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than the TG+TT genotypes (P=.031). In addition, eNOS Glu298Asp
genotype has an effect on triglyceride levels dichotomized by its
demarcation line, according to the chi-square test (P=.021). It is
possible that the high frequency of the GG genotype (86%) has masked
the results of statistical analyses presented in past reports (Metzger
et al. 2007). Because of the small sample study, ours has no power
to analyze the differences in cardiovascular events between GG and
TG+TT genotypes.

Whether eNOS Glu298Asp is a functional SNP or not continues to
be widely discussed. There has been report on eNOS Glu298Asp and
cardiac disease, including hypertension, showing that T allele may be
involved in a higher risk (Srivastava et al. 2008). Importantly, this SNP
resulting non-functional has also been reported in the yeast Pichia
pastoris and in human endothelial celis (Golser et al. 2003; McDonald
et al. 2004). Based upon the inconsistently reported functionality of
this polymorphism, we suggest that further research is required to
clarify the cell types in which the eNOS Glu298Asp polymorphism is
functional,

In this report, the most novel finding obtained by focusing the
analysis on elderly women is the relationship between the ERa [VS1-
401 polymorphism and plasma BNP concentration. BNP is composed
of 32 amino acids. It is synthesized in the heart ventricles, and is a
well-known biomarker for heart failure (Tsutamoto et al. 1999).
Neither its transcriptional regulation nor its biochemical importance
is well understood (Daniels and Maisel 2007). For the ERo [VS1-401
polymorphism, the C allele, but not the T allele, is thought to result in
elevated ERa expression (Herrington et al. 2002a; Schuit et al. 2004).
This C allele, results either positive or negative against protective
effect on cardiovascular disease (Hirschberg et al. 2009). Although
estrogen up-regulates BNP mRNA and protein levels in rat neonatal
cardiomyocytes (Pedram et al. 2005) and ERa and BNP proteins are
both produced in adult rat cardiomyocytes (Nuedling et al. 1999;
Pedram et al. 2005), there are no reports on the relation of poly-
morphism of ERa and BNP. Further, a previous study of ER knockout
mice showed that ER3 encoded by the ESR2 gene, and not ERot, might
be important for protection against heart failure (Pelzer et al. 2005;
Babiker et al. 2006; Pedram et al. 2008). ERR is known to distribute in
atherosclerotic area not normal artery nor ubiquitously and the study
of SNP on ERB in human is rare. The relation of the contribution to
heart failure between ERow and ERB, especially the relation to gene
polymorphism needs to be clarified.

Overall, the present results suggest that ERa IVS1-401 influences

the estrogen/BNP cascade. It is remarkable that no such finding has

been reported in the past, since both ERo and BNP are major factors,
and produced in the same cells as discussed above. Therefore, it is
possible that this study's population focus and sample collection is a
key that may lead to other undiscovered SNPs that are specific to older
people.

There are several guidelines for relating BNP concentration to the
severity of heart failure. Interestingly, according to our results, 12 of 13
samples from ERa IVS1-401 CC genotype carriers contained under
80 pg/mL BNP (as shown in Fig. 2), which is below the limit of 100 pg/
mL and outside of the gray zone of 100-500 pg/mL (Maisel et al.
2002; Brenden et al. 2006). The implication that the ERa [IVS1-401
polymorphism has clinical importance on BNP levels, it needs to be
further studied in larger case-control studies and in other countries,
since our study size is limited and ethnic difference is untouched. We
suggest that, when profiling elderly persons' clinical marker levels in
order to judge their predisposition to specific diseases, SNP genotypes
may play a role as prognostic factors in elderly.

Limitation of the study

This is a relatively small sample size, and a spurious association
cannot be fully ruled out.
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Diabetes mellitus and
geriatric syndromes
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Diabetes mellitus is associated with an increased prevalence and incidence of geriatric
syndrome: functional disabilities, depression, fall, urinary incontinence, malnutrition and
cognitive impairment. Geriatric syndrome not only leads to frailty, loss of independence
and low quality of life, but also becomes a major obstacle in the treatment and care of
diabetic people. The risk factors or contributing factors of geriatric symptoms are micro-
and macrovascular complications, age-rated comorbid disease and aging per se. Compre-
hensive geriatric assessment of geriatric syndrome, including basic activities of daily living,
instrumental activities of daily living, gait and balance, visual acuity, the Mini-Mental State
Examination, depression scores, history and risk of fall, urination and nutrition, should be
performed as part of the care of elderly diabetic patients, in particular old-old patients.
Because geriatric syndromes are multifactorial and share risk factors, diabetic people with
any geriatric symptoms should be treated with a common concentric strategy, such as
supervised exercise therapy including muscle-strengthening training, psychological
support, social support for adherence, and good glycemic control with avoidance of
hypoglycemia.

Keywords: cognitive impairment, diabetes mellitus, disability, elderly, geriatric syndrome.

Introduction

Diabetes mellitus is more common in the elderly popu-
lation. At least one-sixth of the elderly population has
diabetes mellitus in Japan and other countries.® The
treatment of diabetes mellitus in the elderly popula-
tion, in particular the old-old people, is often difficult
because of impairment of their physical, psychological
and cognitive functions, and the lack or shortage of
family or social support. Elderly diabetic patients may
have increased risk for functional dependency and
frailty. Therefore, a comprehensive geriatric assessment
may be a necessity in the treatment of elderly patients.?

Another important approach to diabetes in the elderly
is the assessment, prevention and treatment of geriatric
syndrome. The so-called “geriatric syndrome” refers to
multifactorial health conditions that occur when the
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accumulated effects on multiple systems render an old
person vulnerable to situational changes.* Geriatric syn-
drome is related to the impairment of multiple systems
due to aging as well as age-related disease. Diabetes
mellitus is considered to lead to accelerated aging
because of both the accumulation of advanced glycation
end products, a marker of aging, in the tissues and the
high incidence of atherosclerotic disease compared with
non-diabetic populations. Also, because the develop-
ment of diabetic micro- and macrovascular com-
plications is dependent on the duration of diabetes,
symptoms of the complications may be concentrated in
the elderly. The diabetes population has a high preva-
lence of geriatric syndrome such as functional disabili-
ties, depression, fall, urinary incontinence, pain and
dementia, which occur due to the aging and diabetic
complications. The geriatric symptoms lead to frailty,
loss of independence and low quality of life. Impor-
tantly, these geriatric symptoms are major obstacles in
the treatment and care of diabetic people.

