Geriatric conditions associated with malnutrition

number of studies have shown relationships between
nutritional impairment and morbidity, functional
decline, and mortality in older people.*® Nonetheless,
few studies have examined the relationships between
nutritional status and geriatric conditions among older
people in various settings.

To answer these questions, in the present study we
examined whether or not nutritional status might be
associated with the accumulation of geriatric conditions
or which conditions might be associated with poor
nutritional status among dependent older people living
in the community and in nursing homes.

Methocds

Participants

The present study consisted of baseline data of the
participants in two different prospective cohort studies.
One was a multidisciplinary intervention care program
trial of community-dwelling older adults (age 65years or
older) who were eligible for Japanese long-term care
insurance program, lived in Nagoya City, Japan, and
were receiving various home care services from the
Nagoya City Health Care Service Foundation for Older
People, which has 16 visiting nursing stations associated
with care-management centers (control n =511, inter-
vention n= 601, total participants 7 =1112). The par~
ticipants enrolled between 1 June 2009 and 30
November 2009 were scheduled to undergo compre-
hensive in-home assessments by trained nurses to con-
stitute baseline data. Among those participants,
participants allocated to an intervention group were
enrolled in the present study, as the nutritional evalua-
tion was carried out only in the intervention group at
baseline. The second group was an observational pro-
spective cohort based on the residents of 12 nursing
homes (n=657) located in Nagoya City, Japan. The
participants were enrolled between 1 May 2009 and 30
June 2009,

In community-dwelling and nursing home cohorts,
90 and 70 participants were excluded, respectively,
because of the lack of nutritional evaluation data. Thus,
baseline data on 511 (male n =216, female n =295,
mean age 81.2 = 7.9 years [SD]) community-dwelling
participants and 587 (male n=108, female n=479,
mean age 8§5.1 * 7.8 years [SD]) nursing home partici-
pants were used for the analysis.

Written informed consent for participation was
obtained from all participants or, for those with sub-
stantial cognitive impairment, from a surrogate
(usually the closest relative or legal guardian) accord-
ing to the procedures approved by the institutional
review board of Nagoya University Graduate School of
Medicine.
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Data collection

The data were collected by trained nurses at the partici~
pants’ homes or nursing homes from standardized
interviews with patients or surrogates and caregivers,
and from the records of care-management centers or
nursing homes. The data included participants” demo-
graphic characteristics and the Barthel Index, a rating
for 10 basic activities of daily living (bADL; bathirg,
bladder function, bowel function, dressing, feeding,
grooming, mobility, stairs, toilet use and transfers)
using summary scores ranging from 0 (total disability)
to 100 (no disability). Information on the number of
drugs that participants were taking, and the following
physician~-diagnosed chronic conditions were also
obtained from care-management center records and
from nursing home medical records: ischemic heart
disease, heart failure, chronic obstructive pulmonary
disease, cerebrovascular disease, diabetes, dementia,
cancer, hypertension and other diseases comprising the
Charlson Comorbidity Index,” which represents a sum
of weighted indexes taking into account the number and
seriousness of pre-existing comorbid conditions (range
0-19, with a higher value indicating higher comorbid-
ity). To obtain the greatest possible uniformity of data
collection in different settings, the nurses were trained
in the interviewing of participants and in the collection
of data with standardized questionnaires.

Evaluation of nutritional status

In the present study, nutritional status was assessed at
baseline by the Mini Nutritional Assessment short form
(MNA-SF), one of the most valid and most frequenily
used nutritional screening tools for older persons.'*!
MNA-SF consists of six items: food intake, weight loss,
mobility, psychological stress or acute disease, neurop-
sychological problems and body mass index (BMI). The
maximum score of MNA-SF is 14. A score equal to or
less than 7 points is regarded as an indicator of malnu-
trition, 8-11 points indicate a risk for malnutrition and
equal to or more than 12-14 points indicate that the
person is well nourished.”” We previously validated
MNA and MNA-SF in Japanese older people ™

Definition of geriatric conditions

We defined geriatric conditions as collections of symp-
toms common in older adults, not necessarily associated
with a specific disease, that increase in prevalence with
age.'*' In the present study, we used the following eight
symptoms as geriatric conditions: (i) vision impairment
(poor eyesight or blindness despite use of corrective
lenses); (if) hearing impairment (poor hearing despite use
of hearing aids); (iii) falls (at least one fall in the past
12 months); (iv) bladder control problems including not
only urinary incontinence, but also catheterization, and
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an inability to control urination alone; (v) cognitive
impairment (dementia diagnosed by a physician or the
presence of apparent cognitive impairment); (vi)
impaired mobility (requiring person assistance to walk or
an inability to walk); (vii) swallowing disturbance (pres-
ence of abniormal volitional cough, abnormal gag reflex,
dysphonia, dysarthria, cough after swallowing and voice
change after swallowing); and (viii) loss of appetite (self-
reported loss or reduced intake not attributable to spe-
cific reascns). The presence of geriatric conditions was
self-reported by the participants in the standardized
interview carried out by the nurses; or, for those with
substantial cognitive impairment, it was reported by a
surrogate, caregiver or trained nurses. The accumulation
of geriatric conditions was defined by the number of
symptoms that a patient had among eight symptoms as
described. For the analysis, we also used six of the eight

symptoms; that is, we excluded “swallowing distur- -

bance” and “loss of appetite”, which. are closely related to
nutritional status. Low BMI or low bodyweight was
frequently included in geriatric conditions. These two
conditions were not used in the present study, as they are
directly involved in nutritional status.

Statistical analysis

Continuous variables were described by the use of sta-
tistical characteristics (means, SD). Discrete variables
were described as counts and percentages. Analysis of
variance or the y>-test was used to determine the differ-
ences among the MNA-SF classifications. Pearson’s
linear correlation coefficient and partial rarik correlation
coefficients adjusted for age and sex were used to
measure the relationships between the MINA-SF score
and the accumulated number of geriatric conditions. A
P-value of <0.05 was taken to define statistical signifi-
cance, We used univariate and multivariable logistic
regressiort to determine which variables, including the
presence of geriatric conditions, predicted malnour-
ished versus well-nourished status evaluated with
MNA-SF. For the multivariable logistic regression
analysis, two models were used. Model I included sex,
age, living settings (community or nursing home), the
number of geriatric conditions among eight or six
symptoms, and chronic diseases, such as diabetes mel-
litus and liypertension, which were significantly associ-
ated with malnutrition in univariate analysis. Model II
included sex, age, living settings (community or nursing
home) and all of the geriatric conditions. spss 15.0
(SPSS, Chicago, IL, USA) statistical software was used
to analyze the data.

Results

The baseline characteristics of a total of 1098 partici-
pants aged 6Syears or over were compared among
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MNA-SF categories (Table 1). According to the MNA-~
SF classification, 21.4% (n=235), 54.3% (n=3596) and
24.3% (n=267) were categorized as “malnourished”,
“at risk of malnutrition” and “well nourished”, respec-
tively. The distribution of classifications differed
significantly between institutionalized and community-
dwelling participants. Compared with community-
dwelling participants, the institutionalized older people
had a higher prevalence of malnutrition and a lower rate
of good nutrition when compared among the three
groups of participants with different nutritional status
classified by MINA scores. Significant differences were
also detected in age, sex, prevalence of artificial nutri-
tion, and scores of bADL and Charlson comorbidity
index. Regarding the prevalences of chronic diseases,
only those of diabetes mellitus and hypertension were
found to be different among the three groups. There
was also a significant difference in the number of geri-
atric conditions among MNA-SF classifications
(Table 2). Poorer nutritional status according to the
MNA-SF classification increased the number of geriat-
ric conditions. Accumulation was higher in the
malnourished group than in the “at risk of malnourish-
ment” (among eight symptoms, among six symptoms)
and in the “well-nourished” group (among eight,
among six). There were significant differences among
classes with regard to the prevalence of all the individual
components of geriatric conditions. A higher prevalence
of all of the components except falls was found in the
poorer nutritional status.

