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Abstract: Background: Insomnia, defined as a difficulty in initiating or maintaining sleep, is a rel-
evant medical issue. Benzodiazepines (BZDs) are commonly prescribed to treat insomnia. Two
phases characterize human sleep structure: sleep with Non-Rapid Eye Movement (NREM) and
sleep with Rapid Eye Movement (REM). Physiological sleep includes NREM and REM phases in
a continuous cycle known as “Sleep Architecture.”

Objective: This systematic review summarizes the studies that have investigated effects of BZDs
on Sleep Architecture.
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Methods: The articles selection included human clinical trials (in English, Portuguese, or Spanish)
only, specifically focused on BZDs effects on sleep architecture. PubMed, BVS, and Google Scho-
lar databases were searched.
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Results: Findings on BZDs effects on sleep architecture confirm an increase in stage 2 of NREM
sleep and a decrease in time of stages 3 and 4 of NREM sleep with a reduction in time of REM
sleep during the nocturnal sleep.

Conclusion: Variations in NREM and REM sleep may lead to deficits in concentration and work-
ing memory and weight gain. The increase in stage 2 of NREM sleep may lead to a subjective im-
provement of sleep quality with no awakenings. BZDz should be prescribed with zeal and profes-
sional judgment. These patients should be closely monitored for possible long-term side effects.

Keywords: Benzodiazepines, sleep, sleep architecture, sleep slow-wave, sleep REM, sleep stages.

1. INTRODUCTION

Sleep is a physiological process, a reversible state that
leads to a shutdown of perception and responsiveness to-
wards the environment, allowing the occurrence of essential
neurobiological processes that lead to maintaining good
physical and cognitive health in humans [1,2]. Insomnia,
which is characterized by difficulty in initiating or maintain-
ing a physiological sleep, is a relevant clinical issue, affect-
ing not only the elderly population (from 20% to 40%) [3],

Two different phases characterize human sleep: sleep
with Non-Rapid Eye Movement (NREM) and sleep with
Rapid Eye Movement (REM). The NREM phase may be di-
vided into four stages. Human physiological sleep includes
NREM and REM phases in a continuous cycle known as
Sleep Architecture. The first sleep cycle takes an average
time of 70-100 minutes. Each following sleep cycle lasts an
average time of 90-120 minutes [6]. This complete cycle usu-
ally occurs 4-6 times in a “good night’s sleep,” depending

but also the general population since 30% of adults report
problems in sleeping properly [4]. In addition, 30-40% of
adults report complaints about sleep quality lifetime, and
10-15% report chronic insomnia [5].
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on variables such as age, body temperature, total sleep time,
and medication use [7].

In a physiological sleep cycle, stage 1 of NREM sleep
takes approximately 5% of a cycle time. It is characterized
by the transition from wakefulness to sleep. Sleep is light
and includes muscle relaxation, reduction in heart and respi-
ratory rates, and reduction in eye-movement. Also, in this
stage, a sharp decrease in the number of cerebral waves oc-
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curs compared to wakefulness states. Stage 2 takes approxi-
mately 50% of a cycle time. It precedes deep sleep stages, in-
cluding a decrease in heart and respiratory rates, and further
body muscle relaxation with a concurrent decrease in body
temperature and cerebral waves activity. Stages 3 and 4 of
NREM sleep take approximately 25% of a cycle time and
are characterized by deep sleep. Body muscles are usually in
total relaxation with a concurrent decrease in brain activity.
However, in these stages, an increase in heart and respirato-
ry rates is registered. REM sleep usually begins 90 minutes
after the sleep onset, and it is characterized by an increase in
brain activity and eye-movement. REM sleep time progres-
sively decreases with age [7,8].

