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Abstract

Background Frailty is a geriatric syndrome with repercussions on health, disability, and dependency.

Objectives To assess health resource use and costs attributable to frailty in the aged population.

Methods A population-based observational longitudinal study was performed, with follow-up from January 2018 to Decem-
ber 2019. Data were obtained retrospectively from computerized primary care and hospital medical records. The study
population included all inhabitants aged > 65 years ascribed to 3 primary care centres in Barcelona (Spain). Frailty status was
established according to the Electronic Screening Index of Frailty. Health costs considered were hospitalizations, emergency
visits, outpatient visits, day hospital sessions, and primary care visits. Cost analysis was performed from a public health
financing perspective.

Results For 9315 included subjects (age 75.4 years, 56% women), frailty prevalence was 12.3%. Mean (SD) healthcare cost in
the study period was €1420.19 for robust subjects, €2845.51 for pre-frail subjects, €4200.05 for frail subjects, and €5610.73
for very frail subjects. Independently of age and sex, frailty implies an additional healthcare cost of €1171 per person and
year, i.e., 2.25-fold greater for frail compared to non-frail.

Conclusions Our findings underline the economic relevance of frailty in the aged population, with healthcare spending
increasing as frailty increases.

Keywords Health resource use - Healthcare costs - Frailty - Population ageing - Hospitalizations - Primary care visits -
Emergency visits - Outpatient visits

Introduction

Population ageing is a reality of concern in most developed
countries. Frailty is a major and well-known clinical condi-
tion associated with ageing, characterized by a decrease in the
body's functional reserves and in its ability to respond to exter-
nal stressors (Morley et al. 2013). Because of the impaired
functioning of various organs and systems, frail subjects are
at increased risk of disease, adverse health outcomes, func-
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tional decline, falls, fractures, disability, and dependency
(Lahousse et al. 2014). Prevalence of frailty in the population
aged > 65 years is about 11%, but greatly increases with age
(Collard et al. 2012; Garcia-Garcia et al. 201 1; Jiirschik et al.
2012). In a context of an ageing population, frailty represents
a huge potential public health burden (Ilinca and Calciolari
2015). For individuals, it implies a greater risk of adverse
health outcomes, reduced autonomy, and decreased quality of
life and, for society, it implies an increase in health and social
resource use and the corresponding increase in expenditure.
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Ageing increases demand for healthcare services and costs
(Alemayehu and Warner 2004; Dios-Guerra et al. 2021; Vela
et al. 2019), and frailty has been associated with an increased
use of primary care, hospital, and community services (Hoeck
et al. 2012; Ilinca and Calciolari 2015). Several scientific lit-
erature has addressed the cost of frailty from different per-
spectives. Some studies have considered health care resource
use and costs related to frailty in specific clinical conditions
or in specific group of patients such as hospitalized patients
with heart failure (Kwok et al. 2020), surgical patients (Eamer
et al. 2019), or cardiac implanted patients (Patel et al. 2020;
Mohamed et al. 2019). Other studies only considered costs of
hospital care (Liotta et al. 2019; Garcia-Nogueras et al. 2017)
or only costs of ambulatory health care (Sirven and Rapp 2017)
and others assessed the cost-effectiveness or cost-utility of
interventions addressing frailty (Yokoyama et al. 2020; Li et al.
2020; Bleijenberg et al. 2017; Pefia-Longobardo et al. 2021).
Few studies evaluated cost of frailty in the community. They
are from different countries such as USA (Ensrud et al. 2020;
Johnston et al. 2020), China (Gao et al. 2021; Fan et al. 2021),
England (Han et al. 2019), Germany (Hajek et al. 2018a, b) or
Mexico (Salinas-Escudero et al. 2022), and despite the hetero-
geneity in their settings, designs, perspectives, cost elements
considered, or applied rates, they all suggest an increase in
health care expenditure according to frailty severity. A system-
atic review and meta-analysis about healthcare costs associ-
ated to frailty in community-dwelling aged population incor-
porating 5 original articles found a dose-response relationship
between frailty severity and healthcare resource use and costs,
but also conclude that further research is needed (Kojima
2019). What studies have been done confirm that frail sub-
jects are the main consumers of health resources, that frailty
greatly increases healthcare expenditure (Hajek et al. 2018a, b;
Liotta et al. 2019; Martinez-Reig et al. 2018; Sirven and Rapp
2017), and also that healthcare costs are very context depend-
ent. As far as we are aware, there is only one study in Spain
assessing additional costs attributed to frailty (the FRADEA
study) (Garcia-Nogueras et al. 2017). As mentioned, this study
only consider hospital costs but not ambulatory costs. To date,
therefore, the cost of frailty in the Spanish setting is not well
known. This study aims to assess hospital and ambulatory
health resource use by general elderly population according
to frailty status, and to estimate additional healthcare costs
attributable to frailty.

