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ABSTRACT The sleep loss (SL) are one of the important diseases that endanger the health of aging
individuals. This study evaluated SL in aging individuals, and explored the relationship between age and
the organic changes that affect brain and sleep. The causes of SL in aging individuals and its harmful effects
on them have been outlined. To enable individuals in choosing a suitable way to sleep better, we also reviewed
advantages and disadvantages of the existing sleepmodulation based on lifestyle habits and drug and physical
stimulation. We found the former as more suitable for patients with mild SL, while the latter may fail to
achieve the desired effects and may even lead to the onset of new diseases. Therefore, it is proposed to use
non-invasive electrical andmagnetic stimulations to improve the sleep quality in aging patients.In this review,
mechanisms of the two stimulation methods have been summarized. Through analysis, it was found that
magnetic stimulation can induce neuronal action potential, whichmakes patients twitch, and equipment noise
causes discomfort in the elderly during treatment. Comparative analysis of stimulation methods revealed that
transcranial electrical stimulation (tES) is a considerably safe, convenient, non-invasive, and easy to operate
method with few adverse reactions, and it can be considered a potential therapeutic method for SL in aging
patients.

INDEX TERMS Aging, SL, non-invasive, tES, transcranial magnetic stimulation (TMS).

I. INTRODUCTION
Studies have proved that animals experienced the need for
sleep before they possessed brains [1], [2]. Sleep is an indis-
pensable and important physiological activity across animal
kingdom. Humans spend about one-third of their lives sleep-
ing [3]. However, the sleep duration is not evenly distributed
during human lifetime and the sleep duration and quality
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decline with advancing age. As a result, sleep fragmentation
and insomnia have become the most common physiological
conditions in aging individuals [4], [5]. Sleep loss has become
an important disease compromising elderly health.

Aging individuals lack sustained and prolonged sleep,
leading to a series of health problems. Some studies have
shown that insufficient sleep affects cognitive function,
induces memory disorders [6], [7], [8], [9], [10], and
increases the probability of dementia and depression [7], [9],
[11]. In severe cases, it also causes physical and physiological
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damage, and increases the probability of death [11], [12].
Resolving sleep loss in the elderly can help improve their
quality of life.

Sleep loss in the elderly is attributed to multiple fac-
tors [13], including medical syndrome, mental illness, pri-
mary sleep disorder, social participation, and changes in
lifestyle or environment [14], [15], in addition to anatomical
and communication changes in the brain due to aging [9],
[16]. Although more than 50% of older adults involved in
the survey by Foley et al. [12]suffered from sleep disorder,
a large proportion of patients attributed their problems to their
own poor health and illness [14], [15]. Apart from the impact
of diseases, environmental factors, and age, sleep changes
are not only closely related to changes in circadian rhythm
and steady-state processes (sleep-wake rhythm – activity
mode, daytime napping and lethargy, amplitude reduction,
and phase shift) but also related to changes in normal brain
areas (caudal and hypothalamus) due to aging [13], [16].
The aims of this study are as follows:

• 1) Identify which brain tissues in older persons may
undergo organic changes;

• 2) Identify which organic changes in the brain can trig-
ger insomnia in older persons;

• 3) Summarize the Negative effects of insomnia to phys-
ical and mental health of older persons;

• 4) Describe how to improve the sleep quality of older
persons.

Being a country with the largest population in the world,
China has the largest number of aging individuals [17],
and is rapidly developing into an ‘‘aged society’’ in the
21st century [18]. Moreover, studies have reported a higher
proportion of aging individuals with SL than of any other
age groups [19], accounting for about 50% of the surveyed
population.

This study focuses on the SL in aging patients, and
reviewed the relationship between the brain area, rhythm, and
sleep. The main factors that induce SL and existing methods
used to promote good sleep in these patients were analyzed
and summarized.We propose using non-invasive neural mod-
ulation technology to improve sleep in aging individuals with
SL to better improve their quality of life.

