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Factors associated with cognitive function that cause a decline
in the level of activities of daily living in Alzheimer’s disease
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Aim: The principal aim of the present study was to clarify what type of cognitive decline results in a decrease in the ability
to carry out activities of daily living (ADL) in patients with Alzheimer’s disease (AD).

Methods: The participants comprised 1384 outpatients with mild AD. We used the Mini-Mental State Examination
(MMSE) and Barthel Index (BI) as indicators of basic ADL, and the Lawton Index (LI) as an indicator of instrumental
ADL (IADL). We then analyzed the relationships betweenMMSE and BI, as well as betweenMMSE and LI. We also car-
ried out a logistic regression analysis with BI and LI subitems as dependent variables, andMMSE subitems as independent
variables.

Results: For almost all BI and LI subitems, significantly high odds ratios (OR) were noted in MMSE “Copy the design
shown” (e.g. dressing OR 3.66, toilet use OR 3.60 and transfers OR 2.80) and “Write a sentence” (e.g. ability to use tele-
phone OR 5.24, laundry OR 2.60, grooming OR 2.50; P < 0.05).

Conclusions: Visuospatial cognition had an important effect on the decrease in basic ADL and IADL. Furthermore, the
subitems with minimal effect on the decrease of basic ADL and IADL differed. Therefore, it appears that specific activities
have little effect on themaintenance of ADL and IADL, and that determining residual cognitive function and utilizing this
as a means of compensating for decreased ADL is a useful strategy. Geriatr Gerontol Int 2017; ••: ••–••.
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Introduction

Because of the rapid aging of society, the number of older
adults with dementia is increasing.1 Based on this social
context, a goal of identifying treatments or treatment-
modifying therapies for dementia in countries around
the world by 2025 was established at the G8 Dementia
Summit held in London in 2013, and ambitious aims to
significantly increase joint research funding related to de-
mentia were set to achieve this goal.2

Increased burden on the caregiver (caregiver burden),
the primary cause of which is the decrease in activities of
daily living (ADL) associated with patients with dementia,
has been reported as a problem that can develop as a result
of dementia. ADL is classified as basic ADL (BADL)3 and
instrumental ADL (IADL).4 In the present study, we re-
port that decreased ability to use the telephone and

transportation primarily in men, and to prepare food pri-
marily in women as well as other management capabilities
that are common in all patients at an initial stage of
Alzheimer’s disease (AD) are examples of decreased IADL
that increase the caregiver burden. Furthermore, our find-
ings show that BADL that increase the caregiver burden
comprised bathing and grooming, and that during the ini-
tial stage, IADL increased the caregiver burden to a greater
extent than BADL.5

In many cases during the general course of AD, the pa-
tient can independently carry out BADL despite requiring
assistance for IADL.6,7 To maintain IADL independence,
several cognitive functions are required; the relationship
between functional decreases in memory,8 verbal learn-
ing,9 motor skills10 and psychomotor speed11 have been
reported to be associated with IADL disturbance. There-
fore, cognitive function must be evaluated in detail to un-
derstand the nature of an IADL impairment.

Despite this, there are almost no reports regarding how
cognitive dysfunction influences BADL in patients with
dementia. Furthermore, depending on the progression of
the disease stage, BADL-related disturbances gradually
develop in addition to IADL-related disturbances. How-
ever, there are no existing reports that have chronologically
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analyzed the relationship between the course of the disease
and cognitive function.

The principal aims of the present study were to exam-
ine the relationships between BADL/IADL and cognitive
function, elucidate the influence of BADL/IADL on cog-
nitive function, and search for methods to provide appro-
priate rehabilitation to maintain and improve
BADL/IADL.

Methods

Study participants

The participants were 1384 outpatients (aged 44–99;
mean ± SD 78.6 ± 7.0 years) and their families, who
attended the Medical Center for Dementia at Japan’s Na-
tional Center for Geriatrics and Gerontology during the
period from September 2010 to August 2013. They were
composed of patients with AD. AD was diagnosed as
probable AD or possible AD, or AD + cardiovascular dis-
ease based on the criteria published by the U.S. National
Institute of Neurological and Communicative Disorders
and Stroke, and the Alzheimer’s Disease and Related Dis-
orders Association. Patients with dementia other than AD;
with severe conditions, such as cardiac failure; and neuro-
logical and psychiatric disorders, such as depression, were
excluded from the present study.

