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Association of grip strength and related indices with
independence of activities of daily living in older adults,
investigated by a newly-developed grip strength
measuring device

Yasumoto Matsui,' Remi Fujita,! Atsushi Harada,' Takashi Sakurai,® Tetsuya Nemoto,® Nobuo Noda*
and Kenji Toba®

"Department of Advanced Medicine (Orthopedic Surgery), 2Center for Comprehensive Care and Research on Memory Disorders,
3Department of Gerontechnology, National Center for Geriatrics and Gerontology, Obu, and *Eisyo Metal Co., Ltd, Tokyo, Japan

Aim: To investigate the association of grip strength and activities of daily living independence in older adults, using
a newly-developed grip strength measuring device.

Methods: Patients who visited the clinic for memory disorders at the National Center for Geriatrics and Geron-
tology (142 men and 205 women, mean age 74.8 + 8.8 years) were included in the present study. Their strength
during gripping performance is described in detail, and following the indices were calculated: maximum strength
(MS), response time (RT), time to MS, time to reach turning point (TP), strength at TP, inclination from start to TP,
time from TP to reach MS, inclination from TP to MS and ratio of strength (TP/MS). Barthel Index (BI), total scores
and scores of each subclass were used for evaluating activities of daily living independence. MS was compared
between the independent and dependent groups. Correlations, using partial Pearson’s coefficient adjusted for age, and
Mini-Mental State Examination total score were analyzed between indices and Bl by sex, side, and age groups.

Results: MS was significantly higher in the independent group. MS and RT were significantly related with BI total
and certain subclasses in both hands, TP/MS was significantly related in the right hand of either sex, and strength at
TP was significantly related in both hands in women and in the left hand in men. Time to reach TP was particularly
correlated in both hands and time from TP to reach MS in the right hand, in men. The correlation of indices varied
by sex, hand side and age group, especially in men aged in their 70s, and in women aged less than 70 years and women
aged in their 80s.

Conclusion: MS was shown to be useful, but some of the newly defined indices, such as RT, strength at TP, and
elements regarding before and after TP until reaching MS, were also suggested to be useful. Geriatr Gerontol Int
2014; 14 (Suppl. 2): 77-86.

Keywords: activities of daily living independence, association, detailed evaluation, grip strength, muscle contraction.

Introduction

In geriatric medicine, evaluations of physical ability and
assessment as to whether elderly patients keep their
independence in activities of daily living (ADL) are
essential tasks. They are included in the comprehensive
geriatric assessment (CGA),' the importance of which
has been widely recognized.? For the evaluation of
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physical ability, the grip strength test is one of the most
popular and widely utilized methods,*® as it is con-
sidered to be an indication of the state of muscle
function.** Grip strength has been reported to be cor-
related with ADL or physical performance,’®* or to
predict disability or dependence in the future.’>®

In order to assess the gripping ability of physically
weakened older adults more precisely, we have devel-
oped a new device to analyze the detailed way in which
muscles contract during gripping performance.'® This
new device can accurately measure not only very weak
peak values, but also the agility or the endurance in
gripping by taking the time axis into consideration.
Using the data obtained from the measurement by this

doi: 10.1111/ggi. 12262 | 77
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new device, we have proposed new indices and showed
the difference by sex or hand side."”

In the present study, using the data from our newly-
developed device, we investigated the association of
gripping performance and independence of ADL in
older adults, evaluated by total Barthel Index (BI) score
and its subitems, and attempted to reveal the meaning of
the newly proposed indices, as well as that of maximum
grip strength.

Methods

Study population

The participants of the present analyses were recruited
at the outpatient clinic for memory disorders at the
National Center for Geriatrics and Gerontology, Japan
at Obu City, Aichi Prefecture in Japan. The period of
recruitment was from 18 October 2010 to 10 June 2011.
Inclusion criteria were principally the patients who
visited our memory disorder clinic for the first time and
could understand the instructions on how to measure
grip strength with the new device. Before the examina-
tion, their blood pressure was measured, and those with
higher than 160 mmHg systolic pressure were excluded.
The participants of the present study were 347 patients
(142 men and 205 women, average age 75.0 £ 9.1 years).

Average Mini-Mental State Examination (MMSE)
score was 21.1 £ 6.1 in men and 20. 2 £ 5.7 in women.

Evaluations of ADL independence by BI and
participant grouping

Independence of the ADL was evaluated by BI*® ques-
tionnaire. The index is composed of 10 items regarding
bathing, grooming, feeding, dressing, toilet use, ascend/
descend stairs, bowel management, bladder manage-
ment, bed/wheelchair transfer and mobility (level
surface), totaling 100 points as a full score. Participants
were classified into two groups based on the total BI
score. Those with a total score of 100 points were clas-
sified as independent, and those with less than 100
points as dependent. They were also classified by the
scores on each of the 10 component subitems of BI (full
score, less than full score).

Newly-developed device for measuring grip strength

Using the force-gauge (manufactured by IMADA,
Toyohashi, Japan; product no. ZP-500N) for measuring
industrial products, the signal output from the device is
sent to a computer (Fig. 1). At the moment an LED
lamp on the device lights up, the examinee is encour-
aged to grip the handle, and the grip strength is con-
stantly recorded by the computer. How the gripping
strength is produced can be automatically described on

78 |

Figure 1 Newly-developed device for measuring grip
strength. Force-gauge (made by IMADA, Toyohashi, Japan)
can be used for measuring industrial products, such as the
operation switch on a deluxe automobile. The gauge is
equipped with an easy-grip handle. The signal output from
the device is sent to the computer. The moment the LED
lamp on the device lights up, the examinee grips the handle.
Grip strength is constantly recorded by the computer. How
the gripping strength is produced is automatically described
on the computer monitor.

the computer monitor. Not only can it measure the
maximum (peak) grip strength accurately, even very low
levels of strength, but it can also measure the response
time, agility (catching ability) or endurance (holding
ability).

Method for measuring grip strength and
items calculated

The participants were mostly elderly patients, whose
grip strength was measured in the sitting position, with
their elbows flexed approximately 90°. In the agility
examination, the examinees were asked to grip the
handle as soon as the lamp illuminated. The time and
the pattern to reach the peak value were then evaluated.

For the analyses to assess agility in detail, from the
graph showing the data output and recorded on the
computer monitor, we selected four points: (i) lamp
lights up; (i) time to start gripping; (iii) turning point
when curve inclination changes; and (iv) peak. We then
defined nine indices, calculated with these four points
as follows: (1) maximum strength; (2) response time;
(3) time to reach maximum strength; (4) time to reach
turning point; (5) strength at turning point; (6) inclina-
tion from start to turning point; (7) time from turning
point to reach maximum strength; (8) inclination from
turning point to maximum strength; and (9) ratio of
strength (turning point/maximum); (Fig. 2).

© 2014 Japan Geriatrics Society
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Figure 2 A graph showing nine
detailed indices in the agility
examination.

Statistical analyses

The average maximum grip strength was compared
between the independent group and dependent group
(both BI total score and each subclass item). Also, the
average absolute values of each of the aforementioned
nine items were calculated, and then the relationships
were investigated between those items and BI scores
of the total, and that of each subclass: bathing, groom-
ing, feeding, dressing, toilet use, ascend/descend
stairs, bowel management, bladder management, bed/
wheelchair transfer and mobility were investigated with
Pearson’s coefficient, utilizing SPSS version 19 for
Windows (SPSS, Chicago, IL, USA) was used. Partial
correlations adjusted for age and total score of MMSE
were also examined. Furthermore, the relationships
between the nine grip strength measuring items and
total BI scores of the three different age groups, below
70 years, 70s and 80s, were also investigated with partial
Pearson’s coefficient, adjusted for MMSE. P-values less
than 0.05 were considered statistically significant. The
study protocol was approved by the Committee on
Ethics of Human Research of the National Institute for
Longevity Sciences. Written informed consent was
obtained from each participant.

