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Abstract
We explore the effects of adapted physical exercise programs in nursing homes, in
which some residents suffer from dementia and/or physical limitations and others do
not. We use data from 452 participants followed over 12 months in 32 retirement homes
in four European countries. Using a difference-in-difference with individual random
effects model, we show that the program had a significant impact on the number of falls
and the self-declared health and health-related quality of life of residents (EQ-5D). The
wide scope of this study, in terms of sites, countries, and measured outcomes, brings
generality to previously existing evidence. A simple computation, in the case of France,
suggests that such programs are highly cost-efficient.
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Introduction

With the increase in life expectancy and the ensuing aging of the population, the share
of elderly people in developed countries has risen considerably (Ezeh et al., 2012;
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OECD, 2020; Rechel et al., 2013; Terroso et al., 2014), and so has the demand for long
term care (Pickard et al., 2007), including residential care (Cremer et al., 2012). In light
of this new phenomenon, the quality of life of older people living in institutions, and
the cost of their care, have become urgent questions. This has triggered the develop-
ment of non-pharmacological interventions meant to improve the health-related quality
of life of elderly people. This study investigates the benefits of one of the most popular
among these interventions, adapted physical activity, on the general state of mental and
physical health of senior people in residency homes.

The quality of life of elderly people has become a major concern for families and
society as a whole. In particular, the question of how to take care of the elderly when
they lose autonomy has attracted mounting attention. Essentially, the choice is to let the
burden of dependent persons being borne by family caregivers - which turn out to be
mostly females (Checkovich & Stern, 2002), or to recourse to residency homes. When
considering the possibility of a placement in a residency home, the wellbeing of
residents is naturally a major element of choice (Hiedemann et al., 2018; Rapp et al.,
2018). Accordingly, this study is based on the EuroQol questionnaire, which provides a
health-related quality of life measure. It also uses the Geriatric Depression Scale. Our
second major outcome is falls, which represent the most frequent, serious, and costly
health problem of elderly people (Burns et al., 2016; Burns & Kakara, 2018; Dieleman
et al., 2016; Sattin, 1992). Reduced balance increases the risk of falling, and falls and
fractures are common among nursing home residents, especially with dementia (van
Doorn et al., 2003; Tinetti & Williams., 1997; Gill et al., 2013).

Previous randomized control trials have assessed the efficacy of programs that were
either targeted to a specific pathology (Dechamps et al., 2010; Hauer et al., 2012;
Rolland et al., 2007; Williams & Tappen, 2007), such as Alzheimer, or run in a single
country (Alessi et al., 2005; Kerse et al., 2008), or receiving only one type of physical
training (Baum et al., 2003). Studies have demonstrated that exercising can improve the
muscle strength, balance and autonomy of cognitively healthy elderly people in nursing
home (DeChamps et al., 2010; Grönstedt et al., 2011; Taguchi et al., 2010). For
residents with dementia, the literature is scarce (see Pitkälä et al. (2013) or Chan
et al. (2015) for a systematic review). Rolland et al. (2007) showed that walking
combined with strength and flexibility exercises reduced the decline in ADL-function.
Telenius et al. (2015) show that a high intensity functional exercise program improved
balance and muscle strength of patients with dementia placed in nursing home patients.

Systematic reviews of the literature dedicated to interventions and randomized
controlled trials (RCT) consisting in training activity aimed at improving health-
related quality of life, physical fitness, and balance of institutionalized older people
(Chang et al., 2004; Rimland et al., 2016; Van Malderen et al., 2013; Weening-
Dijksterhuis et al., 2011) show that studies almost never include both objective
measures such as falls (Campbell et al., 1997; Lord et al., 2003; Province et al.,
1995; Alvarez et al., 2015; Jin, 2018; Cameron et al., 2018; Silva et al., 2013), and
self-assessed quality of life measures (Chin et al., 2004; Grönstedt et al., 2013; Park
et al., 2014; Schoenfelder & Rubenstein, 2004). Experiments rarely include residents
with cognitive impairment, which limits the extrapolation of their results. This study
adds generality to these findings by its wide scope: it is run in four countries, on groups
of residents suffering both from physical and/or mental limitations; it measures the
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impact of the program both on objective outcomes, such as the number of falls, and on
self-assessed scores of physical and mental health, and depression.

Note that, although a large number of studies have beenmade on elderly people living
in their home (e.g. El-Khoury et al., 2015), their results cannot be readily extrapolated to
residents in nursing homes, as the latter may differ due to self-selection, and because
their mental and physical health may be impacted by the transition to nursing homes
itself, in case of loss of routine mobility, or feelings of estrangement for instance
(MacRae et al., 1996; Drageset et al., 2008; Cress et al., 2011).