Assessment

The study protocol was approved by the ethical review
board of Japan’s National Center for Geriatrics and Ger-
ontology, and the patients and their caregivers provided
informed consent before participation in the study.
When study participants attended the Medical Center
for Dementia for consultation on the disease causing
dementia, comprehensive geriatric assessment batteries
were carried out to evaluate disability, mood and cogni-
tive function of the patients. Global cognitive status was
tested using the Mini-Mental State Examination
(MMSE; 11 heads, time, place, registration, serial
sevens, recall, name a pencil and watch, repeat the
following, follow a three-stage command, read and obey
the following, write a sentence, copy the design
shown).12 The patients’ BADL/IADL were assessed by
the Barthel Index (BI; 10 heads, feeding, bathing,
grooming, dressing, bowels, bladder, toilet use, transfers
[bed to chair and back], mobility [on level surfaces],
stairs) and Lawton Index (LI), respectively. The LI is
composed of five questions for men (telephone use,
shopping, transportation, medication, handling
finances) and three additional questions for women
(food preparation, housekeeping, laundry). In addition,
we identified whether the patients had “no need for
care” or “need for care” in their daily life. There were
839 patients who had “no need for care,” 491 who
had “need for care” and 54 who were unknown.

Therefore, 60% of the participants in this study had
“no need for care.”

Statistical analysis

We carried out the following statistical analyses. We
calculated a Spearman’s rank correlation coefficient for
BI/LI and the total MMSE score, and then carried out
a logistic regression analysis using the BI subitems as de-
pendent variables and MMSE subitems as independent
variables, and calculated the odds ratios (OR). For the
BI subitems, a full score was classified as “no need for
care” and all other scores were classified as a “need for
care”; we examined whether there was a difference in
the MMSE subitems based on the presence of a need
for care for the BI subitems. We also carried out the
same analysis using the LI subitems as dependent
variables.

All analyses were carried out using the Japanese version
of SPSS version 21.0 (IBM Corporation, Armonk, NY,
USA), and statistical significance was set as P < 0.05.

Table 1 Clinical profiles and social conditions of study
participants

Average SD Min Max

n 1384
Sex (male/female) 373/1011
Age (years) 78.6 7.0 44 99
Education (years) 10.1 3.1 0 23
MMSE (/30) 18.0 5.4 0 30
Time (/5) 2.6 1.6 0 5
Place (/5) 2.6 1.4 0 5
Registration (/3) 2.9 0.5 0 3
Serial 7’s (/5) 2.0 1.6 0 5
Recall (/3) 0.6 0.9 0 3
Name a pencil
and watch (/2)

1.9 0.3 0 2

Repeat the
following (/1)

0.7 0.4 0 1

Follow a 3-stage
command (/3)

2.4 0.8 0 3

Read and obey
the following (/1)

0.9 0.3 0 1

Write a sentence (/1) 0.8 0.4 0 1
Copy the design
shown (/1)

0.8 0.4 0 1

BI (/100) 92.4 14.9 5 100
LI
Male (/5) 2.9 1.5 0 5
Female (/8) 5.0 2.2 0 5

BI, Barthel Index; LI, Lawton Index; MMSE, Mini-Mental State
Examination; SD, standard deviation.
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analyzed the relationship between the course of the disease
and cognitive function.

The principal aims of the present study were to exam-
ine the relationships between BADL/IADL and cognitive
function, elucidate the influence of BADL/IADL on cog-
nitive function, and search for methods to provide appro-
priate rehabilitation to maintain and improve
BADL/IADL.

Methods

Study participants
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had “need for care” and 54 who were unknown.
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Results

Demographics

The clinical profiles of the patients, their demographics
and the average score of each item ofMMSE are shown in
Table 1. The mean MMSE score was 18.2 points, and for
the MMSE subitems, the scores for “recall” and “serial
sevens” were markedly low, followed by low scores for
“time” and “place.” The mean BI score was high, and ma-
jority of the BADL functions were maintained; however, a
moderate decrease in LI (IADL)was observed in bothmen
and women.