Results

Participant characteristics

The demographic data of participants are listed in
Table 1. There were significant differences between the
independent group and dependent group in age, height,
weight, and BI score (both total and each subclass item)
in both sexes. Significant differences were seen in five of
the nine newly advocated indices with the right hand in
men, and in seven of the nine items in women. Signifi-
cant differences were seen only in women regarding two

© 2014 Japan Geriatrics Society

(4) Time to reach turning point

(3) Time to reach maximum strength

(7) Time from turning point
to reach maximum strength

indices: time to reach maximum strength and ratio of
strength (turning point/maximum).

Comparisons of maximum grip strength

The partial correlation coefficients between the maxi-
mum grip strength and BI total score, after adjusting age
and sex, were 0.296 for the right hand (P < 0.001) and
0.295 for the left hand (P < 0.001), showing significant
relationships. Even after adjusting for MMSE total
score, they were 0.228 for the right hand (P < 0.001) and
0.238 for the left hand (P < 0.001), and the relationships
remained significant.

Comparisons among groups divided in terms of
scores for total BI and each of the 10 subclass items in
men showed significant differences between the full
score (independent) group and those losing points
(dependent) in total BI and all subitems. Similarly in
women, except in one item of feeding, significant dif-
ferences were shown between the independent and
dependent group for almost all subitems, as well as for
total BI (Table 2).

Correlations between nine grip strength items
measured and BI

Partial correlations between the nine grip strength items
measured and BI score (total score and each of 10
subitems), adjusted for age and MMSE, were examined
for both hands in men (Table3) and in women
(Table 4). In men, maximum grip strength was signifi-
cantly correlated with eight items in the left hand and
five in the right, as well as with the total score in both
hands. Response time was significantly correlated with
five items in the left hand, four in the right hand and
total score in both hands. Time to voach turning point
was significantly correlared with five items and with total
score in the left hand. Strength at turning point was
significantly correlated with four items in the left hand

| 79
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Table 1 General characteristics of participants

Men Women
Independent  Dependent P-value Independent ~ Dependent P-value
(n=387) (n=S55) (n=144) (n=61)
Age (years) 72.6%8.7 75.5£10.5 0.073 Age (years) 74.2+8.8 80.1+£6.6  <0.001
Height (cm) 163.9+5.7 160.2+7.2 0.001 Height (cm) 149.8 £ 6.4 144.6+£7.1 <0.001
Weight (kg) 61.2+8.38 57.1+11.2 0.017 Weight (kg) 47.9+8.2 46.1+9.1 0.154
BMI (kg/m?) 22.8£29 22.1£3.2 0.209 BMI (kg/m?) 21.3£3.1 22.0+£3.8 0.171
MMSE score 23.0£5.2 18.1+£6.3 <0.001 MMSE score 214+54 17.3£5.5 <0.001
Barthel Total score 100.0+0.0 78.9+21.6 <0.001 Barthel Total score 100.0£0.0 80.7+£17.6 <0.001
Index Index
Feeding 10.0+0.0 9.4x2.0 0.002 Feeding 10.0+0.0 9.4+1.6 <0.001
Bed/wheel-chair transfer 15.0+0.0 13.9+2.9 <0.001 Bed/wheel-chair transfer 15.0+£0.0 13.9+£2.3 <0.001
Grooming 5.0£0.0 3.8+£22 <0.001 Grooming 5.0£0.0 3.4+24 <0.001
Toilet use 10.0£0.0 83%24  <0.001 Toilet use 10.0£0.0 9.1£2.0 <0.001
Bathing 5.0£0.0 3.5+23 <0.001 Bathing 5.0+0.0 2.8%25 <0.001
Mobility 15.0£0.0 13.6+3.7 0.001 Mobility 15.0£0.0 13.8+£2.8 <0.001
Ascend/descend stairs 10.0+0.0 8.5+2.7 <0.001 Ascend/descend stairs 10.0£0.0 83+£2.9 <0.001
Dressing 10.0£0.0 8.0+2.8 <0.001 Dressing 10.0£0.0 8.4+25 <0.001
Bowel management 10.0+0.0 6.6 3.0 <0.001 Bowel management 10.0£0.0 6.5+3.0 <0.001
Bladder management 10.0+0.0 6.2+29 <0.001 Bladder management 10.0x0.0 62125 <0.001
Nine new Response time (ms) 360.2+153.6 425.6+188.2 0.026 Nine new Response time (ms) 388.6+138.0 492.3+186.7 <0.001
indices indices
Time to reach turning point 692.6 +252.2 807.8+304.9 0.016 Time to reach turning point 761.8+2794 83832734 0.077
(ms) (ms)
Strength at turning point (kg) 24.5+8.3 18.3+£7.7 <0.001 Strength at turning point (kg) 16.7+5.8 11.3+£4.7 <0.001
Inclination from start to 0.082+0.045 0.054+0.037 <0.001 Inclination from start to 0.048 £0.027 0.031£0.017 <0.001
turning point (kg/ms) turning point (kg/ms)
Time to reach maximum 1276.4 £ 464.6 1302.3+£422.1 0.740 Time to reach maximum 1261.2+385.8 1397.4+£3943 0.025
strength (ms) strength (ms)
Maximum strength (kg) 28.3£8.2 21.6+8.8 <0.001 Maximum strength (kg) 19.3+6.0 14.0£5.6 <0.001
Time from turning point to 583.8+403.2 494.5+362.5 0.186 Time from turning point to 499.4+£331.5 559.2+335.6 0.248
reach maximum strength reach maximum strength
(ms) (ms)
Ratio of strength (turning 85.7+11.5 84.9+11.3 0.663 Ratio of strength (turning 86.1+10.2 80.9+12.9 0.003
point/maximum) (%) point/maximum) (%)
Inclination from turning point  0.010+0.010  0.009 £0.008  0.451 Inclination from turning point ~ 0.007 £0.005  0.005 £0.004 0.119

to maximum strength

(kg/ms)

to maximum strength

(kg/ms)

BMI, body mass index; MMSE, Mini-Mental State Examination.
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Table 2 Comparisons of maximum grip strength between independent and dependent groups of total Barthel Index score and each Barthel Index

subitem

Men
Independent (n)

Dependent (n)

P-value

Women
Independent (n)

Dependent ()

P-value

Total score

Feeding
Bed/wheelchair transfer
Grooming

Toilet use

Bathing

Mobility
Ascend/descend stairs
Dressing

Bowel management

Bladder management

Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left

28.3+ 8.2 (87)

27.3+8.0 (87)

26.3 + 8.8 (134)
25.4+ 8.7 (135)
26.3 + 8.8 (130)
25.4+8.6 (131)
26.8 + 8.7 (126)
25.8 + 8.3 (127)
26.9 + 8.8 (121)
26.0 £ 8.5 (122)
27.0 + 8.6 (122)
26.1 +8.3 (123)
26.4+ 8.8 (131)
25.4 % 8.6 (132)
26.8 + 8.7 (125)
25.8 + 8.4 (126)
26.9+ 8.6 (121)
25.8 £ 8.5 (121)
27.4+ 8.3 (108)
26.3 + 8.1 (108)
27.3+ 8.7 (104)
26.6 £ 8.5 (104)

21.6 + 8.8 (54)
21.1 £ 8.6 (55)
15.4+ 5.4 (6)

15.9+ 4.9 (6)

17.5+7.7 (9)

17.3+8.1 (9)