II. BRAIN AGING AND SL
A. AGE RELATED CHANGES IN THE BRAIN
Human sleep is mainly controlled by the sleep center,
which is located at the tail end of the brain stem and
hypothalamus [9], [20]. It sends out conduction pulses that
act on the cerebral cortex, and are mutually restricted by
the ascending reticular activating system of the brain stem
that regulates sleep and wakefulness. The hypothalamus is
located deep in the brain and its preoptic area is closely
related to sleep. Damage to this area can cause severe
insomnia in afflicted individuals. The posterior part of the
hypothalamus is related to wakefulness and if it is injured,
afflicted individuals experience excessive sleep and reduced

wakefulness [21], [22], [23]. In contrast, the ascending retic-
ular activating system is located in the thalamus (dorsal
thalamus and midbrain), and if a lesion occurs at this site,
individuals can experience excessive lethargy, inability to
wake up, sleep reversal, and even coma in severe cases.
The sleep center also includes the thalamic reticular nucleus
(TRN) of the midbrain and the thalamus [24].

With advancing age, the volume of brain tends to decrease
(Figure 1 and 2) [25]. In Figure 1, we can see the (a)Relation-
ship between brain volume and age.(b)Relationship between
gray matter volume and age.(c)Relationship between white
matter volume and age. The solid square represents male
individuals and the hollow circle represents the female indi-
viduals. It can be seen from the fitting curve that brain
volume, white matter, and gray matter decreases with the
increase in age. To visualize the age differences in graymatter
volumes, the paper divided subjects into two age groups
based on age at initial evaluation: 59–69 years (n = 63;
mean = 64.6 ± 3.2 years) and 70–85 years (n = 53; mean =

77.3 ± 4.7 years) (Figure 2). Average gray matter maps in
stereotaxic space were computed for all 116 subjects, and for
each age group separately. The gray matter for all 116 sub-
jects is depicted as an average intensity map in the top row of
Figure 2. The average intensities depict the amount of gray
matter present in each location. Average gray matter intensity
maps for the two age groups are subtracted to show local
age differences in gray matter volumes. Age differences in
local gray matter volumes are shown for the 59–69 versus
70–85 year olds in the bottom row of Figure 2, with the
yellow and bright green regions indicating larger differences.
Greater gray matter volumes in younger compared with older
subjects are apparent in the hippocampus (H), inferior (IT)
and mesial temporal lobes, orbital frontal cortex (OFC), and
insula (I). From Figures 1 and 2, we can determine that
the weight and blood supply to the hypothalamus gradually
declines, connective tissue content gradually increases, and
brain structural morphology changes. Simultaneously, the
activities of hypothalamic gonadotropin releasing hormone
(GnRH) and growth hormone releasing hormone (GHRH)
gradually reduce [26], [27], contributing to SL in aging
individuals. Therefore, these patients exhibit common SL
symptoms, such as going to bed earlier than expected, sleep-
ing less, and daytime sleepiness [28]. In addition, distinct
volumetric changes in the cerebral cortex and hippocampus
(Fig. 2) [25] directly determine the sleep quality and duration
in these patients [29].

The thalamic reticular nucleus (TRN) participates in
non-rapid eye movement during sleep, thus stimulating the
excitability degree of the spindle, generating spindle waves,
and controlling sleep and wakefulness [23]. Some studies
have shown that [30], [31], with increasing age, the activity
of the spindle gradually weakens, which negatively impacts
the amplitude, duration and incidence of the spindle waves,
resulting in increased likelihood of SL in the middle-aged
and aging individuals (>43 years old) than in the young
individuals (20-34 years old) [32], [33], [34].
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FIGURE 1. Relationship between age and brain parameters [25].

FIGURE 2. The age differences in gray matter volumes [25].

B. RELATIONSHIP BETWEEN SL AND AGING RELATED
ORGANIC CHANGES IN BRAIN
Aging individuals are more likely to sleep early and wake
up early as compared to young individuals [35], [36],
[37], indicating a shift in the amplitude of the circadian
rhythm in the aging population. However, other studies have
reported contrasting results [37], [38], [39]. With aging,
sleep becomes more dispersed and shows gradual increase
in the number of awakenings and wakefulness episodes. In a
study conducted on 149 male volunteers aged 16-83, the
sleep duration of middle-aged (>40) to aging people was
reduced by 27 minutes for every increase of 10 years in
age [40].

