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Abstract: Objectives: Sleep problems are common in institutionalized elders and are associated with increased
mortality and morbidity. Our study evaluates the prevalence of poor sleep quality in a chronic care philanthropic
institution and their possible predictors in that setting. Methods: The study involved 192 participants. The
Pittsburgh Sleep Quality Index (PSQI) scale was used as an assessment tool for poor sleep quality. Participants
with a global PSQI score of 5 or more were classified as poor sleepers. Bivariate analysis was used to study
statistical correlation between high PSQI scores and the independent variables of demographic data and lifestyle
habits, coexisting chronic medical conditions and current medications. Results: Poor sleep quality was present
in 75% of the participants. Decreased ambulatory activity, poor performance on memory tests and Alzheimer
disease had positive association with poor sleep quality [OR 2.85 (95% CI, 1.41-5.68), OR 4.21 (95% CI, 1.909.33) and OR 2.28 (95% CI, 1.05-4.94) respectively]. Schizophrenia had a negative association [OR 0.46 (95%
CI, 0.23-0.92)], while proton pump inhibitors approached statistical significance [OR 1.85 (95% CI, 0.96-3.59)].
Conclusion: Our study showed high prevalence of poor sleep quality in institutionalized elders. Physicians
must use a standardized tool for assessment of sleep in that setting and not rely on a single question about sleep
quality. The activity of moving the elders out of the bed during the day is a simple intervention that may help in
improving their sleep at night. The association between poor sleep and Alzheimer disease and impaired memory
reflects the importance of early identification of these problems and early management. Overuse of proton pump
inhibitors in institutionalized elders may be associated with poor sleep quality.
Key words: Institutionalized elders, sleep quality, Alzheimer disease, Pittsburgh sleep quality index.

Introduction

Methods

Elderly people have increased prevalence of sleep problems
secondary to physiological decline in their circadian sleep
rhythm, coexisting medical diseases and medications (1-3).
In an epidemiological study on independently living seniors
followed-up for 3 years, 50% of the survivors who had chronic
insomnia reported improvement in their health after control of
their sleep problems (2). This reflects the importance of sleep
control on the general wellbeing of seniors. Elderly people
living in chronic care institutions represent a distinct population
characterized by frailty, cognitive impairment decreased
physical activity and increased prevalence of specific sleep
disorders compared to community dwelling population (4). On
the other hand, disturbed sleep in elders living in chronic care
centers was found to be associated with increased incidence of
falls and mortality (5, 6).
There is paucity of reports in the medical literature on the
sleep problems in institutionalized elders living in low and
middle-income countries (7). The purpose of this study is to
investigate the prevalence of poor sleep quality in a cohort of
institutionalized elders in a high middle-income country and to
identify their possible predictors.

