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Abstract: Coupled with the ageing population, frailty, characterized by high prevalence and difficult treatment, has progressively 
evolved into a significant public health concern. Frail individuals can often observe serious metabolic disorders and sleep-wake cycle 
disruption, which may be caused by the decline in physiological reserve and increased vulnerability. Moreover, sleep-wake cycle 
disruptions and metabolic dysfunctions associated with circadian rhythm disorders are considered to be a central part of the disorder. 
Previous studies have documented a correlation between frailty and sleep-wake disruptions; nevertheless, the association between 
circadian rhythm disorders and frailty has not yet been definitively established. Hence, we hypothesize a bidirectional link between 
circadian rhythm disorders and frailty, with each condition exerting a significant influence on the progression of the other’s disease 
trajectory. 
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Introduction
Circadian rhythm abnormalities and frailty are significant factors that relate to various biological processes and exert an 
impact on a range of human diseases. Research has indicated that the primary regulator of the body’s circadian rhythm, 
responsible for the regulation of circadian rhythm, is the suprachiasmatic nucleus (SCN), located in the anterior 
hypothalamus (Figure 1).1,2 The human body possesses the capacity to perceive alterations in both the external and 
biological environment, and subsequently, it can effectively regulate human biorhythms. This regulatory process mostly 
occurs through a feedback loop involving six fundamental genes, namely CLOCK, BMAL1, PER1, PER2, CRY1, and 
CRY2.3 In addition, frailty, which refers to an elevated susceptibility to stressors affecting various physiological systems 
among older adults,4 exhibits a strong association with factors within the biological internal environment, including 
diminished levels of physical activity and alterations in body weight.5 Interestingly, circadian rhythm disorders and 
frailty are common in numerous diseases. On the one hand, the effectors involved in the regulation of the human 
circadian rhythm are closely linked to the physiological reserve function of the body. These effectors have been found to 
play an important role in numerous pathological pathways, including metabolic diseases,6 inflammation,7 and sleep 
disorders.8 On the other hand, frailty can exacerbate circadian rhythm disorders, such as insulin resistance and insomnia, 
by impacting metabolic levels and cognitive function.9,10

At present, the investigation of circadian rhythm disruptions and frailty has emerged as a prominent area of interest 
within the realm of health research. However, the existing studies cannot establish a direct association between circadian 
rhythm disorders and frailty. A prior study conducted on a sample of 105 older individuals residing in the community 
revealed a correlation between rest-activity patterns and frailty.11 Another research group conducted an analysis of cohort 
data encompassing a sample size of over 1000 individuals of advanced age. Their findings indicate that perturbed 
circadian rest-activity rhythms is an early sign or risk factor for frailty in older adults.12 Conversely, in a separate cross- 
sectional investigation conducted on a sample of 69 older persons residing in institutional settings, the observed 
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correlations between rest-activity rhythms and frailty did not reach statistical significance.13 The observed variations 
among these studies can potentially be ascribed to disparities in the study population, methods of frailty assessment, and 
characteristics of the individuals. Unfortunately, none of the aforementioned research has provided a precise elucidation 
of the connection between disruption of circadian rhythm and the manifestation of frailty. The significance of circadian 
rhythm function in the pathogenesis of several age-related illnesses, including metabolic disorders,6 cognitive 
impairment,14,15 and neurodegenerative conditions such as Parkinson’s disease and Alzheimer’s disease,16,17 is well 
acknowledged. The prevalence of these illnesses, compared to non-frail individuals, is higher in frail individuals. From 
a logical point of view, it is reasonable to hypothesize that circadian rhythm disorders are likely to contribute to or 
potentially induce frailty. Hence, the modulation of circadian rhythms could be regarded as a novel therapeutic approach 
for frailty. Moreover, elderly individuals with vulnerable physical conditions frequently exhibit psychological disorders 
such as anxiety and depression as a consequence of diminished quality of life.18 These conditions subsequently 
exacerbate sleep-wake disturbances, disrupt regular eating patterns, diminish nutritional intake, and ultimately contribute 
to the development of circadian rhythm disorders. The progressive emergence of these findings prompts an enquiry into 
the potential relationship between circadian rhythm disruption and the manifestation of frailty.

Hypothesis
We hypothesize that a bidirectional relationship exists between frailty and circadian rhythm disorders. The intersection of 
both pathological mechanisms, such as inflammation, metabolic disorders, and nervous system diseases, may be the 
cause of this relationship.

Figure 1 A brief introduction about how circadian rhythm disorders effect our body and potentially induce frailty among older adults. The SCN controls melatonin 
secretion and the appropriate sleep-wake cycle. The right figure is a schematic diagram of the frailty phenotype. This figure was drawn by Figdraw.
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Discussion
Human trials found that circadian rhythm disorders, such as advanced sleep-wake phase disorder, delayed sleep-wake 
phase disorder, non-24-hour sleep-wake rhythm disorder, and irregular sleep-wake rhythm disorder, can increase glucose, 
insulin, and triglyceride levels, accelerate lipid accumulation, cause obesity, and reduce muscle content.19,20 Another 
study indicates that the frail state negatively affects the secretion of many hormones and has an adverse impact on the 
brain, immune system, endocrine system, and skeletal muscle, resulting in cognitive impairment, inflammation, meta-
bolic disorder, muscle loss, and other pathological conditions.21,22 The risk factors, including metabolic syndrome, lack 
of exercise, and fat accumulation, will eventually cause diabetes and muscle function decline,23,24 which significantly 
decrease the daily activity ability and disrupt the normal sleep-wake cycle of older patients, making contributions to 
frailty and circadian rhythm disorders. Moreover, chronic inflammation has also been confirmed to be highly correlated 
with frailty and circadian rhythm.7,18 The correlation between the inflammatory state, circadian rhythm, and frailty can be 
confirmed by the detection of elevated pro-inflammatory cytokines (such as the inflammatory markers interleukin-6 (IL- 
6) and C-reactive protein (CRP)) in frail older adults.25