Material and methods
Study design and population
A population-based observational retrospective cohort

study was designed with follow-up from 1 January 2018
to 31 December 2019. Data were retrospectively obtained
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from computerized primary care and hospital medical
records. The study population included all inhabitants
aged > 65 years ascribed to 3 primary care centres in the
province of Barcelona (Catalonia, Spain). The study proto-
col was approved by the local ethical committee for clinical
research.

Study variables and data source

Frailty status was established according to the Electronic
Screening Index of Frailty (e-SIF) (Serra-Prat et al. 2022),
which includes the following clinical conditions: arthritis,
atrial fibrillation, stroke, chronic renal failure, diabetes, heart
failure, visual alterations, arterial hypertension, hypoten-
sion or syncope, coronary heart disease, dementia, osteo-
porosis or frailty fractures, Parkinson or neurodegenerative
diseases, dyspepsia or gastroesophageal reflux disease,
peripheral arterial disease, chronic lung disease, cutaneous
ulcer, sleep disorders, inflammatory bowel disease or mal-
absorption, chronic liver disease, depression, sarcopenia,
cachexia or muscular weakness, active cancer, psychosis,
HIV infection, dysphagia, obesity, chronic pain, anaemia,
weight loss in the last 6 months, anorexia or malnutrition,
urinary or faecal incontinence, dyspnoea or fatigue, physical
limitation or disability, dizziness or altered balance, falls in
the last year, confinement or institutionalization, functional
dependency or transfer problems, alcohol dependence, social
vulnerability, polypharmacy, urgent admission in the last
year with > 2 hospital days and age > 80 years. The e-SIF
score is calculated by adding the clinical conditions pre-
sent in a given time and is interpreted as follows: 0 to 4 as
robust, 5 to 8 as pre-frail, 9 to 11 as frail and > 12 as very
frail. e-SIF was calculated for data corresponding to 1st of
January 2018. Data were collected on institutionalization,
planned and unplanned hospitalizations, major outpatient
surgery hospitalizations, emergency visits, day hospital ses-
sions, outpatient visits, and primary care visits, for both the
study period (2018-2019) and the date of the event. The
data used to calculate the e-SIF score were sourced from
the primary care computerized medical history (e-CAP) for
each subject, the pharmaceutical receipt database, and the
hospital information system (HIS) of the reference hospital
for the participating primary care centres. Data on age, sex,
and health resource use during study period were obtained
from e-CAP and HIS clinical records.

Cost analysis

The cost analysis was performed from a public health financ-
ing perspective, in this case, for the Catalan Health Service
(CatSalut). The cost elements considered were hospitaliza-
tions (planned, unplanned, and due to major outpatient sur-
gery), emergency visits, day hospital sessions, outpatient
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visits, and primary care visits. Unit healthcare costs were
obtained from public cost accounting contracts with Cat-
Salut for primary and specialized acute care provision,
published on the official CatSalut website (CatSalut). Cat-
Salut establishes 2 charging methods: a unit cost per hos-
pitalization, emergency visit, and day hospital session, and
an annual budget based on morbidity, territorial and demo-
graphic factors for outpatient and primary care visits. Unit
costs were obtained as follows: (a) for hospitalizations, the
weighted average of the medical and surgical hospitalization
costs according to real medical and surgical discharges in the
year of study; (b) for emergency visits, the sum of the unit
cost per visit and an additional established triage cost; (c)
for day hospital sessions, as set out in the contract terms; (d)
for outpatient visits, the annual budget divided by the real
annual number of visits as obtained from the transparency
portal annual report of the reference hospital (CSdM); and
(e) for primary care visits, the annual budget of each pri-
mary care centre divided by the real annual number of visits,
averaged for the 3 primary care centres participating in the
study. Costing was as follows: €2147.82 per hospitalization,
€210.0 per day hospital session, €107.71 per emergency
visit, €56.42 per outpatient visit, and €19.59 per primary
care visit. Finally, the total health cost was calculated as
the sum of costs for hospitalizations, emergency visits, day
hospital sessions, outpatient visits, and primary care visits.