We analyze the results of a randomized control trial run by INSERM1 and a French
non-for-profit organization Siel Bleu,2 with support from the European Union.3 The
program, called Healthy Activity and Physical Program Innovations in Elderly Resi-
dences (HAPPIER), was run in 32 retirement homes, located in four countries (Bel-
gium, Spain, France and Ireland), on groups of residents suffering from physical and/or
mental limitations. It offered four types of physical activity, each corresponding to a
certain level of physical and mental autonomy. It took place over 12 months, starting in
January 2013.

It turns out that the program improved residents’ self-assessed health (EuroQol-5)
and reduced the prevalence of the feeling that “life is empty” (Geriatric Depression
Scale). It improved residents’ balance test scores, performance scores in everyday-life
activities, and self-assessed autonomy in daily activities. Moreover, it reduced by 13%
the number of persons who refused care (Aggressive Behavior Scale). The most
impressive impact of the program is the prevention of falls. Estimates with full controls
show that the program halved the number of falls, i.e. led on average to one fall less
every year per person. We quantify the efficiency of the program using the number of
falls, the only outcome measure that is readily objectively quantifiable. The cost-benefit
analysis of the fall avoidance allowed by the program, if it were generalized in case of
France, showed a net benefit per year in the range of €421 million to €771 millions.

The remainder of the paper is organized as follows. Sections 2 and 3 describe the
Materials and methods and Results. Section 4 concludes.

Materials and Methods

Design

This study is based on a randomized controlled trial, implemented in parallel in 32
retirement homes located in four countries (Belgium, Spain, France and Ireland).4 The
total sample of residents comprised 452 persons. The experiment was led from January
2013 until January 2014. Measures were taken in January 2013, June 2013 and January

1 VIMA-UMR-S U1168 (INSERM/UVSQ)
2 www.sielbleu.org
3 Convention VS/2011/0059
4 The ethics approval was obtained in CCPg Ile de France center (n ID RCB: 2012-A00646–37). The protocol
was registered under the acronym HAPPIER (Healthy Activity and Physical Program Innovations in Elderly
Residences). There was no data monitoring committee other than the Institute for Public Policy that oversaw
the study. The study protocol can be fund online at https://ec.europa.eu/employment_social/defis/publigrant/
public/publications/266/frame?publicationLanguage=fr
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2014. The control groups received the treatment after the end of the trial, in January
2014 (the treatment group did not anymore, after the end of the trial). During the
experiment, the control group received care-as-usual.

Participants

The sample is composed of 452 participants (respectively, 118 in Belgium, 111 in
Spain, 107 in France and 116 in Ireland, who were recruited in December 2013
(Table 1). Outcome measures were taken before the start of the program, in January
2013, and during the program, in June 2013 and January 2014. This generated a total of
1220 observations. Table 2 provides a description of the regression sample at baseline
T0. The average age was 86 (sd = 8.1); men accounted for 22% of the sample; in terms
of physical and mental impairment: 29% of the sample are with no pathology (H1),
24.5% with locomotion problems (H2), 26.7% with cognitive problems (H3), and 20%
with both locomotion and cognition problems (H4).

Each selected retirement home then constituted a sample comprising of all of the
willing and eligible residents over 75 years old. Participants gave their written informed
consent. For those suffering from mental dementia, consent was given by their legal
representative. Eligibility criteria were assessed by the residency home’s doctor: a
medical certificate of fitness and no counter-indication for participation, and a life
expectancy of more than six months. Within each retirement home, the entire group of
eligible participants was then randomly divided into a treatment group and a control
group by a data manager located outside the retirement home, at Siel Bleu’s head
office. The time line of the selection process in presented in Fig. A1 in the Appendix.
Hence, in each country, each of the four programs was proposed to the treatment group
in two residency homes.

The main estimates are run in a balanced panel, i.e. on residents who were included
in the sample in all three points in time when the measures were taken (January 2013,
June 2013 and January 2014). We also checked that our results are robust to using the
larger entire unbalanced panel.

Outcome Measures

Outcome measures are of two types: objective and subjective, i.e. self-declared. In this
article, we report the effects of the intervention on all of the outcomes of the RCT. Our
primary outcome concerned self-assessed health-related quality of life measures based
on EuroQol questionnaire (EQ-5D, see https: //euroqol.org and Table A10 in the
Appendix). Therefore, the trial was initially set in order to be able to display a
relative difference on the EuroQol score between the control group and the
intervention group. Our other self-assessed measures are the Geriatric Depression Scale
(GDS-4, 4 modalities, see Yesavage et al., 1982 and Table A11 in the Appendix), and
the self-assessed Performance in daily activities.