Benzodiazepines (BZDs) are commonly prescribed to
treat insomnia and sleep disorders. Approximately 4% of the
general population reports the use of these medications [9].
BZDs show a rapid sedative and anxiolytic effect, successful-
ly used in the acute treatment of insomnia as well as anxiety,
agitation, or anxiety associated with any type of psychiatric
disorder [10]. Their use is associated with potential side ef-
fects such as residual daytime sleepiness, ataxia, and dizzi-
ness. More severe side effects (i.e., marked drowsiness, dis-
inhibition, and respiratory depression) may occur when
other sedative substances, including drugs and alcohol, are
used concurrently [10]. Long-term BZDs use may lead to
drug abuse, tolerance, drug dependency, and abstinence
[11]. For instance, BZDs abrupt withdrawal can lead to se-
vere symptoms such as insomnia and/or rebound anxiety, an
increase in heart rate and blood pressure, nausea and/or vom-
iting, sweating, diarrhea, convulsions, and other neurologi-
cal and psychiatric symptoms [12]. This systematic review
aimed to summarize evidence regarding the effect of BZDs
treatment on human Sleep Architecture.

2. METHODS

2.1. Search Strategy

This systematic review has been performed following
the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) [13]. We included clinical trials
on humans (in English, Portuguese, or Spanish) that specifi-
cally focused on BZDs effects on sleep architecture. There
were no restrictions regarding the population size, gender,
publishing dates, settings, patients’ age, and birthplaces.
Three online databases were searched (last search date: June
2020), PubMed, through index resource Medical Subject
Headings (MeSH), using the following search strategy:
(“BENZODIAPINE”[Mesh]) and (“SLEEP STAGES”
[Mesh];).

Biblioteca Virtual em Saude (BVS, Health Virtual Li-
brary), through the use of the following Health Science De-
scriptors: (DeCS: initials in Portuguese that stand for “De-
scritores em Ciéncia da Saude”), using the following search
strategy: (tw:(fases do sono)) and (tw(benzodiazepinas));
and Scholar Google, using the following search strategy:
Benzodiazepine and Sleep Stages.
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2.2. Study Selection

We identified 911 studies, and 313 studies were exclud-
ed because of duplication. The remaining 598 studies were
screened by titles and abstracts, independently by the first
and last author. In case of discordance, the penultimate au-
thor decided about the inclusion/exclusion. Thirty-five arti-
cles were considered to be focused on the topic and selected
for full-text reading. During this step, 14 out of the remain-
ing 35 studies were excluded. After all these screening
stages, 21 studies were included in the present systematic re-
view, as shown in Fig. (1).

2.3. Data Collection Process

Twenty-one included studies were analyzed in detail,
and their findings were tabulated. The following variables
were collected: author(s), year of publication, sample charac-
teristics, length of the study, number of participants, BDZs
used, and changes in patients’ sleep architecture.

3. RESULTS

3.1. Publication Years

The 21 included studies have been published in four dif-
ferent decades [14-34]. Seven studies were published in the
1970s, three in the 1980s, seven in the 1990s, and four in the
2000s.

3.2. Sample’s Characteristics

A mean of 10.4 individuals involved per study has been
found (ranging from 5-28 subjects). Ten studies included
men only, ten included males and females, and 1 included
women only. 12/21 studies evaluated adults, whereas 6/21 in-
cluded young adults (18-25 years old). Two articles evaluat-
ed elderly patients, and 1 article included adults and elderly.

3.3. Study Length

The duration of the studies also varied, with 19 of them
developed in 4 weeks or less (mean = 12.3 nights, range =
3-43). Only in 2 studies, long-term BZDs use was evaluated
(i.e., 43 days of follow-up).

3.4. Types of BZDs

Thirteen different BZDs, including Alprazolam, Brotizo-
lam, Diazepam, Flunitrazepam, Flurazepam, Fosazepam,
Haloxazolam, Lorazepam, Midazolam, Nitrazepam, Temaze-
pam, Triazolam, and Quazepam, were considered in the 21
studies selected. Five studies considered two or more BZDs.
Some studies described changes in sleep architecture related
to the Z-drugs usage as a comparative group of patients,
which were not considered in this review.

