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Abstract 

Background Relatively little is known about how sleep disorders affect frailty of seniors. The study uses Fried’s frailty 
index, to investigate the relationship between sleep disorder and frailty among older Indian adults.

Methods The study analysed Longitudinal Ageing Study in India (2017–18) data which uses a multistage stratified 
area probability cluster sampling design. The association between frailty was studied for which the total sample size 
was 31,902. The principal dependent variable was frailty. Descriptive statistics and cross-tabulation were presented 
in the study. A binary logistic regression analysis was used to fulfil the study objectives to find the possible association.

Results The prevalence of frailty in India was 21.3 percent. Older adults with sleep disorder had 66 percent higher 
likelihood to be frail than their counterparts. The benefits of physical activity in containing frailty is huge, the associa-
tion were quite high. Poor Self-rated health was significantly associated with higher frailty (OR = 1.73; CI = 1.47–2.04).

Conclusions Frailty is an enormously growing public health issue and has bi-directional relation with sleep disor-
ders. The study has clinical relevance since sleep complaints offer a means for identifying those who are vulnerable 
to frailty and through appropriate intervention, the causes of sleep disorder would help to delay and in some cases 
reverse frailty.
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Background
The world’s older adult population is increasing rap-
idly; by 2050, the 60-plus population is expected to 
reach 2.1 billion [1]. As per Census 2011, around 8 
percent of the Indian population was old, and this is 
expected to be double by 2050, which is 19.6 percent. 

By the end of the century, they will be nearly 34 per-
cent of the total population [2]. Frailty, defined as the 
presence of multisystem impairment and expanding 
vulnerability, is accompanied by ageing and defined 
features like impaired gait speed, lower physical activ-
ity, tiredness/ exhaustion, diminished grip strength, 
and eventual weight loss. It is a common age-related, 
multidimensional condition that often leads to adverse 
outcomes, including mortality [3, 4]. The symptoms of 
frailty clearly signal a progressive decline in function 
as a person ages. It has been widely recognised that 
physical activity can have an impact on different com-
ponents of the frailty [5]. It has a prevalence of about 
10 percent in Indian community-dwelling elderly 
population [3]. Among the older adults aged more 
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than 85  years, the prevalence is around 30 percent 
[2]. Sleep is one of the most important lifestyle pro-
cesses of a human being, its duration and quality are 
crucial determinants of one’s health; this is even more 
critical in the elderly since ageing is accompanied by 
a substantial shift in sleep architecture [6]. As indi-
viduals age, they face numerous health challenges, and 
sleep disturbance supersedes all of those [7, 8]. In the 
broader sense, this manifests as a sleep disorder which 
is an alteration in the sleep routine that interferes with 
a person’s daily physical, mental, and emotional func-
tioning [9]. Though it is highly prevalent and has det-
rimental effects on health; however, it remains poorly 
identified. The actual prevalence of sleep disorders 
remains unknown since various underlying diseases 
lead to changes in sleep patterns, yet reports of dis-
rupted sleep are common in older adults with a fre-
quency of more than 60 percent [10, 11].

The associations between sleep disturbances and 
frailty status in older people are ambiguous. Older 
adults having healthy relationships in the family and in 
society have a better quality of sleep; this also holds for 
keeping the prevalence of frailty low [12, 13]. Further, 
sleep disorders lead to functional decline, decreased 
muscle strength, decreased growth hormone levels, low 
physical activity, anxiety, and even falls. Since these are 
also the pathogenesis of frailty, it was postulated that 
sleep disturbances could be associated with frailty [14, 
15]. Previous studies have also discussed the possible 
relationship of sleep disturbance being a risk of frailty 
[2, 9, 16–18]. Studies have shown that older adults cat-
egorised as frail were more likely to be female, people 
having lower education level, lower income group, hav-
ing trouble with ADL and IADL, low physical activ-
ity, and have various comorbidities [8, 10, 19–22]. 
Frailty and sleep disorders are also significant precur-
sors of functional deterioration leading to recurrent 
hospitalisation.

There is a dearth of literature from India about the 
profile of sleep disorders and associated frailty. Sleep–
wake disturbance and even frailty, if intervened prop-
erly, are potentially remediable [23]. It is important 
to identify the risk factors of frailty and examine their 
association with sleep disorders, especially in India, 
where the number of older adults is increasing at an 
unprecedented rate. This would address preventing 
advanced frail conditions, such as disability and mor-
tality and help in the management of specific underly-
ing causes. With this, the study aimed to investigate the 
relationship between sleep disorder and frailty among 
older Indian adults. It is hypothesised for the study that 
there is a significant positive association between sleep 
disorder and frailty.

Methods
Data
This study uses data from the Longitudinal Ageing Study 
in India- wave 1 (LASI-2017–18). The nationally-rep-
resentative sample in the survey included 72,250 indi-
viduals aged 45 and above and their spouses across all 
states and union territories of India except Sikkim. LASI 
adopted a multistage stratified area probability cluster 
sampling design to select the eventual units of observa-
tion. Households with at least one member 45 years and 
above were taken as the sample unit. All married and 
non-married men and women age 45 and above and 
their spouses in selected households were interviewed 
for the data. The data provides strong scientific evidence 
on demographics, household economic status, chronic 
health characteristics, symptom-based health conditions, 
biomarkers, work, and employment etc.

Detailed information is available on the LASI Wave-1 
Report [24]. The sample size for the present study is 
31,902 older adults, 14,652 older men and 15,899 older 
women aged 60 and above.

Variable description
Outcome variable
Frailty among older adults was assessed using the Frailty 
Phenotype widely used in the many research on older 
adults [3]. The index is composed of five main compo-
nents: self-reported exhaustion, weak grip strength, self-
reported low physical activity, unintentional weight loss, 
and slow walking time.