As shown in Table 3, a significant negative correla-
tion was detected between the number of accumulated
geriatric conditions and the MINA-SF score. These cor-
relations persisted after adjusting for age and sex.
Similar results were observed when the accumulation of
geriatric conditions was based on a total of six rather
than eight symptoms. These results showed that par-
ticipants suffering poorer nutritional status were more
likely to have geriatric conditions.

Logistic regression analyses were carried out to evalu-
ate the associations of variables including geriatric
conditions with malnourished status evaluated with
MNA-SF (Table 4). Unadjusted univariate analysis sug-
gested that women, older age, lower bADL score,
nursing home residence, the use of artificial nutrition,
the number of drugs which participants were taking, the
number of accumulated geriatric conditions (among
eight symptoms OR 2.62, 95% CI 2.22-3.10; among six
OR 2.36, 95% CI 2.00-2.78) and the presence of all of
the components of geriatric conditions were associated
with malnourishment. However, no association was
observed with the Charlson Comorbidity Index or with
the presence of chronic diseases, except diabetes melli-
tus and hypertension. Participants with either of these
two lifestyle-related diseases were less likely to be
malnourished.
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Table 1 Nursing homes and community: baseline characteristics of participants by Mini Nutritional Assessment

MNA (0-7) MNA (8~11) MNA (12-14) P-value
Malnourished At risk of Well nourished
malnutrition

Nursing homes, # (% of total) 151 (28.7) 337 (57.4) 99 (16.8)
Community, # (% of total) 84.(16.2) 259 (50.5) 168 (33.3) <0.001

Nursing homes and community, # (% of total) 235 (21.4) 596 (54.3) 267 (24.3)
MNA-SF score, mean (SD): nursing home* 6.1 (1.2) 9.2 (1.11) 12.5 (0.68) <0.001
MNA-SF score, mean (SD): community* 5.8 (1.5) 9.6 (1.1) 12.5 (0.7) <0.001
MNA-SF score, mean (SD): nursing home 6.0 (1.3) 9.4 (1.1) 12.5(0.7) <0.001

and cornmunity*
Age, mean (SD)* 84.6 years (8.2) §3.8 years (8.1) 81.0 years (7.5) <0.001
Men, 7 (% of men/total) 60 (25.5) 163 (27.3) 101 (37.8) 0.002
Artificial nutrition (% of total) 30 (12.8) 30 (5.0) 2 (0.7) <0.001
Mean basic ADL, range 0-100 (SD)* 25.3 (27.0) 46.5 (30.9) 71.2 (23.9) <0.001
No. drugs, mean (SD)* 5.0 (3.1) 5.6 (3.4) 7.2 (3.9) <0.001
Charlson Comorbidity Index, mean (SD)* 2.6 (1.8) 2.4 (1.6) 2.6 (1.8) 0.045
Chronic diseases, n (% of total)

Ischemic heart disease 36 (15.3) 99 (16.6) 47 (17.6) 0.790
Congestive heart failure 44 (18.7) 97 (16.3) 51 (19.1) 0.512
COPD 28 (12.0) 55(9.2) 33 (12.4) 0.283
Cerebrovascular disease 104 (44.4) 270 (45.5) 118 (44.2) 0.929
Diabetes mellitus 32 (13.6) 88 (14.8) 76 (28.5) <0.001
Cancer 13 (5.5) 33 (5.5) 16 (6.0) 0.961
Hypertension 102 (43.4) 294 (49.3) 169 (63.3) <0.001

*Analysis of variance; others were analyzed using the x*-test. ADL, activities of daily living; COPD, chronic obstructive

pulmonary disease; MNA, Mini Nutritional Assessment.

Table 2 Nursing homes and community: baseline characteristics of participants by Mini Nutritional Assessment

MNA (0-7) MNA (8-11) MNA (12-14) P-value
Malnourished At risk of Well nourished
malnutrition
Nursing homes, 1 (% of total) 151 (25.7) 337 (8§7.4) 99 (16.8)
Community, 7 (% of total) 84 (16.2) 259 (50.5) 168 (33.3) <0.001
Nursing homes and community, # (% of total) 235 (21.4) 596 (54.3) 267 (24.3)
No. geriairic conditions, mean (SD)*
Among 8 4.7 (1.6) 3.5(1.6) 2.3 (1.5) <0.001
Among 6 3.6 (1.3) 2.9 (1.4) 2.1 (1.3) <0.001
Geriatric conditions, n (% of total)
Vision impairment 115 (49.8) 220 (37.5) 71 (26.7) <0.001
Hearing impairment 123 (53.0) 250 (42.4) 89 (33.5) <0.001
Falls 36 (15.4) 118 (19.9) 78 (29.2) <0.001
Bladder control problem 205 (87.6) 415 (70.3) 105 (39.3) <0.001
Cognitive impairment 161 (69.1) 326 (55.3) 96 (36.4) <0.001
Mobility impairment 210 (89.7) 413 (69.4) 115 (43.1) <0.001
Swallowing problem 138 (59.5) 213 (35.9) 52 (19.5) <0.001
Appetite loss 123 (56.2) 148 (25.2) 21(7.9) <0.001

*Analysis of variance; others were analyzed using the y’-test. The geriatric conditions among eight included vision impairment,
hearing impairment, falls, bladder control problem, cognitive impairment, mobility impairment, swallowing problem and
appetite loss; among six included vision impairment, hearing impairment, falls, bladder control problem, cognitive impairment,

and mobility impairment.
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Table 3 Association of the accumulation of the geriatric conditions in
participants from nursing homes and community with MNA-SF score

No. geriatric conditions

No. geriatric conditions

Among 8% Among 6*
r r ‘ p
MNA-SE
Unadjusted -0.495 <0.001 -0.392 <0.001
Adjusteds -0.473 <0.001 -0.364 <0.001

¥The geriatric conditions among eight included vision impairment, hearing
impairment, falls, bladder control problem, cognitive impairment, mobility
impairment, swallowing problem and appetite loss; ¥famong six included

vision impairment, hearing impairment, falls, bladder control problem, cognitive
impairment, and mobility impairment. SAdjusted by age and sex. MNA, Mini

Nutritional Assessment.

In multivariate analysis, the number of accumulated
geriatric conditions was associated with malnourish-
ment (in model I OR 2.51, 95% CI 2.11-3.00). When
the number of accumulated geriatric conditions was
based on a total of six rather than eight, similar results
were observed (in model [, OR 2.21, 95% CI 1.86-2.64).
In model [, diabetes mellitus and hypertension were no
longer associated with malnourishment. It should be
noted thar, in modell, the significant association
between the number of accumulated geriatric condi-
tions and malnourishment persisted when the bADL
score was included in the analysis (among eight OR
1.74, 95% CI 1.40-2.10; among six OR 1.26, 95% CI
1.01-1.57). Although nursing home residents were
associated with malnourishment, there was no longer
an association when the bADL score was included in
the analysis (OR 1.32, 95% CI 074~2.35). In model II,
which used each geriatric condition component instead
of the nurnber of accumulated conditions, the presence
of a bladder control problem, cognitive impairment,
mobility impairment, swallowing problem and appetite
loss were each associated with malnourishment. In
model II, sex, age and nursing home residence were not
associated with malnourishment.

Discussion

The present study showed that nursing home residents
had a higher prevalence of malnutrition (25.7%) than
those living in the community (16.2%). Furthermore,
both 16.&% and 33.3% of the institutionalized and
community-dwelling older people, respectively, were
well nourished. A study of elderly Germans estimated
that 36.7% and 85.7% of institutionalized and
community-dwelling participants, respectively, were
well nourished, based on MNA-SF for nutritional
evaluation.'® In a study of elderly Taiwanese, 26.5% and
80.1% of institutionalized and community-dwelling
participants, respectively, were considered well nour-
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ished according to MINA-SF categories.” The lower
prevalence of well-nourished community-dwelling
older people in the present study seems attributable to
the multiple medical problems and the functional limi-
tations among our participants.