3.5. Sleep Architecture Alterations

An increase in NREM sleep stage 2 was reported in
76,2% of the studies, but a decrease in all other NREM sleep
stages (42,9%, 30.4%, and 14.3% of the studies reported
shorter stages 4, 3, and 1, respectively). Shorter REM sleep
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time was also described, particularly a 62-66% decrease in
sleep latency and a reduction of night awakenings. Table 1

shows a summary of the studies’ findings. Table 2 sum-
marizes changes in sleep architecture due to treatments with

Table 1. Main Findings.

BZDs.

Study
Publication . . Medications Used in Length
Authors Year Studied Population N the Study Changes Found (Number of
Nights)
. . 1 stage 2 of NREM sleep and | in
Uchida et al. [14] 1996 Healthy young men 5 Flunitrazepam stage 4 of NREM sleep 14
s . | stage 3 of NREM sleep, | stage 4
Kales et al. [15] 1986 Adults with insomnia 6 Lorazepam of NREM sleep and | REM sleep 16
Gaillard M &Tis- Adults (4 male and 4 fe- . 1 stage 2 of NREM sleep and | REM| between 7
sot R [16] 1975 male) with insomnia 8 Flunitrazepam sleep and 406
1 stage 2 of NREM sleep, | stage 4
. Adults with insomnia com- . of NREM sleep, | stage 3 of NREM
Bixler et al. [17] 1977 plaints 28 Flunitrazepam sleep, |stage 1 of NREM sleep and | 12
REM sleep
Jovanovic UJ [18] 1977 Adults with insomnia 10 Flunitrazepam | REM sleep 10
. 1 stage 2 of NREM sleep and | stage
Aesbach et al. [19] 1994 Healthy men 9 Midazolam 3 of NREM sleep 9
Zarcone Jr. et al. Adult men with Major De-
[20] 1994 pressive Disorder (MDD) 9 Alprazolam | REM sleep 43
Vgontzas et al. [21] 1994 Seniors with sleep apnea 8 Temazepam | REM sleep 14
or sleep myoclonus
. . 1 stage 2 of NREM sleep and | stage
Feinberg et al. [22] 1977 Medical students 4 Flurazepam 4 of NREM sleep 8
Grozinger et al. 1998 Healthy men (22 to 35 6 Lorazepam 1 stage 2 of NREM sleep and | REM 3
[23] years old) P sleep
Hemm[e;t:]r etlal. 2000 He;l;hg ;:E;res) (6 male 12 Temazepam No changes in sleep architecture 15
Uchimura et al. Adults with insomnia (3 .
[25] 2005 male and 11 female) 14 Brotizolam 1 stage 2 of NREM sleep 9
Roehrs et al. [26] 1982 Young men with insomnia| 9 Flurazepam No changes in sleep architecture 14
Alprazolam and Loraze-| 1 stage 2 of NREM sleep, | stage 4
Calvo IM [27] 1996 Healthy men 11 pam of NREM sleep and | REM sleep 7
Declerek etl al. [28] 1992 Healthy women 18 Flunitrazepam Tstage 2 of NR];I;/i;leep and | REM 21
1 stage 2 of NREM sleep, | stage 4
. Healthy male(10) and fe- Triazolam and Temaze- [ of NREM sleep, | stage 3 of NREM
Feinberg et al. [29] 2000 male(6), from 19 to 26 years old 16 pam sleep, | stage 1 of NREM sleep and | 3
REM sleep
Freemon etl al. [30] 1977 Healthy men (18 to 20 10 Quazepam 1 stage 2 of NREM sleep and | REM 4
years old) sleep
. . . 1 stage 2 of NREM sleep, | stage 4
Nicholson ef al. 1976 Healthy men (19 to 43 6 Diazepam and Fosaze of NREM sleep and | stage 3 of 4
[31] years old) pam
NREM sleep
. | 1 stage2 of NREM sleep, | stage 4
Risberg e al. [32] 1977 Healgg;‘;‘fg)(zo 025 g Fosazepa;nmand Nitraze-| ¢ NREM sleep, | stage 3 of NREM 15
Y p sleep and | REM sleep
Adult (2males and 4 fe-
Monti et al. [33] 1982 males) with insomnia (29 to 60 | 6 Midazolam 1 stage 2 of NREM sleep 21
years old)
1 stage 2 of NREM sleep, | stage 4
Healthy men (20 to 25 Haloxazolam, Flunitraze-| of NREM sleep, | stage 3 of NREM
Tan et al. [34] 2003 years old) 17 pam, Triazolam sleep, | stage 1 of NREM sleep and | 3
REM sleep*

