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Development of Oldest-Old version of Cognitive Assess-
ment Questionnaire based on item response theory

Yukie Masui **, Yasuyuki Gondo **, Hiroki Inagaki **, Nobuyoshi Hirose **

* 1 Human Care Research Team, Tokyo Metropolitan Institute of Gerontology
* 2 Human Care Research Team, Tokyo Metropolitan Institute of Gerontology
* 3 Research Team for Promotion Independence of the Elderly, Tokyo Metropolitan Institute of Gerontology

* 4 Department of Geriatric Medicine, Keio University School of Medicine

We developed a questionnaire to measure the cognitive function of the oldest old. The
questionnaire consisted of items designed to clarify the daily activity of the participants, and was
distributed to the family members or care staff of 233 centenarians. The 19-item full form scale
and the 10-item short form scale were composed on the basis of item response theory (IRT).
Both scales were satisfactorily reliable (¢ = 0.94 and 0.87) and higher correlations with the
MMSE (Mini-Mental State Examination) (» = 0.85 and 0.83) suggested satisfactory concurrent
validity. This questionnaire was able to evaluate the functional level of participants inferior to the
lower limit assessable by the MMSE, and in addition was not affected by vision or hearing
impairment. These results suggest that the scales are practicable for evaluating the cognitive
function of the oldest old regardless of the participants’ health, vision, and hearing condition, or
the type of participation such as a visit, mail, or phone survey.

Key words : oldest old, cognitive function, questionnaire, test validity, item response theory
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Effects of low-intensity physical
exercise on acute changes
in resting saliva secretory IgA
levels in the elderly

Yuzuru Sakamoto,' Shouzoh Ueki,"” Hideki Shimanuki,' Toshiyuki Kasai,'
Jinro Takato,' Hironobu Ozaki,” Yoshiharu Kawakami® and Hiroshi Haga'

"Faculty of Medical Science and Welfare, Tohoku Bunka Gakuen University, and *Division of Life Sciences,
Kansei Fukushi Research Center, Tohoku Fukushi University, Sendai, Japan

Background: Although it is well known that exercise affects various immune functions,
it remains to be determined whether exercise influences change in the mucosal immunity
of elderly people. The objective of the present study is to examine whether low-intensity
short-term exercise alters acute and long-term mucosal immune function in community-
dwelling elderly people.

Methods: The subjects of the study were 16 community-dwelling elderly people, con-
sisting of 11 men and five women aged 60-94 (mean+ SD, 76 £ 10 years), living in
Sanbongi Town (Miyagi, Japan). The subjects periodically performed about 20 min of low-
intensity physical exercise (approximately 3.1 METS) at a frequency of twice a month for
3 months. Saliva samples were collected before and after exercise during the exercise class
(at the start, after 1 month and after 3 months). Saliva flow, secretory immunoglobulin A
(SIgA) concentration, SIgA secretion rate and total protein were determined.

Results: The main finding was that saliva flow and SIgA secretion rates were significantly
(P < 0.05) higher after exercise. However, the baseline value of SIgA level hardly changed
at each point for the duration of the exercise class.

Conclusions: The results suggest that low-intensity short-term exercise enhances
mucosal immune function transiently in elderly people.

Keywords: elderly, exercise, mucosal immunity, saliva, SIgA.

Introduction

Aging causes not only a decline in behavioral physical
strength such as a muscle strength and endurance, but
also a decline in defensive physical strength such as
environmental adaptation and immune function.'”
Immune function, which is one of the most important
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components of defensive physical strength, declines
remarkably with aging. It has been indicated that the
cause may be a functional decline of immunocompetent
cells, such as T cells, B cells and NK cells.> However, a
consensus has not been obtained as to the mechanism
of immune dysfunction.*’

[t is considered that the age-related immune dysfunc-
tion immunosenescence is the cause of sensitive
increases in infective diseases such as pneumonia, influ-
enza and the common cold in the elderly. Mucosal
immunity in association with innate non-specific
defense forms the first line of defense against pathogens,
allergens and antigens presented at mucosal surfaces.
The main factor of mucosal immunity is secretory
immunoglobulin A (SIgA). The relevance of declines in
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SIgA levels and its affect on upper respiratory tract
infections (URTI) has been indicated in recent
studies.*'® Therefore, it is necessary to take some
counter measures in terms of infectious disease
prevention against immunosenescence for health pro-
motion of elderly people.