In this article, we review geriatric symptoms in diabe-
tes mellitus and discuss an approach to the assessment,
prevention, and treatment of geriatric syndromes in
diabetic people.

doi: 10.1111/].1447-0594.2008.00495.x | 105
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Diabetes and functional disability

One of the most serious geriatric symptoms is func-
tional disability. Cross-sectional studies in the USA
showed that diabetes was associated with a twofold
increased risk of being unable to perform daily physi-
cal tasks.®® Gregg etal. showed that, among 6588
community-dwelling individuals aged 60 years or more,
32% of women and 15% of men reported an inability to
walk one-quarter of a mile, do housework or climb
stairs, compared with 14% of women and 8% of men
without diabetes, respectively.® The Women’s Health
and Aging Study reported that women with diabetes had
a 1.6-fold greater risk of basic activities of daily living
(bADL) disability (bathing, transferring from bed to
chair, using the toilet, dressing and eating) and a 2.3-
fold greater risk of severe walking limitation.® We
assessed the disability of 1135 elderly diabetic outpa-
tients using the Tokyo Metropolitan Institute of Ger-
ontology Index of Competence (TMIG-IC; 13 items),
which included instrumental activities of daily living
(IADL) (tasks of using public transportation, shopping
for daily necessities, preparing meals, paying bill and
handling one’s own banking), intellectual activity
(ability to complete the pension form; to read newspa-
pers, books or magazines; and to be interested in news
stories or programs dealing with health) and social role.”
The prevalence of disability on at least one item of the
TMIG-IC was approximately 45%. When we divided
the subjects into three age groups, the oldest group
(aged 280 years) reported a higher prevalence of disabili-
ties for [ADL, such as using public transportation,
shopping, preparing meals and paying bills, compared
with the youngest group (aged 65-69 years) (Fig. 1). A
prospective study of women aged 65 years or more in
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Figure 1 Age-related changes in functional disabilities of
elderly patients with diabetes mellitus. The oldest group
(aged 280 years) reported a higher prevalence of disabilities
on tasks for instrumental activities of daily living: public
transportation, shopping, preparing meals, paying bills
and handling banking) than the youngest group (aged
65-69 years). ¥**P < 0.001.
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the Study of Osteoporosis Fractures also demons-
trated that diabetes was associated with a 2- to 2.5-fold
increased incidence of functional disability for doing
housework or walking two or three blocks.® Coronary
heart disease (CHD), obesity (women), stroke (men),
peripheral artery disease (PVD), neuropathy, arthritis
and depression were important contributors to
diabetes-related functional disabilities in US studies.*®
In contrast, in a Japanese study, a low sense of well-
being, insulin treatment, cognitive impairment and
visual impairment were associated with functional dis-
abilities after adjustment for age, sex, body mass index
(BMI), duration of diabetes, HbAlc, microangiopathy
and macroangiopathy.” In addition to diabetic compli-
cations, aging per se contributed to diabetes-related
disability, which may lead to difficulty in performing
self-care activities such as exercise and diet therapy.

Diabetes and depression or low sense
of well-being

The prevalence and incidence of depressive symptoms
are greater in diabetic than in non-diabetic people.
Approximately 30% of people with diabetes have
depressive symptoms, while 5-10% have major depres-
sion.’ The Health, Aging, and Body Composition Study,
a cohort study of subjects aged 70-79 years, showed
that diabetic people had an increased incidence of
depressed mood compared with those without diabetes
(23.5% vs 19.0%; hazard ratio [HR], 1.31; 95% confi-
dence interval [CI], 1.07-1.61)."" A community-based
study in Spanish elderly subjects demonstrated that dia-
betes was associated with an increased risk of prevalent
depression (odds ratio [OR], 1.47; CI, 1.16-1.83) and
incident depression (HR, 1.40; CI, 1.03-1.90)."" Because
the presence of comorbid diseases increased the risk of
incident depression, diabetes may play a role in the
development of depression in the elderly.

The presence of high levels of depressive symptoms
based on the Center for Epidemiologic Studies Depres-
sion Scale (CES-D) score of 16 or more was associated
with diabetic complications, any activities of daily living
(ADL) or IADL disabilities, urinary incontinence, visual
impairment, poor perceived health status and increased
number of hospitalizations.’

The impact of depression on disability is much
greater in diabetic patients than in non-diabetic sub-
jects. With no diabetes and no major depression as
references, the adjusted OR of functional disability
was 7.2 for people with diabetes and comorbid major
depression, which was high compared with the OR of
2.4 for people with diabetes alone and 3.0 for those who
had major depression alone.™

Reduced well-being or quality of life should be con-
sidered as part of the geriatric syndrome. When well-
being, which included the concept of positive feeling of

© 2009 Japan Geriatrics Society
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happiness, life satisfaction and acceptance of aging as
well as negative affects, was assessed using the Philadel-
phia Geriatric Center (PGC) morale scale in elderly
people with diabetes, approximately 19% of them had a
low sense of well-being (PGC morale score, <7). People
with a low sense of well-being had 2- to 3-fold increased
odds for disability on the TMIG-IC, except for shopp-
ing and use of transportation.” Multivariate analysis
revealed that sex (female), macroangiopathy, high fre-
quency of hypoglycemia, negative social support and
reduced positive social support were independently
associated with a low sense of well-being.™

Interestingly, a low sense of well-being was an inde-
pendent predictor of stroke after adjustment for con-
ventional risk factors in our 3-year follow-up study.!*
Similarly, depression also predicted stroke and cardio-
vascular disease independent of the other risk fac-
tors.”®!® The association between depression or a low
sense of well-being and atherosclerotic disease may be
explained by the activation of platelets,'” an activated
sympathetic nervous system and the increased expres-
sion of inflammatory markers. The use of specific anti-
depressant agents, such as selective serotonin reuptake
inhibitors (SSRI), inhibited the activation of platelets in
patients with depression'” and prevented the develop-
ment of myocardial infarction.™

Depression predicted increased mortality, greater
incidences of macro- and microvascular complications,
and disability in ADL in older people with type 2 dia-
betes mellitus.”” The interaction between depression
and diabetes in old people (aged 265 years) was found to
have a synergistic effect on adverse outcomes. There-~
fore, aggravation of psychological function in diabetic
people may lead to adverse outcomes (micro- and mac-
rovascular complications, disabilities and increased
mortality) through multifactorial mechanisms.

Diabetes and falling

Falls may lead to fractures, aggravation of glycemic
control and reduction of quality of life in diabetic
people. Even non-injurious falls can result in a post-fall
syndrome characterized by anxiety and reduced physical
and social activities.

