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Abstract
Background  There is limited understanding regarding prospective associations of insomnia symptoms and 
trajectories with functional disability. We aimed to investigate the associations of insomnia symptoms and trajectories 
with functional disability.

Method  A total of 13 197 participants were eligible from the Health and Retirement Study. Insomnia symptoms 
included non-restorative sleep, difficulty initiating sleep, early morning awakening, and difficulty maintaining sleep. 
We also identified four distinct trajectories of insomnia symptoms: low, decreasing, increasing, and high insomnia 
symptoms. Functional status was assessed through activities of daily living (ADL) and instrumental activities of daily 
living (IADL).

Results  Participants experiencing one (HR, 1.21; 95% CI, 1.13–1.29), two (HR, 1.43; 95% CI, 1.29–1.57), or three to four 
(HR, 1.41; 95% CI, 1.25–1.60) insomnia symptoms had a higher risk of ADL disability than asymptomatic respondents. 
Similarly, participants with one or more insomnia symptoms had a higher risk of IADL disability. Furthermore, using 
the trajectory with low insomnia symptoms as the reference, decreasing insomnia symptoms (HR, 1.22; 95% CI, 
1.12–1.34), increasing insomnia symptoms (HR, 1.21; 95% CI, 1.05–1.41), and high insomnia symptoms (HR, 1.36; 95% 
CI, 1.18–1.56) were all associated with an increased risk of ADL disability.

Conclusion  Both a single measurement and dynamic trajectory of insomnia symptoms are associated with the onset 
of ADL disability. Increased awareness and management of insomnia symptoms may contribute to the prevention of 
functional disability occurrence.
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Introduction
Functional disability is a significant public health con-
cern among older adults, usually assessed by activities 
of daily living (ADL) and instrumental activities of daily 
living (IADL). In 2019, over 60% of older adults in the 
United States reported difficulties in performing at least 
one daily function [1, 2]. Older adults experiencing func-
tional disabilities often utilize services extensively, result-
ing in elevated healthcare expenditures [3, 4]. Moreover, 
the presence of functional disability exhibits a substantial 
correlation with subsequent occurrences of falls, injury, 
dependency, cognitive decline, and death [5, 6]. Millions 
of healthy years of life are lost as a result of functional 
disability for Americans aged 50 or older [7]. Thus, iden-
tifying modifiable risk factors, can be crucial to reducing 
the incidence of functional disability and improving the 
quality of later life.

Insomnia, a clinically heterogeneous disorder, is fre-
quently diagnosed through the subjective assessment of 
sleep quality [8, 9]. Insomnia symptoms, such as non-
restorative sleep, difficulty initiating sleep, early morning 
awakening, and difficulty maintaining sleep, are preva-
lent among older adults, with up to 75% of older adults 
experiencing at least one insomnia symptom annually 
[10]. Insomnia is often associated with a range of physi-
cal and psychiatric comorbidities, including frailty, 
depression, and falls [11–13], which are acknowledged 
as well-established risk factors for functional disability 
[14–16]. Nonetheless, little is known about the effects 
of insomnia symptoms on future risk of functional dis-
ability. Moreover, the trajectory of insomnia symptoms 
over time exhibits considerable variability among indi-
viduals [17]. Some individuals may have persistent severe 
insomnia symptoms, while others may initially exhibit 
mild symptoms that gradually worsen. Alternatively, 
some individuals with severe insomnia symptoms experi-
ence subsequent symptom amelioration. These different 
insomnia symptom trajectories might differentially pre-
dict functional disability risk. Given the limited under-
standing of prospective associations between insomnia 
symptoms, particularly the trajectories of insomnia 
symptoms, and functional disability, it is imperative to 
conduct a study that covers a large community-dwelling 
population with a relatively extended follow-up period to 
better understand the association of insomnia symptoms 
and trajectories with functional disability.

Accordingly, we used longitudinal population-based 
cohort data from the Health and Retirement Study (HRS) 
to investigate the associations of insomnia symptoms and 
the trajectories of insomnia symptoms with functional 
disability.

Methods
Study design and participants
The study population and design of the HRS have been 
previously described [18]. Briefly, the HRS is a popula-
tion-based cohort of community-dwelling adults in the 
United States, along with their spouses of any age. Exten-
sive demographic and health information have been col-
lected through biennial interviews starting from cohort 
entry and continuing until the occurrence of death or 
dropout. The HRS was approved by the Institutional 
Review Board at the University of Michigan and the 
National Institute on Aging (HUM00061128). Verbal 
informed consent is obtained from all participants in the 
HRS prior to their involvement in the study.

In the current study, participants were from one wave 
of the HRS (2002) and were limited to those aged 50 
years or older at baseline (n = 17 758). In the insomnia 
symptoms association analysis, participants with miss-
ing data on insomnia symptoms at baseline (2002), those 
reporting ADL or IADL disability at baseline, or those 
lost to follow-up at any time point were excluded, leaving 
13 197 participants who were included. In the trajectories 
of insomnia symptoms association analysis, participants 
with missing data on insomnia symptoms at the three 
examination rounds in 2002 (baseline), 2004 (visit 1), and 
2006 (visit 2), those reporting ADL or IADL disability at 
the three examination rounds, or those lost to follow-up 
at any time point were excluded, leaving 8 823 partici-
pants who were included (eFigure 1).