Study Design and Population
This is a cross-sectional study conducted from December 11,
2017 through February 10, 2018 in a philanthropic long stay
institution for elders located in Beirut - Lebanon. Residents
are assigned 4-8 to a room for sleeping. They have a common
hall where they watch television and rest and share common
bathrooms.
Our study got the approval of the institutional Scientific
Research and Ethics Committee in November 15, 2017. It was
conducted in accordance with the national and international
ethical guidelines for human research on geriatric patients (8,
9).
Participants were divided into two groups according to their
cognitive function, based on the results of their mini mental
state examination (MMSE) test, the clock-drawing test or
both that were performed within 1 week prior to the study.
Participants with a score of 25 and above on MMSE test were
considered to pass the test while those with lower scores were
considered to fail the test. For participants who underwent
clock drawing test, participants with a score of 2 points were
considered to pass the test and those with a score of less than
2 points were considered to fail the test. Participants with
previous test results underwent clock-drawing test evaluation
prior to their enrollment. Those who passed either MMSE
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test or clock-drawing test or both were deemed cognitively
competent and signed an informed consent form (ICF) for
participation. Those who failed, had the ICF signed by their
legal representative if available or otherwise by the hospital
administration which was legally their guardian during their
hospital stay.
Inclusion criteria were to be a resident of the institution for
at least 1 month prior to the start of the study and age of sixty
years or above. Exclusion criteria were: diagnosis of a sleep
disorder (like sleep apnea, hypopnea, insomnia, parasomnia,
hypersomnia, restless leg syndrome and sleepwalking), acute
psychiatric illness, medical conditions that could lead to severe
cognitive deterioration including renal, respiratory, cardiac,
and hepatic diseases, a stroke or traumatic head injury within
one month or any recent acute illness or trauma within 2 weeks
prior to the start of the study.
Measurements
We used the Pittsburgh Sleep Quality Index (PSQI)
scale which is a standardized tool for assessment of quality
and patterns of sleep in older adults (Appendix-I) (10). It
differentiates between “poor sleep quality” and “good sleep
quality” by measuring seven sleep components. It has an
internal Cronbach’s alpha consistency and reliability coefficient
of 0.70-0.83 in different studies for its seven components
(11). Each component is assigned a score from 0 to 3 with
a maximum global score of 21. Participants with a global
PSQI score of 5 or more are classified as “poor sleepers”. The
questionnaire relies on self-reporting except for question 5-E
(Appendix-I) which says “During the past month how often
have you had troubles sleeping because you cough or snore
loudly?” which should be answered by a person who knows
the participant, in our setting the nurse taking daily care of the
participant.
The PSQI scale is a self-reporting tool. However, since
a good number of our participants were cognitively noncompetent to fill the questionnaire on their own, we asked
the nurse who was taking daily care of the cognitively noncompetent participant and knew him/her best to fill the PSQI
questionnaires on their patients’ behalf. To have a standardized
response in this process from the nurses, the primary
investigator met with the nurses before filling the questionnaire.
He explained to them the objective of the study and reviewed
with them the items of the PSQI scale, item by item, to make
sure they understand the objectives of each question and its
scoring mechanism. Some questions were very subjective and
challenging in term of nurses’ response. For example, question
5-H which says, “During the past month, how often have
you had trouble sleeping because you have bad dreams?”. To
standardize the nurses’ response to that question, nurses were
asked to report the frequency of awakening at night associated
with horror or fear as an indicator of bad dreams and to score
its presence or absence accordingly. Similarly questions 5-F
and 5-G which says, “During the past month, how often have
62

you had trouble sleeping because you feel too hot or too cold?”
The nurses were asked to respond to that question by checking
on the number of blankets/covers used by the participant at
night. Use of extra blankets associated with troubled sleeping
was considered to reflect feeling too cold and removal of
blankets with troubled sleeping reflected feeling too hot.
Finally, question 9 of the PSQI scale which says, “During
the past month, how would you rate your sleep quality
overall?” was used as a single question for subjective
assessment of participant’s sleep quality. Participants who
reported “fairly bad” or “very bad” sleep quality were
considered to have subjective feeling of bad or poor sleep
quality in our analysis. As for the non-competent participants,
it was the nurse caregiver who made the decision about the
quality of sleep of their patients based on their experience in
that respect.
The total number of hours spent in bed during the day,
retrieved from PSQI question 4-B, was used as a measure of the
participant’s ambulatory physical activity during the day. In our
analysis, we considered participants who stayed in bed more
than 12 hours per day to have decreased ambulatory activity
and compared their global PSQI scores to those of the other
participants.
The English version of the PSQI scale was translated into
Arabic following the WHO guidelines (12) by a professional
health translator. The Arabic version was back translated into
English to generate a new English version that was compared
with the original version by an English language expert who
confirmed conceptual similarity. The revised Arabic version
and the original English version were then pre-tested on a
sample of twelve bilingual persons aged between 65 and
70 years. The responses to each question in either version
were compared and in case of discrepancy, the question was
modified to get a consistency of 100%. The final Arabic PSQI
version was used in our study.
Statistical Analysis
Descriptive statistics were presented as counts and
percentages for categorical variables, and mean and standard
deviation, or median and interquartile range for quantitative
variables. The dependent variable was the global PSQI score
which was dichotomized into a negative score with a global
score less than 5, and a positive score equal to or above 5. The
latter score was considered to reflect the presence of sleep
problem. Our independent variables included demographic
data and lifestyle, in addition to coexisting chronic medical
conditions and current medications.
The PSQI score (our dependent variable) was tested for
statistical association with the independent variables
on bivariate analysis using Chi-square tests to compare
percentages, or Fisher’s exact test in case of low cell counts,
and t-test to compare means. Results were presented as odds
ratio with 95% confidence interval using simple logistic binary
regression.
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All variables which were significant or close to significance
on bivariate analysis were included later in a stepwise logistic
regression to determine the best model associated with
presence of poor sleep quality. Results of the multivariate
analysis were presented in the final model as adjusted odds
ratios with 95% confidence intervals. The level of significance
alpha was fixed at P-value of 0.05. Statistical analysis was run
by using IBM SPSS statistical software.
Results
A total of 247 seniors were living in the institution at the
time of the study. 192 residents (98 males and 94 females)
fulfilled our inclusion criteria and participated in the study.
Fifty-five residents were excluded: 52 residents because they
were younger than sixty and three because of acute illnesses
during the previous two weeks. Participants were 60 to 102
years old with a mean age of 77.4.
Compared to male participants, female participants were
older. They were more likely to be overweight or obese,
unemployed prior to admission to the institution, not to smoke,
to stay more than 12 hours in bed, to report sleep problems and
to perform poorly on memory tests.
Figure 1 summarizes the participants’ performance on
memory tests. A total of 52/192 (27%) residents passed the
memory tests: 41 (79%) the clock drawing test, 11 (21%) the
MMSE test, and one both. Six participants failed both tests.
Table 1, summarizes the results of the statistical analysis
of the selected demographic and lifestyle variables and
their corresponding global PSQI scores. One hundred-forty-

