
INTRODUCTION

Sleep is an essential physiological phenomenon character-
ized by changes in various physiological functions, including 
brain activity, respiration, and heart rate. Sleep plays a vital 
role in the functioning of the brain by forming new pathways 
and processing information. Many studies have shown that 
enough sleep helps to improve memory and learning, increase 
attention and creativity, and assist decision making (Krueger 
et al., 2016). 

The amount of sleep a person needs varies, but adults need 
an average of seven hours and thirty minutes of sleep per day. 
Older people require more sleep. Sleep consists of two states 
that are known as rapid eye movement (REM) sleep and non-
rapid eye movement (NREM) sleep. REM is good for memory 
retention. When in REM, the brain takes information from 
the short-term memory and transfers it to long-term memory. 
NREM includes all sleep stages other than REM and is also 
called atmospheric sleep. Unlike REM sleep, there is usually 
little or no eye movement. NREM sleep can be broken down 

into four stages: stage 1, stage 2, stage 3, and stage 4, and 
growth hormone production and cell recovery begin (Susic, 
2007). 

When sleep is insufficient, or sleep quality is poor, this can 
have various adverse effects on the musculoskeletal system, 
heart, lungs, and even emotions. This can harm a person’s 
health. Sleep disorders have a high prevalence, affecting 25 
to 30% of the population. They are known to cause poor qual-
ity of life due not only to secondary physical illnesses but also 
from psychological stress caused by the sleep disorder (Kiley 
et al., 2019). Indeed, inadequate sleep has been widely ac-
knowledged to be a risk factor for obesity, diabetes, heart dis-
ease, and dementia (Xie et al., 2017). Dementia is a condition 
associated with a significant decrease in cognitive abilities, 
including memory deficits, sudden mood changes, problems 
with normal communication and reasoning. There is increas-
ing research on the close relationship between sleep disor-
ders and cognitive decline, but further investigation is needed 
(Guarnieri, 2019).

Scientific studies have long focused on one gender, with 
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Sleep is an essential physiological process, especially for proper brain function through the formation of new pathways and 
processing information and cognition. Therefore, when sleep is insufficient, this can result in pathophysiologic conditions. Sleep 
deficiency is a risk factor for various conditions, including dementia, diabetes, and obesity. Recent studies have shown that there 
are differences in the prevalence of sleep disorders between genders. Insomnia, the most common type of sleep disorder, has 
been reported to have a higher incidence in females than in males. However, sex/gender differences in other sleep disorder sub-
types are not thoroughly understood. Currently, increasing evidence suggests that gender issues should be considered important 
when prescribing medicine. Therefore, an investigation of the gender-dependent differences in sleep disorders is required. In this 
review, we first describe sex/gender differences not only in the prevalence of sleep disorders by category but in the efficacy of 
sleep medications. In addition, we summarize sex/gender differences in the impact of sleep disorders on incident dementia. This 
may help understand gender-dependent pathogenesis of sleep disorders and develop therapeutic strategies in men and women.

Key Words: Sleep disorder, Therapeutics, Sex/gender differences, Dementia risk factor

Abstract

Review
Biomol  Ther 28(1), 58-73 (2020)

*Corresponding Author
E-mail: yisjung@ajou.ac.kr
Tel: +82-31-219-3501, Fax: +82-31-219-3435

Received Nov 15, 2019  Revised Nov 22, 2019  Accepted Nov 26, 2019
Published Online Dec 16, 2019

Copyright © 2020 The Korean Society of Applied Pharmacology

https://doi.org/10.4062/biomolther.2019.192Open  Access

This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licens-
es/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the original work is properly cited.

www.biomolther.org  

Impact of Sleep Disorder as a Risk Factor for Dementia in Men and 
Women

Hye Jin Jee1,2, Wonseok Shin1, Ho Joong Jung1, Baekgyu Kim3, Bo Kyung Lee1 and Yi-Sook Jung1,2,3,*
1College of Pharmacy, Ajou University, Suwon 16499,  
2Research Institute of Pharmaceutical Sciences and Technology, Ajou University, Suwon 16499,  
3Graduate School of Global Pharmaceutical Industry and Clinical Pharmacy, Ajou University, Suwon 16499, Republic of Korea

mailto:yisjung@ajou.ac.kr
http://crossmark.crossref.org/dialog/?doi=10.4062/biomolther.2019.192&domain=pdf&date_stamp=2019-12-24


www.biomolther.org

Jee et al.   Sex Differences in Sleep Disorder as a Dementia Risk Factor

59

the assumption that studies of one gender would lead to simi-
lar results. However, lots of conditions display sex/gender dif-
ferences in terms of their prevalence and pathogenesis. The 
gender of patients has shown to affect the risk of getting par-
ticular conditions as well as the patient’s prognosis (Golden 
and Voskuhl, 2017).

Additionally, sex/gender differences in the pharmacokinet-
ics of medicines can also affect the efficacy and side effects 
of certain drugs (Tannenbaum et al., 2016). Moreover, for the 
concept of personalized medicine, the investigation of sex/
gender differences is likely to be critical in developing thera-
peutic strategies for various conditions (Kim et al., 2018). 
Increasing evidence indicates that gender factors can affect 
the pathogenesis of conditions, including sleep disorders and 
dementia. According to recent studies, insomnia, the most 
common type of sleep disorder, has a higher prevalence in fe-
males than in males (Morphy et al., 2007; Aurora et al., 2010).
However, sex/gender differences in other sleep disorders are 
not thoroughly understood. This review includes a description 
of the sex/gender differences that exist in the prevalence of 
sleep disorder subtypes and hypnotic therapeutics. This arti-
cle further reviews sex/gender differences in seven categories 
of sleep disorders as a potential risk factor for incident demen-
tia. This includes all-cause dementia and subtypes, such as 
Alzheimer’s dementia (AD) and vascular dementia (VD).

SEX/GENDER DIFFERENCES IN THE PREVALENCE 
OF SLEEP DISORDER SUBTYPES

The International Classification of Sleep Disorders identi-
fies seven major categories of sleep disorders. These include 
insomnia, sleep-related breathing disorders, central disorders 
of hypersomnolence, circadian rhythm sleep-wake disorders, 
sleep-related movement disorders, and parasomnias. The 
sex/gender differences in the prevalence of sleep disorders 
have been summarize in Table 1.

Insomnia
Insomnia is defined as difficulty in starting sleep, maintain-

ing sleep, and waking up early in the morning. Before diag-
nosing insomnia, sleep disorders that significantly disrupt 
daily functioning are important factors to consider. Primary in-
somnia is a symptom of sleep deprivation, not due to medical, 
mental or environmental causes. The main symptom is having 
trouble sleeping or not recovering from starting or maintaining 
sleep for more than a month (Hung et al., 2018). Insomnia ac-
counts for between 30 to 35% of all sleep-related conditions. 
The frequency of severe or chronic insomnia is between 10 to 
15% (Buysse, 2013). 

Regarding the sex/gender differences in the prevalence 
of insomnia, many studies have reported that insomnia oc-
curs more frequently in women (Morphy et al., 2007). Insom-
nia diagnoses are twice in women than in men in the United 
States of America. Postmenopausal conditions are associated 
with increased sleep problems, but not with sleep or fatigue 
(Phillips and Mannino, 2005). Insomnia symptoms on more 
than two nights a week were reported in 27.6% of the sample 
(30.5% in women, 24.5% in men, p<0.001). In the case of 
chronic insomnia, the incidence was 9.3%. This was higher in 
women (12.9%) than in men (6.2%) (Singareddy et al., 2012).

In contrast, Breslau et al. (1996) reported that the sex/gen-

der differences between insomnia and hypersomnia alone 
were not significant, but that the lifetime prevalence of insom-
nia and hypersomnia was 1.9 times higher in women than in 
men. It was also reported that women over 65 had the high-
est risk of insomnia (risk rate, 1.73; 95% confidence interval 
(CI)=1.65-1.83), and women were increasingly at high risk 
for insomnia as they aged compared to men (Aurora et al., 
2010). Another multivariate logistic regression analysis shows 
that depression is the single most powerful factor for women’s 
gender when it comes to insomnia or sleep disorders. Empha-
size that this insomnia is a symptom associated with mental 
and physical health problems that require proper mental and 
medical treatment (Bixler et al., 2002). Also, the incidence 
of depression increased by approximately 1.8 times among 
those with insomnia symptoms. This could be associated with 
physical disabilities, sex/gender differences, and former pas-
sive occupations (Kim et al., 2009). 