Objective outcome measures consist primarily in the number of falls per resident
(recorded by the staff as they happened); they also include a series of balance and
locomotion tests, such as Timed Get-Up and Go, Unipodal station, Keep walking when
talking, as well as Capacity of performing daily activities.
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Concerning the Capacity and Performance measures, these address the ability of
residents to perform daily activities without help, such as: eating a meal, washing
oneself, getting dressed, putting one’s shoes on, going to the toilets, standing up, and
moving from one point to another (either by walking or on a wheelchair). For each
action, the evaluator first asked the resident whether she was capable of performing the
activity (Performance score) then asked the resident to perform an action similar to the
one evoked, for instance, washing oneself alone and moving a towel on one’s body
(Capacity score). GDS measures were collected by nurses; all of the other tests were
carried out by an evaluator from Siel Bleu, independent of the person who was teaching
the gym class. Finally, nurses filled the Aggressive Behavior Scale survey (Perlman &
Hirdes, 2008) that captures their perception of patients’ behavior.

Table 1 Trial Profile

Belgium Spain France Ireland TOTAL

January (2013) (T0)
June (2013) (T1)
January (2014)(T1)
Total number of observations (control and treatment)

118
84
73
275

111
93
97
301

107
98
94
299

116
105
124
345

452
380
388
1220

Note: This table indicates the total number of residents in each country and at each wave. Some residents did
not participate in the program in all of the waves. For instance, in Belgium, 118 residents were initially
selected (in T0) to participate in the program; in June 2013, 84 of them were interviewed; in January 2014, the
number of residents interviewed was 73. NB: Residents who died or whose status was unknown were
excluded from the sample.

Table 2 Composition of the Treatment and Control Groups in T0

T0 Control Group Treatment Group

Average value Average value Testing equality Student/χ2 p-values)

Socio-Demographic controls

Age 86.05 86.53 Pr(|T |>|t|)=0.557

% Men 22.71 22.01 Pr(|T |>|t|)=0.865

% H1 28.44 29.07 Pr(|T |>|t|)=0.882

% H2 24.44 24.67 Pr(|T |>|t|)=0.956

% H3 26.67 26.87 Pr(|T |>|t|)=0.961

% H4 20.44 19.38 Pr(|T |>|t|)=0.778

Mean outcome variables

Falls 0.63 0.77 Pr(|T |>|t|)=0.318

EuroQol 2.08 2.12 Pr(|T |>|t|)=0.473

Capacity Score 14.78 14.69 Pr(|T |>|t|)=0.892

Performance Score 33.42 34.14 Pr(|T |>|t|)=0.520

ABS 1.19 1.23 Pr(|T |>|t|)=0.335

Timed up & go 2.62 2.72 Pr(|T |>|t|)=0.432

GDS 0.28 0.28 Pr(|T |>|t|)=0.857
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All of the tests had been previously validated by the scientific literature, except for
the performance tests in daily activities, which were elaborated by Siel Bleu. A detailed
presentation of the questionnaires is included in the Appendix (Tables A10 to A12).

Intervention

The program was designed and implemented by Siel Bleu on the basis of their 17-year
experience in supplying adapted physical activity for elderly people living in institu-
tions. Sessions were organised on a weekly basis in small groups of fewer than ten
people, under the direction of a physical educator from Siel Bleu, and the supervision
of a nurse of the centre. Four types of adapted physical activity programs were
proposed, depending on the physical and mental conditions of residents. Group H1
was composed of residents with no physical or mental impairment. They were offered a
Prevention of falls program. Group H2 comprised residents with walking problems but
no cognitive problems. They were offered a Gym on a chair program. Group H3’s
residents suffered from senility but no walking difficulty, and received Alzheimer’s
gymnastics. Finally, Group H4’s residents suffered from both mental and physical
impairment and practiced Gymnastics around the Table. A detailed description of the
physical activity offered to each group is provided in the Appendix.

The full description of the recruitment and randomization for each group is present-
ed in the Appendix Fig. A1.

Procedure

Retirement homes were selected via a call for participation. The conditions for partic-
ipation were the following: at least two years of existence; no program of physical
activity ongoing or programmed; location in France, Belgium, Ireland or Spain; a room
for physical exercise of at least 30 square meters, a sufficient number of residents (from
eight to 20) with the same degree of mobility and dependence, a staff capable of
measuring the outcomes on residents. Each retirement home chose one type of adapted
physical activity program among four.

A total of 59 homes were candidates: 15 in Belgium, 22 in Spain, 14 in France and 8
in Ireland. Retirement homes were selected by a jury composed of members of the
administration of three French Ministries (Health, Labor and Sports) and of Siel Bleu, a
non-for-profit association specialized in the delivery of adapted physical activity for the
elderly that conceived and implemented the intervention. When possible, efforts were
made in order to constitute a diversified sample in terms of location (rural versus
urban), status (private versus public) and size (number of residents). A short list of
retirement homes was established on the basis of these criteria; it was then sent to the
selection committee who chose the selected homes. Selected homes were offered the
program for free.