Those with poorer nutritional status were older, had
lower bADL. scores and were more likely to use artificial
alimentation. Although we do not know the exact
reasons for the relationships between artificial nutrition
and poor nutritional status, it is possible that those
patients receive insufficient nutrients or that those
receiving artificial nutrition have a background of a
heavy disease burden.

It has been reported that functional disability in older
people is associated with inadequate diet and weight
loss.**1 Huang et al. compared the nutritional status of
their functionally dependent and independent elderly
patients, and found poor nutritional status with lower
daily caloric intake in the former group.” Consistently
in the present study, participants with lower classified
MNA-SF were associated with a lower bADL score. We
observed that presence of diabetes mellitus or hyperten-
sion is negatively associated with malnutrition, although
these associations disappeared after adjustment. The
participants with these chronic diseases had higher
BMI levels than those without disease (diabetes mellitus
21.8 3.6 wvs 20.1£37, P<0.001; hypertension
21.1 = 3.9 vs 19.6 = 3.5, P<0.001), consistent with
MNA-SF evaluation, suggesting the participants with
diabetes mellitus or hypertension seem to have better
nutritional status compared with those without these
chronic diseases.

We clearly showed that, among dependent older
people in nursing homes and in the community, those
with poorer nutritional status had more geriatric condi~
tions. In fact, an increase of one geriatric condition
among eight or six symptoms showed 2.62 or 2.36 OR
of the risk of malnutrition in univariate analyses. It
should be emphasized that the association persisted

© 2013 Japan Geriatrics Society
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Table 4 Nursing homes and community: factors associated with malnutrition

Univariate Multivariate mode] [ Multivariate model IT
OR (95% CI) P OR  (95% CI) P OR (95% CI) P
Women (vs men) 1.78  1.22-2.62 0.003 093 0.54-1.61 0.796 0.80 0.43~1.50 0.491
Age (continuous) 1.06  1.04-1.09  <0.001 1.00 0.97-1.03 0.946 1.03  0.99-1.06 0.194
Basic ADL 0,95 0.94-0.96  <0.001
(continuous)
Nursing home (vs 3,17  2.20-4.57  <0.001 2.25 1.34-3.77  0.002 1.31  0.68-2.52 0.413
commuiity)
Artificial rnuutrition 19.30  4.56-81.68 <0.001
(% of total) ,
No. drugs 0.84 0.79-0.88 <0.001  0.90 0.84-0.97  0.006 0.90 0.83-0.98 0.016
No. geriatric
conditions ;
Among 8 2,62 2.22-310  <0.001 2.81 2.11-3.00 <0.001
Among 6 2,36 2.00-2.78  <0.001 2.21 1.86-2.64 <0.001
Vision impairment 2,72 1.87-1.87  <0.001 1.57 0.87-2.85 0.137
Hearing 222 1.55-3.19  <0.001 0.93 0.51-1.70 0.805
impairment
Falls experiences 0.45 0.29-0.70  <0.001 0.58 0.29-1.15 0.119:
Bladder control 10.96  6.92-17.36 <0.001 3.27  1.72-6.21 <0.001
problem
Cognitive 3.94 2.71-5.72  <0.001 2.50  1.40-4.45 0.002
impairment
Mobility 11.62  7.14-18.91 <0.001 473 2.39-9.37  <0.001
impairmernt
Swallowing 6.01 4.03-8.96  <0.001 2.59  1,43-4.69 0.002
problem
Appetite loss 15.07 8.97-25.33 <0.001 16.45 7.84-34.54 <0.001
Chronic diseases, ‘
presence (vs
absence)
Charlson 0.99 0.90-1.09 0.844
Comorbidity
Index
Ischemic heart 0.84 0.52-1.35 0.479
disease
Congestive heart 1.00  0.64-1.56 0.992
fail e
COPD 0.96 0.56-1.64 0.879
Cerebrovascular 1.00 0.70-1.43 0.989
disease
Diabetes mellitus 0.39 0.25-0.62 <0.001 0.62 0.34-1.13 0.118
Cancer 0.91 0.43-1.94 0.816
Hypertension 0.45 0.31-0.64 <0.001 0.92 0.55-1.56 0.766

The geriatric conditions among eight included vision impairment, hearing impairment, falls, bladder control problem, cognitive
impairmen:, mobility impairment, swallowing problem and appetite loss; among six included vision impairment, hearing
impairmens, falls, bladder control problem, cognitive impairment, and mobility impairment. ADL, activities of daily living;

COPD, chronic obstructive pulmonary disease.

even after controlling for sex, age, bADL, living settings
and comorbidities. Recently in a cross-sectional
hospital-based observational study, Saka etal. also
reported that patients who were malnourished or at risk
of malnourishment according to the MINA full version

© 2013 Japan Geriatrics Society

had more geriatric conditions.”" Although they reported
that those with low MINA scores had more chroric
diseases, in the present study comorbidity was not posi-
tively associated with malnutrition. This inconsistency
seems to be related to the different settings of the
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surveys. Saka etal. investigated hospital-based older
patients, but our participants lived in the community or
in nursing homes and did not have active diseases.
Thus, nutritional status is closely related to the accu-
mulation of geriatric conditions, but not to comorbidi-
ties, at least in dependent elderly people without acute
illness.

We also observed that malnutrition was associated
with varicus components of geriatric conditions. In the
crude model, the presence of each component, except
for falls, was more likely to be classified as malnutri-
tion. In contrast, participants who had fallen were less
likely to be malnourished. We observed that the bADL
score of those who experienced falls was lower than
that of those who did not experience falls (63.6 + 24.4
vs 47.3 = 34.3, P <0.001). This relationship between
falls and malnutrition appeared through bADL status,
as this association disappeared after adjusting for
bADL status (OR 0.82, 95% CI 0.47-1.41). Partici-
pants with the poorest bADL status (severe physical
limitation, such as typically confined to bed) are
less likely to fall.?? The poorest bADL status is asso-
ciated with poorer nutritional status, as described
earlier.

After demographic adjustments, the presence of a
bladder control problem, cognitive impairment, mobil-
ity impairment, a swallowing problem and appetite loss
were each significantly associated with malnutrition.
The exact reasons for the association between bladder
control problems and malnutrition remain unknown. It
is well documented that being overweight is a risk factor
for urinary incontinence® However, in the present
study of dependent older people, we found the opposite
result, One reason for this discrepancy might be the
definition of bladder control problems, which in the
present study included not only urinary incontinence,
but also catheterization and an inability to control uri-
nation. There are many risk factors common to the
development of both a bladder control problem and
malnutrition. These common factors include bADL
status, depression and multiple medical conditions.
It is also true for mobility impairment, which is also
associated with malnutrition.

Many of the studies investigating the relationships.

between cognition and nutritional status focus on
nutritional deficiencies as a consequence of dementia
or cognitive decline. For instance, cognitive decline
might impair the ability or desire to eat.*® Weight loss
and changed eating behavior are recognized character-
istics of the progressive dementing process, and
uncontrolled weight loss is almost inevitable in the
latter stages.”

We showed the associations between malnutrition
according to the MNA-SF classification, and both the
presence of a swallowing problem and appetite loss.
The impairment of swallowing function can have dev-
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astating health implications. These include not only
aspiration pneumonia, but also malnutrition and dehy-
dration, as well as changes in health status, including
an increased need for care provision, especially for
older adults. In fact, a recent large cross-sectional
survey of geriatric wards of hospitals showed that swal-
lowing difficulties were strongly associated with mal-
nutrition.”®* How appetite control changes with age
remains to be elucidated, but a loss of appetite is fre-
quently observed with aging; in a phenomenon called
the “anorexia of aging”, the physiological reductions in
appetite and food intake accompany normal aging or
occur as a consequence of various diseases. Appetite
loss and subsequent reduced oral intake are followed
of course by weight loss and nutritional impairment.*
However, it should be noted that despite the exclusion
of these conditions that are directly linked to reduced
energy intake, the accumulation of geriatric conditions
{six items) is associated with poor nutritional status in
dependent elderly. .