In the young (>18) to middle-aged (<60) individuals,
slow wave sleep (SWS) gradually decreased (18.8±3.4% of
the total sleep time) and rapid eye movement (REM) sleep
decreased by about 50% [36], [40], [41]. In aging individuals,
the amplitude of wave activity, which is directly related to
sleep, significantly decreased; this was caused by age-related
cortical tissue loss and hypothalamic degeneration, especially
changes in the modulation process of frontal lobe region
and thalamic cortex [41]. Simultaneously, number, density,
and duration of sleep-related spindles was also further low-
ered [42], [43].
Electroencephalogram (EEG) monitoring and analysis of

aging individuals revealed that the bands of delta, theta,
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and sigma frequencies decreased significantly during sleep
as manifested by observations that during non-REM sleep,
bands of frequency lower than 14 Hz decreased, whereas
during REM sleep, bands of frequency lower than 10 Hz
decreased [44], [45], [46]. In aging individuals, slow wave
activity shows veryminor sleep-dependent attenuation during
night sleep and the frequency of the nocturnal spindle activity
is decreased compared to that in young individuals, which
confirms the homeostasis process by which sleep is related to
age [44], [45].

In addition to hypothalamus and spindle, hypocre-
tin/orexin(Hcrt/OX) neuron activity directly affects sleep.
Research shows that aging mice show sleep fragmentation
and significant loss (up to 38%) of Hcrt neurons. More-
over, wakefulness and non-rapid eye movement sleep are
reportedly more frequent in aging mice [47] because Hcrt
neurons show more frequent discharge patterns, which leads
to wakefulness seizures and disrupted sleep. In addition, with
increased age, individuals experience increased autoimmune
activity, and age-related encephalitis can also cause SL [48].

C. HARMFUL EFFECTS OF AGING-RELATED SL
Sleep deficiency and SL are very common in aging indi-
viduals and long-term sleep deprivation can damage the
brain [49]. Moreover, SL and sleep deficiency are directly
related to dementia and risk of all-cause mortality [11]. In a
study conducted on patients who slept less than 5 hours a day,
the risk of dementia was 45% higher and that of all-cause
mortality was more than 2-fold than that in individuals who
had normal sleep [11]. Insufficient sleep also accelerates
memory decline in aging individuals [10], [50], impacting
their cognitive ability [6], [7], [9], thus increasing their prob-
ability of dementia and depression [7], [9], [11]. Moreover,
long-term sleep deprivation can cause a series of complex
diseases, such as Post-Concussion Syndrome (PCS) [51],
severely deteriorate mental and physical health [52], acceler-
ate aging [53], and affect ability to exercise [54] and increase
the risk of falls.

III. SLEEP MODULATION IN THE ELDERLY
A. SLEEP MODULATION THROUGH LIFESTYLE HABITS
Exercise is an important way to improve sleep quality [55].
Strenuous exercise can cause physical discomfort in aging
individuals. Therefore, low-intensity exercise, such as shad-
owboxing and walking, can have an easing effect on patients
with mild SL [56]. They can also improve their sleep quality
through regulation of diet and sleep environment, among
other factors. Studies have shown that the tryptophan in milk
can promote sleep quality [57]; therefore, aging patients may
benefit from drinking a cup of hot milk before going to bed.
Changes such as reducing the light intensity in the sleep
environment [58], sleeping with a partner or placing some
clothes with the partner’s smell besides themselves [59],
and appropriately increasing the quilt weight in winter [60],
relieve mild SL in aging individuals.

TABLE 1. Analysis of the advantages and disadvantages of sleep
modulation methods.

B. SLEEP MODULATION BY DRUGS AND PHYSICAL
STIMULATION
Drug assisted sleep is the commonly used method by aging
individuals to improve sleep [61]. Aging patients experience
a more severe neurocognitive impairment and may use a
variety of drugs to alleviate their effects. The half-life of
hypnotic drugs may be longer in aging individuals due to
slower metabolism than that in young people, and the combi-
nation of multiple drugs can further increase the risk of falls
and multi-drug syndrome (American College of Physicians
(ACP) Internal Medicine Meeting, 2021) [62]; moreover,
long-term use of drugs can cause drug dependency in patients.
Melatonin is recommended to use for supplementary treat-
ment to improve sleep. Similarly, to ensure better sleep, aging
individuals should try not to use the mobile phones within
an hour before going to bed. Studies have shown that the
blue light generated by the screen of mobile phones or elec-
tronic products affect sleep [63], and worsen the sleep quality
because of exposure to prolonged electromagnetic radiation
(EMR) of mobile phone signals [64] In addition, listening
to music during sleep should also be avoided, including
berceuse, becausemusic causes a lingering ‘‘earworm effect’’
that can affect sleep, which leads to individuals waking up
more often at night, and result in a longer period of shallow
sleep [65].the advantages and disadvantages of existing sleep
modulation methods show in Table 1.