Statistical analysis

Frailty groups (robust, pre-frail, frail, and very frail) were
compared for health resource use and health expenditure
using the Kruskal-Walllis test (when considering all 4 frailty
groups) and the Mann—Whitney U Test (when considering
frail vs. non-frail categories). Percentage of attended sub-
jects were compared using the Chi-square test. The effect
of frailty on being attended to each of the health resources
considered was evaluated using bivariate (unadjusted) and
multivariate (adjusting for age and sex) logistic regression.
The incremental cost of each frailty level in comparison to
the previous frailty level was calculated using bivariate and
multivariate lineal regression analysis (LRA), adjusting for

age and sex. The incremental cost of frailty (frail vs. non-
frail) was also calculated using bivariate and multivariate
LRA. Statistical significance was established at P <0.05.

Results

A total of 9315 subjects were included in the analysis, mean
(SD) age 75.4 (7.96) years, and 56% women. Frailty preva-
lence overall was 12.3%, with 52.8% of the study population
considered as robust, 34.9% as pre-frail, 9.8% as frail and
2.5% as very frail. Frailty prevalence was 10.04% in men
and 14.11% in women (P <0.001) and increased progres-
sively with age, rising from 3.2% for the 65-69 age bracket
to 25.8% for the > 95 age bracket (P <0.001). Description
of main characteristics of study population is presented in
Table 1.

Comparison of percentage of attended subjects between
frail and non-frail and the unadjusted and adjusted effect of
frailty on being attended at least once to each of the health
resources considered is presented in Table 2. It shows a sig-
nificant higher percentage of attended subjects in the frail
group for all health resource considered, and an adjusted
effect of frailty on all health resources considered except for
institutionalization. Table 3 shows the average number of
unplanned hospitalizations, planned hospitalizations, major
outpatient surgeries, emergency visits, day hospital ses-
sions, outpatient visits, and primary care visits per subject
by frailty status, sex, and age for the period 2018-2019. Men
used all services, except for primary care, more frequently
than women. The rate of hospitalizations, emergency visits,
and primary care visits for subjects aged > 80 years almost
doubled that of subjects aged < 80 years. As frailty pro-
gressed, mean health resource use increased proportionally
and significantly. Table 4 shows healthcare costs by frailty
group. Higher frailty scores were associated with increased
healthcare spending. Table 5 summarizes the bivariate and
multivariate LRA results for the incremental cost attributed
to frailty adjusted by age and sex. The progression from
one frailty status to the next carries a €1392.21 increase in
healthcare cost expenditure when adjusted by age and sex.

Table 1 Description of main

o Clinical condition Percentage Clinical condition Percentage

characteristics of the study

population Arterial hypertension 52.56 Cancer 10.69
Polypharmacy 46.03 Dyspepsia 10.23
Arthritis 35.32 Social risk 9.82
Obesity 33.76 Chronic renal failure 7.64
Sleep disorders 21.56 Heart failure 3.95
Chronic lung disease 20.55 Dementia 3.32
Diabetes 19.29 Stroke 2.65
Depression 16.48 Neurodegenerative disease 0.98
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Table 2 Relationship between frailty and use of different health care resources (attended at least once)

% of attended in % of attended Unadjusted OR (95% CI) Adjusted OR* (95% CI)
non-frail in frail
Unplanned hospitalization 12.86 38.82 <0.001 4.30 (3.76-4.92) 3.20 (2.76-3.70)
Institutionalization 4.60 11.05 <0.001 2.57 (2.08-3.18) 1.09 (0.87-1.37)
Emergency visit 45.79 74.67 <0.001 3.49 (3.04-4.02) 2.88 (2.49-3.34)
Outpatient visit 64.46 86.07 <0.001 3.41 (2.87-4.05) 3.62 (3.02-4.34)
Day hospital session 9.94 25.24 <0.001 3.06 (2.63-3.56) 2.76 (2.35-3.25)
Primary care visit 93.41 98.96 <0.001 6.68 (3.76-11.88) 7.42 (4.15-13.27)