In the present study, 42.3% and 18.4% of the partici-
pants in the community and nursing homes were male,
respectively. One of the reasons for this difference of the
ratio of males and females might be due to the different
average age of the participants. The participants from
nursing homes were much older than those from the
community. The male gender ratio tends to reduce as
age increases, and among the elderly there is usually an
excess of females.

The present study had several strengths, including
the relatively large number of participants in different
settings: nursing homes and the community. Our analy-
ses took into account potential confounders including
age, sex, bADL status and comorbidity.

The present study had potential limitations,
however. Data obtained from multiple nurses through
standardized interviews might be inaccurate, although
to minjmize discordance in data collection, nurses were
trained in interviewing older participants and caregivers
before the start of the study. The degree of cognitive
impairment was not included in the analysis, as cogni-
tive function was not evaluated by a specific screening
instrument. There is no consensus on the definition of
a geriatric condition or what conditions that category
should include. In the present study, potential key
conditions/diseases, such as dizziness, delirium or
pressure sores, osteoporosis, gastroesophageal reflux
disease, chronic kidney disease and dyslipidemia, were
not included in the analysis. Although mood, such as
depression, might influence nutritional status, depres-
sive status was not evaluated in the present study. The
study used cross-sectional analysis, and we cannot
draw conclusions about cause and effect. Further
research is required to examine geriatric conditions
and their longitudinal associations with nutritional
status.

© 2013 Japan Geriatrics Society
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Relationship between small cerebral white matter lesions |
and cognitive function in patients with Alzheimer’s disease
and amnestic mild cognitive impairment

Taeko Makino, Hiroyuki Umegaki, Yusuke Suzuki, Madoka Yanagawa, Zen Nonogaki,
Hirotaka Nakashima and Masafumi Kuzuya

Department of Community Healthcare and Geriatrics, Nagoya University Graduate School of Medicine, Nagoya, Japan

Aim: The main purpose of the present study was to investigate the influence of small cerebral white matter lesions
on cognitive functions, and its difference by clinical stage.

Methods: A total of 160 patients with Alzheimer’s disease and 40 older adults with amnestic mild cognitive
impairment were enrolled in the present study. The Fazekas rating scale was used for the semi-quantitative mea-
surement of white matter lesions. Participants whose scales were more than grade 2 were excluded. Associations
between the degree of small white matter lesions and cognitive functions including memory, verbal fluency, working
memory, processing speed, and executive function were examined.

Results: We found that small white matter lesions influenced the performances of neuropsychological tests
differently between Alzheimer’s disease and amnestic mild cognitive impairment. Analysis of covariance showed
significant effects of interaction on a test that assessed categorical verbal fluency. In the amnestic mild cognitive
impairment group, small periventricular white matter hyperintensities were significantly associated with poor perfor~
mances in categorical verbal fluency; whereas in the Alzheimer’s disease group, such associations were not observed.
Deep white matter hyperintensities did not influence any cognitive functions examined in both groups.

Conclusions: The results suggested the involvement of periventricular small white matter lesions on impairment in

verbal fluency, and such influence might be different depending on an individual's clinical stage. Geriatr Gerontol
Int 2014; 14: 819-826.

Keywords: Alzheimer’s disease, cognitive function, mild cognitive impairment, verbal fluency, white matter lesions.

Introduction

Cerebral white matter lesions (WML) are identified as
white marter hyperintensities, areas with high signal
intensities on T2-weighed magnetic resonance imaging
(MR]). The pathogenesis of WML has not been fully
clarified, and the clinical relevance of WML also
remains ambiguous. Several histopathological corre-
lates have been reported: enlarged WML including
myelin pallor, tissue rarefaction associated with loss of
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myelin and axons, and mild gliosis."? The occurrence of
WML has been shown to increase with advancing age,>*
and the progression of WML has been associated with
vascular risk factors. In a meta-analysis, WML pre-
dicted an increased risk of stroke, dementia and death.®

In some non-demented population-based studies,
WML predicted a higher rate of cognitive decline,*’
especially when located in the periventricular
regions.” ' In some studies of Alzheimer’s disease (AD)
patients, it has been suggested that AD patients with
WML had worse cognitive performances than those
without WML,>17 whereas other studies did not find
any association between WML and cognitive decline
in AD patients.’®® Diversities in study samples with
varying clinical stages or different methods for the
assessment of WML might explain the inconsistent
results in those studies. Several studies have suggested
that WML could influence cognitive performance in the

doi: 10.1111/ggi.12176 | 819
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early stages of AD, but not in the late stages.* If this is
true, WML .night have greater influence on cognitive
profiles in amnestic mild cognitive impairment (aMCI)
patients than AD patients, because aMCI has been con-
sidered a preclinical and prodromal stage of AD. In
some stucies of MCI patients, WML were associated
with cognitive decline,” and predicted a higher rate of
conversion to dementia.”** Studies investigating the
influence of WML on cognitive function both in AD
and aMCI patients have been sparse to date. ‘

In view of investigating the influence of small WML
on cognitive profiles of AD pathology, one has to pre-
clude with caution a possible contamination of mixed
pathology, such as vascular dementia or vascular mild
cognitive impairment, from analysis. Therefore, in the
present study, we focused on investigating neuropsy-
chological traits in patients with AD or aMCI, and
examined their associations with the degree of small
WML, assessed by a semi-quantitative method based
on MRI findings after carefully excluding patients
with diffuse or extensive WML. If any difference was
observed between the groups, the finding might suggest
temporal profiles regarding the influence of small WML
on cognitive performances during the progression of
this neurccognitive disorder.

Methodls

Participants

The present study was carried out among outpatients
attending the Nagoya University Hospital department of
geriatrics in Nagoya, Japan, between January 2010 and
March 2012. Among 641 consecutive patients aged 60
years or clder, 268 patients who were diagnosed with
neither ADD nor aMCI, and 109 patients who could not
complete the relevant cognitive tasks were excluded.
Regarding methods for objectively assessing the degree
of WML, the Fazekas rating scale®® was used in the
present study. It is a visual semi-quantitative rating scale
of WML volume, and this scale is one of the most
widely-used and well-validated. This scoring system is
a four-point scale, rated on a 0- to 3-point scale of
increasing severity. As explained in the Introduction, in
order to eliminate a possible contamination of mixed
pathology. those who were graded more than 2 on the
Fazekas rating scale (64 patients) were not included in
the study, and only those who were graded either 0 or
1 on the scale were included, eventually leaving 200
patients subjected for analyses. ‘

Of the participants, 160 patients were diagnosed as
probable or possible AD according to the criteria of the
National Institute of Neurological and Communicative
Disorders and Stroke and Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA),*
and 40 cases were diagnosed as aMCI according to
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the Mayo Clinic Criteria.?* The patients with aMCI all
met the criteria for single-domain amnestic MCI or
multiple-domain amnestic MCI proposed by Petersen.?’
All of them had the complaint of memory impairmerit.
Patients with single-domain amnestic MCI had
impaired performance (more than 1.5 SD below con-
trols) on one or more of the' memory tests used in the
neuropsychological battery, but not on the other tests.
Patients with multiple-domain amnestic MCI had
impaired performance on one or more of the memory
tests, and impaired performance on one or more of the
other tests. None of them had dementia according to
the clinical assessment. Hereafter, aMCI includes both
the single~ and multiple-domain subtypes.

The evaluation procedure consisted of a detailed
medical history, cognitive assessment, laboratory tests
and cerebral MRIL The patients also underwent a clini-
cal examination to exclude other etiologies. Patients
who had a history of cerebrovascular disorders or the
presence of significant vascular risk factors were
excluded, as well as patients who had previously
received an actual diagnosis of major depression.*® Japa-
nese was the primary language for all participants.