The first component exhaustion was examined using 
the questions from the Center for Epidemiologic Stud-
ies Depression (CES-D) scale, from the LASI question-
naire: in the past week, how often do you feel “feel tired 
or low in energy’ and that, “everything you did was an 
effort,”. The respondent’s self-reported answer was “three 
or more days coded as 1” and “less than three days coded 
as 0”.

The second component of index was handgrip strength 
assessed using the measured readings of handheld 
Smedley’s Hand Dynamometer. The LASI data provides 
handgrip strength measured in kilograms. The outcome 
handgrip strength score (in kg) was calculated as the 
average score (in kg) of two successive trials in the domi-
nant hand, and was adjusted for both the sexes and body 
mass index considering the difference that exists between 
various groups.

The third component of index- unintentional weight 
loss was composed using the proxy self-reported ques-
tion: “Do you think that you have lost weight in the last 
12  months because there was not enough food at your 
household?” with answers “Yes coded as 1” and “No 
coded as 0.”.
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For the fourth component of physical activity, the 
study used the question: “How often do you take part in 
sports or vigorous activities, such as running or jogging, 
swimming, going to a health center or gym, cycling, or 
digging with a spade or shovel, heavy lifting, chopping, 
farm work, fast bicycling, cycling with loads: which was 
answered as every day, more than once a week, once 
a week, one to three times a month, or hardly ever or 
never” Finally, low physical activity was taken as: “One 
to three times a month or hardly ever or never = 1” and 
“once a week or more than once a week = 0” [25].

For the final and fifth component, the study used the 
average measured readings of respondent’s 4  m walk, 
and slowness was assessed by the time (in seconds) 
taken to cover the 4  m walk (also stratified by gender 
and height). The final Frailty Index score ranges between 
0 and 5. Respondents in the study with a score of 0, were 
classified as “robust” 1–2 as “pre-frail” and those with a 
score of three or more were considered as “frail”. For the 
study, only the frail respondents were studied.

Descriptive variables
Key independent variable
The variable of sleep disorder assessment was derived 
by combining three proximate questions, from the LASI 
questionnaire- 1 which was taken from the Jenkins Sleep 
Scale (JSS-4) [26]. How often do you have trouble fall-
ing asleep? 2. How often did you wake up too early in the 
morning and were not being able to fall asleep again? 3. 
How often did you wake up during the night and have 
trouble getting back to sleep? The response was reported 
as a. never, b. rarely (1–2 nights per week), c. occasionally 
(3–4 nights per week) and d. frequently (5 or more nights 
per week). Never/Rarely was recoded as 0 and “no,” and 
Occasionally/Frequently was recoded as 1 “yes”. If the 
respondent reported having any of the above problems, 
he/she was defined as suffering from a sleep disorder.

All the other independent variables are there in Supple-
mentary Table 1.

Statistical analysis
Descriptive statistics and cross-tabulation were analysed 
for the study [27]. A binary logistic regression analy-
sis [28] was done to assess the association between the 
dependent variable (frailty) and sleep disorder among 
older adults in India. To check for the multicolinarity 
problem in the data, Variance inflation factor (VIF) was 
used [29, 30]. For the comple analyses, STATA 16 was 
used. Map was made using GeoDa 1.18.

Results
Table  1 represents the socio-economic and demo-
graphic profile of the study population. Out of total 
31,902 older adults (15,139 males and 16,763 females), 
about 32 percent and 40 percent older males and 
females had sleep disorder respectively. Nearly, 48 per-
cent and 61 percent of older males and females had no 
education or had primary education not completed 
respectively. About 16.5 percent and 53.5 percent of 
older men and women were widowed.

Figure  1 shows the prevalence of sleep disorders 
across various states of India. The Highest prevalence 
was found in the states of Himachal Pradesh (45 per-
cent), Uttarakhand (38 percent), West Bengal and Mad-
hya Pradesh (32 percent).

Figure  2 is a representation of sleep disorder and 
frailty both for various states of the country. The 
lowest prevalence of sleep disorder was observed in 
the state of Nagaland (8 percent) which is still pretty 
higher.

Table  2 shows the percentage of older adults suffer-
ing from frailty in India in 2017–18 across the genders 
and as per different background characteristics. The 
results show the prevalence of frailty in the population 
to be 21.3 percent. The percentage of frailty increases 
with age, with the highest percentage being among the 
oldest-old (29.1 percent for males and 28.9 percent for 
females). Sleep disorders were found 30 percent and 27 
percent amongst frail males and females respectively. 
Older adults in rural areas had a higher prevalence of 
frailty compared to those in urban areas, this was uni-
form across both the genders.

Table  3 shows the results of a logistic regression 
analysis examining the association of various back-
ground characteristics, (individual factors, behavioural 
factors, health factors, and household factors) and the 
frailty amongst older adults in India in 2017–18. For 
each variable, the odds ratio (OR) is reported along 
with the 95 percent confidence interval (CI) and the 
p-value. Older adults with a sleep disorder had 1.66 
times higher odds of suffering from frailty compared to 
those without a sleep disorder (p < 0.001). As compared 
to those who frequently engaged in physical activities, 
those who rarely or never engage in physical activi-
ties were highly likely to suffer from frailty. The older 
adults who reported fair or poor health had higher 
odds of frailty compared to those who reported good 
health (Or = 0.73; P value = 0.000) The older adults 
from the eastern region had higher odds of frailty com-
pared to those from the North region (OR = 1.63; p 
value = 0.000).
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Discussion
To our knowledge, this is the one of the most detailed 
effort to systematically and evaluate the relationship 
between sleep disorder and frailty using a nationally-
representative survey data in India. Frailty varies across 
studies according to the adopted definitions to measure 
and the tested population. Sleep disorders negatively 

Table 1 Socio-economic and demographic profile of the study 
population in India, LASI 2017–18

