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Abstract

Background
Frailty is a major determinant of adverse health outcomes in older adults, yet evidence comparing
commonly used frailty instruments in patients hospitalized with infectious diseases is limited. We aimed
to compare the prognostic performance of the Clinical Frailty Scale (CFS) and the FRAIL Scale for
predicting short-term outcomes in older adults admitted to infectious diseases departments.

Methods
This prospective multicentre point-prevalence study included adults aged ≥ 65 years hospitalized in
infectious diseases departments across 16 hospitals in Türkiye. Frailty was assessed using the CFS
(frail: ≥5) and the FRAIL Scale (frail: ≥3). The primary outcome was intensive care unit transfer, ongoing
hospitalization, or death within 28 days. Multivariable logistic regression and receiver operating
characteristic analyses were performed.

Results
Among 151 hospitalized older adults, 102 (67.5%) were classified as frail by the FRAIL Scale and 87
(57.6%) by the CFS. Polypharmacy was more common among frail patients identified by both
instruments. FRAIL-defined frailty was associated with lower discharge rates (84.3% vs. 95.9%, p = 
0.039) but not with mortality. In contrast, CFS-defined frailty was associated with lower discharge rates
(81.6% vs. 96.9%, p = 0.004), higher 28-day mortality (8.0% vs. 0.0%, p = 0.021), and poorer overall 28-day
outcomes (p = 0.032). CFS-defined frailty independently predicted poor 28-day outcome (adjusted OR
5.99, 95% CI 1.26–28.57; p = 0.024). The CFS showed greater discriminative ability than the FRAIL Scale
(AUC 0.823 vs. 0.696; DeLong p = 0.034).

Conclusions
Both instruments identified vulnerable older adults, but the Clinical Frailty Scale provided superior
prognostic performance for adverse short-term outcomes. Routine CFS assessment may facilitate early
risk stratification and help identify older adults at increased risk of adverse short-term outcomes during
hospitalization for infectious diseases.

Background
The rising average age of the population has significantly affected the epidemiology and clinical
management of infectious diseases. Older adults account for an increasingly large proportion of hospital
admissions due to acute infections. In addition, compared to younger populations, they are at higher risk
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for severe illness, prolonged hospital stays, functional impairment, and mortality (1, 2). Age-related
immune dysfunction, multimorbidity, reduced physiological reserve, and atypical clinical presentations
further exacerbate this frailty. Consequently, both diagnostic and therapeutic clinical decision-making
processes become more challenging (2, 3). For all these reasons, more accurately assessing the
prognosis in older adults hospitalized for infectious diseases has become a major clinical priority. This
has increased the need for assessment tools that reflect biological vulnerability rather than
chronological age (3, 4).

Frailty is a fundamental concept in geriatrics because it reflects biological ageing and captures an
individual's physiological reserve and resilience to acute stressors (3). Frailty reflects the loss of function
that develops over time across multiple organ systems and helps explain differences in health status
among older adults of similar chronological age (5). An increasing number of studies have shown that
frailty is independently associated with prolonged hospital stays, the need for institutional care,
increased use of health care services, and mortality (4, 9). Furthermore, frailty has been associated with
an increased risk of hospital-acquired infections and poorer clinical outcomes. This suggests that
biological vulnerability may be a more meaningful indicator of prognosis than chronological age (6).
Accordingly, routine frailty assessment is increasingly recognized as an important component of a
comprehensive geriatric assessment. It supports individualized risk stratification, shared clinical
decision-making, and a person-centred care approach (4).

Several validated instruments are available for frailty assessment, although they differ considerably in
their conceptual basis, complexity, and intended clinical application (3). The Clinical Frailty Scale (CFS) is
a clinician-rated multidimensional instrument that integrates functional status, comorbidity, cognition,
and overall clinical fitness. In contrast, the FRAIL Scale is a brief questionnaire developed primarily to
identify physical frailty in routine clinical practice (7, 8). Both instruments have demonstrated prognostic
value across diverse healthcare settings; however, direct comparisons of their performance in older
adults hospitalized with infectious diseases remain limited. Prospective multicentre studies conducted
specifically in infectious diseases departments are also scarce.