This makes eight retirement homes per country, for a total of 32 retirement homes.
The total sample of residents comprised 452 people. In order to avoid frustration,
members of the control group were informed that they would be offered a similar
training after the termination of the experiment. There was no masking of the
experiment.
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The trial was initially set to include at least 448 residents in the tests, and monitor
them over one year, in order to be able to display a relative difference of 32.25% on the
EuroQol score between the control group (224 people) and the intervention group (224
persons), with a statistical power greater than 80% and a p value of 5%.

Retirement homes were recruited between February 2012 and March 2012. The
experiment was led from January 2013 until January 2014. Measures were taken in
January 2013, June 2013 and January 2014. The control groups received the treatment
in January 2014 (the treatment group did not anymore, after the end of the trial). Fig.
A2 in the Appendix illustrates the Trial Profile.

Data Analyses

The analysis was conducted on an intention-to-treat basis. The impact of the program is
evaluated in a difference-in-difference setting (Angrist & Pischke, 2008), using an OLS
model and individual controls. The main specification is run on a balanced sample, i.e.,
including only participants for which we have observations in all of our three points in
time (January 2013, June 2013 and January 2014). Using a balanced panel allows
evaluating the impact of the program on all those, and only those, who received it. The
drawback is that this sample may be different from the initial one, hence less repre-
sentative of the entire population of residents. Hence, for robustness, we also ran all our
estimates on the entire unbalanced sample of whoever residents took the tests at each
period of time.

Our main specification includes individual random effects. This is because this
model allows the inclusion of a treatment dummy (which is time invariant, hence
cannot be included in a model with individual fixed-effects). However, for robustness,
we ran alternative specifications that include individual fixed-effects (without the main
effect of the treatment dummy), as well as estimates in first-differences. All these
models were run both on balanced and unbalanced samples. We tested the validity of
the random-effects model, with a Hausman test whereby we ran the model sequentially
with individual fixed- effects and individual random-effects (Wooldridge, 2016): the
coefficients on the independent variables included in both models turned out to be the
same, showing that the results could not be attributed to any invariant characteristics of
the residents.

Estimates were clustered at the level of retirement homes. These statistical specifi-
cations are typically used to analyze the results of such Randomized Control Trials.

Although outcomes were measured three times for each individual, we identify the
impact of the program by contrasting January 2013 (T0) versus June 2013 and January
2014 pooled together, hereafter T1. We thus compare the intervention period to the pre-
intervention period. During the intervention, measures were taken in twice (in
June 2013 and January 2014) for the sake of robustness. De facto, as one can see from
Table 1, some residents participated in the measurement in June 2013, but not January
2014, and conversely (we have not information about the reason for this, as discussed
in the Limitations section of the Discussion). We do not expect a dynamic improvement
of the measures during the experiment because, due to the age of the subjects, their
health tends to deteriorate over time; hence the program is expected to provide
improvement and protection for residents’ current health, as opposed to remote future
benefits.
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The impact of the program is measured by the coefficient on the interaction term
between T1 and a categorical variable coding 1 if the individual belonged in the
treatment group and 0 in the control group. Hence, the estimates capture the differential
evolution in the treatment group as opposed to the control group (difference in
differences).

Other controls include the main effects (time and treatment dummy variables), type
of mental or physical limitation (H1: no pathology, H2: locomotion problems, H3:
mental senility, H4: both loco- motion and cognition problems), gender, age, age
squared, and country of residence dummies. These measures control for potential
differences between groups or individuals, that may arise by chance in spite of the
random allocation method, and may have an impact on the effect of program. This
potential unexpected heterogeneity is also the reason for running double-differences
estimates rather than simple difference estimates, in spite of the fact that the data is
generated by a Randomized Controlled Trial.

We thus estimate equations of the type:

Yit ¼ α1Ei þ α2T1 þ α3Ei*T1 þ α4Xit þ α5Cj þ μi þ εit ð1Þ

Where Yit is the outcome of interest, Ei is a dummy coding 1 if individual i is in the
treatment group and 0 otherwise, T1 stands for June 2013 or January 2014, as opposed
to January 2013, which is the reference category (T0). Xit is a vector of individual
covariates, Cj is a country fixed effect, μi is an individual random or fixed effect, and εit
is the error term. Our coefficient of interest is α3, which will measure the impact of the
program as a difference-in-differences, i.e. the impact of belonging in the treatment
group, as opposed to the control group, during the treatment period.

Alternatively, for robustness, we measure the impact of the treatment separately in
June 2013 (now t1) and January 2014 (now t2), as opposed to January 2013 (now t0).
We thus estimate equations of the type:

Yit ¼ β1Ei þ β2t1 þ β3t2 þ β4Ei*t1 þ β5Ei*t2 þ β6Xit þ β7Cj þ μi þ εit ð2Þ

Where our coefficients of interest are β4, and β5, which measure the impact of
belonging in the treatment group, as opposed to the control group, during the treatment
period.

