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Abstract

BACKGROUND: Several indexes based on clinical and laboratory
tests to identify frailty and to predict mortality have been produced.
Only two studies, mixing clinical and laboratory parameters were made
about a frailty index made of laboratory tests (FI-Lab) and mortality in
older patients hospitalized for COVID-19. The aim of this study was
to explore the accuracy and precision of an FI-Lab constructed with
some common bio-humoral tests and mortality in a cohort of patients
hospitalized for COVID-19.

METHODS: The FI-Lab was constructed using 40 different bio-
humoral tests during the first four days of hospitalization, with a score
from O to 1. The association between FI-Lab and mortality was assessed
using a multivariate Cox’s regression analysis, reported as hazard ratios
(HRs) and 95% confidence intervals (CIs). The accuracy of the FI-Lab
was reported as area under the curve (AUC) and the precision with the
C-Index.

RESULTS: 376 patients (mean age: 65 years; 53.7% males) were
initially included. During the follow-up period, 41 deceased. After
adjusting for five different factors, an FI-Lab value >0.54, the median
value of our cohort, was associated with a relative risk about five
times greater than lower values. Modeling FI-LAB as a continous
variable, each increase in 0.01 points was associated with an increased
risk in mortality of 8.4% (HR=1.084; 95%CI: 1.039-2.044). The FI-
Lab was highly accurate (AUC=0.91; 95%CI: 0.87-0.95) and precise
(C-Index=0.81) in predicting death.

CONCLUSIONS: A simple index based on common laboratory tests
can be used to predict mortality among older people hospitalized for
COVID-19.
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Introduction

Among the most known and used, the frailty index
(FI) is based on a series of deficits accumulation (1).
Briefly, FI is based on various clinical health measures
across physiological systems, usually as yes or no conditions,
which are then summed and divided by the total number of
assessments made (1). The resultant FI score is a parameter

that reflects the state of an individual’s health, with a particular
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In the evaluation of frailty, several models are proposed.

focus on comorbidities (2). In this way, the FI reduces dozens
of dimensions typical of older people into a single score
ranging from O to 1, higher scores reflecting a higher presence
of deficits and, therefore, higher risk of death and other
negative outcomes (2).

Recently, some authors have proposed an FI constructed
using laboratory data (FI-Lab). This tool employs laboratory
data to substitute or to complement the count of deficits (3, 4).
The literature supporting the use of the FI-Lab indicates that
laboratory derived components are better than the original FI
based on clinical parameters, since FI-Lab is more objective
(5). The first FI-Lab was developed in an animal model (6).
About ten years ago, some authors developed the first formal
FI-Lab in humans (4). After that, several other works have
proposed and confirmed its utility in clinical practice, across
different settings and situations (5). One important point is
that the FI-Lab can be calculated easily since its components
can be obtained from commonly measured hospital tests (5).
Consequently, operationalizing standard laboratory data into an
FI-Lab could be an easy and accessible way to assess frailty in
a clinical setting, such as hospital, making this instrument ideal
for the early detection and screening of frailty (7).

A recent systematic review with meta-analysis found that in
38 different studies, from community to hospital setting, higher
FI-Lab scores were associated with a higher mortality risk and
with a variety of adverse health outcomes (5). However, to the
best of our knowledge limited literature explored the use of
FI-Lab in older patients affected by COVID-19, overall finding
that higher FI-Lab values were associated with unfavourable
outcomes, also after adjusting for potential confounders (8,
9). In our opinion, to confirm or not the validity, accuracy
and precision of Fi-Lab in older patients affected by COVID-
19 is of importance since this condition, despite an important
vaccination campaign is still present and associated with a
high mortality rate in older people as well as to a higher risk
of hospitalization and poor quality of life (10), making this
population different from those analyzed so far.

Given this background, the aim of this study was to explore
the accuracy and precision of an Fi-Lab constructed with some
bio-humoral tests commonly available and mortality in a cohort
of patients hospitalized for COVID-19 in Palermo, Italy.
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Materials and methods

Study Population

From 1 September 2020 to 30 April 2021, all patients
aged 18 years or older were enrolled at the Department of
Internal Medicine and/or Geriatrics of the PO «Policlinico
Paolo Giaccone» in Palermo, with a diagnosis of SARS-
CoV-2 infection confirmed by the observation of SARS-CoV-2
nucleic acid on a nasopharyngeal swab by RT-PCR and with
radiological evidence of pneumonia (11).