In addition, research has indicated that individuals suffering from neurodegenerative disorders, including sleep 
disorders, Alzheimer’s disease, and Parkinson’s disease, exhibit alterations in circadian rhythms, such as disrupted 
sleep patterns, decreased metabolic levels, and fluctuations in melatonin secretion.6,17,26 Furthermore, in a subsequent 
study spanning a duration of 11 years, researchers observed that a reduction in the amplitude of the circadian rhythm, the 
average value of rhythm adjustment, or its stability in the first stage was strongly associated with an increased risk of 
Parkinson’s disease.17 Previous research has shown that individuals with Parkinson’s disease have alterations in the 
expression of circadian core clock genes, with the most pronounced impact seen in the oscillation of BMAL1.27 The 
aforementioned evidence provides compelling indications of a significant association between neurodegenerative ill-
nesses and the circadian rhythm. Besides, the correlation between neurodegeneration and frailty has been confirmed. 
Yuki and his colleagues28 have proved that physical activity and total energy consumption are significant predictors of 
the progression of frontal lobe atrophy in 8 years, which indicates the role of physical activity in maintaining brain 
function. Moreover, the study found that the coexistence of slow gait and cognitive impairment has the highest risk of 
developing dementia. Feng and his colleagues29 conducted a three-year population-based longitudinal study in Singapore 
involving 2375 subjects older than 55 (mean age 66). The result is that cognitive impairment will promote the occurrence 
of frailty, increase functional disability and mortality, and reduce patients’ quality of life.

Furthermore, the sleep-wake cycle plays a significant role both in circadian rhythm and frailty. Circadian rhythm 
impairments have been shown to be linked with various sleep-related issues and disruptions 8, including insomnia, 
diminished sleep quality, and reduced sleep duration, all of which have been regarded as predictors of frailty.30 The 
observed phenomenon may be attributed to the occurrence of oxidative damage in the brain and subsequent neuronal 
death resulting from the disruption of daily rhythmic patterns.31 Additionally, studies have shown a correlation between 
age-related alterations in brain function and diminished physical strength.32 Hence, the presence of circadian rhythm 
impairment may potentially contribute to the onset of frailty by exerting detrimental effects on the brain. Meanwhile, 
other research has indicated the presence of a reciprocal association between cognitive impairment and frailty.33 It 
implies that disturbances in the circadian rhythm may serve as one of the risk factors for cognitive impairments. 
Furthermore, these disruptions in circadian rhythm have the potential to impact frailty through their influence on 
cognitive functioning.

The outcomes of animal trials further supported the theory. Research was conducted on the BAML1 gene using mice 
as experimental subjects. The outcomes revealed that mice without the BAML1 gene significantly accelerated ageing 
processes, and notably reduced muscle function.34–36 In the assessment of frail individuals, the decrease in activity 
capacity and activity levels represents an increase in the risk of frailty.37 Unfortunately, there are no animal experiments 
or genetic studies on the circadian rhythm of frail animal.

In conclusion, here we provide evidence to verify the hypothesis that a bidirectional relationship exists between frailty 
and circadian rhythm disorders. Data from various animal and human experiments persuasively support the hypothesis. 
Our hypothesis would add a new perspective to the intervention of frailty. Additional large-scale, randomized, 
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multicenter studies are imperative to thoroughly verify this hypothesis. To keep the balance of baseline data as much as 
possible when conducting the study, we advise that subsequent research endeavors should rigorously identify frail 
individuals through comprehensive geriatric assessment, and evaluate their circadian rhythm using scales specifically 
designed for circadian rhythm assessment such as the Munich Chronotype Questionnaire, and consider the influence on 
the circadian rhythm disorders of related conditions such as cognitive impairment. Researchers should employ interven-
tions such as light therapy, medications, sleep pattern optimization, and regulating melatonin levels through exogenous 
supplementation to rectify patients’ circadian rhythm disorders. Additionally, comprehensive interventions for frail 
individuals encompassing exercise, improved nutrition, treatment of underlying ailments, and enhanced frailty care 
should be implemented, while simultaneously monitoring the improvement of circadian rhythm disorder or frailty in the 
patients across various aspects, including observing the changes of inflammatory cytokines (such as IL-6, TNF-a and 
CRP), related cytokines and hormones (such as growth hormone, insulin-like growth factor-1, epiandrosterone, testos-
terone and cortisol), insulin resistance, lipid metabolism disorders, muscle mass, daytime activity level, and body mass 
index (BMI) pre- and post-interventions. Moreover, investigating the effects of the interventions on patients’ cognitive 
impairment, senile anxiety, and other mental aspects before and after the interventions is also important. In addition, 
researchers should pay attention to the effects of the interventions on the types of circadian rhythm disturbances such as 
sleep-wake phase disorder, delayed sleep-wake phase disorder and the degree of circadian rhythm disturbance pre- and 
post-interventions as well. Another approach involves examining the impact of suprachiasmatic nucleus oscillation 
levels, limb motor neuron excitability, and cortical electrical activity levels pre- and post-interventions to verify the 
hypothesis. These studies have the potential to elucidate the underlying rules and pathological mechanisms governing the 
bidirectional relationship between circadian rhythm and frailty. Consequently, the results of this kind of research can 
contribute to enhancing the management of frailty, slowing down its progression, and ultimately enhancing the quality of 
life and clinical outcomes for patients.
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