Background characteristics Male Female Total

Sleep disorder
 No 68.1 59.7 63.7

 Yes 31.9 40.3 36.3

Individual factors
 Age
  Young-old 57.8 59.1 58.5

  Old-old 31.1 29.3 30.2

  Oldest-old 11.0 11.5 11.3

 Education
  Up to primary 47.8 60.7 52.1

  Up to Secondary 40.4 33.8 38.2

  Graduation & above 11.8 5.5 9.7

 Living arrangements
  Alone 6.4 16.0 11.4

  With spouse 54.4 28.2 40.6

  With children 39.2 55.9 48.0

 Marital status
  Currently married 81.1 44.1 61.6

  Widowed 16.5 54.0 36.2

  Others 2.4 1.9 2.2

 Working status
  Yes 45.5 35.7 41.8

  No 54.5 64.3 58.2

 Social engagement
  1 36.8 26.0 31.1

  2 26.8 32.2 29.7

  3 36.4 41.8 39.3

Behavioural factors
 Tobacco consumption
  No 60.0 22.5 40.2

  Yes 40.0 77.5 59.8

 Alcohol consumption
  No 28.0 2.6 14.6

  Yes 72.0 97.4 85.4

 Physical activity
  Frequently 32.6 21.9 27.0

  Rare/Never 67.4 78.1 73.0

Health factors
 Body mass index
  Underweight 28.2 25.2 26.7

  Normal 41.3 35.5 38.3

  Overweight 12.8 13.0 12.9

  Obese 17.6 26.3 22.1

 Self-rated health
  Good 33.9 27.8 30.7

  Fair 43.9 46.2 45.1

  Poor 22.2 26.0 24.2

ADL Activities of Daily Living, IADL Instrumental Activities of Daily Living, MPCE 
Per Capita Monthly Consumption Expenditure

Table 1 (continued)

Background characteristics Male Female Total

 Difficulty in ADL
  No 79.1 73.6 76.2

  Yes 20.9 26.4 23.8

 Difficulty in IADL
  No 34.4 26.6 30.3

  Yes 65.6 73.4 69.7

 Morbidity status
  0 49.7 44.4 46.9

  1 28.1 30.1 29.2

  2 + 22.2 25.4 23.9

Household factors
 MPCE quintile
  Poorest 20.8 22.5 21.7

  Poorer 21.3 22.1 21.7

  Middle 21.6 20.4 20.9

  Richer 19.2 19.2 19.2

  Richest 17.0 15.9 16.4

 Religion
  Hindu 82.0 82.4 82.2

  Muslim 11.7 10.9 11.3

  Christian 2.6 3.1 2.9

  Others 3.7 3.6 3.6

 Caste
  Scheduled Caste 19.3 19.6 19.4

  Scheduled Tribe 7.9 8.7 8.3

  Other Backward Class 47.0 45.9 46.5

  Others 25.8 25.8 25.8

 Place of residence
  Rural 72.1 69.2 70.5

  Urban 27.9 30.8 29.5

 Region
  North 12.3 12.8 12.6

  Central 22.5 19.6 20.9

  East 24.6 22.8 23.6

  Northeast 2.9 3.1 3.0

  West 16.3 18.0 17.2

  South 21.4 23.8 22.7

Total 15,139 16,763 31,902
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Fig. 1 Prevalence of sleep disorders across various states of India findings from LASI (2017–18)

Fig. 2 Pattern of sleep disorder and frailty across various states of India, LASI (2017–18)
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affect hormonal and metabolic functions by shortening 
the deep sleep phase, which reduces growth hormone 
secretion and promotes cortisol secretion [8, 31]. Sleep 
disorder and frailty has a bi-directional relationship, 
sleep disorders hamper the growth process and thus 
lead to muscle loss and eventual frailty, frailty may also 
cause disturbed sleep due to enhanced inflammations 
and other secretions in the body [23, 32, 33].

Table 2 Percentage of older adults suffering from frailty in India, 
LASI 2017–18

Background 
characteristics

Male Female Differences P-value
Percent Percent Percent

Sleep disorder
 No 16.6 17.0 0.4 0.119

 Yes 30.4 29.6 -0.8 0.096

Individual factors
 Age
  Young-old 17.0 18.0 1.0 0.000

  Old-old 25.6 27.6 2.0 0.001

  Oldest-old 29.1 28.9 -0.2 0.876

 Education
  Upto primary 24.1 18.8 -5.3 0.463

  Upto Secondary 16.4 13.2 -3.2 0.215

  Graduation & above 11.1 16.4 5.2 0.316

 Living arrangements
  Alone 26.6 28.9 2.4 0.159

  With spouse 18.9 18.0 -0.9 0.617

  With children 23.0 22.1 -0.9 0.075

 Marital status
  Currently married 19.7 19.0 -0.7 0.714

  Widowed 26.6 24.8 -1.8 0.598

  Others 26.0 14.1 -11.9 0.011

 Working status
  Yes 14.0 13.7 -0.3 0.874

  No 26.6 27.7 1.1 0.023

 Social engagement
  1 24 26.0 2.0 0.027

  2 18.5 17.0 -1.5 0.011

  3 20.5 21.4 0.8 0.323

Behavioural factors
 Tobacco consumption
  No 21.5 22.8 1.2 0.038

  Yes 20.2 21.8 1.6 0.000

 Alcohol consumption
  No 20.7 19.9 -0.8 0.227

  Yes 21.1 22.1 1.0 0.003

 Physical activity
  Frequently 2.5 3.1 0.7 0.062

  Rare/Never 30.0 27.3 -2.6 0.278

Health factors
 Body mass index
  Underweight 30.5 30.7 0.1 0.317

  Normal 22.5 24.4 1.9 0.004

  Overweight 17.5 22.5 5.0 0.271

  Obese 16.7 19.8 3.1 0.000

 Self-rated health
  Good 15.5 15.8 0.3 0.213

  Fair 19.8 20.5 0.7 0.041

  Poor 33.4 33.3 -0.1 0.162

ADL Activities of Daily Living; IADL Instrumental Activities of Daily Living; MPCE 
Per Capita Monthly Consumption Expenditure

