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Importance of high~density lipoprotein cholesterol levels
in elderly diabetic individuals with type IIb dyslipidemia:
A 2-~year survey of cardiovascular events
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Aim: The risk factors for ischemic heart disease (IHD) or cerebrovascular accident (CVA) in elderly diabetic
individuals with type IIb dyslipidemia are not fully known. Therefore, we investigated the relationship between lipid
levels and IHD and CVA. in diabetic individuals with type IIb dyslipidemia.

Method: The Japan Cholesterol and Diabetes Mellitus Study is a prospective cohort study of 4014 type 2 diabetic
patients (1936 women; age 67.4 + 9.5 years). The primary end-points were the onset of IHD or CVA. Lipid and
glucose levels, and other factors were investigated in relation to the occurrence of IHD or CVA. A total of 462
participants were included in the group of patients with type IIb dyslipidemia.

Results: The 462 diabetic participants with type IIb dyslipidemia were divided into those who were aged <65 years,
65-74 years and >75 years (n = 168, 190 and 104, respectively). High-density lipoprotein cholesterol (HDL-C) and
low-density lipoprotein cholesterol/HDL-C were significantly associated with the risk of cardiovascular events in
diabetic individuals with type IIb dyslipidemia who were aged <65 years, and HDL-C and diastolic blood pressure was
significantly associated with cardiovascular events in patients aged 65-74 years. Non-HDL-C was not significantly
associated with the risk of cardiovascular events. Multiple regression analysis showed that lower HDL-C was
significantly associated with the risk of cardiovascular events in diabetic individuals with type IIb dyslipidemia who
were aged <65 years and 65-74 years.

Conclusions: Lower HDL-C was an important risk factor for cardiovascular events in diabetic individuals with type
IIb dyslipidemia who were aged <75 years. Geriatr Gerontol Int 2014; 14: 806-810.

Keywords: cerebrovascular accident, elderly type 2 diabetes, high-density lipoprotein cholesterol, ischemic heart
disease, type IIb dyslipidemia. '

Introduction

Accepted for publication 1 September 2013. Investigators in Western countries have reported that
patients with both hypercholesterolemia and type 2 dia-
betes have a higher risk of coronary events than patients
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Importance of HDL cholesterol levels

accident (CVA) in patients with type. 2 diabetes is
reported to be high in Japan.* However, risk factors for
IHD or CVA in elderly diabetic individuals with hyper-
cholesterolemia are not fully known.

Many lines of evidence show that low-density
lipoprotein cholesterol (LDL~C) is an important risk

factor for cardiovascular disease (CVD; CVD =IHD +
" CVA),** but it is still debatable whether plasma triglyc-
eride (TG) levels are associated with the occurrence of
CVD. However, recent reports have shown that plasma
TG levels are an independent risk factor for coronary
artery disease (CAD).*** In addition, non-fasting TG
levels have been shown to be associated with CAD and
stroke ¥ Despite the accumulating evidence against
LDL-C and TG, few reports have addressed the effect
of type IIb dyslipidemia on cardiovascular disease.
We considered the fact that elevated LDL-C and TG
along with an increase in atherogenic lipoproteins, such
as small and dense LDL, are found in type IIb
dyslipidemia, and that this type of dyslipidemia is often
associated with type 2 diabetes. It is important to note
that when investigating diabetic individuals with type ITb
dyslipidemia, there is a synergistic effect of type 2 dia-
betes and dyslipidemia. This effect might pose a larger
risk factor for CVD, but few reports have addressed this
association. A

Few data were available for the elderly diabetic indi-
viduals with type IIb dyslipidemia.® Therefore, it is
worthwhile to analyze the data from the Japan Choles-
terol and Diabetes Mellitus investigation (Japan-CDM),
which is a nationwide observational cohort study of a
large number of diabetic individuals who were treated in
clinical practice. It was designed to assess the relation-
ship between lipid levels and the incidence of CVD in
Japanese diabetic individuals.""* We investigated the
relationship between lipid levels, IHD and CVA in dia-
betic individuals with type IIb dyslipidemia in the
present study.

