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Abstract: We previously demonstrated the beneficial effects of a multisensory and cognitive
stimulation program, consisting of 48 sessions, twice a week, to improve the cognition of elderly
subjects living either in long-term care institutions (institutionalized – I) or in communities with
their families (noninstitutionalized – NI). In the present study, we evaluated these subjects after
the end of the intervention and compared the rate of age-related cognitive decline of those living
in an enriched community environment (NI group, n=15, 74.1±3.9 years old) with those living
in the impoverished environment of long-term care institutions (I group, n=20, 75.1±6.8 years
old). Both groups participated fully in our stimulation program. Over 1 year, we conducted
revaluations at five time points (2 months, 4 months, 6 months, 8 months, and 12 months) after
the completion of the intervention. Both elderly groups were evaluated with the mini-mental
state examination and selected language tests. Progressive cognitive decline was observed in
both groups over the period. Indeed, it took only 4–6 months after the end of the stimulation
program for significant reductions in language test scores to become apparent. However, earlier
reductions in test scores were mainly associated with I group, and linguistic prosody test scores
were significantly affected by institutionalization and time, two variables that interacted and
reduced these scores. Moreover, I group reduced the Montréal cognitive assessment battery
language tests scores 4 months before NI group. It remains to be investigated what mechanisms
may explain the earlier and more intense language losses in institutionalized elderly.
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Even in the presence of age-related cognitive decline, there is increasing evidence
demonstrating that the aging brain still exhibits plasticity and that it may be possible
to slow the rate of deterioration through stimulation programs.1,2 Whereas epidemiological studies have correlated physical and cognitive inactivity with a higher risk of
age-related cognitive decline,3,4 an active lifestyle and intellectual enrichment may help
prevent these losses in old age.5–8 The Alzheimer’s Association estimates that if the
onset of Alzheimer’s disease could be delayed by 5 years due to successful interventions, there would be a 50% decrease in Alzheimer’s diagnoses.2
Consistent with the view that the decline in memory and language may be related
to environmental impoverishment is the suggestion that decline may be aggravated
after institutionalization.9,10 Institutionalization is associated with an impoverishedlike environment with reduced sensory-motor and cognitive stimulation, social
interactions, and physical activity, all of which contribute to a sedentary lifestyle.9
Promoting the cognitive and multisensory stimulation, which is a nonpharmacological
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evidence-based intervention, may reduce intellectual decline
in both demented11 and nondemented12 elderly. Indeed, from
a number of studies reviewing the impact of aerobic and cognitive training on cognitive status of healthy and cognitively
impaired older adults,1–5 it became apparent that aerobic and
cognitive stimulation can achieve modest skill-specific gains
in cognitively healthy aged people and seems to delay cognitive decline on mild-impaired elderly. For example, exercise
seems to improve executive functions, attention, processing
speed, learning, and memory, with increasing volumes of
hippocampus, prefrontal cortex, and basal ganglia, whereas
sedentary age-matched individuals undergo impairments in
cognitive functions and decrease of volumes in those areas.6,7
Cognitive stimulation also improves learning and memory,8,9
attention,10 executive functions,11 and global cognition.2,12–19
However, it is unclear what and for how long, therapeutic
or prophylactic intervention techniques are capable of reducing the rate of progression of senile cognitive decline.20 There
is now an urgent need to evaluate potential interventions and
the duration of their effects using efficient neuropsychological tests, with an emphasis on those that measure performance
in executive functions, memory, attention, and information
processing speed, all of which are affected by aging.20 Some
effective stimulation programs have led to positive outcomes
in both healthy21,22 and demented elderly subjects,23,24 but less
is known about the duration of the beneficial effects once the
intervention programs are completed.25–27
We previously demonstrated, in elderly subject groups,
the influence of institutionalized (I) versus community living noninstitutionalized (NI) on the beneficial outcomes
of a 48-session, twice a week, program of multisensory
and cognitive stimulation.14 Indeed, before stimulation,
I group showed on average lower scores than NI group
in a number of tests including Boston naming, semantic
verbal fluency (SVF), phonological verbal fluency (PVF),
key concepts metaphors – explanation, direct speech acts
(DSA) – alternatives, and emotional prosody. Cognitive and
multisensory stimulation reduced progressively the language
differences between I and NI groups, and after 48 sessions,
no differences in language test scores were detected. Because
I group showed lower performance on the language tests
before the stimulation, the amount of language improvement
after stimulation was higher in I group than in NI group.
In the present study, we estimate the decline of the same
groups, as assessed by selected neuropsychological tests, to
evaluate the influence of their lifestyles on the magnitude
of their losses and the duration of the cognitive beneficial
effects.
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Methods
This study was approved and conducted under the supervision
of the Research Ethics Committee of the University Hospital
João de Barros Barreto (Protocol No 3955/09) for research
involving human subjects. All subjects and subscribing
institutions agreed to participate voluntarily and provided
written consent. Participants were individuals aged 65 years
or older with no history of head trauma, stroke, primary
depression, or chronic alcoholism. All older participants were
considered cognitively healthy with appropriate mini-mental
state examination (MMSE) scores that were adjusted for
education level with the following cut-off points: illiterate:
13; 1–7 years of schooling: 18; and $8 years of schooling:
26.28,29 As described elsewhere,28 volunteers were divided
into two groups, matched for age and years of education:
(Group 1) noninstitutionalized (NI, n=15, 74.1±3.9 years
old, 6.7±3.5 years of schooling), which included those who
lived in communities with their families, and (Group 2) institutionalized (I, n=20, 75.1±6.8 years old, 4.5±4.4 years of
schooling), which included those who lived in long-term care
institutions. On average, the length of institutionalization was
7.2±0.85 years, and all long-term care institutions had similar
internal rules and environmental conditions. The NI elderly
lived in communities with one or more family members.
The present study was a longitudinal follow-up and
compared the performance of each participant at the end of
the intervention program with their respective performance
at 2 months, 4 months, 6 months, 8 months, and 12 months
after the stimulation program ended. It was developed at the
Laboratory of Investigations in Neurodegeneration and Infection of the Institute of Biological Sciences at the University
Hospital João de Barros Barreto in the city of Belém, Brazil.
Thus, the aim of the present study was to investigate the
influence of contrasting lifestyles on the rate of neuropsychological cognitive decline in elderly at the end of a 48-session
intervention program of multisensory and cognitive stimulation, which has been described elsewhere.28

