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ORIGINAL ARTICLE: EPIDEMIOLOQGY,
CLINICAL PRACTICE AND HEALTLH

Effects of
dehydroepiandrosterone
supplementation on cognitive
function and activities of
daily living in older women
with mild to moderate
cognitive impairment

Shizuru Yamada,' Masahiro Akishita,? Shiho Fukai,? Sumito Ogawa,?
Kiyoshi Yamaguchi,? Jun Matsuyama,® Koichi Kozaki,' Kenji Toba! and
Yasuyoshi Ouchi?

'Department of Geriatric Medicine, Kyorin University School of Medicine, ?Department of Geriatric
Medicine, Graduate School of Medicine, The University of Tokyo, Tokyo, and SMedical Corp.
Shojyu-kai, Matsuyama Hospital, Gunma, Jopan

Aim: There is little evidence that dehydroepiandrosterone (DFHEA) has beneficial effects
on physical and psychological functions in older women, We investigated the effect of
DHEA supplementation on cognitive function and ADL in older women with cognitive
impairment.

Methods: A total of 27 women aged 65-90 years (mean + standard deviation, 83 £ 6)
with mild to moderate cognitive impalrment (Mini-Mental State Examination, MMSE;
10-28/30 points), receiving long-term care at a facility in Japan were enrolled. Twelve
women were assigned to receive DHEA 25 mg/day p.o. for 6 months. The control group
(n = 15) matched for age and cognitive function was followed without hormone replace-
ment, Cognitive function was assessed by MMSE and Hasegawa Dementia Scale-Revised
(FIDS-R), and basic activities of daily living (ADL) by Barthel Index at baseline, 3 and
6 months. Plasma hormone levels including testosterone, DHEA, DHEA-sulfate and
estradiol were also followed up.

Results: After 6 months, DHEA treatment significantly increased plasma testosterone,
DHEA and DHEA-sulfate levels by 2-3-fold but not estradiol level compared to baseline.
DHEA administration increased cogpitive scores and maintained basic ADL score, while
cognition and basic ADL deteriorated in the control group (6-month change in DHEA
group vs control group; MMSE, +0.6 £3.2 vs 2.1+ 2.2, 2 < 0.05; HDS-R, +2.8+ 2.8 vs
-0.3 £4.1, P < 0.05; Barthel Index, +3.7 £ 7.1 vs ~2.7 + 4.6, P = 0.05). Among the cognitive
domains, DHEA treatment improved verbal fluency (P < 0.05).
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of Geriatric Medicine, Graduate School of Medicine, The
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo
Accepted for publication 10 March 2010. 113-8655, Japan. Email: akishita-tky@umin.ac.jp
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Conclusion: DHEA supplementation in older women with cognitive impairment may
have beneficial effects on cognitive function and ADL. Geriatr Gerontol Int 2010; 10:

280-287.,

Keywords: activities of daily living, cognitive function, dehydroepiandrosterone.

Introduction

Dehydroepiandrosterone  (DHEA) and  its  sulfate
(DHEA-S) are the most abundant circulating steroids
mainly produced by the adrenal zona reticularis in both
sexes.! Their circulating levels decline with advancing
age,'™ and there has been growing public interest in
DHEA supplementation to prevent age-associated
physical and cognitive impairment. DHEA is considered
a crucial precursor of human sex steroid biosynthesis,
and to exert indirect androgenic and estrogenic effects
following conversion into smaller amounts of testoster-
one and estradiol.> While this conversion contributes
to a part of testosterone production in men, its role may
be much more significant in postmenopausal women
whose ovarian production of androgen and estrogen
has waned. Importantly, postmenopausal women
with intact ovaries continue to produce androgens;
DHEA(-S), testosterone and androstenedione, while
their production of estradiol is minimal.” However,
the role of androgens in older women’s health is not
fully understood.

Clinical trials of the effects of estrogen replacement
therapy on cognitive function have shown a lack of
efficacy in postmenopausal women initiating hormone
replacement therapy after the age of 65 years.® On
the other hand, previous reports have suggested that
DHEA may have neuroprotective effects, and the
age-associated DHEA(-S) decline is associated with
cognitive impairment in older women.>'** One longi-
tudinal study observed lower DHEA-S levels in patients
who subsequently developed Alzheimer's disease.™
However, controlled trials with DHEA supplementation
have failed to show beneficial effects on cognition in
healthy middle~aged to older women.'*'* In these
studies, the participants were limited to those who did
not have cognitive impairment; therefore, it is reason-
able to hypothesize that DHEA supplementation may
be effective in much older women with cognitive decline
as well as lower DHEA levels.

Dehydroepiandrosterone deficiency is also consid-
ered to be involved in the development of physical
frailty.'” Clinical experience with DHEA supplementa-
tion in older women is limited, and the few clinical trials
examining its effect on physical function and activity of
daily living (ADL) have yielded inconsistent resuits,'®2
Evidence is lacking for much older women in whom
physical impairment becomes more apparent and is

© 2010 Japan Geriattics Society

accompanied by an age-associated DHEA decline. In
our previous study, plasma DHEA and DHEA-S levels,
but not estradiol level, were independently related to
higher basic ADL in older women aged 70-93 years
with functional decline receiving long-term care. We
hypothesized that in older women, DHEA replacement
cotild be effective for the age-related decline of physical
as well as psychological function.