Sleep-related breathing disorders (SBD)
SBD is characterized by abnormal breathing during sleep. 

These disorders are classified as obstructive sleep apnea, 
central sleep apnea, sleep-related hypoventilation disorders, 
and sleep-related hypoxia disorders (Sateia, 2014). The prev-
alence of SBD has not been well studied in women, since age, 
body mass index, and menopause have a considerable im-
pact on the outcomes. 

Obstructive sleep apnea is defined as at least five apnea 
low respiration indices per hour and is prevalent in 24% of 
American adult men and 9% of women (Young et al., 1993). 
The Apnea-Hypopnea Index (AHI) is an index used to indicate 
the severity of sleep apnea. Shown as the number of apnea 
and hypopnea events per hour of sleep (Bonakis et al., 2009) 
sleep apnea (a pause while breathing) should last for at least 
10 seconds. Apnea is associated with reduced blood oxygen-
ation. To determine the apnea severity score, the AHI is cal-
culated by dividing the number of apnea events by the total 
sleep time. Adult AHI values are classified as normal when 
they are 5 or less, mild sleep apnea between 5 and 15, moder-
ate sleep apnea between 15 and 30, and severe sleep apnea 
when 30 and above. One study found that for clinically defined 
sleep apnea, the prevalence in men and women was 3.9% 
and 1.2%, respectively, showing 3-fold higher prevalence in 
men. The prevalence of sleep apnea was significantly lower in 
premenopausal women (0.6%) and postmenopausal women 
with hormone replacement therapy (0.5%). These data indi-
cate that menopause is a significant risk factor for sleep ap-
nea in women, and that hormone replacement is associated 
with reduced risk (Bixler et al., 2001). Snoring occurred in 46% 
of men and 25% of women and tended to increase with age 
(Duran et al., 2001). Of adults between 30 and 70 years old, 
about 13% of men and 6% of women have moderate to se-
vere SBD, which an AHI score of 15 or higher. It was also 
estimated that 14% of men and 5% of women also had AHI 5 
or higher with daytime sleepiness (Peppard et al., 2013). The 
prevalence of SBD in childhood may also vary by gender, and 
boys have a higher prevalence at 50-100% than girls (Lumeng 
and Chervin, 2008). Several studies suggest the length of 
men’s airways as one of the causes of the higher prevalence 
of sleep apnea in males. Men’s airways are more extended 
than women’s, regardless of their body height, which suggests 
that men’s airways may have a greater tendency to collapse 
(Jordan et al., 2014).



60https://doi.org/10.4062/biomolther.2019.192

Table 1. Sex differences in prevalence/incidence in sleep disorder subtypes

Subtypes of 
sleep disorders

Sex/gender differences in prevalence/incidence References

Insomnia • ‌�Incident insomnia was 1.5-fold higher in females than in males.
• ‌�Complaints about insomnia were 9.0% for women, compared to 5.9% for men.
• ‌�Depression increased approximately 1.8 times among insomnia symptoms in women.
• ‌�Insomnia diagnosis occurred twice as often in women than in men.
• ‌�The incidence of chronic insomnia was 9.3%, higher in women (12.9%) than in men. 
• ‌�The gender difference between insomnia alone and hypersomnia alone was not significant. 

In contrast, the lifetime prevalence of insomnia and hypersomnia was 1.9 times higher in 
women than in men.

Morphy et al., 2007
Bixler et al., 2002
Kim et al., 2009
Ohayon et al., 2002 
Singareddy et al., 

2012
Breslau et al., 1996

Sleep-related 
breathing  
disorders 
(SRBD)

• ‌�The prevalence of sleep apnea was 3.9% for men and 1.2% for women.
• ‌�Men were 2.0 to 3.7 times more likely to have women with sleep disorder breathing.
• ‌�Addictive snoring occurred in 46% of men and 25% of women and tended to increase with 

age.
• ‌�Of adults 30-70 years old, about 13% of men and 6% of women have moderate to severe 

SDB (AHI≥15).
• ‌�14% of men and 5% of women have daytime sleepiness symptoms ≥AHI5.
• ‌�The prevalence of childhood SDB can vary by gender, and boys are affected at a rate of  

50-100% higher than girls.
• ‌�Regardless of weight, men's airways are longer than women, suggesting an increased 

tendency for airway collapse.

Bixler et al., 2001
Young et al., 1993
Duran et al., 2001
Peppard et al., 2013
Lumeng and 

Chervin, 2008
Jordan et al., 2014

Central  
disorders of 
hypersom
nolence 
(CDH)

• ‌�More than a tenth of the Australian adult population is EDS, 10.4% for men and 13.6% for 
women.

• ‌�In Korean, the prevalence of EDS was 12.2%, 10.7% for men and 13.7% for women.
• ‌�The prevalence of EDS was higher in women than in men in the 18-29 and 45-60 age groups.
• ‌�In Saudi Arabia, the prevalence of EDS was 20.5% (female 22.2%, male 19.5%) with no 

significant difference between men and women. However, stratified statistical analysis 
showed that groups with shorter sleep times at night (25.3% for women, 19.0% for men) had 
a higher prevalence of women than men.

• ‌�The prevalence of EDS is the same for both men and women (22.2% for women and 19.5% 
for men).

• ‌�The prevalence of EDS at age 60 and older was higher among men older than women.
• ‌�The prevalence of EDS was 14.9% for boys and 18.2% for girls.
• ‌�The French population's ESS scores indicate that a score of 10 or above is reported by 12% 

for men and 6% for women.

Fatani et al., 2015
Pallesen et al., 2007
Joo et al., 2005
Hayley et al., 2014
Tsuno et al., 2007
Hayley et al., 2014
Joo et al., 2009
Hara et al., 2004

Circadian 
rhythm  
sleep-wake 
disorders 
(CRSD)

• ‌�Gender differences in adults have not been reported, but adolescents are more common in 
boys (4.5%) than girls of similar age.

• ‌�The prevalence of ASPD in New Zealanders ranged from 0.25% to 7.13%, it was high among 
men and increased with age.

• ‌�Female crane drivers got less sleep and were more prone to sleepiness at work than men.
• ‌�Female workers may tend to sleep less than men and become sleepy at work.

Sack et al., 2007
Ohayon et al., 2002
Dagan, 2002

Parasomnias • ‌�The Academic Sleep Center found an RBD prevalence of 2:1 in males (65%) versus females 
(35%).

• ‌�In younger groups under 50, men were higher than women (M:F=1.4:1), but less than older 
groups over 50 (M:F=3:1).

• ‌�Behavioral symptoms during sleep were similar in male and female patients. However, female 
patients were diagnosed with symptoms when they were older than men (72.1 vs 66.4 year).

Howell, 2012
Ju et al., 2011
Bonakis et al., 2009
Wing et al., 2008

Sleep-related 
movement 
disorders 
(SRMD)

• ‌�RLS prevalence is twice as high in women as in men.
• ‌�People with RLS are older than those without RLS, are low-income, unemployed, disabled, 

non-Hispanic Caucasians, have a higher proportion of women than men, and are less likely 
to be college educated.

• ‌�Sleep-related motor disorders are reported to have a higher prevalence than women.
• ‌�Some studies have reported no difference in prevalence between men and women.

Howell, 2012
Ohayon et al., 2012
Innes et al., 2013

Biomol  Ther 28(1), 58-73 (2020) 
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Central disorders of hypersomnolence (CDH)
The main symptom of hypersomnolence is characterized 

by excessive daytime sleepiness (EDS) despite regular day 
and nighttime sleep timings (Khan and Trotti, 2015). This af-
fects between 4% to 6% of the population (Dauvilliers and 
Buguet, 2005). Such sleepiness can be caused by medical 
conditions, sleep disorders, illegal and prescribed substances, 
work, and family needs (including shift work), and insufficient 
time asleep (Khan and Trotti, 2015). This review focuses on 
the main symptoms of hypersomnolence. 

