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Abstract
Objective Adequate sleep is closely related to people's health. However, with increasing age, the quality of sleep worsens. At 
the same time, among elderly individuals, frailty is also a disturbing factor, which makes elderly individuals more vulnerable 
to negative factors. To explore the relationship between the two, we conducted this study.
Methods In this paper, independent genetic variations related to insomnia, sleep duration and daytime sleepiness were 
selected as IVs, and related genetic tools were used to search published genome-wide association studies for a two-sample 
Mendelian randomization (TSMR) analysis. The inverse-variance weighted (IVW) method was used as the main Mendelian 
randomization analysis method. Cochran's Q test was used to test heterogeneity, MR‒Egger was used to test horizontal 
pleiotropy, and the MR-PRESSO test was used to remove outliers.
Results According to our research, insomnia (OR = 1.10, 95% CI 1.03–1.17, P = 2.59e−97), long sleep duration (OR = 0.66, 
95% CI 0.37–1.17, P = 0.02), short sleep duration (OR = 1.30, 95% CI 1.22–1.38, P = 2.23e−17) and daytime sleepiness 
(OR = 1.49, 95% CI 1.25–1.77, P = 0.96e−4) had a bidirectional causal relationship with frailty.
Conclusions Our research showed that there is a causal relationship between sleep disturbances and frailty. This result was 
obtained by a TSMR analysis, which involves the use of genetic variation as an IV to determine causal relationships between 
exposure and outcome. Future TSMR studies should include a larger sample for analysis.

Keywords Mendelian randomization study · Causal relationship · Frailty · Sleep disturbances

Introduction

Frailty is a clinical state in which individuals are more 
likely to experience negative health-related events (includ-
ing falls, disability, hospitalization, fractures, and death) 
when exposed to stressors (Cesari et al. 2017; Cheung et al. 
2020). This suggests that frail people will be more vulner-
able than healthy people under the same stressors, and they 
may experience more serious consequences. Because the 
physiological reserves of a person continue to diminish 

during the ageing process, frailty is also common in elderly 
individuals, with an overall prevalence of 17% in elderly 
individuals in low- and middle-income countries. In addi-
tion, frailty can cause sleep problems in older adults, and 
studies have shown that patients with frailty are more likely 
than nonfrail individual to have sleep problems, such as dif-
ficulty falling asleep, interrupted sleep, and sleep duration 
≤ 5 h (Lee et al. 2018).

Sleep is an active state in which the arousal threshold of a 
person in sleep is increased and the responsiveness to exter-
nal stimuli is reduced (Besedovsky et al. 2019). Adequate 
sleep promotes recovery, eliminates fatigue, consolidates 
new skills, improves immunity and promotes physical devel-
opment. Decreased sleep quality leads to emotional impair-
ment, physical fatigue and cognitive impairment (Troynikov 
et al. 2018). Ageing is an irreversible process, and as age 
increases, the quality of human sleep decreases (Nobrega 
et al. 2014). Sleep disturbances are very common among 
older adults in the community, with 9–50% of older adults 
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having sleep disturbances such as insomnia and a short sleep 
duration (Moreno-Tamayo et al. 2017; Vaz Fragoso et al. 
2009). Sleep disturbances such as insomnia and daytime 
sleepiness often lead to symptoms such as fatigue, which in 
turn is a major feature of frailty (Pourmotabbed et al. 2020).

In a systematic review and meta-analysis, it was sug-
gested that sleep duration < 6 h and daytime sleepiness both 
contributed to the development of frailty (Pourmotabbed 
et al. 2020). Poor sleep quality is a preventable and revers-
ible risk factor for the development of frailty; the vicious 
cycle of poor sleep quality promotes the development of 
frailty in older adults, and frailty further contributes to the 
exacerbation of sleep disturbances (Wai and Yu 2020). At 
the same time, frailty leads to a decrease in social and exer-
cise activities, and the loss of these age-old activities will 
lead to a high degree of irregularity in sleep, resulting in 
sleep disturbances, a phenomenon that is very common in 
elderly individuals (Vaz Fragoso et al. 2009). This evidence 
suggests that there is a relationship between sleep and frailty 
that can be explored, but there is no definitive evidence to 
prove the relationship. Therefore, we now use two-sample 
Mendelian randomization (TSMR) to explore whether sleep 
disturbances have a bidirectional causal relationship with 
frailty in terms of insomnia, sleep duration, and daytime 
sleepiness.