A growing amount of evidence suggests that diabetes
mellitus is one of the major predictors of the risk of
falling **' The Study of Osteoporotic Fractures, which
involved 9247 women aged 67 years or more, showed
that 18% of older women fell more than once a year.
They showed that both non-insulin-treated and
insulin-treated people with diabetes had an increased
risk of falling compared with non-diabetic people (OR,
1.68; CI, 1.37-2.07; and OR, 2.78; CI, 1.82-4.25,
respectively).”’ The Women's Health and Aging Study
demonstrated that diabetes was associated with an
increased risk of falling among disabled old women.?
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These studies show that poor lower extremity function,
poor balance, a history of CHD, a history of arthritis,
musculoskeletal pain, depression, poor vision, medica-~
tion and peripheral neuropathy, overweight and insulin
therapy are important predictors of falling among dia-
betic women.?*!

The increased risk of falling may be partially
explained by the impairment of gait balance and gait
in diabetic people.”*** A study reported that diabetic
patients had poorer balance during standing in dimin-
ished light, and increased sway during standing.? Dia-
betes was associated with an increased risk of gait
disturbance due to Parkinson’s disease-like symptoms
in a 9-year follow up of people aged 75 years and over.”
Diabetic individuals with peripheral neuropathy had
impaired peripheral sensation and reaction time, and
had impaired ability to stabilize their body when walking
on irregular surfaces.” They also had reduced walking
speed and step length, and less rhythmic acceleration
patterns at the head and pelvis compared with controls.

Diabetes and urinary incontinence

Diabetes is associated with increased risk of both stress
incontinence and urge incontinence.”* Furthermore,
overflow incontinence can occur as a complication
of autonomic neuropathy in diabetic people. Diabetic
women have a threefold increased prevalence of urge
incontinence and twice the prevalence of stress incon-
tinence.” The association between diabetes and urinary
incontinence was confirmed with a prospective study
of 81 854 women for any incontinence (HR, 1.21; CI,
1.02-1.43) and for severe incontinence (HR, 1.40; CI,
1.15-1.71).% A cross-sectional study of postmenopausal
women aged 55-75 years showed that 52% of diabetic
women with diabetes had some form of incontinence in
the past month and 15% had severe incontinence, and
that diabetic women were more likely to have severe
incontinence or mixed incontinence.”” The study also
showed that diabetes duration, neuropathy, retinopathy
and a history of urinary tract infection were indepen-
dently associated with severe incontinence in multivari-
ate analysis, and that the association decreased after
adjustment for BML In contrast, a lifestyle intervention
that included weight reduction decreased the frequency
of stress incontinence in the Diabetes Prevention
Program Trial.?®

Diabetes mellitus and malnutrition

Elderly people with diabetes may be at risk of malnu-
trition as compared with non-diabetic people. A
case-control study showed that community-dwelling
diabetic people had significantly lower scores of Mini-
Nutritional Assessment (MNA) than non-diabetic sub-
jects.” Anorexia due to morbidity (infectious disease,
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end-stage renal failure or malignancy), drug adverse
effects and excessive dietary restriction may be respon-
sible for the malnutrition in older diabetic people.
Because subclinical deficiencies in vitamin B groups
(B1, B2, B12, B6 and folate) in the elderly are associated
with cognitive impairment or decline, sufficient intake
of vitamin and micronutrients may be necessary in
elderly patients with diabetes.

Even diabetic patients who are obese or have meta-
bolic syndrome can be modified and overshadowed by
malnutrition, which is associated with low BMI and
low levels of leptin and insulin.*' Sarcopenic obesity,
which is defined as excess fat with loss of lean body
mass, may be a major problem in the diabetic patients.
Sarcopenic obesity preceded the onset of IADL disabil-
ity in a community-dwelling elderly population.* The
increased production of inflammatory adipokines may
alter insulin sensitivity and muscle mass and strength
in sarcopenic obesity in diabetic patients.

Malnutrition in the elderly leads to increased mortal-
ity, disability and life-threatening complications.*3*
Because we found that people who had serum albumin
levels of less than 3.5 mg/dL showed increased mortality
in a 6-year follow-up study of 422 elderly diabetic
patients (HR, 4.2; CI, 1.3-13.9) (A Araki et al. unpub-
lished data) malnutrition should be included as impor-
tant geriatric symptoms.

Diabetes and cognitive impairment

Diabetes mellitus is associated with moderate deficits in
specific cognitive function domains, such as complex
psychomotor skills, speed of information processing,
and memory and learning.*** Epidemiological studies
have shown that the diabetic population has a 1.6~ to
3.0-fold increased risk for Alzheimer’s-type dementia
and vascular dementia.**° Hyperglycemia,**” advanced
glycation end products,” recurrent severe hypoglyce-
mia,*! symptomatic and asymptomatic cerebrovascular
disease,*” polyneuropathy,* insulin treatment,*® hyper-
insulinemia or insulin resistance,” depression,” and
low serum albumin* were associated with cognitive
impairment in diabetes mellitus. Cognitive impairment
was predicted by brain structural changes, subcortical
atrophy and subcortical white matter hyperintensity,
cortical atrophy in the parietal lobe and thalamus, as
well as cortical atrophy.® Probably decreased cerebral
blood flow and hyperglycemia-induced metabolic
derangement are involved in the pathogenesis of the
diabetic complications in the central nervous system,
which refers to diabetic encephalopathy. Cognitive
function may be one of the important factors related
to poor adherence to diabetic self-care activities,
increased frequency of hospitalization, and increased
need for assistance in personal care in older adults with
diabetes.*
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Glycemic control in the short term has some favor-
able effects on cognitive function in diabetic people. In
particular, moderate impairment of learning, memory,
and complex psychomotor skill was partially improved
by glycemic control with oral drugs or insulin therapy
for 3 weeks. 4

Although insulin-treated diabetic patients had an
increased risk of cognitive impairment or dementia,®*
the association may be explained by increased cerebral
complications rather than effects of insulin in insulin-
treated patients. In contrast, a defect in insulin signaling
or insulin resistance in the brain has been proposed
as one cause of Alzheimer’s disease.® Treatment with
intranasal insulin, which selectively acted on the central
nervous system, improved the impairment of memory
saving, attention and functional status in patients in the
early stage of Alzheimer’s disease.”” Therefore, insulin
may have some beneficial effects on cognition.