More than a tenth of the Australian adult population has 
EDS, 10.4% for men, and 13.6% for women. The prevalence 
of EDS increases with age, affecting about one-third of people 
over 80 years old (Hayley et al., 2014). The prevalence of EDS 
in Koreans was 12.2%, 10.7% for men, and 13.7% for women. 
EDS is associated with a variety of factors in Korean adults, 
and habitual snoring or sleep problems increases the risk of 
EDS (Joo et al., 2009). EDS was reported by 16.8% of partici-
pants in a Brazilian town. The prevalence of EDS was higher 
in women than men in the 18-29 and 45-60 age groups (Hara 
et al., 2004). The prevalence of EDS was 14.9% for boys and 
18.2% for girls in South Korean high school students. The dif-
ference in the amount of time asleep reported between boys 
and girls (6.3 h versus 6.5 h per day) is statistically significant 
(p<0.001). However, sleep latency in girls, as with the fre-
quency of nightmares (p<0.001), was longer (p<0.01) (Joo et 
al., 2005). Sex/gender differences in the prevalence of EDS 
in Norway were significant only in the oldest group (over 60 
years), with greater prevalence among men (Pallesen et al., 
2007). In results from France using the Epworth Sleepiness 
Scale (ESS), EDS was reported in 12% of men and 6% of 
women (Tsuno et al., 2007). In Saudi Arabia, the prevalence 
of EDS was 20.5% (female 22.2%, male 19.5%, p=0.136) with 
no significant difference between men and women. However, 
a stratified statistical analysis showed that women had a high-
er prevalence of shorter nighttime sleep than men (25.3% for 
women, 19.0% for men, p=0.036) (Fatani et al., 2015).

Circadian rhythm sleep-wake disorders (CRSD) 
The circadian rhythm is often called the human internal 

clock and is about 24 h. The migration phase interacts with 
homeostatic sleep that drives to create waking hours during 
the day and lasting sleep at night. When this cycle is broken, 
sleep for 24 h is fragmented and scattered, which leads to 
sleep problems (Romeijn et al., 2012). CRSDs include de-
layed sleep phase disorder (DSPD), advanced sleep phase 
disorder (ASPD), familial advanced sleep phase syndrome, ir-
regular sleep-wake rhythm disorder), shift work sleep disorder 
and jet lag disorder (Thorpy, 2012).

The prevalence of DSPD is about 1.1-4.5% in adolescents 
and 0.48-1.5% in adults. Sex/gender differences in the prev-
alence of DSPD have not been reported in adults, but it is 
more common in adolescent boys (4.5%) than girls of a similar 
age (2.7%) (Singer et al., 2016). The prevalence of ASPD in 
New Zealand ranged from 0.25% to 7.13%, and the preva-
lence of DSPD ranged from 1.51 to 8.90%. The prevalence of 
ASPD was higher among men, increased with age, and de-
creased with age among those living in more deprived areas. 
The prevalence of DSPD was higher among people living in 
more deprived areas and decreased with age (Paine et al., 
2014). Studies looking at the prevalence of sex/gender dif-
ferences relating to work sleep disorder are rare. Oginska et 

al. (1993) used questionnaires and self-reporting to find that 
female crane drivers got less sleep and were more prone to 
sleepiness at work than men. Subjects on weekly shifts were 
younger and had a higher proportion of women than the other 
two groups. Day shift workers reported more difficulty getting 
to sleep than fixed weekly workers (Ohayon et al., 2002).

Female workers may tend to sleep less than men and be-
come sleepy at work, but the evidence of this is weak. As a 
potential risk factor for the development of jet lag disorder, 
gender has not been thoroughly studied, and no definitive 
conclusions have been drawn. Many studies have included 
only male subjects, and only one case analyzes gender as 
a risk factor. Using multiple regression analysis, males were 
found to be less fatigued after a long flight of more than 10 h. 
As such, there is not enough data to conclude gender as a risk 
factor for jet lag disorder (Sack et al., 2007). CRSD patients 
were younger than patients with other types of insomnia. How-
ever, no difference could be found in its prevalence due to 
gender (Dagan, 2002).

Parasomnia
Parasomnia is a sleep disorder associated with abnormal 

movements, behaviors, emotions, perceptions, and dreams 
that occur between sleep stages or when waking up. Para-
somnia is a combination of dissociated sleep states that are 
partially awakened during the transition between awakening, 
NREM sleep, and REM sleep (Fleetham and Fleming, 2014). 
These include sleepwalking, drooling, night terrors, night-
mares, diggers, and REM sleep behavior disorders. Each dis-
ease varies in its frequency and can occur every night or only 
a few times a year (Kazaglis and Bornemann, 2016). REM 
sleep behavior disorder (RBD) is the clinically most relevant 
REM parasomnia (Howell, 2012).

A review of 115 patients with polysomnogram-identified 
RBD at the Academic Sleep Center found a 2:1 ratio of 
males (65%) to females (35%) (Ju et al., 2011). In younger 
groups under 50, males were more prevalent than females 
(M:F=1.4:1) but smaller in numbers than older groups over 50 
years old (M:F=3:1) (Bonakis et al., 2009). Behavioral symp-
toms during sleep were similar in male and female patients. 
However, female patients were diagnosed with symptoms 
when they were older than men (72.1 vs. 66.4 years, p<0.05) 
(Wing et al., 2008).

Sleep-related movement disorders (SRMD)
Sleep-related movement disorders are abnormal move-

ments that occur during sleep or when falling asleep. Sleep-
related movement disorders include Restless Leg Syndrome 
(RLS; Willis-Ekbom Disease), periodic limb movement disor-
ders, rhythmic movement disorders, sleep-related bruxism, 
and sleep-related leg cramps (Silber, 2013). In the case of 
RLS, repeated limb movements occur during sleep, but wak-
ing paresthesia is the most common symptom (Sateia, 2014). 
RLS is a common cause of sleep initiation and maintenance 
failures, affecting about 8-10% of the population (Howell, 
2012). 

Many studies have reported a higher prevalence of RLS 
in women than in men (Lopes Da Silva and Storm Van Leeu-
wen, 1977; Kushida et al., 2006; Anderson and Shneerson, 
2009; Patil et al., 2019). The prevalence of RLS was 3.9% 
to 14.3% for groups that met the minimum diagnostic crite-
ria of the International RLS Study Group. Sex/gender differ-

https://en.wikipedia.org/wiki/Delayed_sleep_phase_disorder
https://en.wikipedia.org/wiki/Delayed_sleep_phase_disorder
https://en.wikipedia.org/wiki/Advanced_sleep_phase_disorder
https://en.wikipedia.org/wiki/Advanced_sleep_phase_disorder
https://en.wikipedia.org/wiki/Advanced_sleep_phase_disorder
https://en.wikipedia.org/wiki/Irregular_sleep%E2%80%93wake_rhythm
https://en.wikipedia.org/wiki/Irregular_sleep%E2%80%93wake_rhythm
https://en.wikipedia.org/wiki/Shift_work_sleep_disorder
https://en.wikipedia.org/wiki/Jet_lag
https://en.wikipedia.org/wiki/Jet_lag
https://en.wikipedia.org/wiki/Jet_lag
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ences in the prevalence of RLS are about twice as high in 
women as men. Also, the age of onset increases in Europe 
and North America, but not in Asian countries. Symptoms of 
anxiety and depression are consistently associated with RLS 
(Ohayon et al., 2012). Among the Appalachian care popula-
tion, people with RLS are older than those without RLS, have 
lower-incomes, are more likely to be unemployed, disabled, 
non-Hispanic Caucasians, women and are less likely to be 
college-educated (Innes et al., 2013). Sleep-related motor dis-
orders are reported to have a higher prevalence in women, 
but some studies have reported no difference in the preva-
lence between genders (Tannenbaum et al., 2016; Golden 
and Voskuhl, 2017).

SEX DIFFERENCES IN THE EFFICACY OF 
THERAPEUTICS FOR SLEEP DISORDER

Sex/gender-related differences at genetic and molecular 
levels also affect the differences in the degree of drug re-
sponse (Wang and Huang, 2007). Although sex disparities in 
the incidence and mortality of disease have been observed 
for a variety of conditions, chemotherapy has been conducted 
independently of sex (Keitt et al., 2004; Becker et al., 2005; 
Zucker and Beery, 2010). Studies involving several animal 

models and clinical trials are almost male oriented. Therefore, 
our accumulated findings support sex-related reactions to 
chemotherapy. Sleep disorder drugs that indicate sex/gender 
differences in efficacy are summarize and listed in Table 2. 
The AASM guided clinical practice recommends Temazepam, 
Triazolam, Eszopiclone, Zaleplon, Zolpidem, Ramelteon, Dox-
epin, and Suvorexant for the treatment of chronic insomnia in 
adults (Sateia et al., 2017). 