Therefore, the present multicentre prospective study was undertaken to compare the prognostic
performance of the Clinical Frailty Scale and the FRAIL Scale in older adults hospitalized with infectious
diseases. We also examined the associations of both frailty instruments with clinically relevant short-
term outcomes, including discharge status, intensive care unit admission, length of hospital stay, and 28-
day mortality.

Methods

Study design and participants
This multicentre, prospective, point-prevalence observational study was conducted in the Departments
of Infectious Diseases and Clinical Microbiology of 16 participating hospitals across Türkiye.
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Consecutive adult patients hospitalized on the predefined study day were screened for eligibility.
Patients aged ≥ 65 years were classified as the geriatric cohort and constituted the study population for
frailty analyses, whereas patients aged < 65 years were included only for comparisons of baseline
clinical characteristics.

Participants were followed for 28 days after enrolment to assess clinical outcomes. The study was
designed and reported in accordance with the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement (9).

Data collection
Demographic characteristics, comorbidities, previous healthcare utilization, medication use,
microbiological findings, antimicrobial therapy, and clinical outcomes were prospectively recorded using
a standardized electronic case report form. Previous healthcare utilization included outpatient visits and
hospitalizations during the preceding year. Polypharmacy was defined as the regular use of five or more
medications, consistent with previous recommendations (10). Microbiological diagnoses were
established according to routine clinical practice at each participating center. Pathogen identification
and antimicrobial susceptibility testing were performed in the participating microbiology laboratories
using standard laboratory procedures in accordance with institutional protocols.

Frailty assessment
Frailty was assessed at enrolment using both the Clinical Frailty Scale (CFS) and the FRAIL Scale. The
Clinical Frailty Scale is a validated nine-point clinician-rated instrument that integrates functional status,
comorbidity, cognition, and overall clinical fitness, with scores ranging from 1 (very fit) to 9 (terminally ill),
where higher scores indicate greater frailty (7). Frailty according to the Clinical Frailty Scale was defined
as a score of ≥ 5, in accordance with previous validation studies (7, 11).

The FRAIL Scale is a validated five-item screening instrument assessing fatigue, resistance, ambulation,
illnesses, and weight loss, with total scores ranging from 0 to 5 (8, 13). Frailty was defined as a FRAIL
Scale score of ≥ 3, consistent with previous validation studies (8).

Outcomes
The primary outcome was poor clinical outcome within 28 days after enrolment. Poor outcome was
defined as a composite endpoint comprising transfer to the intensive care unit, ongoing hospitalization
on day 28, or death within 28 days after enrolment.

Secondary outcomes included length of hospital stay, discharge status, intensive care unit admission,
and 28-day mortality.
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Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics for Windows, version 20.0 (IBM Corp.,
Armonk, NY, USA). Continuous variables were assessed for normality using the Shapiro–Wilk test and
visual inspection of data distribution. Since continuous variables were not normally distributed, they are
presented as median and interquartile range (IQR) and were compared using the Mann–Whitney U test.
Categorical variables are presented as numbers and percentages and were compared using the Pearson
chi-square test or Fisher's exact test, as appropriate. The relationship between the Clinical Frailty Scale
and the FRAIL Scale was evaluated using Spearman's rank correlation coefficient.

Multivariable binary logistic regression analysis was performed to identify independent predictors of
poor 28-day outcome among geriatric patients. Variables were selected a priori based on their clinical
relevance and previous evidence and included age, sex, polypharmacy, and the Clinical Frailty Scale.
Because the Clinical Frailty Scale and the FRAIL Scale assess overlapping constructs of frailty, only the
Clinical Frailty Scale was included in the multivariable model to avoid multicollinearity. All variables were
entered simultaneously using the enter method. Adjusted odds ratios (aORs) with 95% confidence
intervals (CIs) were calculated. Model calibration was assessed using the Hosmer–Lemeshow
goodness-of-fit test, and model performance was evaluated using the Nagelkerke R² statistic.