Cognitive assessment

All participants underwent a battery of neuropsycho-
logical tests. The battery of neuropsychological tests
included the following tests: the Mini-Mental State
Examination (MMSE)* for general cognitive function;
the Logical Memory I and II subtests of the Wechsler
Memory Scale-revised (WMS-R)* for memory; the cat-
egory fluency test (participants were required to gener-
ate as many animal names as possible within 1 min) and
the letter fluency test (participants were required to gen-
erate as many words beginning with the syllable “ka”
(the Japanese version of the phonemic fluency task) as
possible within 1 min for verbal fluency; the Digit Span
Forward and Backward subtests of the Wechsler Adult
Intelligence Scale Revised (WAIS-R)* for working
memory; the Digit Symbol subtests of. WAIS-R* for
processing speed; and the Stroop colored word test for
executive functions (controlled inhibition). All patients
were also assessed for depressive mood using the Geri-
atric Depression Scale-15 (GDS-15).%

Testing and scoring of the neuropsychological tests
were carried out by a trained clinical psychologist with a
Master’s degree in clinical psychology. Participants were
tested individually in a single session. Written informed
consent was obtained at the start of the evaluation from
all participants or their closest relative.

White matier assessment
The MRI scans were carried out on a 1.5T machine.

Ratings of WML on MRI images were carried out on. a

© 2013 Japan Geriatrics Society
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Figure1 Examples of Fazekas scale
ratings. (a) Periventricular
hyperintensities (PVH) score = 1. (b)
PVH score = 2. (c) PVH score = 3. (d)
Deep white matter hyperintensities
(DWMH) score = 1. (e) DWMH
score = 2. (f) DWMH score = 3.

Table 1 Numbers of patients for Fazekas scale ratings

AD aMCI
(n =160) (n = 40)
DWMH DWMH
Grade 0 Grade 1 Grade 0 Grade 1
PVH Grade 0 30 14 PVH Grade0O S 4
Grade 1 21 95 Grade1l 7 24

Definitions of rating scores of periventricular white matter hyperintensity (PVH):
grade 0, absence; grade 1, caps or pencil-thin lining. Definitions of rating scores of
deep subcortical white matter hyperintensity (DWMH): grade 0, absence; grade 1,

punctate.

AD, Alzheimer’s disease; aMCI, amnestic mild cognitive impairment.

computer screen with axial fluid-attenuated inversion
recovery (FLAIR) images. The visual semi-quantitative
rating scale of WML volume described by Fazekas et al.**
was used. This scoring system is a four-point scale
for separately assessing the increasing severity of
periventricular white matter hyperintensity (PVH) and
deep subccertical white matter hyperintensity (DWMH).
PVH severity was scored according to the following
categories: absence (grade 0); caps or pencil-thin lining
(grade 1); smooth halo (grade 2) and irregular PVH
extending into the deep white matter (grade 3). DWMH
severity was scored according to the following catego-
ries: absence (grade 0); punctate (grade 1); beginning
confluence (grade 2) and large confluence (grade 3).
Examples of PVH and DWMH severities are shown in
Figure 1. Participants who weré graded more than grade
2 of PVH or DWMH were excluded from the present
study. Table 1 shows the numbers of patients for the
Fazekas rating scale included in this study. All ratings

© 2013 Japan Geriatrics Society

were carried out by two raters (the second and third
authors). Each rater rated each case individually and
then consulted with each other to reach a consensus.

Statistical analysis

The statistical analyses were carried out using IBM Spss
Statistics version 19 for Windows (SPSS Japan, Tokyo,
Japan). A value of P <0.05 was used in all analyses to
show statistical significance.

First, we carried out descriptive analyses of sociode-~
mographic and clinical characteristics. Table 2 shows
the mean and standard deviations, and the frequency
and percentage. We used the y*-test for the comparison
of categorical data, and we applied Student’s ¢-test for
continuous data.

Analysis of covariance (ANCOVA) was used to deter-
mine the correlation of WML and cognitive data
between AD and aMCL It is well known that age and
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Table 2 Clinical characteristics and cognitive performance of Alzheimer’s disease and amnestic mild cognitive

impairment patients

AD aMCI
(n = 160) (n = 40)
Sex (male/female) 66/94 15/25

Diabetes mellitus (%)

Hypertension (%)

Hyperlipidemia (%)

aMCI subtype (single
-domain/multiple domain)

29 (18.13%)
70 (43.75%)
70 (43.75%)

7 (17.50%)
20 (50.00%)
20 (50.00%)
1921

MIN  MAX

MEAN  SD MEAN  SD MIN  MAX  P-value
Age (years) 77.01 6.87 61 92 76.08 6.56 60 90 0.440
Education (years) 11.40 278 6 20 12.26 295 8 18 0.084
GDS1S 4.33 3.37 0 14 3.83 294 0 13 0.390
MMSE 21.94 3.69 11 29 27.13 1.49 24 30 <0.001
WMS-R Logical Memory 1 6.26 430 0 22 10.05 465 1 22 <0.001
WMS-R Logical Memory I 1.16 240 0 12 3.20 2.83 0 9 <0.001
Category Fluency Test 11.67 372 2 23 14.90 402 6 24 <0.001
Letter Fluency Test 7.76 315 2 20 9.18 340 0 15 0.013
WAIS-R Digit-Span Forward 5.63 1.89 2 10 6.20 1.68 3 9 0.064
WAIS-R Digit-Span Backward ~ 4.34 145 1 8 5.05 1.38 2 8 0.006
WAIS-R Digit-Symbol 33.22 11.73 3 77 38.38 12.01 9 68 0.014
Stroop Test Color 21.86 10.03  9.56  78.09 17.67 3.94 885  30.79 <0.001
Stroop Test Colored Word 46.75 20.04 1540 134.19 40.08 18.03 2032 113.21  0.086

P-values were calculated by Student’s -tests. AD, Alzheimer’s disease; aMCl, amnestic mild cognitive impairment; Education,
total number of years of schooling; GDS15, 15-item version of the Geriatric Depression Scale; MAX, maximum score; MIN,
minimum score; MMSE, Mini-Mental State Examination; SD, standard deviation; WAIS-R, Wechsler Adult Intelligence

Scale-Revised; WMS-R, Wechsler Memory Scale-Revised.

education level influence cognitive function, so these
two variables were considered to be covariables in the
analysis carried out later. As a post-hoc analysis, pair-
wise multiple comparisons of the cognitive data were
tested with Bonferroni test after ANCOVA.

Results

Table 2 presents the sociodemographic and clinical
characteristics of the participants, and the raw neuro-
psychological test results for both AD and aMCI. The
means and standard deviations, and maximal and
minimal values are shown.

The groups with different diagnoses were not statis~
tically different in terms of the following variables: dis-
tribution of sex, clinical comorbidity (diabetes mellitus,
hypertension, hyperlipidemia), age, years of education
and depressive mood (GDS-15). Likewise, the MCI
subtypes were similar in their distributions of the vari~
ables. Regarding the comparison of cognitive perfor-
mances between the two groups, AD group performed
significantly worse than did the aMCI group in tests as
follows: MMSE (r [158.87] = 13.84, P < 0.001), logical
memory I (¢ [198] = 4.91, P < 0.001), logical memory II
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(t [198] = 4.63, P <0.001), category fluency (¢ {198] =
4.83, P < 0.001), letter fluency (¢ [198] = 2.51, P < 0.05),
digit span backward (¢t [198] =2.80, P<0.01), digit
symbol (¢ [198] = 2.47, P < 0.05) and Stroop color test
(t [162.81] = 2.59, P < 0.001).

Table 3 shows the influence diagnosis and PVH had
on participants’ performances in the neuropsychologi-
cal tests, as well as the interaction between the two
factors. We found that diagnosis significantly influenced
the results of the following tests: MMSE (F [1,194] =
49.43, P<0.001), logical memory I (F [1,194] = 16.81,
P <0.001), logical memory II (F [1,194] = 14.68,
P <0.001), category fluency (F [1,194]=29.43, P<
0.001), letter fluency (F [1,194] = 8.02, P <0.01), digit
symbol (F [1,194] = 4.86, P < 0.05) and Stroop colored
word test (F [1,194] = 4.06, P <0.05). PVH had a sig-
nificant influence on the results of the tests that assess
the following variables: category fluency (F [1,194] =
8.11, P<0.01) and letter fluency (F [1,194]=35.47,
P <0.05). Individuals having small PVH, independent of
their diagnosis, performed worse than those having
no PVH in terms of verbal fluency. We found signi-
ficant effects of interaction on the results of the
category fluency test (F [1,194] =7.01, P <0.01). The

© 2013 Japan Geriatrics Society
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combination of aMCI and category fluency showed
a significant negative influence (F [1,194] = 9.28,
P < 0.01); whereas in the AD group, such an association
was not observed.