Benzodiazepine (BZD)
BZD, also known as “benzo,” are a type of psychoactive 

drug whose core chemical structure is the fusion of benzene 
rings and diazepine rings. Benzodiazepines enhance the ef-
fect of the neurotransmitter gamma-aminobutyric acid (GABA) 
on the GABA receptors, resulting in sedation, hypnosis (sleep 
induction), anxiety relief (antianxiety), anticonvulsants, and 
muscle relaxation. High doses of many short-acting benzodi-
azepines can also cause pre and post-mortem memory loss 
and dissociation. This property makes benzodiazepines use-
ful for treating insomnia, anxiety, agitation, seizures, alcohol 
withdrawal, muscle spasms, and medication before medical 
or dental procedures (Chen et al., 2016). Benzodiazepines 
are classified as having short-term, intermediary, or long-term 
behaviors. Short- and medium-acting benzodiazepines are 
preferred for the treatment of insomnia whereas long-lasting 

Table 2. Sex differences in the efficacy of therapeutics for sleep disorder 

Medicine Drug Note References

Benzodiazepine Triazolam • ‌�Triazolam removal rates among young women with insomnia averaged 
12% higher than young men.

• ‌�Triazolam clearance rates were higher among young women than 
young men among CRSD patients.

Greenblatt et al., 
2004

Non 
benzodiazepine

Zolpidem • ‌�Zolpidem half-life in women with insomnia was statistically longer than 
in men.

Guo et al., 2014

Zopiclone • ‌�The residual effect of zopiclone in CRSD patients was not significantly 
different in men and women.

Leufkens and 
Vermeeren, 2014

Melatonin receptor 
agonist

Ramelteon • ‌�The difference between ramelteon PK and PD in insomnia patients was 
not significant, but the clearance was higher in women than in men  
(no significant).

Greenblatt et al., 
2007

Zammit et al., 2007
Dual orexin 

receptor 
antagonist

Suvorexant • ‌�Suvorexant's effect on insomnia is similar for women and men. Herring et al., 2017
Rhyne and 

Anderson, 2015
CNS stimulant Modafinil • ‌�The major pharmacokinetic parameters of modafinil acid were higher in 

women than in men, regardless of their half-life in the CDH and CRSD 
patient groups.

Guo et al., 2010

Amphetamine • ‌�In reinforcing effects of drugs of low dose d-amphetamine acts as 
a female reinforcer, while high dose d-amphetamine acts as a male 
reinforcer.

Vansickel et al., 
2010

CNS depressant Sodium oxybate • ‌�There are no significant differences in the PK parameters assessed for 
systemic exposure to oxybate between men and women with CDH, but 
most adverse events have been reported by women.

Borgen et al., 2003

Dopamine agonist Pramipexole • ‌�Pramipexole is effective in reducing SRMD symptoms and the 
incidence of adverse events was not statistically significant between 
sexes.

Rezvani et al., 2013

L-DOPA • ‌�The bioavailability of levodopa was significantly higher in females than 
in males in SRMD patients.

Martinelli et al., 
2003

Biomol  Ther 28(1), 58-73 (2020) 
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benzodiazepines are recommended to treat anxiety (Saïas 
and Gallarda, 2008).

Triazolam among BZDs displays a gender difference when 
treating sleep disorders. Triazolam is a triazolobenzodiaz-
epine with hypnotic properties for use in insomnia associated 
with acute or chronic insomnia, inpatient situational insomnia, 
and other disease states (Pakes et al., 1981). Sixty healthy 
men and women between 20 and 75 years old received a 
single dose of 0.25 mg of triazolam, cytochrome P450 (CYP) 
3A substrate BZDs, and a placebo in a double-blind crossover 
study. Among women, age did not have a significant effect on 
the area in the triazolam plasma concentration curve (Sack et 
al., 2007) or clearance.

On the other hand, among men, AUC increases with age, 
and clearance decreases. However, sex/gender differences 
in triazolam kinematics were not apparent (Greenblatt et 
al., 2004). Triazolam removal rates used to treat insomnia 
in young women averaged 12% higher than in young men. 
Triazolam removal rates among young women used to treat 
CRDS were, on average higher than in young men (Green-
blatt et al., 2004).

Non-benzodiazepines (Non-BZD)
Zolpidem, and non-BZD, such as zopiclone and zaleplon, 

exhibit a hypnotic effect similar to BZDs with good safety pro-
files. Non-BZDs generally cause less disruption of normal 
sleep structures than BZDs. In particular, psychomotor and 
memory disorders can react better to non-BZDs compared to 
long-lasting BZDs. For the long-term treatment of insomnia, 
which is not usually recommended, zolpidem and zopiclone 
are good options because they do not develop resistance 
quickly and are less likely to be abused (Wagner and Wag-
ner, 2000). Some side effects include anaphylaxis, behavioral 
changes, withdrawal, and central nervous system (CNS) de-
pression (Bjurstrom and Irwin, 2019; Kim et al., 2019; Sharma 
et al., 2019). In women with insomnia, zolpidem’s half-life 
was more prolonged than in men at a statistically significant 
level (Guo et al., 2014). Gender has a significant effect on 
the cleaning and half-life of zolpidem, and it is necessary to 
take into account whether sex/gender differences can cause 
side effects when the same dose is administered to male and 
female patients.

Zopyclones are cyclopyrrolones that are believed to act on 
the GABAA receptor complex at sites that are not chemically 
related to BZDs and are distinct but closely related to the BZD 
binding site (Wadworth and McTavish, 1993). Unlike zolpidem, 
the residual effect of zopiclone in CRSD patients was not sig-
nificantly different among genders (Leufkens and Vermeeren, 
2014).

Dual orexin receptor antagonist
Suvorexant (MK-4305, Merck), an orexin receptor antago-

nist, was recently approved by the FDA for the treatment of 
sleep onset and sleep maintenance insomnia (Lee-Iannotti 
and Parish, 2016). This medication promotes the natural tran-
sition from wakefulness to sleep by inhibiting orexin neurons 
that promote wakefulness. Suvorexant improves sleep initia-
tion and sleep retention and is well tolerated with fewer side 
effects (Bennett et al., 2014). In patients with insomnia, Su-
vorexant is comparably effective in women and men (Herring 
et al., 2017).

CNS stimulant
CNS stimulants are used for narcolepsy, excessive de-

ficiency disorder, or excessive drowsiness include methyl 
phenadate, atomoxetine, modafinil, armodafinil, and amphet-
amine. Stimulants that are no longer used for medical condi-
tions include cocaine, ecstasy, and methylenedioxymetham-
phetamine (MDMA) (George, 2000).

Modafinil is a waking drug that is prescribed to patients with 
narcolepsy, but it is increasingly being used by healthy indi-
viduals, to increase attention spans, and relieve fatigue. The 
main pharmacokinetic parameters of modafinil acid are high-
er in women than in men, regardless of their half-life, when 
compared in patients with CDH and CRSD (Guo et al., 2010). 
Stimulants such as amphetamines, cocaine, and methylphe-
nidate increase alertness and fight inflammation by increas-
ing levels of endogenous dopamine (Boutrel and Koob, 2004). 
Their stimulating effect may vary depending on your sexual 
function. One study found that men are more sensitive to 
stimulant-enhancing drugs (Chait, 1994). Other studies have 
shown that women are more sensitive to stimulant-enhancing 
effects (Gabbay, 2003). In other studies, no gender difference 
was reported for the enhancing effects of stimulants (Chait, 
1993; Evans et al., 1999). Understanding sex/gender differ-
ences in the potentiating effects of drugs can help you in drug 
prevention and treatment efforts by providing the information 
needed to adjust programs according to gender. In the treat-
ment of CDH, women, and men have different administrations 
of d-amphetamine. Low dose d-amphetamines act as a po-
tentiator in women, while high dose d-amphetamines act as a 
potentiator in men. Men also obtained a much larger number 
of capsules of high-dose d-amphetamine than women (Van-
sickel et al., 2010).