Cognitive assessment
On the same day, individuals received a MMSE29–31 and
where then subject to language tests by trained investigators
in an environment with adequate lighting and reduced noise
conditions. As previously described,28 all participants in the
I group had their neuropsychological tests performed in the
environment of their own long-term care institutions in a quiet,
well-lit room with similar physical conditions and without
interruptions. The NI subjects were tested in public community
social centers for the elderly. The test administrators were the
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same for all participants. They were not blinded to the subjects
in the I group, as they were assessed in their own institution.
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Language assessment
The procedures for language assessment were previously
described.28,32 In brief, they included the following: the
Boston naming test (shortened version) was administered
and analyzed according to parameterized data for Brazil,33,34
adopting a cutoff equivalent to the correct naming of 12 of 15
possible figures; SVF and PVF tests were administered and
computed using the following cutoffs: ,9 points for illiterate individuals, ,12 points for individuals with 1–7 years
of schooling, and ,13 points for individuals with $8 years
of schooling;35 oral narratives were elicited using a picture
stimulus – the cookie theft picture from Boston Diagnosis
Aphasia test using previously published criteria on the information content of the image, including the number of key
concepts, narrative efficiency, number of units of information, the total number of words, and concision ratio (ratio
of information units to the total number of words);36,37 the
Montréal cognitive assessment (MoCA) was administered

and measured in accordance with guidelines validated for
the Brazilian population38,39 comprising the following tests:
metaphors (explanation and alternatives), DSA, and indirect
speech acts (ISA) (explanation and alternatives), linguistic
and emotional prosody, and narrative discourse (partial retelling, total retelling, and full-text comprehension).

Statistical analysis
We compared two treatments (institutionalization and community living) and measured each elderly subject at five time points
(2 months, 4 months, 6 months, 8 months, and 12 months) after
the end of stimulation program for each neuropsychological
test. To that end, we used repeated measures with two-way
analysis of variance (ANOVA). We also used two-tailed t-tests
to measure the possible intra- and intergroup differences.