Mendelian randomization (MR) is a commonly used 
inferential method for assessing potential causal relation-
ships between exposure factors and outcome variables using 
genome-wide summary association statistics, usually single-
nucleotide polymorphisms (SNPs), as instrument variables 
(IVs) in epidemiological studies(Zhuang et al. 2021).

Materials and methods

Data sources

The data related to frailty were obtained from a large 
genome-wide association study (GWAS) that included 
104,610 UK individuals (Atkins et al. 2021).

The common symptoms of insomnia include decreased 
sleep duration, decreased sleep quality and difficulty fall-
ing asleep. The data related to insomnia came from 57 self-
reported insomnia loci in UK Biobank (n = 453379) (Lane 
et al. 2019).

The sleep duration data were obtained from a GWAS with 
a European population of 446118. A sleep duration < 6 h is 
defined as a short sleep duration, whereas a long sleep dura-
tion is defined as a sleep duration > 9 h and a normal sleep 
duration is 7–8 h (Dashti et al. 2019).

Daytime sleepiness varies considerably among individu-
als, and data related to daytime sleepiness were obtained from 

the GWAS containing 452,071 European populations (Wang 
et al. 2019).

As this study was based on published data, no ethical 
approval or informed consent was needed.

Selection of instrumental variables

IVs in MR are subject to three assumptions: 1: IVs are to be 
correlated with exposure factors; 2: IVs do not affect outcome 
variables through pathways other than exposure; and 3: IVs 
are not correlated with confounders (Hemani et al. 2018). To 
make the IVs consistent with the assumptions of Mendelian 
randomization, we first extracted SNPs with P < 5e−8 from 
the data, after which we excluded linkage disequilibrium (LD) 
SNPs from our extracted SNPs  (r2 < 0.001, clumping win-
dow = 10000 kb) to ensure that the exposed instruments were 
independent. We then proceeded to extract the SNPs associ-
ated with the outcome variables, and for missing SNPs, we 
searched for complementary proxy SNPs  (r2 > 0.8). Finally, 
we harmonized the exposure data as well as the outcome data 
to exclude palindromic SNPs. Because the data were com-
pared many times, we performed Bonferroni correction on the 
P value obtained from the final MR analysis, and the corrected 
P value was used to assess the statistical significance of the 
final result.

TSMR analysis

We used inverse-variance weighted (IVW), MR‒Egger, 
weighted median, simple mode and weighted mode methods 
for TSMR, and the IVW method was used as the main MR 
method.

Sensitivity analysis

For the assessment of heterogeneity, we used Cochran's Q test, 
the MR‒Egger and MR-PRESSO tests to detect pleiotropy 
and the MR-PRESSO test to remove outliers. The F statistic 
is calculated as F =  R2 (n − k − 1)/[k (1 −  R2)]. Generally, 
IVs are considered to be strong IVs as long as F statistics are 
greater than 10.

Statistical analysis

We used R 4.2.0 for data analysis. The Two Sample MR pack-
age was used for TSMR, and the MR-PRESSO package was 
used for the MR-PRESSO test.
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Results

The source data used in this study are shown in Additional 
file 1: Tables S1–S6. The F statistics of insomnia, sleep 
duration, long sleep duration, short sleep duration and day-
time sleepiness were 15.65, 11.89, 12.25, 14.23 and 18.62, 
respectively. When frailty was the exposure and insomnia 
was the outcome, the F statistic was 57.070; when sleep 
duration was the outcome, the F statistic was 53.778; and 
the remaining F statistic was 50.546. This means that there 
were no weak IVs. The variances explained by these IVs 
were sleep duration 0.09%, short sleep duration 0.06%, 
long sleep duration 0.02%, insomnia 0.12%, and daytime 
sleepiness 0.13%.

Bidirectional causality of insomnia and frailty

In the study of the effect of insomnia on frailty risk, At first 
we extracted 2500 SNPs (p<5e-8), and 48 SNPs remained 
after performing LD. After harmonizing exposure data 
and outcome data, 45 SNPs remained. MR-PRESSO test-
ing showed 10 SNPs with pleiotropy, and after removal 
35 SNPs remained as the final IVs for MR analysis. The 
IVW model (OR = 2.32, 95% CI 2.14-2.51, P = 2.59e-
97) showed a causal relationship between insomnia and 
frailty (Table 1). The MR‒Egger regression test (inter-
cept = 0.13e−2, P = 0.64) did not show any evidence 
of directional pleiotropy. Cochran’s Q test showed strong 
heterogeneity among the IVs (P = 3.49e−5) (Additional 
file 1: Table S7).