Methods

Data source

The Japan Cholesterol and Diabetes Mellitus Study
is a single-center prospective cohort study comprising
4014 Japanese diabetic individuals on a consecutive
outpatient basis who were recruited between September
2004 and March 2005 (1936 women; age 67.4+ 9.5
years [range 3583 years]) from 40 Japanese hospitals.
" Patients with coronary artery disease, which was defined
as previous myocardial infarction, coronary intervention
or confirmed angina pectoris and recent stroke, who
had been admitted within the past 24 months were
excluded. Follow-up information was available for
98.2% and 92.3% of patients enrolled in the first
and second years, respectively. Patients were divided

© 2013 Japan Geriatrics Society
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into those who were aged <65 years, 65-74 years
and <75 years (n = 1267, 1731 and 1016, respectively).
The primary end-points were onset of IHD or CVA.
Plasma lipid, glucose, glycated hemoglobin (National
Glycohemoglobin Standardization Program) and other
relevant levels were measured annually. Lipid and
glucose levels, and other factors were investigated in
relation to occurrence of IHD or CVA.''2

From this study, we investigated patients with type IIb
dyslipidemia. Patients with type IIb dyslipidemia were
defined by having both TG 2150 and LDL-C >2120. A
total of 462 participants were included in the patient
group showing type IIb dyslipidemia. The study was
approved by institutional review boards and by the
safety monitoring board. All events were confirmed
annually by the organizing committee. The guidelines
of the Japan Atherosclerosis Society (2002), stating that
LDL-C should be <120 mg/dL. and high-density lipo-
protein cholesterol (HDL-C) >40 mg/dL in diabetic
individuals, and the American Diabetes Association cri-
teria for diagnosis of type 2 diabetes were used.

Statistical analysis

Results are presented as means+ SD. All statistical
analyses were carried out using JMp software (SAS Insti-
tute, Cary, NC, USA). Incidences were analyzed in rela-
tion to risk factors. Univariate and multiple logistic
regression analysis were used. We included both SBP
and DBP in the same multivariable model, because sys-
tolic hypertension is very often observed in the elderly,
and those variables did not show a strong correlation in
the present study (r=0.48). Values of P<0.05 were
considered significant.

Results

The characteristics of the 462 participants are shown in
Table 1. The mean age was 67.4 + 9.5 years, and 52.2%
of participants used antihyperlipidemic agents. The 462
participants with type IIb dyslipidemia were divided into
those who were aged <65 years, 65-74 years and <75
years (n=168, 190 and 104, respectively). JHD and
CVA occurred in 1.6 and 1.4% of participants, respec-
tively, over a 2-year study period. The occurrence of
[HD and CVA in participants with type IIb dyslipidemnia
was 2.4 and 1.7%, respectively. Participants with type
[Ib dyslipidemia made up a higher proportion of occur-
rence of cardiovascular events (Fig. 1). The relationship
between IHD or CVA and background factors, such as
LDL-C levels, in each age-group was analyzed by uni-
variate logistic regression. Lower HDL-C was signifi-
cantly associated with a risk of cardiovascular events in
diabetic individuals with type IIb dyslipidemia aged <65
years and 65-74 years (Fig. 2a). Higher diastolic blood
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Table1 Clinical béckground of diabetic patients with type IIb dyslipidemia

K Ina et al.