CNS depressant 
CNS depressants are effective in treating various condi-

tions by slowing brain activity. These drugs affect neurotrans-
mitter GABA, causing side effects such as drowsiness, relax-
ation, and reduced inhibition (Cordovilla-Guardia et al., 2019).

Sodium oxybate is a prescription drug used to treat two 
symptoms of narcolepsy: sudden muscle weakness and EDS 
(Morgenthaler et al., 2007). Sodium oxybate is a strict risk as-
sessment and mitigation strategy (REMS) program defined by 
the FDA and was approved for use by the FDA in 2002 to treat 
narcolepsy symptoms (Mannucci et al., 2018). The United 
States of America label for sodium oxybate also displays a 
black box warning as it is a central nervous system inhibitor. 
When it is used with other CNS inhibitors, such as alcohol, 
respiratory depression, seizures, lethargy, or even death, can 
occur.

There was no significant difference (p>0.05) between male 
and female volunteers for the pharmacokinetic parameters 
evaluated for systemic exposure to oxybate among CDH 
patients. However, most side effects have been reported by 
women (Borgen et al., 2003).

Melatonin receptor agonist
Melatonin receptor agonists are analogs of melatonin that 

bind to and activate melatonin receptors. Agents of melato-
nin receptors have a number of therapeutic uses, including 
the treatment of sleep disorders and depression (Silvia et al., 
2008). Melatonin receptors are G protein-coupled receptors, 
expressed in various tissues of the body, and there are two sub-
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type receptors: melatonin receptor 1 (MT1) and melatonin re-
ceptor 2 (MT2) (Pandi-Perumal et al., 2008; Silvia et al., 2008).

Lameltheon is a selective melatonin receptor (MT1 and 
MT2) agonist approved by the US Food and Drug Administra-
tion for the treatment of insomnia, characterized by the difficul-
ty of starting sleep (Erman et al., 2006). Although there is no 
direct sedative effect, it is the only approved sleep-promoting 
drug that improves sleep through its effect on sleep control 
mechanisms within the instrumental nucleus. Ramelteon is 
not responsible for its abuse, so it is not scheduled as a con-
trolled substance by the US Drug Administration (Neubauer, 
2008). The difference between lamelton pharmacokinetic and 
pharmacodynamic was not significant in insomnia patients, 
but the removal rate of lamelton was higher in women than 
in men (Greenblatt et al., 2007). This was, however not at a 
significant level.

Dopamine agonist 
Activation of dopamine agonist receptor is associated with 

the regulation of several neurobiological processes such as 
cognition, learning, and memory, motivation, pleasure, and 
sleep (Moreira et al., 2015; Rangel-Barajas et al., 2015). 
As dopamine agonists achieve significant improvement, do-
pamine plays a crucial role in the pathophysiology of RLS. 
Pramipexole is a virgin compound with selectivity for the D3 
dopamine receptor. The drug is very effective in patients with 
idiopathic and secondary RLS, as well as in patients with 
treatment resistance, as indicated by double-blind, placebo-
controlled studies in adults. For children, the research is much 
more limited, and RLS is often mistaken for “increasing pain” 
or attention deficit hyperactivity disorder. Side effects are lim-
ited (Benbir and Guilleminault, 2006).

Pramipexole, ropinirole (recommended strength: standard), 
and dopa decarboxylase inhibitors are recommended for the 
treatment of patients with RLS. Given the potential for side 
effects, including heart valve damage, patients with RLS can 
be treated with cabergoline only if other recommended drugs 
do not work (Aurora et al., 2012). Pramipexole has shown that 
women with SRMD having higher rates of severe symptoms. 
However, the incidence of adverse events was not statistically 
significant between sexes (Rezvani et al., 2013). 

Dopamine agonists and carbidopa/levodopa have become 
desirable treatments for both RLS and periodic limb move-
ments in sleep. For once-a-day treatment with carbidopa/le-
vodopa, problems associated with increased morning dose 
recoil of leg movements have been reported to occur in about 
one-quarter of patients (Allen and Earley, 1996).

In pharmacology, bioavailability is a subcategory of absorp-
tion and part of the dosage of unmodified drugs that reaches 
the systemic circulation, one of the main pharmacokinetic 
properties of the drug. By definition, the bioavailability is 100% 
when the drug is administered intravenously. However, if the 
drug is administered via other routes (for example, orally), bio-
availability can generally decrease or vary (due to incomplete 
absorption and primary metabolism). Bioavailability is one of 
the essential tools in pharmacokinetics because it must be 
taken into account when calculating doses for unused routes 
of administration (Heaney, 2001). Women with PD have great-
er levodopa bioavailability than men. Sex-related differences 
in drug disposition may, although statistically significant, be 
slightly related to drug prescription. Movement disorders were 
seen in 38 of 33 patients (33%). However, no gender differ-

ence was observed in those with dyskinesia (Martinelli et al., 
2003). 

IMPACT OF SLEEP DISORDER AS A RISK FACTOR 
FOR DEMENTIA IN MEN AND WOMEN

Sleep disturbance has been widely reported to be causa-
tively related to various conditions, including cardiovascular 
disease, diabetes, and neurological disorders. Although the 
relationship between sleep disorders and the prevalence of 
neurogenic diseases has been widely reported, most studies 
have focused on sleep apnea, and relatively few studies have 
investigated the relationship between insomnia and neurologi-
cal disorders (Gu et al., 2010; Crowley, 2011). Besides sleep 
disturbance, dementia is also one of the most common and 
significant health problems in older adults. Increasing inves-
tigations suggest that sleep disorders can affect the patho-
genesis of all-cause dementia or their subtypes, such as AD 
and VD. As shown in Table 3, we summarize the causative 
role of seven categories of sleep disorders in the incidence of 
dementia, including AD and VD, in men and women. 

Insomnia 
A recent study from Taiwan’s National Health Institute has 

reported that patients with primary insomnia showed a 2.14-
fold (95% confidence interval, 2.01-2.29) increase in dementia 
risk than those without insomnia. In their study, younger pa-
tients under the age of 40 with primary insomnia had a higher 
incidence of dementia than older patients. Consistently, other 
recent studies also demonstrated that sleep disturbances 
could enhance the risk of developing dementia, and insomnia 
may increase the risk of AD (Shi et al., 2018). Also, another 
recent study conducted in older adults reported that insomnia 
was associated with a significantly increased risk of all-cause 
dementia (de Almondes et al., 2016). Given gender-related 
differences in the impact of insomnia on the incidence of de-
mentia, a study has reported that male patients with chronic 
insomnia were associated with an increased risk of cognitive 
decline independent of depression. After adjustment for pos-
sible confounders, nondepressed men with chronic insomnia 
were 49% more likely to experience cognitive decline than 
without insomnia. For women, on the other hand, chronic in-
somnia also tended to be associated with an increased risk of 
cognitive decline, but only in those who also had high levels of 
depressive symptoms. In general, for both men and women, 
those with depressive symptoms showed a higher risk of poor 
cognitive performance. Subjective reports of insomnia by old-
er persons are correlated with objective sleep disturbances, 
as documented by polysomnography. However, polysomno-
graphic data indicates that older women may have less objec-
tively disturbed sleep than older men, even though they tend 
to report more sleep complaints (Bliwise, 1993). One poten-
tial explanation for this discrepancy is that men have a higher 
threshold for reporting sleep complaints, and therefore, those 
men who report having insomnia could have significantly more 
disturbed sleep than the women who report insomnia (Cricco 
et al., 2001). This may explain why the association between 
chronic insomnia and cognitive decline as observed in men 
was not in women. 

Taken together, these findings elucidate the influence 
of sleep disturbances on the incidence of dementia both in 
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younger adults and older adults. However, the mechanism 
underlying the association between primary insomnia and de-
mentia is unclear, and the information about the subtype or 
level of insomnia necessary to induce dementia is not clear. 
Therefore, further research in this area is needed to validate 
these findings. 