This study therefore examined the effect of relatively
low-dose (25 mg daily) p.o. DHEA supplementation for
6 months on cognitive function and ADL in older
women with cognitive impairment.

Methods

Subjects and study design

In this open, non-randomized controlled study, 27
women aged 65 years or older who attended a health
service facility for the elderly (a facility that provides
nursing care and rehabilitation services to elderly people
with disability, Mahoroba-no-Sato, located in Nagano
Prefecture, Japan) were enrolled. The participants were
in a chronic stable condition and receiving Long-term
Care Insurance service either for admission to the facil-
ity or day-care services. The principal inclusion criteria
were mild to moderate cognitive decline; both Mini-
Mental State Examination (MMSE)*? and Hasegawa
Dementia Scale-Revised (HDS-R)® scores were
between 10 and 28. The subjects were diagnosed as
having a mild cognitive impairment®** or Alzheimer's
disease according to the Diagnostic and Statistical
Manual of Mental Disorders [V.*> The participants had
never been treated with hormone replacement therapy,
and plasma DHEA-S concentration was less than
3.0 pmol/L.. The exclusion criteria were history of
stroke, extremely low ADL status (Barthel Index® <50),
malnutrition (serum albumin <3.5 mg/dl.), malignancy,
acute inflammation (fever, white blood cell count
>10 000/uL, or other signs of infection within 4 weeks
vefore enrollment) and overt endocrine diseases,
because these diseases may affect both plasma sex
hormone levels and functions, None of the subjects
were _taking a cholinesterase inhibitor (donepezil
hydrochloride) or glucocorticoid, opiate or hormone
supplement,

Twelve women were assigned to receive DHEA
capsule (25 mg/day, Athena Clinics International,
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Honolulu, HI, USA) and 15 women were followed up
without any additive medication, Medications that
could influence cognitive function and plasma hormone
levels were not changed during the study period.
Outcome measures were cognitive function, ADL,
plasma hormone levels, blood cell counts, blood chemi-
cal parameters and subjective adverse events. They were
assessed at baseline, and after 3 and 6 months. The
institutional review board of Mahoroba-no-Sato
approved the study protocol, and all participants or their
families gave written informed consent.

Hormone measurements

Blood samples were obtained from the participants in
the morning after an overnight fast, and plasma
hormone levels in addition to blood cell counts
and blood chemical parameters were determined by a
commercial laboratory (Health Sciences Research
Institute, Yokohama, Japan), DHEA and DHEA-S
were assayed using sensitive radioimmunoassays
with minimum detection limits of 0.04 ng/mL
(0.14 nmol/L) and 2.0 pg/dL (0.05 pmol/L), respec-
tively. Total testosterone and estradiol were assayed
using  chemiluminescent  immunoassays — with
minimum detection limits of 7 ng/dL (0.2 nmol/L) and
4 pg/mL (14.7 pmol/L), respectively. The intra-assay
coefficients of variation for these measurements were
tess than S5%.

Cognitive function

Trained examiners administered two standardized cog-
nitive function tests, MMSE# and HDS-R,? to assess
multiple, diverse aspects of cognitive function at base-
line and at the 3- and 6é-month visits. Both scores
range 0-30, with higher scores indicating better per-
formance., HDS-R includes questions about the sub-
ject’s age, orientation, immediate recall, serial
subtraction of 7's, reciting digits backward, recalling
three words, recalling five objects and word fluency
(generating names of vegetables). MMSE evaluates five
aspects of cognition: (i) orientation; (ii) registration;
(iil) attention and calculation; (iv) recall; and (v) com-
prehension of spoken language (naming objects,
spoken language ability, following commands).
MMSE, but not HDS-R, includes four performance
tests: (i) three-stage command; (ii) reading and follow-
ing a command; (ili) writing; and (iv) construction
drawing). Based on the results of HDS-R and MMSE,
we evaluated seven cognitive domains (points) as
follows: (i) orientation (10); (i) verbal memory (9); (iii)
attention and calculation (S); (iv) visual memory (S);
(v) spoken-language comprehension (9); (vi) verbai
fluency (5); and {vii) performance (7).

282 |

Other functional paramelers and
anthropometric measures

Trained nurses and physical therapists visited the par-
ticipants at the facility and performed the assessments.
Basic ADL was assessed by Barthel Index,? mood by
Geriatric Depression Scale (GDS, 15 items),” and ADL-
related vitality by Vitality Index (10-point scale). *
Higher GDS scores indicate a more marked self~
reported depressive status, while higher Vitality Index
scores indicate greater willingness,

Adverse events

Information regarding adverse events was obtained by
questioning or examining the subjects. At each visit
during the treatment period, all new complaints and
symptoms were recorded. The safety of DHEA supple-
mentation was assessed from the symptoms and by
measuring blood chemical parameters including liver
and kidney function, electrolyte levels and hematologi-
cal parameters. Preexisting complaints or symptoms
that increased in intensity or frequency during the treat-
ment period also were examined.

Statistical analysis

Data were analyzed using SPSS statistical software ver.
17.0. Changes in outcome measures at 3 and 6 months
were calculated by comparing the values at baseline with
those at each measurement. Within each group, the
significance of the change from baseline to ¢ months
was tested using paired Student's f-test. Repeated-
meastires ANOVA was used to test the statistical signifi-
cance of the effects of DHEA versus control
Significance tests were two-sided, with an a-level of
0.0S.