Total <635 years 65~74 years =785 years
(n=168) (n =190} (n=104)

Age 66.4+10.6 54.8+7.2 70.0 +£2.77 78.6£3.18
Sex ratio (m/f) 0.99 1.46 0.87 0.66
SBP (mmHg) 136.9 +18.3 133.8 £17.6 138.0+18.4 139.9+18.8
DBP (mmHg) 75.7+11.3 78.5 £ 10.5 743 +11.8 73.5+10.8
LDL (mg/dl) 145.6 +24.1 150.1 £26.1 145.1 £ 24.8 139.0£16.7
HDL (mg/dl) 46.8 +11.6 47.6 £11.2 46.8 £12.8 45.7+10.2
LDL-C/HDL-C 34+2.4 34+138 3.6+3.3 32409
Non-HDL-C (mg/dL) 187.1 £29.8 194.0 £31.1 185.6 £ 31.6 178.7 £ 20.5
TG (mg/dL) 211.8+65.1 227.5+79.5 204.4 + 55.1 199.6 £49.9
HbAlc (%) 7.86 £1.38 7.96 +£1.54 7.74+1.29 7.91+£1.25
Antihyperlipidemic agents (%) (52.2) (60.1) (51.6) (40.4)

DBP, diastolic blood pressure; HbAlc, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglycerides.

uType I b dyslipidemia
_ OThe entire study

Figure1 A 2-year survey of cardiovascular events in each
generation’s type lIb dyslipidemia and of the entire study.
CVA, cerebrovascular accident; IHD, ischemic heart disease.

pressure (DBP) was significantly associated with the risk
of cardiovascular events in diabetic individuals with type
IIb dyslipidemia who were aged 65-74 years, and LDL-
C/HDL-C was significantly associated with individuals
who were aged <65 years (Fig. 2a,b). Non-HDL-C was
not significantly associated with the risk of cardiovascu-
lar events. We carried out multiple regression analysis.
The data shown were after adjustment for age, sex,
systolic blood pressure (SBP), DBP, glycated hemoglo-
bin, plasma lipid levels and antihyperlipidemic agents.
With regard to LDL-C/HDL-C, the data obtained were
after adjustments for the same factors except for lipid
levels. With regard to non-HDL-C, the data obtained
were after adjustment for the same factors, but lipid
factor is only TG. We investigated three age groups.
Lower HDL-~C was associated with the risk of cardio-
vascular events in patients who were aged <65 years and
6574 years (Table 2).
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Discussion

Type IIb dyslipidemia is important, because it some-~
times accompanies atherogenic lipid profiles, such as
small dense LDL, remnant lipoprotein and low HDL
cholesterolemia. It is also associated with type 2 diabetes
mellitus, metabolic syndrome and chronic kidney
disease (CKD), and most patients with familial com-
bined hyperlipidemia (FCHL) show this phenotype.>**'¢
Therefore, it is necessary to understand that patients
with type IIb dyslipidemia have a high risk for CVD. The
management of type IIb dyslipidemia is key to the pre-
vention of CVD.? Therefore, we assessed the relation-
ship between lipid levels and IHD, and CVA in diabetic
individuals with type IIb dyslipidemia.

The present study showed that lower HDL-C was
an important risk factor for cardiovascular events in
diabetic individuals with type IIb dyslipidemia who
were aged <75 years. Multiple regression analysis
showed lower HDL-C levels were associated with the
risk of cardiovascular events in patients who were aged
<75 years, We could not show the significant associa-~
tion between HDL-C levels and each event. One of
the reasons for this inability was the small number
of type IIb patients, and the relatively short duration of
observation for participants with type Ilb dyslipidemia.
We showed there was a significant association between
HDL-C levels and total events (IHD + CVA). We
could not show the significant association between
non-HDL-C levels or LDL-C/HDL-C and each event
by multiple regression analysis. We speculate that
HDL-C was the most important risk factor for cardio-
vascular events in diabetic individuals with type IIb
dyslipidemia. Other studies including Japanese patients
with type 2 diabetes (mean age 58.2 years) showed
serum TG levels were a leading predictor of coronary

© 2013 Japan Geriatrics Society



Importance of HDL cholesterol levels
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Figure 2 (a) The relationship between high-density lipoprotein (HDL-C) and diastolic blood pressure (DBP) levels, and the
occurrence of events. (b) The relationship between low-density lipoprotein cholesterol (LDL-C)/HDL-C and the occurrence

of events.