Results
MMSE and language assessments
As shown in Tables 1 and 2, there were significant reductions in neuropsychological language tests scores between
the end of the intervention period and different time windows

Table 1 The mini-mental state examination and language tests scores after multisensory and cognitive intervention in the institutionalized
group
After 48 sessions

2 mo

4 mo

6 mo

8 mo

12 mo

Mini-mental state examination
Boston naming test

24.3±0.72
12.8±0.74

23.8±0.87
12.2±0.80

22.5±0.90
11.4±0.73

21.7±0.89
10.6±0.73

21.1±0.91
10.3±0.71

20.7±0.98
9.6±0.74*

Semantic verbal fluency

14.1±0.88

13.3±0.77

11.7±0.70

10.9±0.85

10.9±0.91

9.7±0.90**,∆

Phonological verbal fluency

8.3±0.95

7.8±0.83

6.9±0.84

5.9±0.79

5.3±0.80

4.9±0.75*

Test of narrative
Key concepts

1.9±0.30

1.6±0.32*

0.6±0.16

0.5±0.16∆∆

3.0±0.33

2.8±0.31

2.3±0.30

1.9±0.33

Narrative efficiency

1.7±0.18

1.6±0.17

0.5±0.16

0.6±0.16

Information units

3.1±0.38

2.8±0.35

2.4±0.35

2.0±0.30

1.9±0.35

1.5±0.33*

Total number of words

44.7±5.12

43.2±4.30

40.9±3.85

37.0±3.72

36.6±3.67

35.2±3.74

Concision

0.06±0.00

0.06±0.00

0.05±0.00

0.05±0.00

0.04±0.00

0.03±0.00*

MoCA battery
Metaphors (explanation)

27.3±1.59

26.6±1.58

24.6±1.51

21.6±1.52

21.7±1.60

20.1±1.59*,∆

Metaphors (alternatives)

14.5±0.92

14.1±0.92

14.3±0.79

11.8±0.88

11.1±0.88

10.1±0.86**,∆

Direct speech acts (explanation)

14.5±0.65

14.0±0.72

12.4±0.74

10.6±0.62

9.6±0.65

,††,

5.8±0.53**,∆∆,

Direct speech acts (alternatives)

8.3±0.33

7.9±0.39

6.9±0.39

6.2±0.41

5.6±0.43

,††

5.6±0.53**,∆∆

Indirect speech acts (explanation)

17.2±0.49

16.5±0.53

14.7±0.53

Indirect speech acts (alternatives)

9.3±0.17

8.8±0.23

8.1±0.28

Emotional prosody

6.7±0.50

6.3±0.37

Linguistic prosody

7.6±0.38

7.1±0.46

Partial retelling

12.2±0.78

Total retelling
Comprehension

9.2±0.54
8.5±0.64

×



,

,

13.9±0.51

,

7.7±0.35



5.7±0.41

4.8±0.49



6.2±0.45

6.0±0.45

11.7±0.66

10.4±0.64

8.9±0.69

8.7±0.51
8.1±0.58

7.4±0.47
7.4±0.65

6.4±0.40
6.0±0.62


,

13.3±0.61

,††

12.2±0.55**,∆∆,

7.5±0.34



7.1±0.32*,∆

4.5±0.40



4.6±0.43*

5.8±0.32

5.1±0.41**,∆

8.9±0.67

8.4±0.73**,∆



6.1±0.42
5.5±0.60,†

,††

5.9±0.42**,∆∆
5.5±0.55**,∆

Notes: Average scores ± standard error are shown for the end of intervention (after 48 sessions) and at 2 mo, 4 mo, 6 mo, 8 mo, and 12-mo follow-up. ×After 48 sessions
vs 4 mo, P,0.05; after 48 sessions vs 6 mo, P,0.05; after 48 sessions vs 6 mo, P,0.01; after 48 sessions vs 8 mo, P,0.05; after 48 sessions vs 8 mo, P,0.01; *after 48
sessions vs 12 mo, P,0.05; **after 48 sessions vs 12 mo, P,0.01; 2 mo vs 6 mo, P,0.05; 2 mo vs 6 mo, P,0.01; †2 mo vs 8 mo, P,0.05, ††2 mo vs 8 mo, P,0.01; Δ2 mo
vs 12 mo, P,0.05; ΔΔ2 mo vs 12 mo, P,0.01; 4 mo vs 8 mo, P,0.05; 4 mo vs 12 mo, P,0.05; 4 mo vs 12 mo, P,0.01, one-way ANOVA.
Abbreviations: mo, months; MoCA, Montréal cognitive assessment; ANOVA, analysis of variance.
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Table 2 The mini-mental state examination and language tests scores after multisensory and cognitive intervention in the nonin
stitutionalized group
Mini-mental state examination
Boston naming test
Semantic verbal fluency
Phonological verbal fluency
Narrative tests
Key concepts
Narrative efficiency
Information units
Total number of words
Concision
MoCA battery
Metaphors (explanation)
Metaphors (alternatives)
Direct speech acts (explanation)
Direct speech acts (alternatives)
Indirect speech acts (explanation)
Indirect speech acts (alternatives)
Emotional prosody
Linguistic prosody
Partial retelling
Total retelling
Comprehension