Glucose control and geriatric syndrome

Remarkable hyperglycemia may directly cause several
forms of geriatric syndrome: functional disability due
to general malaise, urinary incontinence due to poly-
uria, malnutrition due to increased protein catabolism
and cognitive impairment. Poor glucose control in the
long term also potentially affects forms of geriatric syn-
drome such as cognitive function and susceptibility to
infection.

There is limited data as to what level should be an
appropriate treatment goal of HbAlc for elderly people
with diabetes. Gao et al. demonstrated that, in a longi-
tudinal study of 1139 people aged 65 years and over
in England and Wales, diabetic individuals who had
HbA1lc levels of 7.0% or had a significantly higher risk
of all-cause and cardiovascular mortality, and dementia
compared with the three tertiles of the subjects (HbAlc:
3.7%-5.2%, 5.3%~5.7%, and 5.8%—6.9%), suggesting
a HbAlc goal of 7.0% or less.™

Interestingly, glucose control may affect the incidence
of falling in people with diabetes. The Health, Aging
and Body Composition Study involving a cohort of well-
functioning older adults showed that, among those
using insulin, HbAlc of 6% or less increased the risk of
falls, although no association between HbA1c level and
oral hypoglycemic medications was observed.”? Nelson
et al. pointed out that the risk of falling in community-
dwelling diabetic people aged 75 years or more mark-
edly increased when HbAlc was 7% or less, regardless
of frailty status.** Although the frequency of hypoglyce-
mia was not assessed in these studies, atypical hypogly-
cemic symptoms (e.g. unsteadiness, poor coordination,
double vision and dizziness) have been considered to
cause falling in elderly diabetic individuals.® Severe
hypoglycemia may lead to transient depression as well as
cognitive impairment.>* Therefore, we consider that, for
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well-functioning diabetic people free of geriatric syn-
drome, a HbAlc level between 6.5% and 7.0% would
be an ideal goal in order to prevent severe hypoglycemia,
diabetic complications, dementia and death.

In contrast, for elderly people with multiple symp-
toms of geriatric syndrome (i.e. geriatric syndromes) and
multiple morbidities, the glucose control should be
individualized. The “Guidelines for improving the care
of older persons with diabetes mellitus” proposed that
treatment goals for blood glucose in older people with
diabetes may be individually determined based on age,
life expectancy, patient preference and the presence
of geriatric syndrome: depression, pain, falls, inconti-
nence, polypharmacy and cognitive impairment.555¢
Huang et al. calculated expected benefits of intensive
glucose control (HbAlc level of 7.0%) versus moderate
glucose control (HbAlc level of 7.9%) in a diabetic
population 60-80 years of age as a quality-adjusted life
expectancy from a decision analysis.5” They showed that
the expected quality of life benefit of intensive control
was 106 days at 60-64 years of age and decreased to
52 days at 75-79 years of age with no comorbid illness
or functional impairment. They also demonstrated that
for people at 60-64 years of age who had had diabetes
for 10-15 years the expected benefits decreased from
116 days for those who were at baseline good health
(life expectancy, 13.5 years) to 36 days for those with 4
additional mortality index points, which was calculated
from comorbid illnesses and functional impairment
(life expectancy, 8.0 years) and to 8 days for those with
8 additional mortality index points (life expectancy,
3.9 years). Thus, in some diabetic patients with multiple
morbidity and multiple functional impairments (such as
dementia, disability and the other three serious dis-
eases), the goal of a HbA1c level of less than 8.0% might
be acceptable.

Geriatric syndromes and their
risk factors

The prevalence, odds ratio and risk factors of the typical
geriatric syndromes are shown in Table 1. Old diabetic
people consistently have an increased risk of geriatric
syndrome: functional disability, depression, falling,
urinary incontinence, malnutrition and cognitive
impairment. As shown in Figure 2, the aging per se,
diabetic micro- and macrovascular complications (in
particular autonomic neuropathy), hyperglycemia and
hypoglycemia are risk factors for the geriatric syn-
dromes. Multiple morbidity and lack of social support
also may lead to the aggravation of geriatric syndrome in
diabetic people. Some forms of geriatric syndrome such
as depression and cognitive impairment adversely affect
the risk factors: hyperglycemia and micro- and mac-
rovascular complications to form a vicious cycle, leading
to the increased mortality. The geriatric syndromes are
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multifactorial and interrelated, and share risk factors.
For example, depression or reduced well-being is
thought to be one of risk factors for disability, fall,
cognitive impairment and malnutrition.

Assessment of geriatric syndrome

Based on the results discussed above, it is necessary
to assess geriatric syndromes when treating diabetic
patients, in particular old-old patients. Comprehensive
geriatric assessment of geriatric syndromes including
bADL, IADL, gait and balance, visual acuity, Mini-
Mental State Examination, geriatric depression scores,
history and risk of falling and urination status should
be performed, as shown in Table 2. The assessment of
family or social support, living accommodation and
surroundings is also important. The measurement of
both supine and standing blood pressures, residual
urine volume, and electrocardiogram coefficient of
variation of R-R variations may be helpful in the
geriatric assessment of diabetic people because auto-
nomic neuropathy may be involved in some geriatric
syndromes.

Intervention in geriatric syndrome

The treatment of diabetic patients with geriatric syn-
drome should focus on a strategy for preventing the
aggravation of geriatric syndrome.

The importance of exercise therapy, compared with
diet therapy, may be greater in elderly than in younger
patients. Muscle-strengthening training, as well as
aerobic exercise, led by supervisors or exercise profes-
sionals is necessary in order to prevent the worsening of
disability and to maintain good glycemic control.

Supervised resistance training for 16 weeks improved
the muscle strength of the lower extremities, ADL and
glycemic control in elderly patients with diabetes.®
Supervised exercise may be one of the common strate-
gies for the prevention of forms of geriatric syndromes
(disability, depression, fall and cognitive impairment).

A fall prevention program should be implemented
for diabetic individuals with geriatric syndrome. Mul-
tidisciplinary, multifactorial, health or environmental
risk factor screening intervention programs; programs
of muscle strengthening and balance training, home
hazard assessment and withdrawal of psychotropic
medication; and Tai Chi group exercise intervention
may be effective in preventing falls in diabetic
individuals.*®

Psychological intervention,® such as counseling,
group therapy, cognitive behavioral therapy, social
support and exercise training,*' may be necessary for the
treatment of old diabetic patients with depressive symp-
toms or low sense of well-being. Anti-depressive medi-
cation, including SSRI drugs, may be indicated in
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Figure 2 Relation between geriatric syndromes and their risk factors in elderly people with diabetes. Aging, diabetic micro-
and macrovascular complications, hyperglycemia, hypoglycemia, multiple morbidity and lack of social support are risk factors
for the geriatric syndromes. Some elements of geriatric syndrome such as depression adversely affect the risk factors: micro-
and macrovascular complications a hyperglycemia to form a vicious cycle, leading to the increased mortality.

patients with diabetes and comorbid depression for the
prevention of diabetic complications and increased
mortality.

