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Abstract Introduction: Precision medicine methodologies and approaches have advanced our understanding
of the clinical presentation, development, progression, and management of Alzheimer’s disease (AD)
dementia. However, sex and gender have not yet been adequately integrated into many of these ap-
proaches.
Methods: The Society for Women’s Health Research Interdisciplinary Network on AD, comprised
of an expert panel of scientists and clinicians, reviewed ongoing and published research related to sex
and gender differences in AD.
Results: The current review is a result of this Network’s efforts and aims to: (1) highlight the current
state-of-the-science in the AD field on sex and gender differences; (2) address knowledge gaps in as-
sessing sex and gender differences; and (3) discuss 12 priority areas that merit further research.
Discussion: The exclusion of sex and gender has impeded faster advancement in the detection, treat-
ment, and care of AD across the clinical spectrum. Greater attention to these differences will improve
outcomes for both sexes.
� 2018 the Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.
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1. Introduction

Alzheimer’s disease (AD) is a progressive neurodegener-
ative disease that causes memory loss, cognitive deficits, and
behavioral changes. More than 5.5 million Americans,
including an estimated 5.3 million people aged 65 years
and older, are currently living with AD dementia; approxi-
mately two-thirds of whom are women. AD dementia is
the fifth leading cause of death in the United States in women
and the eighth leading cause of death in men [1]. The eco-
nomic impact of AD is significant, costing an estimated
$259 billion for the US health-care system in 2017. By
2050, AD is projected to cost more than $1.1 trillion dollars
with fourfold increases both in government spending under
Medicare and Medicaid and in out-of-pocket spending [1].

The hallmark characteristics of AD include the presence
of extracellular senile plaques comprised of amyloid-b (Ab)
protein, intracellular neurofibrillary tangles (NFTs) made up
of abnormally phosphorylated tau protein, and neurodegen-
eration [2]. Although AD neuropathology has been well
defined, the underlying cause or causes of the disease remain
debatable. Several theories have been suggested [3],
including genetic susceptibility, the amyloid hypothesis,
accelerated aging, the cholinergic hypothesis, neuroinflam-
mation and immune dysregulation, neurovascular dysfunc-
tion, the mitochondrial cascade hypothesis, synaptic
dysfunction, and environmental risk factors. There is consid-
erable heterogeneity in AD pathology, the clinical presenta-
tion, and disease progression. Therefore, it is most likely that
multiple pathways are involved and that the specific path-
ways affected differ across individuals.

Over the last decade, precision medicine methodologies
and approaches have advanced our understanding of the
pathophysiological changes involved in the development
and progression of AD dementia and can inform the devel-
opment of targeted interventions. However, sex and gender
have not yet been integrated into precision medicine ap-
proaches. The exclusion of these factors has impeded faster
advancement in the detection and treatment of AD. Such ad-
vances are a key to optimize health-care utilization and the
high costs associated with AD care.

Sex, in medical research, refers to biological and physio-
logical differences between women and men, with sex chro-
mosomes (XX vs. XY) and gonadal hormones primarily
contributing to these differences at the cellular, organ, and
systems level. Gender refers to a combination of environ-
mental, social, and cultural influences on the biological fac-
tors in women and men. Gender is rooted in biology and
shaped by environment and experience [4]. There is growing
evidence to support that both sex and gender affect the etiol-
ogy, presentation, and treatment outcomes of many diseases.
Although, tremendous strides have been made in AD
research over the past several years, limited attention has
been given to sex and gender differences in AD, leading to
significant knowledge gaps in research and a lack of aware-
ness among the research community on sex and gender dif-

ferences in AD [5]. To maximize the development of current
and future treatments and interventions across the AD spec-
trum, sex and gender differences in ADmust be better under-
stood and measured [6–8]. By this, we mean that studies of
female/male differences in AD should focus not only on
biological sex but also on gender differences in factors
such as education, caregiving, and other gender roles, as
well as mental health factors where both biological and
social factors contribute to female/male differences.

Building on this background, the Society for Women’s
Health Research Interdisciplinary Network on Alzheimer’s
Disease, comprised of an expert panel of scientists and clini-
cians (Table 1), convened to review ongoing research and
published literature related to sex and gender differences
in AD to identify areas of need for future research. The
aims of this review are to: (1) highlight the current state of
the science in the AD field on sex and gender differences;
(2) address knowledge gaps in assessing sex and gender dif-
ferences in AD; and (3) discuss priority areas with respect to
sex and gender differences that merit further exploration.
While we understand that basic science is critical in contrib-
uting to our understanding of mechanisms underlying sex
differences in AD and warrants continued attention, this re-
view focuses explicitly on clinical research. The intent of the
review is not to serve as a systematic review of the entire
literature on sex and gender differences in AD, but rather
to demonstrate that numerous clinical research studies point
to the importance of considering biological sex and gender
when examining the epidemiology, clinical presentation,
clinical course, and neurobiological manifestations of the
disease. We also briefly describe the importance of recog-
nizing caregiving as a role of the female gender that leads
to women taking on a greater burden of the societal costs
of AD. The overarching goal of the manuscript is to direct
attention to this literature as justification for the importance
of explicitly examining the effects of sex and gender in
studies of AD, to understand the factors that contribute to in-
consistencies in some areas of research, and to determine the
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Society for Women’s Health Research Interdisciplinary Network on

Alzheimer’s Disease members and their affiliations

Pauline M. Maki, PhD, Network Chair, Professor, Psychology and

Psychiatry, University of Illinois at Chicago

Michelle M. Mielke, PhD, Network Co-Chair, Professor, Health Sciences

Research, Division of Epidemiology, and Professor of Neurology, Mayo

Clinic

Neelum T. Aggarwal, MD, Associate Professor, Neurological Sciences,

Rush University Medical Center

Lisa L. Barnes, PhD, Professor Behavioral Sciences, Neurological Sciences,

Rush University Medical Center

Jill M. Goldstein, PhD, Professor, Psychiatry and Medicine, Harvard

Medical School and Massachusetts General Hospital

Kejal Kantarci, MD, MS, Professor, Radiology, Mayo Clinic

Elizabeth C. Mormino, PhD, Assistant Professor, Neurology &

Neurological Sciences, Stanford University

Wai Haung Yu, PhD, Assistant Professor, Pathology & Cell Biology,

Columbia University
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