four participants had a global PSQI scores ≥ 5, making
the prevalence of poor sleep quality in our population
approximately 75% (61% and 81% among competent and
non-competent participants respectively). The prevalence
of subjectively perceived bad sleep quality as assessed by
question 9, was 27.6 % (28% and 27% among competent and
non-competent participants respectively). Of the remaining
demographic and lifestyle variables, failure on memory tests
and staying in bed for more than 12 hours during the day were
the only variables positively associated with poor sleep quality
(OR 2.85, 95% CI 1.41-5.68 and OR 4.21, 95% CI 1.90-9.33
respectively).
Table 2, summarizes the results of the statistical analysis
of the chronic medical conditions and their corresponding
global PSQI scores. Only Alzheimer disease was positively
associated with poor sleep (OR 2.28, 95% CI 1.05-4.94), while
schizophrenia was associated with good sleep quality (OR 0.46,
95% CI 0.23-0.92).
Table 3 summarizes the results of the statistical analysis
of the medications taken by the participants during the study
period and their corresponding global PSQI scores. Of the
listed medications proton pump inhibitors (PPI) were the only
medicines that were close to a statistical association with poor
sleep quality (OR 1.85, CI 0.96-3.59).
The final best-chosen model in our stepwise logistic
regression was failure on memory tests, staying for long time
in bed and intake of proton pump inhibitors (Table-4). The
p-value for that model was <0.0001. The three independent
variables could explain together around 10.7 % of the
variability in poor sleep quality.

Figure 1
Distribution and results of participants’ cognitive testing
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Table 1
Demographic variables and their corresponding global PSQI scores
Variable

Number

PSQI < 5
Total No. 48

PSQI ≥ 5
Total No. 144

OR (95% CI)

P-value

114

26 (54%)
22 (26%)

88 (61%)

56 ( 39%)

1.63 (0.43-1.61)

0.611

106

24 (50%)

82 (57%)

0.67 (0.35-1.3)

0.240

98

22 (46%)

72 (50%)

1.18 (0.61-2.27)

0.617

112

39 (81%)

73 (51%)

4.21 (1.90-9.33)

< 0.005

Non-smoker

58

134

16 (33%)

42 (29%)

0.82 (0.40-1.65)

0.586

≤ 3 years

> 3 years

84

108

24 (50%)

60 (42%)

1.4 (0.72-2.69)

0.314

Previous Hobby

No previous Hobby

81

111

24 (50%)

57

(40%)

0.63 (0.33-1.23)

0.181

Illiterate

71

18 (38%)

53 (37%)

1.04 (0.63-1.70)

0.852

Above Secondary school

26

6 (12%)

20 (14%)

Single

85

24 (50%)

61 (42%)

1.13 (0.80-1.60)

0.458

Divorced & Widow

90

21 (44%)

69 (48%)

Pass
Fail

52

140

21 (44%)

31 (22%)

2.85 (1.41-5.68)

0.003

Urban region

152

38 (79%)
10 (21%)

114 (79%)

30 (21%)