No other inclusion criteria were considered to better
represent a real-life scenario. The study was approved by
the Local Ethics Committee at its meeting on 28 April 2021
(protocol number 04/2021). At the time of hospital admission,
no patients were vaccinated against COVID-19. For hygienical
reasons, informed consent to participate in the study was
collected orally and reported in the medical record.

Exposure: construction of the FI-Lab

The FI-Lab was built on 40 different laboratory values,
collected in the first four days of hospitalization, which
included blood count, liver function, renal function, pancreatic
function, blood glucose and lipid profile, serum electrolytes,
coagulation parameters, inflammatory parameters, blood gas
analysis parameters, serum vitamin D values, cardiovascular
profile parameters (troponin, proBNP), thyroid profile. The
entire list of the factors considered is reported in Supplementary
Table 1. For each parameter, a value of 0 was given if the
subject had normal values and 1, if abnormal. We then added
up the number of abnormalities and divided by the number of
exams available for a subject with a final score with a value
between 0 and 1, higher values corresponding to a higher
number of abnormalities. No imputation methods were used
and we only excluded patients having less than ten bio-humoral
tests available.

Outcome: mortality

Mortality was recorded through the medical documentation
available in the medical records and through death certificates.
The follow-up was the length of stay in hospital that, in our
cohort, was in median nine days.

Covariates

In addition to demographics (age and gender), we have
introduced as factors in multivariate analyses:

e The Cumulative Illness Rating Scale (CIRS): it is an index
designed to assess the severity of a patient’s comorbidities.
The scale format consists of 13 relatively independent areas
grouped by apparatus. Ratings are made on a 5-point «degree
of severity» scale, ranging from «none» to «extremely
severe» (12). As a rapid, objective, and easily quantifiable
evaluation technique, the scale is well suited to a variety of

research uses;

e The Pneumonia Severity Index (PSI) score was used to
identify the mortality risk of patients with radiological
evidence of pneumonia enrolled in the study (13). The
PSI was derived and validated as part of the prospective
Pneumonia Patient Outcomes Research Team cohort study
to identify patients with community acquired pneumonia, at
low risk of mortality. PSI stratified adults with radiographic
evidence of pneumonia into five risk classes for all-cause
death within 30 days of presentation. Predictive variables
were derived from medical history, physical examination,
and selected laboratory and radiographic results readily
available at the time of patient presentation.

e Typical COVID symptoms: Typical signs and symptoms of
COVID such as anorexia, anosmia, fever, gastrointestinal
symptoms etc. have been included (14).

Statistical analysis

Patients were divided according to survival status
during their hospital stay. Values for continuous variables
were reported as means and standard deviations (SD) or as
absolute and relative frequencies (in %) in the two groups.
The normality of the continuous variables was assessed using
the Kolgomorov-Smirnov test. Continuous variables were
compared between the two groups using the Student’s T-test for
independent samples and categorical variables were compared
with the Chi-Square test, using Fisher’s correction where
necessary.

The association between the FI-Lab and in-hospital
mortality was analyzed using Cox regression, adjusted for
potential confounders. Factors were included in the multivariate
analysis as they were statistically different between patients
with a p-value below 0.05 or associated with the outcome
of interest with a p< 0.10. The results were then reported as
hazard ratio (HR) and 95% confidence intervals (95%CI).
We considered as statistically significant the results with a
p-value below 0.05. Since no univocal cut-off was available
for the FI-Lab, we used the median value of 0.54 for the
main analysis. We have then modeled the FI-Lab score as
increase in 0.01 points. To test the robustness of our results,
we did run some sensitivity analyses (age less or more than
65 years, gender). Finally, we performed an analysis of the
accuracy of the FI-Lab, added to age and gender, in predicting
mortality, reporting the data as area under the curve (AUC) and
its 95% CI. Similarly, we have calculated the Harrell’s C Index
which summarises how well a predicted risk score describes an
observed sequence of events in survival analyses (precision).

All analyses were performed using the SPSS 26.0 for
Windows (SPSS Inc., Chicago, Illinois). All statistical tests
were two-tailed and statistical significance was assumed for a
p-value <0.05.

