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Frailty is a geriatric syndrome with increased risk for poor health outcomes, including falls, cognitive impairment, hospitalization, and mortal-
ity. In previous studies, associations between frailty and sleep-related factors or sleep disorders have been investigated. We examined the re-
lationship between frailty and insomnia, which are both common condition in older adults. Hormonal changes with aging and/or lifestyle
changes all affect sleep physiology, which are vulnerable to the risk of insomnia. As the severity of frailty decreases the quality of sleep, and
the long/short sleep duration is related to the risk of frailty, it can be assumed that frailty and sleep are reciprocally related. The association be-
tween frailty and insomnia has been variously proven in epidemiological studies conducted around the world. A close evaluation of insom-
nia and frailty in older adults provides a basis for improving the health of people in the aged society. There are few related studies in Korea,
and in the future, not only basic epidemiological studies but also studies explaining the psychoneuroendocrinological mechanism of the re-
lationship between insomnia and frailty should be performed together.
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INTRODUCTION

Frailty is defined as a multidimensional geriatric syndrome that
results from aging-associated functional and physiological de-
cline [1]. Its phenotype include unintentional weight loss, exhaus-
tion, low physical activity, slowness, and weakness; it is associat-
ed with an increased risk of falls, hospitalization, morbidity, and
mortality [2]. Sarcopenia is an elementary factor of frailty and is
defined as a progressive reduction of mass and strength in the
skeletal muscles [3].

Previous studies have revealed an independent association be-
tween frailty and sleep-disordered breathing [4,5]; the relation-
ships between various frailty-related factors (e.g., sarcopenia) and
sleep quality or duration have also been investigated [6-8]. In Ko-
rea, the prevalence of insomnia among community-dwelling old-
er adults is approximately 20%-30% [9,10]; the prevalence of frail-
ty among older adults is approximately 10%-20% less than that of
insomnia [11,12]. Frailty and insomnia are both common condi-
tions in older adults, so more research investigating them together
is needed. However, few studies in Korea have examined the rela-

tionship between frailty and insomnia. As Soyeux [13] stated, the
importance of research on aging and sleep in older adults is in-
creasing. In this review, we focus on the relationship between frail-
ty and insomnia, which is the most common sleep disorder in older
adults.

CHANGES IN SLEEP PHYSIOLOGY
WITH AGING

Although the total sleep duration in older adults is similar to
or slightly decreased than that of younger adults, the duration of
the deep-sleep stage is clearly reduced [14]. This phenomenon
appears to be caused by changes in sleep parameters that accu-
mulate in middle-aged adults [15]. Human circadian rhythms
change as age increases, including a phase advance in the rhythm,
reduced amplitude in the rhythm, and a decreased ability to ad-
just to phase shifting [15].

Fundamentally, the hormonal changes that occur with aging
affect sleep. While several hormones are involved, including cor-
tisol, prolactin, thyroid-stimulating hormone, and sex hormones
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[16], the effects of growth hormone (GH) and melatonin are the
most studied. GH secretion rapidly declines between young adult-
hood and middle age and then declines slowly between middle
and old age; this is similar to the age-related decline in deep sleep.
Meanwhile, nocturnal levels of melatonin in older adults are sig-
nificantly lower than they are in younger adults [17]. This age-re-
lated decrease in melatonin secretion contributes to increased
sleep disturbances in older adults.

In addition, age-related sleep changes such as sleep fragmenta-
tion or deep sleep reduction, lowered sleep efficiency, insomnia,
sleep apnea, and circadian rhythm disruption are known to in-
crease muscle catabolism and decrease muscle anabolism to in-
crease the risk of sarcopenia, which is the main cause of the phys-
ical phenotype of frailty [18].

RELATIONSHIP BETWEEN FRAILTY
AND SLEEP

Kaur et al. [19] reported that the degree of frailty is associated
with cognitive decline, and sleep quality has a mediating effect
on this relationship. In that study, more-severe frailty was signifi-
cantly associated with poor sleep quality. When this was analyzed
using a mediation model, processing speed was slower due to the
effect of frailty on sleep quality; consequently, delayed-recall func-
tion was also worse. In a community cohort study of 2,505 men
followed for 3.4 years, it was found that incident frailty was sig-
nificantly associated with sleep quality, sleep latency, sleep effi-
ciency, and sleep-disordered breathing [20]. In addition to sleep
quality, there is also evidence that shorter or longer sleep periods
are associated with physical, psychological, and socially frailty [21].