Results

Hormone changes and adverse effects

Characteristics and hormone levels at baseline accord-
ing to treatment groups are shown in Table 1. There
were no significant differences between the DHEA
group and the control group in age, length of education,
nutritional parameters, functional parameters and
plasma hormone levels, DHEA supplementation was
well tolerated, with high adherence, and there were no
detectable adverse events and none of the subjects
dropped out during the study. Measures of liver func-
tion, kidney function, electrolyte levels and hemoglobin
level were not significantly altered by treatment with
DHEA (data not shown). Body mass index remained
unchanged in both groups.

Subjects in the DHEA group showed a significant
increase from baseline to 3 and 6 months in levels of

© 2010 Japan Geriatrics Society
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Table 1 Participant characteristics at baseline

DHEA Control

No. of subjects 12 15
Age, years 82+ 6 (69-90) 83 + 6 (65-89)
Education, years 842 8+2
Nutritional

‘parameters

Body mass index, 22.0+2.4 (18.8-26.4) 224+ 3.2 (17.6-27.1)
kg/m?

Albumin, g/dL
Total cholesterol,

4.4+0.3 (3.7-4.9)
227 + 39 (166-294)

mg/dl.

Functional parameters
MMSE 24.0 £ 4.2 (18-28)
HDS-R 19.9£5.8 (10-28)

Barthel Index 89.6 + 9.4 (55-100)
Vitality Index 9.8 +0.6 (8-10)
GDS 7.0 £ 4.4 (1-15)
Hormones
DHEA-S, pmol/L
DHEA, nmol/L
Testosterone,
nmol/L
Estradiol, pmol/L.

1.8 £0.6 (0.7-2.4)
7.6+£4.7 (24-19.1)
1.4+0.4 (0.9-2.3)

88 £ 52 (15-187)

43+3.2 (3.8-4.7)

© 203 + 22 (173-250)

23.4 + 4.4 (14-28)

21.7 5.6 (10-28)

89.7 + 6.4 (75-100)
9.9 £0.3 (9-10)
7.0% 4.0 (1-13)

1.6 £0.8 (0.3-2.9)
6.6 3.1 (2.1-11.5)
1.3 £0.9 (0.2-3.8)

70+ 26 (45-115)

Values are shown as mean * standard deviation (range). HDS-R, Hasegawa Dementia
Scale-Revised; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression
Scale; DHEA-S, dehydroepiandrosterone sulfate; DHEA, dehydroepiandrosterone,

There was no significant difference in each parameter between the groups.

circulating DHEA, DHEA-S and testosterone, with
levels reaching approximately 2-3-fold higher than
those at baseline, whereas the increase in estradiol level
was not significant (Table 2). Subjects in the control
group showed no significant change in hormone levels.

Changes in cognitive function and ADL

The changes in functional parameters in each group
from baseline to 6 months are shown in Table 2. After
6 months, mean HDS-R score significantly improved in
the DHEA group while it remained unchanged in the
control group. Mean MMSE score significantly declined
in the control group while it remained unchanged in
the DHEA group. As a result, significant differences
were found in these scores between the groups. DFHEA
treatment maintained Barthel Index score, whereas the
score deteriorated significantly during 6 months in the
control group, although the between-group difference
at 6 months was not statistically significant. Regarding
the components of Barthel Index, in the control group,
the sum score of mobility deteriorated significantly after
6 months compared to baseline, while no significant
change was observed in the sum score of self care
{Table 3}. Neither Vitality Index nor GDS changed sig-
nificantly in both groups.

© 2010 Japan Geriatrics Society

Table 4 shows the cognitive domain scores at base-
line and at 3- and 6-month follow up. Among the
seven cognitive domains, DHEA treatment improved
verbal fluency (P<0.05), resulting in a significant
difference at 6 months between the groups. Verbal
memory showed a non-significant trend towards
improvement in the DFEA group. Performance
test scores significantly declined over time in
both groups. There were no differences between the
groups in the scores of orientation, attention and
calculation, visual memory and spoken-language
comprehension.

Discussion

Daily administration of DHEA 25 mg for 6 months in
elderly women with mild to moderate cognitive impair-
ment improved cognitive function and maintained basic
ADL, compared to the control group. Among the cog-
nitive domains, DFEA significantly improved verbal
fluency. At baseline, DHEA and DHEA-S levels were
lower than those reported in healthy postmenopausal
women in both groups® and DHEA treatment
increased DHEA, DHEA-S and testosterone levels by
2-3-fold to the mid-normal range for premenopausal
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Table 2 Changes in hormone levels and functional parameters by treatment group

Do
oo
e

Control

DHEA

0-6-month
difference

3 months 6 months 0-6~month Baseline 3 months 6 months
difference

Baseline

Hormones

<0.01

-0.02 +0.4

1.7+0.8
7.4

+1.0

1.8
7.3

1.6+0.8
6.6%3.1
14+0.7

3.8£2.8

5.6 +2.9%
13.7+7.7%

+1.3%

4.5
12.2 £ 4.8*

1.8x+0.6

DHEA-S, pmoV/L
DHEA, amol/L.