Table 2 (continued)

Background 
characteristics

Male Female Differences P-value
Percent Percent Percent

 Difficulty in ADL
  No 18.4 18.7 0.3 0.001

  Yes 30.8 31.4 0.6 0.660

 Difficulty in IADL
  No 17.9 16.7 -1.2 0.107

  Yes 22.6 24.0 1.4 0.001

 Morbidity status
  0 19.2 20.7 1.6 0.016

  1 21.3 22.1 0.8 0.087

  2 + 24.5 24.3 -0.3 0.003

Household factors
 MPCE quintile
  Poorest 24.2 25.3 1.1 0.109

  Poorer 21.8 19.9 -1.9 0.647

  Middle 19.9 21.3 1.4 0.316

  Richer 19.6 21.3 1.7 0.003

  Richest 19.0 22.4 3.4 0.000

 Religion
  Hindu 21.1 22.2 1.1 0.000

  Muslim 23.5 22.8 -0.7 0.801

  Christian 15.6 21.5 5.9 0.598

  Others 15.0 16.9 1.9 0.505

 Caste
  Scheduled Caste 22.0 24.7 2.7 0.001

  Scheduled Tribe 20.0 17.6 -2.4 0.166

  Other Backward Class 22.8 22.1 -0.6 0.046

  Others 17.1 20.6 3.5 0.000

 Place of residence
  Rural 21.9 23.7 1.8 0.000

  Urban 18.5 18.2 -0.3 0.008

 Region
  North 16.3 20.4 4.1 0.035

  Central 22.7 25.2 2.4 0.003

  East 23.1 25.0 1.9 0.076

  Northeast 13.8 15.9 2.1 0.628

  West 16.2 16.6 0.4 0.016

  South 24.0 22.3 -1.7 0.008
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Table 3 Logistic regression estimates for older adults suffering from frailty in India, 2017–18

Background Characteristics Odds Ratio CI (95 percent) P-value
Lower and Upper values

Sleep disorder
 No ® 1

 Yes 1.66 1.47—1.87 0.000

Individual factors
 Age
  Young-old ® 1

  Old-old 1.32 1.16 -1.50 0.000

  Oldest-old 1.31 1.07 -1.60 0.010

 Education
  Upto primary ® 1

  Upto Secondary 0.92 0.81—1.04 0.186

  Graduation & above 0.83 0.67—1.04 0.113

 Living arrangements
  Alone ® 1

  With spouse 0.77 0.57 -1.04 0.092

  With children 0.86 0.66—1.11 0.247

 Marital status
  Currently married ® 1

  Widowed 0.89 0.74 -1.06 0.196

  Others 0.65 0.43—0.98 0.041

 Working status
  Yes ® 1

  No 1.09 0.95—1.24 0.225

 Social engagement
  1 ® 1

  2 0.95 0.83—1.09 0.480

  3 1.03 0.87—1.21 0.760

Behavioural factors
 Tobacco consumption
  No ® 1

  Yes 0.99 0.87—1.12 0.834

 Alcohol consumption
  No ® 1

  Yes 1.13 0.98 -1.31 0.088

 Physical activity
  Frequently ® 1

  Rare/Never 26.58 19.62—36.02 0.000

Health factors
 Body mass index
  Underweight ® 1

  Normal 0.76 0.65—0.89 0.001

  Overweight 0.58 0.47 -0.71 0.000

  Obese 0.70 0.58—0.84 0.000

 Self-rated health
  Good ® 1

  Fair 1.33 1.16 -1.53 0.000

  Poor 1.73 1.47—2.04 0.000
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The current analysis showed various covariates predic-
tive of higher prevalence of frailty. It was found, a larger 
percentage of older women had sleep disorders as com-
pared to older men. These findings align with previous 
assessments having similar observations [13, 21]. This 
could be due to poor social support women receive, 
familial burden, work and responsibilities.[8–10, 34]. 

This could also be because women tend to have higher 
C-reactive protein (CRP) and interleukin-6 levels, which 
act as markers in the etiology of frailty [35] A large num-
ber of older adults who had sleeping disorders were also 
found to be frail. Consonant with previous studies, our 
results show a pronounced likelihood of older adults with 
sleep disorders being frail [9, 14, 31, 36].

 Significant if, p < 0.05; UOR: Ref: Reference, CI: Confidence interval

ADL Activities of Daily Living, IADL Instrumental Activities of Daily Living, MPCE Per Capita Monthly Consumption Expenditure

Table 3 (continued)

Background Characteristics Odds Ratio CI (95 percent) P-value
Lower and Upper values

