We also showed that testosterone ameliorated endothelial
senescence through eNOS/SIRT1-dependent mechanisms i vitro.
The present study demonstrated that testosterone and SIRTI
interacts with each other and inhibited the senescence of
hippocampal vascular and neuronal cells, suggesting that testos-
terone replacement therapy is a treatment option for cognitive
decline with aging.

Testosterone may act in part through aromatase-dependent
conversion to estradiol. To estimate a direct effect of androgens
through AR, testosterone and DHT were used in this study. Both
compounds showed significant protective effects on cognitive
function.

In the present study, we used SAMP8 mice. SAMP is comprised
of 14 strains derived from selective inbreeding of the AKR/J
strain. SAMP8 exhibits age-related learning and memory deficits,
as well as amyloid-like deposits in the brain [25]. Increased
expression of hyperphosphorylated tau has also been detected in
SAMPS [26]. Given such features, SAMPS8 has been proposed as a
plausible age-associated AD animal model, and a suitable rodent
model for studying the molecular mechanism underlying cognitive
impairment [27]. A previous study has shown an age-related
decrease in serum testosterone in SAMPS8, and suggesting that
impaired cognitive function in SAMP8 is due to reduced
testosterone [28]. We observed that AR expression was abundant
in the hippocampus of SAMR1 and SAMP8. Several studies have
demonstrated that testosterone has a neuroprotective effect
through AR in the hippocampus [29,30], and testosterone induced
NO productions via AR-dependent activation of eNOS in
endothelial cells [18,19].

Accumulating evidence suggests that NAD*-dependent deace-
tylase SIRT1 play an essential role for cellular senescence and
cognitive function. SIRT1 modulates endothelial cellular senes-
cence [13], and overexpression of SIRT1 exhibits neuroprotective
effects in hippocampus, and cognitive function of Sit/-KO mice is
markedly impaired [10,31,32].

The precise etiologic mechanism of the cognitive decline with
aging is unclear, but it has been identified that cardiovascular risk
factors are associated with a higher incidence of cognitive
impairment [33]. In addition, age-associated vascular inflamma-
tion is an early manifestation of chronic stress responses, ie.
overloading of ROS on endothelial cells [34]. Indeed, SAMPS
showed enhancement of oxidative stress and a senescent
phenotype in the hippocampus. Notably, senescent endothelial
cells were increased in the hippocampus of SAMP8 accompanied
by a reduction of SIRTI, and L-NAME abrogated the effect of
DHT on cognitive function. Therefore, we hypothesized that
testosterone influenced cerebral endothelial senescence via eNOS/
SIRT1, and that pro-inflammatory cytokines, which were derived
from senescent endothelial cells, promoted senescence in adjacent
neuronal cells. Indeed, we observed that testosterone induced
eNOS activity, and subsequently increased SIRT1 expression in
endothelial cells. Inhibition of eNOS/SIRT1 abrogated the effect
of testosterone on endothelial senescence. In a co-culture system,
we found that senescent endothelial cells promoted senescence of
adjacent neuronal cells, and treatment of endothelial cells with
testosterone inhibited senescence of adjacent neuronal cells. It can
reasonably be speculated, therefore, that SIRT] may exert
salutary actions against cognitive decline with aging by preventing
a senescence-associated secretory phenotype of endothelial cells.
Because L-NAME is a non-selective inhibitor of NOS, it is possible
that the effect of L-NAME might be in part a result of inhibition of
nNOS in concert with eNOS. However, a specific nNOS
inhibitor, L-VNIO did not change the effect of DHT in SAMPS.
In co-culture experiments, we found that treatment with
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resveratrol or testosterone did not change the expression or
activation of nNOS in MHC (Figure S1C and D). Further studies
are needed to address the differential role of eNOS and nNOS,
and the exact role of SIRT1 in vivo.

In conclusion, supplementation of testosterone prevented
cognitive impairment of SAMPS8, in which testosterone secretion
was decreased in association with the senescence of testis Leydig
cells, through an eNOS/SIRT1-dependent mechanism. Unprec-
edented reversal of the senescent hippocampal changes and
vascular protection may justify exploration of a neuronal
rejuvenation strategy by utilizing testosterone for the prevention
of cognitive decline with aging, particularly through up-regulation
of eNOS/SIRT1.

Methods

Materials

Dihydrotestosterone (DHT), testosterone, and N -nitro-L-argi-
nine methyl ester hydrochloride (L-NAME) were purchased from
Sigma (St. Louis, MO). Hydrogen peroxide (HoOs) and resveratrol
were purchased from Wako Pure Chemical Industries (Osaka,
Japan). Testosterone and placebo pellets were purchased from
Innovative Research of America (Sarasota, FL). N°<(1-Imino-3-
butenyl)-L-ornithine (L-VNIO) was purchased from Enzo Life
Sciences (Plymouth Meeting, PA).

Cell culture

Human umbilical vein endothelial cells (HUVEQ) were
purchased from CAMBREX (Walkersville, MD). Population
doubling levels (PDL) were calculated as described previously
[35], and all experiments were performed at PDL of 10~11. In our
preliminary experiments, HUVEC were cultured in EBM without
phenol red (Clonetics, Walkersville, MD) with 10% dextran-
charcoal-stripped serum to remove steroids from the culture
medium. This condition, however, induced marked growth arrest
and an increase in senescent cells. Consequently, we performed all
experiments in EBM-2 (Clonetics) with 10% complete serum-
supplemented medium.

Animal experiments

The animal experiments were approved by our institutional
review board (animal experiments ethics board, Graduate School
of Medicine and Faculty of medicine, The university of Tokyo
(approval ID: M-P-09-056)). Senescence-accelerated mice prone
(SAMP) 8 and control senescence-accelerated mice resistant
(SAMR) 1 male mice were all housed and maintained in a room
at 22+2°C with automatic light cycles (12 h light/dark) and
relative humidity of 40-60%. Mice were purchased from Japan
SLGC, Inc. (Shizuoka, Japan). Food and tap water were provided
ad libitum throughout the study. In the water maze test of this
study, a group of male SAMRI (N=10) and SAMP8 (N =10)
was first tested. Male mice of 12 weeks of age were treated daily
for 2 weeks with DHT (500 pg in 0.05 ml/mouse) by subcuta-
neous injection (s.c.) in the neck before the water maze test. Male
mice of 18 months of age underwent subcutaneously implantation
of a placebo (N=35) or a 2l-day-release 2.5 mg testosterone
(N'=5) pellet into the dorsal neck region. L-NAME was given by
gavage once a day (20 mg/kg) [36]. L-VNIO was given by
intraperitoneal injection (0.5 mg/kg) [37]. Small fragments of
testis tissue fragments from SAMRI were grafted under the back
skin of castrated male SAMP8 as previously described [38].
Briefly, after removal of the capsule and obvious connective
tissue, donor testes were cut into small fragments. Testis
fragments were kept in Dulbecco’s modified Eagle’s medium
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(Gibco Lab Inc., Grand Island, NY, USA) on ice until grafting.
SAMR] were anesthetized and castrated, and testicular tissue
fragments were grafted under the back skin of SAMP8. Mice
were anesthetized with enflurane, killed by cervical dislocation,
and trunk blood collected within 1 min. The blood was
centrifuged and plasma testosterone was measured by radioim-
munoassay method. The brain was removed for histological
examination, after systemic perfusion with phosphate-buffered
saline (PBS). For immunohistochemical studies, mouse brains
were processed and labeled with anti-amyloid-B antibody
(Immuno-Biological Laboratories Co., Ltd., Gunma, Japan) to
visualize extracellular amyloid plaques, anti-NeulN antibody
(Millipore, Billerica, MA) to assess pyramidal cell number, or
DAPI (Dojindo Molecular Technologies, Inc., Tokyo, Japan) for
nuclear staining. The primary antibody was purified rat anti-
mouse CD31 (platelet endothelial cell adhesion molecule;
PECAM-1) monoclonal antibody from Pharmingen (San Jose,
CA, USA). Secondary antibodies (Alexa Fluor 488 donkey anti-
rat IgG and Alexa Fluor 594 donkey anti-rat IgG) and antifade
reagent were from Molecular Probes (Invitrogen). Fluorescent
images were analyzed using a fluorescence microscope (BZ-9000,
KEYENCE, Osaka, Japan).