*Adjusted by age and sex

Similarly, when considering only the frail versus non-frail
categories, the multivariate LRA (adjusted for age and sex)
shows an increased cost of €2342.58 attributable to frailty.
The multivariate LRA also points to an independent effect
of age and sex on healthcare costs. In the model that consid-
ers 4 frailty status categories, the interaction between age
and sex did not reach statistical significance (p =0.066),
but in the model that considers frailty in two categories, a
significant interaction was observed between age and sex
(p=0.034) on healthcare costs.

Figure 1 depicts total healthcare cost according to frailty
groups. The hospitalization cost progressively contributed
more to the total cost as frailty increased. While in the robust
population hospital admissions represented 47.7% of the
overall cost, this percentage raised to 58.7% in the very frail
population.

Discussion

Our findings confirm that frailty progression increases
health resource use and that frailty increases healthcare
costs by 125%, mainly due to hospitalizations. This repre-
sents an additional annual healthcare cost of approximately
1170€ per frail person compared to a non-frail person in
our context. These results are similar to those reported by
other authors in recent years. Garcia-Nogueras et al. (2017)
found, for the Albacete region of Spain, that pre-frail and
frail patients cost €458 and €592 more, respectively, in total
annual healthcare costs compared to robust patients. Sirven
and Rapp (2017) showed, for France, that the incremental
cost for ambulatory health expenditure was roughly €750
and €1500 for pre-frail and frail individuals, respectively.
Although costs are context-specific and so may greatly vary
between countries and healthcare financing systems, it can
be generally agreed that healthcare costs are approximately
2.5-fold greater for frail individuals compared to non-frail
individuals. Moreover, frailty has associated social costs due
to dependency and disability that are not usually considered
in these studies.

@ Springer

We found that older age groups were associated with
higher frailty prevalence and with higher health resource
use and cost, so age could act as a confounder when assess-
ing cost of frailty. However, multivariate analysis showed
an effect of frailty on healthcare costs independent from
age and sex. Although frailty was more prevalent in women
than in men, women used fewer health resources and ,con-
sequently, had lower healthcare costs, with the multivariate
LRA confirming the independent effect of sex on healthcare
costs. Our results corroborate those of other studies con-
ducted in the USA, India, and Spain (Cameron et al. 2010;
Carretero et al. 2014; Mondal and Dubey 2020; Redondo-
Sendino et al. 2006; Dalmau-Bueno et al. 2021), which
have reported, adjusting by age and morbidity, lower health
care expenditure and health care services use for women
than men. We found, corroborating other Spanish studies
(Aguado et al. 2012; Dios-Guerra et al. 2021), that the only
service used more by women than men was primary care.
Our findings are suggestive of gender inequality in health
resource use. Causes of gender inequalities in healthcare
use are complex and poorly understood. They may be related
with socioeconomic status (women receive lower incomes)
and social environment (twice as many women live alone
as men), among others factors, and require to be further
studied.

This study’s findings have 3 major implications for
public policy. First, prevention-oriented interventions,
mainly from the primary care setting, should play a
key role in reducing the personal, social, and economic
impact of frailty. Frailty, especially in its initial phases,
is a preventable, reversible, and treatable condition
(Cameron et al. 2013; Gill et al. 2006; Ng et al. 2015;
Serra-Prat et al. 2017). More than a third of the popula-
tion aged over > 65 year is classified as pre-frail, and are
at an increased risk of becoming frail. Pre-frailty inter-
ventions for frailty prevention are both easier and more
effective than frailty interventions to reverse this condi-
tion, so screening and intervention programmes for the
pre-frail group would probably lead to greater reduction
in health resource use and cost and would be more efficient
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TabIeSI Linear regression Model 1: Frailty in 4 categories Model 2: Frailty in 2 categories
analysis (LRA) of the
incremental cost attributed to Bivariate LRA (unad- Multivariate LRA Bivariate LRA Multivariate
frailty adjusted by age and sex justed) (adjusted) (unadjusted) LRA (adjusted)
Frailty 1400.097* 1392.214%% 2499.181%#* 2342.583%%*
Age 184.5115%* 546.1348%*
Female (—) 643.1798* (—) 606.113%:*
Constant 1426.738%* 1738.646%* 1986.932% 2183.636%*
R2 10.17% 11.09% 6.02% 7.23%

