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Abstract

Objective: to investigate how frailty and frailty symptoms affect healthcare costs in older age longitudinally.
Methods: data were gathered from a prospective cohort study in Saarland, Germany (two waves with 3-year interval, n =
1,636 aged 57–84 years at baseline). Frailty was assessed by the five Fried frailty criteria. Frailty was defined as having at
least three criteria, the presence of 1–2 criteria as ‘pre-frail’. Healthcare costs were quantified based on self-reported health-
care use in the sectors of inpatient treatment, outpatient treatment, professional nursing care and informal care as well as
the provision of pharmaceuticals, medical supplies and dental prostheses.
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Results: while the onset of pre-frailty did not increase (log) total healthcare costs after adjusting for potential confounders
including comorbidity, progression from non-frailty to frailty was associated with an increase in total healthcare costs (for
example, costs increased by ~54 and 101% if 3 and 4 or 5 symptoms were present, respectively). This association of frailty
onset with increased healthcare costs was in particular observed in the inpatient sector and for informal nursing care.
Among the frailty symptoms, the onset of exhaustion was associated with an increase in total healthcare costs, whereas
changes in slowness, weakness, weight loss and low-physical activity were not significantly associated with an increase in total
healthcare costs.
Conclusions: our data stress the economic relevance of frailty in late life. Postponing or reducing frailty might be fruitful
in order to reduce healthcare costs.

Keywords: healthcare costs, frailty, longitudinal study, older people

Introduction

‘Frail elderly’ is a Medline Medical Subject Heading since
1991. It is defined as ‘older adults or aged individuals who
are lacking in general strength and are unusually susceptible
to disease or to other infirmity’. In addition, frailty can be
described as a ‘state of weakness, slowness, weight loss,
exhaustion and low-physical activity’ [1].

It has been shown that frailty is common in old age [2].
Furthermore, the number of frail individuals will probably
increase due to demographic shifts. Stressing the import-
ance of frailty for the healthcare system, frailty is asso-
ciated with numerous health-related factors such as the
admission to a nursing home [3] or cognitive impairment
[4].

Some cross-sectional studies have found that frailty is
associated with increased healthcare use [5, 6]. In addition,
frailty has been found to be positively associated with
healthcare costs in old age in Germany [7]. This finding
was also supported by Butler et al. [8]. However, it is almost
unknown how frailty affects healthcare costs longitudinally.
Peters et al. showed that frailty at baseline may predict sub-
sequent healthcare costs (1-year later) [9]. Furthermore,
McIsaac et al. found that frail patients after a total joint
arthroplasty showed higher total costs when compared with
non-frail patients [10].

However, longitudinal studies exploiting the intra-
individual changes over time are missing. These studies
using panel data methods can provide insights into the
causality of the relationship of frailty and healthcare costs.
Therefore, based on data from a large population-based
prospective cohort study, the aim of this study was to inves-
tigate whether frailty affects healthcare costs (from a soci-
etal perspective) in older age longitudinally. To this end,
panel-econometric techniques were used. Hence, first
insights into the causal relationship can be given which is
important for designing interventions. Moreover, using
panel regression models can markedly reduce the problem
of unobserved heterogeneity (e.g. time-constant factors
such as genetic disposition). See the ‘Statistical analysis’
section as well as Brüderl and Ludwig [11] for further
details.

Methods

Sample

This study used data from the ‘Epidemiological study on
chances of preventing, recognising early and optimally treat-
ing chronic diseases in an elderly population’, the ESTHER
study. For this large, prospective cohort study, 9,949 partici-
pants aged 50–75 years were recruited via their general
practitioner (GPs) in Saarland, Germany, between July 2000
and December 2002. The participants took part in compre-
hensive assessments conducted by study physicians and
provided additional information on sociodemographic and
lifestyle variables and the history of their diseases. GPs
were asked to validate these data. The ESTHER study has
been approved by the ethics committees of the Medical
Faculty of the University of Heidelberg and the Medical
Association of Saarland. A signed statement of informed
consent has been obtained from all participants included in
the ESTHER study.