2 mo

4 mo

6 mo

8 mo

12 mo

26.6±0.59
13.2±0.44
14.5±0.77
9.8±1.10

26.3±0.55
13.3±0.38
14.4±0.66
9.7±1.10

26.2±0.50
12.7±0.46
14.3±0.65
9.6±1.10

24.3±0.55
12.6±0.54
13.1±0.59
8.3±1.00

24.1±0.57
11.9±0.46
12.4±0.67
7.5±0.93

3.6±0.38
1.9±0.24
3.5±0.32
53.1±4.42
0.07±0.00

3.5±0.30
1.8±0.20
3.5±0.32
50.5±3.73
0.07±0.00

3.3±0.30
1.5±0.19
3.1±0.28
47.4±3.73
0.07±0.00

2.9±0.29
1.3±0.18
2.5±0.29
48.9±3.37
0.05±0.00

2.3±0.21
1.0±0.19
2.1±0.23,†
43.9±2.85
0.05±0.00

2.3±0.25*
1.1±0.18*
2.1±0.23*,∆
43.0±3.20
0.05±0.00

27.5±2.22
16.0±1.06
13.1±0.98
7.4±0.71
16.2±0.93
9.3±0.25
6.6±0.76
9.0±0.55
11.3±1.59
9.2±0.84
9.0±0.80

28.7±2.19
16.3±1.12
13.1±0.99
8.0±0.51
15.7±0.89
9.2±0.26
6.9±0.65
8.9±0.63
11.6±1.27
8.6±0.64
8.0±0.70

26.5±2.02
15.1±1.20
12.9±0.97
7.2±0.55
15.4±0.88
8.7±0.27
6.1±0.65
8.3±0.64
11.3±1.35
8.1±0.71
7.8±0.74

27.1±1.97
14.0±1.09
11.9±0.93
6.1±0.63
13.9±0.77
8.3±0.27
4.7±0.55
7.6±0.72
10.1±1.28
7.4±0.74
7.5±0.68

24.7±1.78
13.5±1.01
10.6±0.77
5.9±0.64
13.1±0.82
7.9±0.29,†
5.1±0.53
7.3±0.50
9.7±1.27
6.8±0.60
6.6±0.77

22.9±1.86
12.1±0.90
10.5±0.86
5.5±0.47∆
12.2±0.72*,∆
7.7±0.30**,∆∆
4.9±0.46
6.9±0.52
8.9±1.11
6.2±0.60*
6.8±0.61



23.9±0.58**,∆
11.9±0.41
11.7±0.68*
6.8±0.75

Notes: Average scores ± standard error are shown for the end of intervention (after 48 sessions) and at 2 mo, 4 mo, 6 mo, 8 mo, and 12-mo follow-up. After 48 sessions
vs 8 mo, P,0.05; after 48 sessions vs 6 mo, P,0.01; *after 48 sessions vs 12 mo, P,0.05; **after 48 sessions vs 12 mo, P,0.01, †2 mo vs 8 mo, P,0.05; Δ2 mo vs 12 mo,
P,0.05; ΔΔ2 mo vs 12 mo, P,0.01. One-way ANOVA.
Abbreviations: mo, months; MoCA, Montréal cognitive assessment; ANOVA, analysis of variance.