Table 2 Adjusted multiple regression analyses of factors found to be significant by univariate regression analysis
for cardiovascular disease, as well as major atherogenic risk factors

<65 years (n = 168)
Adjusted OR (85%Cl) P

65-74 years {(n = 190)
Adjusted OR (95%CIl) P

275 years (n = 104)
Adjusted OR (95%CI) P

Age 1.117 (0.98-1.33) 0.14  0.818 (0.57-1.13) 0.24  1.068 (0.81-1.39) 0.62
LDL-C 0.980 (0.93-1.02) 0.38  1.000 (0.95-1.03) 0.97  1.036 (0.98-1.09) 0.17
HDL-C 0.910 (0.82-0.99) 0.04*  0.900 (0.81-0.98) 0.03* 1.000 (0.92-1.09) 0.99
TG 0.996 (0.98-1.01) 0.62  1.000 (0.98-1.01) 0.94  0.996 (0.97-1.01) 0.68
HbAlc 1.030 (0.56-1.80) 0.92  0.921 (0.38-1.96) 0.84  0.803 (0.37-1.50) 0.52
SBP 1.027 (0.96-1.10) 0.45  1.008 (0.95-1.07) 0.77  0.980 (0.94-1.02) 0.33
DBP 0.992 (0.89-1.10) 0.87  1.065 (0.98-1.17) 0.14  0.975 (0.90-1.06) 0.55
LDL-C/HDL-C 1.120 (0.57-1.57) 0.57  1.161 (0.85-1.39) 0.12  1.173 (0.41-2.68) 0.72
Non-HDL-C 0.988 (0.96-1.01) 0.43 1.002 (0.96-1.03) 0.89  1.016 (0.97-1.06) 0.45

*P < 0.05. DBP, diastolic blood pressure; HbAlc, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglycerides.

heart disease (CHD), comparable with LDL-C or
HDL-C."” However, our former study including all
participants showed the importance of HDL-C in CVA
in elderly diabetic individuals, and in IHD in middle-
aged diabetic individuals.”? In our previous study,
lower HDL-C was significantly related to CVA in par-
ticipants aged =65 years, and especially in those aged
>75 years.” The Prospective Study of Pravastatin in
the Elderly at Risk study showed that simple LDL-C
control might not prevent IHD or CVA in elderly
individuals.”® Qur former study showed the impor-
tance of HDL cholesterol in CVA in elderly diabetic
individuals.'

In addition to LDL-C, HDL~C is also a key risk factor
in elderly diabetic individuals.""** Because diabetic indi-

© 2013 Japan Geriatrics Society
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viduals with type IIb dyslipidemia have a higher risk for
CVD, the importance of HDL-C might be different
than that of usual diabetic individuals. Therapeutic life-
style changes, including those to diet and exercise, con-
stitute the cornerstone of management in patients with
type IIb dyslipidemia. Restriction of dietary cholesterol
(less than 300 mg/day) and saturated fat in addition to
increasing dietary fiber and plant sterols can lower
LDL-C, and restriction of alcohol, sugar, saturated fat
and high intake of omega-3 fatty acids can reduce serum
TG.*Y Because weight reduction can further lower
LDL-C and TG, and raise HDL-C levels, maximal
improvement in dyslipidemia should be attempted with
lifestyle intervention before prescribing lipid-lowering
medications.
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Risk factors for cardiovascular events appear to
change with advancing age.”” The importance of
HDL-C is different for each age-group. The present
study on diabetic individuals with type IIb dyslipidemia
was small in size, so a larger study will be required.
However, HDL-C might help prevent cardiovascular
events diabetic patients with type IIb dyslipidemia who
are aged <75 years.

With regard to antihypertensive agents, approxi-
mately half of the participants used antihypertensive
agents. There were no significant relationships between
CVD and antihypertensive agents. Although we did not
focus on antihypertensive agents in the present study,
investigation of antihypertensive agents is important,
and further study will be required in the future.