1.00 (0.44-2.23)

1.00

114

28 (58%)

96 (67%)

0.972 (0.50-1.88)

0.933

Age (years)
60-80
> 81

BMI (kg/m2)
≤ 24.9
≥ 25

Sex

Male

Female

Activity during the day
Ambulatory

Staying in bed >12 hours

Current smoking
Smokers

Duration of stay in the institution

Hobbies

Level of education

Elementary school

Marital Status
Married

Memory test

Place of residence
Rural region

Previous occupation
Un employed
Employed

78

86

94

80

95

17

40

78

24 (50%)

26 (54%)

9 (19%)

32 (67%)

24 (50%)

24 (50%)

24 (50%)

3 (6%)

27 (56%)

20 (42%)

64

62 (43%)

72 (50%)

71 (49%)

102 (71%)

84 (58%)

87

(60%)

71 (49%)

14 (10%)

113 (78%)

52 (36%)
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Table 2
Chronic medical conditions and their corresponding global PSQI scores
Variable

Number
Total No. 192

PSQI < 5
Total No. 48

PSQI ≥ 5
Total No. 144

OR (95% CI)

P-value

64 (33%)

10 (21%)

54 (38%)

2.28 (1.05-4.94)

0.037

No

9

(5%)

184 (95%)

2

46 (96%)

7

(5%)

137 (95%)

1.17 (0.23-5.85)

0.844

Yes

77

(40%)

24 (50%)

53 (37%)

0.58 (0.30-1.12)

0.108

33 (17%)

9 (19%)

24 (17%)

0.58 (0.30-1.12)

0.108

51 (27%)

15 (31%)

36 (25%)

0.73 (0.35-1.50)

0.397

Alzheimer disease
Yes
No

128 (67%)

Cardiac conditions
Yes

Dementia
No

115 (60%)

Depression
Yes
No

159 (82%)

Diabetes mellitus
Yes
No

141 (73%)

Gastro-intestinal conditions
Yes

6

(3%)

38 (79%)
(4%)

24 (50%)

39 (81%)

33 (69%)
0

90 (62%)

91 (64%)

120 (63%)

108 (75%)
6

(4%)

-----------------

1

(6%)

0.57 (0.18-1.80)

0.341

0.46 (0.23-0.92)

0.030

No

186 (97%)

48 (100%)

138 (96%)

Yes
No

14 (7%)

178 (93%)

5

43 (90%)

9

135 (94%)

Yes

56 (29%)

20 (42%)

36 (25%)

Joint conditions

Schizophrenia
No

136 (71%)

Discussion
Our study showed poor sleep quality to be prevalent in 75%
of our population by using the PSQI global scores, while only
27.6% reported poor sleep quality when asked a single direct
question. Although the PSQI is a self-reporting scale, our
strategy of asking the nurses taking direct care of cognitively
non-competent participants to report the PSQI questionnaires
on behalf of their patients may be associated with reporter bias.
In spite of that, our results show that in both the competent selfreporting group and the non-competent nurses reporting group,
a high prevalence of poor sleep quality was revealed by using
PSQI global score (61% and 81% respectively), compared to
the single question about sleep quality where the bias was less
evident (28% and 27% respectively). This finding is consistent
with findings by Mansano et al. (7) who studied 37 elderly
persons living in a long-term care facility in Brazil. They found
a prevalence of sleep problems in 81% of their participants,

(10%)

28 (56%)

108 (75%)

using a special sleep evaluation questionnaire, while the selfreported prevalence was 30%. Their study and ours show that
a single question inquiry about sleep quality in elder people
results in underestimation of the actual burden of the problem
compared to a standardized questionnaires like those of the
PSQI scale, which consists of several questions addressing
different aspects of the sleeping behavior.
Our study found an association between poor sleep quality
and decreased ambulatory activity of elders during the day,
defined in our study as staying in bed daily for more than 12
hours. The relationship between physical activity and sleep
problems is poorly understood (4). Morais et al. found that
moderate acute aerobic exercise for 30 minutes twice weekly
improves cognitive function, depressive symptoms, fatigue
severity and functional capacity in patients with chronic stroke
(13). That improvement was associated with increased levels
of brain-derived neurotrophic factor, which has been shown
to be critical in the process of homeostatic regulation of rapid
65
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Table 3
Medications and their corresponding global PSQI scores
Variable

