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Is Research on Hormones and Aging Finished? No! Just Started!
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Levels of many hormones differ between older and younger persons. This has led to a
popular hypothesis that these testing differences are “abnormal” in older people and
therefore should be corrected (1-5). Beyond the research community, prescriptions of
anabolic hormones such as growth hormone and testosterone have skyrocketed. However,
whether these endocrine changes represent “normal aging” or progressive glandular disease,
and whether there would be benefit to their correction is currently unresolved.

The replacement paradigm whereby a single hormonal deficiency is detected in an older
person and replaced to the physiologic level of a younger adult has been attempted (Figure
1A) and has been largely disappointing. Notable examples include estrogen replacement in
postmenopausal women, testosterone replacement in older men, and growth hormone (GH)
and dehydroepiandrosterone (DHEA) replacement in both sexes (6—12). Explanations
proposed for these disappointing results include the timing of the onset of replacement with
respect to the onset of the deficiency and the need to select the right target population, based
on symptoms and degree of deficiency. New trials are planned or in place that will address
some of these issues (10,13).

Or, is the single hormone replacement paradigm the wrong approach altogether?

Individual hormones do not operate independently of each other. Rather, one hormonal
problem may trigger the onset of another. In a younger person, correction of the original
hormonal problem may correct both, such as resolution of hypogonadism after cure of
Cushing’s syndrome. In an older person, this simplistic approach is less likely to be
successful for several reasons. First, the abnormalities are subtle, progressive, and not
clinically discernable from the effects of nonendocrine comorbidities. Second, in the
absence of overt glandular dysfunction, the inciting hormonal problem may not be apparent.
Finally, the interdependence of hormones can lead to a synergistic effect, creating a vicious
cycle where intervention on a single hormone has a negligible effect.

This paradigm suggests that researchers should be examining multiple hormonal axes
simultaneously (Figure 1B). From the viewpoint of the gerontologist, this has great appeal,
as it suggests a commonality in depletion of homeostatic reserves. Homeostasis is a
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fundamental mechanism for survival. To achieve and sustain homeostasis, multiple pathways
within and across organ systems must interact to defend against external stressors and
maintain functional integrity. The age-related decline in complexity of signaling networks,
loss of redundancy, and depletion of functional reserves results in inefficiency in
maintenance of homeostasis and clinical frailty (14). A key feature of homeostasis is the
interrelatedness of systems, which is a departure from the one disease/one organ system
approach. We believe that this is particularly applicable to the hormonal paradigm, since
hormones circulate in the bloodstream to target receptors throughout the body, resulting in
multisystemic effects.

Complementary or synergistic effects between hormonal axes are supported by three
different studies of older men. Morley and colleagues in a cross-sectional study of 56
exceptionally healthy men found that bioavailable testosterone, dehydroepiandrosterone-
sulfate (DHEAS), and insulin-like growth factor-1 (IGF-1)/GH were each associated with
functional variables, though with distinctive patterns of association for the androgens
compared to the GH-IGF-1 axis (15). Recent analyses from the INCHIANTI population
showed that multiple hormonal deficiencies (lower levels of bioavailable testosterone,
DHEAS and IGF-1), when considered in aggregate, were a strong and independent predictor
of mortality, whereas deficiency in any of these hormones alone was not (16). Similar
findings were presented in the report by Jankowska and colleagues, showing that, in men
affected by chronic heart failure, deficiency of more than one anabolic hormone identified
subgroups with a higher mortality (17).

The endocrine system and its network of hormonal pathways is one network that itself
operates as part of a much broader network. This paradigm could also be further expanded to
include additional networks outside the endocrine system, most notably inflammation,
which can affect and be affected by multiple hormones (18-20). An example of this is the
synergistic effect of the combination of low IGF-1 and high interleukin-6 (1L-6) levels in
predicting progressive disability and death in older women (21).

The therapeutic implications of the paradigm of multiple hormonal dysregulation are
unclear. Are there benefits to the compensatory responses? Perhaps a new steady state has
been entered, albeit at a higher energetic cost. Or, are the cumulative effects across
endocrine axes disadvantageous? We propose that a broader approach that extends beyond
the “one deficiency, one replacement” model and into an integrated approach to multiple
hormonal dysregulation is required to move research in the endocrinology of aging forward.
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Figurel.
A) The one deficiency/one therapy model. In this model, one hormonal deficiency occurs

that is beyond the expected age-associated decline, followed by correction of the hormonal
deficiency by hormone replacement. This model has been largely disappointing to date. B)
The multisystem decline model. In this model, deficiencies are occurring in multiple
hormones at once, beyond the expected age-associated decline, with interactive effects
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between hormones. There are residual physiologic effects not addressed by correction of a
single deficiency.
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