In conclusion, the present study showed that lower
HDL-C was an important risk factor for cardiovascular
events in diabetic individuals with type IIb dyslipidemia
who are aged <75 years. If HDL-C is well controlled in
elderly diabetic individuals who are aged <75 years with
type IIb dyslipidemia, then IHD and CVA might be
decreased to the levels found in diabetic patients of
middle-aged cohorts.
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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 myelin and axons, and mild gliosis."* The occurrence of

WML has been shown to increase with advancing age,**
Cerebral white matter lesions (WML) are identified as and the progression of WML has been associated with
white matter hyperintensities, areas with high signal ~ vascular risk factors.’ In a meta-analysis, WML pre-
intensities on T2-weighed magnetic resonance imaging dicted an increased risk of stroke, dementia and death.®
(MRI). The pathogenesis of WML has not .been fully In some non-demented population-based studies,
clarified, and the clinical relevance of WML also WML predicted a higher rate of cognitive decline,*’°
remains ambiguous. Several histopathological corre- especially when located in the periventricular
lates have been reported: enlarged WML including regions."""* In some studies of Alzheimer’s disease (AD)
myelin pallor, tissue rarefaction associated with loss of patients, it has been suggested that AD patients with

WML had worse cognitive performarnces than those
without WML, whereas other studies did not find
Accepted for publication 8 September 2013, 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

Correspondence: Dr Hiroyuki Umegaki MD PhD, Department
of Community Healthcare and Geriatrics, Nagoya University
Graduate School of Medicine, 65 Tsurumai-cho, Showa-ku,

Nagoya-shi 466-8550, Japan. Email: umegaki@med nagoya results in those studies. Several studies have suggested
-u.ac.jp that WML could influence cognitive performance in the
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early stages of AD, but not in the late stages.'** If this is
true, WML might 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 studies 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 neurocognitive disorder.

Methods

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 older, 268 patients who were diagnosed with
neither AD 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 impairment.
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 MRI. 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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Figure 1 Examples of Fazekas scale
ratings. (a) Periventricular
hyperintensities (PVH) score = 1. (b)
PVH score = 2. {¢) PVH score = 3. (d)
Deep white matter hyperintensities
(DWMH) score = 1. (e) DWMH
score = 2. (ff 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 Grade0Q S 4
Grade1 21 95 Grade1 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 were carried out by two raters (the second and third
recovery (FLAIR) images. The visual semi-quantitative authors). Each rater rated each case individually and
rating scale of WML volume described by Fazekas et al.** then consulted with each other to reach a consensus.

was used. This scoring system is a four-point scale
for separately assessing the increasing severity of

periventricular white matter hyperintensity (PVED) and > @stical analysis

deep subcortical white matter hyperintensity (DWMH). The statistical analyses were carried out using IBM Spss
PVH severity was scored according to the following Statistics version 19 for Windows (SPSS Japan, Tokyo,
categories: absence (grade 0); caps or pencil-thin lining Japan). A value of P < 0.05 was used in all analyses to
(grade 1); smooth halo (grade 2) and irregular PVH show statistical significance.

extending into the deep white matter (grade 3). DWMH First, we carried out descriptive analyses of sociode-
severity was scored according to the following catego- mographic and clinical characteristics. Table 2 shows
ries: absence (grade 0); punctate (grade 1); beginning the mean and standard deviations, and the frequency
confluence (grade 2) and large confluence (grade 3). and percentage. We used the y*-test for the comparison
Examples of PVH and DWMH severities are shown in of categorical data, and we applied Student’s s-test for
Figure 1. Participants who were graded more than grade continuous data.