16.1£5.9 (13)
15.5+7.0 (13)
18.4+ 6.5 (18)
17.4+ 6.5 (18)
15.7 £ 6.1 (15)
14.7 £ 5.6 (15)
16.0 £5.6 (8)

16.1+ 6.3 (8)

16.9 £ 6.8 (14)
16.3+7.1 (14)
17.8 +7.7 (18)
18.9+ 8.1 (19)
20.0 £9.1 (32)
19.8 + 9.2 (33)
20.8 + 8.3 (35)
19.8 + 7.7 (36)

<0.001
<0.001
0.003
0.009
0.004
0.006
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
0.003
<0.001
<0.001
<0.001
0.0001
<0.001
<0.001
<0.001
<0.001

19.3 + 6.0 (142)
17.9 +5.7 (143)
17.9+ 6.3 (194)
16.5 £ 6.0 (196)
18.1+ 6.2 (189)
16.9 £5.9 (190)
18.4+6.2 (181)
17.0 £ 6.0 (183)
18.1+ 6.3 (190)
16.8 + 6.0 (191)
18.5+6.1 (175)
17.1£5.9 (176)
18.0 6.2 (190)
16.7 5.9 (191)
18.3 + 6.2 (183)
17.0 £5.9 (184)
18.3 + 6.2 (183)
17.0 £5.9 (184)
18.8 £ 6.1 (163)
17.5 £5.8 (164)
18.9+ 6.2 (158)
17.6 + 6.0 (159)

14.0 £5.6 (59)
12.9 £ 5.4 (60)
14.0 £ 4.7 (7)

13.2+6.9 (7)

11.4+5.0 (11)
10.3 £3.9 (12)
12.2 + 4.3 (20)
10.9 £ 3.6 (20)
12.5 + 4.5 (10)
11.4 4.3 (11)
12.6 £5.1 (25)
12.2 +5.3 (26)
12.8 £ 6.7 (10)
11.7 £ 6.0 (11)
12.4£5.0 (17)
11.2 £4.5 (18)
12.4 4.7 (17)
11.0 £ 4.0 (18)
13.1+5.3 (37)
11.8 £ 4.6 (38)
13.6 £5.1 (42)
12.4 + 4.4 (43)

<0.001
<0.001
0.11
0.15
<0.001
<0.001
<0.001
<0.001
0.007
0.004
<0.001
<0.001
0.01
0.006
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
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Table 3 Partial correlations between nine grip strength items measured and Barthel Index (total score
Mini-Mental State Examination total score in men

and each sub items) adjusted for age and

Total Feeding Bed/wheel-chair ~ Grooming  Toilet Bathing  Mobility =~ Ascend/ Dressing Bowel Bladder
score transfer use descend management  management
stairs
Response time Right r» -0.22% -0.22% -0.12 -0.10 -0.16 -0.25%*%  -0.22% -0.15 -0.19* -0.14 -0.04
Left — r -024% 029" -0.16 -0.12 -0.13 =0.27%%  -0.23**  -0.18%*  -0.25**  -0.06 -0.07
Time to reach turning point Right » -0.22%  -0.30%** -0.13 -0.12 -0.13 -0.15 -0.28%*  -0.12 -0.12 -0.09 -0.14
Left r =0.25%%  -0.29% -0.14 -0.06 -0.15 -0.10 -0.25%%  -0.12 -0.20% -0.19* -0.18*
Strength at turning point Right r 0.17 0.12 0.07 0.13 0.10 0.23* 0.10 0.10 0.14 0.16 0.09
Left r 0.26%# 0.15 0.13 0.22% 0.16 0.32%# 0.17 0.21* 0.16 0.14 0.18*
Inclination from start to turning point  Right 7 0.18% 0.16 0.09 0.12 0.10 0.13 0.15 0.08 0.07 0.11 0.22%
Left r 0.20%* 0.15 0.08 0.16 0.09 0.11 0.16 0.07 0.07 0.20% 0.26%*
Time to reach maximum strength Right r 0.13 -0.10 0.06 0.06 0.14 0.09 0.04 0.12 0.21* 0.14 0.07
Left r -0.01 -0.08 0.00 -0.06 0.08 0.11 -0.05 0.02 -0.06 -0.05 0.00
Maximum strength Right r  0.26**  0.15 0.12 0.18* 0.18* 0.31%*  0.16 0.17 0.22% 0.20% 0.16
Left r 0.30%# 0.17 0.15 0.25%# 0.23* 0.36%** 0.20% 0.23*# 0.17% 0.18% 0.23%*
Time from turning point to reach Right r  0.30%* 0.10 0.17 0.15 0.25%* 0.21* 0.24%* 0.23* 0.33%% 0.22% 0.18*
maximum strength Left r 015 0.11 0.10 -0.03 0.19% 0.20% 0.10 0.11 0.07 0.07 0.13
Ratio of strength (turning Right » -0.22*  -0.07 -0.17 -0.14 ~-0.20*  -0.19*  -0.20* -0.17 -0.18* -0.06 -0.18%
point/maximum) Left » -0.09 ~0.06 -0.07 ~0.02 ~-0.17%  -0.07 -0.06 0.04 -0.01 -0.12 -0.09
Inclination from turning point to Right »  0.06 0.11 0.09 0.03 0.02 0.12 0.09 0.06 -0.07 -0.04 0.06
maximum strength Left r 0.07 0.08 0.08 0.12 -0.06 -0.05 0.09 -0.03 -0.01 0.12 0.10

**P < 0.01, *P < 0.0S.

Table 4 Partial correlations between nine grip strength items measured and Barthel Index (total score

Mini-Mental State Examination total score in women

and each sub items) adjusted for age and

Total Feeding Bed/wheel-chair ~ Grooming  Toilet Bathing  Mobility ~ Ascend/ Dressing Bowel Bladder
score transfer use descend management  management
stairs
Response time Right r -0.14 0.26 -0.05 -0.12 -0.02 -0.16* 0.04 -0.17* 0.07 -0.19* -0.14
Left r o -0.16% -0.10 ~0.07 -0.22%* -0.06 -0.16* 0.02 -0.11 0.07 -0.15% -0.18*
Time to reach turning point Right r  0.01 0.10 0.10 0.04 0.04 0.03 0.07 -0.03 0.04 -0.12 -0.05
Left r 0.02 0.03 0.05 -0.07 0.02 0.02 0.09 -0.04 0.08 -0.02 -0.03
Strength at turning point Right r 0.26%* 0.09 0.20%* 0.16% 0.11 0.22%% 0.12 0.21%* 0.15* 0.22%* 0.23%*
Left r 0.23%# 0.04 0.17* 0.17% 0.09 0.13 0.14 0.15% 0.16* 0.24%# 0.25%#
Inclination from start to turning point  Right r  0.14 -0.10 0.07 0.02 0.07 0.04 0.10 0.12 0.06 0.20%* 0.17%
Left r 0.11 -0.04 0.09 0.03 0.06 0.02 0.05 0.12 0.03 0.15% 0.16%
Time to reach maximum strength Right r -0.11 -0.02 0.04 -0.02 -0.07 -0.01 -0.05 -0.10 -0.08 -0.20%# -0.15*
Left r -0.04 0.00 0.01 0.02 -0.05 0.07 -0.02 -0.02 0.01 -0.13 -0.09
Maximum strength Right r  0.22**  0.06 0.20%* 0.15*% 0.06 0.19%*  0.12 0.17% 0.13 0.18% 0.20%%
Left  r  023*  0.03 0.19%* 0.18* 0.08 0.15* 0.13 0.16* 0.16* 0.19%* 0.22%
Time from turning point to reach Right » -0.14 -0.10 -0.04 -0.06 -0.11 -0.04 -0.11 -0.09 -0.13 -0.12 -0.14
maximum strength Left r -0.06 -0.02 -0.02 0.03 -0.07 0.08 -0.08 -0.01 -0.04 -0.15% -0.09
Ratio of strength (turning Right r 0.24%* 0.13 0.18% 0.18* 0.25%* 0.19%* 0.15% 0.18% 0.19%* 0.13 0.14
point/maximum) Left r 0.11 0.08 0.02 ~-0.01 0.06 -0.04 0.10 0.00 0.09 0.22%% 0.17#
Inclination from turning point Right r 0.04 0.01 -0.01 -0.03 -0.04 -0.02 0.05 0.02 0.01 0.10 0.12
to maximum strength Left r 0.12 0.02 0.09 0.08 0.07 0.07 0.05 0.08 0.09 0.11 0.12