Assessment of insomnia symptoms
Participants were asked about insomnia symptoms 
at each wave. Questions about insomnia symptoms 
assessed difficulties in initiating and maintaining sleep, 
early morning awakening, and non-restorative sleep 
[19–21]. Participants were asked how often they have 
trouble with ‘falling asleep’, ‘waking up during the night’, 
and ‘waking up too early and not being able to fall asleep 
again’, and how often they feel ‘really rested’ when they 
wake up in the morning. The response options for each 
question included ‘most of the time’, ‘sometimes’, and 
‘rarely or never’. We defined participants as experienc-
ing insomnia symptoms when they answered ‘most of 
the time’ or ‘sometimes’ to the first three questions, and 
answered ‘rarely or never’ or ‘sometimes’ to the last ques-
tion, as described by prior studies [19, 22]. Each insom-
nia symptom status was then represented with a binary 
variable, ‘yes vs. no’, in the analyses. These items that 
participants were asked about their insomnia symptoms 
have been widely used in the literature [19, 22] and were 
strongly correlated with several established multiple-item 
scales [23]. To examine the quantity of insomnia symp-
toms, we categorized participants based on the number 
of reported symptoms. This was performed by summing 
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across the four symptoms and categorizing the respon-
dents into four groups: 1) experiencing no symptoms, 2) 
experiencing one symptom, 3) experiencing two symp-
toms, and 4) experiencing three to four symptoms. To 
examine the trajectories of insomnia symptoms from 
2002 to 2006, responses ranged from 2 (‘most of the 
time’) to 0 (‘rarely or never’) for the first three questions 
and ranged from 0 (‘most of the time’) to 2 (‘rarely or 
never’) for the last question. We summed values from the 
four items to compute an insomnia score for each wave, 
ranging from 0 to 8 [24].

Assessment of functional disability
Functional status was measured by ADL and IADL [25, 
26]. Participants in HRS were asked if they required 
assistance with any of the six ADLs (dressing, bathing, 
eating, using the toilet, getting in/out of bed, and walking 
across a room) or the five IADLs (using the phone, man-
aging money, taking medications, shopping for groceries, 
and preparing hot meals). In accordance with previous 
studies [27], ADL and IADL were dichotomized into no 
limitation or at least one limitation. Once one or more 
limitations emerged at follow-up, those participants 
would be defined as ‘incident ADL/IADL disability’.

Covariates
Three variable sets were considered potential con-
founding factors and were defined as follows. The first 
set defined demographic variables: age, sex (male or 
female), ethnicity (non-Hispanic white, non-Hispanic 
black, Hispanic, or other), education level (less than col-
lege or college and above), and body mass index (BMI). 
The second set included lifestyle factors: current smok-
ing (yes or no), alcohol drinking (yes or no), and regular 
exercise (yes or no). The third set included self-reported 
physician-diagnosed diseases: hypertension (yes or no), 
diabetes (yes or no), stroke (yes or no), cancer (yes or no), 
chronic lung disease (yes or no), heart disease (yes or no), 
and depressive symptom (yes or no). BMI was equal to 
weight divided by squared body height in kilograms /m2. 
Depressive symptoms were assessed using an 8-item ver-
sion of the Center for Epidemiologic Studies Depression 
Scale, with scores of ≥ 4 regarded as indicating depressive 
symptoms.

Statistical analysis
The baseline characteristics of the included participants 
were summarized by the number of insomnia symptoms 
as numbers (percentages) for categorical variables and as 
means (SDs) for normally distributed continuous vari-
ables. Differences in characteristics between the number 
of insomnia symptoms or the trajectories of insomnia 
symptoms were tested using analysis of variance or 
χ2 tests. The multiple imputation method was used to 

correct the missing values and reduce the possibility of 
inferential bias.

We first used latent class trajectory models to iden-
tify trajectories of insomnia symptoms over time. This 
is a specialized form of finite mixture modeling and is 
designed to identify latent classes of individuals following 
similar progressions of a determinant over time [28]. Our 
models used second-order polynomials. For every par-
ticipant, we calculated the posterior probabilities for each 
trajectory, and we assigned participants post hoc to the 
trajectory with the highest probability. We estimated the 
best-fitting number of trajectories based on a minimum 
Bayesian Information Criterion [29], while maintaining 
the posterior probabilities by class (> 0.70) and class size 
(≥ 2% of the population). To facilitate interpretability, we 
assigned labels to the trajectories on the basis of their 
modeled graphic patterns.

To assess the risk of functional disability, the survival 
model time zero was the examination date of the first 
examination round (baseline) in the insomnia symp-
toms association analysis and the examination date of the 
third examination round in the trajectories of insomnia 
symptoms association analysis. Cox proportional hazards 
regression models were used to assess the associations of 
insomnia symptoms (the number and type of insomnia 
symptoms) and the trajectories of insomnia symptoms 
with the risk of incident ADL or IADL disability. The haz-
ard ratios (HRs) along with the 95% confidence intervals 
(CIs) were calculated after multiple comparisons using 
Bonferroni correction. Proportional hazards assump-
tions were not violated when assessed using Schoenfeld 
residuals (P > 0.05). For all analyses, we fitted two models: 
model 1 was unadjusted. Model 2 was adjusted for age, 
sex, ethnicity, education level, BMI, current smoking, 
alcohol drinking, regular exercise, hypertension, diabe-
tes, stroke, cancer, chronic lung disease, heart disease, 
and depressive symptom.