Odds Ratio
(95% Confidence
Interval)

P-value

(37%)

0.81 (0.41-1.58)

0.548

26

(18%)

1.10 (0.46-2.62)

0.827

10 (21%)

25

(17%)

0.79 (0.35-1.81)

0.594

65 (34%)

16 (33%)

49

(34%)

1.03 (0.51-2.06)

0.930

No

21 (6%)

171 (94%)

6

(13%)

15

(10%)

0.81 (0.29-2.23)

0.689

Yes

30 (16%)

7

(15%)

23

(16%)

1.11 (0.44-2.78)

0.819

19 (10%)

4

(8%)

15 (10%)

1.27 (0.40-4.05)

0.676

Antipsychotics
Yes
No

Antidepressants
Yes
No

ACE inhibitors
Yes
No

Beta blockers
Yes
No

Ca channel blockers
Yes

Diuretics
No

Iron

Yes
No

Multivitamins
Yes
No

Proton pump inhibitors
Yes
No

Number
Total No. 192

PSQI < 5
Total No. 48

73 (38%)

20 (42%)

53

34 (18%)

8

(17%)

35 (18%)

119 (62%)

158 (82%

157 (82%)

127 (66%)

162 (84%)

28 (28%)

PSQI ≥ 5
Total No. 144

91

40 (83%)

(63%)

118 (82%)

38 (79%)

119 (83%)

32 (67%)

95

42 (87%)

(66%)

129 (90%)

41 (85%)

121 (84%)

173 (90%)

44 (92%)

46 (24%)

12 (25%)

34

(24%)

0.92 (0.43-1.97)

0.845

102 (53%)

20 (42%)

82

(57%)

1.85 (0.96-3.59)

0.066

146 (76%)

90 (47%)

129 (90%)

36 (75%)

110 (76%)

28 (58%)

62

eye movement sleep (14). Our participants did not participate
in any physical activity program, yet those who left their beds
during the day, moved around within the pavilion premises
had better sleep quality than those who stayed in bed for
longer periods. On the other hand, Valentine et al. found a
significant association between sleep quality, adiposity and
physical activity in older adults (15). We however did not find
a statistically significant association between poor sleep quality
and participants with BMI > 25 kg/m2. This is probably due to
the small number of obese participants in our study who were
grouped and analyzed with the overweight participants (Table
1).
Coexisting chronic medical conditions in elders have been
66

(46%)

previously identified to be associated with sleep problems
(1). A chronic medical condition is broadly defined as any
condition that lasts one year or more and requires ongoing
medical attention or limits activities of daily living or both.
Heart disease, diabetes mellitus, or cancer are among the
leading chronic diseases in that respect. Uncontrolled diabetes
mellitus and heart failure, poorly controlled depression and
generalized anxiety are known causes of sleep disordered
breathing (22, 23). All our study participants had their
chronic medical conditions controlled. In addition there were
only few cases that had chronic heart disease (9 cases) and
gastrointestinal disease (6 cases), to be considered in any
statistical analysis.
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Table 4
Multivariate analysis using a stepwise logistic regression model
Variable