Relationship between BADL/IADL and cognitive
function (Table 2)

Strong correlations were noticed between LI and MMSE,
and a weak correlations between BI and MMSE (Table 2).

Factors associated with BADL

TheOR ofMMSE subitems for each BI and the 95% con-
fidence interval (CI) are shown in Table 3. The were plot-
ted on a graph, and the 95% CI was expressed as lines
extending from the plots (P< 0.05). Regarding all BI items,
the OR for the “copy the design shown” and “write a sen-
tence” subitems were higher in comparison with the other
MMSE subitems. Furthermore, the OR was small, but a
significant OR was noted for “time” in almost all of the
BI subitems. However, for “serial seven” and “recall,” no
significant difference in OR was noted.

Factors associated with IADL

Similar to Table 3, in Tables 4 and 5, the MMSE subitem
OR of each LI item and 95% CI are presented (P < 0.05).

Regarding the LI of the men, in “responsibility for own
medications” and “mode of transportation,” significant
OR were noted for “copy the design shown,” and in “abil-
ity to use telephone” and “mode of transportation,” signif-
icant OR were noted for “write a sentence.” However, in
“responsibility for own medications,” a significant OR

Table 2 Correlation between Lawton Index and Barthel
Index and cognitional assessment scales

MMSE total score

rho P-value

LI total score men 0.428 <0.001
LI total score women 0.548 <0.001
BI total score 0.376 <0.001

Standardized Spearman’s rho and P-values are shown. Partici-
pants comprise n = 373 men and 1011 women. *Correlation is
significant at the 0.05 level. **Correlation is significant at the 0.01
level. BI, Barthel Index; LI, Lawton Index; MMSE, Mini-Mental
State Examination.

Table 3 Logistic regression analysis examined factors affecting decline in Barthel Index level regarding cognitional
impairment

Total n = 1384. All P < 0.05. “Transfers” is bed to chair and back, and “Mobility” is on level surfaces. BI, Barthel Index; MMSE, Mini-
Mental State Examination.

Cognitive function affecting ADL in AD
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was noted for “recall,” which had no influence on BI. Sig-
nificant OR were also noted for the orientation-related
subitems “time” and “place,” and all LI items.

Male–female differences were noted for the cognitive
function influence on IADL. In contrast with men, the
LI for women showed high OR for the MMSE subitems
“copy the design shown” and “write a sentence,” similar
to the effects of the cognitive function subitems on the
BI. Similar to the results for cognition-related subitems
influencing the LI of men, for orientations such as “time”
and “place,” a significant overall OR was observed. Fur-
thermore, similar to the LI of the men, no significant OR
were noted for “read and obey the following” or “name a
pencil and watch.”

Discussion

Although multiple studies have reported amnesia in pa-
tients with AD,13,14 few studies have examined visuospa-
tial disorders.15,16 The results of the BI factor analysis in
the present study showed that the influence of “copy the
design shown” on the BI was higher in comparison with
the other MMSE subitems. Ericsson et al. reported the

most favorable response for cognitive decline was noted
for the cube and two pentagons.17 In the present study, be-
cause the variable “copy the design shown” of the two
pentagons was ranked high, it appears that a decrease in
BADL for AD patients in whom ADL are comparatively
maintained tends to be influenced by visuospatial cogni-
tion rather than amnesia (memory) and aphasia (language
understanding). In addition, the examination of visuospa-
tial cognition appears to be the most important point in-
volved in the evaluation of BADL in patients with AD.

The item “write a sentence” had the second highest OR
following the item “copy the design shown.” Writing is a
language task during which the upper limbs are used,
but under the conditions of no aphasia, visuospatial cog-
nitive functions (e.g. character placement and configura-
tion) are also reflected to a certain extent.