postintervention for both the I and NI groups. These reductions
became apparent in I (Table 1) and NI (Table 2) groups after
4 months and 8 months, respectively. After 4 months, I group
revealed significant decrease in the scores of ISA – explanation
and 2 months later (6 months) in the scores of narrative efficiency, DSA – explanation and alternatives, ISA – explanation
and alternatives, emotional prosody, partial and total retelling,
and comprehension. After 8 months, the NI group showed
significant decrease in the scores of MMSE, key concepts,
narrative efficiency, information units, and ISA – alternatives.
Twelve months after the end of the stimulation period, in the I
group, the scores were significantly reduced in 18 of the language test scores (Table 1) compared with 8 scores in the NI
group (Table 2). Although on average, the scores on the MMSE
remained above cutoff points in both the I and NI groups at all
time windows, there were no significant intragroup differences
in the I group; whereas, the NI group started to show significant
reduction in MMSE scores after 8 months.
Graphic representations of the mean scores ± standard
errors for the NI and I groups are shown in Figure 1, with
significant differences between these groups indicated for
each test, at each time point after the end of the intervention
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program. It is notable that all the significant differences, independent of the time window, revealed higher performances
in the NI group compared with I group.
Repeated measurements with two-way ANOVA revealed
a significant time influence on all language tests (P,0.0001).
Institutionalization significantly influenced MMSE (F=7.22,
P=0.0112) and linguistic prosody (F=5.95, P=0.0203) scores.
There was a significant interaction between these variables (time and institutionalization) and linguistic prosody
(F=2.57, P=0.0201) scores (Figure 2). As compared with
test scores before stimulation, the global cognition assessed
by MMSE scores 12 months after the end of the stimulation
program was preserved, but the linguistic prosody test scores
were not in the I group.
Because statistical tests revealed interaction between
institutionalization and time, and affect the results of linguistic prosody, we suggest that the impoverished environment
of the long-term care institutions significantly reduced the
beneficial effects of the intervention program on this language function.
However, many other language test scores revealed
significant interactions between time and lifestyle (two-way
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Figure 1 Graphical representations of the mean and standard errors of test scores on the MMSE and language tests in the institutionalized (blue bars) and noninstitutionalized
(red bars) groups as a function of time.
Notes: (A) Test scores from the MMSE, Boston naming, and semantic verbal fluency. (B–E) Test scores from key concepts, total number of words, metaphors (explanation),
and linguistic prosody. The columns represent the mean and the errors bars represent standard error values. The symbols *, **, *** indicate P-values =0.05, 0.001, and 0.0001
significant differences, respectively.
Abbreviations: MMSE, mini-mental state examination; mo, months; I, institutionalized; NI, noninstitutionalized.
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Figure 2 Graphical representations of the mean and standard error of tests scores in the institutionalized (circles) and noninstitutionalized (squares) groups as a function of
time to illustrate the influence of time and institutionalization on (A) mini-mental state examination (MMSE) and (B) linguistic prosody test score reduction.
Notes: The mean is plotted and the standard errors are indicated by error bars. The colors and the position of the symbols indicate the comparisons that were significantly
different.
Abbreviations: I, institutionalized; NI, noninstitutionalized; mo, months.
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ANOVA with repeated measurements), including DSA –
explanation, P=0.0118; DSA – alternatives, P=0.0038;
ISA – explanations, P=0.0038; Boston naming, P,0.0001;
SVF, P=0.0040; metaphors – explanation, P=0.0008; and
comprehension, P=0.0016. These findings suggest that
lifestyle may influence time effects on many other declining
language functions.
Note that before intervention, the neuropsychological test
scores from I group were significantly lower than NI group
in both MMSE and a variety of language tests (Table 3), and
after 48 sessions of multisensory and cognitive stimulation
program, both I and NI groups could not be distinguished
one from another based on those test results.

Discussion
To reduce age-related cognitive decline, the ageing brain
must retain plasticity while maintaining the ability to change
structurally or functionally, in a sustained way, when facing
external stimuli.40 Thus, if multisensory and cognitive stimuli
are reduced, age-related cognitive decline may increase.9,28
Using neuropsychological tests to assess language production
and comprehension, we measured the influence of contrasting

lifestyles on the duration of the beneficial effects of a
48-session, twice a week, multisensory and cognitive stimulation program. We found a progressive cognitive decline after
the end of the stimulation program in both lifestyles (I and NI
groups). However, elderly subjects living with their families
in an enriched community environment showed delayed and
smaller rates of cognitive decline than elderly subjects living
outside their families in the impoverished environment of
long-term care institutions.
It was previously described that sedentary and lone living
in long-term care institutions for the elderly exhibit poorer
cognitive functioning and show faster cognitive decline than
physically and socially active people (for recent review, see
Volkers and Scherder9). In addition, recent results described
by Gonzalez-Colaço Harmand et al suggested that institutionalized, lone-living, elderly subjects show greater cognitive
decline compared with elderly subjects living in the community with their families.41 These authors demonstrated,
after following participants for 22 years, that after controlling
for numerous potential confounders, nursing home placement was significantly associated with a lower score on
the MMSE and further cognitive decline, when comparing