It can be assumed that frailty and sleep are reciprocally relat-
ed. The link between sleep and frailty appears to be mediated by
several factors, including decreased testosterone levels, chronic
inflammation, imbalanced GH secretion, and the biochemical
mechanisms associated with increased cortisol levels [18].

Frailty is associated with insulin resistance [22,23]; it is hypoth-
esized that poor sleep quality affects the function of the central
nervous system in frail older adults through exacerbation of in-
sulin resistance. Sleep disturbances also have the potential to ac-
celerate age-related changes in glucose tolerance [16]. In addition,
sleep deprivation is associated with increased levels of oxidative
stress markers in the liver. High levels of oxidative stress are asso-
ciated with frailty [24].

On the other hand, low physical activity (a characteristic of
frailty), excessive naps, and low exposure to sunlight may cause
poor sleep hygiene, which may adversely affect nighttime sleep.
There are many factors related to lifestyle or the environment that
need to be considered when analyzing the relationship between
frailty and insomnia.

A cross-sectional analysis of the cohort operated by the Na-
tional Health and Aging Trends Study [25] revealed that pain,
difficulty in initiating sleep, and depressive symptoms were in-
dependently associated with frailty in the older adults. According

to the study, the coexistence of two or more symptoms, such as
depressive symptoms and pain, and depressive symptoms and
insomnia, had a greater association with the development of pre-
frailty and frailty than when only each single symptom was pres-
ent [25]. The combined cross-sectional relationship with pain and
depressive symptoms of frailty was 8.13 (odds ratio [OR]), which
was larger than the sum of the each associations of pain (OR=1.41)
and depressive symptom (OR=3.63). It can be assumed that each
symptom causes a reciprocal action. Further studies will be need-
ed on the specific mechanism of how these symptoms and frailty
affect each other.

PREVIOUS EPIDEMIOLOGICAL STUDIES
OF FRAILTY AND INSOMNIA

In this section, we review some recently published epidemio-
logical studies on the relationship between frailty and insomnia.

A 2-year longitudinal study of 3,844 rural older adults in Japan
found a bidirectional relationship between insomnia and frailty:
insomnia predicted the onset and aggravation of frailty and, con-
versely, frailty predicted the severity of insomnia [26]. In men, the
effect that frailty had on insomnia was greater than the effect that
insomnia had on frailty. However, in women, the effect of insom-
nia on frailty was greater than the effect of frailty on insomnia.
Sex-related differences in the association between frailty and in-
somnia have also been reported in studies conducted in other
countries [27,28]. In a study by Moreno-Tamayo et al. [28], in-
somnia, poor sleep quality, and a sleep duration of less than 5 h
were found to increase the risk of frailty in women; in men, mul-
tivariate logistic models found no significant association between
insomnia and frailty. In previous studies, women showed higher
levels than men did for inflammatory markers [29] and allostatic
load [30], which are risk factors for frailty. Thus, at least in wom-
en, an insomnia-induced increase in inflammation may increase
vulnerability to frailty.

In studies that examine insomnia in more detail, the evidence
is slightly different even within the phenomena of insomnia. A
study in Hong Kong found that frail older adults had a higher
prevalence of sleep-onset insomnia compared to non-frail older
adults; however, sleep-maintenance insomnia was not associated
with frailty [31]. A study using data from the National Social Life,
Health, and Aging Project found that the risk of frailty became
greater as the sleep fragmentation index increased, as measured
by three days of wrist actigraphy [32]. Vaz Fragoso et al. [33] found
that daytime sleepiness was more strongly associated with frailty
than the insomnia severity.

Together, this epidemiological evidence provides a basis for
clinically evaluating insomnia and general sleep states more
closely and for providing active intervention for both frail and
non-frail older adults.



CONCLUSION

In this mini-review, we examined the relationship between
frailty and insomnia in older adults. Frailty is related closely to
not only the consequences of falls due to weakness of the muscu-
loskeletal system, but also to the risk of dementia and mortality.
In older adults (especially women), insomnia may induce or ex-
acerbate frailty and, conversely, frailty may cause insomnia.

In addition to surveying the current epidemiological state of
frailty and insomnia, it is recommended that research should be
performed to elucidate the specific mechanisms that relate in-
somnia to frailty. In future studies, it will be necessary to examine
the levels of cortisol, GH, melatonin, and inflammatory markers
in regards to their psychoneuroendocrinological aspects. Fur-
thermore, it seems necessary to study whether intervention for
insomnia can prevent or slow the progression of frailty from a
therapeutic perspective.