Failure on memory tests

Staying in bed more than 12 hours /day
Use of proton pump inhibitors

Odds Ratio

95% Confidence Interval

p-value

3.47

1.53- 7.88

0.003

2.39

1.14- 5.03

2.02

Dementia and Alzheimer disease (AD) were the most
prevalent chronic medical conditions in our population. Only
AD was positively associated with poor sleep quality. Dementia
is defined as an acquired brain syndrome characterized by a
decline in cognitive functioning not entirely attributable to
normal aging, and significantly interfering with independence
in the person’s performance of activities of daily living.
The impairment involves two or more cognitive domains
as memory, executive functions, attention, language, social
cognition and judgement, psychomotor speed, visuoperceptual
or visuospatial abilities (16).
Alzheimer disease on the other hand, is an advanced
and irreversible neurocognitive condition, characterized by
progressive loss of memory and thinking skills and, eventually,
the ability to carry out the simplest tasks. Clinically it is
characterized by progressive dementia, debilitation, cognitive
and functional impairment and behavioral challenges (17).
Pathophysiologically, AD is associated with deposition of
β-amyloid plaques and tau proteins in the brain of affected
patients. Our finding about the association between AD and
poor sleep is consistent with the literature (18, 19). Preexisting
poor sleep contributes to the pathogenesis of AD through two
mechanisms that increase β-amyloid deposition in the brain:
promotion of β-amyloid peptide production by increasing
neuronal firing during sleep loss and impairment of clearance
of the β-amyloid brain waste, which occurs during the slowwave sleep (18).
Our study also showed an association between poor memory
but not dementia and poor sleep quality. This could be another
effect of increased amyloid burden. Hedden et al. found an
association between amyloid burden and memory loss in a
subset of cognitively normal older adults. They suggest that
such effect is small, yet it likely represents the earliest stages
of neuropathology that progresses toward clinically detectable
memory impairment later on (20).
Schizophrenic participants in our study tended to have better
sleep quality with lower PSQI global scores. Joober et al. in
a literature review about insomnia in schizophrenic patients
suggested an algorithm to improve sleep in that population
(21). Our schizophrenia participants were medicated according
to that algorithm, which may explain the positive association
between their disease and sleep quality.
Most of our participants were on multiple medications,

0.99- 4.10

0.022
0.052

which increases the risks of drug interactions and adverse
reactions. Full discussion of drugs and sleep problems is
beyond the scope of this paper and readers are referred to a
chapter written by Malangu (24). In our study, only intake
of PPI reached close statistical association with poor sleep
quality (OR 1.85, CI 0.96-3.59). However, our best-chosen
model of poor memory, staying in bed for more than 12 hours
during the day and intake of PPI (Table 4), had a 10.7%
predictive value regarding poor sleep quality with a p-value
of <0.0001 on stepwise logistic multivariate regression, which
suggests that PPI increases the risk of poor sleep quality when
considered within that model. This possible association could
have resulted from overuse of PPI in our population, PPI
were used in 102 participants, while only 6 participants had
documented gastrointestinal diseases (Table-2). The use of
PPI as part of a polypharmacy in elders increases the risks of
drug interactions and potential unexpected side effects like
poor sleep. Another explanation for this finding could be
that PPI had been prescribed for elders with sleep problems
to treat gastroesophageal reflux as a presumed cause of their
poor sleep. These two possibilities call for caution in PPI
prescription for elders. In any case, this finding needs further
evaluation in future studies.
Our study evaluated the impact of socio-demographic
and lifestyle factors like age, sex, education, social status,
hobbies, employment versus non-employment, rural versus
urban background, smoking habits, ambulatory daily activity
and performance on memory tests, in addition to coexisting
chronic medical conditions and medications on the quality
of sleep in institutionalized elders. Out of all the studied
variables decreased ambulatory activity and poor performance
on memory tests were the only variables associated with poor
sleep quality. There may have been other environmental and
operational variables that were not considered in our study
design. Gordon et al (4) in a literature review of randomized
controlled trials conducted in care home setting, found that
sleep disorders were attributed to accumulation of general
medical conditions associated with insomnia like heart
failure, Parkinson disease, dementia, depression and restless
leg syndrome most of which were excluded in our study
design. In their conclusion, they stressed on the importance
of few environmental and operational variables like bright
light exposure during the day, physical activity, frequency of
67
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nighttime checks, nighttime light and noise level. In our setting,
the participants lived in a pavilion with poor exposure to bright
light during the day, in crowded rooms with limited number of
toilets and no control on the resulting noise. Operationally, they
had limited number of nursing staff with lack of programmed
routine naptime and lack of physical activity and frequent
nighttime checks. These factors were not adequately addressed
in our study and may have affected our participants’ sleep
quality results.

4.

Conclusion

9.

Our study sheds light on the high prevalence of poor sleep
quality in institutionalized elders living in a philanthropic
center in a high middle-income country. It shows that
physicians must use a standardized sleep assessment tool and
not rely on a single question response in their evaluation of
sleep quality in this population. It suggests the use of proxy
nurse reporter as alternative for self-reporting of PSQI scale in
cognitively non-competent elders. It shows the importance of
ambulatory daily activity in improving sleep quality in seniors.
It brings the issue of PPI overprescription and its possible
association with poor sleep and calls for revision of their
indications in elders. The association between sleep problems,
β-amyloid deposition in brain and memory loss suggests that
further studies need to be undertaken to address the effects of
healthy sleep habits on memory in elders.

10.
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