Plasmids and siRNA transfection

Proliferating cells were washed three times with growth medium
and exposed to the indicated concentrations of testosterone or
DHT diluted in medium. pIRES-SIRT plasmid was provided by
Dr. M. Takata [39], and Dr. R.A. Weinberg (40]. Each plasmid
was overexpressed by transfection using Lipofectamine LTX and
PLUS reagents (Invitrogen) for HUVEGC according to the
manufacturer’s instructions. Proliferating cells were transfected
with each siRNA using siilMPORTER (Upstate Cell Signaling
Solutions). siRINAs for SIRT1 (GAT GAA GTT GAC CTC CTC
A [41] and TGA AGT GCC TCA GAT ATT A), and eNOS were
purchased from Santa Cruz Biotechnology, Inc.

Immunoblotting and immunoprecipitation

Cells were lysed on ice for 1 hour in buffer (50 mmol/L
Tris-HCL, pH 7.6, 150 mmol/L NaCl, 1% NP-40, 0.1% SDS,
1 mmol/L dithiothreitol, I mmol/L sodium vanadate, I mmol/
L phenylmethylsulfonyl fluoride, 10 pg/mL aprotinin, 10 pg/
mL leupeptin and 10 mmol/L sodium fluoride). Equal amounts
of protein were separated by SDS/PAGE gel electrophoresis and
transferred to nitrocellulose membranes. After blocking, the
filters were incubated with the following antibodies; anti-SIRT1,
anti-nNOS, anti-AR (Cell Signaling, Danvers, MA), anti-eNOS
(BD Transduction Laboratories, San Jose, CA), anti-PAI-1
{Molecular Innovations, Southfield, MI), anti-PECAM-1 (Santa-
Cruz Biotechnology, CA), and anti-B-actin (Sigma). After
washing and incubation with horseradish peroxidase-conjugated
anti-rabbit or anti-mouse IgG (Amersham, Piscataway, NJ) for
1 hour, antigen-antibody complexes were visualized by using an
enhanced chemiluminescence system (Amersham).

Senescence-associated B-galactosidase (SA-gal) staining

HUVEQG were pretreated with diluted EGM-2 medium for 3
day. HUVEC were then washed three times with EGM-2 and
treated for 1 hour with 100 pmol/l HyOy diluted in EGM-2.
After treatment, HUVEC were trypsinized, re-seeded at a
density of 1x10° in 60-mm dishes, and cultured with EGM-2
containing DHT or testosterone for 10 days. The proportion of
SA-Bgal-positive cells was determined as described by Dimri
et al [42].
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NOS activity assay
NOS activity was determined using an NOS assay kit
(Calbiochem) according to the manufacturer’s instructions.

Measurement of acetylcholine

The concentration of acetylcholine was measured with a
choline/acetylcholine quantification kit (BioVision, CA, USA)
according to the manufacturer’s instructions.

Real-time quantitative reverse transcription PCR

Total RNA was isolated with ISOGEN (Nippon Gene Inc.,
Toyama, Japan). After treatment with Rnase-free Dnase for
30 min, total RNA (50 ng/pl) was reverse transcribed with
random hexamers and oligo d(T) primers. The expression levels
of SIRTI, IL-6, IL-8, MCP-1, and TNF-a relative to B-actin
were determined by means of staining with SYBR green dye and
a LineGene fluorescent quantitative detection system (Bioflux
Co., Tokyo, Japan). The following primers were used: SIRT1 F
5"-CCTGACTTCAGGTCAAGGGATGGTA-3', R 5'-CTGA-
TTAAAAATATCTCCTCGTACAG-3'; B-actin F 5'-TGGGC-
ATGGGTCAGAAGGAT-3',R 5'-AAGCATTTGCGGTGGA-
CCAT-3'; IL-6 F 5'-GGGAAGGTGAAGGTCGG-3', R 5'-T-
GGACTCCAGCGACGTACTCAG-3', IL-8 F 5'-CTGGCCGT-
GGCTCTCTTG-3, R 5'-CCTTGGCAAAACTGCACCTTT-
3’; TNF-a F 5'-GTAGCCCACGTCGTAGCAAAC-3', R 5'-
CTGGCACCACTAGTTGGTTGTC-3'; MCP-1 F 5'-CATT-
GTGGCCAAGGAGATCTG-3', R 5-CTTCGGAGTTTGG-
GTTTGCTT-3'.

Co-culture system

For these experiments, co-culture dishes were used as outlined
in Figure 5A. They were obtained from BD Biosciences
(Erembodegem, Belgium) with a 6-well format. HUVEC were
treated with HyOo (100 uM) for 1 h and cultured on the
permeable microporous (0.4 um) membrane in the insert, and
mouse hippocampus neuronal cells on the base of the culture dish,
kept physically separated but allowing the passage of micromol-
ecules through the porous membrane for 10 days. Mouse
hippocampus neuronal cells were purchased from DS Pharma
Biomedical Inc. (Osaka, Japan).

Quantitative analysis of amyloid

Measurement of amyloid § was performed using an amyloid §
(1-40) (FL) assay kit (Immuno-Biological Laboratories Co., Ltd.,
Gunma, Japan) according to the manufacturer’s instructions.

Morris water maze test

The procedure of the Morris water maze test was described
previously [43]. SAMR] and SAMP8 mice were trained to find a
visible platform with three trials on the first day, and then tested to
find the hidden platform for 10 consecutive days. In each trial, the
mice were allowed to swim until they found the hidden platform,
or until 2 min had passed, and the mouse was then guided to the
platform. On the test days, the platform was hidden 1 cm beneath
the water. The escape latency was recorded by a video camera.
The swim speed of each mouse was calculated by means of a video
tracking system. Probe tests were performed on the 10% day.
During percent time quadrant test, the platform was removed
from the pool. Mice were started in a position opposite the
location of the platform position and allowed to swim for
60 seconds.
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Open field test

The open field test fear response to novel stimuli was used to
assess locomotion, exploratory behavior, and anxiety. Open field
test protocols were modified from that of Lukacs et al [44]. The
open field test consisted of a wooden box (60x60x60 cm) and was
indirectly illuminated by two fluorescent lights. A 10 cm area near
the surrounding wall was delimitated and considered the
periphery. The rest of the open field was considered the central
area. The distance travelled, the ratio of the distance travelled in
the central area/total distance travelled, and the time in the center
of the open- field were analyzed as a measure of anxiety-like
behavior. During the test, mice were allowed to move freely
around the open field and to explore the environment for 15 min.

Isolation of cerebral microvessels

Cerebral microvessels were isolated from the remaining brain
tissue as previously described by Zhang et al [45] with minor
modifications. Brain tissue, devoid of large vessels, was homoge-
nized in ice cold PBS with Dounce homogenizer and centrifuged
twice at 2000 g at 4°C. The supernatant, containing the
parenchymal tissue, was discarded. The pellet was resuspended
in PBS and centrifuged as described above. The resulting pellet
was resuspended and layered over 15% Dextran (in PBS) (Sigma,
St.Louis, MO) and centrifuged at 4500 g for 30 minutes at 4°C.
The top layer was aspirated and discarded and the remaining
pellet resuspended in 15% Dextran and centrifuged. The final
pellet was resuspended in 1% bovine serum albumin (BSA), the
suspension was then passed though a 40-um nylon mesh (BD
Falcon). Microvessels retained on the mesh were washed with
BSA/PBS and collected by centrifugation at 900 g for 10 minutes
at 4°C.
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Data analysis

Values are shown as mean * S.E.M in the text and figures.
Differences between the groups were analyzed using one-way
analysis of variance, followed by Bonferroni test. Probability values
less than 0.05 were considered significant.

Supporting information

Figure 81 Testes of SAMPS8 and SAMRI mice and role of
nNOS in neuronal senescence. A. Testis weight of SAMR1
and SAMPS8 with or without testosterone. B. Photographs of
SAMR1 donor and SAMP8 recipient mice. White arrows indicate
operation scar. C. Expression of nNOS in MHC treated with
resveratrol or testosterone under the oxidative stress. D, Activity of
nNOS in MHC treated with resveratrol or testosterone under the
oxidative stress. (p<<0.05, N=3, n.s: not significant).
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Plasma sex hormone levels and
mortality in disabled older
men and women

Shiho Fukai,! Masahiro Akishita,! Shizuru Yamada,> Sumito Ogawa,’
Kiyoshi Yamaguchi,! Koichi Kozaki,? Kenji Toba? and Yasuyoshi Ouchi'

"Department of Geriatric Medicine, Graduate School of Medicine, The University of Tokyo, and
2Department of Geriatric Medicine, Kyorin University School of Medicine, Tokyo, Japan

Aim: To investigate the relationship between circulating sex hormone levels and subse-
quent mortality in disabled elderly. '

Methods: This prospective observational study was comprised of 214 elderly subjects
aged 70-96 years (117 men and 97 women; mean + standard deviation age, 83 % 7 years),
receiving services at long-term care facilities in Nagano, Japan. All-cause mortality by
baseline plasma sex hormone levels was measured.