*#P < 0.01, *P < 0.05.
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and with total score. Different from the results before
adjustment, in the right hand only one index gained
significance. Time from turning point to reach
maximum strength and ratio of strength (turning point/
maximum strength) were significantly related to seven
and five items, respectively, as well as to the total score
in the right hand. Inclination from start to turning point
was significant only in total score and some subclass
items in both hands (Table 3). In women, maximum
grip strength was significantly related to seven items in
the left hand and six in the right, as well as with the total
score in both hands. Response time was significantly
related to four items in the left hand and three in the
right, whereas the total score was significant only in the
left hand. Strength at turning point, differing slightly
from men, was significant in seven items in the right
hand and six in the left, as well as in the total score in
both hands. The ratio of strength (turning point/
maximum strength) was significant in seven items and
the total score in the right hand (Table 4).

Correlations between nine grip strength items
measured and total BI scores in three different

age groups

In men aged in their 70s, six out of nine items, namely,
response time, time to reach turning point, strength at
turning point, maximum grip strength, time from
turning point to reach maximum strength and ratio of
strength (turning point/maximumy), were correlated with
total BI score in the right hand, whereas five items,
response time, time to reach turning point, strength at
turning point, inclination from start to turning point
and maximum grip strength, were related with total BI
score in the left hand (Table 5). In the age group below
70 years, just two items, strength at turning point and
ratio of strength (turning point/maximumy), were related
in both hands (Table 5). In the 80s age group, no item
was correlated in the right hand, and response time and
inclination from start to turning point were correlated in
the left hand (Table 5).

Much different from men, in women aged in their 70s
only one item, strength at turning point, was correlated
in the right hand, and also only one item, response time,
was correlated in the left (Table 5). In the age group
below 70 years, no item was correlated in the right hand,
whereas four items, response time, time to reach
turning point, time to reach maximum strength and
time from turning point to reach maximum strength (all
of these were time-related items), showed significant
correlations in the left hand. In women aged in their
80s, strength at turning point and maximum strength
were correlated in both hands, and time from turning
point to reach maximum strength was correlated in the
right hand (Table 5).

© 2014 Japan Geriatrics Society

Discussion

The grip strength test is one of the most popular
and widely utilized methods for evaluating muscle
strength.®® It is doubtful, however, whether a grip
strength device, originally made for young people, is
suitable for measuring very weak strength, because
average grip strength of female residents (mean age 83.2
years) in a nursing home was reported to be as low as
8.7 kg.*! We have developed a new grip-strength mea-
suring device that not only measures small values accu-
rately, but also evaluates muscle contraction in detail,
by taking a time axis into consideration, and defined
various indices, which were shown to be different by sex
or side in a previous study."’

In the present study, we have investigated the associa-
tion of grip strength and independence of ADL in older
adults, comparing the data from our newly-developed
device and the internationally utilized BI to determine
whether the newly advocated indices are associated with
limitations in ADL. Maximum grip strength was proved
to be a very good index, which could be shown with
precise values; however, response time, values at the
turning point and ratio of strength (turning point/
maximum strength), although correlated with the
indices, varied by sex or hand side (Tables 3 and 4).
When we first introduced this device, we thought that
not only measuring the maximum strength, but also the
time to reach maximum strength, would be important.
The time to reach maximum strength, however, was not
found to be significant in either sex or in total Bl score, or
in most of the subclass indices. As a matter of fact,
although no association was seen in time to reach
maximum strength, some relationships were seen in time
to reach turning point and time from turning point to
reach maximum, especially in men (Tables 3 and 4).
Therefore, the meaning of time might not be the same
before and after the turning point. Also, strength at
turning point was found to be correlated with total Bl
score and several subclass items, especially in women.

From the aforementioned, turning point was sug-
gested to be worth measuring, although its meaning
warrants further investigation; it could have something
to do with the proportional change of the fast and slow
twitch fiber contraction, or something else, such as the
relative involvement of flexors and extensors in gripping
performance. In order to determine this with greater
certainty, further studies should be carried out, such as
simultaneous electromyography measurement. In the
analyses of the separate age groups, particularly in the
group of men aged below 70 years, the strength at
turning point was associated with total BI scores,
although maximum grip strength was not. In the group
of women aged below 70 years, in the left hand, neither
maximum grip strength nor strength at turning point
was related with total Bl scores, and some other indices,
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Table 5 Partial correlations between nine grip strength items measured and total Barthel Index scores in three different age groups, adjusted by

Mini-Mental State Examination score

Age Men Women
Below 70 years 70s 80s Below 70 70s 80s
(n=238) (n=167) (n=36) (n = 45) (n=71) (n=85)
Response time Right hand -0.12 —0.34%* -0.14 0.20 -0.08 -0.07
Left hand -0.12 -0.33%* —0.40% -0.33% -0.27% -0.09
Time to reach turning point Right hand 0.16 —0.42%% ~-0.11 0.01 -0.01 0.08
Left hand 0.15 -0.27% -03.2 -0.34% -0.01 0.06
Strength at turning point Right hand 0.41% 0.25% 0.26 0.07 0.26% 0.30%#
Left hand 0.35% 0.36%* 0.31 0.11 0.22 0.35%*
Inclination from start to turning point Right hand 0.16 0.21 0.31 0.18 0.15 0.14
Left hand -0.16 0.28% 0.37% 0.22 0.07 0.18
Time to reach maximum strength Right hand 0.08 0.06 0.07 -0.10 -0.15 -0.16
Left hand -0.23 0.04 -0.1 —0.48%% 0.11 -0.02
Maximum strength Right hand 0.24 0.35%# 0.28 0.08 0.16 0.29%
Left hand 0.09 0.43%* 0.30 0.12 0.20 0.35%#
Time from turning point to reach maximum strength Right hand 0.03 0.36%% 0.19 -0.11 -0.16 -0.25%
) : Left hand -0.32 0.22 0.16 -0.38* 0.13 -0.07
Ratio of strength (turning point / maximum) Right hand 0.39*% —0.29* 0.17 0.02 0.23 0.21
Left hand 0.52%%* -0.20 0.22 -0.02 -0.02 0.18
Inclination from turning point to maximum strength Right hand -0.07 0.12 0.06 0.15 0.02 0.12
Left hand 0.07 0.07 -0.03 0.25 0.02 0.17

##p < 0.01, *P < 0.0S.
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involving time elements rather than strength were sig-
nificant. These time-related items were influenced by
sex or by side (right or left). This could be as a result of
the changes of the quality of the muscle,® such as the
rates of fast and slow twitch fiber, respectively, or the
proportion of the fat infiltration.

As the participants of the present study were assumed
to have cognitive problems, we adjusted for MMSE score
in the analyses (Tables 3-5). Even after that, however, the
results were almost the same in men, with a difference
becoming apparent in only one item - inclination from
start to turning point. In women, differences became
apparent in five items (data not shown), suggesting that
cognitive function might be influenced more in women.
Further detailed analyses will have to be carried out to
elucidate the associations between cognitive function,
grip strength and the related new indices. With regard to
the association between dementia and gripping perfor-
mance in particular, further careful studies are required
with separation of dementia into vascular, Alzheimer
type, Lewy body disease or other types.