0.04

0.9+2.8

+4.5

7

48]
+

8.2
0.8

6.1+
0.9+
13

7.6x47

1.6+0.8
67 x4

0.8*

101 £37

+H
o
ol

2.3+0.7*
92

14+04

Testosterone, nmol/L
Estradiol, pmol/L.
Functional parameters

0.17

-4.0+ 38

68 = 20

0£26

51

H

+48

2

)
+
0

03+4.1

+54
+5.6

23.1
2

23.4+44
21.7%5.6
89.7+6.4

0.6+3.2
28+28

22.7 £ 6.3%*

246+43
933+

241+4.56
20.5+£7.3

19.9+5.8
89.6+9.4

24042

MMSE
HDS-R

0.04
0.04
0.80
0.60

T7+£7.1
-0.1x1.0
-0.4+1.7

6.8

927+ 6.5

Barthel Index

-0.3+1.0

7+0.7

e

+

9.8+ 0.6

Vitality Index

GDS
Values are shown as mean

0.5£3.3

(<9}
+H

83+£3.9

7.0£4.0

)
+
0

+

+ standard deviation (range). P-values are for repeated-measure ANOVA over all three time points. DHEA, dehydroepiandrosterone; HDS-R,

Hasegawa Dernentia Scale-Revised; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale; DHEA-S, dehydroepiandrosterone sulfate; DHEA,

dehydroepiandrosterone. **P < 0.01 compared to baseline, *P < 0.05 compared to baseline.
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women.? No detectable adverse effects were observed
throughout the study.

According to the previous trials, DHEA supplemen-
tation of 50 mg or more daily does not provide benefi-
cial effects on cognition in healthy middle-aged to
elderly women without cognitive impairment.*
However, in a small-scale randomized double-blind
placebo-controlled study, DHEA transiently improved
cognition (after 3 months) in subjects with Alzhelmer’s
disease while the improvement was not significant at
6 months.? Preliminary analysis of the small number of
subjects in the present study suggested that DEHEA
treatment was no less effective in subjects with low
baseline cognitive function than those with higher cog-
nitive function (data not shown). Whether the effects of
DHEA might be influenced by baseline cognitive func-
tion should be further investigated.

It is noteworthy that the 6-month effect of donepezil
hydrochloride (5 or 10 mg), the only cholinesterase
inhibitor used in Japan, in patients with Alzheimer’s
disease ranged from no change to less than 1 point
improvement in MMSE score, ™ which is not so dif-
ferent from the effect of DFEA observed in the present
study.

In the present study, not only the participants’ cog-
nitive function was impaired, but baseline plasma
DHEA(-S) level was also low compated to that in post-
menopausal or perimenopausal women.**"® Regarding
DHEA-S levels, according to a report in which healthy
pre- and postmenopausal women were studied,
DHEA-S levels in women aged 35-44 years and
45-5S years were as follows: 4.31£2.11, 3.90
{(mean * standard deviation) and 3.42 + 2.01 wmoV/L.* In
this study, DHEA-S was measured using chemifumi-
nescent enzyme immunotnetric assay; although the
measurements by this method and those by radioimmui-
noassay have been reported to be comparable. In our
study, DHEA treatment increased DHEA-S levels to the
mid-normal range for premenopausal women.”> Also,
the subjects with lower baseline DHEA-S levels showed
non-significant trend towards more improvement in
cognitive scores (data not shown). Thus, future studies
are needed to explore whether the effects of DHEA
might be influenced by baseline DHEA levels.

Because the DHEA receptor has not been identified,
DHEA may act after conversion to testosterone and
subsequently estradiol through estrogen receptors and
androgen receptors, both of which are found in the
hippocampus and frontal lobes and subserve verbal
memory and working memory in women.®* Further,
hippocampal volume and perfusion have been shown to
correlate with serum DHEA-S level in demented
patients.®*¥ It has also been suggested that estrogenic
and androgenic derivatives of DHEA might have dif-
ferent effects on cognitive functions.®® However, the
mechanism by which DHEA improves cognitive
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Table 3 Changes in mobility and self-care scores in Barthel Index during the study

Domains Mean + SD P
(points) Baseline 3 months 6 months Change
(0-6 months)
Mobility (55)
DHEA 46.9£9.2 482+ 6.0 49.2+£5.2 23+54 0.01
Control 47.5+5.4 46.2%5.5 45.0 £ 4.3% -37+£39
Self care (45) «
DHEA 42.7+£6.1 445+1.5 43125 04+£69 0.96
Control 41.8+4.2 425+ 34 41.2 %43 0.7+£3.2

Mobility is the sum score of five domains: (i) wansfer (moving from a bed to a wheelchair and back); (i) walking on a level
surface; (iii) propelling a wheel chair; (iv) ascending and descending stairs; and (v) bathing and toilet use. Self care includes
feeding, grooming, dressing, bowels and bladder. P-values are for repeated-imeasure ANOVA over all three time points, ¥P < 0.05

compared to baseline. SD, standard deviation.

Table 4 Changes in cognitive domain scores during study

Domains (points) Mean + SD p
Baseline 3 months 6 months Change
{0-6 months)
Orientation (10)
DHEA 83+19 8.0£2.7 7.5+3.0 -0.1+1.2 0.28
Control 83+1.9 8.0+2.8 7.5+2.9 -0.7+ 1.7 '
Verbal memory (9)
DHEA S7+2.1 6.5%2.3 6.7 +2.5F 1.0+£1.9 0.79
Control 6.5+1.7 7.5+1.8 7.0%£1.9 0.5+1.7
Attention and calculation (5)
DHEA 23%£1.9 28120 27+1.8 0+2.3 0.79
Control 2.0+ 1.7 1.9+1.2 1.8+1.5 —05+14
Visual memoty (5)
DHEA 3.6+0.9 3.6%+13 3.8+1.2 0.3+1.1 0.91
Control 36113 3.9+09 3.9%1.0 0.5+1.1
Language comprehension (9)
DHEA 85+0.8 7.8+£2.5 8.7+07 0.1+£03 0.12
Control 85108 85108 84+1.1 -0.1+0.9
Verbal fluency (5)
DHEA 28+3.3 25120 43 +1.1% 1.5¢1.7 0.01
Controt 32+£1.9 3.8+1.6 33+1.9 0.1£21
Performance (7)
DHEA 5.7+0.7 5.5+£0.7 4.8 £ 0.4%% -0.8+0.6 0.36
Control 5.6+0.6 51£0.6 4.5 +0,9%*% -1,1+0.8