Results: After excludlng deaths during the first 6 months, 27 deaths in men and 28
deaths in women occurred during a mean follow up of 32 months and 45 months (up to
52 months), respecnvely Mortahty rates differed significantly between high and low test-
osterone tertiles in men, but did not differ significantly between middle and low tertiles.
Compared with subjects in the middle and high tertiles, men with testosterone levels in the
low tertile (<300 ng/dL) were more likely to die, independent of age, nutritional status,
functional status and‘chronic disease (hazard ratio [HR] =3.27, 95% confidence interval
[CI] = 1.24-12.91). In contrast, the low dehydroeplandrosterone sulfate (DHEA-S) tertile
was associated with higher mortality risk in women (multivariate adjusted HR = 4.42, 95%
Cl=1.51-12.90). Exclusion of deaths durmg the first year and cancer deaths had minimal
effects on these results. DHEA-S level in men and testosterone and estrachol levels in
women were not related to mortality.

Conclusion: Low testosterone in men and low DHEA-S in women receiving care at
facilities are associated with increased mortality risk, independent of other risk factors and
pre-existing health conditions. Geriatr Gerontol Int 2011; 11: 196-203.

Keywords: dehydroepiandrosterone, disabled elderly, mortality risk, testosterone.

Introduction the premenopausal years partially protects women from

cardiovascular disease (CVD). In contrast, there has
Japan has the longest life expectancy at birth in the been a suspicion that testosterone itself is harmful;
world for both men and women, although women live however, recent studies support the hypothesis that tes-
8 years longer than men on average.!? One explanation tosterone may be beneficial to survival in aging men.**
for this phenomenon is that estradiol production during It is well established that endogenous androgens

decline with advancing age in men.’ Because testoster-
: one has important physiological effects on muscle,
Accepted for publication 21 September 2010. bone, brain, erythropoietin and the vascular system,
decreased testosterone levels could contribute to age-
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"Sex hormones and mortality in disabled elderly

depressed mood,'® cognitive impairment,'*" ane-
mia'®and frailty.?° In our previous study in which older
persons receiving day-care services or admitted to a
facility were investigated, higher plasma testosterone
levels were associated with better activities of daily living
(ADL), cognitive function and vitality in men.* On the
other hand, several epidemiological studies have dem-
onstrated that a decline in testosterone level was asso-
clated with mortality risk in community-dwelling
middle-aged or older men.*® In cause-specific analyses,
some studies have shown that a low testosterone level
was associated with an increased risk of death due to
CVD.* However, the above-mentioned studies were
performed in community samples of Caucasian men,
and this issue remains to be clarified in frail or disabled
older men.

The majority of dehydroepiandrosterone (DHEA), an
endogenous steroid precursor to testosterone and estro-
gen, exists as the sulfated form (DHEA-S) in the circu-
lation, and DHEA and DHEA-S are the most abundant
adrenal sex steroid hormones, with concentrations
reported to be more than 100-fold higher than those of
testosterone and estradiol,? suggesting an important
physiological role of DHEA(-S). Their circulating levels
also peak in young adults and decline with age in both
men and women. Although the role of androgens in
older women’s health is not fully understood, post-
menopausal women with intact ovaries continue to
produce androgens, DHEA and testosterone, while
their production of estradiol is minimal.” In our previ-
ous study,” in older women, higher DHEA and
DHEA-S levels were related to better ADL, while estra-
diol and testosterone levels showed no relations. Other
reports have shown a correlation between DHEA level
and cognitive function, depression,” osteoporosis
and frailty in older women.?” Several studies that exam-
ined the association between DHEA-S and mortality in
women have shown mixed results,**? and mostly found
no relation; however, both low and high levels of
DHEA-S at baseline® and some trajectory patterns such
as a steep decline or extreme variability®* have been
reported to correlate with increased mortality.

These lines of evidence suggest that endogenous
androgens, including testosterone and DHEA(-S), miay
play a role in physical and mental function as well as
longevity in older individuals. We hypothesized that low
plasma androgen levels could be a mortality risk factor
even in elderly with disability who are receiving facility
services.

Methods

Study population

In this longitudinal observational study, 218 consecu-
tive persons aged 70 years or older (121 men aged
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70-96 years and 97 women aged 70-95 years; mean
+ standard deviation [SD] age, 83 £ 6 and 83 £ 5 years,
respectively) who attended health service facilities for
the elderly (facilities that provide nursing care and reha-
bilitation services to elderly people with disability,
Mahoroba-no-Sato) located in Nagano Prefecture, Japan
were enrolled. The participants were in a chronic stable
condition and receiving services under Long-term
Care Insurance, which is provided by the Japanese Gov-
ernment, either under admission or as day care. The
principal exclusion criteria were malnutrition (serum
albumin <3.5 mg/dL or body mass index [BMI] <16 kg/
m?), extremely low ADL status (Barthel Index™ <50),
malignancy, acute inflammation (fever, white blood cell
count >10 000/uL, or other signs of infection within
4 weeks before enrollment), severe anemia (blood
hemoglobin <10.0 g/dL) and overt endocrine disease
because these conditions may affect both plasma sex
hormone levels and mortality. Deaths that occurred
during the first 6 months of follow up (four men and no
women) were also excluded to minimize the influence of
comorbidity on both sex hormone levels and mortality;
therefore, the remaining 214 persons were analyzed in
this study. The institutional review board of Aahoroba-
no-Sato approved the study protocol, and all participants
and/or their family members gave written informed
consent.

Hormone measurements

Blood samples were obtained from the participants
in the morning after an overnight fast, and plasma
hormone levels in addition to blood cell counts and
blood chemical parameters were determined by a
commercial laboratory (Health Sciences Research
Institute, Yokohama, Japan). Testosterone and
estradiol were assayed using chemiluminescence
immunoassays with minimum detection limits of
7ng/dL. (0.2 nmol/L.) and 4 pg/mL (14.7 pmol/L),
respectively. DHEA-S was assayed using a sensitive
radioimmunoassay with a minimum detection limit
of 2.0 ug/dL (0.05 umol/L). The intra-assay coeffi-
cients of variation for these measurements were less
than 5%.

Functional and anthropometric measurements

Trained nurses and physical therapists visited the
participants at the health facilities and performed
comprehensive geriatric' assessments. Basic ADL
was assessed by Barthel Index,® cognitive function
by Hasegawa Dementia Scale - Revised (HDS-R,
30-point scale),** mood by the Geriatric Depression
Scale (GDS, 15 items),® and ADL-related vitality by
Vitality Index (10-point scale).*® BMI was calculated
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as weight in kilograms divided by the square of height
in meters.

Comorbidity

Diseases were ascertained by experienced physicians
according to pre-established criteria that combine infor-
mation from self-reported physician diagnoses, medical
records, current medication, clinical examinations and
blood tests. Diseases included in the current analysis
were hypertension, heart disease (including any of
angina pectoris, myocardial infarction, congestive heart
failure and arrhythmia), stroke, diabetes mellitus,
osteoarthropathy (arthritis, rheumatism, osteoporosis
and history of fractures), lung disease (including bron-
chial asthma and chronic obstructive pulmonary
disease) and other chronic diseases (chronic kidney
disease, gastrointestinal disease, Parkinson’s disease
and psychological disorders). We also obtained data on
anti-androgenic treatment and intake of glucocorti-
coids, opiates and hormone supplements that could
affect plasma hormone levels, but no subject was taking
any of these.