Additionally, we conducted subgroup analyses strati-
fied by sex (male and female). Sensitivity analyses were 
performed to exclude participants with missing covari-
ate data and to exclude those who developed ADL or 
IADL disability during the first two years of follow-up to 
account for the possibility of reverse causation. We fur-
ther explored the associations of insomnia symptoms 
and trajectories with each activity explored by ADL and 
IADL.

All statistical analyses were performed in R software, 
version 4.3.2 (R Project for Statistical Computing). 
Reported P values were two-tailed, and P < 0.05 was con-
sidered statistically significant.
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Results
Baseline characteristics
Table  1 shows the baseline characteristics of the study 
participants according to the number of insomnia symp-
toms. Of the 13 197 eligible HRS sample members with 
a median age of 67.4 years, 56.8% were female. Of the 13 
197 participants, the proportion of those with at least one 
insomnia symptom was 33.4%.

Compared with participants with no insomnia symp-
toms, those with at least one insomnia symptom were 
more likely to be female, non-Hispanic white, and less 
educated, and more likely to have a higher prevalence of 
stroke, cancer, chronic lung disease, and heart diseases; 
they were less likely to be heavy drinkers or regular exer-
cisers. Participants with one or two insomnia symp-
toms tended to be older, while those with three or four 
insomnia symptoms tended to be younger. The baseline 
characteristics of the study participants according to the 
trajectories of insomnia symptoms are shown in eTable 1.

Insomnia symptoms and functional disability
We observed 5 184 events of ADL disability and 4 712 
events of IADL disability during a mean follow-up of 
10 years. Table  2 shows the association between the 
cumulative number and type of insomnia symptoms 
and incident ADL disability. After adjusting for mul-
tiple confounding variables, participants experienc-
ing one (HR, 1.21; 95% CI, 1.13–1.29), two (HR, 1.43; 

95% CI, 1.29–1.57), or three to four (HR, 1.41; 95% CI, 
1.25–1.60) insomnia symptoms had a higher risk of inci-
dent ADL disability compared to those not experiencing 
any insomnia symptoms. For each symptom individually, 
experiencing non-restorative sleep (HR, 1.31; 95% CI, 
1.20–1.43), difficulty initiating sleep (HR, 1.30; 95% CI, 
1.19–1.41), early morning awakening (HR, 1.20; 95% CI, 
1.10–1. 31), or difficulty maintaining sleep (HR, 1.23; 95% 
CI, 1.16–1.32), was associated with a higher risk of inci-
dent ADL disability compared to those not experiencing 
the symptom.

We observed similar patterns of results for IADL dis-
ability (Table  3). After adjusting for multiple confound-
ing variables, participants experiencing one (HR, 1.14; 
95% CI, 1.07–1.23), two (HR, 1.21; 95% CI, 1.09–1.35), 
or three to four (HR, 1.18; 95% CI, 1.03–1.35) insomnia 
symptoms had a higher risk of incident IADL disabil-
ity compared to those not experiencing any insomnia 
symptoms. For each symptom individually, experienc-
ing non-restorative sleep (HR, 1.16; 95% CI, 1.05–1.27), 
early morning awakening (HR, 1.12; 95% CI, 1.03–1.23), 
or difficulty maintaining sleep (HR, 1.15; 95% CI, 1.07–
1.23) was associated with a higher risk of incident IADL 
disability compared with those not experiencing the 
symptom.

Table 1  Baseline characteristics of study participants according to number of insomnia symptoms
Characteristic Total (N = 13 197) Number of Insomnia Symptoms P Value

0 (n = 8 788) 1 (n = 2 919) 2 (n = 936) 3–4 (n = 554)
Age, mean (SD), y 67.4 (9.0) 67.1 (8.9) 68.0 (9.0) 67.7 (9.1) 67.0 (9.0) < 0.001

Female 7 491 (56.8) 4 877 (55.5) 1 643 (56.3) 592 (63.2) 379 (68.4) < 0.001

Ethnicity < 0.001

  Non-Hispanic white 10 324 (78.2) 6 708 (76.3) 2 392 (81.9) 768 (82.1) 456 (82.3)

  Non-Hispanic black 1 622 (12.3) 1 173 (13.3) 311 (10.7) 85 (9.1) 53 (9.6)

  Hispanic 999 (7.6) 729 (8.3) 176 (6.0) 60 (6.4) 34 (6.1)

  Other 252 (1.9) 178 (2.0) 40 (1.4) 23 (2.5) 11 (2.0)

Education level < 0.001

  Less than college 3 438 (22.3) 585 (19.1) 1 178 (24.2) 206 (31.0) 182 (23.2)

  College and above 2 704 (20.5) 1 880 (21.4) 572 (19.6) 175 (18.7) 77 (13.9)

BMI, mean (SD), kg/m2 27.1 (5.0) 27.0 (4.9) 27.1 (5.0) 27.1 (5.2) 27.4 (5.3) 0.307

Current smoking 1 814 (13.7) 1 239 (14.1) 362 (12.4) 136 (14.5) 77 (13.9) 0.118

Alcohol drinking 6 594 (50.0) 4 454 (50.7) 1 467 (50.3) 436 (46.6) 237 (42.8) 0.001