Table 4 shows the influence that diagnosis and
DWMH had on participants’ performances on neuro-
psychological tests, as well as the interaction between
the two factors. We found that diagnosis signifi-
cantly influenced the results of the following tests:
MMSE (F [1,194] = §6.00, P < 0.001), logical memory
[ (F [1,194] = 22.54, P<0.001), logical memory II
(F[1,194]= 21.09, P < 0.001), category fluency (F [1,154]
=16.06, P<0.001), letter fluency (F [1,194] = 4.34,
P <0.05), digit span backward (F [1,194] =4.02, P<
0.05). DWMH did not significantly influence any other
neuropsychological tests. We did not find any other
significant effects of the interaction between diagnosis
and DWMH.

0.678
0.651
0.676
0.009
0.094
0.402
0.503
0.304
0.991
0.259

VH
0.294
0.500
0.819
0.005
0.020
0.723
0.165
0.105
0.701
0.163

g
<0.001
<0.001
<0.001
<0.001

0.005
0.473
0.074
0.029
0.051
0.045

1.5
4.43
2.73
3.55
3.54
1.68
25
11.55
19.38

4.13

Discussion

26.97
9.71
3.13

13.87
8.52
6.19
4.97

36.52

18.01

42.78

The primary objective of the present study was to
examine the association between small WML and cog-
nitive function in older patients with AD or aMCL To
this end, two subgroups of patients with 2D or aMCI
differed regarding the influence of small WML on cog-
nitive function.

Among aMCI participants, those without PVH had
higher scores than those with PVH on the category
fluency test. In contrast, the existence of small PVH did
not significantly affect the score on the same test in AD
patients. These findings might support a notion sug-
gesting that WML could influence cognitive perfor-
mance in the early stage of cognitive impairment, but
not in the later stage of degenerative dementia.!®?
Changes of relative involvement of WML on cognition
by disease progression could explain the results
obtained. It is  well known that as AD pathology
advances, cortical atrophy extends. Therefore, one
could speculate that the relative influence of cortical
atrophy on cognition compared with that of WML
becomes increased in the later stage of AD. Further
investigations focusing on patients with earlier stages of
AD whose extent of cortical atrophy are considered
minimal could address this speculation.

We found significant effects of interaction between
diagnosis and PVH on the results of the category
fluency test, whereas on the results of the letter fluency
such interaction was not found. The category fluency
task is associated with the ability to access semantic
knowledge, whereas letter fluency is considered an
index of frontal control function.* In a meta-analysis of
verbal fluency in AD, it was suggested that impairment
in category fluency rather than letter fluency might be
among the early changes associated with AD.3* A pre-
vious study has shown that the aMCI groups have

7.09

1.22
5.45
3.32
3.68
1.33
1.79
1.80
11.97
3.13

MEAN

aMCI
(n=9)
27.67
11.22°
3.44
18.44

11.44
6.22
5.33

16.46

44.78
30.75

.86
4.35
2.32
3.92
3.20
1.83
1.47

11.40
10.61
21.36

SD
3

(n=116)

MEAN
21.60
6.06
1.19
11.45
7.53
5.45
4.14
'32.12
22.36
47.66

3.04
4.19
2.61
3.11
2.96
1.98
1.29
12.24
8.2
16.03

SD

<
[
T
<

PVH gr.
(n=44)
MEAN
22.82
6.77
1.0
12.25
8.34
11
4.86
20.54

AD
36.11
44.37
P-values were calculated by analysis of covariance and adjusted for age and education. AD, Alzheimer’s disease; aMCI, amnestic mild cognitive impairment; MMSE,

Mini-Mental State Examination; PVH, periventricular white matter hyperintensity; SD, standard deviation; WAIS-R, Wechsler Adult Intelligence Scale-Revised; WMS-R,

Table 3 Cognitive performance according to periventricular hyperintensities
Wechsler Memory Scale-Revised.

WAIS-R Digit-Span Backward

WAIS-R Digit-Symbol

Stroop Test Color
Stroop Test Colored Word

WMS-R Logical Memory-II
Category Fluency Test
WAIS-R Digit-Span Forward

WMS-R Logical Memory-I
Letter Fluency Test

MMSE
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Table 4 Cognitive performance according to deep subcortical white matter hyperintensity
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0.038

3.53
1.75
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3.14
1.42
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12.22
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26.01

9.75
6.75
5.08

40.33

2.89
1.82
1.50
10.93
11.22
21.42

7.53
5.49
4.31
31.47
22.67

46.84

3.62
2.01
1.36
12.60

8.24
5.94
4.39
36.96
20.13

Letter Fluency Test

0.147

WAIS-R Digit-Span Forward
WAIS-R Digit-Span Backward

WAIS-R Digit-Symbol

0.975

032
0.112
0.056

vy
3s

0.621

12.04
4.09

13.92

0.574

0.656

74

17.43
40.89

6.60
16.92

Stroop Test Color
Stroop Test Colored Word

0.606 0.913

0.158

P-values were calculated by analysis of covariance and adjusted for age and education. AD, Alzheimer’s disease; aMCI, amnestic mild cognitive impairment; DWMH, deep

subcortical white matter hyperintensity; MMSE, Mini-Mental State Examination; SD, standard deviation; WAIS-R, Wechsler Adult Intelligence Scale-Revised; WMS-R,

Wechsler Memory Scale-Revised.

46.58

T Makino et al.

greater impairment in category fluency performance
than in letter fluency performance relative to healthy
controls.” Neuroanatomically, category fluency relies
on the medial temporal lobe regions, whereas letter
fluency has been found to correlate with prefrontal lobe
functioning,® Differences in the anatomical substrates
for each verbal fluency task might explain the present
results. Because of advanced medial temporal lobe
atrophy, WML might not influence category fluency in
the later stage of AD.

When diagnosis was not added, associations between
the small PVH and low verbal fluency performance were
shown in the present study. Several studies found that
WML was particularly associated with a decline in
mental processing speed, executive functions, but not
with a decline in memory functions,'**** which could
suggest that WML have an influence on frontal lobe
functions. Memory decline is particularly related to
medial temporal lobe atrophy, and might be less affected
by WML."7* The disruption of long associating fibers
by PVH might be particularly deleterious for frontal
lobe domain functions.” In the present results, small
PVH contributed to cognitive decline in verbal fluency,
but not in any other domains of cognitive function. It
remains unclear why small PVH was correlated only
with verbal fluency.

Our results are in line with several population-based
studies'* in which PVH and not are associated with
different clinical conditions. It is also suggested that the
pathology presenting PVH might impair cognitive func-
tioning more easily than that affecting the subcortical
area. Anatomically, the periventricular regions have a
high density of long associating fibers, which connect
the cortex with the subcortical nuclei and other distant
brain territories, whereas the subcortical area has a high
density of short-looped U fibers connecting adjacent
gyri.'! The mechanism underlying the present results
requires further substantiation.

The main limitation of the present study was the
rating system of WML. Regarding the semi~-quantitative
rating of white matter lesions used in our study, it could
be argued that it is not sufficiently accurate, but this
rating system has been shown to correlate well with
quantitative volumetric measurements.* The present
study showed that small amounts of WML were corre-
lated with cognitive impairment. We assumed that
greater degrees of WML correspond to different pat-
terns of cognitive decline. WML could trigger or
enhance neurodegenerative processes when the lesion
load reaches a certain threshold.™

Because of the smaller sample size of aMCI patients,
the statistical power of the study might have been insuf-
ficient to detect an association between cognitive deficit
and small WML. Our sample size was also inadequate to
examine the association of cognitive decline with the
different locations of DWMH, which might have sorne

© 2013 Japan Geriatrics Society



White matter lesions and cognitive function

importance. Some studies have shown that cognitive
dysfuncticrt differs according to where WML are
present.” [t would therefore be important to assess the
specific roles of WML depending on their frontal, pari-
etal or temporal locations.