So far there have been several studies expressing the
association between grip strength and ADL.""*® All but
one related to ADL performance as a whole.”® Although
most of the studies compared the sex difference, none of
them focused on the side difference nor differentiated
the subjects by age groups. Thus, to our knowledge, the
present study carried out the most detailed analyses to
date, such as the subclass items of ADL or the influ-
ences of sex, side, or age. Furthermore, we investigated
the detailed items during muscle contraction, which
were shown for the first time while taking the time axis
into consideration. Thus, it has become possible to
analyze such detailed items by utilizing our elaborate
new device equipped with a machine for quality control
in the industrial product field. The detailed indices
showed the difference, not only when comparing the
difference between an independent group and those
with clearly lower levels of ADL, but also with those
who require only light assistance (group with total BI
score of 95 or 90). This was suggested by the finding
that right hand inclination from start to turning point
was significantly lower in the 95 and 90 point group
than in the 100 point group, although a significant
difference was not seen in maximum strength (data not
shown), which an ordinary device can measure as a
solitary index.

Notwithstanding, the number of participants in the
present study might not be large enough to confirm the
significance of these indices, as the results on the sig-
nificance of some of the indices changed when the par-
ticipants were divided into three different age groups,
particularly in women. This was seen in the ratio of
strength (turning point/maximum).

There were some limitations to the present study.
First, the analyses were carried out only in a Japanese

© 2014 Japan Geriatrics Society

population, and in participants with some cognition
problems. Also, although we found some relationships
between grip strength and BI scores, they remained
rather weak. This might derive from the fact that the
distribution of the Bl was not even, shifting towards the
full or nearly full score group. To more properly assess
the influence of gripping performance and ADL, there-
fore, it might be necessary to use other indices, such as
instrumental ADL, or gain a greater number of patients.
These are issues to be investigated in future.

For hand side we used right versus left, but it would
be more appropriate to consider this based on the hand
dominance. However, it was not easy (or simple) to
separate the participants by hand dominance, because
when asked about their dominancy, 134 male patients
replied right, three replied left, three replied both, two
replied right but switched from left and eight did not
answer. In women, 195 replied right, four replied left,
six replied both, one replied right but switched from
left and 20 did not answer. We therefore carried out
the investigation with the classification of right and left.
Nevertheless, for ratio of strength (turning point/
maximum), significant correlations were seen with
many subitems only in the right hand in both sexes, as
was the case for time from turning point to reach
maximum strength in men (Tables 3 and 4).

The device itself is still also limited to research pur-
poses, and further improvements must be made to adapt
it for more practical use, both in software so that the
detailed indices are read automatically, and in hardware,
including the handle section, for more comfortable
gripping by older adults.

Despite those limitations, however, we will carry out
further analyses on the various functions of older adults,
by increasing the number of study population, and show
the effectiveness of these indices, as the measuring
method has advantages: it can be carried out safely and in
a very short time with subjects in a sitting position, and
can measure isometric contractions that are considered
to be proper in measuring strength in elderly people. The
device is accurate, of which measuring values (maximum
strength) accorded quite well with those of Jamar
Hydraulic Hand Dynamometer (data not shown).

In summary, we investigated the association of grip
strength and the independence of ADL in older adults,
using the data from a newly-developed grip strength
measuring device. The maximum grip strength was
shown to be associated with ADL in many items of the
BI, but some of the newly defined indices, such as
response time, strength at turning point, elements
regarding before and after turning point until the
strength reaches maximum, were shown to be associ-
ated with some ADI -related items. Some of the asso-
ciations were different from those with the maximum
grip strength, and they varied by sex, hand side or age
groups. This new device, considering the time axis and
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novel items for measuring, could possibly be used effec-
tively for applications in evaluating the functions of
older adults, although further investigations will be
required in order to determine the meaning or useful-
ness of the newly advocated indices.
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Differential subtypes of diabetic older adults diagnosed with
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Takashi Sakurai,! Shuji Kawashima,! Shosuke Satake,! Hisayuki Miura,! Haruhiko Tokuda? and
Kenji Toba!

Center for Comprehensive Care and Research on Memory Disorders, and ?Department of Diabetes and Endocrinology, National Center for
Geriatrics and Gerontology, Obu, Japan

Aim: The clinical management of diabetic elderly patients with Alzheimer’s disease (AD) is hindered by several
difficulties. The present study aimed to clarify the clinical characteristics and pathophysiological properties of AD in
diabetic older adults.

Methods: A total of 91 patients with type 2 diabetes mellitus and 161 non-diabetic individuals who were diagnosed
with AD were recruited. Diabetic patients were classified into two groups with glycated hemoglobin (HbAlc) <7.0%
or 27.0%. The demographics, cognition, daily-life function, metabolic changes, treatment, and behavioral and
psychological symptoms of dementia (BPSD), as well as brain pathophysiology, were compared among the three
groups.

Results: Patients with higher HbAlc had increased diabetic vascular complications and impaired activities of daily
living with decreased levels of serum high-molecular-weight adiponectin and 25-hydroxyvitamin D. Although cog-
nitive status was similar among the three groups, BPSD, including apathy, overeating and excessive daytime sleeping
appeared to be increased in the patients with HbAlc 27.0%. The frequency of apolipoprotein E4 carriers and of
posterior cerebral hypoperfusion (AD-pattern) on single-photon emission computed tomography in poorly con-
trolled diabetic subjects was similar to that in non-~diabetic AD patients, whereas diabetic patients with HbAlc <7.0%
included fewer apolipoprotein E4 carriers and fewer patients with an AD pattern on single-photon emission com-
puted tomography.

Conclusion: Subtypes of older diabetic patients with AD were identified based on clinical features and brain
pathophysiology. Physical and psychological complications of dementia are prevalent in patients with higher HbAlc.
It seems likely that difficulties in the management of diabetes with AD are due not only to non-adherence to diabetes
treatment, but also several symptoms and pathophysiological characteristics of dementia. Geriatr Gerontol Int 2014;
14 (Suppl. 2): 62-70.

Keywords: Alzheimer's disease, behavioral and psychological symptoms of dementia, diabetes, glycemic control,
pathophysiology.

Introduction adherence to diabetic medicine is usually impaired, even

in the early course of AD. When serious hyperglycemia
Diabetes increases the risk of dementia, including continues, the more powerful antidiabetic medicines are
Alzheimer’s disease (AD) and vascular dementia.! Once prescribed, which in turn increases the risk of hypogly-
an older diabetic patient begins to experience cognitive cemia. Hyperglycemia and hypoglycemia, as well as
decline, treatment of diabetes becomes difficult despite ~ acute fluctuation of glucose, further worsen cognitive
intensive care and education. Physical exercise and impairment.>* Behavioral and psychological symptoms
dietary changes are feasible treatment options, but  of dementia (BPSD) also cause difficulties in the man-

agement of diabetes. To overcome these problems, a
coordinated treatment plan that addresses both the AD
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unchanged or even decreased in diabetic older adults.>*
Other studies have found that cerebral vascular disease
(CVD) is more likely to be involved in diabetes.*'" Meta-
bolic factors of diabetes might have a profound impact
on the clinical course of AD, resulting in a variety of
clinical pictures.!* Because of the complex nature of
AD, the true reasons for the difficulties in managing
diabetic elderly patients with AD  have remained
unclear.