IV. PROMOTING SLEEP VIA NON-INVASIVE NEURAL
MODULATION
Using routine sleep modulation is difficult for patients with
severe SL, and most of them rely on drugs. In the 1970s,
transcranial electrical stimulation was attempted in the aging
individuals to improve their sleep [66], [67]. Following such
stimulations, the sleep latency of insomniacs was shortened,
the awake time in bed was reduced, duration of the first stage
of non-rapid eye movement (NREM) sleep was shortened,
and percentage of slow wave activity in the fourth stage
of NREM sleep was increased, with the effect potentially
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FIGURE 3. Noninvasive transcranial electrical stimulation (tES) technique [70].

lasting approximately two years [68].Transcranial electri-
cal stimulation (tES) requires two electrodes (red=anode,
blue=cathode), with at least one placed directly on the scalp
(up, left). More channels can be added to record EEG
extensively and perform high-resolution ‘‘multifocal’’ tES.
Available protocols include transcranial direct current stim-
ulation (tDCS), transcranial alternating current stimulation
(tACS), and transcranial random noise stimulation (tRNS).
Different stimulation protocols allow induction of changes
in cortical excitability, as well as more specific effects on
brain oscillations, e.g.,the α or γ rhythms (Figure 3). In this
technique, transcranial direct current stimulation (tDCS) was
first applied to modulate the neural activity. A 0.5 2.0 mADC
current was applied using the electrode and single continuous
stimulation did not exceed 30 minutes. Sleep modulation
was achieved by changing the resting membrane potential of
neurons to regulate neural activity with electrical stimulation
of 5 days per week for 1 4 continuous weeks [69], [70],
[71], [72], [73], [74], (Figure 3). In the system, the anode
stimulation of tDCS had an excitatory effect, while the cath-
ode stimulation had an inhibitory effect. Studies showed that
the anode stimulation of tDCS can increase the amplitude of
motor evoked potential, thus enhancing neuron excitability;
in contrast, cathode stimulation can reduce its amplitude, thus
inhibiting neuron excitability [75]. The tDCS stimulation can
modulate sleep by regulating glutamate concentration, which
acts as an neuroglia in glial cells and affects sleep [76]. Stud-
ies have proved the efficacy of tDCS treatment for all patients
with SL [71], [72], [77], [78]. Transcranial alternating current
stimulation (tACS) aims at regulating sleep by adjusting the
DC electrical signals in tDCS to an AC electrical signal with
a waveform similar to the wave observed during sleep [69],
[70], [79], [80].

In addition to transcranial electrical stimulation, transcra-
nial magnetic stimulation (TMS) can also regulate sleep.
Transcranial magnetic stimulation (TMS) relies on passing
electrical current through a conductive coil and inducing a

time-varying focal high magnetic field (∼2 T) that generates
a strong electric field (>100 V/m). This directly causes neu-
ronal spiking with a high spatial resolution (∼0.53 cm of acti-
vated brain tissue) (down, left). Different TMS protocols can
be implemented by delivering trains of TMS pulses (repetitive
TMS, rTMS) or by pairing pulses, which induces various
effects such as increased/decreased corticospinal excitability,
increased/decreased cortical plasticity, modulation of brain
excitatory/inhibitory balance, and changes in local connec-
tivity and blood flow/perfusion (Figure 4). The system is
applied tangent to the scalp layer through the regulating
coil to stimulate the bilateral dorsolateral prefrontal cortex
(DLPFC)wherein the stimulation emission frequency is 1Hz,
the resting motion threshold (RMT) is 80-85%, stimulation
duration is 2 s, and the intermittent duration is 1 s. Stim-
ulation is performed 300-400 times for each treatment, for
about 20 minutes, once a day, for 14 consecutive days. This
treatment has been clinically proven to significantly improve
sleep [81], [82], [83], [84], [85], [86]. Its mechanism of action
uses the principle of electromagnetic induction to make the
patient’s brain produce an electric field that can interact with
the external electromagnetic field and improve the cerebral
blood circulation, affect the metabolism of catecholamine,
promote the release of endogenous dopamine, significantly
increase the patient’s dopamine around the ipsilateral caudate
nucleus, inhibit the decomposition of dopamine in the brain
nervous system, and regulate the excitability of the direct
and indirect circuits of striatum pallidum at the affected
side. Meanwhile, low-frequency repetitive transcranial mag-
netic stimulation (rTMS) treatment can promote the release
of inhibitory neurotransmitters γ -aminobutyric acid and 5-
hydroxytryptamine, slow down the nerve conduction velocity
and reduce the activity of neurons, restrain the function of
the upward reticular excitatory system of the brain stem of
patients, and increase the non-rapid eyemovement sleep; thus
greatly improving the sleep quality of patients [81], [82], [83],
[84], [85], [86].
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FIGURE 4. Noninvasive transcranial Magnetic Stimulation (TMS) technique [70].