2 of PVH or DWMH were excluded from the present Analysis of covariance (ANCOVA) was used to deter-
study. Table 1 shows the numbers of patients for the mine the correlation of WML and cognitive data

Fazekas rating scale included in this study. All ratings between AD and aMCI. It is well known that age and

© 2013 Japan Geriatrics Society | 821
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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 (%)

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

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

aMCI subtype (single 19/21
domain/multiple domain)

MEAN SD MIN  MAX  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 2.78 6 20 12.26 2.95 8 18 0.084
GDS1S5 433 337 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 3.20 283 0 9 <0.001
Category Fluency Test 11.67 3.72 2 23 14.90 402 6 24 <0.001
Letter Fluency Test 7.76 315 2 20 9.18 340 O 15 0.013
WAIS-R Digit-Span Forward 5.63 1.89 2 10 6.20 1.68 3 9 0.084
WAIS-R Digit-Span Backward — 4.34 145 1 8 5.05 138 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 17.67 394 885 30,79 <0.001
Stroop Test Colored Word 46.75 20.04 1540 134.19 40.08 18.03 2032 113.21 0.056

P-values were calculated by Student’s t-tests. AD, Alzheimer’s disease; aMCI, amnestic mild cognitive impairment; Education,
total number of years of schooling; GDS1S, 15-item version of the Geriatric Depression Scale; MAX, maximum score; MIIN,
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 (¢ [158.87] = 13.84, P < 0.001), logical
memory I {t [198] = 4.91, P <0.001), logical memory II
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{t [198] = 4.63, P<0.001), category fluency (¢t [198] =
4.83, P < 0.001), letter fluency (¢ [198] = 2.51, P < 0.05),
digit span backward (¢ [198] = 2.80, P <0.01), digit
symbol (¢ [198] = 2.47, P < 0.05) and Stroop color test
(£ [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]=2943, 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]=5.47,
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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X combination of aMCI and category fluency showed
@ o a significant negative influence (F [1,194]=9.28,
go D VATNDF | D P < 0.01); whereas in the AD group, such an association
gL 15358382838 oS was not observed.
SRS ceeceeeeeooe é'ﬁf Table 4 shows the influence that diagnosis and
= & DWMH had on participants’ performances on neuro-~
§ XS8Z28S8388s3 8 § psychological tests, as well as the interaction between
N WO Oy D ol . . . s
o, B Scoocococco oo | B the two factors. We found that diagnosis signifi-
&c;? cantly influenced the results of the following tests:
@ By MMSE (F [1,194] = 56.00, P < 0.001), logical memory
.t v 9 |
8 f e o= | S [ (F [1,194] =22.54, P<0.001), logical memory II
& 8888855883 5= (F[1,194]= 21.09, P < 0.001), category fluency (F[1,194]
o B CoggeSeSSS |8t =16.06, P<0.001), letter fluency (F [1,194]=4.34,
:9 - P .. = ‘7 P
=4 < 0.05), digit span backward (F [1,194] =4.02, P<
d
IeouLeRen® 5 2 0.05). DWMH c}id not sigmﬁcan_tly influence any other
Ol oo —< o | 88 qeuropsychologmal tests. We dl'd not find any othgr
o P — T IEE significant effects of the interaction between diagnosis
Igo SE and DWMH.
=z i
o B v 00 DO O B N 0 [ . .
Ti8|2832553285|3¢  Discussion
& B ~ — ISR U
<
gi The primary objective of the present study was to
LILRTIL2S |5 g examine the association between small WML and cog-
- % W s 0 e s gﬁ nitive function in older patients with AD or aMCIL To
g g S this end, two subgroups of patients with AD or aMCI
g > 5 = differed regarding the influence of small WML on cog-
O 6[: < I HSAIIIIRrRrER E nitive function.
S g 2833288538 28 Among aMCI participants, those without PVH had
w | BREES|ISZTEZ = o[ . . & p pants,
4 8% higher scores than those with PVH on the category
z I NNO NS o | B fluency test. In contrast, the existence of small PVH did
8 XM ARREI .| 3G not significantly affect the score on the same test in AD
e} ) 5 o
<} OF N MM~ = O Y E 3 K . .
= - @ =L patients. These findings might support a notion sug-
o g .2 ; . .
s 85 gesting that WML could influence cognitive perfor-
E ES S g gesng 1oe cogntt
< Bom Sh 2 mance in the early stage of cognitive impairment, but
&-‘ T | SO LM T ANNDY VS . s 1q 18,20
— 1} N 3 3] .
3 § giegsoine j; RN B not in the later stage of degenerative dementle}' ’
2 REZ|S — NNF |y E Changes of relative involvement of WML on cognition
= 5o by disease progression could explain the results
2y )
‘é AT RRAIXRA —g:;g obtained. It is well known that as AD pathology
&, Dl Faiodal == dwy -g 5 advances, cortical atrophy extends. Therefore, one
e % =73 could speculate that the relative influence of cortical
op 8 2 g atrophy on cognition compared with that of WML
3 %D 3 % SN e Sl Rl § o becomes increased in the later stage of AD. Further
I i A < o . . . . . . .
§ Q E g § AR R R - 3 § g investigations focusing on patients with earlier stages of
& = ’ oy AD whose extent of cortical atrophy are considered
v o § ! piy
9 & minimal could address this speculation.
g = g § —E’ c§ .We found significant effects of interaction between
5 L g E 'g &322 diagnosis and PVH on the results of the category
5 g 3 . ks ;;é - = |BE« fluency test, whereas on the results of the letter fluency
o § 5 é e o o 8 o 3 g:ﬁ; such interaction was not found. The category fluency
< . . . .y .
= ==.88¢8 a 5550 task is associated with the ability to access semantic
R —_— U%E“ O AN L8loyu B
& E8E pmd &8 SS|8E¢ knowledge, whereas letter fluency is considered an
3 XX % B g index of frontal control function.* In a meta-analysis of
: 2 %3 2 2 2 i 5 "5‘% verbal fluency in AD, it was suggested that impairment
« R R P Pl in category fluency rather than letter fluency might be
2 N gNL®Y oo 358 . ; '
= = E E S8<<<22|TES among the early changes associated with AD.* A pre-
B = OABBEAHI4EE vious study has shown that the aMCI groups have
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DWMH
0.444
0.161
0.126
0.670
0.856
0.569
0.975
0.621
0.574
0.913