Receiver operating characteristic (ROC) curve analysis was performed to evaluate the discriminative
ability of the Clinical Frailty Scale and the FRAIL Scale for predicting poor 28-day outcome. The area
under the receiver operating characteristic curve (AUC) with corresponding 95% confidence intervals was
calculated for each frailty instrument. All statistical tests were two-sided, and a P value < 0.05 was
considered statistically significant. The areas under the ROC curves were compared using DeLong's test
for paired ROC curves.

Ethics
The study was approved by the local Institutional Ethics Committee. All procedures were performed in
accordance with the ethical standards of the institutional research committee and the Declaration of
Helsinki. Written informed consent was obtained from all participants or their legally authorized
representatives before enrolment.

Results

Study population and baseline characteristics
A total of 265 patients were enrolled, including 151 geriatric (≥ 65 years, 57.0%) and 114 non-geriatric (< 
65 years, 43.0%) participants. Frailty analyses were restricted to the geriatric cohort according to the
study objectives. Baseline characteristics are summarized in Table 1.
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Table 1
Baseline Characteristics and Infection Profiles of Geriatric and Non-Geriatric Patients

Variable Non-geriatric (n = 
114)

Geriatric (n = 
151)

p
value

Baseline characteristics      

Female sex 44 (38.6) 73 (48.3) 0.114

At least one comorbidity 65 (57.0) 145 (96.0) < 
0.001

Hypertension 20 (17.5) 107 (70.9) < 
0.001

Diabetes mellitus 24 (21.1) 69 (45.7) < 
0.001

Coronary artery disease 12 (10.5) 53 (35.1) < 
0.001

Malignancy 11 (9.6) 28 (18.5) 0.043

Chronic kidney disease 10 (8.8) 26 (17.2) 0.047

Alzheimer's disease/dementia 1 (0.9) 19 (12.7) < 
0.001

Chronic obstructive pulmonary disease 6 (5.3) 19 (12.6) 0.044

Cerebrovascular disease 5 (4.4) 15 (9.9) 0.091

Asthma 5 (4.4) 10 (6.6) 0.435

Hemodialysis 7 (6.1) 9 (6.0) 0.962

Epilepsy 5 (4.4) 4 (2.6) 0.439

Infection characteristics      

Nosocomial infection 20 (17.5) 31 (20.5) 0.542

Pathogen isolation 46 (40.4) 70 (46.4) 0.329

Reason for hospitalization (overall p = 
0.051)

     

Urinary tract infection 15 (13.2) 46 (30.5)  

Skin and soft tissue infection 22 (19.3) 22 (14.6)  

Community-acquired pneumonia 13 (11.4) 16 (10.6)  

Catheter-related infection 5 (4.4) 9 (6.0)  

Diabetic foot infection 3 (2.6) 8 (5.3)  
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Variable Non-geriatric (n = 
114)

Geriatric (n = 
151)

p
value

Baseline characteristics      

Central nervous system infection 9 (7.9) 4 (2.6)  

Fever of unknown origin 7 (6.1) 7 (4.6)  

Hospital-acquired pneumonia 3 (2.6) 6 (4.0)  

Intra-abdominal infection 3 (2.6) 5 (3.3)  

Gastroenteritis 6 (5.3) 4 (2.6)  

Systemic viral infection 7 (6.1) 2 (1.3)  

Osteomyelitis 4 (3.5) 4 (2.6)  

Bacteremia 2 (1.8) 4 (2.6)  

Infective endocarditis 3 (2.6) 3 (2.0)  

HIV infection 6 (5.3) 0 (0.0)  

COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; IQR, interquartile range.

Compared with younger adults, geriatric patients had a substantially greater burden of comorbidity, with
at least one chronic disease present in 96.0% versus 57.0% of patients (p < 0.001). Hypertension,
diabetes mellitus, coronary artery disease, chronic kidney disease, chronic obstructive pulmonary
disease, malignancy, and Alzheimer's disease/dementia were all significantly more prevalent among
geriatric patients (all p < 0.05), whereas the prevalence of cerebrovascular disease, asthma,
hemodialysis, and epilepsy was comparable between the two groups.

