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Effects of Sensory Aids on the Quality of Life
and Mortality of Elderly People:
A Multivariate Analysis
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Summary
The present study aimed at clarifying the relationships between the use of sensory aids and the quality of life
(QOL) and mortality of elderly people suffering from sensory deprivation. We carried out a cross-sectional
survey on the QOL and the sensory status of an elderly cohort and a 6-year longitudinal follow-up of mortality
rates among 1192 non-institutionalized people aged 70-75 years in a North Italian town. We classified
respondents into three groups: those with functionally adequate visual and hearing acuity (n = 275); those with
sensory impairment, corrected by the use of sensory aids (n = 680), and those with uncorrected sensory
impairment (n = 245). In the whole sample, multiple logistic regression analyses showed that an uncorrected
sensory deprivation was associated with a significant and independent impairment of mood, self-sufficiency in
instrumental activities of daily living and social relationships. Such impairments were not apparent in the
subjects with sensory impairments who were using sensory aids. In men with uncorrected sensory impairment
the unadjusted 6-year mortality rate was almost twice that of the other two groups, which did not differ from
each other. No corresponding differences were detected in women. Multivariate analysis showed that the effect
of the sensory aid status on mortality was indirect and mediated through the global physical health status and
the social relationships.

We conclude that our cross-sectional data demonstrate an association between uncorrected sensory
deprivation and a low QOL; such an association was not present in subjects with corrected sensory deprivation.

Introduction
Various studies have consistently demonstrated that
impairment of vision and/or hearing acuities (sensory
deprivation) of older people, when functionally rele-
vant, is associated with an enhanced risk of impaired
quality of life (QOL) [1—8]. There is also evidence of an
effect of sensory impairment on function [9-16].
Sensory deprivation might also represent an adjunctive
risk factor for mortality, and available data suggest a
possible indirect effect through QOL variables [17, 18].
This effect is apparent at medium- or long- rather than
short-term follow-up. Furthermore, it appears to be
restricted to specific subgroups of the elderly popula-
tion such as men [19], although the reasons for such a
sex difference are not known.

Few studies have taken into consideration the
possible benefits of sensory aids on the consequences
of sensory deprivation. Available data suggest that
treatment of sensory deprivation, when feasible, can
restore sensory acuity even in the very old [20—22]. The
consequent improvement in sensory acuity exerts
positive effects on quality of life [23—28], but the

studies on this topic have been subject to various
methodological limitations on the generalizability of
their results. Specifically, previous studies are usually
limited either to a single sensory modality, or to a single
functional dimension. Moreover, it is still not clear
which of the components of QOL are directly affected
by modification of sensory performance and also not
clear is the relationship between sensory deprivation,
sensory aids and mortality.

With this background in mind, our study was
carried out on a homogeneous population of non-
institutionalized elderly subjects in a town in North-
ern Italy. Both the QOL indexes and the mortality
rates in subjects whose sensory impairment (vision
and/or hearing) had been restored by sensory aids
were compared with those detected in subjects with
uncorrected sensory impairment and in subjects with-
out sensory impairment.

Subjects and Methods
Subjects: The study was carried out in two phases. During the
first phase (February-June 1986), a cohort of community-
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9° I. APPOLLONIO ET AL.

dwelling elderly people aged 70-75 years, living in Brescia,
was identified. Among all eligible subjects (n = 1303), data
could be collected for 91.5% (n=1192) using a multi-
dimensional questionnaire and a standardized physical
examination, including sensory screening tests. Data collec-
tion was undertaken using a door-to-door method by ten
specifically trained general practitioners. Further details
about this phase of the study have already been reported
[29-31].

For the second phase of the study (June 1992), the
Government Registry Office was utilized to identify subjects
who had died up to 31 May 1992. Fifty-two of the subjects
who had been included in the cross-sectional phase could not
be located and were excluded from the second phase analysis;
thus 1140 (371 men, 769 women) were entered in the
mortality database. Those lost to follow-up were not
statistically different from the studied sample in terms of
age, sex, functional or mental status. The analyses related to
the quality of life profile take into account the whole sample of
1192 subjects, whereas the analysis of mortality considers
only the 1140 subjects, for whom both baseline and follow-up
information was available [19].

Questionnaire; During the first phase, demographic infor-
mation (age, sex, years of education, economic status) and the
various aspects of QOL were obtained by questionnaire.
Details of the questionnaire are available from previously
published material [30, 31]. Briefly, the affective domain was
evaluated through a scale comprising a revised version of the
Beck's Depression Inventory (BDI) plus the Anxiety and
Personal Well-being Scale [32]. Cognitive function was
quantified by the Mental Status Questionnaire (MSQ) [33].
In a parallel study of the same population, both these variables
have shown only weak association with mortality [29].

