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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 Ouchil

'Department of Geriatric Medicine, Graduate School of Medicine, The University of Tokyo, and
*Department 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 excluding 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), respectively. Mortality 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 dehydroepiandrosterone sulfate (DHEA-S) tertile
was associated with higher mortality risk in women (multivariate adjusted HR = 4.42, 95%
CI=1.51-12.90). Exclusion of deaths during the first year and cancer deaths had minimal
effects on these results. DHEA-S level in men and testosterone and estradiol 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 2010; 10: ee—ee.

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

Introduction

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

It is well established that endogenous androgens
decline with advancing age in men.’ Because testoster-
one has important physiological effects on muscle,
bone, brain, erythropoietin and the vascular system,
decreased testosterone levels could contribute to age-
associated symptoms and diseases in older men, such as
decreased muscle mass and strength,® impaired physi-
cal performance,''* osteoporosis’® and fractures,!'
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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-
ciated 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), may
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

2 |

70-96 years and 97 women aged 70-95 years; mean
t standard deviation [SD] age, 83 + 6 and 83+ S 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 Mahoroba-
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 (0.2nmol/L) and 4 pg/mL (14.7 pmol/L),
respectively. DHEA-S was assayed using a sensitive
radioimmunoassay with a minimum detection limit
of 2.0pg/dL (0.05 pmol/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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