In many previous studies, it has been shown that
physical exercise influences the immune system, gener-
ally, that appropriate exercise improves immune func-
tion,’? and that intense exercise reduces immune
function.’™ However, research results from studies of
young people are not necessarily obtained by similar
research in elderly people. In addition, there is little data
for elderly people on the effects of physical exercise on
saliva SIgA levels. The purpose of this study was to
examine the acute and long-term effects of low-
intensity exercise on mucosal immune function in
elderly people.

Methods

Subjects

The subjects were comprised of 16 people (11 men, five
women) aged 60-94 years (mean 76, SD 10) who lived
in Sanbongi town (Miyagi, Japan). The subjects were
informed of the scope and the procedure of the study,
approved by the local ethical committee, and all gave
written consent.

Physical exercise program

The exercise program used in this study was devised for
the purpose of fall prevention in elderly people and con-
sisted of 10 kinds of movement; (i) raise and hold up
calves and stretch arms; (ii) leg lunges; (iii) side steps to
the right and left; (iv) standing trunk flexion; (v) sitting
trunk flexion; (vi) trunk curls; (vii) hip raises; (viii) walk-
ing action while recumbent; (ix) push ups on all fours;
and (x) backward leg extensions on all fours. It was con-
sidered that elderly people could perform this exercise
program safely and easily. Each movement was repeated
eight times during each session, and the required time
for this program was about 20 min. The intensity (met-
abolic equivalents [IMETS]) of this exercise program has
been assessed as 3.1 METS using the MetaMax portable
metabolic measurement system (Cortex, Leipzig, Germ-
any). Thus, this exercise is classified as low-intensity for
elderly people according to the American College of
Sports Medicine guideline.

Experimental design

Firstly, the acute effect of the exercise program on SIgA
levels of elderly people was verified. In the exercise
group, 16 elderly subjects (five women) undertook the

exercise program as described above. On the other
hand, in the control group, seven subjects (three
women) participated for the non-physical exercise pro-
gram including a lecture and information service for fall
prevention. Saliva samples of both groups were col-
lected before (at 09.30 hours) and after (at 10.50 hours)
the physical exercise or non-physical exercise program.

Secondly, the long-term effect of the exercise on SIgA
levels of elderly people was verified. Indeed, the exercise
class was held a total seven times at a frequency of two
times per month for two hours/time (from 09.00 to
11.00 hours). In every class, the elderly subjects per-
formed the above-mentioned exercise program in about
20 min. Saliva samples were collected before (at 09.30)
and after (at 10.50) the physical exercise program at
three points during the exercise classes (at start,
1 month and 3 months).

Saliva collection and SIgA determination

To determined saliva volume and saliva SIgA concen-
tration, stimulated saliva samples were collected using
cotton wool swabs (Salivettes, Sarstedt Ltd) as described
previously.'® Before collection of the sample, the partic-
ipant rinsed the inside of the mouth with distilled water
once, then rested in a sitting position for 5 min. Next,
the participant swallowed the saliva to dry the mouth
and chewed a cotton swab in order to collect the newly
secreted saliva at a frequency of 60 times/min for 1 min.
Then the participant placed the cotton swab into a plas-
tic tube, and saliva was extracted from the cotton by
centrifugation at 3000 r.p.m. for 15 min. After measure-
ment of the sample volume, saliva samples were frozen
at —80°C for later analysis. Salivary SIgA concentrations
were determined by enzyme-linked immunosorbent
assay (ELISA) as previously described.'® To avoid inter-
assay variability, all samples from each subject were
assayed on the same microtiter plate. The interassay
coefficient of variation of the method, based on analysis
of 96 duplicate samples, was 7.3%. Salivary SIgA data
were expressed as the SIgA concentration (ug/ml), or
the SIgA secretion rate (ug/min). SIgA secretion rate
(Lg/min) was calculated as the product of SIgA concen-
tration (ug/mL) and saliva flow rate (ml/min). Total pro-
tein in the saliva was determined by the method of
Bradford (Bio-Rad Laboratories, Hercules, CA) using
bovine serum albumin as a standard and following the
manufacturer’s instructions.

Statistical analysis

Values are expressed means + SD. All statistical analysis
was conducted with StatView statistical software (ver-
sion 5.0, SAS Institute Inc., Cary, North Carolina,
USA). In all analyses, P < 0.05 was considered statisti-
cally significant.
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Results

Acute effect of the exercise program on SIgA levels of
elderly people

We considered the acute effect of the exercise program
in each group of exercise and nonexercise. In the exer-
cise group, there were significant increases after the
exercise program of saliva flow and SIgA secretion rates
(Fig. 1a,¢; P < 0.05), whereas, in the nonexercise group,
there was no significant change in any measurement
item, including saliva flow, SIgA concentration, SIgA
secretion rate or total protein concentration of saliva

(Fig. 1).