 Difficulty in ADL
  No ® 1

  Yes 1.37 1.18 -1.59 0.000

 Difficulty in IADL
  No ® 1

  Yes 1.14 0.99 -1.30 0.065

 Morbidity status
  0 ® 1

  1 1.07 0.93 -1.24 0.325

  2 + 1.11 0.95 -1.29 0.200

Household factors
 MPCE quintile
  Poorest ® 1

  Poorer 0.97 0.80 -1.17 0.733

  Middle 0.98 0.81 -1.19 0.860

  Richer 1.1 0.91 -1.33 0.315

  Richest 1.15 0.95 -1.40 0.150

 Religion
  Hindu ® 1

  Muslim 0.86 0.70 -1.06 0.163

  Christian 0.93 0.73 -1.18 0.546

  Others 0.74 0.53 -1.02 0.065

 Caste
  Scheduled Caste ® 1

  Scheduled Tribe 0.93 0.72 -1.21 0.608

  Other Backward Class 0.97 0.81 -1.17 0.779

  Others 0.77 0.63—0.93 0.008

 Place of residence
  Rural ® 1

  Urban 1.03 0.91 -1.17 0.658

 Region
  North ® 1

  Central 1.19 0.94 -1.49 0.143

  East 1.63 1.33 -1.99 0.000

  Northeast 0.77 0.59 -1.00 0.052

  West 0.82 0.66 -1.01 0.063

  South 1.09 0.89 -1.32 0.415

Constant 0.01 0.01—0.02 0.000
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Studies like [4, 37] reported a higher prevalence of 
physical frailty among older adults with poor self-
reported health, and poor sleeping habits. Studies across 
the world have shown that older adults having low educa-
tional level had higher odds of being frail than those hav-
ing high educational level [38–41]. The current study’s 
results also underscore these findings that education 
plays a vital role in protecting against frailty. Further, 
older adults not actively participating in any physical 
activity had significantly higher odds of being frail than 
older adults who participated in physical activity. This 
was in line with previous findings [42, 43]. Self-rated 
health was associated with an increased risk of frailty 
in older age, [44] SRH in older adults should be recog-
nised as a predictive tool for future frailty. Evidence 
widely suggests that increased physical activity improves 
many aspects of sleep and directly combats several frailty 
symptoms (e.g. slowness, weakness, and low physical 
activity) [10, 32, 45–48]. There should be studies consid-
ering the synergistic effects of sleep and exercise inter-
ventions to prevent and reverse frailty.

Though the study is one of the rare attempts at unveil-
ing the association between two of the most related con-
cepts of old age but is not short of limitations, the first 
being the cross-sectional nature of the study. Hence, 
strict cause and effect relationship could not be estab-
lished. Another round of the study would help the 
researcher establish a better relationship and form a 
clearer picture. The individuals having a sleep disorder 
did not undergo any laboratory testing; hence, sleep–
wake disturbance could not be objectively confirmed and 
it could not be truly determined if the underlying cause 
of frailty was primarily sleeping disorder. Additionally, 
current study was retrospective. Hence, there is a high 
chance of recall bias arising. Despite having several limi-
tations, there are various strengths of the study. First, an 
attempt to study the relationship from a survey of large 
scale national probability sample of adults (60 years and 
above). LASI is a large scale comprehensive data set that 
increases the chance of external validity and generaliz-
ability of the current findings. These findings have impor-
tant public health implications with a longer lifespan and 
the high prevalence of sleep disorders and frailty in older 
populations. The results may help the program managers 
to design relevant strategies to prevent frailty in elderly.

Conclusions
Sleep is associated with older people’s overall health, 
and the present study confirms a positive relationship 
between sleep problem and frailty status. Older women 
and men both are highly predisposed to faulty sleep 
and frailty. Since sleep quality is potentially remediable, 
future frailty prevention interventions should consider 

sleep complaints.  Physical activity, educational attain-
ments affect the frailty status of older adults. The study 
has  clinical relevance since sleep complaints offer a 
means for identifying those who are vulnerable to 
frailty and through appropriate intervention, under-
standing the causes of sleep disorder can help to delay 
and in some cases reverse frailty.

Abbreviations
ADL  Activities of Daily Living
CES-D  Center for Epidemiologic Studies Depression
CRP  C-reactive protein
IADL  Instrumental Activities of Daily Living
LASI  Longitudinal Ageing Study in India
MPCE  Monthly Per-Capita Consumption Expenditure
OBC  Other Backward Castes
OR  Odds Ratio
SC  Schedule Caste
SRH  Self-rated Health
ST  Scheduled Tribe
VIF  Variance inflation factor

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12877- 023- 04148-x.

Additional file 1. Description of Independent Variables used in the study.

Acknowledgements
Data for this study were extracted from the first wave of the Longitudinal 
Aging Study in India (2017-19) conducted by the International Institute for 
Population Sciences (IIPS) Mumbai, India.

Authors’ contributions
AA contributed to the conception and design of the study, and discussion. AA, 
SKS and AKJ contributed to the conception and design of the study, theoreti-
cal introduction and discussion, acquisition of data, analysis and interpretation 
of data. AA and MV and were a major contributor in writing the manuscript. 
All authors have accepted responsibility for the entire content of this article 
and approved its submission.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Availability of data and materials
Data for this study were extracted from the first wave of the Longitudinal 
Aging Study in India (2017–19) that is freely available in public domain on 
request through https:// www. iipsi ndia. ac. in/ sites/ defau lt/ files/ LASI_ DataR 
eques tForm_0. pdf.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The survey agencies that conducted the field survey for the data collection 
have collected prior informed consent (signed and oral) for both the inter- 
views and biomarker tests from the eligible respondents and also from legal 
guardians of illiterates in accordance with Human Subjects Protection. The 
Central Ethics Committee on Human Research (CECHR) under the Indian 
Council of Medical Research (ICMR) provided the ethical approval for conduct-
ing the LASI survey.

https://doi.org/10.1186/s12877-023-04148-x
https://doi.org/10.1186/s12877-023-04148-x
https://www.iipsindia.ac.in/sites/default/files/LASI_DataRequestForm_0.pdf
https://www.iipsindia.ac.in/sites/default/files/LASI_DataRequestForm_0.pdf


Page 10 of 11Aditi et al. BMC Geriatrics          (2023) 23:429 

Consent for publication
Not applicable.

Competing of interests
The authors declare no competing interests.

Received: 31 March 2023   Accepted: 3 July 2023

References
 1. World Population Prospects - Population Division - United Nations. 

https:// popul ation. un. org/ wpp/.
 2. Malai Ammal M. Prevalence of Frailty and Its associated risk factors 

among elderly people in Panruti PHC Area, Tamilnadu 2018: a cross 
sectional study. THE TAMILNADU DR. M.G.R. MEDICAL UNIVERSITY, 2020. 
http:// repos itory- tnmgr mu. ac. in/ 13783/1/ 20150 0120m alai_ ammal. pdf.

 3. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. 
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci 
Med Sci. 2001;56:M146–56.

 4. VazFragoso CA, Gahbauer EA, Van Ness PH, Gill TM. Sleep-wake distur-
bances and frailty in community-living older persons. J Am Geriatr Soc. 
2009;57:2094–100. https:// doi. org/ 10. 1111/j. 1532- 5415. 2009. 02522.x.