Diabetic women with urinary incontinence should be
given exercise treatment, including pelvic floor muscle
training,***® weight reduction,”® training mobility and
toileting skills* for stress incontinence. Biofeedback
therapy and behavioral training may be also effective for
urge incontinence.*

Intensive care and social support are necessary for
elderly people with diabetes and cognitive impairment.
The management of cardiovascular risk factors,
community-based supervised exercise, day-service
activities and support for adherence to medication or
insulin injection regimens may be helpful in the man-
agement of patients with both diabetes and cognitive
impairment.

The avoidance of hypoglycemia and the ability to
cope well with hypoglycemia may be also important for
the prevention of falling and maintenance of well-being
in elderly diabetic people. Prevention of hypoglycemia

© 2009 Japan Geriatrics Society

requires monitoring of HbAlc and self-monitoring of
blood glucose, meticulous adjustment of sulfonylureas
and insulin dosage, and educating patients, their fami-
lies and care staff in coping skills for hypoglycemia and
sick days.

Common strategy for
geriatric syndrome

Because geriatric syndromes are multifactorial and share
risk factors, a concentric approach, focusing on path-
ways associated with risk factor synergism, may be effec-
tive in the care of those who have geriatric syndromes.*
Therefore, diabetic people with any geriatric symptoms
could be treated with a multidisciplinary common con-
centric strategy: supervised exercise therapy including
muscle-strengthening training, psychological support,
social support for adherence to anti-diabetic medica-
tions or insulin, and good glycemic control with avoid-
ance of hypoglycemia. Further studies are necessary
including randomized trials of the efficacy of
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Table 2 Assessment of typical geriatric syndromes in
diabetes mellitus

Geriatric syndrome  Tools and risk assessment

Disability Basic activities of daily living
(ADL), instrumental ADL

Depression or low  15-Item Geriatric Depression

quality of life Scale (GDS-15, GDS-5), PGC
morale scale
Fall Frequency of fall, gait, balance,
blood pressures (supine and
standing)
Urinary Frequency and severity of
incontinence incontinence, postvoid residual
urine volume, nocturia
Dementia Mini-Mental State Examination
(MMSE)
Malnutrition Subjective global assessment

(SGA), Mini-Nutritional
Assessment (MNA), objective
data assessment (e.g. serum
albumin, BMI, lymphocyte
number)

Visual disturbance  Visual acuity

multidisciplinary common strategies based on geriatric
syndrome in diabetic individuals.
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Hypoglycemia due to Ectopic Secretion of Insulin-like
Growth Factor-I in a Patient with an Isolated Sarcoidosis

of the Spleen
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Abstract. Hypoglycemia is reported to be one of the manifestations of a patient with hypothalamic sarcoid infiltrates due
to impaired counter-regulation of glucose. But, without hypothalamic lesion, paticnts with sarcoidosis would not be
expected to have hypoglycemia. We recently identified a patient with an isolated sarcoidosis of the spleen who had
experienced frequent fasting hypoglycemia which completely disappeared after splenectomy. During hypoglycemia,
serum insulin was undetectable. Endocrinological examination revealed no abnormality. The objective was to investigate
whether the patient’s hypoglycemia was due to ectopic secretion of an insulin-mimetic factor by the splenic sarcoidosis.
Serum insulin-like growth factor-I (IGF-1) and IGF-II were measured by RIA. Serum visfatin and free IGF-I were by
ELISA. A high molecular weight form of IGF-II, termed “big” IGF-II, was identified by Western blotting. Tissue IGF-I
was quantified by real time RT-PCR afier RNA extraction. Before operation, total and free serum IGF-1. serum IGF-1I and
serum visfatin were within reference range. Big IGF-II was not detected in patient’s serum extract. After operation,
hypoglycemia did not recur and serum insulin returned to normal, while serum 1GF-I decreased by half the preoperative
level. RT-PCR revealed that mRNA level of IGF-I in the sarcoidosis tissue was about 1.8-fold greater than that in the
normal spleen tissue. These data suggest that ectopic secretion of IGF-I by the splenic sarcoidosis and its direct access to

the liver via the portal vein might cause fasting hypoglycemia mainly by suppressing hepatic gluconeogenesis.

Key words: Hypoglycemia, Sarcoidosis, Insulin-like growth factor-I

SARCOIDOSIS is a chronic inflammatory disease
of unknown etiology. Over 90% of patients with sar-
coidosis present with pulmonary findings at the time
of diagnosis. Extra-pulmonary involvement is com-
mon, including the liver, eyes, central nervous system,
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lymph nodes, and joints. It has been reported that hy-
poglycemia can be one of the manifestations of pa-
tients with pituitary/hypothalamic sarcoid infiltrates
{1] due to impaired counter-regulation of glucose [2].
However, if it were not for the pituitary/hypothalamic
lesion, patients with sarcoidosis would not be expect-
ed to have hypoglycemia. Here, we describe a patient
with an isolated sarcoidosis of the spleen who had ex-
perienced frequent fasting hypoglycemia which com-
pletely disappeared after splenectomy.

-47 -



326 OGIWARA et al.

Methods

Western blot analysis

Serum samples (0.2 mL) from the patient and a nor-
mal subject were extracted with acid-ethanol (12.5%
2N HCV/87.5% ethanol), neutralized with 0.855M
Tris, and dried in a Speed Vac concentrator (Savant
Instruments, Hickville, NY). For immunoblotting,
serum extracts were electrophoresed on a 16% SDS-
polyacrylamide gel under non-reducing conditions,
and the size-fractionated proteins were then electrob-
lotted onto a nitrocellulose sheet, which was blocked
with 5% (wt/vol) skim milk, and then incubated with
a mouse anti-insulin-like growth factor-I1 (IGF-II)
monoclonal antibody (Upstate Biotechnology). After
extensive washing, the sheet was incubated with
horseradish peroxidase-conjugated anti-mouse 1gG,
and the complexes were detected using an enhanced
chemiluminescence (ECLplus) system (Amersham).