Long-term effect of the exercise program on SIgA
levels of elderly people

The mean values of the saliva flow rate before and after
exercise were 1.15 +0.49-1.32 £ 0.48 mL/min at start,
1.30+£0.43-1.41 £ 0.51 mL/min at 1 month and
1.14 £ 0.48-1.33 £ 0.51 mL/min at 3 months (Fig. 2a).
Saliva flow rates were significantly higher after exercise
both at the start and after 3 months in the classes com-
pared with before exercise (P <0.05). However, the
baseline level of saliva flow rate did not show a signifi-
cant change for the duration of the fall prevention
classes (Fig. 2a). Mean values of saliva SIgA concentra-
tion before and after exercise were 44.3+20.8-
50.6 +24.7 pg/ml. at start, 45.4 +20.4-48.3 + 21.4 ug/
ml. at 1 month and 45.3 +21.9-49.3 + 24.6 pg/mL at
3 months (Fig. 2b). The SIgA concentration tended
to increase after exercise in each point of the classes,
but the difference of the mean value before and after
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Figure 1 Change in salivary SIgA levels before and after the
exercise and nonexercise programs: (a) saliva flow (mL/min);
(b) SIgA concentration (pg/mL); (c) SIgA secretion rate (ug/
min}; (d) total protein concentration in saliva (mg/mL). All
data are expressed as means + SD. The Wilcoxon signed ranks
test was used to compare the pre and post data for differences
in exercise (n = 16) or nonexercise groups (n=7). (*P < 0.05.)
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exercise was not significant. The mean values of the
SIgA secretion rate before and after exercise were
49.6 £29.4-65.0 £36.7 ug/min at start, 56.7 & 24.0-
63.4+21.2 ug/min  at 1 month and 46.2+18.6-
61.7+£32.2 pg/min at 3 months (Fig. 2c). The SIgA
secretion rate significantly increased after exercise both
at the start and 3 months into the classes compared with
before exercise (P < 0.05). However, the baseline level of
the SIgA secretion rate did not show a significant
change for the duration of the fall prevention classes
(Fig. 2c). Moreover, total protein concentration hardly
changed before and after exercise at each point for the
duration of the fall prevention classes (Fig. 2d).

Table 1T Characteristics of subjects (n = 16, five
wolmmen)

Mean + SD (Range)
Age (years) 76 +£10 (60-94)
Height (cm) 154.1+8.9 (136.0-170.6)
Weight (kg) 53.6+11.9 (34.1-71.8)
Body fat (%) 22.4+9.4 (7.3-39.1)
Body mass index 22.5+4.2 (15.1-30.0)

(kg/m?)

BPmax (mmHg) 1429 +22.4 (104-178)
BPmin (mmHg) 82.2+13.0 (59-99)

BPmax, Systolic blood pressure; BPmin, Diastolic blood
pressure.
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Figure 2 Change in salivary SIgA levels before and after the
exercise program at the start, 1 month and 3 months into
the fall prevention classes: (a) saliva flow (mL/min); (b) SIgA
concentration (ug/mL); (c) SIgA secretion rate (ug/min);

(d) total protein concentration in saliva (mg/mL). All data
are expressed as means + SD. The Wilcoxon signed ranks test
was used to compare the pre- and post-exercise data for
differences in means at the start, after 1 month and 3 months
(n=16). (*P <0.05.)
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Discussion

The main finding in this study was that the saliva flow
rate and SIgA secretion rate significantly increased after
our exercise program. Moreover, the changes at the start
of the classes showed similar results as measurements
after 3 months. However, the baseline level of SIgA did
not show a significant change for the duration of the
exercise program. Therefore, it is suggested that our
exercise program may temporarily improve the mucosal
immune function of elderly people. Although we could
not set an appropriate control group in this longitudinal
study, the effect seemed to occur regardless of seasonal
variation because the SIgA level showed similar changes
at the start and 3 months after the classes.

It is well known that exercise affects immune func-
tion. There are many findings that show that intense
exercise suppresses SIgA levels and that low- or mod-
erate-intensity exercise improves or does not affect SIgA
levels.®1917! Tn this study, it is demonstrated that the
exercise program increased the saliva flow and SIgA
secretion rate transiently (Fig. 1). Moreover, the SIgA
secretion rate after the exercise program at the start,
1 month and 3 months into the classes increased by
27%,11.8% and 33.5%, respectively (Fig. 2). The saliva
flow rate after exercise increased by 14.8%, 8.5% and
16.7%, respectively (Fig. 2). Therefore, it is assumed
that the intensity of this exercise program was appro-
priate for elderly people. Appropriate exercise, in this
case, is physical exercise of an intensity that gives ben-
eficial effects to immune function. However, appropri-
ate exercise intensity is different according to age,
gender and physical fitness level.** Therefore, a consen-
sus has not been obtained in research for elderly people.