The results of the present study suggest that de-
creased visuospatial cognition in patients with AD influ-
ences BADL, but minimal influence was noted for all
other cognition-related BADL subitems in some pa-
tients; in other patients, effects were not noted for “re-
call” and “serial sevens.” Regarding the relationship
between ADL and memory function, analysis of the

Table 4 Logistic regression analysis examined factors affecting a decline in instrumental activities of daily living level
regarding cognitional impairment for men

Total n = 373. All P < 0.05. LI, Lawton Index; MMSE, Mini-Mental State Examination.
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correlation between self-care ADL and cognitive func-
tion by Richard et al. did not show any significant corre-
lations for short-term memory with self-care ADL,14

According to Backman et al., delayed recall tasks are
shown to be the most sensitive for understanding mem-
ory disturbance in AD, and the memory function
reflected by “recall” is the main symptom of AD.6,15 In
the present study, the score of “recall” was only
0.6 points of 3.0 points. MMSE was an average of
18 points, and the memory loss was clear. However, an
average BI of the participants was 92 points, and their
ADL were almost maintained. From this fact, we believe,
however early memory loss is a natural history of AD,18

only memory loss may not strongly affect decreased
ADL for AD patients. In contrast, in the present study,
there were some patients with decreased ADL. The de-
creased score of each ADL item had a significant rela-
tionship between the score of “copy the design
displayed” and “write a sentence” of the MMSE. There-
fore, we investigated whether the reason for ADL de-
crease is not only memory loss, but also additional
visuospatial function for AD patients. In all cases, it
can be said that it is difficult to utilize memory as a re-
sidual function. Therefore, it is necessary to focus on
each BADL subitem.

Based on the aforementioned, the present results
showed both the individual factors related to BADL and
those that were not related to BADL. While monitoring
the decrease in cognitive function related to each BADL
item using unrelated cognitive functions as residual

functions, it might be possible to establish strategies for re-
habilitation in response to decreased BADL in patients
with dementia.

Regarding IADL in patients with dementia, previous
studies have reported a minor correlation between visuo-
spatial cognition and driving and getting lost.19 In addi-
tion, a neuroradiological study also reported a
relationship between the occipital and temporal regions
of the brain and IADL.20 Thus, the relationship between
visuospatial cognition and IADL has been an area of re-
cent focus.

In the present study, LI was used to evaluate IADL.
Because the LI differed between men and women, it
was possible to confirm male–female differences of
IADL. For men, the effects of visuospatial cognition, im-
mediate memory, working memory and attentional func-
tion, such as “ability to use telephone” and “shopping,”
were affected. In contrast, in the case of IADL in
women, with the exception of “laundry,” the influence
of visuospatial cognition was strong for all items, with
results showing that similar factors influenced both
IADL and BADL in women. Therefore, the results
showed that women tend to be more influenced by vi-
suospatial cognition. According to the Japanese Health,
Labor and Welfare White Paper (2012), the employment
rate of Japanese men is the highest among industrialized
countries since 1991.21 Because Japanese men do not
carry out extensive housework, the degree of IADL au-
tonomy was low, and many women carry out housework
in part based on procedural memory from habitually

Table 5 Logistic regression analysis examined factors affecting decline in instrumental activities of daily living level
regarding cognitional impairment for women

Total n = 1011. All P < 0.05. LI, Lawton Index; MMSE, Mini-Mental State Examination.
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carrying out such tasks. Therefore, these aspects might
have led to the male–female differences that were
observed.

When focusing on orientation from the viewpoint of
comparing BADL and IADL, a strong influence was ob-
served for BADL, whereas for IADL, effects were noted
for almost all of the orientation-related subitems (e.g.
“time” and “place”) both in men and women. This indi-
cates that the perception of time is important when carry-
ing out BADL, but the awareness of the place is important
for carrying out IADL; these extremely interesting findings
have not been shown by previous studies. It is possible that
in the case of IADL, it is necessary to go outside to carry
out actions (e.g. driving and shopping), and as a result,
place orientation is affected more than indoor BADL
activities.

Based on the above findings, the logical functions
influencing IADL differ from that influencing BADL;
both visuospatial cognition as well as other memory and
attentive functions were strongly influenced. Therefore,
it appears necessary to use a different treatment strategy
for IADL than that used for BADL.