Building a Summary Index Measure

Due to the fact that the ten outcomes we consider are not independent from one
another, we create a summary index measure following Kling et al. (2007). This allows
identifying the effects that are consistent across outcomes, when these present idiosyn-
cratic variations. This summary index aggregates information and averages together the
scores corresponding to ten different outcomes: Total Falls, EuroQol, Capacity score,
Performance score, ABS, Timed Up & Go, GDS, Talking while walking, Standing on
the right foot, Standing on the left foot.

Each outcome has been normalized in standardized units, so that it is possible to
study mean effect sizes of the indices relative to the standard deviation of the control
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group. The normalization works as follows: for each outcome Yj of the ten different
scores, we build a normalized Yj

∗ = (Yj− μj)/σj where μj is the control group mean for
outcome j and σj is the standard deviation of the control group. Therefore, each score
has mean 0 and standard deviation 1 for the control group. As in Kling et al. (2007), we
change the sign for negative outcomes (i.e. total falls, ABS, GDS and Timed Up) so
that, for all normalized scores, a higher value represents a healthier outcome.

The summary index is the equally weighted average of ten specific scores, i.e. (Y
∗ =Yj - μj)/ σj. We also follow the same missing value imputation methodology as in
Kling et al. (2007), where if an individual has a score for at least one outcome, then the
missing value for the other scores are imputed at the mean of the group she belongs to.
Following this procedure, the index can be interpreted as the average of results for
different scores scaled to standard deviation units.

Surveys of the Staff

Two questionnaires were passed among the staff of nursing homes. Firstly, a specific
questionnaire (quality of life at work) was passed among supervisors (nurses and staff)
about the behavior of residents. Secondly, at the start and at the end of the program, a
questionnaire was passed among consulting doctors (PRAPIS). The answers cannot be
treated as part of the control trial, as the supervisors were not randomized nor blinded.
They took care of the members of both the control and the treatment groups, and were
aware of who was in which group. However, it is of interest to learn about their
perception of the program.

Preliminary Validity Checks

Before analyzing the results, we checked that the composition of the control and
treatment groups were generally the same in T0, before the experiment began. In
principle, this should be the case since all the groups were chosen randomly. De facto,
there were no statistically significant differences across the two groups in T0 (see
Table 2).

We also checked that there was no endogenous attrition. In the particular case of this
protocol, it is necessary to ensure that the residents who exited the sample were not
discouraged or affected in a specific way by the treatment. Attrition from the sample
can be due to mortality. Residents in poorer health at the beginning could also be more
likely to drop out. Non-participation on the day of the exercise session could also be
due to temporary mental or physical health condition. In such cases, the impact of the
treatment would be over-evaluated because of the elimination of the weakest persons
from the treatment group. To enquire, we checked that attrition was not correlated with
participation in the treatment group. Appendix Table A1 shows, in the case of the
EuroQol score, that among people who were present before the trial started (in T0)
belonging in the treatment group did not affect the probability to be absent at the time
the measures were taken during the treatment (first column). We also verified that the
probability of death was not higher in the treatment group than in the control group
(Table A1, second column). We also followed Contoyannis et al. (2004) to assess a
potential “survivor bias”: we compared the coefficients measuring the impact of the
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program obtained with the balanced sample (residents who are present during the entire
period of study as compared with the total unbalanced sample (allowing for attrition).
No statistical difference was found.

Results

We now turn to the estimates of the program’s impact on residents’ self-assessed
conditions and quality of life, as well as objective outcomes, using the difference-in-
difference method.

Table 3 displays the partial correlation coefficients of the multiple linear regression
of the scores averaged within each type. Gender, age, and age square are not statisti-
cally associated with the outcomes, whereas there are some differences across coun-
tries. Unsurprisingly, outcomes are often poorer in groups H2-H4 than in group H1,
where people do not suffer from severe problems of locomotion or cognition.

Impact on Residents’ Subjective Mental Wellbeing

As previously highlighted, the primary outcome of the study is EuroQol. For this
reason, the trial was designed in order to have enough statistical power to detect an
impact on the EuroQol score. As reported in Table 3 (column (2)), it is possible to
detect the treatment effect on the average score of the EQ-5D: the program improves
the average EuroQol score by 0.17 points (sd = 0.05) and the effect is statistically
significant at the 1% level. The raw score decreases from 2.12 to 2.07 in the control
group, and increases from 2.18 to 2.28 in the treatment group (on a 0–3 scale). Table 4
displays the effect of the program on each component of the EuroQol measure. All
components are affected in a favorable way by the treatment; however, the effect is not
always statistically significant. The scores on Mobility, Pain, Health evolution and
State of Health are statistically significantly improved (respectively, the former two at
the 5% level and the latter two at the 1% level). On the other hand, the effect of the
program on Autonomy, Daily activities and Anxiety and Depression is not statistically
significant at any conventional level. The measures most affected by the program are
Health evolution and State of health, which respectively answer to the following
questions: (i) “Compared with my general level of health in the past 12 months, my
state of health today is: 1 (worse); 2 (about the same); 3 (better)”, and (ii) “Give a score
between 0 and 10 for your state of health – with 0 being the worst state of health
imaginable and 10 the best”. It turns out that the program raises the first score by 0.62
(on a 0–10 scale) and the second score by 0.22 (on a 1–3 scale). This last result shows
that the majority of residents who participate in the programme feel that their state of
health has improved. Figure 1 illustrates this evolution.