In this longitudinal study, the continuation of this
exercise program did not affect the baseline value of
SIgA levels (Fig. 2). Akimoto et al. reported that resting
saliva flow and SIgA levels did not change with either
endurance or resistance exercise over 4 months.'® Qur
present results correspond to their findings. However,
they also reported that SIgA levels significantly
increased compared with baseline values after
12 months of exercise and suggested the importance of
continuation of exercise.'

On the relevance of aging and mucosal immunity, a
decline in SIgA secretion rate with aging has been
reported."*” Evans etal. described the cause of the
decline in SIgA secretion rate which accompanies aging
as a functional decline of the SIgA transportation sys-
tem, including the secretion of saliva, and that it is not
a functional decline in mucosal immunity related lym-
phocytes.” In our results, it was shown that an increase
in saliva flow rate with exercise influenced a rise in the
SIgA secretion rate, supporting their results.

Furthermore, the exercise program in this study
showed increased amounts of saliva flow temporarily

after exercise. It has been shown that the saliva flow rate
of elderly people usually does not fluctuate during the
morning,** and it is known that the secretion of saliva
increases with activation of the parasympathetic ner-
vous system.”® Therefore, the exercise program in this
study was at an intensity that affected the sympathetic
nervous system, and the activity of the parasympathetic
nervous system seemed to fall with it.***” However, it is
because the parasympathetic nervous system predomi-
nated after exercise that the saliva flow rate temporarily
increased.

In recent reports on the relevance of SIgA levels and
URTT, it was suggested that lowering the SIgA concen-
tration increased the risk of URTI, whereas increases in
SIgA levels lowered the risk of URTL®® In general, eld-
erly people are highly susceptible to infectious diseases.
Therefore, it is necessary to teach some countermea-
sures for preventing infectious diseases. Thus, re-
inforcement of the immune function of the oral cavity
may play an important role in infectious disease
prevention.

In the present study, it was suggested that a low-
intensity  short-term  physical exercise program
improved oral mucosal immune functioning in elderly
people. Although it is considered that the exercise pro-
gram in this study may be easy to carry out for elderly
people, it had the effect of transiently enhancing
mucosal immune function in the oral cavity, and possi~
bly decreasing the risk of infectious disease. Future
examination is necessary for verification. Moreover, the
present results suggest that it is possible for low-inten-
sity exercise to temporarily increase saliva flow and SIgA
levels in elderly people, which may become a useful tool
for health promotion in the elderly.
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Table 1 Characteristics of the study subjects

By o PME (x 2HE)

NEC(N) 480 666

75 mUE (%) 46.7 535 0.0234
BEELL (%) 11.9 58.6 < 0.0001
—AELL (%) 65 382 < 0.0001
BE s E S —D2 U EH D (%) 90.0 919 0.1795
PO OHIBRE (%) 17 18 0.8632
HE VAN - RREREERER 19 ERE (%) 56.5 80.0 < 0.0001
GDS 11 ZLE (%) 279 389 < 00001
MMSE 18~ 24 & (%) 27 5.0 0.0069
REFEOEH S HEL Y (%) 21.0 476 < 0.0001
FwhHH (%) 66.7 77.0 < 0.0001
TERRE  EETEZY (%) 29.2 422 0.0002
V=% R— MIEHE

(1) HoBoMEBBELZL (%) 256 24.0 0.5352
(2) BENEVEEOMBMELZL (%) 202 234 0.1954
(3) BHEAFEDEBHLTINAEALRL (%) 34.4 425 0.0055
(4) EENBVRERICENTIT-o T B ARL (%) 21.0 284 0.0079
(5) BAAZLEROEY OWEF2 LTI NBALRL (%) 18.1 35.3 < 0.0001

Table 2 Odds ratios (95% Confidence intervals) of the lack of social support for depression status

- M EREE L 2 3 (4) ()

B

(5 ORE/IEHN S OB 393/753)
FERF-HHSEL Yy A (V=2 v b R=1H Y = 10) |19(14~25)* | 1L7(1.3~22) * | 1.8(1.4~2.3) * | 1.9(15~25) * | 26(2.0~34) *
SEBWES v A (V=2 - FF—-HH = 10) 16(1.2~22)* | 1.4(1.0~19) * | 1.8(1.4~24) * | 1.7(1.2~23)* | 22(1.6~3.0) *

