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Viewpoint
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Alzheimer’s disease is an insidious ailment. It is the only top-10 deadly
disease in the United States without an effective treatment or cure and one
of the most financially burdensome diseases on American families and the
broader healthcare system. There are unfortunately many “on-ramps” to
Alzheimer’s disease. Many ways individuals are susceptible to developing
the disease with some of these starting as early as 10 to 20 years before
symptoms present themselves [1].

The problem, of course, is that there are no “off-ramps”, at least not yet.
Scientists, clinicians, and researchers are increasingly investigating the
Alzheimer’s “interstate system”—where the on-ramps are, when they’re
open, and how likely someone is to take them based on a variety of
physiological and behavioral factors.

Belying this approach is a tacit acknowledgment that individuals are
different. This is not a radical idea, yet the field of scientific research has
struggled to acknowledge this basic fact, especially when it comes to
differences in chromosomal sex-based physiology. That can be hard to
believe, considering what we know about how the pathologies of so many
diseases manifest themselves differently in men versus women.

For example, it is a point of recurring surprise and consternation to
those unfamiliar with the field of medical research that, until 1993, most
testing done in clinical trials was conducted exclusively on men. And it
wasn’t until as recently as 2016 that the National Institutes of Health (NIH)
mandated that female mice also be used in animal research funded by the
U.S. government. Thankfully, remedies to these past blind spots are
emerging in clinical trials and other research across a variety of
therapeutic areas and disease states.

Alzheimer’s presents a highly relevant example of why this matters.
Despite the fact that nearly two-thirds of the 5.8 million individuals living with
Alzheimer’s disease in the United States are women, and that women are
twice as likely as men to be diagnosed with the disease (and not simply
because they live longer on average), animal studies on neurodegenerative
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diseases that use only males outnumber those that include females at a
rate of 5.5 to 1 [2].

Simply put, from a scientific perspective, outcomes of single-sex
analyses are relevant to that sex. From a translational perspective, the
clinical relevance is substantially narrowed.

In fact, when it comes to Alzheimer’s research, a growing focus on sex-
and gender-based differences is revealing substantive, innovative
breakthroughs in how we understand Alzheimer’s disease pathology and
its separate effects on the female and male brains. Closing the gap on
Alzheimer’s research in the female brain and physiology will accelerate
interventions and treatments for more than 60 percent of people living
with the disease [3]. Further, outcomes of research of the female
Alzheimer’s brain will enable a comparative analysis of differences and
commonalities of the disease that would inform a precision medicine
therapeutic approach.

In Alzheimer’s disease pathology, chromosomal sex as a highly relevant
variable is evident in the identification of Alzheimer’s on-ramps. One such
on-ramp is decline in the brain’s energy system. Our research has shown
in both basic and clinical research that mid-life endocrine aging in females
(perimenopause to menopause) is associated with decline in ability of the
brain to use glucose as its primary fuel, critical to generating ATP to drive
the energy demands of the brain [4]. This transition in both endocrine
function and brain glucose metabolism is unique to females and does not
appear in the male brain at this age [4].

Another driver of Alzheimer’s disease in women during this midlife
aging transition is elevated inflammation and immune system responses.
Functional shifts in both the metabolic and immune systems of the female
brain may be prevented by promising, but not proven, estrogen therapy
delivered during the early stages of the endocrine aging phase [5]. While
potentially effective for females, estrogen therapy is not appropriate for
males [6]. In contrast, androgen therapy in males might be an appropriate
therapy should men exhibit comparable symptoms [7], but certain side-
effect profiles for both estrogen and androgen therapy may make these
approaches prohibitive for some patients.

Differences in endocrine therapy for women and men are well
accepted at this point [8], but they serve as an illustrative example of sex-
based therapy which could be instructive when considering other
therapeutic interventions to prevent and treat Alzheimer’s. The same is
true for differences which may exist between the sexes within what is
called the “brain-gut axis” [9].

Going forward, it is critical to investigate sex-differences in the
connection between and trajectories of aging and risk of Alzheimer’s.
While having common pathological hallmarks, it is likely that Alzheimer’s
will have different “on-ramps” which could require different “off-ramp”
therapies. Alzheimer’s research that embraces both the differences and
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commonalities across sexes will advance and accelerate prevention and
treatment for this devastating disease.

The future of medicine is in tailored treatments that will address
individuals and not a mathematical average in a spreadsheet. For
Alzheimer’s, that means precision in determining etiology and effective
treatments.

I’s time to ramp-up efforts to embrace a fundamental pillar for
preventing and curing Alzheimer’s disease: precision medicine starts with
sex-based differences. The paradox of precision medicine is that in deeply
investigating the physiology and impact of a disease on a single sex, we get
ever closer to understanding paths forward in treatment and intervention
that work for both men and women.

Inquiries into the specific physiology of the female brain could one day
yield promising results that could be used to treat both women and men
for Alzheimer’s disease. Of course, as women remain two-thirds of all
Americans living with Alzheimer’s disease, a therapy that is even effective
primarily in women would make immense strides in reducing the medical,
financial, and emotional toll Alzheimer’s exacts on American families.
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