Healthcare-associated infections and microbiologically confirmed infections occurred at similar
frequencies in geriatric and non-geriatric patients. Among microbiologically confirmed infections,
bacterial pathogens predominated in both groups but were more frequently identified in geriatric
patients, whereas viral infections were more common among younger adults (p = 0.017).

Clinical outcomes were broadly comparable between age groups. Median length of hospital stay was
similar in geriatric and non-geriatric patients (7 vs. 6 days, p = 0.767). Although 28-day mortality (4.6% vs.
1.8%) and intensive care unit (ICU) transfer (4.0% vs. 0.0%) were numerically higher among geriatric
patients, these differences did not reach statistical significance. Overall, 28-day clinical outcomes were
also comparable between the two groups (p = 0.087).

Frailty and short-term clinical outcomes
Among the 151 geriatric patients, 102 (67.5%) were classified as frail according to the FRAIL Scale.
Compared with non-frail patients, frail individuals were more likely to have polypharmacy (68.6% vs.
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44.9%, p = 0.005) and healthcare utilization during the previous year (99.0% vs. 87.8%, p = 0.008). Frailty
defined by the FRAIL Scale was also associated with a lower discharge rate (84.3% vs. 95.9%, p = 0.039).
However, no significant differences were observed in ICU transfer, length of hospital stay, composite
poor 28-day outcome, or 28-day mortality (Table 2).

Table 2
Clinical Characteristics and Outcomes According to FRAIL Status Among Geriatric Patients

Variable Non-frail (n = 49) Frail (n = 102) p value

Clinical characteristics      

Polypharmacy 22 (44.9) 70 (68.6) 0.005

Healthcare utilization      

Healthcare utilization during the previous year 43 (87.8) 101 (99.0) 0.008

Hospitalization during the previous year 26 (53.1) 62 (60.8) 0.333

Bacterial infection during the previous year 26 (53.1) 55 (53.9) 0.921

Viral infection during the previous year 9 (18.4) 20 (19.6) 0.856

Clinical outcomes      

Length of hospital stay, days† Median (IQR)

10.0 (7.0–17.5)

Median (IQR)

11.0 (6.75–18.5)

0.523

Overall 28-day outcome (overall p = 0.179)      

Discharged 47 (95.9) 86 (84.3) 0.039

ICU transfer 1 (2.0) 5 (4.9)  

Ongoing hospitalization 1 (2.0) 4 (3.9)  

Death 0 (0.0) 7 (6.9) 0.097

ICU, intensive care unit.

FRAIL

Fatigue, Resistance, Ambulation, Illnesses, and Loss of Weight scale. Patients with a FRAIL score ≥ 3
were classified as frail.

According to the Clinical Frailty Scale, 87 patients (57.6%) were classified as frail. Compared with non-
frail patients, CFS-defined frailty was associated with significantly lower discharge rates (81.6% vs.
96.9%, p = 0.004), higher 28-day mortality (8.0% vs. 0.0%, p = 0.021), and worse overall 28-day clinical
outcomes (p = 0.032). Polypharmacy was also more common among frail patients (69.0% vs. 50.0%, p = 
0.018), whereas ICU transfer, length of hospital stay, previous healthcare utilization, previous
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hospitalization, and infection history during the preceding year did not differ significantly between
groups (Table 3).

Table 3
Clinical Characteristics and Outcomes According to Clinical Frailty Scale (CFS) Status Among Geriatric

Patients
Variable CFS Non-frail (n = 

64)
CFS Frail (n = 
87)

p
value

Clinical characteristics      

Polypharmacy 32 (50.0) 60 (69.0) 0.018

Healthcare utilization      

Healthcare utilization during the previous
year

60 (93.8) 84 (96.6) 0.465

Hospitalization during the previous year 36 (56.3) 52 (59.8) 0.303

Bacterial infection during the previous year 36 (56.3) 45 (51.7) 0.582

Viral infection during the previous year 13 (20.3) 16 (18.4) 0.767

Clinical outcomes      

Length of hospital stay, days† Median (IQR)

10.5 (6.25–18.0)

Median (IQR)

11.0 (7.0–18.0)

0.497

Overall 28-day outcome (overall p = 0.032)      

Discharged 62 (96.9) 71 (81.6) 0.004

ICU transfer 1 (1.6) 5 (5.7)  

Ongoing hospitalization 1 (1.6) 4 (4.6)  

Death 0 (0.0) 7 (8.0) 0.021

CFS, Clinical Frailty Scale; ICU, intensive care unit.