Sleep-related breathing disorders (SBD)
SBD, a disorder characterized by recurrent arousals from 

sleep and intermittent hypoxemia, is common among older 
adults and affects up to 60% of older adults (Yaffe et al., 2011). 
A number of adverse health outcomes, including hypertension, 
cardiovascular disease, and diabetes have been associated 
with SBD (Young and Peppard, 2000; Ip et al., 2002; Punjabi 
et al., 2004). Cognitive impairment has also been linked to 
SBD, but the majority of studies have been cross-sectional 
or have relied on non-objective measures of SBD, therefore 
limiting the ability to conclude the directionality of association. 
The data from the National Health Insurance Research Da-
tabase, which is managed by the Taiwanese National Health 
Research Institutes have shown that the hazard ratio (HR) of 
dementia is 1.44 times greater for patients with SA. It has also 
been reported that female (HR: 2.38, 95% CI=1.51-3.74; p< 

0.001), but not male, SA patients were more likely to develop 
dementia within a 5-year follow-up period (Chang et al., 2013). 
When SA patients were divided into 4 groups according to age 
(40-49, 50-59, 60-69, ≥70), those in the 50-59 group, 60-69 
group, and ≥70 groups displayed a greater risk of developing 
dementia. This statistical significance persisted in the 50-59 
group and ≥70 groups after adjusting for potential confound-
ers (50-59 group, adjusted HR 3.63, 95% CI=1.67-7.88; ≥70 
groups, adjusted HR 1.53, 95% CI=1.01-2.33). For females 
with SA, the risk of dementia increased after age 50 (Chang 
et al., 2013). 

One prospective cohort study that used overnight polysom-
nography confirmed that women aged 65 years or older with 
SBD had a higher risk of developing cognitive impairment and 
dementia as compared with women without SBD (Yaffe et al., 
2011). Measures of sleep fragmentation (arousal index and 
wake after sleep onset) or sleep duration (total sleep time) 
were not associated with a risk of cognitive impairment. The 
increased risk for cognitive impairment related to SBD opens 
a new avenue for additional research on the risk of develop-
ing dementia and the exploration of preventive strategies that 
target sleep quality, including SBD.

A study (Chang et al., 2013) focusing on the impact of SA 

Table 3. Sleep disturbance as a risk factor for dementia in men and women

Subtype of sleep 
disorder

Note References

Insomnia • ‌�Patients with primary insomnia had a higher risk of dementia incidence than those without 
insomnia.

• ‌�Chronic insomnia increased the risk of incident cognitive decline in older men but not in 
order women.

• ‌�Men with sleep disturbances had a higher risk of developing dementia and Alzheimer’s 
disease.

Cricco et al., 2001
Shi et al., 2018
Benedict et al., 2015

Sleep-related 
breathing  
disorders 
(SRBD)

• ‌�Incident dementia is greater for patients with SA than those without SA.
• ‌�Women with SA were more likely to develop dementia than men.
• ‌�Old (≥65) women with SBD had a higher risk of developing cognitive impairment and 

dementia.
• ‌�Men with sleep apnea had a higher risk of vascular dementia but not significant.
• ‌�SA may be a risk factor for subcortical ischemic vascular dementia.

Chang et al., 2013
Yaffe et al., 2011
Elwood et al., 2011
Culebras and Anwar, 

2018

Central disorders 
of hypersom
nolence  
(CDH)

• ‌�EDS is a risk factor for dementia in men and women.
• ‌�REM sleep behavior disorder patients with EDS had an increased risk of developing 

neurodegenerative diseases particularly PD but not dementia.
• ‌�Men with daytime sleepiness had a higher risk of vascular dementia.

Jaussent et al., 2012
Zhou et al., 2017
Elwood et al., 2011

Circadian rhythm 
sleep-wake 
disorders  
(CRSD)

• ‌�Old (≥65) women with decreased circadian rhythm and delayed sleep phases were more 
likely to develop dementia.

• ‌�Shorter time in bed (TIB) and later rise time increased the risk of incident dementia in men 
and women.

Tranah et al., 2011
Bokenberger et al., 

2017

Parasomnias • ‌�Shorter REM sleep percentage and longer latency to REM sleep were both associated 
with a higher risk of incident dementia.

• ‌�PD with REM sleep behavior disorder patients are more likely to be male than female.
• ‌�The occurrence rate of dementia in the PD group with clinical RBD was significantly higher 

than that in the PD group with normal REM sleep.

Pase et al., 2017
Jacobs et al., 2016
Romenets et al., 

2012
Nomura et al., 2013

Sleep-related 
movement  
disorders  
(SRMD)

• ‌�SRMD patients had a nearly 4 times higher risk of incident all-cause dementia compared 
with individuals without SRMD.

• ‌�Female SRMD patients had greater risk to develop all-cause dementia than male.
• ‌�Restless legs syndrome patients had a higher risk of vascular dementia but not significant.

Lin et al., 2015
Elwood et al., 2011
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on the risk of developing the two most common forms of de-
mentia, AD and VD, reported that SA could increase the risk 
of VD (adjust HR: 1.93, 95% CI=1.00-3.77; p<0.005). A recent 
study (Culebras and Anwar, 2018) further demonstrated that 
older women (mean age 82.3 years) with moderate to severe 
obstructive sleep apnea were more likely to develop mild cog-
nitive impairment or VD (adjusted odds ratio [AOR], 1.85; 95% 
CI=1.11-3.08). Hypoxia is the main feature of SA affecting cog-
nition, and microinfarcts are the major lesions of VD. Recent 
observations indicate that the frontal cortex in patients with SA 
suffering hypoxia may be abnormally thin (Macey et al., 2018). 
Although the authors suggest direct hypoxic damage of the 
cortical cells, a thin cortex might be the consequence of trans-
neuronal degeneration as a result of a disconnection at the 
periventricular white matter level. Therefore, SA may be a risk 
factor for subcortical ischemic VD, also known as Binswanger 
disease, a form of VD in the elderly (Roman, 1987). Uncon-
trolled SA of moderate to severe intensity may accelerate neu-
rological deterioration during acute stroke stages and worsen 
the prognosis for recovery during rehabilitation. There is also 
compelling and mounting evidence that SA with chronic inter-
mittent hypoxia underlies VD resulting from subcortical isch-
emic disease. Proper management of SA may decrease the 
clinical impact of stroke risk factors, improve the neurological 
outcomes after stroke, and lessen the progression of subcorti-
cal ischemic vascular disease.

Central disorders of hypersomnolence (CDH)
In addition to insomnia, EDS is one of the most frequently 

reported sleep disruptions in older adults (Foley et al., 1995). 
Among several longitudinal studies performed in community-
dwelling elderly, EDS has been reported to be associated with 
an increased risk (30%) in cognitive impairment using the 
MMSE score, independently of clinical characteristics and the 
APOE genotype. Consistently, some prospective epidemio-
logic research have reported a link between EDS and cog-
nitive impairment in the elderly. One longitudinal study per-
formed for older Japanese-American men has also reported 
an association between EDS and dementia incidence over a 
3 year follow-up period (Foley et al., 2001). In addition, EDS 
has been suggested to be strongly predictive for VD in men, 
but not as a predictor for non-VD (Elwood et al., 2011). Other 
studies confirm this finding in both genders, within a larger 
sample number of older adults and more extended follow-up 
period (Jaussent et al., 2012). 

EDS is one of the well-known nonmotor symptoms of Par-
kinson’s disease (PD), affecting up to 50% of patients with 
PD (Hobson et al., 2002). In 8 years of follow-up longitudinal 
study, a significant increase has been shown in the prevalence 
of EDS from 4.1% to 40.8% in the patients with PD, suggest-
ing that EDS increases progressively with PD (Gjerstad et 
al., 2006; Tholfsen et al., 2015). In addition, an epidemiologic 
research has indicated that EDS may be associated with a 
3-fold increase in the incident PD, suggesting EDS as a pre-
clinical marker for PD. Since RBD has been considered as a 
marker of α-synucleinopathies (Wing et al., 2015; Iranzo et 
al., 2016), there has been attention focused on developing 
new markers for the progress of RBD toward PD, such as loss 
of olfactory function (Fantini et al., 2006; Mahlknecht et al., 
2015), defected color vision (Postuma et al., 2015a), depres-
sion (Wing et al., 2012), and cognitive decline (Molano et al., 
2010). Furthermore, a recent study indicated that EDS patient 

with RBD would have potential for a rapid conversion to PD 
(Arnulf et al., 2015). From these results, EDS is suggested to 
be a possible biomarker for neurodegeneration in RBD. Fur-
ther studies are need to clarify the neurochemical and neural 
circuitry underlying EDS in RBD. 