In sumraary, the present study found that small PVH
were significantly associated with cognitive decline, in
particular with a deficit of verbal fluency, in aMCI
patients. Furthermore, a category fluency deficit, not a
letter fluency deficit, was found to show an interaction
with small PVH. Further studies are required to confirm
these results and to improve our understanding of the
underlying mechanisms.
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Abstract

Objectives: The purpose of the present study was to examine the potential benefits of additional training in patients
admitted to recovery phase rehabilitation ward using the data bank of post-stroke patient registry.

Subjects and Methods: Subjects were 2507 inpatients admitted to recovery phase rehabilitation wards between November
2004 and November 2010. Participants were retrospectively divided into four groups based upon chart review; patients who
received no additional rehabilitation, patients who were added with self-initiated off hours training, patients who were
added with off hours training by ward staff, patients who received both self-initiated training and training by ward staff.
Parameters for assessing outcomes included length of stay, motor/cognitive subscales of functional independent measures
(FIM) and motor benefit of FIM calculated by subtractmg the score at admission from that at discharge.

Results: Participants were stratified into three groups depending on the motor FIM at admission (<28, 29~56, 57 <) for
comparison. Regarding outcome variables, significant inter-group differences were observed in all items examined within
the subgroup who scored 28 or less and between 29 and 56. Meanwhile no such trends were observed in the group who
scored 57 or more compared with those who scored less. In a decision tree created based upon Exhaustive Chi-squared
Automatic Interaction Detection method, variables chosen were the motor FIM at admission: (the first node) additional .
training {the second node), the cognitive FIM at admtssnon(the third node).

Conclusions: Overall the results suggest that aydditidnal training can compensate for the shortage of regular rehabilitation
implemented in recovery phase rehabilitation ward; thus may contribute to improved outcomes assessed by motor FIM at
discharge. :
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introduction randomized control trials (RCT) or systematic reviews that
providing care in stroke units by multidisciplinary team comprising
doctors, nurses, physiotherapist (PT), occupational therapist (OT)
and speech therapist (ST) leads to improved clinical outcomes,
such as long-term prognosis, activities of daily living at discharge,
length of hospital stay [3,4]. To date, there had been a dearth of
multi-center data base for rehabilitation medicine in Japan, which
impeded implementation of studies supported by strong evidences.
In order to establish rigorous evidences for the quality improve-
ment and to provide rationales for the revision of reimbursenient
system in stroke rehabilitation, we have been estahiishing a data
bank (DB) of post-stroke patients receiving rehzoilitation since
2005, which was supported by a Grant-in-Aid issued from the

Stroke is cne of primary debilitating events that affect health
status and functional capacity, and is reportedly ranked second or
third cause of mortality or condition leading to functional
impairments in most developed countries [1]. Japan is no
exception that stroke is the first cause of conditions requiring care
and is ranked the first in medical expenditure nationwide among
the older population [2]. Recent advancement has made various
therapeutic options including thrombolytic therapy, intravascular
therapy or cerebral protective therapy available for stroke patients,
however that does not undermine the significance of rehabilitation
for functional recovery. It has been confirmed from previous

PLOS ONE | www.plosone.org 1 March 2014 | Volume 9 | Issue 3 | e91738
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Figure 1. Flow chart showing selection procedure of participants.
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Ministry of Health, Labor and Welfare for the research project
entitled “The development of data bank for stroke rehabilitation”.
By November 2011, we collected over 9000 cases from 30
institutions nationwide. In Japan recovery phase rchabilitation
ward for patients took effect from the year 2000 and the 2006
revision for reimbursement enabled post stroke patients to receive
a maximum of three hours rehabilitation per day by PT, OT and
ST. This unique type of ward restricts intake of patient only to
medical conditions such as stroke, spinal injuries, head trauma, hip
fractures or disuse syndrome. In addition, there are specific
regulations regarding the admission criteria, including term of
admission. For example, stroke patients have to be admitted within
two months after the onset of stroke with maximum length of stay
limited until 150 days after the onset. Regarding the time of
rehabilitation per day, only those who can tolerate three hours
rehabilitation per day are eligible for the entry to rehabilitation
programs according to the US Agency for Health Care Policy and
Research [57, which is in contrast with the policy applied in Japan.
On the other hand, there is a study implemented in a stroke unit
that indicated the significance of “off hours™ training enhanced by
multidisciplinary team for improved activities of daily living (ADL)
[1], which suggests a potential benefit of such off hours
intervention particularly under the situation where there is 2

PLOS ONE | www.plosone.org 2

limitation in authorized volume of training. The “OFF hours”
training comprises self-initiated training and training by ward staff.
However, little attention to date has been paid to off hours
intervention and its effect on functional prognosis {6,7]. As
suggested in a recent meta-analysis, the importance of off hours
training is a subject to be investigated through further research [8].
Although previous studies regarding off hours training focused on
sclf-initiated training mainly led by patients themselves, there is
also a necessity to evaluate additional training provided by ward
staff. No studies so far had examined the effect of off hours training
(self-initiated training, training by ward staff or both) in recovery
phase rehabilitation wards uniquely introduced in Japan.

There is a difficulty in carrying out RCT in rehabilitation
medicine. Therefore as an alternative method of investigation,
well-designed comparative resecarch with larger samples is
considered significant [9]. However, there has been a concern
about external validity in previous reports with such method since
many of them ecither came from single institution or had not
examined reproducibility in other samples of patients [9,10]. Thus
in the present study, in order to endorse exteri.al validity, we
obtained observational data from multiple sources and randomly
assigned the individual data into two groups and examined

March 2014 | Volume 9 | Issue 3 | 91738
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Table 1. Characteristics of participants stratified by motor subscales of FIM at admission.

Motor subscales of FIM at admicsion

(DNo additional training @self-initiated traning @Training by ward staff “(@Dual training p value!  multiple
(n=62) (n=7) {n=203) (n=155) comparison®
Sex : ) Male 33(14.2%) - 2(0.9%) 1 3(48.7%) '84(36.2%) 0.59
Female 29(14.9%) 5(2.6%) 90(46.2%) 71(36.4%)
Type fo stroke Ci 38(14.7%) 301 ;2%) 132(51.2%) - 85(32.9%) 0.02
CH 17(13.0) 2(1.5%) 50(38.2%) 62(47.3%)
SAH etc. 7(18.4%) 2{5.3%) 21(55.3%) 8(21.1%)
Informal care NIC 17(18.5%) 2(2.2%) 42(45.7%) 31{33.7%) .27
resources OIC 20(13.7%) 4(2.7%) 64(43.8%) 58(39.7%)
MTIC 19(10.6%) 1(0.6%) 94(52.5%) 65(36.3%)
Age 745199 73.0:+8.0 75.3%9.2 69.4::11.8 <<0.001 @<@®®
Days after onset at admission 41.1+25.0 48.6+47.3 39.9:+21.2 309164 <0.001 @<O®
Motor subscales of FIM at admission 29~56 (n=418)
(DNo additional training @self-initiated traning @Training by ward staff @Dual training p value®  multiple
(n=63) (n=16) m=71) (n=268) comparison®
Sex Male 50(18.9%) 13(4.9%) 43(16.2%) 159(60.0%) 0.01
Female 13(8.5%) 3(2.0%) 28(18.3%) 109(71.2%)
Type of stroke @] 27(10.2%) 11(4.1%) 58(21.8%) 170(63.9%) <0.001
CH 31(13.9%) 2(0.9%) 11(8.9%) 79(64.2%)
SAH etc. 5(17.2%) 3(10.3%) 2(6.9%) 19(65.5%)
informal care NiC 19(17.3%) 6(5.5%) 23(20.9%) 62(57.3%) 0.46
resources olC 17(12.4%) 4(2.9%) 23(16.8%) 93(67.9%)
MTIC 26(15.7%) 6(3:6%) 23(13.9%) 111(66.9%)
Age 718495 68.1+9.7 75.1+10.7 666128 <0.001 ®<O®
Days after onset at admission 41.9::21.4 34.9:194 3641184 32.0::14.6 <0.001 @<®®
Motor subscales of FIM at admission 57 < (n=388)
(DNo additional training @self-initiated traning ‘(@ Training by ward staff @Dual training pvalue!  multiple:
(n=45) (n=41) (n=22) (n =280) comparison®
Sex ‘Male 23(9.3%) 31(12:6%) 13(5.3%) 180(72.9%) 012
Female 22(15.6%) 10(7.1%) 9(6.4%) 100(70.9%)
Type of stroke Ci 28(11.2%) 16(6.4%) 16(6.4%) 190(76.0%) 0.003
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0.07