Follow up

The subjects were followed up in 2002-2009, for a
period of up to 52 months (mean +SD, 32 +13 [34]
months in men and 45 + 11 [49] months in women).
Time and causes of death of deceased persons were
ascertained using medical records and death certifi-
cates. All deaths were registered with International
Classification of Diseases, 10th version (ICD-10)
codes,” based on the information from death certifi-
cates. We categorized deaths into the following four
specific causes: (i) diseases of the circulatory system
(I00-199) including heart disease and cerebrovascular
disease; (ii) diseases of the respiratory system (JOO-J99);
(iii) neoplasms (C00-D48); and (iv) other causes. Sub-~
jects who were alive were confirmed by checking
appointment records of the facilities. Survival of 16
subjects whose records were not available was ascer-
tained by the phone interview of each subject. Causes
of death were determined for all the subjects without
any missing cases.

Statistical analysis

Differences between testosterone tertiles in men and
between DHEA-S tertiles in women were analyzed
using ANOVA for continuous variables and x>-test for
categorical variables. Survival was analyzed using
Kaplan-Meier plots and log-rank tests. Hazard ratios
(HR) for mortality were analyzed using Cox propor-
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tional hazards regression. Significance tests were two-
sided, with an a-level of 0.05. Data were analyzed using
SPSS statistical software.

Results

Characteristics of study subjects

Over the follow-up period, 27 men and 28 women
died, yielding a mortality rate of 86.5/1000 person-
years at risk in men; and 69.9/1000 person-years
at risk in women. Of those, 13 deaths were due to
diseases of the circulatory system (eight to ischemic
and other heart disease and five to cerebrovascular
disease), 10 to diseases of the respiratory system and
four to cancer in men; while 14 deaths were due to
diseases of the circulatory system (nine to ischemic
and other forms of heart disease and four to cere-
brovascular disease), eight to diseases of the respira-
tory system, five to cancer and two to other causes in
women. Men who died were significantly older, had
lower serum albumin and cholesterol, lower ADL and
cognitive status, higher prevalence of heart disease,
and lower testosterone level than survivors; whereas in
women, subjects who died were older, had lower
hemoglobin, higher prevalence of heart disease and
lower plasma DHEA-S level than survivors (data
not shown).

Table 1 shows the baseline characteristics of the
male subjects by tertile of plasma testosterone. A sig-
nificant difference was observed in serum albumin and
hemoglobin levels, ADL and cognitive status among
tertiles of testosterone in men. Table 2 shows the base-
line characteristics of the female subjects by tertile of
plasma DHEA-S. A significant difference was found in
age and ADL status among DHEA-S tertiles in
women, while other variables did not differ between
the tertile groups.

Mortality and plasma sex hormone levels in men

As shown in Figure 1(a), Kaplan-Meier survival analysis
by tertile of plasma testosterone level revealed that tes-
tosterone level was associated with mortality in men.
After adjusting for age, Cox proportional hazards
models showed that there was an inverse relation
between testosterone level and mortality. Mortality rate
differed significantly between the high and low test-
osterone tertiles, but not significantly between the
middle and low tertiles: tertile 3 (high), reference; tertile
2 (middle), HR=2.51 (95% confidence interval
[CI] = 0.66-9.50); and tertile 1 (low), HR = 6.63 (95%
CI=1.92-23.21). Accordingly, we investigated the
increased mortality in tertile 1 versus tertiles 2-3
(Table 3). Compared with subjects within tertiles 2-3,
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Table 1 Association between potential confounding variables and testosterone tertiles in men

Characteristic Testosterone tertiles P-value
T1 <10.4 nmol/LL T2 10.4-16.3 nmol/L, T3 >16.3 nmol/L
(<300 ng/dL), n =39 (300470 ng/dL), n=40 (>470 ng/dL), n =38
Age, years 83+7 83+t6 816 0.11
Nutritional parameters
Body mass index, kg/m? 21.3£3.4 22.8+3.8 21.7+3.0 0.21
Hemoglobin, g/dL 12.7+£1.9 13.8+1.3 14.0+1.7 <0.01
Albumin, g/dL 4.0+£0.3 4.1+0.2 4.2+0.3 <0.01
Total cholesterol, mg/dL. 173 +38 195+ 36 176 £28 0.05
Prevalent diseases, n (%)
Hypertension 17 (44) 16 (40) 12 (32) 0.53
Heart disease 10 (26) S (13) 7 (18) 0.32
Stroke 12 (31) 15 (38) 8 (21) 0.34
Diabetes mellitus 8 (21) 5 (13) 8 (21) 0.31
Osteoarthropathy 8 (21) 9 (23) 7 (18) 0.94
Lung disease 2 (S) 3 (8) 3 (8) 0.52
Other chronic diseases 17 (44) 19 (48) 18 (47) 0.95
Functional parameters
Barthel Index 79+ 12 82+11 87+13 0.04
HDS-R 18+7 196 22+5 0.02
Vitality Index 9.2+1.1 9.3+0.9 9.5+0.9 0.46
GDS 5.0£3.1 5.6+3.7 5.6+2.9 0.66
Sex hormone levels
Testosterone, nmol/L 7.6 2.5 13.3+1.6 20.9+£3.9 <0.01
(ng/dL) 219%73) (382 £ 43) (602 £112)
DHEA-S, umol/L 1.7+1.1 1.8£1.6 1.7+£1.2 0.94
(ug/dL) (64 + 42) (69 £ 57) (63 + 45)

Values are shown as mean (standard deviation). Differences between the groups were analyzed using ANOVA for continuous
variables and y*-test for categorical variables. DHEA-S, dehydroepiandrosterone sulfate; GDS, Geriatric Depression Scale;

HDS-R, Hasegawa Dementia Scale ~ Revised.

a testosterone level within tertile 1 was associated with
approximately fourfold higher mortality risk. Adjust-
ment for age, nutritional parameters (BMI, albumin,
hemoglobin, total cholesterol) and functional param-
eters (Barthel Index, HDS-R, Vitality Index, GDS), and
prevalent diseases showed no major influence on the
result. In order to examine how follow-up time and
cancer impacted on the results, assuming that the sub-
jects may have had subclinical cancer or a fatal illness at
baseline, we performed further analyses excluding
deaths that occurred in the first 12 months (n=9) and
deaths from cancer (n=4). However, the significant
associations remained after these exclusions (Table 3).
On the other hand, DHEA-S level was not associated
with mortality when DHEA-S was entered as tertiles
(data not shown).

Although the statistical power was not strong enough,
we studied the risk for cause-specific mortality by
tertiles of testosterone level in men. Neither deaths
from diseases of the circulatory system nor those
from non-circulatory causes showed a significant asso-
ciation with testosterone tertiles (tertile 1 vs tertile 23,
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HR =3.18, 95% CI=1.87-11.6, P=0.17; HR=3.46,
95% Cl=0.29-7.29, P =0.64, respectively).

Mortality and plasma sex hormone levels in women

As shown in Figure 1(b), a low DHEA-S level was asso-
ciated with higher mortality by Kaplan-Meier survival
analysis. Age-adjusted Cox proportional hazards models
revealed that the association was not significant when
each tertile of DHEA-S was entered as a continuous
variable; however, a significant association was observed
when tertile 1 was compared with tertiles 2-3 (Table 3).
The association remained significant after excluding
deaths that occurred in the first 12 months (z = 2) and
deaths from cancer (n=235). Moreover, further adjust-
ment had no major influence on the result. In women,
testosterone and estradiol levels were not associated
with mortality when they were entered as tertiles (data
not shown).

