorbidity-polypharmacy score

men and women, however, men were at a greater risk of death
than women, which was consistent with our findings wherein
men were less likely to survive than women at both 30 and 180
days [odds ratio (OR) 0.74 (95% Cl 0.33-1.67), p=0.47; OR 0.50
(95% Cl 0.26-0.97), p=0.04, respectively].

Furthermore, CPS is used an assessment for outcome prediction
based on the patient's comorbidities and pre-injury medications
(18,19). Severity of CPS is usually categorized as minor (0-7),
moderate (8-14), and severe (>15) (12). In our study, the number
of patients with high CPS >7 was higher in ICU patients than
in ward patients. Moreover, the survival rates were found to be
decreased among patients with high CPS in both ICU and ward
patients, thereby suggesting that CPS can be used as a parameter
to determine the short-term and long-term outcomes of older
hospitalized patients. Moreover, several studies have suggested
that high CPS is associated with increased mortality (20) and
longer hospital and ICU stay (21) in the older population.

ADL is one of the most important factors used for outcome
prediction of frail older patients. Several epidemiological studies
have suggested the association of ADL with mortality prediction
in older patients. Moreover, Nakazawa et al. (22) reported that
patients with low ADL scores had higher mortality rates and
another study by Mossakowska et al. (23) reported that a higher
ADL score is a good predictor of survival. Similar observations
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were made in our study group wherein both short-term and
long-term survival rates were lower in moderately and severely
impaired ICU and ward patients than in those with minor or
no disability; thus, suggesting that low Katz scores could be a
predictor of patient outcomes.

Therefore, to the best of our knowledge, this is the first study
on determining the health outcomes of older Indian population
(>80 years) using three parameters, namely, CFS, CPS, and Katz
index. The current study highlights the prevalence of older
patients in a tertiary care hospital, and the potential use of
each of the aforementioned factors in determining the short-
term and long-term outcomes of older patients in the Indian
population. Finally, one of the limitations of the current study
is that the study was conducted based on the data collected
from a single centre and may not reflect the same from other
centres. Further studies are, therefore, needed to be carried out
in the Indian population using the data collected from different
centres across the nation for better prognosis among older
hospitalized patients aged 80 years and above. Additionally,
further studies are needed to be performed to understand
the relation between SOFA score and mortality for our study
population. Thus, our model needs to be further modified by
taking into consideration the patients’ nutritional status and
SOFA score and correlating them with mortality. Moreover, in
this study, we analyzed the association of each of these scores
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Table 3. Health outcome prediction models using Katz score, frailty score, and comorbidity-polypharmacy score in older ward and

ICU patients

Model 1 Model 2 Model 3
OR (95% CI); p OR (95% CI); p OR (95% CI); p

30-day survival | 180-day survival ft?r:/(ii\?;ll ::zl_‘:i;y 30-day survival :L?r(\)/i_\?aaly
Katz score
No impairment Reference Reference
Moderate impairment gfg_é?-”' 1.96); gf&(()g.zo. 085);
Severe impairment 0.34 (0.10, 1.13); | 0.23 (0.09, 0.62);
p=0.08 p=0.004
Frailty score
Minor Reference Reference
Moderate/severe ?ig](opl?)m 825(5810 5. 0.36):
Polypharmacy score
Minor Reference Reference
Moderate 83537(237, 1.97); g=6(())1((2)32, 1.13);
Severe 0.37 (0.06, 2.23); | 0.62 (0.11, 3.39);
p=0.28 p=0.58
Type of patient
ICU Reference Reference Reference Reference Reference Reference
Ward 224245277 2._38 (1.24, 4.57); ;9??)(310. 3.55 (1.75, 7.23); | 9.46 (2-.77, 2._45 (1.28, 4.68);
.44); p<0.001 | p=0.009 0<0.001 p<0.001 32.36); p<0.001 | p=0.007
Gender
Female Reference Reference Reference Reference Reference Reference
Male 0.76 (0.33, 1.72); | 0.52 (0.27, 1.00); 0.74 (0.33, 0.50 (0.26, 0.97); | 0.75(0.33, 1.70); | 0.53 (0.28, 0.99);
p=0.51 p=0.05 1.67); p=0.47 | p=0.04 p=0.49 p=0.049

CPS: Comorbidity-polypharmacy score, ICU: Intensive care unit, OR: Odds ratio, Cl: Confidence interval

individually; however, further studies need to be carried out
to predict health outcomes of older patients based on a model
using the interaction of three scores.
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