Circadian rhythm sleep-wake disorders (CRSD)
During waking, there has been known to be rhythms in syn-

aptic plasticity (Chaudhury et al., 2005) and behavioral flex-
ibility (Aston-Jones and Cohen, 2005) Aging has been known 
to be linked with alteration of circadian rhythms, such as de-
creased amplitude (peak activity), fragmentation of rhythms, 
altered entrainment (Hofman and Swaab, 2006). The timing of 
circadian activity is also reported to advance with age, lead-
ing to an earlier onset time of sleepiness in the evening, and 
an earlier waking in the morning (Czeisler et al., 1992). Ab-
normalities of sleep–wake rhythm in the elderly patient with 
dementia have been suggested to show a shorter life span 
(Gehrman et al., 2004) and increased risk for AD (Satlin et 
al., 1995). So far, little information is available regarding the 
causes of age-dependent changes in circadian activity in 
older adults without dementia and the following results on 
health. It has been reported that older (≥65) women and men 
of community-dwelling with disturbed circadian activity show 
an increased risk for mortality (Paudel et al., 2010; Tranah 
et al., 2011). In a prospective study examining the relation-
ship of sleep-associated characteristics during late adulthood 
and subsequent incidence of dementia up to 17 years later, 
increased incident dementia was shown in the group of short 
(≤6 h) and extended (>9 h) TIB as well as in the group of later 
rise time (Bokenberger et al., 2017). However, there has been 
no clear evidence supporting a link between increased risk of 
dementia with bedtime, sleep quality, or heavy snoring. The 
mechanism underlying the increased dementia risk implicated 
from short TIB might be a decreased interstitial clearance of 
metabolic waste linked to decreased time of sleep, subse-
quently leading to elevated level of extraneuronal β-amyloid 
(Kang et al., 2009; Spira et al., 2013). Later riser, which may 
indicate delayed circadian activity rhythm has been reported 
to show an atypical feature in the cognitively impaired elderly 
(Bokenberger et al., 2017). 

From these reports, it is suggested that circadian activity 
rhythms may be biomarkers for advanced aging and dementia 
even though further study is need to understand the mecha-
nism for this link.

Parasomnias
RBD has been reported to be a preclinical symptom of a-

synucleinopathies, such as dementia with Lewy bodies (DLB) 
and PD (Schenck et al., 1996). RBD has been also implicated 
as a possible risk factor for aggravation of autonomic func-
tion and cognition in PD patients (Postuma et al., 2011). In 
addition, the occurrence of RBD in PD patients can be higher 
in patient dementia than those without dementia (Marion et 
al., 2008). Thus, the existence of clinical RBD could be as-
sociated with deteriorated motor and autonomic function, and 
incidence of dementia in PD patients. 

Based on a prospective study of a population-based sam-
ple, shorter REM sleep percentage and longer latency to REM 
sleep were shown to be independently associated with a high-
er risk of incident dementia (Pase et al., 2017). Greater wake 
after sleep onset, a measure of difficulty maintaining sleep, 
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was also associated with an increased risk of dementia, but 
only in a fully adjusted statistical model. Stages of non-REM 
sleep were not associated with dementia incidence in our 
sample. The mechanisms linking REM sleep to incident de-
mentia are yet to be determined. It has been reported that the 
association between REM sleep percentage and dementia is 
independent of numerous confounders such as pharmacolog-
ic intervention for mood disorders, which adversely interfere 
with REM sleep (Pase et al., 2017). REM sleep is thought to 
promote synaptic consolidation and to upregulate the activ-
ity of immediate early genes implicated in synaptic plasticity 
(Diekelmann and Born, 2010). Thus, REM sleep can buffer 
from synaptic loss and cognitive impairment by supporting the 
formation of new networks. Though there are biologically plau-
sible mechanisms to explain these results, more studies are 
needed to explore the mechanisms linking REM sleep to AD 
pathology and incident dementia.

Individuals suffering from RBD tend to be male with symp-
toms starting in later middle age. Idiopathic RBD is a robust 
prodromal marker of synuclein–dependent neurodegenerative 
disorder, such as DLB and PD. Pathologic studies have dem-
onstrated that patients with RBD have a more diffuse and se-
vere deposition of synuclein (Postuma et al., 2015b). PD pa-
tients with RBD is more likely to occur in males than females. 
From these results, it is implicated that PD patients with clini-
cal RBD symptoms may develop dementia in a shorter period 
of time than those with normal REM sleep, suggesting the 
clinical RBD symptoms as a preclinical marker for dementia 
incidence. 

Sleep-related movement disorders (SRMD)
SRMD is considered to be a class of sleep disorders, which 

is characterized by simple, stereotyped repetitive movements 
during sleep. Patients with SRMD are reported to experience 
fragmented sleep, disturbance of sleep initiation, and exces-
sive daytime sleepiness, resulting in decreased quality of life 
(Pigeon and Yurcheshen, 2009). Among SRMD, periodic limb 
movement disorder and restless legs syndrome are the most 
common sleep complaints, which involve nocturnal involun-
tary limb movements. The prevalence of periodic limb move-
ment disorder and RLS has been reported to affect 3 to 10% 
of the general population, increasing with age (Ohayon and 
Roth, 2002). Both conditions have been reported to be associ-
ated with several physical disorders and mental abnormali-
ties. They have been linked to poorer quality of life through 
fatigue, compromised work performance, and impaired social 
and family life (Earley and Silber, 2010). It has been suggest-
ed that SRMD is a common complication and comorbidity of 
neurodegenerative disorders such as PD. However, the rela-
tionship of SRMD, such as periodic limb movement disorder 
and RLS with cognitive impairments like dementia, remains 
unclear. Researches investigating the relationship between 
sleep disorders and cognitive illness have predominantly fo-
cused on sleep behavior disorders and degenerative demen-
tia. A recent longitudinal study using data from the National 
Health Insurance Research Database showed that individuals 
with SRMD had 3.952 times (95% CI=1.124-4.767) higher risk 
of developing all-cause dementia as compared with individu-
als without SRMD (Lin et al., 2015). These results showed 
that SRMD patients aged between 45 and 64 years old ex-
hibited the highest risk of developing all-cause dementia 
(HR: 5.320, 95% CI=1.770-5.991), followed by patients age 

>65 (HR: 4.123, 95% CI=2.066-6.972) and <45 (HR: 3.170, 
95% CI=1.050-4.128), respectively (Lin et al., 2015). Females 
with SRMD had a higher risk of developing all-cause demen-
tia (HR: 4.372, 95% CI=1.175-5.624), compared to men (HR: 
2.567, 95% CI=1.006-2.977). The impact of SRMD on demen-
tia risk progressively increased by various follow-up time in-
tervals (<1 year, 1-2 years, and >2 years). Furthermore, RLS 
patients had a higher risk of VD (OR: 2.39, 95% CI=1.10-5.20, 
p=0.029). However, this was not statistically significant.

IMPACT OF THERAPTUTICS FOR SLEEP 
DISORDERS ON COGNITIVE IMPAIRMENT IN MEN 
AND WOMEN

Research into the mechanism of BZDs and the risk of de-
mentia is ongoing. Well known mechanisms are the dynamic 
balance of the cholinergic and glutamate systems in the CNS, 
and the inhibitory action of GABA signaling through the GA-
BAA receptor (Rissman et al., 2007). Increased GABAergic 
transmission associated with BZD is opposed to the detrimen-
tal effects of neurotoxic transmitter glutamate, which may be 
related to the appearance of dementia (Green et al., 2003). It 
has been shown that hyperpolarize neuronal cell membranes 
impair synaptic plasticity, impairing their ability to form new 
memories (Wan et al., 2004). 

Another mechanism is the downregulation of GABA recep-
tors after prolonged BZD exposure, which induces cognitive 
impairment (Shimohama et al., 1988; Hutchinson et al., 1996; 
Ihara et al., 2004; Lanctot et al., 2004). Studies on the effects 
of sex/gender differences are still insufficient. Therefore, a 
study was conducted on sex/gender differences between the 
use of BZDs and non-BZDs and the risk of dementia. Firstly, 
four papers on sex/gender differences in the use of BZDs and 
the risk of developing dementia did not show significant differ-
ences between the use of BZDs and the risk of dementia. We 
summarize in Table 4 the Impact of BZD and Non-BZD use on 
the risk of cognitive impairment in men and women.