Follow-up (FU) waves took place every 2–3 years after
baseline. At the FU wave 8 years after baseline (FU Wave 1),
7,012 persons still participated in the study. They were offered
an additional specific geriatric assessment by study physicians
(beyond a routine, standardised self-administered question-
naire) that covered, among others, the assessment of frailty
symptoms. This assessment was conducted by study physi-
cians at participants’ homes. 3,124 persons agreed to this add-
itional assessment in FU wave 1. For 2,598 of them, their
GPs provided detailed data on morbidity. FU wave 2 took
place 3 years after FU Wave 1 and again offered additional
volunteer geriatric assessments. FU Wave 2 comprised 5,612
participants, with 2,761 taking part in the geriatric assess-
ments and 2,217 providing data on both, frailty and morbidity
assessed by the GPs. Our longitudinal analysis is based on a
subsample with complete data on frailty symptoms and mor-
bidity in both, FU Wave 1 and FU Wave 2 (n = 1,636). Also,
see Figure 1 for further details.

Frailty

We considered five frailty criteria (symptoms) according to
Fried et al. [12]: weakness, slowness, exhaustion,
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unintentional weight loss and physical inactivity. Grip
strength was used to operationalise weakness. It was mea-
sured three times by means of a Jamar hand dynamometer,
and the best result was taken for analyses. The Short
Physical Performance Battery (SPPB) [13] measured the
occurrence of slowness. Participants had to go a distance of
3 m while their average speed in m/s was recorded.
Exhaustion was operationalised using two items (‘I felt that
everything I did was an effort’ and ‘I could not get going’)
[12] of the Center for Epidemiologic Studies Depression
Scale (CES-D) [14]. Unintentional weight loss defined a
frailty symptom if it exceeded 5 kg within 1 year. Physical
inactivity was assessed based on the Physical Activity
Questionnaire for the Elderly (PAQE) [15]. We used
population-independent cut-offs for determining occur-
rence of frailty symptoms [16]. This approach increases
comparability among studies. Further details of frailty
assessment have been reported elsewhere [16]. For the fol-
lowing analyses, a frailty index based on the number of
prevalent criteria was built up. Existence of 1–2 criteria was
referred to as ‘pre-frail’, existence of more than two points

are referred to as ‘frail’, while the existence of 0 points
defined the status ‘non-frail’. See the ‘Statistical analyses’
section for further details.

Healthcare costs

Following widely accepted recommendations [17], a societal
perspective for calculating healthcare costs was adopted in
the present study. Calculation of healthcare costs was based
on patients’ self-reported healthcare use. The corresponding
questionnaire covered all main healthcare sectors of inpatient
treatment in hospitals and rehabilitation facilities, outpatient
physician and non-physician care, pharmaceuticals, profes-
sional nursing care, informal care as well as medical supplies
and dental prostheses. The resource quantities, for example,
days in hospital, visits to a GP or specialist, or packs of
medication, were collected retrospectively for a period of
3 months. This appeared to be long enough to detect rare
events like hospital stays in a sufficient number. Yet, it was
probably short enough in order to enable participants to
still recall accurately their health-related resource

Participants recruited via GPs
(2000-02) n = 9,949

Participated in FU Wave 1
(8-year FU) n = 7,012

Provided both information by GP
and during home visitin FU Wave 1

n = 2,598

Participated in FU Wave 2
(11-year FU) n = 5,612

Provided both information by GP
and  during home visit in FU Wave 2

n = 2,217

Complete data on frailty symptoms
and morbidity in FU Waves 1 and 2;
n = 1,636 individuals (n = 1,532

without missing values)

Figure 1. Flow Chart (ESTHER study).
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consumption [18]. The documented resource quantities
were monetarily valued with corresponding unit costs.
These were gathered from various sources. See the
Supplementary material for further details.

Morbidity

Morbidity was assessed by the corresponding GP in 13
somatic and 1 psychiatric dimensions according to the
Cumulative Illness Rating Scale for Geriatrics (CIRS-G)
[19, 20]. This comprehensive and generic instrument
assigns 0 (‘no problem’) to 4 points (‘severe problems’) to
the 13 somatic and one psychiatric dimensions. The CIRS-
G is a validated and reliable instrument to measure general
morbidity in old age [19, 20].