We extracted 5252 SNPs (P < 5e−8) for the study of 
frailty on insomnia and 20 SNPs remained after perform-
ing LD. After harmonizing exposure data and outcome 
data,11 SNPs were used as IVs for MR (Additional file 1: 
Table S6). MR analysis IVW results (OR = 1.10, 95% 
CI 1.03–1.17 P = 0.28e−3) showed a causal relationship 
between insomnia and frailty. The MR‒Egger regression 
test (intercept = 0.01, P = 0.06) did not show any evidence 
of directional pleiotropy. The heterogeneity test showed 
the presence of heterogeneity in IVs (P = 0.01).

Bidirectional causality of sleep duration and frailty

We extracted 7249 SNPs (P < 5e−8) for the study of sleep 
duration on frailty risk and 70 SNPs remained after per-
forming LD , After harmonizing exposure data and out-
come data , There were 66 SNPs remaining. MR-PRESSO 
testing showed 32 SNPs with pleiotropy, 34 IVs were ulti-
mately used for MR analysis. The IVW model showed 
a causal relationship between sleep duration and frailty 

(OR = 0.998, 95% CI 0.998-0.999, P =0.18e-5). The 
MR‒Egger test showed evidence for directional pleiot-
ropy (intercept = −0.006, P = 0.01), and Cochran's Q 
test showed heterogeneity for sleep duration (P = 0.002) 
(Additional file 1: Table S7).

We extracted 3900 SNPs (P < 5e−8) for the study of long 
sleep duration on frailty risk and 10 SNPs remained after 
performing LD. After harmonizing exposure data and out-
come data 10 SNPs remained. The IVW model showed no 
causal relationship between long sleep duration (OR = 0.66, 
95% CI 0.37–1.17, P = 0.02) and frailty. The MR-PRESSO 
test (P = 0.52) showed no pleiotropy. The MR‒Egger regres-
sion test (intercept = -0.01, P = 0.17) did not show any evi-
dence of directional pleiotropy, and Cochran's Q test showed 
(P = 0.51) no heterogeneity (Additional file 1: Table S7).

We extracted 861 SNPs (P < 5e−8) for the study of short 
sleep duration on frailty risk and 26 SNPs remained after 
performing LD. After harmonizing exposure data and out-
come data, the remaining 21 SNPs were included in the 
final MR analysis. IVW (OR = 1.30, 95% CI 1.22–1.38, P 
=2.23e−17) indicated a causal relationship between short 
sleep duration and frailty (Table 1). The MR-PRESSO test 
showed no pleiotropy (P = 0.38), the MR‒Egger regres-
sion test showed directional pleiotropy (intercept = −0.01, 
P = 0.03), and Cochran's Q test showed heterogeneity 
(P = 4.33e−38) (Additional file 1: Table S7),

We extracted 5252 SNPs (P < 5e−8) for the study of 
frailty on sleep duration risk and 20 SNPs remained after 
performing LD, After harmonizing exposure data and out-
come data 13 SNPs remained. The IVW model showed 
no causal relationship between frailty and sleep duration 
(OR = 0.99, 95% CI 0.94–1.06, P = 0.10). The MR-PRESSO 
test showed the presence of pleiotropy in rs8089807. After 
its removal, the MR-PRESSO test showed no pleiotropy 
(P = 0.46), and the MR‒Egger regression test did not show 
any evidence of directional pleiotropy (intercept = −0.004, 
P = 0.21). Cochran’s Q test showed no heterogeneity among 
the IVs (P = 0.44).

After LD and harmonizing, there were 13 SNPs as 
IVs that have been used in studies of long sleep time and 
frailty. The IVW model showed no causal relationship 
between frailty and long sleep duration (OR = 1.03, 95% CI 
1.01–1.06, P = 0.98e−3). The MR-PRESSO test showed 
no pleiotropy (P = 0.15). Cochran’s Q test (P=0.09) and the 
pleiotropy test (intercept = 6.95e−3, P = 0.55) showed no 
heterogeneity or pleiotropy.

In our study, After LD and harmonizing, 13 SNPs that 
were strongly associated with frailty were included in the 
final MR analysis. The IVW model showed no causal rela-
tionship between frailty and short sleep duration (OR = 1.05, 
95% CI 1.01–1.08, P = 0.52e−3). The MR-PRESSO test 
showed the absence of pleiotropy (P = 0.17). The MR‒Egger 
regression test did not show any evidence of directional 
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pleiotropy (intercept = 0.001, P = 0.33). Cochran’s Q test 
showed no heterogeneity among the IVs (P = 0.10) (Addi-
tional file 1 Table S7).