The purpose of the present study was to clarify the
clinical characteristics of diabetic older adults with AD
from the standpoint of demographics, cognition, activi-
ties of daily living (ADL), complications of dementia,
metabolic changes, treatment and pathophysiology of
the brain. We hypothesized that clinical symptoms
related to AD would depend largely on glycemic control
and brain pathophysiology. We therefore compared
these variables among three patient groups: diabetic
patients with AD and good glucose control, diabetic
patients with AD and poor glucose control, and non-
diabetic patients with AD. The present study was
designed to identify subtypes of dementia with differen-
tial clinical properties and pathophysiology in diabetic
patients with AD.

Methods

Participants

The study protocol was approved by the institutional
review board of the National Center for Geriatrics and
Gerontology (NCGG), Japan. Candidate patients and
their caregivers submitted informed consent before par-
ticipation in the study.

A total of 252 elderly patients (age 65-85 years) who
had been diagnosed with AD and treated in the NCGG
were enrolled consecutively. The total Barthel Index
score for each of the 252 patients was 80 or over.”
Patients with severe cardiac failure, renal disorder, liver
dysfunction or other neurological and psychiatric dis-
orders, such as depression or alcohol abuse, and
patients with symptomatic cerebral infarction or cortical
lesions on brain magnetic resonance imaging (MRI)
were excluded from the present study.

The final participant groups thus consisted of 91
patients with type 2 diabetes and 161 non-diabetic
individuals. Diabetic patients were classified into two
groups based on whether their glycated hemoglobin
(HbAlc) was <7.0% or 27.0%. All diabetic participants
had a history of diabetes, and were receiving pharma-
cological treatment for diabetes that included oral
antihyperglycemic agents and/or insulin.

All participants underwent the standardized and reli-
able diagnostic procedures for dementia disorders.” AD
was diagnosed as probable AD or possible AD accord-
ing to the criteria from the National Institute of Neu-

© 2014 Japan Geriatrics Society

rological and Communicative Disorders and Stroke,
and the Alzheimer’'s Disease and Related Disorders
Association."”

Comprehensive assessment

Information about previous diseases and medication
was obtained from the clinical charts. Polypharmacy
was defined as taking five or more types of oral medi-
cine.'* The Barthel Index and the Lawton Index were
used to evaluate basic and instrumental ADL, respec-
tively.’>'* Cognitive status was measured by using a
psychiatric assessment battery that included the Mini-
Mental State Examination (MMSE), Alzheimer’s
Disease Assessment Scale (ADAS), Digit Span Forward
and Backward trials, Frontal Assessment of the Brain
(FAB), Raven’s Colored Progressive Matrices (RCPM),
and Logical MemoryI and II subtests from the
Wachster Memory Scale-Revised.?*?* Depressive mood
and BPSD were estimated by the Geriatric Depression
Scale-15 (GDS) and Dementia Behavior Disturbance
Scale (DBD), respectively.?** The Zarit burden inter-
view (ZBI) was used for measurement of the caregivers’
burden.” Risks for falls were evaluated by the Fall Risk
Index (FRI).% Geriatric syndrome was assessed by
administering a questionnaire to patients and their
caregivers; the questionnaire included questions on
dyspnea, cough, chest oppression, edema, fatigue,
nausea, abdominal pain, diarrhea, constipation, dyspha-
sia, numbness, tremor, syncope, dizzying, chewing
troubles, polyuria, incontinence of urine, decubitus
ulcer, itching, lumbago, back pain, lower limb pain,
upper limb pain and sleeping problems.

Laboratory measurements

Apolipoprotein (Apo) E phenotypes were determined in
plasma specimens by using isoelectric electrophoresis
and immunoblotting methods.* Vitamin D insuffi-
ciency was assessed by the serum concentration of
25-hydroxyvitamin D, as currently recommended.®
Levels of high-molecular-weight adiponectin were ana-
lyzed by enzyme immunoassay as described elsewhere.*!

Neuroimaging studies

Brain MRI and single-photon emission computed
tomography (SPECT) were used to elucidate the patho-
physiology of dementia. A standard series of axial
T1-weighted (repetition time [TR], 485 ms; echo time
[TE], 11 ms), T2-weighted (TR, 3800 ms; TE, 93 ms)
and fluid-attenuated inversion recovery (TR, 8000 ms;
TE 101 ms; inversion time, 2500 ms; a 256 x 256
matrix). MR sequences were carried out in a 1.5T MR
system (Siemens Avanto, Munich, Germany). Scans
were in parallel with the anterior commissura—posterior
commissura line, with 6-mm thick slices and an
interslice gap of 1.2 mm.
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MRI data were processed to measure the total
volumes of the intracranial space (IC), parenchyma,
ventricles and white matter regions (WML) by a fully
automatic segmentation program (Software for Neuro-
Image Processing in Experimental Research: SNIPER),
which was developed at the Department of Radiology,
Leiden University Medical Center, Leiden, the Nether-
lands. Detailed procedures of the MRI post-processing
by SNIPER have been described elsewhere.*

SPECT scanning was carried out by using a two-
head rotating GCA 7200DI gamma-camera (Toshiba,
Otabara, Japan). Imaging was started 15~45 min after
injection of 222 MBq (6 mCi) of N-isopropyl-p-['*I]
iodoamphetamine (Nihon Mediphysics, Tokyo, Japan),
while the participants rested in a supine position with
their eyes closed. The data were acquired in 128 x 128
matrices through an 18° rotation at an angle interval of
4°. The projection data were prefiltered and recon-
structed, and Chang’s attenuation and scattering cor-
rections were applied.®

SPECT data were processed using the three-
dimensional stereotactic surface projection (3D-SSP)
method (Neurostat Software Library; Department of
Internal Medicine, University of Michigan, Ann Arbor,
MI, USA).** To assess perfusion deficits, the normalized
brain activity of each patient was compared with that of
18 normal participants by using a pixel-by-pixel z-score
analysis.® Qualitative z-score image analysis was carried
out by two specialists without any knowledge of the
clinical data. An image was defined as showing an AD
pattern if the perfusion was decreased in the bilateral
parietal association areas and posterior cingulate corti-
ces, with relative sparing of the sensorimotor cortex,
occipital cortex and cerebellum. The 3D-SSP tech-
nique, together with SPECT and positron emission
tomography, provide a high diagnostic accuracy for
AD.34

Statistical analysis

Statistical analysis was carried out using Spss 19.0 for
Windows (SPSS, Chicago, IL, USA). Comparisons of
variables among the three patients groups were carried
out by y*~test and analysis of covariance (ANCOVA), fol-
lowed by post-hoc analysis (Bonferroni) to detect statis-
tically significant differences. The association between
BPSD and HbAlc was analyzed by Spearman’s correla-
tion analysis. Independent risks for BPSD were analyzed
by multivariate logistic regression. Differences were
considered significant at P < 0.03.

Results

Clinical profiles of the study participants

Age and education level were similar among the three
groups of patients, whereas male sex was more prevalent
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in diabetic patients with HbAlc <7% (Table 1). The
Barthel Index was lower in diabetic patients with HbAlc
>7.0% than those with HbAlc <7.0%. Impaired dress-
ing ability and urinary incontinence were apparent in
diabetic patients with higher HbAlc (data not shown).
Depressive mood and vitality, as well as caregivers’
burden were not different among the three patient sub-
groups. The FRI was significantly increased in diabetic
individuals with HbAlc 27.0%, although the incidence
of falls in the previous year was unchanged. Polyphar-
macy was prevalent in diabetic participants. Use of sul-
fonylurea and insulin was increased in patients with
HbAlc 27.0%, whereas biguanide was used more fre-
quently in patients with HbAlc <7.0% (Table 1).