*= only Flunitrazepam.
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Table 2. Sleep architecture variations induced by BZDs.
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Sleep Architecture Alteration

BZDs

Increased time of NREM sleep stage 2

Flunitrazepam, Diazepam, Lorazepam, Flurazepam, Nitrazepam, Midazolam, Alprazolam, Temazepam,
Fosazepam, Triazolam, Brotizolam, Quazepam and Haloxazolam

Decreased time of NREM sleep stage 4

Flunitrazepam, Diazepam, Lorazepam, Flurazepam, Nitrazepam, Alprazolam, Tenazepam, Fosazepam,

Triazolam and Haloxazolam

Decreased time of NREM sleep stage 3

Flunitrazepam, Diazepam, Lorazepam, Nitrazepam, Midazolam, Fosazepam, Triazolam and Haloxazolam

Decreased time of REM sleep

Flunitrazepam, Diazepam, Lorazepam, Nitrazepam, Alprazolam, Temazepam, Fosazepam, Triazolam and

Quazepam

Decreased latency of sleep and reduction in the
number of night awakenings

Flunitrazepam, Diazepam, Lorazepam, Nitrazepam, Midazolam, Alprazolam, Tenazepam, Fosazepam, Tri-

azolam, Brotizolam, Quazepam and Haloxazolam

Decreased time of NREM sleep stage 1

Flunitrazepam, Flurazepam and Temazepam

BZDs: benzodiazepines.

4. DISCUSSION

This systematic review shows data involving heteroge-
neous samples and methodologies, reporting on different
types of BZDs. The generalizability of findings is limited.
Regarding the NREM sleep, our review shows that pro-
longed use of benzodiazepines leads to an increase of time
spent in stages 2 and a decrease of time in stages 1, 3, and 4.
Some studies considered stages 3 and 4 as one stage charac-
terized by a slow-wave sleep (SWS) [35, 36].

Data regarding the effects of BZD on NREM sleep stage
1, which represents a transition between wakefulness and
sleep taking 5 to 15 minutes per cycle, are not conclusive
[8]. Although some studies support the idea that BZDs lead
to a decrease in NREM stage 1 [17, 29, 34], some other au-
thors that were not included in our review support the oppo-
site idea (i.e., BZDs use leads to an increase in total time
spent in stage 1 during the NREM sleep) [37].

Stage 2 of NREM sleep is characterized by a reduction
in heart and respiratory rates and increased muscle relaxa-
tion, compared to stage 1. There are also sleep spindles and
K complexes in this stage, suppressing cortical arousal in re-
sponse to stimuli and aiding sleep-based memory consolida-
tion [8]. According to our review, BZDs increase time in
this stage in human sleep [14, 16, 17, 19, 22, 23, 25, 27, 28,
29, 30-34]. In addition, the prolonged use of BZDs may lead
to cognitive impairment, a reduction in the capability of exe-
cuting motor sequence learning tasks, a lesser relaxation in
body muscles, and an increase in the number of sleepwalk-
ing events. All these symptoms are mostly related to an in-
creased time spent in stage 2 of NREM sleep [38]. Song et
al. [38] also found in their research that males who spent
more time in this stage were more likely to take BZDs, and
had higher rates of angina, hypertension, and myocardial in-
farction compared to those that spent less time there.