In cause-specific mortality analysis, compared with
tertiles 2-3, the low tertile of DHEA-S level was asso-
ciated with higher risk of death from diseases of the
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Table 2 Association between potential confounding variables and DHEA-S tertiles in women

Characteristic DHEA-S tertiles P-value
T1 <1.17 pmol/L T2 1.17-1.49 pmol/L T3 >1.49 unmol/L
(<43 pg/dL), n=33 (43-55 pg/dL), n=32 (>55 ug/dL), n=32
Age, years 8316 82+6 80+6 0.08
Nutritional parameters
Body mass index, kg/m? 223+2.7 22.5+3.2 23.7+2.7 0.31
Hemoglobin, g/dL 12.6+1.4 12.6+1.2 13.1+1.1 0.16
Albumin, g/dL 4.1+£0.3 42+03 43+0.2 0.18
Total cholesterol, mg/dL 205 +£30 204+ 35 205 +£35 0.99
Prevalent diseases, 7 (%)
Hypertension 10 (30) 14 (44) 15 47) 0.47
Heart disease 4(12) 7 (22) 8 (25) 0.46
Stroke 5(15) 4 (13) 6 (19) 0.79
Diabetes mellitus 5 (195) 4 (13) 5 (16) 0.90
Osteoarthropathy 8 (24) 11 (34) 13 (40) 0.47
Lung disease 3 (9) 2 (6) 2 (6) 0.56
Other chronic diseases 17 (52) 19 (59) 18 (56) 0.90
Functional parameters
Barthel Index 90+7 93+£8 95+8 0.04
HDS-R 23+6 22+7 25+5 0.39
Vitality Index 92+14 9.1+£2.2 8.8+2.9 0.35
GDS 6.8+2.6 5.9+3.4 6.9+3.3 0.16
Sex hormone levels
DHEA-S, umol/L. 0.8+0.2 1.3+0.1 2.0+£0.3 <0.01
(ug/dL) 30+7 49+ 4 73 +£12
Testosterone, nmol/L 1.2£0.6 1.2+£0.6 1.3+0.5 0.81
(ng/dL) 35+17 36+17 37+13
Estradiol, pmol/L 56 +32 57 +37 67 +46 0.41
(pg/mL) 15.3+8.6 15.5+10.2 18.3+£12.5

Values are shown as mean (standard deviation). Differences between the groups were analyzed using ANOVA for continuous
variables and y’-test for categorical variables. DHEA-S, dehydroepiandrosterone sulfate; GDS, Geriatric Depression Scale;

HDS-R, Hasegawa Dementia Scale — Revised.

circulatory system (HR=13.1, 95% CI=2.39-72.3,
P <0.01), while there was no association with deaths
from non-circulatory causes (HR=0.93, 95%
CI=0.86-1.02, P=10.14).

Discussion

In this small prospective study of Japanese elderly who
were receiving care in facilities, a low testosterone level
was associated with mortality in men independent of
multiple risk factors and pre-existing health conditions.
In addition, a low DHEA-S level in older women was
related to increased mortality. In contrast, DHEA-S
level in men and testosterone and estradiol levels in
women were not related to mortality.

Recent prospective cohort studies in Western coun~
tries have yielded inconsistent findings about the use of
a low total testosterone level as a predictor of all-cause
and cardiovascular mortality in middle-aged to older
men.****% In the two studies that found no signifi-
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cant prediction of mortality,®*® the populations were
younger (mean or median ages were in the early 50s),
testosterone levels were higher and mortality rates were
lower (11.6 and 15.4/1000 person-years, respectively)
compared to those in studies that found positive results.
In the present study, although the sample size was
small, the subjects were frail and older than those in any
previously reported studies, with a relatively small age
range and higher mortality rate. Therefore, the relation
between testosterone level and mortality might have
been easier to detect in our study than in other studies
with healthy middle-aged and older men.

There could be several mechanisms by which endog-
enous testosterone affects mortality in men. Although
the number of subjects was too small to perform cause-
specific analysis in the present study, other studies
have reported that a low testosterone level predicted
increased risk of death due to CVD.*® Further, in addi-
tion to the relation to muscle strength, physical perfor-
mance and ADL,'™"?' some but not all reports have
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Figure 1 (a) Survival curves by tertile group of plasma
testosterone level in men. (b) Survival curves by tertile group
of plasma dehydroepiandrosterone sulfate level in women.

demonstrated an association between low testosterone
level in older men and risk of a fall or fracture and
frailty.'**%% It is noteworthy that in the 10 men who
died of respiratory infection, four had a history of a fall
and fracture, which resulted in worse disability. Accord-
ingly, a low testosterone level may contribute to frailty,
which influences men’s susceptibility to illness and falls
and the capability to recover from disease or fractures,
and thereby affects mortality.

Other than aging, systemic illness can result in
decreased testosterone levels; therefore, low testoster-
one levels in older men could be attributable to acute
and chronic diseases,* and the possible reverse causality
should be considered. To evaluate this possibility, we
excluded the first 12 months of observation and still
found that in 12-52 months of observation, men in the
low testosterone tertile had a greater risk of mortality
from all causes than those in higher tertiles. We care-
fully excluded subjects with critical diseases and condi-
tions at baseline, although our subjects were old with
multiple chronic diseases, and it is difficult to exclude
the possibility that men with subclinical critical condi-
tions might have been included. Moreover, at baseline,
there was a significant difference in functional status
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(ADL and cognition) and nutritional parameters (serum
albumin and hemoglobin levels) between testosterone
tertiles, as reported previously;?' thus, our results need
to be confirmed in a cohort with no difference in these
factors between testosterone groups to exclude the
influence of these biases on mortality. Also, it needs to
be explored whether low testosterone in older men plays
a pathogenic role, such as affecting the immune system,
developing physical frailty and depression, or simply
serves as a marker for biological vulnerability and poor
prognosis. Long-term studies also need to test whether
testosterone treatment should yield clinically significant
improvements in mortality in appropriately selected
older men, with consistent symptoms and signs and
unequivocally low serum testosterone levels.

Low DHEA-S has been associated with increased all-
cause and cardiovascular mortality in older men;?%"#
however, no association was found in the present study.
Because DHEA(-8) is an inactive prohormone and we
and others have found an association between testoster-
one and mortality,*® it is suggested that testosterone
could be a stronger predictor of mortality in older men.

On the other hand, a low DHEA-S level in older
women was associated with a poor prognosis after
adjusting for multiple factors related to mortality. Other
previous reports showed an inconsistent relationship
between DHEA-S level and mortality in older
women,**® possibly due to differences in the cohorts
including age, DHEA-S level, heterogeneity of health
status and mortality rate, and the method of statistical
analysis used to demonstrate the relationship, regres-
sion models with linear/non-linear assumption.

Previous studies support a potential physiological role
of DHEA-S, which could contribute to reduced mor-
tality, an anti-inflammatory action and immune regula-
tory activity.”? However, there are still many unanswered
questions regarding DHEA's role in aging, and there is
insufficient evidence to support DHEA replacement
for increasing longevity in older women. It also needs to
be explored whether the DHEA-S level contributes to
mortality or is merely a biomarker of the underlying
health condition of older women.

Our study has some limitations. First, the sample size
was too small to reach a clear conclusion with strong
statistical power, thus limiting the precision of the esti-
mates, which is reflected in the broad range of HR for
mortality. Second, the results are based on single
measurements of sex hormones, which do not allow
assessment of changes in levels over time; therefore,
they may overestimate or underestimate the association
between hormone levels and mortality. Third, we did
not measure estradiol levels in men, although it would
have been helpful to see whether the effects of testoster-
one on mortality are mediated by testosterone itself or
by aromatization to estradiol in older men. Finally,
active forms of testosterone such as bioavailable and
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Table 3 Hazard ratios for low tertile 1 vs tertiles 2-3 of plasma sex hormone levels for all-cause mortality in men

and women

Unadjusted

Model 1

Model 2

Men (n=117)

HR of low testosterone for mortality
Excluding first-year deaths (n = 108)
Excluding deaths from cancer (n=113)

Women (N = 97)

HR of low DHEA-S for mortality
Excluding first-year deaths (n = 95)
Excluding deaths from cancer (n = 92)

3.83 (1.74-8.40)**
3.81 (1.53-6.93)%#
4.18 (1.77-9.86)**

3.77 (1.77-8.07)%*
3.38 (1.55-7.37)%*
3.82 (1.69-8.60)**

3.71 (1.54-8.04)%*
3.49 (1.14-7.39)**
4.03 (1.70-9.58)**

3.86 (1.79-8.32)%*%
3.43 (1.56-9.54)**
3.55 (1.54-8.19)**

3.27 (1.24-12.91)*
3.08 (1.11-13.62)*
5.02 (1.51-15.41)*

4.42 (1.51-12.90)%
3.58 (1.12-11.46)*
3.92 (1.28-11.98)*

¥P < 0.05; **P < 0.01 vs reference group (tertile 2-3). Values are expressed as HR (95% CI). Model 1, adjusted for age; Model 2,
adjusted for age, nutritional parameters, functional parameters and prevalent disease. DHEA-S, dehydroepiandrosterone sulfate;

HR, hazards ratio.

calculated free testosterone were not measured, because
a direct assay of bioavailable testosterone or an assay of
sex hormone binding globulin, which is necessary for
free testosterone calculation, is not available in Japan.
However, because most of the above-mentioned previ-
ous reports have shown an association of total testoster-
one with mortality, the fundamental findings might not
have differed if active forms of testosterone had been
analyzed.