Real-time quantitative reverse transcriptase-poly-
merase chain reaction (RT-PCR)

Total RNA was extracted from the surgically re-
sected sarcoidosis tissue and normal spleen tissue us-
ing ISOGEN (Wako, Osaka, Japan), and cDNA syn-
thesized using SuperScript II Reverse Transcriptase
(Invitrogen Japan, Tokyo, Japan), Random Primer
Hexa-deoxyribonucleotide mixture (TaKaRa, Japan),
dNTP Mixture(TaKaRa, Japan) and RNaseOUT
Recombinat Ribonuclease Inhibitor (Invitrogen Japan,
Tokyo, Japan). IGF-I and IGF-II mRNA level was
quantified with real-time quantitative RT-PCR using
qPCR Supermix-UDG with ROX (Invitrogen Japan,
Tokyo, Japan) following the manufacture’s protocol.
PCR primers were synthesized by Greiner Bio-one
(Tokyo, Japan). The forward and reverse primers for
the human IGF-I (Assay ID: Hs01547656_m1) and the
human IGF-II (Assay ID: Hs01005963_m1) were used
from inventory of TagMan Gene Expression Assays.
As an endogenous control gene, TagMan Ribosomal
RNA Control Reagents (Applied Biosystems, Foster
City, CA, USA) was used.

Measurements of serum visfatin and free IGF-I
Serum concentrations of visfatin and free I1GF-1
were determined by commercial solid-phase en-
zyme-linked immunosorbent assay kits (AdipoGen
Inc., Incheon, South Korea and Diagnostic Systems
Laboratories, Inc., Webster, Texas, respectively). The

intra- and inter-assay coefficients of variation for vis-
fatin were 2.3-9.1% and 4.7-7.2%, respectively. The
intra- and inter-assay coefficients of variation for free
IGF-1 were 3.6-4.8% and 6.2-11.1%, respectively.

Immunohistochemistry

The immunohistochemical study was performed by
the polymer-based visualization technology using an
EnVision Dako ChemMate kit (K5027, Dako, Kyoto,
Japan). The paraffin sections were deparaffinized, hy-
drated, and incubated in primary antibodies according
to the protocol provided by the manufacturer. The pri-
mary antibodies were a rabbit polyclonal anti-insulin
(L1859, Dako), anti-glucagon (L1813), and anti-so-
matostatin (L 1840) antibodies.

Case Report

A 71-year old woman was admitted to our hospital
after experiencing recurrent episodes of cold sweats
and palpitation for 5 months. These symptoms devel-
oped when she was hungry or early in the morning,
and then disappeared after eating. It was found that
plasma glucose level was very low (21 mg/dL) when
she experienced the symptoms, but she had not been
taking any hypoglycemic agents. She did not smoke
or drink and had no family history of endocrine disor-
ders or diabetes.

At the time of admission, she was 143 c¢m tall
and weighed 43 kg (body mass index: 19.6 kg/m?).
Physical examination was unremarkable and chest
films were normal. Biochemical data were all within
the normal limits except that serum potassium level
was low (Table 1). Endocrinological examination re-
vealed no abnormality in basal blood hormone levels,
including GH (0.54 ng/mL), LH (24.3 mIU/mL), FSH
(39.8 mIU/mL), PRL (3.8 ng/mL), ACTH (8.5 pg/
mL), TSH (2.22 pU/mL), cortisol (21.9 pg/dL), free
triiodothyronine (3.18 pg/mL) and free thyroxine (1.20
ng/dL). Magnetic resonance imaging revealed no ab-
normality in the pituitary gland and the hypothalamic
region. When she experienced the symptoms, venous
sampling was performed. Venous sampling indicated
that the plasma glucose level was 30 mg/dL and se-
rum immunoreactive insulin (IRI}) as well as C-peptide
level was undetectable (Table 1). Thus, insulinoma
as well as pituitary/adrenal insufficiency as a cause of
her hypoglycemia were excluded.

Abdominal computed tomography showed a mass
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Table 1. Laboratory and endocrine data before and after splenectomy

Parameter Before operation  After operation Reference range
Fasting plasma glucose (mg/dL) 30 91 65-110
Fasting serum IRI (uU/mL) <L.0 22 <17.0
Fasting serum C-peptide (ng/mL) <0.2 0.6 1.1-33
Serum IGFBP-3 (ug/mL) 1.73 134 1.99-3.20
Serum IGF-I (ng/mL.) 116 52 38-207
Serum IGF-II (ng/mL) 854 846 414 -1248
Serum potassium (mEq/L) 25 35 35-5.0
IGFBP-3; insulin-like growth factor binding protein -3.

in the spleen with a central contrast enhancement ef- (kDa)

fect. The corresponding mass was also detected by 289 —

gallium-67 scintigraphy. The findings strongly sug-
gested a condition called non-islet cell tumor hypo-
glycemia (NICTH), however, serum levels of IGF-I
and IGF-II were not elevated (Table 1). Serum level
of free IGF-I was 0.35 ng/mL (reference range: 0.11-
0.42). A high molecular weight form of IGF-II [3]
was not detected in patient’s serum extract by Western
blotting (Figure 1). We also found that serum lev-
el of visfatin, which had been shown to exert insulin-
mimetic effects [4], was not elevated; the serum vis-
fatin level was 0.9 ng/mL (reference range: 1-10).
Serum level of insulin autoantibodies, high levels of
which also might be a causative factor for hypoglyce-
mia [5], was less than 0.4% (reference range: < 0.4%).
Likewise serum insulin receptor autoantibodies [6]
were not detected. In addition, serum level of proin-
sulin was 8.6 pmol/L (reference range: 6.4-9.4).

Although we failed to obtain firm evidence that the
splenic mass was producing substance(s) which could
cause hypoglycemia, a diagnostic as well as possibly
therapeutic splenectomy was obviously required. She
underwent operation; the splenic mass was complete-
ly resected surgically. Postoperative course was un-
eventful. Plasma glucose levels increased to 94 mg/
dL just after operation and remained between 92-173
mg/dL even after cessation of continuous glucose in-
fusion. She had no hypoglycemic episodes thereaf-
ter. Postoperatively, fasting plasma glucose, serum
IRI and serum C-peptide increased, as expected (Table
1). Serum potassium also returned to normal level.
Notably, serum level of IGF-II did not appreciably
change, while that of IGF-I decreased by half the pre-
operative level (Table 1).