Results

Initially, in the COMEPA study, 430 patients were
hospitalized. We excluded 40 patients since no sufficient data
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Table 1. Baseline descriptive characteristics according to their baseline FI-Lab value

Parameter FI-Lab <=0.54 FI-Lab >0.54 p
Age 61.8 (17.3) 719 (14.2) <0.0001
Males (%) 519 57.1 042
PSI Score 74 (34) 101 (36) <0.0001
Systolic blood pressure 130 (21) 129 (21) 0.58
Diastolic blood pressure 74 (13) 70 (12) 0.001
HR 82 (15) 84 (17) 0.22
Temperature (°C) 36.3 (0.6) 36.0 (0.4) 0.18
Sp0O2 95.1 (11.0) 93.7 (13.0) 0.32
CIRS-SI 1.37 (0.29) 1.55 (0.41) <0.0001
Delirium 2.1 2.7 0.72

Abbreviations: PSI, pneumonia severity index; HR, heart rate; SpO2, saturation of oxygen in arterial blood; CIRS-SI, cumulative illness rating scale-severity index.

Table 2. Cox Regression of the Association Between Laboratory Frailty Index and Mortality

Parameters HR 95.0% CI HR p
Lower Higher
FI-Lab > 0.54 5.142 2.092 12.641 <0.0001
Age 1.070 1.027 1.114 0.001
Female gender 0.253 0.007 8.771 0.447
PSI Score 1.014 1.003 1.026 0.015
CIRS-SI 1.582 0.742 3372 0.235
Covid-19 symptoms (admission) 1.226 0.618 2432 0.560
Abbreviations: FI-Lab, frailty index made of laboratory tests; PSI, peumonia severity index; CIRS-ST, cumulative illness rating scale-severity index; Covid-19, coronavirus discase of 2019.

to create the FI-Lab were available and 14 patients who were emerged in terms of percentage of males. Moreover, patients
lost during the follow-up. Therefore, 376 patients were finally ~with higher FI-Lab scores reported significantly higher PSI
included in this analysis. This sample size aged a mean of scores (p<0.0001) and lower diastolic blood pressure (p=0.001).
65+17 years and were prevalently males (53.7%). The most As expected, patients with a FI-Lab >0.54 were affected by
common bio-humoral alteration was the presence of abnormal more medical conditions (p<0.0001) (Table 1).

lymphocites (73.9%). The 186 males reported significantly

' ! Figure 2. Accuracy of the laboratory frailty index in predicting
higher FI-Lab scores than females (mean difference=0.03+0.01;

0.002 mortality
p=0.002). 10
Figure 1. Association between laboratory frailty index and
survival in older patients hospitalized for COVID-19
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their baseline value of the FI-Lab. The patients with a FI-Lab 1 - Specificity
>0.54 were significantly older than those reporting scores

lower than the median value (p<0.0001), whilst no differences
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Table 2 shows the multivariate analysis of the factors that,
at the univariate analyses, were associated with mortality.
Overall, after adjusting for five different factors, an FI-Lab
value >0.54 was associated with a relative risk about five
times greater than lower values (HR=5.142; 95%CI: 2.092-
12.641; p<0.0001) (Figure 1). Modeling FI-LAB as a continous
variable, each increase in 0.01 points was associated with an
increased risk in mortality of 8.4% (HR=1.084; 95%CI: 1.039-
2.044; p<0.0001). In the multivariate analysis, both age and
PSI, were significnatly associated with a higher risk of death:
practically, for each additional year of age, mortality increased
by 7% as well as an extra point at PSI increased the risk by 1%
(Table 2).

Figure 2 shows the accuracy of the FI-Lab in predicting
mortality. It can be seen from the figure that the frailty index
constructed with laboratory parameters was highly predictive of
mortality being the AUC=0.91 (95%CI: 0.87-0.95, p<0.0001).
The value of 0.54, which we chose for our analyses as cut-
off value, had a good sensitivity of 81% and a fair specificity
of 74%. The Harrell’s C-Index was 0.81, indicating a good
precision of FI-Lab in predicting mortality.

To test the robustness of our results, we did run some
sensitivity analyses (age less or more than 65 years, gender),
but the results were not significantly different across strata at a
p-value of 0.05, since the p for interaction for age was 0.97 and
for gender was 0.37.

Discussion

In our study, including 376 older patients hospitalized for
COVID-19, we found that higher FI-Lab scores were associated
with a higher risk of mortality, also taking in account several
demographics and clinical factors and that this score was highly
accurate and precise in predicting death. Our findings reinforce
the idea that an FI-Lab, created using simple bio-humoral
exams usually requested for clinical reasons, may increase our
awareness in screening frailty in hospitalized older patients.