Other variables

As control variables, we considered age, gender, education
and marital status. The latter distinguished between single,
married, divorced and widowed. The educational level was
assessed as length of primary and secondary school attend-
ance that could vary between up to 9 years, 10–11 years,
and more than 11 years, which corresponds to the usual
three-tiered system of secondary school in Germany. In
addition, the employment status was included distinguishing
between ‘full-time employed’, ‘marginally/irregularly
employed’, ‘regular part-time employed’, ‘housewife/house
husband’, ‘retired’ and ‘unemployed’.

Statistical analyses

In a first step, descriptive statistics for individuals at both
waves were reported. In a second step, the impact of frailty
on healthcare costs was examined by using panel regression
models, adjusting for potential confounders. Regression
models specific for each sector (inpatient treatment, out-
patient treatment, pharmaceuticals, professional nursing
care, informal care as well as medical supplies and dental
prostheses) were calculated.

A primary motivation for using longitudinal data is to
solve the problem of omitted variable bias [21]. In many
panel regression models, unobserved effects are considered
as random variables which were derived from the popula-
tion along with the regressors and the regressand [21]. As
pointed out by Wooldridge [21], the main issue is whether
the unobserved factors are uncorrelated with the independ-
ent variables. If this assumption is violated, popular panel
regression models such as random effects regressions are
inconsistent [22]. Contrarily, when time-constant unob-
served factors are correlated with the explanatory variables,
fixed effects (FEs) regressions yield consistent estimates [22].
Thus, to examine the impact of time-varying independent
variables on healthcare costs, FE regression analyses were
performed. This was indicated by Sargan–Hansen tests, which
are Hausman tests with cluster-robust standard errors.

The FE estimator is also known as ‘within estimator’
because this estimator exclusively uses changes within

individuals over time. The conventional FE estimation
applies pooled OLS to transformed data [23, 24]. This
transformation is called ‘within transformation’ (or
‘demeaning’). For example, intra-individual changes in mari-
tal status from ‘single’ to ‘married’ were examined in the
current study. Consequently, the results are often interpreted
in a causal sense (average treatment effect on the treated,
ATET) [11, 25]. However, in contrast to a randomised con-
trolled trial, the current study did not have a controlled
treatment. This limits causal inference from our study even
though, for linguistic reasons, seemingly causal terminology
was occasionally used in our report.

Because, the distribution of individual healthcare costs is
highly right-skewed, the natural logarithms of these quan-
tities were used. In addition, it is worth mentioning that
time-constant factors such as sex or education are omitted
in FE models because there is no within variation in these
variables. The level of significance was set at α = 0.05. Our
regression analysis is based on 1,532 individuals (3,064
observations) because 104 individuals were excluded due to
listwise deletion. Listwise deletion means that observations
with missing data were deleted and only the reduced sample
of complete observations (complete case analysis) is investi-
gated. This was done as the proportion of missing data is
fairly low in the current study, indicating that a potential
bias may be small [26].

First, our main regression models included the frailty
score as independent variable (with five categories: non-frail
(0; reference); pre-frail (1), pre-frail (2), frail (3), frail (4 and 5)).
The highest level of frailty (5) was collapsed into the category
frail (4 and 5) due to the low number of cases. Second,
regression models were conducted with the frailty criteria as
independent variables instead of the frailty score in order to
disentangle their individual impact. Third, regression models
without morbidity were performed since morbidity is likely to
be associated with frailty, and disentangling their effects on
healthcare costs might often be difficult.

Results

Sample characteristics

Table 1 depicts the sample characteristics. Data were
reported for n = 1,636 individuals, which had data on both
morbidity and frailty symptoms available for FU waves 1
and 2.

For example, among the non-frail individuals at FU
Wave 1, 286 individuals remained unchanged afterwards,
whereas 251 individuals became pre-frail and 20 individuals
became frail.