Table 3 Cognitive scores on MMSE and language tests before stimulation workshops in institutionalized (I) and noninstitutionalized
(NI) elderly
Before stimulation
MMSE
Boston naming
Semantic verbal fluency
Phonologic verbal fluency
Narrative tests
Main concepts
Narrative efficiency
Information units
Total number of words
Concision rate
MoCA battery
Metaphors (explanation)
Metaphors (alternatives)
Direct speech acts (explanation)
Direct speech acts (alternatives)
Indirect speech acts (explanation)
Indirect speech acts (alternatives)
Emotional prosody
Linguistic prosody
Partial retelling
Integral retelling
Comprehension

t-values

P-values

23.4±0.5
12.2±0.4
12.2±0.6
6.9±0.8

MW

0.0157
0.0441
0.0514
0.0084

2.0±0.4
1.0±0.2
2.2±0.4
38.7±5.0
0.05±0.01

3.2±0.3
1.7±0.2
2.9±0.4
51.9±5.9
0.07±0.01

MW
-2.47
-1.2783
-1.7093
-1.2714

0.0278
0.0188
0.2100
0.097
0.2124

18.1±1.9
11.7±1.2
8.8±0.9
6.1±0.7
11.9±0.7
8.3±0.3
4.2±0.4
5.9±0.5
8.0±0.8
6.1±0.6
6.1±0.8

21.7±2.0
13.3±1.2
10.7±0.7
7.7±0.8
13.6±0.9
8.5±0.4
5.0±0.3
6.4±0.6
10.3±1.2
7.0±0.6
8.1±0.7

-1.2845
-0.9757
-1.6259
-1.5197
-1.4334
-0.3944
-1.5734
-0.5985
-1.6421
-1.07
-1.7611