Regular exercise 6 191 (46.9) 4 299 (48.9) 1 321 (45.3) 388 (41.5) 183 (33.0) < 0.001

Comorbidities

  Hypertension 6 245 (47.3) 4 093 (46.6) 1 429 (49.0) 451 (48.2) 272 (49.1) 0.108

  Diabetes 1 853 (14.0) 1 186 (13.5) 448 (15.3) 137 (14.6) 82 (14.8) 0.077

  Stroke 654 (5.0) 396 (4.5) 159 (5.4) 59 (6.3) 40 (7.2) 0.002

  Cancer 1 571 (11.9) 977 (11.1) 387 (13.3) 135 (14.4) 72 (13.0) 0.001

  Chronic lung disease 773 (5.9) 415 (4.7) 203 (7.0) 99 (10.6) 56 (10.1) < 0.001

  Heart disease 2 480 (18.8) 1 498 (17.0) 616 (21.1) 223 (23.8) 143 (25.8) < 0.001

  Depressive symptom 1372 (10.4) 590 ( 6.7) 370 (12.7) 217 (23.2) 195 (35.2) < 0.001
Abbreviations: SD, standard deviation; BMI, body mass index. Values are numbers (percentages) unless stated otherwise
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Trajectories of insomnia symptoms and functional 
disability
We identified four distinct trajectories of insomnia symp-
toms in the 8 823 individuals with data related to baseline 
and two follow-up visits (eFigure 2) as follows (n, [%]): 
maintained a low insomnia symptom score throughout 
the follow-up (‘low insomnia symptoms’; 5 320, [60.3%]); 
had a moderately high starting score but then remitted 
(‘decreasing insomnia symptoms’; 2 279, [25.8%]); had a 
low starting score that steadily increased throughout the 

follow-up (‘increasing insomnia symptoms’; 565, [6.4%]); 
and maintained a high score throughout (‘high insomnia 
symptoms’; 659, [7.5%]). Tables 4 and 5 show the associa-
tion of the trajectories of insomnia symptoms with ADL 
disability and IADL disability, respectively. Using the tra-
jectory with low insomnia symptoms as the reference, 
decreasing insomnia symptoms (HR, 1.22; 95% CI, 1.12–
1.34), increasing insomnia symptoms (HR, 1.21; 95% CI, 
1.05–1.41), and high insomnia symptoms (HR, 1.36; 95% 
CI, 1.18–1.56) were all associated with an increased risk 

Table 2  Association between the cumulative number and type of insomnia symptoms and ADL disability
Respondent Characteristics Events/Total Model 1a Model 2b

HR (95% CI) P Value HR (95% CI) P Value
Number of insomnia symptoms (ref: no symptoms)

  1 1 271/2 919 1.30 (1.22–1.39) < 0.001 1.21 (1.13–1.29) < 0.001

  2 475/936 1.66 (1.50–1.82) < 0.001 1.43 (1.29–1.57) < 0.001

  3–4 275/554 1.65 (1.46–1.87) < 0.001 1.41 (1.25–1.60) < 0.001

Individual insomnia symptoms

Non-restorative sleep (ref: no) 637/1 356 1.37 (1.26–1.49) < 0.001 1.31 (1.20–1.43) < 0.001

Difficulty initiating sleep (ref: no) 604/1 182 1.55 (1.43–1.69) < 0.001 1.30 (1.19–1.41) < 0.001

Early morning awakening (ref: no) 590/1 253 1.38 (1.27–1.51) < 0.001 1.20 (1.10–1.31) < 0.001

Difficulty maintaining sleep (ref: no) 1 297/2 807 1.34 (1.26–1.43) < 0.001 1.23 (1.16–1.32) < 0.001
Abbreviations: HR, hazard ratio; CI, confidence interval
a Unadjusted
b Adjusted for age, sex, ethnicity, education level, current smoking, alcohol drinking, BMI, regular exercise, hypertension, diabetes, stroke, cancer, chronic lung 
disease, heart disease, and depressive symptom

Table 3  Association between the cumulative number and type of insomnia symptoms and IADL disability
Respondent Characteristics Events/Total Model 1a Model 2b

HR (95% CI) P Value HR (95% CI) P Value
Number of insomnia symptoms (ref: no symptoms)

  1 1 150/2 919 1.25 (1.16–1.34) < 0.001 1.14 (1.07–1.23) < 0.001

  2 402/936 1.42 (1.28–1.58) < 0.001 1.21 (1.09–1.35) < 0.001

  3–4 231/554 1.42 (1.24–1.62) < 0.001 1.18 (1.03–1.35) < 0.001

Individual insomnia symptoms

Non-restorative sleep (ref: no) 537/1 356 1.21 (1.10–1.32) < 0.001 1.16 (1.05–1.27) 0.002

Difficulty initiating sleep (ref: no) 497/1 182 1.33 (1.21–1.46) < 0.001 1.06 (0.96–1.16) 0.246

Early morning awakening (ref: no) 525/1 253 1.32 (1.20–1.44) < 0.001 1.12 (1.03–1.23) 0.012