We investigated the relationship and influence of cog-
nitive function on ADL in outpatient patients with AD
for whomADLwas relatively maintained. Cognitive func-
tion, which influenced BADL the most, was associated
with visuospatial cognition. Because cognitive functions
for which there is no influence on decreased BADL differ
for each subitem, the results suggest that it is possible to
identify cognitive functions that are not affected and re-
main intact. Furthermore, such functions can be utilized
in the rehabilitation of patients with AD. The influence
of visuospatial cognition was also strongly associated with
IADL, but male–female differences were noted. Because
cognitive function is not affected by decreased IADL,
and in the majority of cases controls repetition and desig-
nation, these methods might be used as compensatory
methods.

The present study had several limitations. First, the par-
ticipants were limited to patients withAD residing at home
who received treatment at a single facility (the Medical
Center for Dementia). Thus, future analysis involving a
multicenter joint study that classifies patients by the de-
gree of severity and primary disease is necessary. Only
the MMSE was used as an assessment indicator of cogni-
tive function. Although the sensitivity of the MMSE is fa-
vorable, only general cognitive functions can be
evaluated.22 Therefore, detailed evaluation of memory
and language function in addition to visuospatial cogni-
tion, which was the focus of the present study, was insuf-
ficient. Future analysis utilizing a more detailed cognitive
function assessment (e.g. the Hooper Visual Organization
Test or The Alzheimer’s Disease Assessment Scale) might
be necessary.23,24 Finally, in the present study, just 59 pa-
tients did not have family. In those cases, a helper attended
for the examination. However, the ADL score might differ

between the patients who live alone and those who have
family as caregivers. Therefore, in the near future, we
should investigate the difference between both.

Despite the limitations of the present study, no previ-
ous reports have assessed in detail the relationships be-
tween BADL and IADL by item in patients with
dementia. It is the authors’ opinion that the present find-
ings will be extremely useful for understanding rehabilita-
tion strategies for maintaining and preventing decreased
ADL and social functionality of patients with AD. The
method that we employed in the present study can be used
to predict functional decreases to understand the cognitive
elements of each ADL. Understanding the residual cogni-
tive function makes it possible to instruct family members
regarding more definite compensatory methods. As stated
in the Introduction, it is not amistake that ADL are factors
that increase the caregiver burden, and detailed analyses of
ADL are required to understand the factors that influence
ADL. Thus, such findings can potentially contribute to
the development of treatment and care strategies for pa-
tients with AD.
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correlation between self-care ADL and cognitive func-
tion by Richard et al. did not show any significant corre-
lations for short-term memory with self-care ADL,14

According to Backman et al., delayed recall tasks are
shown to be the most sensitive for understanding mem-
ory disturbance in AD, and the memory function
reflected by “recall” is the main symptom of AD.6,15 In
the present study, the score of “recall” was only
0.6 points of 3.0 points. MMSE was an average of
18 points, and the memory loss was clear. However, an
average BI of the participants was 92 points, and their
ADL were almost maintained. From this fact, we believe,
however early memory loss is a natural history of AD,18

only memory loss may not strongly affect decreased
ADL for AD patients. In contrast, in the present study,
there were some patients with decreased ADL. The de-
creased score of each ADL item had a significant rela-
tionship between the score of “copy the design
displayed” and “write a sentence” of the MMSE. There-
fore, we investigated whether the reason for ADL de-
crease is not only memory loss, but also additional
visuospatial function for AD patients. In all cases, it
can be said that it is difficult to utilize memory as a re-
sidual function. Therefore, it is necessary to focus on
each BADL subitem.

Based on the aforementioned, the present results
showed both the individual factors related to BADL and
those that were not related to BADL. While monitoring
the decrease in cognitive function related to each BADL
item using unrelated cognitive functions as residual

functions, it might be possible to establish strategies for re-
habilitation in response to decreased BADL in patients
with dementia.

Regarding IADL in patients with dementia, previous
studies have reported a minor correlation between visuo-
spatial cognition and driving and getting lost.19 In addi-
tion, a neuroradiological study also reported a
relationship between the occipital and temporal regions
of the brain and IADL.20 Thus, the relationship between
visuospatial cognition and IADL has been an area of re-
cent focus.