Funding Statement

This research was supported by a Faculty Research Grant from
the Yonsei University College of Medicine (6-2021-0088) and
Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Educa-
tion (2021R111A1A01040374).

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Availability of Data and Material
Data sharing not applicable to this article as no datasets were

generated or analyzed during the study.

Author Contributions

Conceptualization: Woo Jung Kim, Eun Lee. Funding acquisition:
Woo Jung Kim. Investigation: Woo Jung Kim, Kyung Mee Park.
Supervision: Eun Lee. Writing—original draft: Woo Jung Kim.
Writing—review & editing: Kyung Mee Park.

ORCID iDs

Woo Jung Kim
https://orcid.org/0000-0002-4963-4819
Kyung Mee Park
https://orcid.org/0000-0002-2416-2683
Eun Lee
https://orcid.org/0000-0002-7462-0144

REFERENCES

1. Rockwood K, Fox RA, Stolee P, Robertson D, Beattie BL. Frailty in elderly
people: an evolving concept. CMAJ 1994;150:489-495.

2. Xue QL, Bandeen-Roche K, Varadhan R, Zhou J, Fried LP. Initial manifes-
tations of frailty criteria and the development of frailty phenotype in the
Women’s Health and Aging Study II. ] Gerontol A Biol Sci Med Sci 2008;
63:984-990.

3. Morley JE. Sarcopenia in the elderly. Fam Pract 2012;29 Suppl 1:i44-i48.

w

~N

o]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Woo Jung Kim, et al K@Y WY/

Endeshaw YW, Unruh ML, Kutner M, Newman AB, Bliwise DL. Sleep-dis-
ordered breathing and frailty in the Cardiovascular Health Study Cohort.
Am ] Epidemiol 2009;170:193-202.

. Moreno-Tamayo K, Manrique-Espinoza B, Guerrero-Zuhiga S, Ramirez-

Garcia E, Sdnchez-Garcia S. Sex differences in the association between risk
of obstructive sleep apnea, insomnia, and frailty in older adults. Nat Sci
Sleep 2021;13:1461-1472.

. Rubio-Arias JA, Rodriguez-Fernandez R, Andreu L, Martinez-Aranda LM,

Martinez-Rodriguez A, Ramos-Campo D]. Effect of sleep quality on the
prevalence of sarcopenia in older adults: a systematic review with meta-
analysis. ] Clin Med 2019;8:2156.

. Pourmotabbed A, Ghaedi E, Babaei A, Mohammadi H, Khazaie H, Jalili C,

et al. Sleep duration and sarcopenia risk: a systematic review and dose-re-
sponse meta-analysis. Sleep Breath 2020;24:1267-1278.

. Noguchi T, Nojima I, Inoue-Hirakawa T, Sugiura H. Association between

social frailty and sleep quality among community-dwelling older adults: a
cross-sectional study. Phys Ther Res 2021;24:153-162.

. Chang K], Son SJ, Lee Y, Back JH, Lee KS, Lee S, et al. Perceived sleep qual-

ity is associated with depression in a Korean elderly population. Arch Geron-
tol Geriatr 2014;59:468-473.

Kim WJ, Joo WT, Baek J, Sohn SY, Namkoong K, Youm Y, et al. Factors as-
sociated with insomnia among the elderly in a Korean rural community.
Psychiatry Investig 2017;14:400-406.

Jung HW, Jang IY, Lee YS, Lee CK, Cho EI, Kang WY, et al. Prevalence of
frailty and aging-related health conditions in older Koreans in rural com-
munities: a cross-sectional analysis of the aging study of Pyeongchang rural
area. ] Korean Med Sci 2016;31:345-352.

Kim K], Shin J, Choi J, Won CW. Discrepancies in the prevalence of known
frailty scales: Korean Frailty and Aging Cohort Study. Ann Geriatr Med Res
2018;22:137-144.

Soyeux L. Geriatric sleep medicine, a young field. Chronobiol Med 2019;1:
93-94.

Ohayon MM, Carskadon MA, Guilleminault C, Vitiello MV. Meta-analysis
of quantitative sleep parameters from childhood to old age in healthy indi-
viduals: developing normative sleep values across the human lifespan. Sleep
2004;27:1255-1273.

Li ], Vitiello MV, Gooneratne NS. Sleep in normal aging. Sleep Med Clin
2018;13:1-11.