Difficulty maintaining sleep (ref: no) 1 146/2 807 1.25 (1.17–1.34) < 0.001 1.15 (1.07–1.23) < 0.001
Abbreviations: HR, hazard ratio; CI, confidence interval
a Unadjusted
b Adjusted for age, sex, ethnicity, education level, current smoking, alcohol drinking, BMI, regular exercise, hypertension, diabetes, stroke, cancer, chronic lung 
disease, heart disease, and depressive symptom

Table 4  Association Between the Trajectories of Insomnia Symptoms and ADL Disability
Trajectories of Insomnia Symptoms Events/Total Model 1a Model 2b

HR (95% CI) P Value HR (95% CI) P Value
Low 1 437/5 320 1.00 (reference) - 1.00 (reference) -

Decreasing 810/2 279 1.36 (1.25–1.49) < 0.001 1.22 (1.12–1.34) < 0.001

Increasing 202/565 1.42 (1.22–1.64) < 0.001 1.21 (1.05–1.41) 0.011

High 253/659 1.55 (1.36–1.77) < 0.001 1.36 (1.18–1.56) < 0.001
Abbreviations: HR, hazard ratio; CI, confidence interval
a Unadjusted
b Adjusted for age, sex, ethnicity, education level, current smoking, alcohol drinking, BMI, regular exercise, hypertension, diabetes, stroke, cancer, chronic lung 
disease, heart disease, and depressive symptom
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of ADL disability. Only the trajectory with decreasing 
insomnia symptoms was associated with a higher risk of 
incident IADL disability (HR, 1.14; 95% CI, 1.04–1.25).

Sensitivity analyses
The association of insomnia symptoms and trajecto-
ries with ADL and IADL disability were generally simi-
lar across sex (eTables 2–5). The association of insomnia 
symptoms and trajectories with ADL and IADL disability 
was robust and stable in all sensitivity analyses. Similar 
findings were observed when excluding participants with 
missing covariates data (eTables 6–9) or excluding par-
ticipants who developed ADL or IADL disability during 
the first two years of follow-up (eTables 10–13). The asso-
ciations of insomnia symptoms and and trajectories with 
each activity explored by ADL and IADL were showed in 
eTables 14–17.

Discussion
In this large, nationally representative prospective study 
of adults in the United States, we found that participants 
who experienced more insomnia symptoms had a higher 
risk of functional disability. Furthermore, we identified 
four distinct trajectories of insomnia symptoms, charac-
terized by low, decreasing, increasing, and high insom-
nia symptoms trajectories. The trajectories characterized 
by decreasing, increasing, and high insomnia symptoms 
were associated with a higher risk of ADL disability, 
while the trajectory characterized by decreasing insom-
nia symptoms was associated with a higher risk of IADL 
disability.

Some previous cross-sectional and longitudinal stud-
ies that had limited sample sizes and used only a few 
insomnia symptom assessments showed some positive 
associations between insomnia symptoms and functional 
disability [22, 30–32]. A cross-sectional study of over 9 
000 older adults found that elevated self-reported mea-
sures of poor nighttime sleep and related daytime com-
plaints were associated with self-reported impairment 
in ADLs and related tasks [30]. Cross-sectional findings 
from the Cardiovascular Health Study indicated that 
complaints of frequent awakenings and daytime sleepi-
ness were independently associated with self-reported 

IADL impairment among older women [31]. In addition, 
a longitudinal study among 908 non-disabled older adults 
found that waking up at night and not feeling rested in 
the morning were associated with incident ADL dis-
ability [22]. Similarly, another longitudinal study among 
817 women showed that women in the highest quartile 
of awakening after sleep onset had 74% higher odds of 
incident IADL disability than those in the lowest quartile 
[32]. Furthermore, our study found that insomnia symp-
toms affect ADL more than IADL, given that ADLs are 
routine activities that people do every day without need-
ing assistance, while IADLs relate to independent living 
in the community, which often require more complex 
social interactions. Taken together, these findings suggest 
that insomnia symptoms potentially contribute to func-
tional disability development.

To the best of our knowledge, no study has provided a 
clear understanding of the trajectory of insomnia symp-
toms over time and its dynamic relationship to the onset 
of functional disability. It is generally accepted that sleep 
quality worsens in old age [8, 33, 34], but there is hetero-
geneity in changes in sleep problems over time. Using 
a latent class trajectory model, four distinct insomnia 
symptom trajectories were identified in our study based 
on changes in participants’ insomnia symptoms using 
3-time points over 4 years. We noted that participants 
with decreasing, increasing, and high insomnia symp-
toms had a significantly higher incidence of ADL disabil-
ity, while individuals with decreasing insomnia symptoms 
had a higher risk of IADL disability. A study among 1 
627 postmenopausal women reported that those with a 
consistently high likelihood of insomnia symptoms, and 
those with a decreased likelihood of insomnia symptoms, 
had slower gait speed than those with a consistently low 
likelihood of insomnia symptoms [35]. However, in this 
study, physical function was assessed using a 40-foot walk 
and a 4-meter walk, which cannot comprehensively mea-
sure the ability of older adults to perform daily activities. 
We extend these findings by demonstrating these asso-
ciations in a large sample of older adults using system-
atic measures of ADL or IADL, and taking into account 
longitudinal information on the trajectories of insomnia 
symptoms in older adults.