In conclusion, a low testosterone level in men and
a low DHEA-S level in women are associated with
increased mortality risk, independent of multiple
risk factors and several pre-existing health condi-
tions in disabled elderly. To our knowledge, the
present study is the first that showed testosterone
as a predictor of mortality in Asian men. Also, this
is the first study that investigated frail or disabled
older persons receiving care at facilities. Our results
imply the clinical importance of measuring plasma
androgen levels even in disabled elderly to estimate
their prognosis.
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CAim: We'eveluéted the relationships between serum levels of high-sensitivity C-reactive
protein (hsCRP) and interleukin (IL)-6 with the severity of leukoaraiosis.

Methods: One hundred and thirty-seven elderly women who attended the Center for

- Comprehensive Care on Memory Disorders at Kyorin University Hospital were enrolled in
‘this study. Leukoaraiosis was assessed by periventricular hyperintensity (PVH) score and
deep white: matter hypenntens1ty (DWMH) score.

Results: Serum Iog IL-6 level correlated with PVH and DWMH scores, but hsCRP did
not. By multinomial logistic analysis, [L-6 was 31gn1ﬁcantly related to DWMH score,

independent of age and systolic blood pressure.

Conclusion:

IL-6 is presumably an important marker of leukoaraiosis, as is the case with

silent cerebral infarction: Geriatr Gerontol Int 2011; 11: 328-332.

Keywords: interleukin-6, leukoaraiosis, white matter hyperintensity.

Introduction

Leukoaraiosis, an isointense lesion on Ti-weighted
images and hyperintense lesion on To-weighted images
of magnetic resonance imaging (MRI), is considered to
be a type of ischemic change in the brain on the basis
of decreased blood flow in the area of leukoaraiosis.!
In addition, leukoaraiosis is likely to have a relation-
ship with vascular risk factors such as hypertension
and diabetes.> On the other hand, the severity of leu-
koaraiosis also has a relationship with symptoms of
the geriatric syndromes such as dementia, gait distur-
bance and functional disability.>® Hence, leukoaraiosis
is regarded as a significant brain lesion linking vascular
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risk factors and the occurrence of geriatric syndromes.
Previous  research on - leukoaraiosis showed that
women tended to have more white matter lesions than
men,® and progression of deep white matter hyperin-~
tensity (DWMH) lesion was grater in women than
men.” Furthermore, Gouw efal. showed that leuko-
araiosis tended to develop greater in women than men
and lacunes were vice versa.® Recently, many studies
have  focused on the relationships between brain
ischemia and inflammation. Above all, Hoshi eral.
demonstrated that serum high-sensitivity C-reactive
protein (hsCRP) and interleukin (IL)-6 levels corre-
lated with silent brain infarction.” They suggested an
involvement of inflammation in cerebral infarction.
However, few studies have examined the relationships
between inflammatory markers and other cerebral
ischemic changes such as leukoaraiosis. Therefore, we
investigated whether serum levels of hsCRP and IL-6
have a relationship with leukoaraiosis in elderly
women.

© 2011 Japan Geriatrics Society
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Methods

Patienis

One hundred and thirty-seven women who attended the
Center for Comprehensive Care on Memory Disorders at
Kyorin University Hospital were included in this study.
This study was approved by the Ethics Committee of
Kyorin University School of Medicine. Accordingly,
written informed consent was obtained from all patients.

MRI

Magnetic resonance imaging (MRI) was performed
on 1.5-T scanners (Toshiba Medical Systems,
Tochigi, Japan). Ti-weighted images (repetition
time [TR] =496 msec, echo time [TE]=12 msec),
Ta-weighted images (TR = 4280 msec, TE = 105 msec)
and fluid attenuated inversion recovery-weighted
images (TR =8000 msec, TE =105 msec, 5 mm slice
thickness) were obtained in the axial planes.

Periventricular hyperintensity and DWMH Score

Leukoaraiosis was classified as periventricular hyperin-
tensity (PVH) adjacent to the lateral ventricle, and
DWMH located in the deep white matter apart from the
lateral ventricles. PVH was evaluated in six regions in
three slices. Each region was rated as five grades (0—4)
according to the systematic quantification method
developed by Junque ez al.? The sum of all grades in the
six regions was defined as the PVH score (range 0—40).*
DWMH was evaluated in the frontal, temporal, parietal
and occipital lobes and in the basal ganglia in both
hemispheres. Each lesion was rated as three grades
according to the diameter, as described by de Groot
etal’ The sum of all grades in five regions in both
hemispheres was defined as the DWMH score.*

Laboratory tests

Blood samples were obtained in the morning after an
overnight fast. Serum levels of hsCRP and IL-6 were
measured using nephelometry and enzyme-linked
immunosorbent assay, respectively. The intra-assay
coefficients of variation for the measurements of hsCRP
and IL-6 were 1.3% and 2.9%, respectively.

Statistical analysis

Because the distribution of hsCRP and IL-6 levels
appeared to be left-skewed, they were normalized by
logarithmic transformation. We used Spearman’s p to
investigate correlations between parameters and PVH
score or DWMH score. Also, to test independently the
effect of the inflammatory markers associated with the

© 2011 Japan Geriatrics Society

severity of leukoaraiosis, multinomial logistic regression
analysis was performed with the grade of PVH (tertiles
of PVH score) or DWMH (tertiles of DWMH score) as
the dependent variable; and hsCRP or IL-6, together
with age and systolic blood pressure (SBP) as indepen-
dent variables. P < 0.05 was considered statistically sig-
nificant. All data were analyzed using SPSS ver. 17.0.

Results

The characteristics of the study subjects are shown in
Table 1. They were non-obese normolipidemic elderly
persons, however, SBP was elevated. The distribution
of PVH score and DWMH score of these subjects
were 1-24 and 0-209, respectively. In Spearman’s cor-
relation coefficient, IL~-6 correlated with PVH score
(p=0.340, P<0.05) and DWMH score (p=0.299,
P<0.05) (Fig. 1), whereas hsCRP showed no relation
to PVH score or DWMH score (Table 2). PVH score
and DWMH score also correlated with age and SBP.
When log IL-6 and log hsCRP were grouped by tertile
(see legend to Fig. 2), it was found that the average
PVH score and DWMH score were higher in the
highest tertile of IL-6 level than in the lowest tertile
according to the Kruskal-Wallis test (Fig. 2a,b). On the
other hand, this increment was not found in hsCRP
(Fig. 2¢,d).

Because leukoaraiosis can be observed on MRI even
in normal elderly persons,' and hypertension is known
to be a risk factor for leukoaraiosis,’’ we performed
multinomial logistic regression analysis using PVH or
DWMH severity (tertiles of PVH and DWMH score) as
the dependent variable, and age, SBP and inflammatory

Table 1 Clinical characteristics of study subjects
(women, n =137)

Age (years) 767
BMI (kg/m?) 20.8+3.3
SBP (mmHg) 142 £ 26
DBP (mmHg) 80+ 14
PVH score (points) 8.2+4.0
DWMH score (points) 61.4£51.0
Total cholesterol (mmol/L) 5.38£0.91
HDL cholesterol (mmol/L) 1.50 £0.36
LDL cholesterol (mmol/L) 3.23 £0.65
Triglyceride (mmol/L) 1.08 £ 0.46
Log IL-6 (ng/L) 0.35 £0.46
2.58 £0.58

Log hsCRP (ug/L)

All parameters are expressed as mean * standard deviation.
IL-6 and CRP are shown as log transformed. BMI, body
mass index; DBP, diastolic blood pressure; DWMH, deep
white matter hyperintensity; HDL, high-density lipoprotein;
hsCRP, high-sensitivity C-reactive protein; IL~6,
interleukin-6; LDL, low-density lipoprotein; PVH,
periventricular hyperintensity; SBP, systolic blood pressure.
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Figure 1 Relations between periventricular hyperintensity (PVH) score and log interleukin (IL)-6 (left panel; p = 0.340,
P <0.05, n=137), and deep white matter hyperintensity (DWMH) score and log IL-6 (right panel; p = 0.299, P < 0.05, n = 137).