Dropping people who suffer from cognitive limitations (groups H3 and H4) and
running the same estimates on the sub-sample of groups H1 and H2, we obtained the
same order of magnitude of the impact of the treatment on the general EuroQol score,
with the effect being statistically significant at the 5% level (coefficient of 0.112; sd =
0.05, see Appendix Table A3, last column).
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Finally, concerning the Geriatric Depression Scale (GDS), although the average
score was not statistically significantly impacted by the program (Table 3, last column),
a detailed analysis shows that a semester of training reduces by around 11 percentage
points the prevalence among residents of the “feeling that life is empty” with the
coefficient of interest being statistically significant at the 5% level. In the treatment
group, the proportion of residents who feel that their life is empty is 29% before
treatment and 18% afterwards, hence a reduction by one third of the prevalence of this
sad feeling. By contrast, this proportion remains stable is the control group. (Table A4
in the Appendix, column (2)).

Objective Impact Measures

Among all outcomes, the result with the greatest magnitude is the reduction in the
number of falls, a particularly high risk for elderly people. Estimates with full controls

Table 4 EuroQol module. Balanced sample, individual random-effects estimates

Mobility Autonomy Daily
activities

Pain Anxiety
and
depression

Health
evolution

State of
Health

Mean
EuroQol
Score

T0 0.0617 −0.00949 −0.0300 −0.142∗ −0.0774 0.0364 −0.1372 0.0610

(0.0505) (0.0651) (0.0615) (0.0675) (0.0775) (0.0551) (0.2036) (0.0585)

Treatment 0.0279 0.0737 0.0308 −0.000600 −0.0524 0.0378 −0.015 0.0133

(0.0511) (0.0756) (0.0800) (0.0782) (0.0888) (0.0778) (0.2209) (0.0637)

Treatment*T1 0.0919∗ 0.0733 0.105 0.150∗ 0.0938 0.224∗∗ 0.6202∗∗ 0.169∗∗

(0.0416) (0.0715) (0.0595) (0.0694) (0.0804) (0.0811) (0.2299) (0.0534)

Controls Yes Yes Yes Yes Yes Yes Yes Yes

N 606 618 596 614 602 590 598 660

Overall R2 0.135 0.106 0.121 0.109 0.0862 0.0853 0.0873 0.125

Individuals 303 309 298 307 301 295 268 330

Control Group

Mean
Outcome
in T0

2.34 2.29 2.29 2.24 2.39 1.89 6.38 2.12

Mean
Outcome
in T1

2.28 2.30 2.30 2.41 2.48 1.85 6.51 2.07

Treatment Group

Mean
Outcome
in T0

2.40 2.39 2.35 2.29 2.34 1.95 6.35 2.18

Mean
Outcome
in T1

2.41 2.46 2.45 2.54 2.53 2.12 7.26 2.28

Robust standard errors adjusted for retirement homes clustering in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Control variables: H2, H3, H4, Sex, Age, Age2 , Country fixed-effects
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show that the program leads on average to 0.38 less fall every semester per person (first
column). The raw number of falls (last rows of the table) is up from 0.66 to 0.91 per
semester in the control group, but down from 0.82 to 0.65 in the treatment group.
Hence, it is safe to consider that the treatment reduces the number of falls by half, on
average. One could be surprised that the number of falls is initially higher in the
treatment group in spite of the random allocation of the residents into the two groups.
However, the difference is not statistically significant.

One could wonder whether the impact of the program on residents depends on their
locomotion problems. This does not mean that the program is not useful or tailored for
those who do suffer from such limitations: on the contrary some specific exercises are
designed for them (see Section 2). De facto, when we ran the estimate of Eq. (1) on the
sub-sample of residents of groups H1 and H3 without locomotion problems, we
obtained a higher coefficient of 0.56 (0.25) for the number of falls (Table A2 in the
Appendix). The raw number of falls increase from 0.66 to 0.91 in the control group,
and decreases from 1.11 to 0.74 in the treatment group. Hence, again, a conservative
statement about the program is that it lowers the number of falls by about one half.