Regression analysis

Table 2 presents the findings of FE regressions of (log)
healthcare costs with frailty score used as independent vari-
able (log-linear regression). Thus, regression coefficients are
semi-elasticities, i.e. they show the approximate percentage
change in costs for a one-unit increase in an explanatory
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Table 1. Descriptive statistics over time

FU Wave 1 (n = 1,636) FU Wave 2 (n = 1,636)

Age in years: mean (SD); range 69.1 (6.0); 57–84 71.7 (6.1); 60–87
Female: N (%) 839 (51.3) 839 (51.3)
Marital status: N (%)
Single 52 (3.2) 50 (3.1)
Married 1,198 (73.6) 1,158 (71.6)
Divorced 115 (7.1) 113 (7.0)
Widowed 262 (16.1) 297 (18.3)

Education: N (%)*
9 school years 1,047 (64.9) 1,047 (64.9)
10–11 school years 301 (18.7) 301 (18.7)
≥12 school years 265 (16.4) 265 (16.4)

Employment status: N (%)
Full-time employed 132 (8.1) 51 (3.2)
Marginally employed 49 (3.0) 31 (1.9)
Regular part-time employed 26 (1.6) 18 (1.1)
Housewife/house husband 244 (15.0) 254 (15.7)
Retired 1,153 (71.0) 1,253 (77.6)
Unemployed 21 (1.3) 8 (0.5)

Morbidity (CIRS-G): mean (SD); range 6.5 (5.2); 0–32 7.8 (5.7); 0–49

Healthcare costs (3 months): mean (SD); 25%-percentile; median; 75%-percentile; range
Total

€773.7 (€2,080.1);
€124.3; €274.9; €536.9;
€0–€41,884.9

€914.8 (€2,262.1);
€144.0; €286.3; €597.7
€0–€34,914.1

Inpatient
€326.9 (€1,696.4);
€0; €0; €0;
€0–€30,948.6

€390.4 (€1,862.8);
€0; €0; €0;
€0–32,496.0

Outpatient
€197.0 (€262.2);
€61.7; €128.0; €244.2
€0–€4,904.0

€197.0 (€213.8);
€62.4; €134.7; €250.6
€0–€2,061.2

Pharmaceuticals
€133.6 (€236.5);
€20.4; €70.7; €164.0
€0–€5,361.7

€160.4 (€353.6);
€32.4; €84.7; €182.8
€0–€10,090.2

Professional nursing care
€4.2 (€72.2);
€0; €0; €0;
€0–€2,340.0

€19.4 (€510.3);
€0; €0; €0;
€0–€20,304.0

Informal care
€29.2 (€401.4);
€0; €0; €0;
€0–€10,152.0

€58.7 (€783.1);
€0; €0; €0;
€0–€20,304.0

Medical supplies and dental prostheses
€82.8 (€495.8);
€0; €0; €0;
€0–€9,677.0

€88.9 (€488.8);
€0; €0; €0;
€0–€7,600.0

Frailty: N (%)**
Non-frail (0) 580 (35.5) 502 (31.8)
Pre-frail (1) 683 (41.9) 528 (33.5)
Pre-frail (2) 267 (16.4) 359 (22.7)
Frail (3) 75 (4.6) 141 (8.9)
Frail (4 and 5) 26 (1.6) 49 (3.1)

Frailty symptoms: N (%)
Slowness (yes) 580 (35.5) 609 (37.2)
Weakness (yes) 466 (28.5) 542 (33.1)
Weight loss (yes)*** 54 (3.3) 88 (5.6)
Exhaustion (yes) 169 (10.3) 152 (9.3)
Low-physical activity (yes)**** 286 (17.5) 532 (32.5)

The variables sex and education were not included in FE regressions as independent variables since they are time-constant. These two variables are only depicted
for descriptive purposes. SD, standard deviation, CIRS-G, Cumulative Illness Rating Scale for Geriatrics.
Missing values (if occurred): *23 missing values in the first wave and 23 missing values in the second wave; **5 missing values in the first wave and 57 missing
values in the second wave; ***5 missing values in the first wave and 57 missing values in the second wave; ****1 missing value in the second wave.
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variable. For small values of β̂, eβ̂≈1þ β̂. For example, for
β̂ ¼ :05; e0:05≈1:05. Consequently, a one-unit change in
X corresponds approximately to an expected increase in Y
of 5%.

FE regressions were used since, for example, the
Sargan–Hansen statistic with (log) total healthcare costs as
outcome variable was 101.7, P < 0.001. The FE regressions
revealed that changes from ‘non-frail’ to ‘pre-frail’ (1 and 2)
were not associated with an increase in total healthcare
costs nor in sector-specific healthcare costs. However,
changes to ‘frail’ were associated with an increase in total
healthcare costs by 54% (3) and 101% (4 and 5) (frail (3):
β = 0.43, P < 0.01; frail (4 and 5): β = 0.70, P < 0.01).
Furthermore, changes to ‘frail’ (3) were associated with an
increase in inpatient costs by 200% (β = 1.13, P < 0.001)
and an increase in informal care costs by 52% (β = 0.42,
P < 0.01). In addition, changes to ‘frail’ (4 and 5) were
associated with an increase in professional nursing care
costs by 73% (β = 0.55, P < 0.05).