0.2078
0.3363
0.1134
0.138
0.1614
0.6959
0.1251
0.5536
0.11
0.2923
0.0874

I

NI

20.70±0.8
10.8±0.5
10.2±0.7
4.3±0.5

-2.0953
MW
-2.8077

Notes: Mean ± standard errors and P-values to indicate statistical significant differences between groups are exhibited. MW indicates nonparametric Mann–Whitney
U-tests.
Abbreviations: MMSE, mini-mental state examination; MoCA, Montréal cognitive assessment.
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scores before and after institutionalization. Regarding
language abilities, a previous report42 demonstrated that
naming function was maintained among day-care patients
in comparison to institutionalized patients, who displayed
reduced performance at follow-up. Similar tendencies of
cognitive decline were described in Brazilian samples of
institutionalized persons43,44 without regular activities, who
had lower scores on the MMSE43 or the MMSE and Boston
naming test when compared with institutionalized active and
noninstitutionalized groups.44
However, data obtained previously in healthy aging
subjects28 and findings from other studies in both healthy and
demented elderly subjects demonstrated that it is possible to
improve cognitive2,45–47 and perceptual48–51 functions through
the training and exercises that make up the sensory/motor
and cognitive-oriented stimulation programs for the elderly.
The majority of these studies that have conducted interventions on older adults have focused on teaching some type of
cognitive skills through practice and measuring improvement
at the end of a training period.
In line with a previous report,28 we described the beneficial effects of 48 sessions of multisensory and cognitive
stimulation based on language and memory exercises, as
well as visual, olfactory, auditory, and ludic stimulation.
At the end of that intervention program, we investigated in
the same groups of volunteers how long those beneficial
effects remained. Note that before stimulation, statistical
differences between the average MMSE scores were not significant, whereas in the language tests a number of significant
differences were detected. Indeed I group showed average
significant lower scores than NI group in a number of tests,
including Boston naming, SVF, and PVF; key concepts;
metaphors – explanation; DSA – alternatives; and emotional
prosody. After cognitive and multisensory stimulation, the
language differences between I and NI groups were limited
to PVF after 24 sessions, and after 48 sessions, no language
differences were detected anymore. Because all significant
differences between I and NI test scores found before stimulation disappeared after 48 sessions, we suggest that both
I and NI groups were on average cognitively intact before
we start the subsequent period of deprivation. However, after
the end of stimulation period both I and NI individuals had
their neuropsychological test scores significantly altered as a
function of time, in different degrees. Indeed, it became clear
from our findings that it took only 4–6 months after the end
of the stimulation program for significant reductions in language test scores to become apparent. These score reductions
started at different time windows and progressed at different
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rates for different language functions. Significant reductions
in the language tests scores started earlier and affected a
higher number of language functions; in addition, score
reductions progressed faster in the I group than the NI group.
The I group language test scores show significant decline in
18 different measurements (eleven scores from the MoCA
battery test, four from the narrative measurements, Boston
naming, SVF, and PVF tests); whereas, the NI group showed
significant scores decline in only eight tests (four from the
MoCA battery test, three from narrative measurements and
SVF tests). These findings are in line with a previous report52
showing that the MoCA battery test may be a better detector
of age-related decrements in cognitive performance than the
MMSE. Indeed, all MMSE scores remained, on average,
above the cutoff points at all time-windows poststimulation,
there were no significant changes in the MMSE scores over
time in the I group, but there was a significant change in the
NI group after 8 months.
In addition, the I group started to show significant reductions in language test scores 4 months before the NI group.
Consistently earlier reductions in test scores were mainly
associated with the MoCA battery language tests for the
I group, and linguistic prosody test scores were significantly
affected by institutionalization and time, two variables that
interacted and reduced these scores. In addition, the scores
of many other language tests from the MoCA battery tests
were significantly influenced by length of time after the
intervention program ended, with significant interactions
between time and institutionalization. These tests included
comprehension, partial retelling, ISA – explanation, ISA –
alternatives, DSA – alternatives, DSA – explanations, and
metaphors – explanation, suggesting that institutionalization may aggravate score reduction as a function of time for
these tests. Similar results were found for SVF and Boston
naming.
It is unclear why certain language test scores were more
readily affected by institutionalization and time than others.
Test scores are usually influenced by age and education,53
and these were similar in both groups; thus, it is feasible that
the impoverished environment of the long-term care institutions and time affected the language functions that were less
stimulated during the intervention workshops. The workshops
stimulated the language functions assessed by the MoCA battery tests similarly to other language functions (Table S2 from
De Oliveira et al28); therefore, we suggest that the language
MoCA battery tests are more efficient than other tests at
detecting earlier more subtle decline. We tested this hypothesis using receiver operating characteristic (ROC) analysis
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(data not shown). We determined tests with efficiencies $70%
(efficiency = [(specificity + sensitivity)/2])54 would detect
subtle but significant cognitive declines earlier than tests with
lower efficiencies. Indeed, the efficiency values of the MoCA
tests were .70% 4 months after the end of the intervention in
the I group; whereas the majority of the other language tests
reached this level of efficiency only after 6 months. In addition,
the MoCA battery tests include executive functions that are
significantly impaired by aging;55,56 therefore, we suggest that
the MoCA battery tests would detect the detrimental influence
of the impoverished environment of long-term care institutions earlier than the other language tests would. Consistent
with this, 6 months after the end of the intervention, scores on
eight of eleven MoCA battery tests significantly declined in
the I group, whereas scores declined on only one of the nine
other language tests.
Another important finding was that NI elderly subjects
showed less of a decline in neuropsychological language
test scores than I subjects after the end of our interventional
program. Thus, it is likely that the enriched environment
interactions and socialization in the community lifestyles of
the NI group exposed these subjects to greater cognitive and
multisensory stimulation, sustaining the beneficial effects
of the intervention program for a longer period compared
to the I group.
However, important limitations should be considered
when analyzing the results of the present study. For example,
the sample size is relatively small, with 15 individuals in
the NI group and 20 in the I group. In addition, our samples
were matched for age and education, but not for comorbidities, medication, and genre. Thus, considering the potential
variations of physical health conditions and initial cognitive
abilities, the two groups may not be well controlled to exclude
all possible cofound factors. For example, although the two
groups showed similar MMSE scores after the intervention
period, they showed significant differences before the stimulation program, with a higher MMSE score in the NI group than
the I group. Because NI group had better learning and memory
abilities before intervention, they could better maintain the
training effect. However, since there was no comparison with
a “no intervention” control group, it is impossible to distinguish the influence of a practice effect on the results.
Thus, with the limitations previously indicated, this
study shows that the magnitude and duration of the benefits
acquired from stimulation paradigms for the elderly are
significantly different in institutionalized and noninstitutionalized elderly and that this ought to be considered in the
development of more effective intervention programs.
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