Table 5  Association Between the Trajectories of Insomnia Symptoms and IADL Disability
Trajectories of Insomnia Symptoms Events/Total Model 1a Model 2b

HR (95% CI) P Value HR (95% CI) P Value
Low 1 374/5 320 1.00 (reference) - 1.00 (reference) -

Decreasing 722/2 279 1.26 (1.15–1.37) < 0.001 1.14 (1.04–1.25) 0.007

Increasing 183/565 1.30 (1.11–1.52) 0.001 1.08 (0.92–1.26) 0.354

High 202/659 1.20 (1.03–1.39) 0.017 1.04 (0.89–1.21) 0.660
Abbreviations: HR, hazard ratio; CI, confidence interval
a Unadjusted
b Adjusted for age, sex, ethnicity, education level, current smoking, alcohol drinking, BMI, regular exercise, hypertension, diabetes, stroke, cancer, chronic lung 
disease, heart disease, and depressive symptom
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The precise mechanisms by which insomnia symp-
toms are correlated with the onset of functional disability 
remain largely unidentified. Insomnia symptoms provoke 
a state of heightened arousal throughout both sleep and 
wakefulness, often co-occurring with increased heart 
rate, diminished heart rate variability, heightened blood 
pressure, and increased cortisol secretion. These symp-
toms may culminate in the onset of deleterious health 
conditions, encompassing insulin resistance, diabetes, 
hypertension, coronary heart disease, as well as mental 
health disorders, including anxiety and depression [36–
38]. The direct and indirect detrimental health effects 
of insomnia may mediate or moderate the relationships 
between insomnia symptoms and functional disability. 
For instance, a growing body of evidence indicates that 
individuals with conditions such as hypertension, myo-
cardial infarction, and diabetes are significantly more 
likely to develop functional disability [39–41]. Addition-
ally, the association between insomnia symptoms and 
ADL or IADL disability may be linked to musculoskeletal 
system impairment. Research indicates that sleep depri-
vation can induce inflammation and impaired energy 
metabolism, resulting in musculoskeletal pain and tissue 
recovery impairment, as well as fibromyalgia (a wide-
spread musculoskeletal pain disorder). Consequently, this 
can culminate in functional disability among older adults 
[42–44]. Moreover, there is evidence that inadequate 
sleep amplifies sensitivity to pain, leading to increased 
pain levels and reduced physical performance the subse-
quent morning [45].

Our study has several limitations. Firstly, insomnia 
symptoms were self-reported. While technologies such 
as actigraphy and polysomnography offer precise supple-
mentary sleep data [46], measures derived from these 
devices are comparatively less sensitive and specific in 
recognizing insomnia symptoms [47]. Moreover, their 
application becomes impractical in extensive epidemio-
logical investigations. Despite the potential for bias in 
subjective sleep perceptions, they meet the diagnostic 
criteria of insomnia disorder laid out in the DSM-5-TR 
[23]. Secondly, the survey assesses ADL and IADL as 
well as other health conditions, primarily relying on self-
reported diagnoses from medical professionals. Nev-
ertheless, despite the reliance on self-reporting, these 
measures have been validated for precise diagnoses of 
health conditions, particularly functional disabilities, and 
have consistently shown reliability across diverse popu-
lations in previous scientific studies [19, 48, 49]. Thirdly, 
this study only utilized data from the HRS dataset. 
Assessments of other secondary insomnia complaints 
and sleep quality such as total sleep time and sleep onset 
latency were absent in the dataset. Incorporating these 
variables could have significantly enhanced the depth and 
comprehensiveness of our analyses [36, 47, 50]. Fourthly, 

we do not have access to information about obstruc-
tive sleep apnoea syndrome (OSAS) which could be an 
essential contributing factor to insomnia symptoms such 
as non-restorative sleep, and the information about the 
use of psychotropic drugs, all of which might affect both 
sleep and physical function. Finally, the small sample size 
may have limited the statistical power, which might result 
in a non-significant association between high insomnia 
symptoms and IADL disability. Future research is war-
ranted to increase the sample size to expand our findings.

Conclusion
In this large community-based study, both a single mea-
surement and dynamic trajectory of insomnia symptoms 
are associated with incident functional disability. The 
enhancement of public health awareness and the imple-
mentation of systematic screening for insomnia symp-
toms among the older adult population is crucial for 
mitigating the occurrence of functional disability.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12877-024-05108-9.

Supplementary Material 1

Acknowledgements
The authors express their gratitude to the participants and staff involved in 
data collection and management in the Health and Retirement Study.

Author contributions
QH, JX, and Chen Mao conceived the study design. HC, HY, JG, ZL, XG, VK, and 
CM contributed to the initial data acquisition and assessments. QH performed 
the statistical analysis and drafted the manuscript. JX drafted the manuscript.

Funding
This work was supported by the Guangdong Province Universities and 
Colleges Pearl River Scholar Funded Scheme (2019 to C.M.); the Construction 
of High-level University of Guangdong (G623330580 and G621331128 to 
C.M.); and the Claude D Pepper Older Americans Independence Center 
(5P30AG028716 to V.B.K).

Data availability
Data set: Available through the Health and Retirement Study (http://hrsonline.
isr.umich.edu/).