Change refers to score change during 0-6 months for each parameter in each treatment group. P-vatues are for
repeated-measure ANOVA over all three time points. DHEA, dehydroepiandrosterone. *P < 0.0S, *#P < 0.01, TP < 0.1 vs baseline.

SD, standard deviation.

function is unknown, In the present study, plasma estra-
diol level was not significantly increased after DHEA
treatment, implying that its beneficial effects on cogni-
tion might be androgen-dependent. Unfortunately, free
testosterone levels were not measured, because they were
considered to be undetectable in many cases in older
women. In addition, sex hormone-binding globulin
(SHBG) measurement was niot available; however, it has

© 2010 Japan Geriatrics Society

been reported that DHEA S0 mg treatment for 3 months
in postmenopausal women did not significantly change
SHBQG levels,” suggesting that the change in SHBG-
bound hormone levels after DHEA treatment might be
minimal. Given the local aromatization of androgen to
estradiol in the brain, the effect of DHEA on cognition
might be indirect, complex and heterogeneous, The
molecular mechanism underlying the association
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between DHEA and cognitive function needs to be clari-
fied, and active forms of testosterone and estradiol
should also be examined to investigate whether they
would change after DHEA administration.

In our previous study, plasma DHEA and DHEA-S
levels were independently related to higher basic ADL
in older women aged 70-93years with functional
decline,* and other reports have shown a correlation
between DHEA level and muscle mass, strength and
physical performance.** In the present study, DHEA
treatment maintained the Barthel Index score, while the
score deteriorated significantly in the control group.
Regarding body composition and strength, DHEA
administration in postmenopausal older women aged
up to 80 years did not alter body composition, physical
performance ot strength.'** However, in one small-
scale open-label trial, DHEA treatment for 4 wecks
improved ADL in three out of seven patients (both men
and women) with multi-infarct dementia.”® All these
studies are preliminary, and large-scale and long-term
studies are required to ascertain whether DHEA could
have a beneficial effect on ADL in older women.

In the present study, no effect of DHEA on depress ive
mood or vitality was observed, consistent with most
clinical trials in older women.'s*4 This might be attrib-
utable to the participants’ relatively low depressive
status and high vitality status, namely, ceiling effects.

The limitations of our study should be acknowledged.
First, this study was neither blinded nor randomized.
Second, the number of participants was too small to
confirm the results. Thus, results need to be confirmed
by large-scale randomized trials to exclude possible
selection bias. Third, considering the sensitivity and
accuracy, a standard test like the Alzheimer’'s Disease
Assessment Scale should be used in clinical trials to
ascertain the effect of DHEA., Finally, our study duration
was 6 months so it does not provide any information on
the effects of longer-term DHEA supplementation.

In summary, this small study showed that supplemen-
tation of DHEA 25 mg for 6 months to older women
with mild to moderate cognitive impairment improved
cognitive scores and maintained basic ADL. The results
should be confirmed in large-scale randomized trials.
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Fall prevention in the elderly
Koichi Kozaki

Abstract

Causes of falling are multi-factorial. Although it is not easy to identify specific causes of falling, it is necessary to detect the
significant causes of falling in each individual. In particular, use of medications and indoor hazards are important factors. We
need to give instructions to families who live together with older persons how to avoid dangers of falling. Exercise has been
proven to provide beneficial effects to prevent falling, however it is necessary to consider exactly what and how much exer-
cise one should prescribe to elderly individual who are at high risk of falling. In other words, it is important to give best ap-
proach to prevent falling after considering the status of the elderly.
Key words: Dependent elderly, Fall-predicting score, Tai-Chi exercise, Individual assessment
(Nippon Ronen Igakkai Zasshi 2010; 47: 137-139)
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Relative preservation of the recognition of positive facial
expression “happiness” in Alzheimer disease
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ABSTRACT

Background: Positivity recognition bias has been reported for facial expression as well as memory and visual
stimuli in aged individuals, whereas emotional facial recognition in Alzheimer disease (AD) patients is
controversial, with possible involvement of confounding factors such as deficits in spatial processing of non-
emotional facial features and in verbal processing to express emotions. Thus, we examined whether recognition
of positive facial expressions was preserved in AD patients, by adapting a new method that eliminated the
influences of these confounding factors.

Methods: Sensitivity of six basic facial expressions (happiness, sadness, surprise, anger, disgust, and fear) was
evaluated in 12 outpatients with mild AD, 17 aged normal controls (ANC), and 25 young normal controls
(YNCQ). To eliminate the factors related to non-emotional facial features, averaged faces were prepared as
stimuli. To eliminate the factors related to verbal processing, the participants were required to match the
images of stimulus and answer, avoiding the use of verbal labels.