Bidirectional causality of daytime sleepiness 
and frailty

We extracted 5657 SNPs (P < 5e−8) for the study of day-
time sleepiness on frailty risk and 38 SNPs remained after 
performing LD, After harmonizing exposure data and out-
come data 37 SNPs remained MR-PRESSO testing showed 
17 SNPs with pleiotropy, 20 SNPs that were strongly asso-
ciated with daytime sleepiness were included in the final 
MR analysis. The IVW model showed a causal relationship 
between daytime sleepiness and frailty (OR = 1.49, 95% CI 
1.25–1.77, P = 9.46e−7) (Table 1). Cochran’s Q test showed 
no heterogeneity (P = 0.19), and the pleiotropy test showed 
no pleiotropy (P = 0.80) (Additional file 1 Table S7).

In the study of the effect of frailty on daytime sleepi-
ness risk, After LD and harmonizing, we extracted 13 SNPs. 
The IVW model showed a causal relationship between the 
two (OR = 1.06, 95% CI 1.02−1.10, P = 0.37e−3) (Table 1). 
The MR-PRESSO test showed no pleiotropy among the IVs 
(P = 0.11), while Cochran's Q test showed no heterogeneity 
among the SNPs (P = 0.05), and the pleiotropy test showed 
no pleiotropy among the IVs (intercept = 0.001, P = 0.44) 
(Additional file 1 Table S7).

Discussion

We conducted a TSMR study to investigate whether each 
sleep characteristic had a two-way causal relationship with 
frailty. According to our study, a long sleep duration is caus-
ally related to frailty, but frailty does not cause a long sleep 
duration. Insomnia, short sleep duration and daytime sleepi-
ness have a bidirectional causal relationship with frailty 
(Table 2).

Insomnia and frailty

Our study found that insomnia is a risk factor for frailty. 
Previous studies have shown a causal relationship between 
insomnia and frailty after adjusting statistical models for 
sociodemographic and health covariates (Ensrud et al. 2012; 
Moreno-Tamayo et al. 2020; Nemoto et al. 2021). In a US 
survey, chronic body pain, depression and other problems 
were found to be associated with insomnia (Foley et al. 
2004). Insomnia was usually accompanied by depression, 
and at the same time, depression was a correlate of frailty, 
which further suggests that insomnia results in frailty (Dra-
gioti et al. 2018; Lee et al. 2018; Liu et al. 2021).M
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Sleep duration and frailty

Our research has revealed a bidirectional causal relation-
ship between short sleep duration and frailty. An association 
between short sleep duration and frailty after controlling 
for various covariates was also reported in a previous study, 
which is consistent with our analysis; people with long sleep 
duration have lower activity levels and more fatigue symp-
toms than the rest of the population (Baniak et al. 2020; 
Moreno-Tamayo et al. 2021; Nakakubo et al. 2018). Since 
a low level of physical activity was shown to be a cause of 
frailty, we believed that the association between long sleep 
duration and frailty was caused by low levels of physical 
activity. In addition, because people with frailty are more 
easily fatigued, they may need to sleep for long periods of 
time to reduce their fatigue, so long sleep duration may be 
a compensatory activity for people with frailty to reduce 
fatigue (Jike et al. 2018).

Daytime sleepiness and frailty

Our findings showed a bidirectional causal relationship 
between daytime sleepiness and frailty. A possible bidirec-
tional relationship between daytime sleepiness and debili-
tation was suggested in previous studies, and after correct-
ing for various covariates, a relationship between daytime 
sleepiness and the onset of debilitation was found(Ensrud 
et al. 2009; Vaz Fragoso et al. 2009).