Functional status was assessed by the Instrumental
Activities of Daily Living (IADL) scale [34]; impairment
was evaluated in terms of the number of functions lost,
corrected for family structure. Social relationships were
scored with Linn's SELF scale [35]. Both these variables
were strong predictors of mortality in the overall population;
in particular, the IADL score emerged as a stronger predictor
than the more elementary ADL scores, impairments in the
latter being hardly compatible with living at home and less
sensitive to small changes in function. Thus, ADL score was
not examined in the present study.

The assessment of global physical health status was
achieved through a scale quantifying health services utiliza-
tion and somatic complaints during the month preceding
interview [36]. The assessment of physical health status based
on use of medical services is considered reliable in a uniform
and restricted environment; the population sampled in the
present study belonged to the same health district where a
single general hospital with one geriatric department was
located. This index is one of the most important predictors of
mortality [29, 37].

Sensory assessment: The examination was focused upon
functional assessment, in order to reveal ecologically relevant
impairments [8]. Performance in each sensory function was
tested on both eyes or ears simultaneously. In addition,
subjects were tested with their sensory aids, if they usually
used them.

Visual evaluation was based on visual acuity for distance
(4 m) using an E chart and followed a standard procedure [38].
Binocular vision impairment was defined as an acuity of less
than 20/50 [39].

For auditory evaluation, the free-field whispered voice
testing was used [40]. Binaural hearing impairment was

Table I. Summary data of the three sensory-defined subgroups

Sex:
M e n
Women
Living situation:
Alone
With others
Years of schooling:
<5 years
>5 years
Financial status:
Good
Sufficient
Insufficient
Physical health index:
Good (0-5)
Borderline (6-10)
Poor (> 10)

Group A
(n = 275)
No. (%)

103(37.5)
172(62.5)

170(61.8)
105 (38.2)

168(61.1)
107(38.9)

90 (32.8)
96 (35.0)
88(32.1)

192(69.8)
76 (27.6)
7 (2.5)

Group B
(n = 680)
No. (%)

208 (30.6)
472 (69.4)

345 (50.7)
335 (49.3)

437 (64.3)
243 (35.7)

106(15.8)
329 (49.0)
236(35.2)

462 (67.9)
188(27.6)
30 (4.4)

Group C
(n = 245)
No. (%)

78(31.8)
167(68.2)

122(49.8)
123(50.2)

175 (71.4)
70 (28.6)

37(15.1)

112(45.7)
96 (39.2)

143 (58.4)
86(35.1)
16 (6.5)

x2

NS

11.3"

NS

42 .3" #

11.5*

Group A = Subjects with adequate sensory functions.
Group B = Subjects with adequate sensory functions thanks to the use of one or two sensory aids.
Group C = Subjects with either one or two sensory dysfunctions.
Financial status was self-related.
• p < 0.05; • • p < 0.01; • • • p < 0.001. NS = not significant at *2 test.
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defined as the inability to repeat correctly the three numbers
pronounced by the examiner or to achieve greater than 50%
success over three triplets of numbers [41].

Further details on the methodological aspects of the sensory
assessment can be found elsewhere [8].

On the basis of performance on the sensory tests, the 1192
subjects were categorized into three groups:

1. Subjects whose hearing and visual functions were adequate
without the use of sensory aids (group A);

2. Subjects with impaired vision and/or hearing but with
adequate sensory function due to the use of sensory aids
(group B);

3. Subjects with hearing and/or visual deficits which had not
been successfully corrected by their sensory aid(s) or who
did not use sensory aids and so had a functionally relevant
impairment in at least one sensory modality (group C).

Statistical analysis: The SPSS package was employed [42]
in data analysis. Comparisons among the groups were
computed using contingency tables and x statistics for
ordinal and continuous non-normally distributed variables.
One-way analysis of variance (ANOVA) of the means was
used for other continuous variables, followed by post-hoc
Student's t test, when appropriate. Baseline variables which
differed significantly between groups on univariate analysis
were entered into multivariate regression models in order to
identify those significantly and independently associated with
the presence or absence of sensory aids. A backward stepwise
method was adopted to create the models.

Because the follow-up period of 6 years was the same for all
study subjects, and the outcome variable was a dichotomous
measure, univariate logistic regression analyses were used to
estimate the odds ratios of death for the three groups.