Results: In recognition of happiness, there was no difference in sensitivity between YNC and ANC, and
between ANC and AD patients. AD patients were less sensitive than ANC in recognition of sadness, surprise,
and anger. ANC were less sensitive than YNC in recognition of surprise, anger, and disgust. Within the AD
patient group, sensitivity of happiness was significantly higher than those of the other five expressions.

Conclusions: In AD patient, recognition of happiness was relatively preserved; recognition of happiness was

most sensitive and was preserved against the influences of age and disease.

Key words: dementia, Alzheimer disease, emotional face recognition, positivity bias, aging, happiness, social interaction, morphing technology

Introduction

Deficits in the recognition of emotional facial
expressions might lead to behavioral disturbances
that often accompany Alzheimer disease (AD),
and behavioral features are more distressing than
cognitive deficits for caregivers of patients with
AD (Donaldson er al., 1998). Facial expressions
are universally identified into six basic expressions:
happiness, sadness, surprise, anger, disgust, and
fear (Ekman ez al., 1971). The human face conveys
non-verbal information about emotional states, the
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recognition of which is critical for appropriate social
behavior.

In aged individuals, positivity recognition bias
has been reported for facial expression (Mather
and Carstensen, 2003; 2005). The positivity
recognition bias was well-studied with memory;
aged individuals remember a larger quantity of
positive events than negative ones, and show
more emotionally positive memory distortion for
autobiographical information than younger adults
do (Mather and Carstensen, 2005). Such positivity
bias in aged individuals has been consistently
reproduced in experimental settings of various
recognition modalities such as emotional facial
recognition and visual stimuli as well as memory
(Mather and Carstensen, 2003; 2005; Kapucu
et al., 2008; Spaniol et al., 2008). However,
studies on emotional facial recognition in AD
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patients have produced various results. First, it
is controversial whether facial recognition itself is
declined or not; some studies reported preserved
ability of emotional facial recognition (Bucks et al.,
2004; Luzzi et al, 2007; Guaita et al., 2009;
Yamaguchi et al., 2012), whereas others reported
impairments (Spoletini ez al., 2008; Bediou et al.,
2009; Drapeau ez al., 2009). It is also controversial
whether there were differences in the recognition
of various emotions. Some studies reported no
difference (Bucks et al., 2004; Luzzi er al., 2007),
whereas others reported differences, e.g. selective
impairment was reported in labeling the facial
expression of sadness (Hargrave et al, 2002), and
recognition of happy facial expressions was reported
to be relatively preserved in comparison with angry
facial expressions (Yamaguchi et al., 2012). It was
also reported that the most identified emotion was
happiness among seven facial expressions (six basic
expressions and boredom) in the moderate and
severe stage of dementia (Guaita er al., 2009).

The
confounding factors. Some studies have suggested
involvement of confounding factors such as deficits
in spatial processing of non-emotional facial
features and in verbal processing to express
emotions (Cadieux er al, 1997; Burnham et al.,
2004). The deficits shown in the experiments could
be due to the decline of the spatial recognition
and/or verbal processing, which were prominent in
AD. Thus, in the present study, we demonstrated
characteristics of emotional face recognition in AD
patients, by adapting a new method that eliminated
the influences of these confounding factors to reveal
whether the recognition of positive expressions is
relatively preserved in AD.

Methods

Participants

The participants were 12 outpatients with mild
AD in Clinical Dementia Rating scale (CDR) 1,
17 aged normal control (ANC), and 25 young
normal control (YNC). Participants were limited
to mild AD patients to eliminate the influence
of difficulties of understandings of the rules. The
exclusion criteria were: prosopagnosia, psychiatric
diseases, delirium, and verbal incomprehension
including aphasia. Those who had weak in eyesight
were also excluded; all the participants could
distinguish a 2-pixel gap (0.58 mm) on a 15"
monitor screen of Landolt ring from 70 cm away.
Subjects were diagnosed based on the criteria for
AD by NINCDS-ADRDA (Dubois et al., 2007).
Scores over 7 on the Japanese version of the Short
Form of the Geriatric Depression Scale (Yesavage

controversy may be partly due to

et al., 1982) were also excluded because depressive
tendencies .could affect facial recognition. The
Ethics Board of the Gunma University School of
Health Sciences approved all procedures (No. 21-
26), and written informed consent was obtained
from all the participants.

Stimuli

Six hundred colored face images of six basic
emotional expressions (happiness, surprise, anger,
sadness, fear, and disgust) were used. To eliminate
confounding factors related to individual difference
in non-emotional facial features and ways to
express emotions, we used standardized photos
of four Japanese women (one neutral and six
basic - expression photos for each person) in
database DB99 (Advanced Telecommunications

‘Research Institute International, Inc. Nara, Japan);

facial features and expressions of non-Japanese
individuals' could be confounding factors for
Japanese. Then we made “averaged faces”, which
canceled individual differences. We prepared one
neutral and six emotional expression (100%
expression faces) averaged faces by morphing
photos of four women. For grading the ability,
we prepared photos of 1%-99% intermediate
expression levels of each emotion by morphing
neutral and 100% expression faces with weight. In
this way, the images of 600 emotional averaged faces
were prepared; e.g. 38% happy image was made by
morphing the 100% happy image and the neutral
image with a ratio of 38—-62. Each image was framed
by an oval to avoid the influence of hairstyle and
clothing.