From a clinical perspective, the deficits investigated by
the FI-Lab are probably easier to collect than those based on
clinical assessments, since in several centers, bio-humoral
tests are automatically available in medical records (15). This
characteristic makes this tool ideal for a first screening of
frailty, particularly in the case of large number of patients and
when time is limited (16). At the same time, standard laboratory
tests can be core measures used to create an FI-Lab, which may
make available routinely collected data (4).

In the literature available so far, only two studies
investigated the possible role of FI-Lab in COVID-19, among
older people. The first one included 615 older patients across
seven Veterans Health Administration medical centers in
Florida and Puerto Rico, overall finding that one FI-Lab made
of thirteen components of a complete blood count analysis,
thirteen elements of a comprehensive metabolic profile, and
five vital signs was strongly associated with mortality and
longer hospital stay (8). The second one includes only nine
laboratory measures over 48 possible deficits considered again
finding that this FI-Lab was highly predictive of mortality

across different timepoints (10). Even if these works were
of importance, we believe that our works was different and
novel for several reasons. First, our FI-Lab was made only of
laboratory measures and not clinical parameters as the previous
two. Second, we also considered blood tests commonly used
not only in COVID-19, but also in other respiratory diseases,
such as arterial blood gas parameters. In this sense, it is hardly
surprising that we found a median FI-Lab of 0.54 vs. a median
value of 0.18 as indicated in Mak et al. (9), mostly motivated by
the fact that we considered only laboratory indicators including
those commonly altered in COVID-19 such as blood gas and
inflammatory parameters.

In a previous meta-analysis including 38 observational
studies, the authors found that a small increase in FI-Lab
was associated with an important increase in mortality risk
of 4% (5), whilst in our work each increase in 0.01 points
corresponded to an increase in mortality of 8%. Other than the
number and type of covariates included, we can hypothesize
that some factors typically altered in COVID-19, such as
blood gas parameters, have better defined our tool compared
to the previous literature. It is noteworthy that, despite the
methodological differences that must be taken in consideration,
the effect size that we reported is similar to that found using
a clinical FI score (17). Moreover, as novel finding, we also
propose that FI-Lab is an extremely accurate way to predict
mortality in our cohort: the AUC of this tool, in fact, is 0.91,
indicating that this tool has appropriate characteristics to screen
patients at higher mortality risk, i.e., frail patients.

Another important point to discuss is that the association
between higher FI-Lab scores and mortality was not affected
by age or by gender, confirming previous literature about
this topic. For example, a large study made in the NHANES
context and including 8088 participants showed that FI-Lab
is not as strong predictor of mortality in younger adults
compared to older adults, even if as proposed by the same
authors the mortality rate in younger people is probably too
low and, therefore, future research should explore the possible
association between FI-Lab with other negative outcomes in
younger people (18). About the possible gender differences,
we found that in men the FI-Lab was significantly higher than
in women, but no effect on mortality was found by gender. Our
finding is similar to that present in literature since in the meta-
analysis cited before 3/11 studies that evaluated sex differences
concluded that men have higher FI-Lab scores than women,
while 2 found the opposite and another 5 found no difference
(5). In our opinion, to include sex-hormones in the alterations
included in the FI-Lab could better refine the question if any
gender differences exist for the association between FI-Lab and
mortality.

The findings of our work must be interpreted within its
limitations. First, we included only patients affected by
COVID-19 that may represent a selection bias in our findings
since these patients, particularly during some periods, were
clinically unstable. Therefore, it could be problematic to
generalize our data in other cohorts. Second, we did not include
any estimate of frailty, from a clinical point of view, including
the social determinants of health that are part of frailty (19).
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Unfortunately, our study collected data during the first waves of
COVID-19 and some procedures routinely done in our center;
however, the evaluation of frailty was not performed. Third, we
evaluated our FI-Lab only at the baseline, without considering
the inherent changes of the bio-humoral parameters during the
in-hospital stay.

In conclusion, our study suggests that a simple index based
on common laboratory tests can be used to predict mortality
among older people hospitalized for COVID-19. Our findings
indicate that FI-Lab might be an easily applicable and accurate
screening instrument in clinical settings.

Key summary points

Aim: to explore the accuracy and precision of an FI-Lab
constructed with some bio-humoral tests commonly available
and mortality in a cohort of patients hospitalized for COVID-
19.

Findings: The FI-Lab was highly accurate and precise in
predicting mortality in older people affected by COVID-19.

Message: A simple index based on common laboratory
tests can be used to predict mortality among older people
hospitalized for COVID-19.
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