The mortality rate subtended by each sensory condition
was initially quantified by computing the (non-corrected)
odds ratios with the corresponding confidence intervals.
The point estimates were subsequently controlled using a
bivariate logistic regression model in order to adjust for the
effects of possible confounders. The iterative maximum
likelihood method was employed. Baseline variables that
were significant predictors of mortality and the sensory
variables which survived the bivariate logistic regression
were finally entered into a multivariate logistic regression
model. The backward stepwise method was adopted again in

order to identify the variables which were independently
associated with mortality.

Results
Examination of sensory status and sensory aids: The
sensory examination carried out during the first phase
of the study detected 275 subjects (23.1%) who had
adequate visual and auditory function without using
any sensory aid (group A); 673 subjects (56.5%) who
had functionally adequate vision and hearing when
using at least one sensory aid (group B); and 244
(20.5%) subjects with at least one uncorrected func-
tional sensory deficit (group C). More precisely, group
B comprised 651 (96.7%) subjects wearing spectacles
and 22 (3.3%) subjects using hearing aids; group C
comprised 20 subjects who had a non-corrected deficit
in both sensory modalities, 106 subjects with non-
corrected hearing impairment but adequate vision and
118 subjects who had non-corrected visual impairment
but adequate hearing. Summary data for the three
groups are presented in Table I: sex, economic
situation (self-rated), and living condition (self-rated)
were differently distributed among the three groups, x
tests showed a significantly higher proportion of men in
group A than group C, and a significantly higher
prevalence of subjects living with other family mem-
bers and with better economic conditions in group A
than in groups B and C. Groups B and C did not differ
significantly in any of the demographic variables, and
the three groups did not differ in global physical health
status.

Quality of life—Univariate analysis: Table II shows
that there are significant differences among the three
groups in all functional variables for each of which
scores are worse in group C than in the other two
groups. Post-hoc t tests confirmed that group C scored
significantly worse than either group A or B, in all
indices of QOL with lower social relationships and
cognitive performance, worse mood level and poorer

Table II. Comparison of the quality of life characteristics in the three sensory-defined subgroups

Scale

IADL
SELF
mBDI
MSQ

Mean scores (95% confidence

Group A
(n = 275)

0.4 (0.28-0.52)
19.9(18.88-20.92)
15.2(13.88-16.52)
0.6 (0.49-0.71)

intervals)

Group B
(n = 680)

0.4 (0.32-0.47)
18.1 (17.51-18.69)
17.5(16.50-18.50)
0.6 (0.52-0.67)

Group C
(n = 245)

0.8(0.57-1.02)
15.4(14.38-16.41)
22.8 (20.93-24.67)
0.9(0.76-1.04)

F
(df =2,1198)

13.1*
19.7#*
22.6"
5.9*

The groups are defined in Table I.
IADL = Instrumental Activities of Daily Living (scores are mean number of functions lost).
SELF = Self Evaluation of Life Function (higher scores indicate better social relationships).
mBDI = modified Beck's Depression Inventory (higher scores indicate worse mood state).
MSQ = Mental Status Questionnaire (scores are mean number of errors).
• p < 0.05; •• p < 0.01; •** p < 0.001 at the F statistic; df = degrees of freedom.
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performance in IADL. On the other hand, although
there were statistically significant differences between
groups A and B in some of the functional variables
(social relationships and mood levels), the correspond-
ing mean values for both groups remained well within
the normal ranges (Table II). The substantial similarity
(in clinical terms) between the QOL profile in groups A
and B was further confirmed by the absence of any
significant difference between the two groups when the
QOL indices were analysed as discrete variables (using
appropriate cut-off values) and subjected to non-
parametric tests of frequency distribution (data not
shown).

Quality of Life—Multivariate analysis: The univari-
ate results for the QOL indices were obtained without
controlling for the possible confounding effects due to
the demographic differences (at least, between groups A
and C). Since it would be of great interest to identify
which of the QOL measures are significantly and
independently associated with the use and non-use of
sensory aids and which are only indirectly associated
with such use, we built up two multiple regression
models, using the backward stepwise method. The first
model (Table III , upper half) considers groups A and
B and shows that the variables remaining significantly
and independently different between the two groups are
sex, economic situation and social relationships. The
second model (Table III , lower half) takes into account
groups B and C and shows that social relationships,

mood level and performance in IADL remain signifi-
cantly and independently different between the two
groups, even after controlling for demographic
characteristics.

Mortality—Univariate analysis: Six-year mortality
rates are set out in Table IV. Overall, 6-year mortality
was 25.5% (n = 291); the computed univariate logistic
regression did not reveal any significant association
with the sensory aid status for the whole sample (x :
3.54, df = 2, p = 0.17). However, a significant inter-
action between sex and sensory status was apparent
[Exp (B) = 0.86, p < 0.002], and a significant difference
in the mortality rate of the two sexes was also detectable
(X2 = 41.2, p < 0.0001). These data prompted us to
perform separate analyses for men and women.