FIGURE 5. Stimulation techniques combined with electrophysiological techniques [70].

In addition, stimulation techniques can be combined with
electrophysiological techniques such as in simultaneous
TMS-EEG and tES-EEG recordings. In the case of TMS,
a focal magnetic pulse is delivered to a specific region of
the brain using a neuronavigational system (based on the
individual’s MRI), which allows precise anatomical targeting
of cortical areas at 1-mm resolution. The activity elicited
by the pulse is mostly local, with distant effects usually
observed for regions structurally or functionally connected to
the stimulation site. Both local reactivity and short-long range
connectivity can be evaluated, either in terms of TEPs or time-
frequency analysis. Distant or out-of-network regions might
show delayed or no responses. While TMS provides higher
spatial resolution, tES allows frequency-specific modulation

of brain electrical activity by steering neuronal populations
towards an externally induced oscillatory pattern using alter-
nating current. The response to tACS can be expressed in
terms of spectral power changes investigated prior to (c1),
during (c2), and/or after (c3) stimulation, phase-coherence,
and other connectivity metrics, with the effects being mea-
surable at the stimulated area as well as distant or resonant
regions(Figure 5) [70], [87], [88], [89].

V. DISCUSSION
SL are caused by a combination of psychological, physiolog-
ical, social, and other factors. Aging individuals experience
several degenerative changes in body including the brain [4],
[5]. Moreover, aging patients present with several diseases
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FIGURE 6. Non-invasive deep brain stimulation. Electric field
vectorsE1(x, y, x) and E2(x, y, x) (gray and blue arrows, respectively)
resulting from alternating currents I1 and I2 simultaneously applied to
the scalp of a head model.I1 and I2 were applied at kHz frequencies f1
(here, 1mA at 1kHz applied across the gray electrodes) and f2 (1mA at
1.04kHz, across the blue electrodes) that were higher than the range of
frequencies of normal neural operation; thus, neurons were driven only
at the difference frequency. Field amplitudes were normalized to
maximum. The field vectors were recorded at a time point in which the
two currents were applied in-phase from top to bottom electrodes [91].

and complex drug usage history. Drug usage for promoting
sleep may change drug sensitivity and tolerance and increase
the risk of adverse drug reactions (American College of
Physicians (ACP) Internal Medicine Meeting, 2021) [62].
Therefore, physiotherapy, psychotherapy, exercise, and other
non-drug therapies are recommended as an alternative for
clinical management of SL in these individuals.

tES (tDCS and tACS) and transcranial magnetic stimula-
tion (TMS) are widely used in clinical treatment. However,
since tES does not induce neuronal action potential and
the current intensity is weak, its therapeutic effect on SL
is often not as effective as that of TMS [90]. As the sig-
nal characteristics change in tES, the depth of stimulation
gradually increases (Figure 6), and the targeted modulation
also affects other neuronal function [91]. Evidence-based
medicine has confirmed the clinical therapeutic efficacy of
tES in SL [92].Because the driving voltage required by tES
is lower, the device is safer; further, this low voltage device
does not need a voltage raising module, allowing simpler

design and easier miniaturization of the device, making it
convenient to carry. Meanwhile, EEG monitoring of aging
patient receiving tES therapy would assist to design optimal
stimulation combinations. The targeted area is regulated by
selecting the stimulation point and changing the signal char-
acteristics (intensity, frequency, delay) with simple operation.
The tES is expected to become one of the key methods of
physical therapy for SL in aging individuals due to its higher
safety, convenience, non-invasive property, easy operability,
and few adverse reactions compared to that of TMS.