Experimental setting

The experimental setting is shown in Figure 1A
(stimuli were in color in the experimental setting).
One of the images of intermediate expression levels
was displayed on the monitor of touch panel
screen in the left, and six small faces of 100%
expression were displayed on the right. To eliminate
the confounding factor of verbal processing, the
participants were required to answer by touching
the 100% face that corresponded to the expression
of intermediate face. Using the choice of faces
instead of verbal labels, even those who had
difficulties in verbal processing could answer the
question.

The sensitivity of expression was measured using
staircase method. The orders of six expressions were
randomized using a computer program, and the
first stimulus was 100% expression faces in each
expression. In each expression respectively, if the
response was correct, the level of stimuli increased
in the next trial (ex. 38%-35% expression face).
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Figure 1. A stimulus shown on the monitor. On the left of the screen, 27% happy face was shown; recognition of 27% happy face
corresponded to the sensitivity of 73%, which was the average sensitivity in patients with Alzheimer disease (AD). On the right, six kinds
of 100% expressions were shown. The participants were required to choose and tough one of the 100% faces corresponding to the face
on the left. The Japanese letters on the right bottom means to have no idea, and they could choose the option.

Alternatively if the participant made an error, the
level of stimuli decreased in the subsequent trial.
When the sequence was switched from ascending
to descending or vice versa, the level was recorded
as a reversal point score. The levels were changed
by 15% until the first reversal point, after that,
by 3%. The experiment was continued until the
four reversal points were obtained. The average of
the third and fourth reversal point scores was used
as the sensitivity of the expression. Sensitivity was
the difference calculated by subtracting expression
level from 100(%); the sensitivity corresponding
to 38% expression face was 62. We used the
screen of a 15” touch panel connected to a PC
running C++ software based on Windows XP.
Before the experimental session, a practice session
was conducted. In the practice session, 100%
expression images were displayed as stimuli and the
participants were confirmed to be capable to match
the same expression on the right, where six small
faces of 100% expression were displayed as choices.
The participants were also required to explain the
emotion verbally to confirmn that they recognized
each emotion.

Statistical analysis

AD patients, ANC, and YNC were compared
by using repeated-measured analysis of variance

(ANOVA; 3 groups x 6 basic expressions) followed
by post hoc testing with Bonferroni correction.
According to post hoc analysis, significantly higher
sensitivity in YNC compared with ANC was defined
as age effects, and significantly higher sensitivity
in ANC compared with AD patients was defined
as AD effects. The data were analyzed using the
Japanese version of SPSS for Windows version
19.0 (IBM Corporation, New York). Significant
differences are set for two-tailed p=0.05 for all
analyses.

Results

The ages of the participants were 81.149.2 years in
mild AD, 76.843.5 years in ANC, and 18.941.1
years in YNC, and there was no significant
difference between age of AD patients and that
of ANC by two sample r-test. Sensitivities of
the three groups and comparisons are shown in
Figure 2 and Table 1. There was a significant
difference among three groups in perception of
facial expressions. According to the post Aoc analysis,
both age and AD effects were observed for anger and
surprise (anger: age effects p=0.031, AD effects
p < 0.001; surprise: p < 0.001, p=0.029), whereas
for happiness and fear, neither age effects nor
AD effects were observed (happiness: p=0.138,
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Table 1. Age effects and Alzheimer disease effects

HAPPINESS SADNESS SURPRISE ANGER DISGUST FEAR
tYNC 86.7+14.0 63.1+£22.9 81.1£8.9 66.8£15.1 55.54+14.9 55.0£15.3
SYNC wversus ANC 0.138 0.183 <0.001** 0.031* <0.001** 0.178
HTANC 76.8+16.8 48.31+25.8 63.9+14.3 55.0£12.3 32.4%19.2 43.91+13.7
YANC versus AD 1.000 0.048* 0.029* <0.001** 0.718 1.000
AD ‘ 72.8+15.8 25.3+£26.0 50.5+18.4 2344145 25.0+14.6 37.34+28.0

PYNC: young normal controls; TANC: aged normal controls; Sage effects: significantly higher sensitivity of YNC in comparison
with ANC; YAD effects: significantly higher sensitivity of ANC in comparison with AD. Both of the age and AD effects were shown
by p values of intrasubject post hoc analysis with Bonferroni correction of 3 x 6 repeated measured ANOVA (three groups of YNGC,

ANC, and AD, and six expressions). *p < 0.05, **» <'0.001.
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Figure 2. Results of sensitivities of the young normal controls (YNC), the aged normal controls (ANC), and the AD patients. Error bars
indicate standard deviation. Regarding recognition of happy and fear faces, there was no significant difference between YNC and ANC,
and ANC and AD patients. Regarding recognition of surprise and anger faces, there was significant difference between YNC and ANC, and
ANC and AD patients. There was significant difference between ANC and AD in sad face recognition, and between YNC and ANC in disgust
recognition. Within AD patients, sensitivity of happy face was significantly higher than that of other expressions. *p < 0.05, **p < 0.001.

p=1.000; fear: p=10.178, p=1.000). For sadness,
AD effects were observed (p = 0.048), whereas age
effects were not (p=0.183). However, for disgust,
age effects were observed (p < 0.001), whereas AD
effects were not (p=0.718). Within AD patients,
sensitivity of happiness was significantly higher than
those of the other five expressions, and that of
surprise was significantly higher than those of anger
and disgust.