Overall, polypharmacy was present in 92 of 151 geriatric patients (60.9%) and was associated with a
longer hospital stay (p = 0.002) but not with ICU transfer, discharge status, 28-day mortality, or the
composite poor 28-day outcome.

Correlation and prognostic performance of frailty
instruments
The FRAIL Scale and the Clinical Frailty Scale demonstrated a strong positive correlation among geriatric
patients (Spearman's ρ = 0.694, p < 0.001), indicating good agreement between the two frailty
instruments.
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Receiver operating characteristic (ROC) analysis demonstrated that the Clinical Frailty Scale showed
significantly greater discriminative ability for predicting poor 28-day outcome than the FRAIL Scale
(DeLong test, Z = 2.12, p = 0.034). The CFS yielded an area under the curve (AUC) of 0.823 (95% CI,
0.702–0.944; p < 0.001), whereas the FRAIL Scale yielded an AUC of 0.696 (95% CI, 0.579–0.813; p = 
0.007) (Fig. 1).

Multivariable analysis
Multivariable logistic regression analysis was performed to identify independent predictors of poor 28-
day outcome among geriatric patients (Table 4). The overall model was statistically significant (Omnibus
χ²=10.520, p = 0.033), demonstrated good calibration (Hosmer–Lemeshow χ²=11.703, p = 0.165), and
explained 13.0% of the variance in poor outcome (Nagelkerke R²=0.130).

After adjustment for age, sex, and polypharmacy, frailty defined according to the Clinical Frailty Scale
remained the only independent predictor of poor 28-day outcome (adjusted OR 5.99, 95% CI, 1.26–28.57;
p = 0.024).

Table 4
Multivariable Logistic Regression Analysis for Poor 28-Day Outcome Among

Geriatric Patients
Variable β SE aOR 95% CI p value

Age 0.026 0.035 1.026 0.958–1.099 0.460

Female sex −0.251 0.527 0.778 0.277–2.184 0.634

Polypharmacy −0.233 0.582 0.792 0.253–2.478 0.689

CFS-defined frailty 1.791 0.794 5.99 1.26–28.57 0.024

CFS: Clinical Frailty Scale; aOR: adjusted odds ratio; CI: confidence interval.

Discussion
In this prospective multicentre study of older adults hospitalized with acute infectious diseases, frailty
proved to be a more informative predictor of poor short-term clinical outcomes than chronological age.
Among the two frailty instruments evaluated, the Clinical Frailty Scale demonstrated significantly greater
discriminative ability than the FRAIL Scale for predicting poor 28-day outcome. In contrast, chronological
age was not independently associated with adverse outcomes, reinforcing the concept that biological
vulnerability better reflects an individual's capacity to withstand and recover from acute illness than
chronological age alone (2).

Recent prospective evidence further indicates that frailty is associated with an increased risk of hospital-
treated infections, supporting its particular relevance in patients admitted with acute infectious diseases
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(6). Our findings also agree with recent systematic evidence demonstrating that the CFS is a robust
predictor of adverse outcomes across acute care settings (13).