Bn
(B9 o8 /9E81) D8 | 134/346)
FEWWES y (V=T x v - K- H Y = 10) 27(1L7~42)* | 22(1.3~34) * [ 29(1.9~44) * | 23(15~37) * | 3.2(2.0~5.3) *

ZEEWEFTy XL (V—y b - HE—=1+HY = 10) 25(15~41)* | 1.9(11~3.2) * | 27(17~44) * | 1.9(1.1~3.2) * | 28(1.6~4.9)

i

() o8/ IEM ) OBE 1 259/407)

EWWEA v AL (V=Y x V- FR=-1DHH = 10) 14(1.0~2.1) * [ 14(1.0~21) * [ 1.4(1.0~1.9) * | 1.7(1.2~24) * | 23(L7~3.2) *

LEBWEA y AV —Y vV - HR=1HY = 10) 12(0.8~18) |1.2(08~18) |14(1.0~20)*|16(1.1~23)*|20(1.4~29)*
MIERE

ElE (70~ 745, 75EDL), EEEZOHEE, WHEH W AESL, 2A, 3ANL). BERAH,

HELVANN (BRI ERER  I5FELT, 16~ 184, 194ME, ), MMSE 227 (24 BT, 25~27 &, 28 HBL),
EBEEN) (PEEIGEBEOEE YT L RS, FEEOEHIHEL Y, TH), BHAOFE (&L, BHVWEALY,
VA H D, HEELDEOFEAS Y, TH),

FHMREE (BETHA, Lbohldnihy, @ETIREY, RH). BilRBEZedbE4 y ALERBOAFHE. P <005
% ok TRT.

ZTHT L72aTh, H) DAIRAE 2 B R 25 % GDS DR OMEL R Y. & TOEMHEAT, v —
BAHLTHITLZZBETY, $ER VAT 1 v 7 HRS VAN HR- N OFBICLHERIIBEDIE) BHE
W ofER L, Table2 TRLAHRELOMTRE LEN F0DbFELPo7 BHETE, EM O »6 (v &7

Ao 7. : OEETY—Y v - ¥ R—- OB RIZL Y HE LT
3. V=¥ BE— & GDS O EH HOEFEBINL, THETIR G, (v), v) THEE

Table 3 TIEHEADY =T ¥ - ¥R — L OFHEIZ & BREHEOESBIEIN. Thbid, Table2 DEE
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Table 3 The mean GDS score by presence/absence of social support
GDS B R F (95% 1R X )
Pr>F
VAR A 2 Sl R/ P V=Y FR—HY

B

(1) W - 7-FoHHRMET 101 (96 ~ 10.7) 89 (85~192) 0.0003
(2) EADPEVROMRHFMET 9.9 (93~ 105) 90 (87 ~9.3) 0.0087
(3) HEAEFOEILTINEA 101 (9.6 ~ 10.5) 86 (82~ 90) < 0.0001
(4) BADPEVERERICGERTIT-o T B A 10.1 (9.6 ~ 10.7) 89 (85~192) 0.0001
(5) BRAAZLEFORYDWMEEZLTLNEA 106 (100~ 11.1) 86 (83 ~9.0) < 0.0001
EH

(1) W 720 BEMAF 97 (89~ 106) 75 (7.0 ~80) < 0.0001
(2) BAPECROMBHTE 98 (88~ 107) 77 (12~ 81) 0.0002
(3) HEEFHOBPLTI{NEA 9.7 (9.0 ~ 104) 72 (67 ~78) < 0.0001
4) BEVPEBEVERFERICENLTIFoT{NbsA 93 (84~103) 7.7 (7.3 ~82) 0.0059
(5) BAARZLEHORYOWFEL LTI NEA 9.8 (87~ 109) 7.7 (72~82) 0.0006
ik

(1) W 72BoMHET 105 (9.7 ~ 1L3) 9.8 (94 ~103) 0174
(2) BEEPEVHOMBHKAT 102 (9.3 ~110) 9.9 (95~ 104) 0.6308
(3) BEEEOBH LTI NEA 105 (9.9~ 11.1) 96 (9.1~101) 0.0321
4) BEAPBEVIERIENLTIT->-T{NBA 108 (101 ~ 11.6) 97 (92 ~10.1) 0.0092
(5) ERAAZLEZFORYOWFEEZ L TINEA 11.2 (105 ~ 11.9) 93 (89~1938) < 0.0001
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