As it can be seen in Table 3, all of the other objective physical outcomes (Capacity,
Performance tests, Timed Get Up and Go, unipodal station, etc.) are also impacted in

Fig. 1 Impact of the program on residents’ subjective health. This graph shows the estimated average change
over time in the subjective health of residents based on EuroQol, in the treatment and control groups of the
HAPPIER program. T0 stands for January 2013, before the start of the program. T1 stands for the average
value of the outcome in June 2013 and January 2014. Panel A - State of Health - plots the answers to the
question: “Give a score between 0 and 10 for your state of health”. Panel B - Evolution of Health - uses the
answer to the question: “Compared with my general level of health in the past 12 months, my state of health
today is: 1 (worse); 2 (about the same); 3 (better)”. Dots are estimates of the mean of reported subjective health
for the two groups and bars indicate 95% confidence intervals for population means
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the expected direction, however the coefficients of interest are not statistically
significant.

Finally, the self-declared performance scores in daily activities were always im-
proved by the program, although not always in a statistically significant way. Out of the
17 types of daily activities, seven were significantly improved by the program (not
shown), but the average impact was not statistically significant (Table 3, columns 3 and
4). Similarly, on average, the capacity tests in daily activities run by the nurses were not
statistically significantly improved by the program.

Alternative Models and Samples

For robustness, we replicated all of the statistical estimates using alternative statistical
models and samples, always clustered at the level of nursing homes, i.e.: the same
individual random effect model on an unbalanced sample (Appendix Table A5); an
individual fixed-effects OLS model, ran both on the balanced sample (Appendix
Table A6) and unbalanced (Appendix Table A7) sample. The results remain essentially
unchanged.

We also estimated the impact of the program on a synthetic index of outcomes, as
explained in Section 2. The results are shown in Table 5, which displays all the
specifications with individual random effects and fixed-effects on the unbalanced and
balanced samples, as well as using a first-difference approach (column (5)). As can be
seen, this synthetic measure of the impact of the program turns out to be statistically
significant in all of the specifications.

As explained in the Data Analysis Section, for robustness, we measure the impact of
the treatment separately in June 2013 (now t1) and January 2014 (now t2), as opposed to
January 2013 (now t0), as described by Eq. (2). Tables A14 and A15 in the Appendix

Table 5 Synthetic Index à la Kling et al. (2007). Individual random effects estimates: Unbalanced sample in
(1) and Balanced Sample in (2). Fixed effects estimates: Unbalanced sample in (3) and Balanced Sample in
(4). First difference estimates in (5)

(1) (2) (3) (4) (5)

T0 0.0731∗

(0.0332)
0.0757∗

(0.0336)
0.0757∗

(0.0334)
0.0757∗

(0.0334)

Treatment −0.0396 −0.0369
(0.0364) (0.0365)

Treatment*T1 0.106∗∗

(0.0372)
0.111∗∗

(0.0377)
0.111∗∗

(0.0374)
0.111∗∗

(0.0374)
0.115∗∗

(0.0363)

Controls Yes Yes Yes Yes Yes

Individuals 389 380 389 380 380

N 769 760 769 760 380

The Index is built from the scores from Total Falls, EuroQol, Capacity Score, Performance Score, ABS, Timed
Up Go, GDS, Talking while walking, Standing on the right foot, Standing on the left foot.

Robust standard errors adjusted for retirement homes clustering in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Controls: Sex, Age, Age2 , Country fixed-effects, H2, H3, H4
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show that considering the two measurement points separately leads to the same results.
Table A14 replicates the results of Table 3: the coefficients of interest are negative and
statistically significant in the estimates of the total number of falls, and positive and
statistically significant in the estimates of EuroQol indices. Table 15 replicates Table 5
and displays the estimates of the synthetic index of outcomes: the results are also robust
to this specification with two different points time during the treatment period. We
choose to keep, as our main specification, the estimates that pool the two measurement
points that were taken during the treatment.

Cost-Efficiency

In order to understand the cost-efficiency of the program, we focus on the most easily
quantifiable outcome: the number of falls. We propose a back-of-the-envelope calcu-
lation in the case of France.

Falls and their complications represent the most serious and most frequent health
problems for the elderly: they cause half of the injuries suffered by people over 65 years,
one-third of the reasons for hospitalizations and hospital mortality, and half of the cost
of their health care expenditure. Note that in France, people over 75 years represent
one-fifth of health care expenditure, although they account for only one-tenth of the
population.

A cost-benefit analysis for the sole fall avoidance allowed by the program, in the
case of France, assuming the program was extended to all nursing homes of the
country, shows a net benefit per year, with an order of magnitude between 421 million
and 771 million euros. This is because the program reduces the number of falls per year
by about 0.5 per resident per year (adopting a conservative point of view). The cost of
the program is € 158 per resident per year according to Siel Bleu; the average cost of a
fall varies between 2000 to 3400 euros according to la Haute Autorité de la Santé. The
savings per resident and per year then ranges from € 842 at the low end of the scale
(0.5*2000–158 = 842) to € 1542, at the high end (0.5*3400–158 = 1542). With half a
million people in residency homes, this creates a potential net benefit in the aforemen-
tioned range.