Declarations

Ethics approval and consent to participate
The HRS was approved by the Institutional Review Board at the University 
of Michigan and the National Institute on Aging (HUM00061128). Verbal 
informed consent is obtained from all participants in the HRS prior to their 
involvement in the study. All methods were performed in accordance with the 
relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 14 April 2024 / Accepted: 27 May 2024

https://doi.org/10.1186/s12877-024-05108-9
https://doi.org/10.1186/s12877-024-05108-9
http://hrsonline.isr.umich.edu/
http://hrsonline.isr.umich.edu/


Page 8 of 9Huang et al. BMC Geriatrics          (2024) 24:492 

References
1.	 Functional, Limitation. [https://www.cdc.gov/nchs/hus/topics/functional-

limitation.htm#references]
2.	 Inouye SK, Peduzzi PN, Robison JT, Hughes JS, Horwitz RI, Concato J. Impor-

tance of functional measures in predicting mortality among older hospital-
ized patients. JAMA. 1998;279(15):1187–93.

3.	 Hayes SL, Salzberg CA, McCarthy D, Radley DC, Abrams MK, Shah T, et al. 
High-Need, high-cost patients: who are they and how do they use Health 
Care? A Population-based comparison of demographics, Health Care Use, 
and expenditures. Issue Brief (Commonw Fund). 2016;26:1–14.

4.	 Fried TR, Bradley EH, Williams CS, Tinetti ME. Functional disability and health 
care expenditures for older persons. Arch Intern Med. 2001;161(21):2602–7.

5.	 Shankar A, McMunn A, Banks J, Steptoe A. Loneliness, social isolation, and 
behavioral and biological health indicators in older adults. Health Psychol. 
2011;30(4):377–85.

6.	 Steptoe A, Shankar A, Demakakos P, Wardle J. Social isolation, loneliness, 
and all-cause mortality in older men and women. Proc Natl Acad Sci U S A. 
2013;110(15):5797–801.

7.	 McGrath R, Al Snih S, Markides K, Hackney K, Bailey R, Peterson M. The Burden 
of Functional Disabilities for Middle-aged and older adults in the United 
States. J Nutr Health Aging. 2019;23(2):172–4.

8.	 Jaussent I, Dauvilliers Y, Ancelin ML, Dartigues JF, Tavernier B, Touchon J, et 
al. Insomnia symptoms in older adults: associated factors and gender differ-
ences. Am J Geriatr Psychiatry. 2011;19(1):88–97.

9.	 Krystal AD, Edinger JD. Measuring sleep quality. Sleep Med. 2008;9(Suppl 
1):S10–17.

10.	 Nguyen V, George T, Brewster GS. Insomnia in older adults. Curr Geriatr Rep. 
2019;8(4):271–90.

11.	 Tang JY, Luo H, Tse M, Lum TY, Wong GH, Li SX. The relationship between 
insomnia symptoms and frailty in community-dwelling older persons: a path 
analysis. Sleep Med. 2021;84:237–43.

12.	 Brouwer A, van de Ven PM, Kok A, Snoek FJ, Beekman ATF, Bremmer MA. 
Symptoms of depression and insomnia in older age: a within-individual 
analysis over 20 years. J Am Geriatr Soc. 2022;70(7):2051–9.

13.	 Zhang Y, Cifuentes M, Gao X, Amaral G, Tucker KL. Age- and gender-specific 
associations between insomnia and falls in Boston Puerto Rican adults. Qual 
Life Res. 2017;26(1):25–34.

14.	 Nguyen TTH, Nguyen AT, Vu TT, Dau NT, Nguyen PQ, Nguyen TX et al. Associa-
tion of Frailty Status and Functional Disability among Community-Dwelling 
People Aged 80 and Older in Vietnam. Biomed Res Int 2021, 2021:7109452.

15.	 Yamazaki S, Nakano K, Saito E, Yasumura S. Prediction of functional disability 
by depressive state among community-dwelling elderly in Japan: a prospec-
tive cohort study. Geriatr Gerontol Int. 2012;12(4):680–7.

16.	 Jindal HA, Duggal M, Jamir L, Sharma D, Kankaria A, Rohilla L, et al. Mental 
health and environmental factors associated with falls in the elderly in North 
India: a naturalistic community study. Asian J Psychiatr. 2019;39:17–21.

17.	 Kaufmann CN, Mojtabai R, Hock RS, Thorpe RJ Jr., Canham SL, Chen LY, et al. 
Racial/Ethnic differences in Insomnia trajectories among U.S. older adults. Am 
J Geriatr Psychiatry. 2016;24(7):575–84.

18.	 Sonnega A, Faul JD, Ofstedal MB, Langa KM, Phillips JW, Weir DR. 
Cohort Profile: the Health and Retirement Study (HRS). Int J Epidemiol. 
2014;43(2):576–85.

19.	 Mahmood A, Ray M, Dobalian A, Ward KD, Ahn S. Insomnia symptoms 
and incident heart failure: a population-based cohort study. Eur Heart J. 
2021;42(40):4169–76.

20.	 Sawadogo W, Adera T, Alattar M, Perera R, Burch JB. Association between 
Insomnia Symptoms and trajectory with the risk of stroke in the Health and 
Retirement Study. Neurology. 2023;101(5):e475–88.

21.	 3 International Classification of Sleep Disorders, ednDarien. Ill: American 
Academy of Sleep Medicine; 2014.