Our review also adds evidence to NREM sleep stage op-
erating structures' importance, especially in stage 2, to in-
duce a restful sleep feeling when waking up [39]. The aver-
age brain metabolism and brain blood flow are reduced in
stage 2 compared to wakefulness [40,41]. NREM stage 2 pre-
sents a relevant number of micro-awakenings and is related
to the restorative quality of sleep. If it is not interrupted,
sleep will be deep and of good perceived quality. If it is inter-

rupted, sleep will be fragmented, leading to poor sleep quali-
ty [39]. Precocious sleep interruption is a risk factor for cog-
nitive and metabolic brain negative outcomes. At the core of
all neurological and psychiatric diseases is an abnormality in
one or more neurotransmitter systems [42, 43]. This in-
creased risk can be explained, considering that sleep disrup-
tion and the circadian rhythm impair all aspects of neural
and neuroendocrine function, like the stress axis.

The increased NREM stage 2 is associated with a subjec-
tive improvement in sleep quality (reducing micro-awaken-
ings), although possibly related to an increased risk of car-
diovascular issues, as demonstrated by a cohort of women
aged over 50 years where exposure to hypnotic benzodi-
azepines was associated with increased cardiovascular mor-
tality [38, 44]. In addition, some other evidence is not con-
clusive regarding the associated risk of dementia [44-47].
Gage et al., in 2015, conducted a review where nine of the
ten studies concluded an increased risk of dementia in benzo-
diazepine users. However, the robustness of their results ap-
pears variable across studies due to methodological differ-
ences. In the most reliable ones, the risk of dementia was
found increased in benzodiazepine users by a factor of 1.24-
2.30 [45]. More recently, in 2020, Olsler and Jergensen con-
ducted a cohort and nested case-control study of 235,465 pa-
tients from the Danish National Patient Registry. Their large
cohort study did not reveal associations between BZDs use
and subsequent dementia [47].

The decrease in NREM sleep time in stages 3 and 4 is
usually associated with lesser “rest” for the brain, which
leads to a lack of concentration [38]. Individuals with SWS
deprivations can also present hallucinations and distorted
perceptions [38]. It has been argued that the decrease in
SWS time leads to a more significant release of free radicals
in the human brain [48]. Also, the physiological reduction of
cerebral metabolism and cerebral blood flow does not occur
properly, affecting the physiological clearance of free radi-
cals [48]. Data from cognitively normal older adults without
sleep disorders or hypnotic medication show that shorter
SWS is an intermediary factor for impaired hippocampus-de-
pendent memory consolidation and amyloid-beta pathology
[49]. This is significantly associated with the risk of
Alzheimer disease with impaired cognitive and behavioral
performances [50]. Some other authors suggest that a contin-
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uous decrease in SWS time throughout life is observed inde-
pendently of BZDs use [51]. In addition, some studies from
our review show that the use of BZDs reduces SWS time in
both younger and older people [15,17,19,22,27,31,32,34].

The decrease of REM sleep was observed in 13 studies
included in the present review. Chronic use of BZDs has
been associated with reduced REM sleep, reversible after
BZDs withdrawal [52]. In addition, REM sleep seems to
show anti-obesity properties, acting as an appetite suppres-
sor [53]. Food preferences and dislikes development seem to
be linked to REM sleep [53]. Schechter et al. reported that
REM sleep duration was inversely correlated with hunger
and carbohydrate intake [54]. Similarly, Gonnissen et al. cor-
related reduced REM sleep with declines in subjective “full-
ness” and increased desire for snacking [55]. At the same
time, REM sleep disruption can be related to some disor-
ders, such as narcolepsy or anorexia nervosa, which is a com-
plex disorder that is marked by a loss of REM sleep in the se-
cond half of the night, being replaced by wakefulness and,
sometimes, by physical activity (locomotion) [53].

One other discussed impact of REM sleep would be on
the affective evaluation and consolidation of emotional mem-
ories. It has been studied over the past decades, resulting in
a theory called “sleep to forget and sleep to remember” [56];

de Mendonga et al.

this theory proposes that REM sleep promotes the consolida-
tion of emotional events as memories (“sleep to remem-
ber”), while attenuates memory potential to increase emotio-
nal reactions associated with that specific memory [57]. Ac-
cording to Wiesner et al. [57], REM sleep contributes to the
consolidation of declarative memories providing emotional
facilitation [57].