In the present study, LI was used to evaluate IADL.
Because the LI differed between men and women, it
was possible to confirm male–female differences of
IADL. For men, the effects of visuospatial cognition, im-
mediate memory, working memory and attentional func-
tion, such as “ability to use telephone” and “shopping,”
were affected. In contrast, in the case of IADL in
women, with the exception of “laundry,” the influence
of visuospatial cognition was strong for all items, with
results showing that similar factors influenced both
IADL and BADL in women. Therefore, the results
showed that women tend to be more influenced by vi-
suospatial cognition. According to the Japanese Health,
Labor and Welfare White Paper (2012), the employment
rate of Japanese men is the highest among industrialized
countries since 1991.21 Because Japanese men do not
carry out extensive housework, the degree of IADL au-
tonomy was low, and many women carry out housework
in part based on procedural memory from habitually

Table 5 Logistic regression analysis examined factors affecting decline in instrumental activities of daily living level
regarding cognitional impairment for women

Total n = 1011. All P < 0.05. LI, Lawton Index; MMSE, Mini-Mental State Examination.
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carrying out such tasks. Therefore, these aspects might
have led to the male–female differences that were
observed.

When focusing on orientation from the viewpoint of
comparing BADL and IADL, a strong influence was ob-
served for BADL, whereas for IADL, effects were noted
for almost all of the orientation-related subitems (e.g.
“time” and “place”) both in men and women. This indi-
cates that the perception of time is important when carry-
ing out BADL, but the awareness of the place is important
for carrying out IADL; these extremely interesting findings
have not been shown by previous studies. It is possible that
in the case of IADL, it is necessary to go outside to carry
out actions (e.g. driving and shopping), and as a result,
place orientation is affected more than indoor BADL
activities.

Based on the above findings, the logical functions
influencing IADL differ from that influencing BADL;
both visuospatial cognition as well as other memory and
attentive functions were strongly influenced. Therefore,
it appears necessary to use a different treatment strategy
for IADL than that used for BADL.

We investigated the relationship and influence of cog-
nitive function on ADL in outpatient patients with AD
for whomADLwas relatively maintained. Cognitive func-
tion, which influenced BADL the most, was associated
with visuospatial cognition. Because cognitive functions
for which there is no influence on decreased BADL differ
for each subitem, the results suggest that it is possible to
identify cognitive functions that are not affected and re-
main intact. Furthermore, such functions can be utilized
in the rehabilitation of patients with AD. The influence
of visuospatial cognition was also strongly associated with
IADL, but male–female differences were noted. Because
cognitive function is not affected by decreased IADL,
and in the majority of cases controls repetition and desig-
nation, these methods might be used as compensatory
methods.

The present study had several limitations. First, the par-
ticipants were limited to patients withAD residing at home
who received treatment at a single facility (the Medical
Center for Dementia). Thus, future analysis involving a
multicenter joint study that classifies patients by the de-
gree of severity and primary disease is necessary. Only
the MMSE was used as an assessment indicator of cogni-
tive function. Although the sensitivity of the MMSE is fa-
vorable, only general cognitive functions can be
evaluated.22 Therefore, detailed evaluation of memory
and language function in addition to visuospatial cogni-
tion, which was the focus of the present study, was insuf-
ficient. Future analysis utilizing a more detailed cognitive
function assessment (e.g. the Hooper Visual Organization
Test or The Alzheimer’s Disease Assessment Scale) might
be necessary.23,24 Finally, in the present study, just 59 pa-
tients did not have family. In those cases, a helper attended
for the examination. However, the ADL score might differ

between the patients who live alone and those who have
family as caregivers. Therefore, in the near future, we
should investigate the difference between both.

Despite the limitations of the present study, no previ-
ous reports have assessed in detail the relationships be-
tween BADL and IADL by item in patients with
dementia. It is the authors’ opinion that the present find-
ings will be extremely useful for understanding rehabilita-
tion strategies for maintaining and preventing decreased
ADL and social functionality of patients with AD. The
method that we employed in the present study can be used
to predict functional decreases to understand the cognitive
elements of each ADL. Understanding the residual cogni-
tive function makes it possible to instruct family members
regarding more definite compensatory methods. As stated
in the Introduction, it is not amistake that ADL are factors
that increase the caregiver burden, and detailed analyses of
ADL are required to understand the factors that influence
ADL. Thus, such findings can potentially contribute to
the development of treatment and care strategies for pa-
tients with AD.
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