DWMH  Diagnosis x

0.756
0.213
0.254
0.590
0.394
0.170
0.874
0.221
0.656
0.606

Diagnosis
<0.001
<0.001
<0.001
<0.001
0.038
0.147
0.032
0.112
0.056
0.158

1.52
4.56
2.71
3.65
3.53
1.75
1.35
12.04
4.09
13.92

SD

DWMH grade 1
=28)
MEAN
27.18
9.32
2.79
15.00
8.93
5.96
5.04
37.54
17.77
39.73

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.

(n

1.48
4.58
2.98
4.96
1.42
1.51
12.22
3.74

3.14
26.01

SD

9.75
6.75
5.08

40.33

DWMH grade 0
(n=12)
MEAN
27.00
11.75
417
14.67
17.43

aMCI
40.89

3.76
4.46
2.40
3.76
2.89
1.82
1.50
10.93
11.22
21.42

SD

DWMH grade 1

(n = 109)

MEAN
21.66
6.17
1.17
11.53
7.53
5.49
431
31.47

22.67
46.84

3.48
3.98
2.41
3.65
3.62
2.01
1.36
12.60
6.60
16.92

SD

DWMH grade 0
(n=2351)
MEAN
22.53
6.45
1.16
11.96
8.24
5.94
4.39
36.96
20.13
46.58

AD

Table 4 Cognitive performance according to deep subcortical white matter hyperintensity

WAIS-R Digit-Span Backward

WAIS-R Digit-Symbol

Stroop Test Color
Stroop Test Colored Word

WMS-R Logical Memory-II
Category Fluency Test
Letter Fluency Test

WAIS-R Digit-Span Forward

WMS-R Logical Memory-I

MMSE

§

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 substaritiation.

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 some
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