Copinschi G, Caufriez A. Sleep and hormonal changes in aging. Endocrinol
Metab Clin North Am 2013;42:371-389.

Zeitzer JM, Dufly JE Lockley SW, Dijk DJ, Czeisler CA. Plasma melatonin
rhythms in young and older humans during sleep, sleep deprivation, and
wake. Sleep 2007;30:1437-1443.

Piovezan RD, Abucham J, Dos Santos RV, Mello MT, Tufik S, Poyares D. The
impact of sleep on age-related sarcopenia: possible connections and clinical
implications. Ageing Res Rev 2015;23(Pt B):210-220.

Kaur S, Banerjee N, Miranda M, Slugh M, Sun-Suslow N, McInerney KE et
al. Sleep quality mediates the relationship between frailty and cognitive dys-
function in non-demented middle aged to older adults. Int Psychogeriatr
2019;31:779-788.

Ensrud KE, Blackwell TL, Ancoli-Israel S, Redline S, Cawthon PM, Paudel
ML, et al. Sleep disturbances and risk of frailty and mortality in older men.
Sleep Med 2012;13:1217-1225.

van Oostrom SH, van der A DL, Rietman ML, Picavet HS]J, Lette M, Ver-
schuren WMM, et al. A four-domain approach of frailty explored in the
Doetinchem Cohort Study. BMC Geriatr 2017;17:196.

Doyle P, Cusin I, Rohner-Jeanrenaud E Jeanrenaud B. Four-day hyperinsu-
linemia in euglycemic conditions alters local cerebral glucose utilization in
specific brain nuclei of freely moving rats. Brain Res 1995;684:47-55.
Barzilay JI, Blaum C, Moore T, Xue QL, Hirsch CH, Walston JD, et al. Insu-
lin resistance and inflammation as precursors of frailty: the Cardiovascular
Health Study. Arch Intern Med 2007;167:635-641.

Inglés M, Gambini ], Carnicero JA, Garcia-Garcia FJ, Rodriguez-Maias L,
Olaso-Gonzalez G, et al. Oxidative stress is related to frailty, not to age or
sex, in a geriatric population: lipid and protein oxidation as biomarkers of
frailty. ] Am Geriatr Soc 2014;62:1324-1328.

Liu M, Hou T, Nkimbeng M, Li Y, Taylor JL, Sun X, et al. Associations be-
tween symptoms of pain, insomnia and depression, and frailty in older
adults: a cross-sectional analysis of a cohort study. Int ] Nurs Stud 2021;117:



GEWA@INY/E Frailty and Insomnia

26.

27.

28.

29.

103873.

Nemoto Y, Sato S, Kitabatake Y, Nakamura M, Takeda N, Maruo K, et al. Bi-
directional relationship between insomnia and frailty in older adults: a 2-year
longitudinal study. Arch Gerontol Geriatr 2021;97:104519.

Devkota S, Anderson B, Soiza RL, Myint PK. Prevalence and determinants
of frailty and associated comorbidities among older Gurkha welfare pen-
sioners in Nepal. Geriatr Gerontol Int 2017;17:2493-2499.
Moreno-Tamayo K, Manrique-Espinoza B, Ortiz-Barrios LB, Cardenas-
Bahena A, Ramirez-Garcia E, Sanchez-Garcfa S. Insomnia, low sleep quali-
ty, and sleeping little are associated with frailty in Mexican women. Maturi-
tas 2020;136:7-12.

Chen X, Mao G, Leng SX. Frailty syndrome: an overview. Clin Interv Ag-
ing 2014;9:433-441.

30.

31

32.

33.

Yang Y, Kozloski M. Sex differences in age trajectories of physiological dys-
regulation: inflammation, metabolic syndrome, and allostatic load. ] Geron-
tol A Biol Sci Med Sci 2011;66:493-500.

TangJY, Luo H, Tse M, Lum TY, Wong GH, Li SX. The relationship between
insomnia symptoms and frailty in community-dwelling older persons: a
path analysis. Sleep Med 2021;84:237-243.

Guida JL, Alfini AJ, Gallicchio L, Spira AP, Caporaso NE, Green PA. Asso-
ciation of objectively measured sleep with frailty and 5-year mortality in
community-dwelling older adults. Sleep 2021;44:zsab003.

Vaz Fragoso CA, Gahbauer EA, Van Ness PH, Gill TM. Sleep-wake distur-
bances and frailty in community-living older persons. ] Am Geriatr Soc
2009;57:2094-2100.