 5. Makizako H, Shimada H, Doi T, Tsutsumimoto K, Suzuki T. Impact of physi-
cal frailty on disability in community-dwelling older adults: a prospective 
cohort study. BMJ Open. 2015;5:e008462. https:// doi. org/ 10. 1136/ bmjop 
en- 2015- 008462.

 6. Perry Dr. GS, Patil SP, Presley-Cantrell LR. Raising Awareness of Sleep as a 
Healthy Behavior. Prev Chronic Dis. 10. Epub ahead of print 2013. https:// 
doi. org/ 10. 5888/ PCD10. 130081.

 7. Da Silva AA, De Mello RGB, Schaan CW, Fuchs FD, Redline S, Fuchs SC. 
Sleep duration and mortality in the elderly: a systematic review with 
meta-analysis. BMJ Open. 2016;6:e008119 https:// bmjop en. bmj. com/ 
conte nt/6/ 2/ e0081 19.

 8. Moreno-Tamayo K, Manrique-Espinoza B, Morales-Carmona E, Salinas-
Rodríguez A. Sleep duration and incident frailty: the rural frailty study. 
BMC Geriatr. 2021;21:1–7. https:// doi. org/ 10. 1186/ s12877- 021- 02272-0.

 9. Chiba R, Ohashi Y, Ozaki A. Sleep disturbances in adults with frailty and 
sarcopenia. Qual Ageing Older Adults. 2020;21:89–107.

 10. Guida JL, Alfini AJ, Gallicchio L, Spira AP, Caporaso NE, Green PA. Associa-
tion of objectively measured sleep with frailty and 5-year mortality in 
community-dwelling older adults. Sleep. 2021;44:1–9 https:// acade mic. 
oup. com/ sleep/ artic le/ 44/7/ zsab0 03/ 60665 53.

 11. Sharma PK, Reddy BM, Ganguly E. Frailty syndrome among oldest old 
individuals, aged ≥80 years: prevalence & correlates. J Frailty Sarcopenia 
Falls. 2020;5:92 https:// www. ncbi. nlm. nih. gov/ pmc/ artic les/ PMC77 
11734/.

 12 Wang Y, Chen Z, Zhou C. Social engagement and physical frailty in later 
life: does marital status matter? BMC Geriatr. 2021;21:1–11. https:// doi. 
org/ 10. 1186/ s12877- 021- 02194-x.

 13. da Costa SV, Ceolim MF, Neri AL. Sleep problems and social support: 
frailty in a Brazilian elderly multicenter study. Rev Lat Am Enfermagem. 
2011;19:920–7 http:// www. scielo. br/j/ rlae/a/ gRPNs tP4cT YSMMT 3sYXr 
grc/? lang= en.

 14 Nishikawa H, Yoh K, Enomoto H, Iwata Y, Nishimura T, Nishiguchi S, et al. 
Frailty and sleep disorder in chronic liver diseases. Life. 2020;10:137. 
https:// doi. org/ 10. 3390/ life1 00801 37.

 15. Press Y, Punchik B, Freud T. The association between subjectively impaired 
sleep and symptoms of depression and anxiety in a frail elderly popula-
tion. Aging Clin Exp Res. 2018;30:755–65 https:// link. sprin ger. com/ artic le/ 
10. 1007/ s40520- 017- 0837-1.

 16. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly 
people. The Lancet. 2013;381:752–62 http:// www. thela ncet. com/ artic le/ 
S0140 67361 26216 79/ fullt ext.

 17. Piovezan Ronaldo Delmonte PDTS. Frailty and sleep disturbances in the 
elderly: possible connections and clinical implications. Sleep Sci. 2013. 
https:// sleep scien ce. org. br/ detai ls/ 11/ en- US/ frail ty- and- sleep- distu rbanc 
es- in- the- elder ly-- possi ble- conne ctions- and- clini cal- impli catio ns.

 18. Zhang Q, Guo H, Gu H, Zhao X. Gender-associated factors for frailty and 
their impact on hospitalization and mortality among community-dwell-
ing older adults: a cross-sectional population-based study. PeerJ. 2018;6. 
https:// pubmed. ncbi. nlm. nih. gov/ 29507 821/.

 19 Chaudhary M, Chowdhary R. Age and socioeconomic gradients in frailty 
among older adults in India. J Public Health (Germany). 2019;27:675–85. 
https:// doi. org/ 10. 1007/ s10389- 018- 0988-3.

 20. Marshall A, Nazroo J, Tampubolon G, Vanhoutte B. Cohort differences 
in the levels and trajectories of frailty among older people in England. J 
Epidemiol Community Health. 1978;2015(69):316–21 https:// pubmed. 
ncbi. nlm. nih. gov/ 25646 207/.

 21. Jaussent I, Dauvilliers Y, Ancelin ML, Dartigues JF, Tavernier B, Touchon J, 
et al. Insomnia symptoms in older adults: Associated factors and gender 
differences. American J Geriatric Psych. 2011;19:88–97 http:// www. ajgpo 
nline. org/ artic le/ S1064 74811 26010 92/ fullt ext.

 22. Park M, Buchman AS, Lim ASP, Leurgans SE, Bennett DA. Sleep complaints 
and incident disability in a community-based cohort study of older 
persons nih public access. Am J Geriatr Psychiatry. 2014;22:718–26.

 23. Sun XH, Ma T, Yao S, Chen ZK, Xu WD, Jiang XY, et al. Associations of sleep 
quality and sleep duration with frailty and pre-frailty in an elderly popula-
tion Rugao longevity and ageing study. BMC Geriatr. 2020;20:1–9. https:// 
doi. org/ 10. 1186/ s12877- 019- 1407-5.