In a preliminary PAQUID (Personnes Agees Quid) study, 
253 cases of dementia were identified after 15 years in 1063 
men and women (average 78.2 years) who had no dementia 
and had not started BZDs until at least the third year of follow-
up. That is, new use of BZD is associated with an increased 
risk of dementia, but no significant association was found be-
tween taking BZDs and gender (p=0.23 for interaction) (de 
Gage et al., 2012).

Islam et al. (2016) examined the association between de-
mentia risk and sex/gender differences following using BZDs. 
As a result, people who used BZDs had a 78% higher risk of 
dementia than those who did not use BZDs (OR: 1.78, 95% 
CI=1.33-2.38). Also, women were at higher risk of develop-
ing dementia than men, but the results were not significant; 
female OR: 1.16, 95% CI=1.00-1.36, male: OR 1.00 95% CI= 
0.96-1.04.

A 10-year follow-up in the VISAT (Vieillissement, Santé, 
Travail) cohort study found that the long-term consumption 
of BZDs negatively affected cognitive abilities. Male cogni-
tive abilities were not affected but affected female’s long-term 
memory (Boeuf-Cazou et al., 2011). Paterniti assessed the im-
pact on cognitive function in 1999 by comparing male, female, 
and non-users of psychotropic drugs (Paterniti et al., 1999). 
As a result, cognitive decline associated with psychoactive 
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drug use was statistically significant for women. In men, anxi-
ety and depressive symptoms had a significant association 
independent of most cognitive abilities, independent of psy-
choactive drug use, and in women, the relationship between 
anxiety or depression and cognitive function disappeared after 
adjustments to psychotic drug use. In other words, psychoac-
tive drug use resulted in low cognitive scores in both men and 
women. 

From several studies on the use of non-BZD and sex/gen-
der differences in the risk of developing dementia, no signifi-
cant differences were found between non-BZD use and de-
mentia risk. Zolpidem, a non-BZD hypnotic, is often used for 
short-term treatment of insomnia (Cheng et al., 2017), The 
pharmacological mechanism of zolpidem, including anxiolytic, 
muscle relaxant, sedative, and anticonvulsant effects, has 
been shown to act through 1, 2, 3, and 5 subunits of GABAA 
receptors (Sancar et al., 2007; Yayeh et al., 2018). Unlike 
BZDs, zolpidem has a high binding capacity to the a1 sub-
unit, which provides more specific soothing properties than 
BZDs (Sancar et al., 2007). Non-BZDs have fewer side ef-
fects similar to BZDs but can increase the risk of cognitive 
and psychomotor decline, leading to long-term memory loss 
(Berdyyeva et al., 2014). The use of BZDs and zolpidem is 
associated with memory loss and decreased cognitive func-
tion (Pat McAndrews et al., 2003; Tannenbaum et al., 2012). 
Although zolpidem use has been reported to be associated 
with an increased risk of dementia (Shih et al., 2015), studies 
on sex/gender differences and the effects of dementia have 
not been actively conducted. In a retrospective cohort study 
on the use of sedative-hypnotics and the risk of AD, AD risk 
increased when exposed to BZDs or zolpidem’s, particular-
ly when exposed to 360-defined daily dose or longer-acting 
BZDs (HR: 1.77, 95% CI=1.65-1.89). However, in secondary 
results, women had a higher risk of developing dementia than 
men (male HR: 1, female HR: 1.17, 95% CI=1.14-1.19) (Lee 

et al., 2018).
Zolpidem exposure, dementia effects, and sex/gender dif-

ferences were studied in a retrospective cohort study using 
data from the National Health Insurance Research Database 
from 2001 to 2011. This study showed that psychoactive drug 
use was significantly and independently associated with cog-
nitive function in older people. The use of high cumulative 
doses of zolpidem increased the risk of AD in older adults liv-
ing in Taiwan, but there were no significant differences be-
tween men and women (male HR: 1.32, 95% CI=0.56-3.09, 
female HR: 1.38, 95% CI=0.80-2.38) (Cheng et al., 2017). To 
determine the risk of hypnotics and dementia, a population-
based reverse transcription cohort study was performed, in 
patients aged 50 years and older who were first diagnosed 
with insomnia between 2002 and 2007. After adjusting for high 
blood pressure, diabetes, hyperlipidemia, and stroke, the risk 
of dementia was significantly higher in patients with long-term 
insomnia. As a result, the use of hypnotics with long half-lives 
and high prescription doses was expected to increase the risk 
of dementia, but the sex/gender differences regarding demen-
tia risk were not significant (male HR: 2.28, 95% CI=1.68-3.10, 
female HR: 2.39, 95% CI=1.85-3.09) (Chen et al., 2012).

The drugs used in several studies mainly included BZDs 
and zolpidem, but there was a limitation in that no evaluation 
of the sex/gender differences between individual drugs. Six of 
the seven papers that studied sex/gender differences relating 
to dementia risk between BZD and non-BZDs had insignificant 
results. Only one paper showed significant results in the sex/
gender differences between hypnotics and the risk of develop-
ing dementia. Therefore, future studies on the use of BZD and 
non-BZDs should take into account individual drug studies 
on sex/gender differences in the risk of developing dementia. 
This is due to differences in the cognitive and metabolic ca-
pacity of men and women.

Table 4. Impact of BZD & Non-BZD use on the risk of cognitive impairment in men and women

Medicine

Risk of cognitive 
impairment Note References

Men Women

BZD + + • ‌�No significant effect modification of the association between starting BZD and 
incident dementia by sex was found (P for interaction=0.23).

de Gage et al., 
2012

+ + • ‌�BZD use and risk of developing dementia tended to be higher in women and in 
men, but there was no statistical significance.

• ‌�There was no significant gender-specific BZD use and risk of developing 
dementia. 

Islam et al., 2016

N.S. + • ‌�The analysis revealed a significant alteration of long-term memory in women 
whereas there was no significant association in men.

Boeuf-Cazou  
et al., 2011

N.S. + • ‌�Psychotropic drug use was associated with lower cognitive scores in both 
sexes whereas was no significant association in man. 

Paterniti et al., 
1999

Non-BZD + ++ • ‌�Women had a higher risk of developing Alzheimer’s dementia than men. Lee et al., 2018
+ + • ‌�There was no significant difference between dementia risk for zolpidem user 

and non-user in men and women, and there was no significant difference in the 
risk of dementia by gender.

Cheng et al., 2017

+ + • ‌�Both male patients and female patients with hypnotic usage had higher risks of 
dementia, but there were no significant differences between them.

Chen et al., 2012

+, increases dementia risk; ++, increases dementia risk to a great extent; N.S., not significant risk.
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CONCLUSION

As describe in this review, the prevalence/incidence of 
sleep disorders and the efficacy of therapeutics of sleep dis-
orders are significantly different by sex/gender. Sleep medi-
cations may only work for one gender or may have different 
benefits for men and women. There are very few drugs with a 
prescription difference between men and women even in the 
guidelines for drugs prescribed for sleep disorders. Sex plays 
a crucial role in improving individual pharmacogenomics and 
in developing personalized therapeutic medicines. Pharma-
cogenomic differences between the sexes might play a sig-
nificant role in chemotherapy in the future. Further studies are 
needed to provide greater insight into sex differences in sleep 
disorders and their therapeutics.

As further describe in this review, the impact of sleep dis-
orders on incident dementia was likely to be different by sex/
gender, even though sex differences are not fully elucidated by 
each type of diseases. In fact, both male and female patients 
were included in many studies, however, most studies did not 
consider sex/gender issue separately. Because life span of 
women is longer than men in most countries, the impact of the 
risk factors on dementia may be more meaningful in women. 
In the context, sleep medications may have different impact 
in view of efficacy or side effect between men and women. 
Future studies of new therapeutics for sleep disorders should 
take into account intentional stratification by sex/gender, and 
appropriate sample sizes are needed to individually test the 
efficacy of treatment in men and women. In addition, further 
research is needed to understand the sex/gender specific ef-
fects of sleep disorders as a risk factor for the development 
of dementia and to investigate the underlying mechanisms of 
gender/gender differences.
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