Table2 Spearman’s correlation coefficient between
leukoaraiosis and parameters

PVH score DWMH score

p P p P
Age 0.411 <0.001 0.271 0.002
BMI -0.156 0.085 -0.124 0.179
SBP 0.215 0.014 0.232  0.009
Total cholesterol ~0.128 0.192 -0.149 0.134
HDL cholesterol  —0.053 0.595 -0.205 0.041
LDL cholesterol  ~0.093 0.349 -0.025 0.802
Triglyceride -0.014 0.885 0.080 0.421
Smoke 0.337 0.005 0.443 0.000
Log IL-6 0.340 0.002 0.299 0.006
Log hsCRP -0.018 0.867 0.019 0.855

BMI, body mass index; DBP, diastolic blood pressure;
DWMH, deep white matter hyperintensity; HDL,
high-density lipoprotein; hsCRP, high-sensitivity C-reactive
protein; IL-6, interleukin-6; LDL, low~density lipoprotein;
PVH, periventricular hyperintensity; SBP, systolic blood
pressure.

markers as independent variables. As shown in Table 3,
it was confirmed that the level of IL-6 was significantly
associated with the progression of PVH grade (from
lowest to middle and middle to highest) and DWMH
score (from middle to highest). However, this trend was
not found in hsCRP.

Discussion

In this study, we showed relationships between IL-6
and PVH score and IL-6 and DWMH score. It is
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assumed that IL-6 has an association with cerebral
ischemic changes such as leukoaraiosis as well as
silent brain infarction.® Additionally, PVH and
DWMH were correlated with IL-6, but not with
hsCRP. With respect to this point, Schmidt et al. sug-
gested that CRP is a marker of active carotid athero-
sclerosis, but not of a small vessel disease-related brain
lesion.” On the other hand, it is envisaged that
elevated hsCRP levels generally reflect large vessel ath-
erosclerosis. Because leukoaraiosis is regarded as one
of the brain changes caused by small vessel disease,
our results support the idea of Schmidt et al.

Interleukin-6 is one of the principal acute-phase
reactants, playing a significant role in the activation of
the coagulation—fibrinolysis system. On the other
hand, leukoaraiosis has been associated with a hyper-
coagulable condition. Endothelium-derived adhesion
molecules have been reported to be elevated in
patients with great leukoaraiosis or lacunar infarcts.
Leukocyte-mediated injury of the small vessels and
ensuing upregulation of endothelial adhesion mol-
ecules are implicated in the pathogenesis of
leukoaraiosis.'®

The Rotterdam Scan Study showed that higher
hsCRP levels were associated with presence and pro-
gression of leukoaraiosis after adjustment for cardio-
vascular risk factors and carotid atherosclerosis.'
The subjects in the Rotterdam Scan Study were a
population-based cohort (n = 1033), while the subjects
in the present study were outpatients in the memory
clinic (n=137). In this respect, the difference in char-
acteristics and numbers of the subjects may have given
rise to the different results in terms of hsCRP in the
present study and the Rotterdam Scan Study.

© 2011 Japan Geriatrics Society
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Figure 2 Average of periventricular hyperintensity (PVH) score and deep white matter hyperintensity (DWMH) score by tertile
of interleukin (IL)-6 (a,b) and tertile of high-sensitivity C-reactive protein (hsCRP) (c,d). Log IL-6 tertile; lowest, <0.04 pg/mL,
n=255,73.4 %7 1years old (y/o); middle, 0.04-0.36 pg/mL, n = 38, 76.9 + 6.8 y/o; highest, 20.36 pg/mL, n =44, 79.5 £ 5.3 y/o.
Log hsCRP; lowest, <1.40 ng/mL, n=44, 73.9+7.0 y/o; middle, 1.40-2.73 ng/mL, n =46, 77.6 £ 7.1 y/o; highest, 22 73 ng/mL,

n=41,77.8£6.3 ylo.

In the Framingham Heart Study, no association was

- found between hsCRP and leukoaraiosis on MRL" In
the Cardiovascular Health Study, hsCRP level was
modestly associated with semi-quantified leukoaraiosis
volume, but the effect attenuated after excluding preva-
lent cerebrovascular and coronary disease cases.” In
addition, Wright et al. was not able to find an association
between hsCRP and leukoaraiosis volume.'® Together,
the relationships between leukoaraiosis and hsCRP
varied depending upon different reports. This may
come from the difference in study subjects and analyti-
cal methods. Further investigation is necessary to hold
more definite opinion about which inflammatory

© 2011 Japan Geriatrics Society

biomarker represents the presence and development of
leukoaraiosis.

Several lines of evidence suggest a relationship
between IL-6 and symptoms of the geriatric syndromes,
unique features of common health problems associated
with poor morbidity in elderly people, such as demen-
tia,'” functional disability'® and frailty.”” On the other
hand, the severity of leukoaraiosis also has a relation-
ship with symptoms of geriatric syndromes such as
dementia, falls, gait disturbance and functional
disability.>® Therefore, IL-6 may be an important
biomarker linking the severity of leukoaraiosis to
the geriatric syndromes. Because the present study is
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Table 3 Associations between inflammation markers and the severity of leukoaraiosis according to tertiles (PVH
score or DWMH score) adjusting for age and systolic blood pressure (logistic regression analysis)

Log hsCRP, ug/L
Odds ratio (95% CI)

Log IL-6, ng/L.
Odds ratio (95% CI)

PVH grade (tertiles)
Lowest to middle
Middle to highest

DWMH grade (tertiles)
Lowest to middle
Middle to highest

1.84 (0.78-4.31)
0.39 (0.12-1.32)

0.81 (0.333-1.99)
1.25 (0.48-3.29)

5.80 (1.43-23.60)
4.39 (1.02-18.83)

3.18 (0.78-12.95)
7.85 (1.69-36.38)

Grade of leukoaraiosis according to tertiles of PVH score or DWMH score. CI, confidence interval; DWMH, deep white matter
hyperintensity; [L-6, interleukin-6; hsCRP, high-sensitivity C-reactive protein; PVH, periventricular hyperintensity.

cross-sectional, a longitudinal study would corroborate
the associations of IL-6 with leukoaraiosis, and IL-6
with the geriatric syndromes.

In conclusion, we demonstrated that IL-6 level is
significantly associated with the severity of PVH and
DWMH lesions. The results of the present study,
together with the previous studies, suggest thatIL-6 isan
important marker of the progression of cerebral ischemic
disease, linking to the presence of geriatric syndromes.
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Aim: - To investigate the association of fall risk with comorbidities and medications in
geriatric outpatients in a cross-sectional design.

Methods: A total of 262 outpatients (84 men and 178 women, mean age 76.2 + 6.8 years)

‘were evaluated. Physical examination, clinical histories and medication profile were
obtained from each patient. History of falls in the past year, 22-item fall risk index,
13-point snnple screening test for fall, and time interval of one~Ieg standing test were
exarmned as markers of fall risk. ~

Results: On univariate ‘analysis, older age, female sex, hypertension, 0steoporosis,

history of stroke, number of comorbidities, use of antihypertensives, aspirin, bisphospho-
nates, hypnotics and number of prescrlbed drugs were significantly associated with either
of four indices. On multiple regression analysis, the number of drugs was associated with
all of the four indices, independent of other factors associated in the univariate analysis.
The association of number of drugs with fall risk indices was stepwise.

Conclusion: In geriatric outpatients, polypharmacy rather than number of comorbidities
was associated with fall risk. Prospective and intervention studies are needed to clarify the
causal relationship between polypharmacy, comorbidities and fall I‘lSk Geriatr Gerontol
Int 2011 11: 438-444.

KeyWords; elderly, fall, polypharmacy, risk factors.

sufficiently assessed medical comorbidities and thera-
peutic drugs as risk factors of falls, although many
elderly subjects have chronic illness such as hyperten-
sion, diabetes, cardiovascular diseases, osteoporosis and
insomnia. Falls in patients, on medications are more
complicated, because some drugs such as aspirin could
cause ‘serious bleeding when they have injurious falls,

Introduction

Falls occur in more than 10% per year of community-
dwelling elderly people,”® and approximately 10% of
falls lead to bone fracture. Also, falls are reported to be
the third leading cause of a bedridden state among the
elderly.* Previous studies assessed the risk factors of falls

in community~dwelling elderly,*” and history of falls,
physical ability and living environment were found to be
predictors of fall risk. However, these studies have not
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and others such as antihypertensives® and hypoglycemic
agents®'® could cause falls. Therefore, it is important to
evaluate the association between fall risk and medical
comorbidities or therapeutic drugs. Multiple drug use
or polypharmacy is frequently seen in elderly patients
because most of them have multiple chronic diseases
to be treated. Moreover, inappropriate drug use is fre-
quently seen in patients with polypharmacy.