 24. International Institute for Population Sciences (IIPS), NPHCE, MoHFW, 
Harvard T. H. Chan School of Public Health (HSPH), The University of 
Southern California (USC). Longitudinal Ageing Study in India (LASI) Wave 
1. India Report. Mumbai, India; 2020. https:// www. iipsi ndia. ac. in/ sites/ 
defau lt/ files/ LASI_ India_ Report_ 2020_ compr essed. pdf.

 25. Theou O, Cann L, Blodgett J, Wallace LMK, Brothers TD, Rockwood K. 
Modifications to the frailty phenotype criteria: Systematic review of 
the current literature and investigation of 262 frailty phenotypes in the 
survey of health, ageing, and retirement in Europe. Ageing Res Rev. 
2015;21:78–94.

 26. Jenkins CD, Stanton BA, Niemcryk SJ, Rose RM. A scale for the estimation 
of sleep problems in clinical research. J Clin Epidemiol. 1988;41:313–21 
http:// www. jclin epi. com/ artic le/ 08954 35688 901382/ fullt ext.

 27. Cohen J. Statistical Power Analysis for the Behavioral Sciences. Statistical 
Power Analysis for the Behavioral Sciences. Epub ahead of print 13 May 
2013. https:// doi. org/ 10. 4324/ 97802 03771 587.

 28. Osborne J, King JE. Binary Logistic Regression. Best Practices in Quantita-
tive Methods. SAGE Publications, Inc. 2011:358–84. https:// doi. org/ 10. 
4135/ 97814 12995 627.

 29. S.Lewis-Beck M, Bryman A, Liao TF. The SAGE Encyclopedia of Social 
Science Research Methods. The SAGE Encyclopedia of Social Science 
Research Methods. Epub ahead of print 15 May 2004. https:// doi. org/ 10. 
4135/ 97814 12950 589.

 30. Vogt WPaul. Dictionary of statistics & methodology: a nontechnical guide 
for the social sciences. 2005;355.

 31. Piovezan RD, Abucham J, dos Santos RVT, Mello MT, Tufik S, Poyares D. 
The impact of sleep on age-related sarcopenia: possible connections and 
clinical implications. Ageing Res Rev. 2015;23:210–20 https:// pubmed. 
ncbi. nlm. nih. gov/ 26216 211/.

 32. Del Brutto OH, Mera RM, Sedler MJ, Zambrano M, Nieves JL, Cagino K, 
et al. The effect of age in the association between frailty and poor sleep 
quality: a population-based study in community-dwellers (The Atahualpa 
Project). J Am Med Dir Assoc. 2016;17:269–71 http:// www. jamda. com/ 
artic le/ S1525 86101 50075 98/ fullt ext.

 33. Kang I, Kim S, Kim BS, Yoo J, Kim M, Won CW. Sleep latency in men and 
sleep duration in women can be frailty markers in community-dwelling 
older adults: The korean frailty and aging cohort study (KFACS). J Nutr 
Health Aging. 2019;23:63–7 https:// pubmed. ncbi. nlm. nih. gov/ 30569 070/.

 34. Guidozzi F. Gender differences in sleep in older men and women. Climac-
teric. 2015;18:715–21.

 35. Irwin MR, Olmstead R, Carroll JE. Sleep disturbance, sleep duration, and 
inflammation: a systematic review and meta-analysis of cohort studies 
and experimental sleep deprivation. Biol Psychiatry. 2016;80:40–52 
https:// pubmed. ncbi. nlm. nih. gov/ 26140 821/.

 36 Pourmotabbed A, Boozari B, Babaei A, Asbaghi O, Campbell MS, Moham-
madi H, et al. Sleep and frailty risk: a systematic review and meta-
analysis. Sleep and Breathing. 2020;24:1187–97. https:// doi. org/ 10. 1007/ 
s11325- 020- 02061-w.

https://population.un.org/wpp/
http://repository-tnmgrmu.ac.in/13783/1/201500120malai_ammal.pdf
https://doi.org/10.1111/j.1532-5415.2009.02522.x
https://doi.org/10.1136/bmjopen-2015-008462
https://doi.org/10.1136/bmjopen-2015-008462
https://doi.org/10.5888/PCD10.130081
https://doi.org/10.5888/PCD10.130081
https://bmjopen.bmj.com/content/6/2/e008119
https://bmjopen.bmj.com/content/6/2/e008119
https://doi.org/10.1186/s12877-021-02272-0
https://academic.oup.com/sleep/article/44/7/zsab003/6066553
https://academic.oup.com/sleep/article/44/7/zsab003/6066553
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7711734/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7711734/
https://doi.org/10.1186/s12877-021-02194-x
https://doi.org/10.1186/s12877-021-02194-x
http://www.scielo.br/j/rlae/a/gRPNstP4cTYSMMT3sYXrgrc/?lang=en
http://www.scielo.br/j/rlae/a/gRPNstP4cTYSMMT3sYXrgrc/?lang=en
https://doi.org/10.3390/life10080137
https://link.springer.com/article/10.1007/s40520-017-0837-1
https://link.springer.com/article/10.1007/s40520-017-0837-1
http://www.thelancet.com/article/S0140673612621679/fulltext
http://www.thelancet.com/article/S0140673612621679/fulltext
https://sleepscience.org.br/details/11/en-US/frailty-and-sleep-disturbances-in-the-elderly--possible-connections-and-clinical-implications
https://sleepscience.org.br/details/11/en-US/frailty-and-sleep-disturbances-in-the-elderly--possible-connections-and-clinical-implications
https://pubmed.ncbi.nlm.nih.gov/29507821/
https://doi.org/10.1007/s10389-018-0988-3
https://pubmed.ncbi.nlm.nih.gov/25646207/
https://pubmed.ncbi.nlm.nih.gov/25646207/
http://www.ajgponline.org/article/S1064748112601092/fulltext
http://www.ajgponline.org/article/S1064748112601092/fulltext
https://doi.org/10.1186/s12877-019-1407-5
https://doi.org/10.1186/s12877-019-1407-5
https://www.iipsindia.ac.in/sites/default/files/LASI_India_Report_2020_compressed.pdf
https://www.iipsindia.ac.in/sites/default/files/LASI_India_Report_2020_compressed.pdf
http://www.jclinepi.com/article/0895435688901382/fulltext
https://doi.org/10.4324/9780203771587
https://doi.org/10.4135/9781412995627
https://doi.org/10.4135/9781412995627
https://doi.org/10.4135/9781412950589
https://doi.org/10.4135/9781412950589
https://pubmed.ncbi.nlm.nih.gov/26216211/
https://pubmed.ncbi.nlm.nih.gov/26216211/
http://www.jamda.com/article/S1525861015007598/fulltext
http://www.jamda.com/article/S1525861015007598/fulltext
https://pubmed.ncbi.nlm.nih.gov/30569070/
https://pubmed.ncbi.nlm.nih.gov/26140821/
https://doi.org/10.1007/s11325-020-02061-w
https://doi.org/10.1007/s11325-020-02061-w