Table 3 reports the findings of FE regressions of log
healthcare costs with frailty criteria used as predictors
(instead of frailty score). FE regressions revealed that the
onset of exhaustion was associated with an increase in total
healthcare costs by 36% (β = 0.3, P < 0.01), whereas the
other frailty criteria were not significantly associated with
this outcome measure. Furthermore, the onset of slowness
was associated with an increase in informal care costs by
21% (β = 0.2, P < 0.001). The onset of weakness was
associated with an increase in professional nursing care
costs by 7% (β = 0.07, P < 0.05). Furthermore, while the
onset of exhaustion was associated with an increase in
inpatient costs by 92% (β = 0.65, P < 0.05) and

pharmaceuticals costs by 32% (β = 0.28, P < 0.01),
changes in weight loss were not associated with any of the
outcome measures. In addition, the onset of low-physical
activity was associated with an increase in inpatient costs by
48% (β = 0.39, P < 0.05).

In additional analysis, morbidity was removed from
regression analysis because it is associated with frailty (r =
0.28, P < 0.001). In terms of significance and effect sizes,
findings remained virtually the same.

Discussion

Main findings

The present study examined to which extent changes in
frailty were associated with changes in healthcare costs in
older age longitudinally. While changes from ‘non-frail’ to
‘pre-frail’ were not associated with increased total healthcare
costs after adjusting for potential confounders, the onset of
frailty was associated with an increase in total healthcare
costs. For example, costs increased by ~54 and 101% if 3
and 4 or 5 symptoms were present, respectively.

Among the frailty symptoms, the onset of exhaustion
was associated with an increase in total healthcare costs.
The frailty symptoms had varying associations with costs
depending on healthcare sectors, stressing the heterogeneity
of their relationship with costs.

Previous research

Previous studies have examined associations of frailty and
healthcare costs. For example, Sirven and Rapp [27] found
significant excess cost for both pre-frail and frail

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2. Factors affecting (log) healthcare costs with frailty status as main predictor. Results of FEs regressions

Independent variables (1) (2) (3) (4) (5) (6) (7)
Total Inpatient Outpatient Pharmaceuticals Professional

nursing care
Informal
care

Medical supplies and
dental prostheses

Potential confounders ✓ ✓ ✓ ✓ ✓ ✓ ✓
Changes from ‘Non-frail’ (0) to
‘Pre-frail’ (1)

0.06 0.06 0.08 0.08 −0.04 0.03 0.00

(0.08) (0.14) (0.08) (0.08) (0.03) (0.04) (0.13)
Changes from ‘Non-frail’ (0) to
‘Pre-frail’ (2)

0.13 0.29 0.06 0.09 −0.03 0.05 −0.09

(0.10) (0.20) (0.10) (0.09) (0.04) (0.06) (0.17)
Changes from ‘Non-frail’ (0) to
‘Frail’ (3)

0.43** 1.13*** 0.07 0.11 0.04 0.42** −0.01

(0.14) (0.33) (0.14) (0.13) (0.09) (0.16) (0.27)
Changes from ‘Non-frail’ (0) to
‘Frail’ (4 and 5)

0.70** 1.17+ 0.27 0.31 0.55* 0.52 0.38

(0.23) (0.65) (0.19) (0.22) (0.23) (0.35) (0.48)
Constant 2.36* −1.54 3.98*** −2.49* −0.57 −1.05 0.88

(1.11) (2.11) (1.11) (1.07) (0.43) (0.78) (1.88)
Observations 3,064 3,064 3,064 3,064 3,064 3,064 3,064
R2 0.02 0.02 0.00 0.04 0.03 0.02 0.01
Number of individuals 1,532 1,532 1,532 1,532 1,532 1,532 1,532