In Japan, a 22-item fall risk index questionnaire cov-
ering physical, cognitive, emotional and social aspects of

© 2011 Japan Geriatrics Society
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functioning and environmental factors was established.’
Also, by evaluating the validity of this questionnaire
in community-dwelling older people, a simple screening
test consisting of five items and total of 13 points was
constructed.> Using these questionnaires and one-leg
standing test'” as indices of fall risk, we investigated
the association of fall risk with comorbidities and
medications in geriatric outpatients.

Methods

Patienis

A total of 262 consecutive outpatients aged 65 years or
older were enrolled who were referred for the treatment of
chronic diseases such as hypertension, dyslipidemia, dia~
betes and osteoporosis every 2-4 weeks at a geriatric clinic
located in Tokyo, Japan. All the patients were able to walk
independently and were in stable conditions. Patients
who had acute illness or overt dementia were excluded.
Anthropometric and medical information were obtained
including past history of stroke, myocardial infarction and
malignancy. All the medical information including diag-
noses and the prescribed drugs were obtained from the

Table1 Characteristics of study subjects

medical chart recorded by their physicians in charge.
The patients whose prescriptions were changed within
1 month before enrollment were excluded. Accordingly,
the included subjects had been taking the same drugs for
at least 1 month before enrollment.

Ethical consideration

This study was approved by the Institutional Review
Board of the Research Institute of Aging Science. We
obtained written consent from all participants and/or
their guardians.

Four indices of fall tendency

On the day of the enrollment, all patients were exam-
ined for four indices to investigate the fall risk: (i) history
of fall in the past year (no or yes); (i) a 22-item portable
fall risk index questionnaire developed by the working
group of the Ministry of Health, Labor and Welfare
(see AppendixI);” (iii) 13-point simple screening test
to assess the risk of fall which was also developed by
the same working group (see Appendix II);? and
(iv) duration time of open-eye one-leg standing test.

Age 76.2 £ 6.8 years old
Male 32.1% (n=84) 75.3 £ 6.6 years old
Female 67.9% (n=178) 76.6 + 6.8 years old
Comorbidities

Hypertension 64.1% (n=168)

Dyslipidemia 47.7% (n=125)

Diabetes 18.7% (n=49)

Osteoporosis 24.0% (n=63)

History of stroke 6.5% (n=17)

History of myocardial infarction 3.4% (n=29)

History of cancer 5.3% (n=14)

Number of comorbidities 1.90 £ 1.09
Drug use

Antihypertensive use 57.6% (n=151)
Calcium channel blockers 39.3% (n=103)

Angiotensin-II receptors blockers 34.7% (n=91)

Beta-blocker 6.9% (n=18)

Angiotensin converting enzyme inhibitors 5.7% (n=15)

Diuretics 5.0% (n=13)

Statins 24.4% (n=64)

Sulfonylureas 6.5% (n=17)

Aspirin 20.6% (n=54)

Vitamin D 4.6% (n=12)

Bisphosphonates 6.5% (n=17)

H,-blockers 9.9% (n=26)

Proton pump inhibitors 6.5% (n=17)

Hypnotics 18.3% (n=48)

Number of drugs 3.4%28

Values are expressed as mean * standard deviation.
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Experience of falls in the past year is an established and
powerful tool for assessing fall risk,? and was reported
by the patient and/or his or her family members. Dura-
tion time of one-leg standing test, which can be carried
out in a narrow limited space of the outpatient office,
was measured using the leg with the eyes open, until the
raised leg was put down on the floor. We examined both
right and left legs once for each, and the longer of the
two measurements was used for statistical analysis.'

Data analysis and statistical methods

Values are expressed as means * standard deviation. In
order to analyze the relationship between each fall risk
index and comorbidities or drugs, variables were com-
pared using Student’s t-test or the y*~test as appropriate.
The correlations between the two continuous variables
were analyzed using Pearson’s r coefficient. In multi-
variate analysis, logistic regression analysis was per-~
formed for history of falls and multiple regression
analysis for the remaining three indices, to determine
the association of fall risk with the variables. Differences
between the groups of number of drugs and three
indices of fall tendency were analyzed using one-factor

ANOVA followed by Tukey—Kramer test. Data were ana-
lyzed using JMP version 8.0.1.

Results

The characteristics of the study subjects are shown in
Table 1. Calcium channel blockers, angiotensin-II receptor
blockers (ARB), statins and aspirins were prescribed in
more than 20% of all the patients. Calcium channel block-
ers prescribed in this study were all long-acting agents, and
aspirin dosage prescribed were all 100 mg. Less than 10
patients received insulin therapy, took non-steroidal anti-
inflammatory drugs or anticoagulants. No patients were
taking neuroleptics, nor antiparkinsonian drugs. Patients
prescribed five drugs or more were 36.3%.

On univariate analyses, the number of drugs was the
only factor which was significantly associated with history
of falls in the past year (nofyes 3.2 +2.6/4.0 3.1 drugs,
P <0.05). Older age, female, hypertension, osteoporosis,
history of stroke, the number of comorbidities, use of
ARB, aspirin, bisphosphonates, hypnotics and number of
prescribed drugs were significantly associated with either
one of three indices of fall risk (Table 2). Number of drugs
was significantly correlated with three scores excluding the

Table 2 Univariate analysis of association between risk factor variables and three fall indices: fall-predicting

score, simple screening test, one-leg standing test
o

Simple screening
test (points)

One-leg standing
test (seconds)

Fall risk
index (points)
Age 0.23%##
Female No/Yes  7.0+3.1/8.4 +4.0%*
Hypertension No/Yes  7.2+3.6/8.4+£3.8%
Osteoporosis No/Yes  7.6+3.7/8.9 £ 4.0%
History of stroke No/Yes  7.8+3.7/9.7+4.1%
Number of comorbidies 0.27%%%
Antihypertensives
No/Yes 7.3 £3.6/8.5 +3.8%
Angiotensin-II receptor
blockers
NofYes  7.6+3.7/8.77+3.8%
Calcium channel
blockers
No/Yes  7.6+3.7/8.5+3.7
Aspirin No/Yes  7.7+3.8/8.9+3.8%
Bisphosphonates No/Yes  7.8+£3.8/9.9+2.5%
Hypnotics No/Yes 7.6 +3.6/9.7 £ 4.1%%%

Number of drugs

0.30%#%t

.23 %%

3.8 £3.3/4.7 £ 3.6%
3.7 £3.3/4.8 £ 3.5%
43+3.6/4.8+3.1
4.3+3.4/5.6+4.1
0.17%

3.7 £ 3.3/4.9 £ 3.5%

3.9+ 3.4/5.2 £3.5%%

41+3.5/48+3.5
41+3.5/5.5+3.7%
43+3.5/6.5+2.7%
42+3.6/52+3.1
02755t

—0.46%F%

19.7 £11.7/16.2 £ 11.7*
18.9+£11.1/716.2£12.1
179+ 11.7/15.6 £ 11.9
17.9 £ 11.8/8.5 + 8.7%*%
—0.24%%%

18.8 £11.4/15.9+12.0

17.6 £11.5/16.3 £12.2

18.8+11.6/14.3 + 11.6%*
18.0+11.8/13.5+ 11.5% -
17.3+11.8/14.9+11.7
17.6 £11.9/15.2 £ 11.3
-0.35%#%

#P < 0.05; ¥*P < 0.005; *##P < 0.0005, compared to “No” by simple Student’s #-test. For age, number of comorbidities and
number of drugs, Pearson’s correlation coefficient between each indices of fall tendency are shown. *For analysis of number
of drugs, a questionnaire asking “whether taking five or more drugs” were excluded for analysis. Therefore, fall risk index was
analyzed by a total of 21 items, and a simple screening test by a total of 11 points. For other risk factor variables shown in the
table, mean * standard deviations are expressed. Other risk factor variables not shown in this table showed no statistically
significant relationship with either one of three indices.
[Table 2 amended after online publication date September 27, 2011]
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