Among women, neither the presence of an uncor-
rected sensory deficit nor the presence of a sensory aid
were associated with a significant increased risk for 6-
year mortality in comparison with group A (x = 0.78,
df = 2, p = 0.67). The corresponding ORs (together
with the 95% CI) are as follows: group A vs. group B:
1.23 (0.78-1.95); group A vs. group C: 1.15 (0.65-
2.03); group B vs. group C: 0.93 (0.59-1.48).

As shown by Table IV, the mortality rate differs
between the three subgroups of men (x = 9.42,
df = 2, p < 0.01); in particular, those belonging to
group C have a significantly higher mortality rate, than
both group A (x = 4.96, p < 0.03) and group B
(X2 = 9.18, p < 0.01), whereas the mortality rate for

Table III. Multivariate logistic regression in the whole population for quality of life indices adjusted for the demographic
variables

Variables

Groups A and B
Sex
Economic condition
Social relationships
Constant

Residual x1 0.73 (2 df)

Living condition
Mood level

Groups B and C
Social relationships
Mood level
Self-sufficiency
Constant

Residual x2 2.16 (5 df)

Sex
Living condition
Economic situation
Cognitive level
Global physical health

B

0.338
0.210

-0.002
0.332

-0.023
0.018
0.202

-1.119

SE

Variables
0.15
0.10
0.01
0.39
Variables

Score
0.005
0.72

Variables
0.01
0.01
0.06
0.26
Variables

Score
0.84
0.34
0.13
0.33
0.16

Exp (B)

in the equation
1.40
1.23
0.98

Wald Statistic

4.88
4.21
5.21
0.71

not entered in the final equation

in the equation
0.98
1.02
1.22

not entered in the final

4.69
10.66
10.00
18.88

equation

p value

0.03
0.04
0.02
0.40

0.69

0.94
0.39

0.03
0.001
0.002
0.00

0.83

0.36
0.56
0.72
0.56
0.69

The groups are defined in Table I.
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Table IV. Six-year mortality by sex and functional group

Group

A
B
C
All

Men
(n = 371)
No. dead

103
208

78
139

(%)

(35.7)
(32.7)
(52.7)
(37.5)

Women
(n = 769)
No. dead

172
472
167
152

(%)

(17.5)
(20.7)
(19.6)
(19.8)

All
(n =
No.

275
680
245
291

= 1140)
dead (%)

(24.2)
(24.3)
(30.4)
(25.5)

The groups are defined in Table I.

the latter two groups does not differ significantly
(X2 = 0.27, p = NS). Again, the corresponding ORs
are as follows: group A vs. group B: 0.87 (0.52-1.45);
group A vs. group C: 2.01 (1.08-3.71); group B vs.
group C: 2.29(1.33-3.95).

Mortality—Multivariate analysis: In addition to
mortality, the three groups of men differed in terms
of general demographic and functional variables (data
not shown) and each of these might account, at least in
part, for the apparent effects of the non-corrected
sensory deprivation. Hence, the next step was to
control in the men for the effects of possible
confounders in the association of non-corrected
sensory impairment with mortality rate by means of
logistic regression. After adjusting for economic status
and global physical health index (age, education and
living condition were not differently distributed
among the three male groups), the mortality rate
remained significantly higher for the men with an
uncorrected sensory impairment in comparison both
with those without sensory dysfunction [B = 0.31,
SE = 0.16; Exp (B) = 1.37, p = 0.05] and with those
with corrected sensory deprivation [B = 0.71, SE = 0.28,
Exp (B) = 2.04,p = 0.01].

At this point, sensory aid status was allowed to enter
a multiple logistic regression model together with the
demographic and functional variables (Table V).
Within this model, the sensory aid status was no

longer an independent predictor of mortality. More
precisely, in groups B and C, only the social relation-
ships and the global physical health status remained
significant and independent predictors of mortality (at
the 0.05 level).

Discussion
Our study confirms that sensory deprivation has to be
included among the factors associated with frail ageing;
as in the great majority of previous literature [1-8] this
condition was correlated with the impairment of several
QOL indices.

A more original result concerns the effective role of
sensory aids in counteracting the negative effect of
sensory dysfunction on QOL: subjects using sensory
aids showed a higher mood level, richer social relation-
ships and better performance in the activities of daily
living than subjects with non-corrected sensory
impairments. Furthermore, their QOL profile was
substantially similar to that of subjects without any
kind of sensory impairment: the differences detected at
univariate analyses had more a statistical than a clinical
value and were mostly related to the demographic
variables, as shown by the multivariate approach.