Apo E4 carriage, a genetic risk for AD, was seen in
52.5% (n = 122) of non-diabetic AD patients, which was
compatible with the previous reports. However, among
diabetic patients, the frequency of Apo E4 carriage was
39.4% and 47.7% in those with HbAlc <7% (n=33)
and 27.0% (n = 44).

As for physical complications, numbness was signifi-
cantly increased in patients with HbAlc 27.0%, com-
pared with non-diabetic individuals (25.0% and 11.8%,
respectively). Dysphagia and diarrhea/constipation were
also increased in poorly controlled diabetic participants
(data not shown).

Biochemical properties

Blood glucose and HbAlc were significantly elevated in
diabetic individuals (Table 2). Serum alkaliphosphatase
tended to be increased in diabetic patients, and a sig-
nificant increase was seen in diabetic patients with
HbAlc 27.0%. Serum creatinine and estimated glo-
merular filtration rate were not changed among the
three subgroups, whereas persistent proteinuria (>1 g
protein/gCr) tended to be prevalent in patients with
higher HbAlc (P=0.056). The serum level of adi-
ponectin was significantly reduced in patients with
HbAlc 27.0%. 25-Hydroxyvitamin D, which reflects
the activity of vitamin D, was significantly decreased in
poorly controlled diabetic participants.

Cognitive impairment

Global brain function as measured by MMSE, ADAS
and RCPM was substantially impaired in all three
groups, but the degree of impairment was not signifi-
cantly different among them (Table 3). Verbal fluency
was significantly impaired in diabetic patients with
HbAlc 27.0%. Performance on the recent memory and
digit span tests, the latter of which is used as a measure
of attention, was not different among the groups.

BPSD

The total score of DBD was significantly elevated
in patients with HbAlc 27.0% (Table4). DBD is a
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Table 1 Clinical profiles of study participants

Diabetes Diabetes Diabetes total Non-diabetes
HbAlc <7.0% HbAlc 27.0%
(n=39) (n=252) (n=91) (n=161)
Mean SD Mean SD Mean SD Mean SD
Age (years) 76.9 4.7 76.7 5.3 76.8 5.0 77.1 5.3
Male (%) 53.8% 40.4 46.2% 24.8
Education (years) 10.5 2.6 10.4 2.7 10.5 2.7 10.2 2.7
BMI (kg/m?) 23.4% 3.4 22.7 3.4 23.0% 3.4 21.8 3.1
Heart rate (b.p.m.) 80.0% 13.0 80.2% 15.4 80.1% 14.3 75.4 14.1
Systolic blood pressure (mmHg) 158.9 24.3 158.0 24.9 158.4 24.5 158.2 25.0
Diastolic blood pressure (mmHg) 80.5 10.7 81.8 13.5 81.3 12.3 85.2 13.7
Barthel Index 98.8 3.1 95.7%% 7.9 97.0 6.5 97.3 6.1
Lawton Index
Male 3.2 1.3 3.2 1.4 3.2 1.3 3.3 1.4
Female 5.7 1.9 5.3 2.0 5.4 1.9 5.8 1.8
Geriatric depression scale 3.9 2.2 3.9 2.7 3.9 2.5 4.6 2.7
Zarit burden interview 17.8 13.1 21.2 14.8 19.8 14.1- 19.6 14.6
Fall risk index 5.3 3.4 5.5% 3.6 5.4 3.5 4.9 3.6
Polypharmacy (%) 63.2% 54.9*% 58.4*% 32.5
Insulin user (%) 0.0 271.2%% 12.1 -
Use of sulfonylurea (%) 25.6 51.9%% 40.7 -
Use of biguanide (%) 33.3 13.5%% 22.0 -
Use of thiazolidines (%) 25.6 23.1 24.2 -
Apoprotein E4 carrier (%) 39.4 47.7 44.2 52.5

*P < 0.05 versus non-diabetes, **P < 0.05 versus glycated hemoglobin (HbAlc) <7.0%, ANCOVA adjusted for age and sex.

Table 2 Biochemical and metabolic analysis

Diabetes Diabetes Diabetes total Non-diabetes

HbAlc <7.0% HbAlc 27.0%

Mean SD Mean SD Mean SD Mean SD
Blood glucose (mg/dL) 141.4* 38.6 197.7%%% 102.0 174 .4% 86.2 105.9 15.4
HbAlc (%) 6.5% 0.4 8. 7% %% 1.5 7.7% 1.5 5.5 1.2
Serum albumin (g/dL) 4.3 0.3 4.4 0.3 4.4 0.3 4.4 0.3
ALP 274.3 59.4 332.5% %% 136.6 307.7% 113.7 244 .4 69.3
AST (IU/L) 25.5 7.5 26.2 14.4 25.9 11.9 24.9 8.6
ALT (IU/L) 21.6 9.6 27.0% 22.5 24.7% 18.3 19.4 11.2
¥GT (IU/L) 31.7 30.4 42.2% 61.2 37.8% 50.5 26.0 22.0
Creatinine (mg/dL) 0.9 0.3 0.8 0.3 0.8 0.3 0.7 0.2
eGFR (mL/min/1.73m? 59.6 17.5 67.0 19.7 63.8 19.1 67.3 17.8
Total cholesterol (mg/dL) 194.6% 40.7 211.2 46.0 204.2% 44 .4 221.7 37.2
HDL cholesterol (mg/dL) 51.4% 13.4 S4.1% 14.4 52.9% 14.0 66.7 16.7
Non-HDL cholesterol (mg/dL) 140.3% 35.0 158.2 44.8 150.7 41.7 158.2 32.8
LDL cholesterol (mg/dL) 109.6 31.2 125.4 37.6 118.7 35.7 127.7 31.1
Triglyceride (mg/dL) 138.9 70.5 164.7% 120.2 153.8* 102.5 117.4 64.8
Adiponectin (mg/mL) 8.2 8.5 6.0% 3.8 7.0 6.5 9.0 5.4
25-Hydroxyvitamin D (ng/mL) 27.1 8.8 21.0%%% 6.9 23.9 8.4 23.9 6.7
Persistent proteinuria (%) 16.7 18.4 17.6% 7.6

*P < 0.05 versus non-diabetes, **P < 0.05 versus glycated hemoglobin (HbAlc) <7.0%, ANCOVA adjusted for age and sex. y-GT,
v-glutamyl transpeptidase; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; eGFR,

estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Table 3 Neuropsychiatric assessment

Diabetes Diabetes Diabetes total Non-diabetes

HbAlc <7.0% HbAlc 27.0%

Mean SD Mean SD Mean SD Mean SD
MMSE 18.7 3.8 19.6 4.1 19.2 4.0 19.3 5.1
ADAS 19.0 5.6 17.8 7.1 18.4 6.4 16.8 6.1
RCPM 21.2 5.3 23.5 4.8 22.3 5.1 22.4 6.3
FAB 8.8 2.3 9.2 2.6 9.0 2.5 9.6 2.5
Verbal fluency 2.6 2.1 2.3% 2.1 2.4% 2.1 3.2 2.0
Digit span: Forward 4.9 1.0 5.1 1.0 5.0 1.0 5.1 1.0
Backward 3.1 1.0 3.1 1.0 3.1 1.0 3.2 1.1
Logical memory 1 2.8 2.8 3.0 2.8 2.9 2.8 3.5 3.6
Logical memory 2 0.3 0.7 0.5 1.4 0.4 1.1 4 1.1

*P < 0.05 versus non-diabetes, ANCOVA adjusted for age, sex and education. ADAS, Alzheimer’s Disease Assessment Scale;

FAB, Frontal Assessment of the Brain; HbAlc, glycated hemoglobin; MMSE, Mini-Mental State Examination; RCPM, Raven’s

Colored Progressive Matrices.