Beta-coefficients were reported. Cluster-robust standard errors in parentheses. Observations with missing values were dropped (listwise deletion). Listwise deletion
means that observations with missing data were deleted and only the reduced sample of complete observations (complete case analysis) is investigated. ***P < 0.001,
**P < 0.01, *P < 0.05, +P < 0.10. All estimations include age, marital status, employment status and morbidity.
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community-dwelling individuals as compared to non-frail
individuals in a population-based French sample in 2012.
Thereby, they limited their analysis to outpatient physician
and non-physician services (like physiotherapy), finding
strong associations of frailty with healthcare costs after con-
trolling for comorbidity, limitations in activities of daily-living,
and time do death. For the important inpatient sector,
García-Nogueras et al. [28] revealed strong associations of
frailty with inpatient costs in regression analysis control-
ling for the Charlson Comorbidity Index as a proxy of
comorbidity. This is in line with findings of a recent litera-
ture review based on 13 studies in 8 countries which
showed that frailty is an important predictor of hospital-
isation [29]. Stressing and extending these findings, evi-
dence from the present ESTHER study equally found
similar associations in the inpatient and outpatient sectors, but
also considered nursing care and pharmaceuticals. Thereby,
pharmaceuticals have been shown to be strongly associated
with costs after controlling for comorbidity in multivariate
regression models [7].

The cited studies share with our findings that frailty
appears to play an important role for healthcare costs. Yet,
these studies were limited to cross-sectional designs. Thus far,
evidence from longitudinal data is sparse. Comans et al. [30]
showed an increase in the costs of 6 months among indivi-
duals with intermediate and high levels of frailty in compari-
son with individuals with low frailty following a hospital
admission.

Peters et al. [9] used the Groningen Frailty Indicator
(GFI) and a case complexity measure to predict future costs
(1-year later) in all main healthcare sectors (inpatient, out-
patient, pharmaceuticals and nursing care). They concluded
that both frailty measures at baseline are highly predictive

for subsequent healthcare cost. McIsaac et al. [10] investi-
gated the onset of frailty after total joint arthroplasty and its
relationship to costs, adopting a broad payer’s perspective
on costs including hospital, outpatient and pharmaceutical
costs. Their result of frail participants having increased total
costs is comparable to our study. Yet, we used a different
approach to assess frailty symptoms and the frailty index.
Additionally, we analyzed the effects of the frailty symptoms
on costs, showing great heterogeneity in their impact on
sectoral costs. In addition, our study estimated the within-
effect of frailty on costs that can be interpreted as ATET
and provides therefore more insights into the causal rela-
tionship of frailty and costs.

Our results suggest that costs increase within an individ-
ual if frailty sets on. Conversely, this means that it is likely
that individual healthcare costs would decrease if a person
improved from being frail to being non-frail. This is
important, since correspondingly tailored interventions to
prevent, delay or treat frailty might potentially lead to cost-
savings. Yet, respective interventions, like screening tools,
home-based support, home telecare, hospital discharge
planning, physical activity or health promotion programs
have to be further evaluated with regard to their effective-
ness [31].

In addition, cost-effectiveness analyses (CEAs) of such
interventions that proved to be effective should be con-
ducted. However, currently, CEAs of interventions to pre-
vent, delay or treat frailty are sparse. One example is the
Ambulatory Geriatric Assessment–Frailty Intervention Trial
(Age–FIT) that analyzed an intervention based on
Comprehensive Geriatric Assessment for community-
dwelling persons aged 75 and older and compared it to
treatment as usual [32, 33] in a Swedish region using a

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3. Factors affecting (log) healthcare costs with symptoms of frailty as main predictors. Results of FEs regressions

(1) (2) (3) (4) (5) (6) (7)
Independent variables Total Inpatient Outpatient Pharmaceuticals Professional

nursing care
Informal
care

Medical supplies and
dental prostheses

Potential confounders ✓ ✓ ✓ ✓ ✓ ✓ ✓
Changes to the presence of ‘Slowness’ 0.07 0.14 0.01 0.06 −0.01 0.19*** −0.01

(0.08) (0.14) (0.07) (0.07) (0.03) (0.05) (0.13)
Changes to the presence of ‘Weakness’ 0.10 0.15 0.04 −0.05 0.07* −0.05 0.17