In conclusion, our study demonstrates that sleep distur-
bances such as insomnia, short sleep duration, and daytime 
sleepiness are causally related to frailty. However, the mech-
anisms between them are poorly understood, and some pos-
sible pathways involve the role of adipokines. In previous 
studies on adiponectin and sleep disturbances, it was found 
that plasma adiponectin levels remained strongly correlated 
with sleep disturbances after adjusting for various confound-
ing factors and that elevated adiponectin was closely related 
to sleep disturbances (Pourmotabbed et al. 2020; Zeng et al. 
2017). Adiponectin plays a significant role in weight loss and 
muscle loss and is significantly negatively correlated with 
muscle mass and muscle density; therefore, higher levels 
of adiponectin in the body are associated with less muscle, 
which is a feature of frailty (Arai et al. 2019; Ma et al. 2018; 
Nagasawa et al. 2018). Leptin is an adipokine. It has been 
shown that serum leptin is increased in patients with frailty, 
and the increase in leptin can infiltrate skeletal muscle, lead-
ing to muscle damage and thus increasing the risk of frailty 
(Lana et al. 2017). Likewise, leptin acts on the hypothala-
mus, thus keeping sleep normal in humans. Patients with 
increased leptin levels can suffer from severe sleep depriva-
tion (Mosavat et al. 2021). Therefore, adipokines play an 
important role in frailty and sleep disturbances.

Glucocorticoids affect the activity of skeletal muscle, 
bone and other metabolic tissues, and the development 
of frailty is closely related to these tissues (Clegg and 
Hassan-Smith 2018). Low secretion of cortisol in gluco-
corticoids causes disorders of the hypothalamic-pituitary-
adrenocortical hormone axis and sleep-adrenal insuffi-
ciency, resulting in severe fatigue, drowsiness and poor 
sleep quality (Morgan and Tsai 2015). Excess thyroid hor-
mone also tends to cause patients to be more irritable and 
increase the incidence of restless legs syndrome, which 
in turn can exacerbate difficulties with falling asleep and 
insomnia (Morgan and Tsai 2015). Thus, thyroid hormones 
may be one way in which frailty has a causal relationship 
with sleep disturbances. In a cross-sectional study with 
3943 participants, elevated serum FT4 concentrations were 
also found to be associated with an increased risk of frailty 
in men (Clegg and Hassan-Smith 2018).

IL-6 is a proinflammatory cytokine in human tissues 
that induces apoptosis in muscle tissue, leading to myo-
cyte death. TNF-α, on the other hand, can inhibit skeletal 
muscle contraction through endocrine effects. IL-6, CRP 
and TNF-α are significantly increased in different regions 
of the body in frailty and prefrailty patients and are inde-
pendent risk factors for frailty(Clegg et al. 2013; Picca 
et al. 2022; Soysal et al. 2016; Xu et al. 2022). In addi-
tion, inflammatory cytokines can regulate sleep rhythm 
(Besedovsky et al. 2019). When sleep deprivation occurs, 
IL-6 and TNF-α increase in the body, and when the body 
shows high levels of inflammation, it leads to a decrease in 
sleep duration and induces split sleep, which leads to sleep 
disturbances such as insomnia (Irwin 2019).

Our study has several advantages. (1) To our knowl-
edge, it was the first to use Mendelian randomization to 
analyse the relationship between frailty and sleep. MR 
can largely avoid confounding and reverse causality and is 
easier to perform. (2) We extracted our data from a GWAS 
with a large number of clinical samples, thus ensuring that 
our sample size was sufficient to effectively avoid bias 
caused by a small sample size.

In addition, this study has some limitations. First, 
because aggregated data were used, stratification effects 
could not be performed to explore the differences between 
sexes. Second, our sample data were collected mainly from 
the European population, so the study is less suitable for 
generalization to other regions and requires caution in 
its application. In addition, direct translation of genetic 
effect sizes to clinical intervention effects is not feasible 
because genetic effects occur in the body from the begin-
ning of life, and therefore, the results obtained from TSMR 
analyses usually have larger effect sizes than the results of 
clinical interventions. Finally, the sleep characteristics in 
this study were self-reported and therefore may be subject 
to some measurement error.
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In summary, our research showed that there is a two-
way relationship between insomnia, daytime sleepiness and 
frailty. Future TSMR studies should include a larger sample 
for analysis.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10433- 024- 00804-2.

Acknowledgements The authors thank all the students who partici-
pated in this study.

Author contributions Zong-Xiao Lu ; Literature Writing Ni Sang; Data 
Analysis Rong-Chao Liu; Data Analysis Bo-Han Li; Data Analysis 
Meng-Yao Zhang; Data Analysis Ming-Hui Zhang; Literature Search 
Meng-Cheng Cheng; Literature Search

Funding This work was supported by the Scientific Research Cul-
tivation Project for School of Nursing, Anhui Medical University 
(hlpy20210011), and the Research Fund of Anhui Nursing Associa-
tion (AHHL a202112).