Table4 Dementia Behavior Disturbance scale

Diabetes Diabetes Diabetes total ~ Non-diabetes

HbAlc <7.0%  HbAlc 27.0%

Mean SD Mean SD Mean  SD Mean SD
Total score of DBD 12.8 8.3 20.1%#%  11.1 170 10.6  15.9 10.6
Exhibits lack of interest in daily activities 1.5% 1.4 2.1% 1.2 1.9 1.3 1.8 1.3
Sleeps excessively during the day 1.5 1.5 1.8% 1.3 1.7% 1.4 1.1 1.2
Is verbally abusive, curses 0.4 0.8 0.8% 1.2 0.6 1.1 0.4 0.9
Dresses inappropriately 0.3 0.6 0.9%* 1.0 0.6 0.9 0.6 0.9
Hoards things for no obvious reason 0.5 1.1 1.2%% 1.4 0.9 1.3 0.8 1.2
Overeats 0.7 0.9 1.3%%%* 1.4 1.0% 1.3 0.5 0.9
Is incontinent of urine 0.2 0.6 0.7%% 1.1 0.5 0.9 0.5 0.9

*P < 0.05 versus non-diabetes, **P < 0.05 versus glycated hemoglobin (HbAlc) <7.0%, ANCOVA adjusted for age and sex. DBD,

Dementia Behavior Disturbance scale.

questionnaire composed of 28 items and similar com-
parisons were carried out for each subitem. Lack of
interest, excessive daytime sleeping, verbal abuse, inap-
propriate dress, hoarding, overeating and urinary
incontinence were significantly elevated in diabetic indi-
viduals with higher HbAlc. Significant correlations
were observed between HbAlc and each of inappropri-
ate dress, hoarding and urinary incontinence (P = 0.023,
P =10.031, P = 0.014, respectively). Because overeating is
a crucial problem that can induce hyperglycemia in dia-
betes, we attempted to identify factors that might have
been independently associated with hyperphagia by
multivariate logistic regression. The results showed that
male sex, excessive daytime sleeping, elevated levels of
HbAlc and elevated triglyceride were independently
associated with overeating (P=0.013, P=0.00S, P=
0.007 and P =0.005, respectively). Interestingly, over-
eating was significantly increased in patients with
daytime sleep >3 h (38.5%), and also in those with
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daytime sleep of 0-3 h (16.0%), compared with those
without daytime sleep (7.2%) (ANOVA).

Brain MRI and SPECT

Finally, we evaluated the morphological and func-
tional changes of the brain (Table 5). The total volumes
of the IC, parenchyma, ventricles and WML were deter-
mined by automatic segmentation on brain MRI. We
found that the parenchyma/IC ratio, as an index for
brain atrophy, was significantly decreased in patients
with HbAlc 27.0%, whereas the WML/IC ratio was
unchanged.

The 3D-SSP technique with SPECT provides a
high diagnostic accuracy for AD.** Posterior cerebral
hypoperfusion on SPECT (AD pattern) was observed in
60.6% of diabetic patients with HbAlc <7.0% (n = 36),
which was significantly smaller than the percentage of
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Table 5 Magnetic resonance imaging and single-photon emission computed tomography analysis

Diabetes Diabetes Diabetes Non-diabetes
HbAlc <7.0% HbAlc 27.0% total
Mean SD Mean SD Mean SD Mean SD
MRI
Parenchyma (mL) 1040.1 105.4 1028.0 112.0 1032.7 108.9 1024.8 101.0
WML (mL) 21.5 24.6 14.7 13.8 17.4 18.9 19.7 20.7
IC (mL) 1418.4 133.5 1400.4 140.3 1407.4 137.0 1377.9 125.6
Parenchyma/IC 73.3 3.3 73.4% 3.0 73.4 3.1 74.4 3.2
WML/IC 1.5 1.8 1.1 1.0 1.2 1.3 1.4 1.4
SPECT
AD pattern (%) 60.6%% 81.3 67.0% 81.3

*P < 0.05 versus non-diabetes, ANCOVA adjusted for age and sex. **P < 0.03 versus diabetes glycated hemogobin (HbAlc)
>7.0% and non-diabetes, x*-test. AD, Alzheimer’s disease; IC, intracranial space; MRI, magnetic resonance imaging; SPECT,
single-photon emission computed tomography; WML, white matter regions.

diabetic patients with HbAlc 27.0% (n = 46) and non-
diabetic patients with AD (n = 144) who showed an AD
pattern.

Discussion

The present study clearly identified that diabetic older
adults diagnosed as having AD with HbAlc <7% have
differential clinical features and pathophysiology from
those with HbA1lc 27.0%. Patients with higher HbAlc
have increased vascular complications of diabetes,
insulin resistance, impaired ADL, and altered bone and
muscle metabolism. Although cognitive function was
similar between the two groups, BPSD such as lack of
interest, overeating and excessive daytime sleeping
apparently increased in patients with higher HbAlc,
which might have contributed to difficulties in the man-
agement of diabetes with dementia. Although the fre-
quencies of Apo E4 carriage and of posterior cerebral
hypoperfusion on SPECT in poorly controlled diabetic
subjects were similar to those in non-diabetic AD
patients, the group of diabetic patients with lower
HbA1c had a lower incidence of Apo E4 carriage and an
AD pattern on SPECT, suggesting the involvement of
non-AD pathophysiology in this group. It seems plau-
sible that difficulties in the management of diabetes with
AD are due not only to non-adherence to diabetes treat-
ment, but also several symptoms and pathophysiologi-
cal characteristics of dementia.

Patients with AD show a variety of problematic
behaviors during the course of the disease. One of these
behaviors, increased food intake has been described in
9-26% of AD cases.*® The neuroanatomical basis for
overeating in AD remains unclear, but hyperphagia is
often accompanied by forgetfulness and hyperorality.®
Overeating has been of less concern in non-diabetic
AD, because weight loss and malnutrition are more
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important in the late stages of dementia. However, in
the case of diabetic elderly patients, overeating can lead
directly to hyperglycemia. Food intake is controlled by a
complex regulatory network in the brain. The hypo-
thalamus plays a particularly important role in regulat-
ing appetite and energy expenditure. It has been
postulated that interactions between adiposity and the
central neuropeptidergic cascade are impaired in
obesity.”” Poor glycemic control is associated with over-
eating, even in adolescents with type 2 diabetes,” sug-
gesting that eating disorders in our diabetic participants
could be related to not only dementia disease, but also
diabetes. In addition, we found a correlation between
HbAlc and urinary incontinence. Thus, an interactive
relationship should be considered between hyperglyce-
mia and some problematic symptoms of dementia.

In this connection, the present study showed a link
between daytime sleep and overeating. Recent studies
suggest that insufficient sleep can facilitate feeding
behavior by changing circulating hormones involved
in feeding, glucose metabolism and appetite.*” Thus,
whether a lifestyle intervention to reduce excessive
daytime sleep could prevent overeating should be tested
in diabetic patients with AD in the future.

In patients with HbAlc 27.0%, FRI increased and
basic ADL decreased. FRI is a surrogate marker for falls,
but also for frailty in older adults.”® Interestingly, the
serum level of 25-hydroxyvitamin D was significantly
reduced in patients with higher HbAlc. A recent meta-
analysis showed that the serum concentration of
25-hydroxyvitamin D is decreased in AD.* Hypovita~
minosis D is also associated with insulin resistance, and
25-hydroxyvitamin D levels are inversely related to
HbA1lc in type 2 diabetic patients.”** The present study
found low concentrations of serum high-molecular-
weight adiponectin in patients with HbAlc 27.0%,
which strongly suggested elevated insulin resistance.”
Insulin resistance and hypovitaminosis D play a major
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