Long- and short-acting BZD hypnotics were included in
our review, with half-lives ranging from 1.5 to 123 hours.
Short-acting BZDs (1,5-4 hours) were associated with a re-
duction in REM sleep and SWS [58]. They seem to affect
the mechanism that onsets REM sleep and not the one which
maintains it. Consequently, a REM sleep rebound may occur
during the later part of the night, when the plasma concentra-
tion decreases due to its small half-life [59]. In the present re-
view, SWS reduction was observed in all studies using short-
-acting BZDs [19,29,31-34], but REM sleep reduction was
observed only in one [32]. All of the studies that used short-
-acting BZDs also reported an increased NREM sleep 2
stage [19,29,31-34], which is not usually associated with
them. Lynna et al. [60] associated short-acting BZDs with
lower night sleep quality and more extended day-time nap-
ping than long-acting BZDs. Unfortunately, the present re-
view did not find this type of data.

Fig. (1). Prisma flowchart.
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On the other hand, long-acting BZDs (12-123 hours)
were associated with a reduction in REM and SWS duration.
The longer the half-life, the longer the reduction [61]. Only
longer half-lives are associated with reduced NREM stage 1
[61]. These previous findings partially agree with our review
since the reduction in NREM 1 sleep stage was observed in
two studies with intermediate and one with longer half-life
[17,29,34]. Some of our studies did not quantify the duration
of REM and SWS reductions; therefore, we could not make
this comparison. Our most common finding with these long-
acting BZDs was the reduction in NREM 2 sleep stage
[14-17,22,23,25,27-31,34], a fact that is commonly associat-
ed with them [61].

CYP3A4 metabolizes most BZDs, an enzyme from the
cytochrome P450, which is inhibited by several antidepres-
sants [62]. Their co-administration can result in higher
serum levels of BZDs. Besides that, xanthines (like caffeine)
and alcohol can increase sleepiness induced by BZD [63]
and consequently cause architecture alterations. These com-
mon and possible interactions were not controlled for in
most of our included studies.

There is some evidence that the chronic use of BZD is as-
sociated with hyperglycemia [64]. This fact should be taken
in account in a scenario where Non-Alcoholic Fatty Liver
Disease (NAFLD) and diabetes have reached epidemic lev-
els, mainly due to unhealthy western diets and lifestyles [65,
66]. These metabolic changes can cause defective xanthine’s
metabolism, altered BZD’s metabolism, and nutrient defic-
its, which may be associated with circadian rhythm altera-
tions [65]. Due to these facts, nutrition and liver metabolism
should be assessed in future studies.

This review did not assess the risk of bias in individual
studies. This risk was also not assessed across studies. Also,
it was not possible to handle data and combine the results of
studies since the findings were heterogeneous. Another limi-
tation was the selection of studies written in English, Por-
tuguese, and Spanish only. Also, 50% and 57% of the sam-
ples included in this review were composed of males and
adults only, respectively. This may suggest considering
emerging evidence as limited since women, young adults,
and seniors were underrepresented. Also, there were small
samples involved in clinical trials based on polysomnogra-
phy [14-34]. However, this was the first systematic review,
to our knowledge, that summarized the variations in human
sleep architecture induced by BZDs.

CONCLUSION

This systematic review of literature aimed to evaluate
variations in human sleep architecture caused by the treat-
ment with BZDs. We may conclude that BZDs use modified
sleep architecture in the short and long term. Consistent evi-
dence confirmed an increase in NREM stage 2, decreased
stages 3 and 4 of NREM sleep, and a reduction in REM
sleep time in a regular nocturnal sleep. The increase in
NREM stage 2 possibly leads to a subjective sleep quality
improvement, no awakenings, and higher sleep quality sensa-
tion, but an increased risk for cardiovascular diseases. There
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is some evidence that the decrease in stages 3 and 4 may be
associated with amyloid-beta pathology. Decreased REM
sleep may increase the risk of obesity. Based on these find-
ings, we recommend that benzodiazepines are prescribed
with zeal and professional judgment. Physicians should ac-
count for the pros and cons of prescribing them with a clini-
cal follow-up of possible side effects in the short- and long-
term treatment.
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