Obvious limitations of these conclusions should be
borne in mind, mainly in relation to methodological
aspects. All subjects belonged to the same age cohort

Table V. Multivariate logistic regression for male mortality adjusted for demographic and functional variables

Variables SE Exp (B) Wald Statistic p value

Groups B and C
Sensory aid use
Global physical health
Social relationships
Self-sufficiency
Constant

Residual x2 1.58 (ldf)

Mood level

0.541
0.134

-0.044
1.137

-2.003

Variables
0.30
0.06
0.02
0.64
0.85
Variables

Score
1.58

in the equation
1.72
1.14
0.96
3.12

3.27
4.53
7.34
3.15
5.55

not entered in the final equation

0.07
0.03
0.007
0.08

0.02

0.21

0.21

The groups are defined in Table I.
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(70—75 year-olds), and were living at home in an urban
setting. Moreover, a cross-sectional study does not
allow inferences about the existence of a causal
relationship between the variables under study. Never-
theless, recognition of these associations can be relevant
and valuable. Our results represent a substantial
progress in comparison with the existing literature
[23-28] given the multidimensional approach adopted
for the sensory and for the QOL assessments. The
longitudinal component of our study focused on
mortality; in a previous analysis [19] we demonstrated
a significant increase of mortality risk due to sensory
deprivation, at least in men. The findings presented
here suggest that sensory aids might play a protective
role even at this level in that the men using sensory aids
had an unadjusted mortality rate similar to those with
adequate sensory functions and lower than those with
uncorrected sensory impairments.

However, the univariate analysis should be inter-
preted with caution because the three male groups were
unbalanced in various demographic and functional
variables. The multivariate models suggest that the
protective role of sensory aids is, at most, indirect and
mediated through other factors, such as quality of
health and the level of social relationships. A simpler
hypothesis might be that men with uncorrected sensory
deprivation are also in poorer health and therefore a
higher mortality rate should be expected. In any case, it
is intriguing that the sensory aid status remained a
significant predictor of mortality in the first multi-
variate model, i.e. after adjusting for the demographic
variables and the global physical health index. By
contrast, the sensory aid status did not survive the
second multivariate approach when the functional
variables were also fitted into the model. These results
suggest that poor health per se, although very impor-
tant, does not fully explain the differences in the
mortality rates of the three sensory-defined male
groups. They seem rather to favour an indirect role of
sensory status in mortality, mediated through influ-
ences on functional variables (in particular the social
one).

Overall, these data give grounds for extensive sensory
screening of elderly people, as recommended by the
World Health Organization [43], and also for encoura-
ging the intensive use of sensory aids. It has been shown
that first-level sensory screening can be performed in
several settings, for example during routine examina-
tion by general practitioners as well as during the
multidimensional assessment of the geriatrician and
even, on an opportunistic basis, in an emergency
department [44, 45].

With regard to sensory aids, it is well known that,
above and beyond the difficulties related to the choice
and the monitoring of the optimal treatment in the
single subject, there is also the problem of its
acceptance and continuous use by elderly people.
This is particularly true for the hearing aids [46-52].
Various studies have shown highly variable, often low,
rates for the use of sensory aids in different settings,

especially for hearing aids [53-60]. Other studies have
shown different satisfaction rates among elderly users
of different types of aids, with the lowest percentages
for those wearing hearing aids [61]. Two hypotheses,
not necessarily mutually exclusive, have been advanced
to explain the high percentage of non-use and misuse of
sensory aids. First is insufficient monitoring during the
follow-up after the acquisition of the sensory aid;
second is the possibility of a limited impact of the
sensory aid on the overall QOL of the wearer, above
and beyond simple improvement in sensory perfor-
mance. Although not definitive, the results obtained in
the present study make the second hypothesis no less
likely.

Finally, a discussion has recently arisen in the
literature, centred on factors to be taken into account
in the evaluation of the cost/benefit ratios before the
introduction of extensive screening programmes and
rehabilitation treatments for sensory dysfunction in
elderly people [52, 54, 62]. Some studies suggest that
possible predictors of a successful sensory aid provision
might include the level of the initial sensory deficit, the
age of the subject, the type of sensory deficit and the
subject's economic status [22, 54, 63]. Other studies
have been unable to replicate these results and to find
any correlates of successful hearing aid use, apart,
perhaps, from the severity of the hearing deficit [64].
Our data stress the importance of considering not only
the sensory deficits, but also QOL indices as funda-
mental variables to be used in any algorithm regarding
successful or unsuccessful sensory aid provision for
elderly people.
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