(0.08) (0.14) (0.08) (0.08) (0.03) (0.05) (0.13)
Changes to the presence of ‘Weight loss’ 0.29+ 0.23 −0.04 0.12 0.15 0.12 −0.14

(0.15) (0.37) (0.12) (0.13) (0.12) (0.15) (0.27)
Changes to the presence of ‘Exhaustion’ 0.31** 0.65* 0.14 0.28** 0.03 0.15 0.05

(0.11) (0.28) (0.10) (0.09) (0.06) (0.15) (0.21)
Changes to the presence of ‘Low-physical
activity’

0.05 0.39* 0.03 0.01 0.04 0.07 −0.15

(0.08) (0.16) (0.07) (0.07) (0.04) (0.07) (0.14)
Constant 1.99+ −1.84 4.40*** −2.68* −0.57 −1.37 0.41

(1.14) (2.12) (1.11) (1.09) (0.47) (0.83) (1.94)
Observations 3,064 3,064 3,064 3,064 3,064 3,064 3,064
R2 0.02 0.02 0.00 0.04 0.01 0.02 0.01
Number of individuals 1,532 1,532 1,532 1,532 1,532 1,532 1,532

Beta-coefficients were reported. Cluster-robust standard errors in parentheses. Observations with missing values were dropped (listwise deletion). Listwise deletion
means that observations with missing data were deleted and only the reduced sample of complete observations (complete case analysis) is investigated. ***P <
0.001, **P < 0.01, *P < 0.05, +P < 0.10. All estimations include age, marital status, employment status and morbidity.
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randomised controlled trial. Thirty-six months after the
baseline assessment, mortality rates were significantly lower
in the intervention group. Although total costs did not dif-
fer significantly between both groups, inpatient costs signifi-
cantly decreased in the intervention group, assumingly due
to decreased frailty. Besides, Yamada et al. [34] also found
cost savings due to an effective community-based exercise
program intervention, albeit not directly related to signifi-
cant cost reductions in the inpatient sector but rather in
total healthcare costs. These findings support our findings
as they show that well-tailored interventions might lead to
decreasing frailty with specific cost-savings.

Strengths and limitations

This is one of the first studies aimed at examining the rela-
tionship between frailty and healthcare costs longitudinally.
Data were gathered from a large population-based pro-
spective cohort study. However, very few participants lived
in institutional settings such as nursing homes. Thus, find-
ings may not be generalisable to institutionalised individuals.
As panel data methods solve the problem of omitted vari-
able bias, our estimations are not biased by time-constant
unobserved heterogeneity. A further strength is the detailed
data obtained on socio-economic factors, morbidity and
frailty as well as healthcare costs. Besides the phenotype of
frailty, we provide estimates of the impact of its constituting
factors on healthcare costs.

Our FE estimates might be biased downwards due to
panel attrition. However, it is worth noting that linear FE
estimates are not biased by attrition associated with person-
specific characteristics (both observed and unobserved)
[21]. Our analysis was restricted to individuals who com-
pleted the voluntary additional geriatric assessments. Thus,
sample selection bias is possible (e.g. individuals with a high
morbidity burden or the most frail individuals might be
more reluctant to participate), which in turn might lead to
conservative cost estimates. Moreover, we analyzed self-
reported healthcare use so that we cannot rule out recall
bias of the collected data (particularly in the frailest indivi-
duals because frailty is associated with cognitive decline [4]).
Yet, since the recall period was quite short, this bias should
be, generally, rather small. We cannot dismiss the possibility
that individuals might be omitted in FE regressions when
they are still in hospital at the time of the interview.
However, we assume that this is rarely the case.

Conclusion

It is most likely that the number of frail individuals in old
age will increase considerably in the next decades for rea-
sons of demographic ageing. These forecasts and our data
stress the economic relevance of frailty in older adults.
Because, healthcare costs rise with increasing frailty, post-
poning or reducing frailty might be fruitful in order to
reduce healthcare costs.

Key points
• Association between frailty and healthcare costs was
examined longitudinally.

• Changes to frailty were associated with an increase in total
healthcare costs.

• The onset of exhaustion was associated with an increase
in total healthcare costs.

• Our data stress the economic relevance of frailty in late
life.

• Postponing or reducing frailty might be fruitful to reduce
healthcare costs.

Supplementary Data

Supplementary data are available at Age and Ageing online.
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