Declarations 

Competing interests The authors declare no conflicts of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Arai Y, Kamide K, Hirose N (2019) Adipokines and Aging: Findings 
From Centenarians and the Very Old. Front Endocrinol (lausanne) 
10:142. https:// doi. org/ 10. 3389/ fendo. 2019. 00142

Atkins JL et  al (2021) A genome-wide association study of the 
frailty index highlights brain pathways in ageing. Aging Cell 
20(9):e13459. https:// doi. org/ 10. 1111/ acel. 13459

Baniak LM et  al (2020) Long Sleep duration is associated with 
increased frailty risk in older community-dwelling adults. J Aging 
Health 32(1):42–51. https:// doi. org/ 10. 1177/ 08982 64318 803470

Besedovsky L, Lange T, Haack M (2019) The sleep-immune crosstalk 
in health and disease. Physiol Rev 99(3):1325–1380. https:// doi. 
org/ 10. 1152/ physr ev. 00010. 2018

Cesari M, Calvani R, Marzetti E (2017) Frailty in older persons. Clin 
Geriatr Med 33(3):293–303. https:// doi. org/ 10. 1016/j. cger. 2017. 
02. 002

Cheung DSK et al (2020) Factors associated with improving or wors-
ening the state of frailty: a secondary data analysis of a 5-year 
longitudinal study. J Nurs Scholarsh 52(5):515–526. https:// doi. 
org/ 10. 1111/ jnu. 12588

Clegg A, Hassan-Smith Z (2018) Frailty and the endocrine system. 
Lancet Diabetes Endocrinol 6(9):743–752. https:// doi. org/ 10. 
1016/ S2213- 8587(18) 30110-4

Clegg A et al (2013) Frailty in elderly people. Lancet 381(9868):752–
762. https:// doi. org/ 10. 1016/ S0140- 6736(12) 62167-9

Dashti HS et al (2019) Genome-wide association study identifies 
genetic loci for self-reported habitual sleep duration supported 
by accelerometer-derived estimates. Nat Commun 10(1):1100. 
https:// doi. org/ 10. 1038/ s41467- 019- 08917-4

Dragioti E et al (2018) Association of insomnia severity with well-
being, quality of life and health care costs: A cross-sectional 
study in older adults with chronic pain (PainS65+). Eur J Pain 
22(2):414–425. https:// doi. org/ 10. 1002/ ejp. 1130

Ensrud KE et al (2009) Sleep disturbances and frailty status in older 
community-dwelling men. J Am Geriatr Soc 57(11):2085–2093. 
https:// doi. org/ 10. 1111/j. 1532- 5415. 2009. 02490.x

Ensrud KE et al (2012) Sleep disturbances and risk of frailty and mor-
tality in older men. Sleep Med 13(10):1217–1225. https:// doi. org/ 
10. 1016/j. sleep. 2012. 04. 010

Foley D et al (2004) Sleep disturbances and chronic disease in older 
adults: results of the 2003 National Sleep Foundation Sleep in 
America Survey. J Psychosom Res 56(5):497–502. https:// doi. org/ 
10. 1016/j. jpsyc hores. 2004. 02. 010

Hemani G et al (2018) The MR-Base platform supports systematic 
causal inference across the human phenome. Elife. https:// doi. org/ 
10. 7554/ eLife. 34408. 001

Irwin MR (2019) Sleep and inflammation: partners in sickness and 
in health. Nat Rev Immunol 19(11):702–715. https:// doi. org/ 10. 
1038/ s41577- 019- 0190-z

Jike M et al (2018) Long sleep duration and health outcomes: a system-
atic review, meta-analysis and meta-regression. Sleep Med Rev 
39:25–36. https:// doi. org/ 10. 1016/j. smrv. 2017. 06. 011

Lana A et al (2017) Serum Leptin concentration is associated with 
incident frailty in older adults. Aging Dis 8(2):240–249. https:// 
doi. org/ 10. 14336/ AD. 2016. 0819

Lane JM et al (2019) Biological and clinical insights from genetics of 
insomnia symptoms. Nat Genet 51(3):387–393. https:// doi. org/ 
10. 1038/ s41588- 019- 0361-7

Lee DR et al (2018) Understanding functional and social risk charac-
teristics of frail older adults: a cross-sectional survey study. BMC 
Fam Pract 19(1):170. https:// doi. org/ 10. 1186/ s12875- 018- 0851-1

Liu M et al (2021) Associations between symptoms of pain, insomnia 
and depression, and frailty in older adults: a cross-sectional analy-
sis of a cohort study. Int J Nurs Stud 117:103873. https:// doi. org/ 
10. 1016/j. ijnur stu. 2021. 103873