How Supervisors Judged the Program

More than 80% of employees in residences reported that their work conditions have
been improved by the program, especially daily life within the establishment and the
meaning of their work. A majority of the staff saw an improved good mood and a lesser
degree of aggression among the residents (as measured by the Aggressive Behavior
Scale described in Appendix Table A13).

Secondly, at the start and at the end of the program, a questionnaire was passed
among consulting doctors (PRAPIS). The evolution of their answers is striking.
Doctors changed from a highly skeptical view of adapted gym to an almost unanimous
praise of the program. As shown by Appendix Table A9, they agree unanimously that
the adapted physical activity program is a preventive health strategy. They support its
wider implementation for any degree of dementia or physical disorder of the residents.
They regret the lack of funding for this kind of non-pharmaceutical care.
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Discussion

Unlike previous programs, this intervention is a comprehensive program of adapted
physical activity for nursing home residents. It is intended for all residents, regardless
of their physical and cognitive abilities; and is adapted to each resident’s condition, as
the latter receive a combination of different exercises according to their physical and
cognitive abilities. For this purpose, residents are assessed individually and classified
into four subgroups; with each subgroup receiving a specific physical activity program.
This intervention differs from previously tested physical activity programs that either
consisted of a single exercise program, proposed to all participants; or offered physical
exercises combined with other preventive measures in so-called multifactorial pro-
grams. The program exerts a sizeable impact on the subjective quality of life and
objective outcomes of residents, whether they suffer from cognitive or mobility
limitations or not. Run in 32 nursing homes located in four different countries, it thus
adds generality to previous empirical evidence in favor of adapted physical activity for
the elderly.

Interpretation

The theoretical implications of the findings confirm the Latin motto mens sana in
corpore sano, “healthy mind in a healthy body”, according to which physical exercise
is an important part of mental and psychological well-being. There are three possible
underlying mechanisms for our findings. The first one is the physical channel from
physical activity to physical functioning and balance, and the positive mental impact of
feeling more fit and autonomous. The second one is the direct impact of physical
activity on the brain (Duman et al., 2008; Greenwood et al., 2003; Martinsen, 1990). A
third possible channel is the “intervention effect”, i.e. the possibility that the perspective
of participating in a group activity has, in itself, a positive impact on residents’ physical
and mental wellbeing. The fact that the intervention significantly reduced the preva-
lence among residents of the “feeling that life is empty” talks to this interpretation. In
the same vein, interacting with a younger and dynamic trainer might have lifted
residents’ mood, hence their emotional wellbeing. In order to identify with more
precision the specific channel through which physical activity exerts its impact, future
research direction would consist in running a program with two treatments, for example
physical activity and nutrition, and assessing whether it makes a difference when they
are provided in a separate or combined way.

For some of the outcomes, such as the Capacity and Performance tests, Timed Get
Up and Go, and unipodal station, the coefficients of interest were not statistically
significant, although most have the expected sign. However, the experiment was
designed in order to have enough statistical power to detect an impact on the EuroQol
index, but not on these secondary measures.

Limitations

The main potential limitations to the results provided in this study concerns attrition.
Some patients were unable to answer or take the tests on certain days, but we have no
further information about their precise condition at that time. In addition, the fact that
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our sample is composed of voluntary residents could induce a self-selection bias. We
have no way of dealing with this issue, as we have no information about residents who
did not volunteer or were not eligible. However, it is unlikely that adapted physical
activity would ever be forced on residents who would not be willing to participate.

Future Research

It would have been useful to know how much adapted physical activity was used as a
substitute for medication, but the data did not allow to infer this. This question is left
open for future research.

Conclusion

This study shows that adapted physical activity hinders the otherwise rapid degradation
of the physical and mental health of elderly residents in retirement homes. In particular,
it reduces balance problems that result in costly falls. We show that the program is very
cost-efficient, even considering only the reduction of falls. However, our cost-benefit
calculation is limited to falls and does not take into account the positive impact of the
program on residents’ quality of life, as the latter is difficult to quantify in monetary
terms. Nevertheless, we provide empirical evidence of the benefits of the program on
residents’ subjective evaluation of their quality of life. Our estimates thus constitute a
lower bound of the potential net benefit - both economic and intangible - of extending
adapted physical activity programs in retirement homes. Overall, our results plead in
favor of the diffusion of such programs. This experiment is also an illustration of the
usefulness of collecting self-assessed measures of well-being in the evaluation of public
policy.

Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1007/s11482-021-09952-4.
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