Beta coefficients expressed in €
"P<.05, ##P <.001

than frailty treatments. Second, public health systems
need to plan for and accommodate a growing demand
for health resources by the elderly, as the prevalence of
frailty in recent decades has been growing (Hoogendijk
et al. 2021), and an important increase in the population
aged > 65 years is forecast for the coming decades. In
fact, even if frailty and pre-frailty prevalence could be
reduced through preventive actions, the absolute number
of frail and pre-frail subjects will increase due to popu-
lation ageing. Healthcare institutions need to anticipate
the increase in the frail population in order to coordinate
health and social interventions that guarantee adequate
care for the elderly. Finally, factors that affect access to
health resources need to be considered a priority area for
research, especially in the case of women. It has been
suggested that widowhood could explain the gender gap
in health resource use (Dios-Guerra et al. 2021; Mondal
and Dubey 2020), as widowed women are more likely to
experience economic deprivation. However, when access
to public health is free, as in Spain, economic hardship

Fig. 1 . Healthcare costs by 6.000,00 €

frailty status
5.000,00 €
4.000,00 €

3.000,00 €

2.000,00 €

1.000,00 € .
- €

robust

m Hospitalizations m Emergency visits m Outpatient visits

cannot be the only explanation. Further research is needed
to better understand healthcare use predictors for women,
as the results should serve to design specific gender poli-
cies aimed at reversing inequality in access to health
resources.

Main study limitations include: (a) the tariffs applied
to translate health resource use into monetary units (€) are
specific for our context, so results cannot be extrapolated
to other settings or healthcare systems, (b) medication
costs and social costs of institutionalization or care for
dependency were not considered, c¢) the study considered
only inhabitants ascribed to 3 primary care centres in Cat-
alonia, and although they represent heterogeneous popu-
lation segments (urban, suburban, and rural), the results
cannot be extrapolated to the whole population, and d)
although the e-SIF contemplates a large number of comor-
bidities, clinical conditions and polypharmacy and that the
effect of frailty on healthcare costs has been adjusted for
age and sex, we cannot rule out some residual confound-
ing by other variables not included in the model and not

pre frail frail

very frail

Primary care visits Day hospital sessions
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part of the e-SIF. It is important to distinguish frailty from
multi-comorbidity. While frailty is a geriatric syndrome
characterized by greater vulnerability to suffering from ill-
ness and other adverse health outcomes, multi-comorbidity
refers to the clinical condition of those people who accu-
mulate two or more chronic diseases. Both concepts are
closely related but must be distinguished because most but
not all frail are comorbid and not all comorbid are frail.
Despite this, with the definition of frailty according to the
model of accumulation of deficits or clinical conditions, it
is hard to differentiate which part of the increase in costs is
due to frailty and which to comorbidity with demonstrated
increased healthcare costs (Wang et al. 2018; Vela et al.
2019). This would require another operational definition
of frailty that did not include comorbidities.

To sum up, in the population aged > 65, independently
of age, as frailty increases, health resource use increases,
to the point where the healthcare cost for frail subjects is
more than double (2.25 times greater) that of non-frail sub-
jects, representing an additional annual healthcare spend
of nearly €1170 per frail person. For pre-frail subjects,
the healthcare cost is also double that of robust subjects.
Given that pre-frailty is much more prevalent than frailty
in the population aged > 65, and that the effectiveness of
preventive actions is high, interventions in the pre-frail
group rather than in the frail group are likely to have a
greater economic impact. Our results, which underline the
economic implications of frailty in later life, suggest that
postponing or reducing frailty will reduce healthcare costs
and contribute to making the healthcare system more effi-
cient and sustainable.
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