75(75.0%)
91{71.1%;)

0(0.0%)
9{7.0%)

13(13.0%)
13(10.2%)
13(8.6%)

12(12.0%)
15(11.7%)

NIC
16(10.6%)

OlC

Informal care

resources

110(72.8%)

64.2

12(7.9%)

MTIC

D<®

< 0.001

0.05

=137

70.9418.2
41.6+26.8

61.7:1:15.5

720111

Age

30.4%21.9

34.6x+14.4

354+16.8

Days after onset at admission

More than two informal caregivers.

One informal caregiver; MTIC

= Cerebral hemorrhage; NIC=No informal caregivers; OIC=

Cerebral infarction; CH

Subarachnoidal hemorrhage; Cl

Tp value for one way analysis of variance.

note:SAH

bers (Tukey multiple comparison procedure).

*multiple comparison: digits refer to group num

doi:10.1371/joumnal.pone.0091738.t001
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whether the equation model formulated in one group can also
predict the outcomes in the other with statistical significance.
The purpose of the present study was to examine potential
benefit of off-hours rchabilitation involving self-initiated training
by patients themseclves, and training by ward stafl in patients
achmitted to recovery phase rehabilitation wards using the DB of
post-stroke patients registered during the term of observation.

Subjects and Methods

The present study was a secondary analysis of the DB of post-
stroke patients registered between November 2004 and November
2010. Subjects were 2507 inpatients admitted to recovery phase
rehabilitation wards out of 9095 patients registered in post-stroke
DB. The DB was managed by the Japan Association of
Rehabilitation Database (JARD) and the data was provided after
the research protocol was approved by the institutional review
board. Thus the data is not publicly available but only those who
obtained the approval werc authorized access to the DB. Of the
subjects, those whose essential data (age, sex, FIM, record of self-
initiated off hours training) were either absent or missing in more
than 40% of inpatients, length of stay being cither less than 7 days
or more than 180 days, venue of rchabilitation changed due to
acute medical conditions, FIM scores at discharge deteriorated
were excluded, eventually 1233 inpatients were subjected to
analyses (Fig. 1). Variables included age, sex and type of stroke as
basic information. The followings were also included; number of
days after admission, number of informal caregivers (none, single
person, more than 2 people), total volume of PT and OT counted
by Formal Therapy Unit (FT'U) and FTU per day were elso
calculated (1FTU is equivalent to 20 minute Formal Therapy).
Parameters for assessing outcomes included length of stay, motor
FIM/cognitive FIM and motor benefit of FIM calculated by
subtracting the score at admission from that at discharge.
Participants were retrospectively divided into four groups based
upon chart records; patients who received no additional rehabil-
itation (no additional training), patients who were added with self-
initiated off hours training (self-initiated training), patients who
were added with off hours training by ward staff (training by ward
staff), patients who received both self-initiated off hours training
and training by ward staff’ (dual additional training) and their
outcomes assessed by parameters aforementioned were compared.

Statistical Analysis

Age, length of stay, number of days after the onset of stroke until
discharge, FTU, FTU/day, motor ¥IM, cognitive FIM and motor
benefit of FIM of the four intervention groups were compared
using analysis of variance followed by Tukey’s post-hoc test.It is
known that improvement of ADLs during admission can be higher
in patients whose physical independence at admission is interme-
diate compared with patients who have either low or high physical
independence, thus exhibits reverse U-shaped trend [11]. There-
fore, subjects were divided equally into three subgroups based on
the motor FIM at admission for group comparison. Categorical
data (sex, types of stroke and presence of informal caregivers) of
the four groups were compared using chi-square test. In order to
clarify contributing factors to motor FIM at discharge after
possible confounding factors {presence of informal caregivers,
motor FIM at admission and cognitive FIM at admission) having
been adjusted, a decision tree analysis was carried out, making
measured variables at admission that indicated significant inter-
group differences by univariate analysis explanatory variables. In
the present study Exhaustive Chi-Squared Automatic Interaction
Detection (ECHAID) was adopted for the analysis. ECHAID is a

March 2014 | Volume 9 | Issue 3 | 91738
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Table 2. Outcome parameters of participants at discharge stratified by motor subscales of FIM at admission.

Motor subscales of FIM at admission <28 (n=427)
DNo gdditiénal : @S‘e:‘lf-ihifiatekd ®Training by ward
training ttaljing staff @DUa[ training . pvalue' multiple
(n=62) (n=7) (n=203) (n=155) comparison®
Length of stay 1113246.2- 105.061.4 95.7:+43.9 124.9::31.2 <0.001 OO>0
FTu* 3588:+184.0 308.7+252.9 275.3£179.2 474422214 <0.001 @>D>@
FTU/day* 32:%10 32418 28112 38514 <0.001 @>00
Motor FIM at admission 17.9+5.0 16.9:23.9 16.3::4.2 20.2:4.9 <0.001 @>0O®
Cognitive FIM at admission 114464 15086 11.946.4 17.9:483 <0.001 @>0B
Motor FIM at discharge 31.7+163 50.6£22.3 33.0+184 52.1+214 <0.001 @>00R
Cognitive FIM at discharge 15.0:7.7 217485 15.9+6.4 24.6*8.3 <0.001 @>00
Motor benefit of FIM 13.8+128 3374223 16.7+17.0 31.9%19.7 <0.001 @>00, @>O
Motor subscales of FIM at admission 29~56 (n=418}
(DNo additional @Self-initiated @Training by ward @Dual training p value” multiple
training traning staff
(n=63) (n=16) (n=71) (n=268) comparison®
Length of stay 111.2+47.8 100.4%33.1 88.4:+38.1 104.1+37.6 0.01 D@>G
FTU* 398.54222.4 3794:2171.2 24831443 405.1:2242.7 <<0.01 O@>@
FTU/day* 35+10 38x0.8 28:+1.1 37+15 <0.01 DO@>®
Motor FIM at admission 42.3::86 49.5::6,9 39.9:£7.5 43,5480 <0.01 @>0R®, @@
Cognitive FIM at admission 22.1+73 245:+75 19.6:£5.9 24.7%74 <0.01 @>0R). >
Motor FIM at discharge 61.3:15.7 75270 6101113 7271115 <<0.01 @@D>DR
Cognitive FIM at discharge 247%71 30.0+£58 224%58 293+57 <0.01 O>03
Motor benefit-of FIM 190116 25.7%8.1 211116 291113 <0.01 @>OR
Motor subscales of FIM at admission 57 < (n=388)
“@No additional @Self-initiated @Training by ward @Dual training p value” muitiple
training traning staff.
(n=45) (n=41) (n=22) (n=280) comparison®
Length of stay 89.3+46.9 694424 7554332 7464392 010
FTU* 320.7%210.5 251.0£176.3 175.6+£78.7 296.0+207.6 0.02 O@>®
FTU/day* - 35270 3610 24%07 39416 <001 ORO>®
Motor FIM at admission 71.4%103 76.7+9.8 67.3%9.7 70.8+9.2 <0.01 0>3®
Cognitive. FIM at admission 27.4+63 200457 19.8+6.3 202%59 <0.01 D>
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