As shown in Figure 2A, the spleen had a sol-

I 3 4 6

Fig. 1. Western immunoblot analysis of IGF-II. Lane 1, IGF-
II control; lane 2, patient’s serum, preoperative; lane 3,
patient’s serum, postoperative; lane 4-5, sera from NICTH
patients; lane 6, healthy control serum.

id, elastic hard mass (6.0 x 5.7 x 6.0 cm in size).
Pathological examination revealed numerous non-ne-
crotizing epithelioid granuloma with Langerhans-type
multinucleate giant cells (Figure 2B). The splenic hi-
lar lymph nodes showed the same granulomatous in-
flammation. The acid-fast or Grocott staining was
negative. These findings were characteristic of sarcoi-
dosis. Immunoreactivity against somatostatin, insulin
or glucagon was not detected in the sarcoidosis tissue
by immunohistochemical analysis (Figure 2C). As
shown in Figure 3, steady-state mRNA levels of IGF-I
and IGF-II in the sarcoidosis tissue were about 1.8-fold
greater than and 80-fold less than those in the normal
spleen tissue, respectively.

Discussion

Our present observation was that a patient with an
isolated sarcoidosis of the spleen experienced insulin-
independent hypoglycemia, and the symptom disap-
peared after splenectomy. It was most possible that
the splenic sarcoid lesion produced some substance(s)
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Somatostatin

Paositive controls (pancreatic islets’

Fig. 2. Cut section of the spleen. (A) Gross appearance: a well-demarcated, yellow-white, solid mass (6.0 x 5.7 x 6.0 cm in size). (B)
Microscopic appearance: non-necrotizing granulomatous inflammation with Langerhans-type multinucleate giant cells. The
giant cells contain intracellular calcification (Schaumann body). HE stain. (C) Immunohistochemistry: immunoreactivity against
somatostatin (upper left), insulin (upper right) and glucagon (lower left) is not detected in the sarcoidosis tissue.

which could cause hypoglycemia. However, serum
level of IGF-II was not elevated and, more important-
ly, the high molecular weight form of IGF-1I was not
detected (Figure 1). Likewise serum levels of IGF-1
and free IGF-I were within reference range, but af-
ter splenectomy, the IGF-I level decreased by half the
preoperative level (Table 1). RT-PCR revealed that
IGF-I mRNA level in the sarcoidosis tissue was about
1.8-fold greater than that in the normal spleen tissue
(Figure 3).

One case report has described a patient with re-
current hypoglycemia due to paraneoplastic secre-
tion of IGF-I by metastasizing large-cell carcinoma of
the lung [7]. In this case, total and free serum IGF-I
was increased (692 ng/mL and 27.2 ng/mL, respec-

tively), and after chemotherapy with carboplatinum/
etoposide, the lung nodules largely regressed, and se-
rum IGF-I became normal. Our present case, how-
ever, showed relatively low serum IGF-I level which
was not expected to cause hypoglycemia under the or-
dinary conditions [8]. Anatomically, IGF-I produced
by the splenic sarcoidosis goes directly to the liver via
the portal vein. Although we could not find a precise
measurement of hepatic extraction rate of IGF-I in the
literature, that of insulin is reported to be about 70%
in the basal state [9]. Therefore, it is possible that, af-
ter hepatic extraction and dilution in the systemic cir-
culation, IGF-I concentration might be substantial-
ly reduced in the peripheral vein where we measured
and, hence, the concentration of IGF-I in the portal
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Fig. 3. Expression of IGF-I and IGF-II genes in sarcoidosis and
normal spleen tissues. Expression of (A) IGF-I mRNA
and (B) IGF-II mRNA in sarcoidosis and normal spleen
tissues as determined by RT-PCR is shown as the ratio of
each mRNA to that of rRNA.

vein might be much higher than that in the peripheral
vein, which was sufficient to suppress hepatic gluco-
neogenesis in the present case. Furthermore, it seems
also possible that partial hypopituitarism might facil-
itate the onset of hypoglycemia in this patient since
basal levels of GH and ACTH were relatively low.
Unfortunately, the patient denied further examination
to evaluate pituitary GH and ACTH reserve, and the
possibility has remained to be elucidated.

It has been shown that the localization of activated
immune cells, primarily activated oligoclonal CD4+
T cells and macrophages together with the release of
various pro-inflammatory cytokines and growth fac-
tors such as IGF-l, determines the immune phenom-
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ena as well as the development and fate of the sarcoid
granuloma [10]. In pulmonary sarcoidosis, increased
level of IGF-I released from activated alveolar mac-
rophages is considered to stimulate collagen synthesis
by pulmonary fibroblasts [11]. It is, thus, quite rea-
sonable that an extra-pulmonary sarcoid granuloma,
such as sarcoidosis of the spleen found in the present
case, could also produce IGF-I.

Isolated granulomatous disease confined to the
spleen is rare. Currently, the literature documents
only four prior cases of sarcoidosis presenting with
isolated splenic lesions [12, 13]. Usually, splenecto-
my and subsequent histopathologic examination are
required for definitive diagnosis as well as neoplastic
exclusion. Once diagnosed, patients require continual
follow-up for systemic manifestations and associated
complications of sarcoidosis. So far, hypoglycemia
has not been reported in these 4 cases.

Finally, it should be noted that some unknown
factor(s) secreted by the sarcoidosis tissue might cause
hypoglycemia through insulin-independent mecha-
nism in our patient. But, at present, the hypoglyce-
mia appeared to be due mainly to ectopic secretion of
IGF-IL. Further study is necessary to solve an enigma.
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Abstract

Background and aims The effect of multidrug resistance
transporter gene 1 (MDRI) on the bioavailability and
kinetics of several substrates has not yet been fully
elucidated. We evaluated the influence of MDRI C3435T
polymorphism on the pharmacokinetics and pharmacody-
namics of lansoprazole in Japanese subjects.

Methods Fifteen healthy volunteers with the rapid exten-
sive metabolizer genotype of CYP2C19 were classified into
three MDRI C3435T genotype groups: C/C (n=5), C/T
(n=5), and T/T (n=5). Lansoprazole 30 mg was adminis-
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tered orally for 15 days. The intragastric pH and plasma
lansoprazole levels were determined on days 1 and 15.
Results On day 1, the mean C,,,, of lansoprazole in the T/T
group was significantly higher than that in the C/C or C/T
groups (T/T1,248, C/C618, C/T607 ng/ml; P=0.038). On
day 15, similar MDR! genotype-dependent differences
were observed in the Cp,x of lansoprazole, although
smaller than the differences observed on day 1. In contrast,
the intragastric pH attained after lansoprazole administra-
tion did not differ among MDRI genotype groups on either
day 1 or day 15.