Although both non-invasive current stimulation methods
(tDCS and tACS) improve the sleep quality of insomnia
patients to similar extent, there are significant differences in
the affected brain area and acting depth of the two stimu-
lation techniques. In tDCS, DC electrical signal is used as
the stimulation signal, and the cerebral cortex is the main
functional area of current signal, and regulation of the asso-
ciated brain regions is realized through electrical feedback
of the cerebral cortex. During the regulation process, only
the amplitude and duration of signal can be changed, and
the program control mode is relatively onefold [93], [94],
[95], [96]. In tACS, AC signal is used as the stimulation
signal. Because the AC signal has a certain penetrability,
deeper parts of the brain in addition to the cerebral cortex
are the functional areas of the current signal. The signal
can not only regulate the associated brain regions through
electrical feedback of the cerebral cortex, but also deep
target areas of the brain by changing multi-factor param-
eters such as amplitude, frequency, and phase of the sig-
nal, stimulation delay, and stimulation electrode combina-
tion; moreover, the regulatory effect is more persistent and
targeted [91], [97], [98].

VI. FUTURE WORK
From existing references, we find that the obvious organic
changes in older, middle-aged, and younger people have been
analyzed in many studies, but the problem of insufficient
sleep is a neurological problem. In addition to the impact of
organic changes, neuropathy induced by organic changes is
an important cause of sleep deprivation. Accurately analyzing
patients’ neural electrical signals can help us more accurately
understand insomnia syndrome caused by organic changes.
To date, there has been little research on this topic and it is
worthy of attention in future research.

Insufficient sleep can lead to various diseases in the elderly,
but the relationship between insufficient sleep and disease
induction is currently unclear and involves many interdisci-
plinary challenges. Therefore, interdisciplinary research on
sleep deprivation is an important direction for future sleep
research.

In this study, we found through the study of non-invasive
neural regulation techniques that tES and TMS technologies
promote sleep and improve sleep quality in older persons.
In future insomnia treatment, doctors can regulate patients’
sleep by stimulating the target area. Similarly, in existing
achievements, the neural regulatory mechanisms of electrical
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and magnetic stimulation signals on the target area are not
yet explicit. In future research, we will also focus on combin-
ing electrophysiological signals such as patients’ electroen-
cephalogram(EEG) [99] and electrocardiogram(ECG) [100]
to study the neural regulatory mechanisms.

VII. CONCLUSION
This study focused on the issue of insomnia in the elderly.
To explore the relationship between insomnia in the elderly
and organic changes of the brain, we reviewed the rela-
tionship between age and changes in the brain. Through
summarizing the findings, the following conclusions are
drawn: (1) As a person grows older, the volume (weight) of
the brain significantly decreases, which due to aging and is
inevitable. (2) Insufficient sleep in the elderly can lead to
many diseases, so improving the quality of sleep in the elderly
is very important. (3) For elderly insomnia patients with
mild symptoms, it is recommended to adjust their lifestyle
habits; for patients with severe insomnia, medication and
physical therapy are needed to promote sleep in the elderly.
(4) For patients with severe insomnia, we need to consider
the poor effectiveness of medication and physical stimulation
as sleep regulation methods and the risk of inducing new
diseases. This study focuses on analyzing the mechanism and

TABLE 2. Abbreviations and abbreviation comprehension.

application effects of non-invasive electrical and magnetic
stimulation methods proposed in clinical practice to improve
sleep habits in the elderly. Through analysis, it is found that
magnetic stimulation can induce neuronal action potential,
which will make patients twitch, and equipment noise will
cause discomfort to the elderly during treatment. In contrast,
tES is more suitable for the treatment of insomnia. (5) In
response to the problems of shallow stimulation depth and
poor programmable control ability in tDCS, a case study of
deep brain stimulation using AC electrical stimulation was
summarized and analyzed, providing new treatment ideas for
clinical practice.

VIII. ABBREVIATIONS
The following abbreviations are used in this manuscript:
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