Ma L et al (2018) Elevated serum IL-6 and adiponectin levels are asso-
ciated with frailty and physical function in Chinese older adults. 
Clin Interv Aging 13:2013–2020. https:// doi. org/ 10. 2147/ CIA. 
S1809 34

Moreno-Tamayo K et al (2017) Sleep complaints are associated with 
frailty in Mexican older adults in a rural setting. Geriatr Gerontol 
Int 17(12):2573–2578. https:// doi. org/ 10. 1111/ ggi. 13111

Moreno-Tamayo K et al (2020) Insomnia, low sleep quality, and sleep-
ing little are associated with frailty in Mexican women. Maturitas 
136:7–12. https:// doi. org/ 10. 1016/j. matur itas. 2020. 03. 005

Moreno-Tamayo K et al (2021) Sleep duration and incident frailty: 
the rural frailty study. BMC Geriatr 21(1):368. https:// doi. org/ 10. 
1186/ s12877- 021- 02272-0

Morgan D, Tsai SC (2015) Sleep and the endocrine system. Crit Care 
Clin 31(3):403–418. https:// doi. org/ 10. 1016/j. ccc. 2015. 03. 004

Mosavat M et al (2021) The role of sleep curtailment on leptin levels in 
obesity and diabetes mellitus. Obes Facts 14(2):214–221. https:// 
doi. org/ 10. 1159/ 00051 4095

Nagasawa M et al (2018) High plasma adiponectin levels are associated 
with frailty in a general old-old population: the septuagenarians, 
octogenarians, nonagenarians investigation with centenarians 

https://doi.org/10.1007/s10433-024-00804-2
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fendo.2019.00142
https://doi.org/10.1111/acel.13459
https://doi.org/10.1177/0898264318803470
https://doi.org/10.1152/physrev.00010.2018
https://doi.org/10.1152/physrev.00010.2018
https://doi.org/10.1016/j.cger.2017.02.002
https://doi.org/10.1016/j.cger.2017.02.002
https://doi.org/10.1111/jnu.12588
https://doi.org/10.1111/jnu.12588
https://doi.org/10.1016/S2213-8587(18)30110-4
https://doi.org/10.1016/S2213-8587(18)30110-4
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1038/s41467-019-08917-4
https://doi.org/10.1002/ejp.1130
https://doi.org/10.1111/j.1532-5415.2009.02490.x
https://doi.org/10.1016/j.sleep.2012.04.010
https://doi.org/10.1016/j.sleep.2012.04.010
https://doi.org/10.1016/j.jpsychores.2004.02.010
https://doi.org/10.1016/j.jpsychores.2004.02.010
https://doi.org/10.7554/eLife.34408.001
https://doi.org/10.7554/eLife.34408.001
https://doi.org/10.1038/s41577-019-0190-z
https://doi.org/10.1038/s41577-019-0190-z
https://doi.org/10.1016/j.smrv.2017.06.011
https://doi.org/10.14336/AD.2016.0819
https://doi.org/10.14336/AD.2016.0819
https://doi.org/10.1038/s41588-019-0361-7
https://doi.org/10.1038/s41588-019-0361-7
https://doi.org/10.1186/s12875-018-0851-1
https://doi.org/10.1016/j.ijnurstu.2021.103873
https://doi.org/10.1016/j.ijnurstu.2021.103873
https://doi.org/10.2147/CIA.S180934
https://doi.org/10.2147/CIA.S180934
https://doi.org/10.1111/ggi.13111
https://doi.org/10.1016/j.maturitas.2020.03.005
https://doi.org/10.1186/s12877-021-02272-0
https://doi.org/10.1186/s12877-021-02272-0
https://doi.org/10.1016/j.ccc.2015.03.004
https://doi.org/10.1159/000514095
https://doi.org/10.1159/000514095


European Journal of Ageing            (2024) 21:9  Page 9 of 9     9 

study. Geriatr Gerontol Int 18(6):839–846. https:// doi. org/ 10. 
1111/ ggi. 13258

Nakakubo S et al (2018) Long and short sleep duration and physical 
frailty in community-dwelling older adults. J Nutr Health Aging 
22(9):1066–1071. https:// doi. org/ 10. 1007/ s12603- 018- 1116-3

Nemoto Y et al (2021) Bidirectional relationship between insomnia and 
frailty in older adults: a 2-year longitudinal study. Arch Gerontol 
Geriatr 97:104519. https:// doi. org/ 10. 1016/j. archg er. 2021. 104519