The better discriminative performance of the Clinical Frailty Scale (CFS) is likely attributable to its
multidimensional approach to frailty assessment. Unlike the FRAIL Scale, which primarily evaluates
physical frailty through a brief screening questionnaire, the CFS integrates functional status, mobility,
cognition, comorbidity burden, and dependence in activities of daily living into an overall clinical
judgement (11). This broader assessment more accurately reflects the complex biological and
functional vulnerability of older adults hospitalized with acute infections, thereby improving its ability to
identify patients at risk of adverse outcomes (2). Consistent with our findings, recent systematic reviews
have demonstrated that the CFS independently predicts mortality, prolonged hospitalization,
institutionalization, and functional decline across diverse acute care settings (13). Similarly, a
contemporary meta-analysis of unplanned hospital admissions confirmed that frailty identified using
validated instruments is strongly associated with adverse clinical outcomes, supporting the routine
incorporation of frailty assessment into acute hospital care (14). Overall, the available evidence supports
the use of the CFS not only as a frailty screening instrument but also as a clinically useful prognostic
tool.

Older adults admitted with infectious diseases commonly present with immunosenescence,
multimorbidity, chronic inflammation, cognitive impairment, and functional decline, all of which
contribute to diminished physiological reserve and reduced resilience to acute illness (3). Because the
CFS integrates these interconnected domains into a single global clinical assessment, it may identify
patients at increased risk of adverse outcomes more accurately than instruments primarily assessing
physical frailty (13). This interpretation is further supported by recent evidence indicating that the FRAIL
Scale performs well as a screening instrument but provides a narrower assessment of frailty than
multidimensional clinical tools (15).

From a clinical perspective, our findings support the routine incorporation of frailty assessment into the
evaluation of older adults hospitalized with acute infectious diseases. Contemporary geriatric care
increasingly advocates individualized, person-centered decision-making based on biological rather than
chronological ageing (16).

Within this framework, the Clinical Frailty Scale represents a practical bedside instrument that
complements conventional assessment based on infection severity, microbiological findings, laboratory
parameters, and comorbidity burden (13). Recent international consensus recommendations further
emphasize that frailty should be identified early during acute hospital care to guide comprehensive
geriatric assessment and individualized management pathways (17). Furthermore, routine frailty
screening in acute care settings facilitates timely clinical decision-making and should become an
integral component of emergency and inpatient care for older adults (18).

An important secondary finding of this study was that antimicrobial resistance profiles were comparable
between geriatric and non-geriatric patients despite the greater burden of multimorbidity and bacterial
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infections among older adults. This observation suggests that chronological age alone may be a less
important determinant of antimicrobial resistance than cumulative healthcare exposure, previous
antimicrobial use, invasive procedures, and underlying comorbidity (19). Because all participants were
recruited from tertiary infectious diseases wards, younger patients in our cohort may have shared similar
healthcare exposures and clinical complexity, thereby reducing age-related differences in resistance
patterns. Consequently, our findings support current antimicrobial stewardship principles, emphasizing
that empirical antimicrobial therapy should be guided by individualized risk assessment and local
epidemiology rather than chronological age alone (20).

Our study has several strengths that deserve emphasis. Its prospective multicentre design, standardized
data collection, and inclusion of patients from 16 participating hospitals enhance the robustness,
external validity, and clinical applicability of the findings. Nevertheless, several limitations should be
considered. First, the point-prevalence design precluded assessment of longitudinal changes in frailty
and clinical status over time. Second, the relatively small number of poor outcome events may have
limited the statistical power of the multivariable analyses. Finally, because all participants were recruited
from tertiary infectious diseases wards, the generalizability of our findings to other healthcare settings,
including community hospitals and primary care, should be interpreted with caution. Future multicentre
longitudinal studies with larger sample sizes are warranted to validate these findings and to determine
whether frailty-guided interventions improve clinical outcomes in older adults with acute infectious
diseases.

Conclusions
Our findings suggest that routine frailty assessment may be useful for risk stratification in older adults
hospitalized with infectious diseases. The Clinical Frailty Scale demonstrated better prognostic
performance than the FRAIL Scale and may help identify patients at increased risk of adverse short-term
outcomes. Future prospective interventional studies are warranted to determine whether frailty-guided
management translates into improved patient outcomes.
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Intensive care unit
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Figure 1

Receiver operating characteristic curves of the FRAIL Scale and Clinical Frailty Scale for prediction of
poor 28-day outcome among geriatric patients
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