Conclusion Although the sample size was small, our study
demonstrated that the MDRI C3435T polymorphism
influenced the pharmacokinetics, but not the pharmacody-
namics (i.e., intragastric pH), of lansoprazole in rapid
metabolizers of CYP2C19.

Keywords Lansoprazole - MDR! - Polymorphism -
CYP2C19

Abbreviations

CYP2C19 Cytochrome P450 2C9

Helicobacter pylori H. pylori

M Intermediate metabolizer

MDRI1 Multidrug resistance transporter
gene 1

PPI Proton-pump inhibitor

PM Poor metabolizer

RM Rapid metabolizer

Introduction

Proton-pump inhibitors (PPIs) such as lansoprazole, omep-
razole, rabeprazole, esomeprazole, and pantoprazole are in
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current clinical use as potent gastric-acid inhibitors, PPIs
inhibit gastric-acid secretion by interaction with H'/K'-
ATPase in gastric parietal cells [1, 2]. The major indication
for PPIs is acid-related diseases, such as peptic ulcer,
gastroesophageal reflux disease (GERD), and Zollinger-
Ellison syndrome [3-7]. PPIs are also used to eradicate
Helicobacter pylori (H. pylori) infection in combination with
antimicrobial agents such as clarithromycin (CAM), metro-
nidazole (MNZ), and amoxicillin (AMPC) [8-10].

PPIs are mainly metabolized in the liver by cytochrome
P450 isoenzyme 2C19 (CYP2C19), an enzyme whose
activity varies due to genetic differences. The genotypes
of CYP2C19 are classified into three groups: rapid
metabolizer (RM=*1/*]), intermediate metabolizer (IM=
*1/%X), and poor metabolizer (PM=*X/*X, where *X=*2
or *3) [11]. The pharmacokinetics and pharmacodynamics
of PPIs differ by CYP2C19 genotype [12, 13]: during PPI
treatment, plasma PPI and intragastric pH levels are lowest
in the RM group and highest in the PM group. These
genotype-dependent differences in pharmacokinetics and
pharmacodynamics of PPIs are reflected in the cure rates
for H. pylori infection following a PPI-based treatment
regimen [11, 14]. Factors other than CYP2CI9 polymor-
phism that affect the cure rates of H. pylori infection
include bacterial susceptibility to clarithromycin [15],
smoking, and compliance, among others. However, inter-
individual differences in clinical outcomes are still observed
even in individuals who exhibit similarities with regard to
these factors, suggesting that other factors influence the
pharmacokinetics and pharmacodynamics of PPIs.

MDRI codes the P-glycoprotein (P-gp), a component of
adenosine triphosphate (ATP)-binding-cassette (ABC)
transporters [16]. P-gp functions as the energy-dependent
exporter of substances from cells and prevents accumula-
tion of potentially toxic and also carcinogenetic substances
and metabolites in cells. P-gp expression represents one of
the most important mechanisms for the failure of chemo-
therapeutic treatment of cancer [17]. P-gp is expressed on
the surface of not only cancer cells but also normal cells
such as hepatocytes, enterocytes, and endothelial cells of
brain blood vessels. Genetic differences affect the expres-
sion of MDRI [18]. A synonymous single nucleotide
polymorphism (SNP) in exon 26 (C3435T) has sometimes
been reported to be associated with altered P-gp activity
[18]. Plasma levels of digoxin, a representative substrate of
MDRI, have been found to differ among MDR] C3435T
genotype groups [19].

Lansoprazole is a substrate of P-gp [20], but the impact
of MDRI C3435T polymorphism on the pharmacokinetics
and pharmacodynamics of lansoprazole has not been fully
elucidated. Recent clinical studies have revealed that
lansoprazole-based therapies for H. pylori infection are
affected by MDRI C3435T polymorphism [21, 22]).
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However, several reports have indicated that P-gp activity
is also affected by the G2677A/T (Ala893Thr or Ala893Ser)
and/or C1236T (synonymous) polymorphism [23, 24].
Interestingly, MDRI C3435T is in linkage disequilibrium
with other polymorphisms such as G2677A/T and C1236T.
Meta-analysis has suggested that these haplotypes, rather
than the single polymorphism, may be more predictive of P-
gp activity [25]. Here, we investigated whether MDRI
C3435T polymorphism as well as haplotypes affected the
pharmacokinetics and pharmacodynamics of lansoprazole in
healthy Japanese subjects with the rapid metabolizer geno-
type of CYP2C1J9.

Methods

Eighty healthy Japanese subjects were invited to be
genotyped for CYP2C19 and MDRI C3435T and serolog-
ically tested for H. pylori infection as described below. Of
these, 15 with the RM genotype of CYP2CI9 (*1/*1) and
different MDR1 C3435T genotypes were enrolled into this
study. All participants were seronegative for H. pylori
infection and had different MDRI C3435T genotypes
(MDR1 3435C/C=5, C/T=5, T/T=5), with no history of
peptic ulcer, hepatic disorders, cardiovascular disorders,
renal diseases, or other serious conditions. Participants had
consumed no alcohol or taken any drugs for at least
1 month prior to this study.

Participants were given a single daily oral dose of 30 mg
lansoprazole (Takepron, Takeda Pharmaceutical, Osaka,
Japan) at 0800 for 15 days. Intragastric pH was monitored
24 h/day, and blood samples were collected at 0, 0.5, 1, 2,
3, 5,7, 10, and 24 h after drug administration on days 1 and
15. Meals with the same contents were served at 0800,
1230, and 1800 on days 1 and 15, with caloric counts
measuring 300, 600, and 800 kcal, respectively. All
subjects gave written informed consent, and the study
protocol was approved by the Ethics Committee of
Hamamatsu University School of Medicine.

Genotyping of CYP2C!19 and MDR!

CYP2C19 genotyping was performed by PCR-RFLP using
DNA extracted from whole blood [26]. Those subjects
homozygous for the 1* allele (*//*1) were defined as RMs
of CYP2CI9.

MDRI C3435T polymorphisms were identified by PCR-
RFLP as reported previously [27] and classified as C/C, C/T,
or T/T polymorphism. MDRI C1236T and G2677A/T
genotypes were similarly determined in all subjects and
classified as C/C, C/T, or T/T for C1236T, and as G/G, G/T,
G/A, A/T, or T/T for G2677A/T [28].
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