Nobrega PV et al (2014) Sleep and frailty syndrome in elderly residents 
of long-stay institutions: a cross-sectional study. Geriatr Gerontol 
Int 14(3):605–612. https:// doi. org/ 10. 1111/ ggi. 12144

Picca A et al (2022) Biomarkers shared by frailty and sarcopenia in 
older adults: a systematic review and meta-analysis. Ageing Res 
Rev 73:101530. https:// doi. org/ 10. 1016/j. arr. 2021. 101530

Pourmotabbed A et al (2020) Sleep and frailty risk: a systematic review 
and meta-analysis. Sleep Breath 24(3):1187–1197. https:// doi. org/ 
10. 1007/ s11325- 020- 02061-w

Soysal P et al (2016) Inflammation and frailty in the elderly: a system-
atic review and meta-analysis. Ageing Res Rev 31:1–8. https:// 
doi. org/ 10. 1016/j. arr. 2016. 08. 006

Troynikov O, Watson CG, Nawaz N (2018) Sleep environments and 
sleep physiology: a review. J Therm Biol 78:192–203. https:// doi. 
org/ 10. 1016/j. jther bio. 2018. 09. 012

Vaz Fragoso CA et al (2009) Sleep-wake disturbances and frailty in 
community-living older persons. J Am Geriatr Soc 57(11):2094–
2100. https:// doi. org/ 10. 1111/j. 1532- 5415. 2009. 02522.x

Wai JL, Yu DS (2020) The relationship between sleep-wake distur-
bances and frailty among older adults: a systematic review. J Adv 
Nurs 76(1):96–108. https:// doi. org/ 10. 1111/ jan. 14231

Wang H et al (2019) Genome-wide association analysis of self-reported 
daytime sleepiness identifies 42 loci that suggest biological 
subtypes. Nat Commun 10(1):3503. https:// doi. org/ 10. 1038/ 
s41467- 019- 11456-7

Xu Y et al (2022) Inflammatory biomarkers in older adults with frailty: 
a systematic review and meta-analysis of cross-sectional stud-
ies. Aging Clin Exp Res 34(5):971–987. https:// doi. org/ 10. 1007/ 
s40520- 021- 02022-7

Zeng F et al (2017) Association of adiponectin level and obstructive 
sleep apnea prevalence in obese subjects. Medicine 96(32):e7784. 
https:// doi. org/ 10. 1097/ MD. 00000 00000 007784

Zhuang Z et al (2021) Causal relationships between gut metabolites 
and Alzheimer’s disease: a bidirectional Mendelian randomization 
study. Neurobiol Aging 100:119e15-119e18. https:// doi. org/ 10. 
1016/j. neuro biola ging. 2020. 10. 022

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/ggi.13258
https://doi.org/10.1111/ggi.13258
https://doi.org/10.1007/s12603-018-1116-3
https://doi.org/10.1016/j.archger.2021.104519
https://doi.org/10.1111/ggi.12144
https://doi.org/10.1016/j.arr.2021.101530
https://doi.org/10.1007/s11325-020-02061-w
https://doi.org/10.1007/s11325-020-02061-w
https://doi.org/10.1016/j.arr.2016.08.006
https://doi.org/10.1016/j.arr.2016.08.006
https://doi.org/10.1016/j.jtherbio.2018.09.012
https://doi.org/10.1016/j.jtherbio.2018.09.012
https://doi.org/10.1111/j.1532-5415.2009.02522.x
https://doi.org/10.1111/jan.14231
https://doi.org/10.1038/s41467-019-11456-7
https://doi.org/10.1038/s41467-019-11456-7
https://doi.org/10.1007/s40520-021-02022-7
https://doi.org/10.1007/s40520-021-02022-7
https://doi.org/10.1097/MD.0000000000007784
https://doi.org/10.1016/j.neurobiolaging.2020.10.022
https://doi.org/10.1016/j.neurobiolaging.2020.10.022

	The causal relationship between sleep disturbances and the risk of frailty: a two-sample Mendelian randomization study
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Data sources
	Selection of instrumental variables
	TSMR analysis
	Sensitivity analysis
	Statistical analysis

	Results
	Bidirectional causality of insomnia and frailty
	Bidirectional causality of sleep duration and frailty
	Bidirectional causality of daytime sleepiness and frailty

	Discussion
	Insomnia and frailty
	Sleep duration and frailty
	Daytime sleepiness and frailty

	Acknowledgements 
	References