Page 11 of 11Aditi et al. BMC Geriatrics          (2023) 23:429  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 37. 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;13:1217–25.

 38. Brigola AG, Rossetti ES, dos Santos BR, Neri AL, Zazzetta MS, Inouye K, 
et al. Relationship between cognition and frailty in elderly: a systematic 
review. Dement Neuropsy. 2015;9:110–9 https:// pubmed. ncbi. nlm. nih. 
gov/ 29213 952/.

 39. Newman AB, Gottdiener JS, McBurnie MA, Hirsch CH, Kop WJ, Tracy R, 
et al. Associations of subclinical cardiovascular disease with frailty. J 
Gerontol A Biol Sci Med Sci. 2001;56:M158-66 https:// pubmed. ncbi. nlm. 
nih. gov/ 11253 157/.

 40. Peterson MJ, Giuliani C, Morey MC, Pieper CF, Evenson KR, Mercer V, et al. 
Physical activity as a preventative factor for frailty: the health, aging, and 
body composition study. J Gerontol Biol Sci Med Sci. 2009;64A:61 https:// 
www. ncbi. nlm. nih. gov/ pmc/ artic les/ PMC29 13907/.

 41. Soler-Vila H, García-Esquinas E, León-Muñoz LM, López-García E, Banegas 
JR, Rodríguez-Artalejo F. Contribution of health behaviours and clinical 
factors to socioeconomic differences in frailty among older adults. J 
Epidemiol Community Health. 1978;2016(70):354–60 https:// pubmed. 
ncbi. nlm. nih. gov/ 26567 320/.

 42. Lambert CP, Evans WJ. Adaptations to aerobic and resistance exercise in 
the elderly. Rev Endocr Metab Disord. 2005;6:137–43 https:// pubmed. 
ncbi. nlm. nih. gov/ 15843 885/.

 43. Navarrete-Villanueva D, Gómez-Cabello A, Marín-Puyalto J, Moreno LA, 
Vicente-Rodríguez G, Casajús JA. Frailty and physical fitness in elderly 
people: a systematic review and meta-analysis. Sports Med. 2021;51:143–
60 https:// pubmed. ncbi. nlm. nih. gov/ 33201 455/.

 44. Chu WM, Ho HE, Yeh CJ, Hsiao YH, Hsu PS, Lee SH, et al. Self-rated health 
trajectory and frailty among community-dwelling older adults: evidence 
from the Taiwan Longitudinal Study on Aging (TLSA). BMJ Open. 2021;11. 
https:// pubmed. ncbi. nlm. nih. gov/ 34362 805/.

 45. Verma M, Kapoor N, Chaudhary A, Sharma P, Ghosh N, Sidana S, et al. 
Prevalence and determinants of sarcopenic obesity in older adults: sec-
ondary data analysis of the longitudinal ageing study in India (LASI) wave 
1 Survey (2017–18). Adv Ther. 2022;39:4094–113.

 46 Chen LJ, Stevinson C, Ku PW, Chang YK, Chu DC. Relationships of leisure-
time and non-leisure-time physical activity with depressive symptoms: a 
population-based study of Taiwanese older adults. Int J Behav Nutr Physic 
Act. 2012;9:1–10. https:// doi. org/ 10. 1186/ 1479- 5868-9- 28.

 47. Ainsworth BE, Haskell WL, Leon AS, Jacobs DR, Montoye HJ, Sallis JF, 
et al. Compendium of physical activities: classification of energy costs of 
human physical activities. Med Sci Sports Exerc. 1993;25:71–80 https:// 
europ epmc. org/ artic le/ med/ 82921 05.

 48. Zhang J, Xu L, Li J, et al. Association between obesity-related anthropo-
metric indices and multimorbidity among older adults in Shandong, 
China: a cross-sectional study. BMJ Open. 2020;10:e036664–e036664.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://pubmed.ncbi.nlm.nih.gov/29213952/
https://pubmed.ncbi.nlm.nih.gov/29213952/
https://pubmed.ncbi.nlm.nih.gov/11253157/
https://pubmed.ncbi.nlm.nih.gov/11253157/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2913907/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2913907/
https://pubmed.ncbi.nlm.nih.gov/26567320/
https://pubmed.ncbi.nlm.nih.gov/26567320/
https://pubmed.ncbi.nlm.nih.gov/15843885/
https://pubmed.ncbi.nlm.nih.gov/15843885/
https://pubmed.ncbi.nlm.nih.gov/33201455/
https://pubmed.ncbi.nlm.nih.gov/34362805/
https://doi.org/10.1186/1479-5868-9-28
https://europepmc.org/article/med/8292105
https://europepmc.org/article/med/8292105

	Is there a ubiquitous association between sleep disorder and frailty? findings from LASI (2017–18)
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Data
	Variable description
	Outcome variable

	Descriptive variables
	Key independent variable
	Statistical analysis


	Results
	Discussion
	Conclusions
	Anchor 18
	Acknowledgements
	References