Discussion

This study showed that recognition of happy facial
expressions was relatively preserved in AD patients.
Recognition of happiness was significantly easier
than recognition of five other expressions and
there were no age effects or AD effects. Regarding
negative expressions, age effects were observed in
recognition of anger and disgust, and AD effects
were observed in recognition of sadness and anger.
Surprise had a neutral emotional valence and both
effects were observed in surprise recognition.

The results from this study should be reliable

because the task used involved a sophisticated

matching task that improved on problems in
previous studies to cancel confounding factors. In
previous experimental settings, participants were
required to match the expression of photos of
different people. Thus, impairment in the matching
could be a result of visuospatial dysfunctions rather
than deficits in processing emotions (Ekman et al.,
1971). Upon misunderstanding of individual
differences in facial features, the participants might
fail to extract the emotional implications. The
stimuli used in the present study were averaged
faces with different emotional valence, where non-
emotional features were shared. Thus, differences
in features are directly related to emotional
differences. Another merit of this matching task
was to eliminate the cognitive process to convert
perception to abstract verbal expression; abstract
thinking and verbal recognition also decline in AD
patients. The use of images of Japanese individuals
for Japanese participants also eliminated irrelevant
cognitive load. Social recognition, including



emotional facial expression, has sociocultural
implications, and expression of facial emotions
could be influenced by cultural backgrounds
(Ekman et al., 1987; Shioiri et al., 1999).

Adding to canceling confounding factors,
another advantage of this method is the precise
measurement of the sensitivity by using the
intermediate level of expressions. In the often
used experimental settings, the participants were
required to classify the photos of typical emotional
faces (100% in the present study) by emotional
expression. According to a meta-analysis of 17
studies on emotion recognition and aging, the
average of the stimuli of one emotion was around 7.
Concerning happiness recognition, the magnitude
of the difference between young and aged subjects
is potentially masked by a ceiling effect, with young
subjects scoring 98% or better in 15 out of 17
studies (Ruffman er al., 2008). Such ceiling effects
could exist in the experiments comparing aged sub-
jects and AD patients, thus more sensitive tests with
subtle stimuli are desirable. In the present study, we
applied 1%-99% intermediate levels of expression,
which enabled precise measures of sensitivity.

After eliminating the confounding factors of
deficits in spatial processing of non-emotional
facial features and in verbal processing to express
emotions, positivity bias in ANC was shown, in that
recognition of happiness was spared in comparison
with YNC. In AD patients, recognition of happiness
was spared in comparison with ANC. Hargrave
et al. (2002) reported that AD patients showed
selective impairment in labeling facial expressions
of sadness compared with ANC. The results were
not identical, as there were differences in the
methods used to eliminate the confounding factors
of facial features of different people, Hargrave et al.
(2002) tried to remove the factors by analysis.
The experimental setting involved matching the
emotion displayed on the reference face with one
of six simultaneously presented alternatives, and all
seven photographs were faces of different people. A
multivariate analysis of covariance (MANCOVA)
model was adapted using each subject’s score on
the facial identity matching task as a covariate. The
advantage of the present study is eliminating the
confounding factors at the experimental phase.

The mechanism of positivity recognition bias
in aged individuals and AD patients remains
unproven. Positivity bias in aged individuals was
explained by lifetime perspective motivational
changes; as the time perspective is reduced,
current emotional goals associated with well-being
become more important (Carstensen et al., 1999).
Consequently, aged individuals would tend to
allocate more cognitive resources to improve emo-
tion regulation, and their information processing
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was characterized by a positivity bias (Mather
and Carstensen, 2005; Mather and Knight, 2005;
Brassen et al, 2011). Within this framework,
positivity bias in facial emotional recognition could
be explained by shifts in attention allocation for
positive stimuli (Mather and Carstensen, 2005;
Goeleven et al., 2010).

Concerning such allocation of cognitive re-
sources to emotion regulation, capacities of
cognitive resources should be considered. Mather
and Knight reported that aged individuals with
superior cognitive abilities were more likely to
exhibit positivity bias (Mather and Knight, 2005).
In line with the report, the positivity bias should
be reduced in AD patients with cognitive decline,
However, the experiment was conducted on
memory, and if the allocation occurred only in
the remembering phase, and not the memorizing
phase, the explanation could not be applied to facial
recognition. Goeleven er al. (2010) suggested that
increased age is associated with reduced allocation
of resources to negative stimuli, and the explanation
could also be true in AD patients.

The present study showed decreases of negative
emotion recognition and relatively preserved
positive recognition. Our results are in line with the
conclusions based on the meta-analysis of Murphy
and Issacowitz, which revealed an age-related
decrease of negativity preference as compared to
an increased positivity preference (Murphy and
Isaacowitz, 2008). The above explanations are still
hypotheses, and specifying the interaction between
cognitive decline and emotion processing would be
a valuable topic for future research.

Regarding study limitations, it is possible that
recognizing happy facial expressions was easier, as
this was the only positive emotion in the study.
The differentiation of the four negative expressions,
sadness, anger, disgust, and fear, was more difficult.
Thus, the results should be confirmed in an
experimental setting using stimuli with three facial
expressions: happiness, a negative emotion, and a
neutral expression.

This study showed that recognition of happy
facial expressions was relatively preserved in AD
patients; the results could be generalized to other
ethnicity because emotional facial recognition is
basically universal. These experimental results may
be useful if they are implemented in a way to
improve the daily life of AD patients. Caregivers
should take advantage of cues from happy facial
expressions to provide beneficial care.
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