22.	 Park M, Buchman AS, Lim AS, Leurgans SE, Bennett DA. Sleep complaints and 
incident disability in a community-based cohort study of older persons. Am J 
Geriatr Psychiatry. 2014;22(7):718–26.

23.	 Diagnostic. and Statistical manual of mental disorders. 5 ed. ednWashington: 
American Psychiatric Association; 2022.

24.	 Sawadogo W, Adera T. Insomnia symptoms trajectories and increased risk of 
stroke: a prospective cohort study (P1-5.021). Neurology. 2023;100(17 Supple-
ment 2):1412.

25.	 Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. STUDIES OF ILLNESS IN 
THE AGED. THE INDEX OF ADL: A STANDARDIZED MEASURE OF BIOLOGICAL 
AND PSYCHOSOCIAL FUNCTION. JAMA. 1963;185:914–9.

26.	 Lawton MP, Brody EM. Assessment of older people: self-maintaining and 
instrumental activities of daily living. Gerontologist. 1969;9(3):179–86.

27.	 Yang M, Ding X, Dong B. The measurement of disability in the elderly: a 
systematic review of self-reported questionnaires. J Am Med Dir Assoc. 
2014;15(2):150. e151-150. e159.

28.	 Jones BL, Nagin DS. A note on a Stata Plugin for Estimating Group-based 
Trajectory models. Sociol Methods Res. 2013;42(4):608–13.

29.	 Proust-Lima C, Letenneur L, Jacqmin-Gadda H. A nonlinear latent class model 
for joint analysis of multivariate longitudinal data and a binary outcome. Stat 
Med. 2007;26(10):2229–45.

30.	 Foley DJ, Monjan AA, Brown SL, Simonsick EM, Wallace RB, Blazer DG. Sleep 
complaints among elderly persons: an epidemiologic study of three com-
munities. Sleep. 1995;18(6):425–32.

31.	 Newman AB, Enright PL, Manolio TA, Haponik EF, Wahl PW. Sleep disturbance, 
psychosocial correlates, and cardiovascular disease in 5201 older adults: the 
Cardiovascular Health Study. J Am Geriatr Soc. 1997;45(1):1–7.

32.	 Spira AP, Covinsky K, Rebok GW, Punjabi NM, Stone KL, Hillier TA, et al. Poor 
sleep quality and functional decline in older women. J Am Geriatr Soc. 
2012;60(6):1092–8.

33.	 Ferrie JE, Shipley MJ, Cappuccio FP, Brunner E, Miller MA, Kumari M, et al. A 
prospective study of change in sleep duration: associations with mortality in 
the Whitehall II cohort. Sleep. 2007;30(12):1659–66.

34.	 Reid KJ, Martinovich Z, Finkel S, Statsinger J, Golden R, Harter K, et al. Sleep: a 
marker of physical and mental health in the elderly. Am J Geriatr Psychiatry. 
2006;14(10):860–6.

35.	 Kline CE, Colvin AB, Pettee Gabriel K, Karvonen-Gutierrez CA, Cauley JA, Hall 
MH et al. Associations between longitudinal trajectories of insomnia symp-
toms and sleep duration with objective physical function in postmenopausal 
women: the Study of Women’s Health Across the Nation. Sleep 2021, 44(8).

36.	 Javaheri S, Redline S. Insomnia and risk of Cardiovascular Disease. Chest. 
2017;152(2):435–44.

37.	 Patel D, Steinberg J, Patel P. Insomnia in the Elderly: a review. J Clin Sleep 
Med. 2018;14(6):1017–24.

38.	 Geriatric Sleep. MedicineCRC Press; 2008.
39.	 Caskie GI, Sutton MC, Margrett JA. The relation of hypertension to changes in 

ADL/IADL limitations of Mexican American older adults. J Gerontol B Psychol 
Sci Soc Sci. 2010;65b(3):296–305.

40.	 Levitan EB, Goyal P, Ringel JB, Soroka O, Sterling MR, Durant RW et al. Myocar-
dial infarction and physical function: the REasons for Geographic and racial 
differences in stroke prospective cohort study. BMJ Public Health 2023, 1(1).

41.	 Wong E, Backholer K, Gearon E, Harding J, Freak-Poli R, Stevenson C, et al. 
Diabetes and risk of physical disability in adults: a systematic review and 
meta-analysis. Lancet Diabetes Endocrinol. 2013;1(2):106–14.

42.	 Irwin MR, Wang M, Campomayor CO, Collado-Hidalgo A, Cole S. Sleep depri-
vation and activation of morning levels of cellular and genomic markers of 
inflammation. Arch Intern Med. 2006;166(16):1756–62.

43.	 Schmid SM, Hallschmid M, Jauch-Chara K, Bandorf N, Born J, Schultes B. Sleep 
loss alters basal metabolic hormone secretion and modulates the dynamic 
counterregulatory response to hypoglycemia. J Clin Endocrinol Metabolism. 
2007;92(8):3044–51.

44.	 Miranda H, Viikari-Juntura E, Punnett L, Riihimäki H. Occupational loading, 
health behavior and sleep disturbance as predictors of low-back pain. Scand 
J Work Environ Health 2008:411–9.

45.	 Roehrs T, Hyde M, Blaisdell B, Greenwald M, Roth T. Sleep loss and REM sleep 
loss are Hyperalgesic. Sleep. 2006;29(2):145–51.

46.	 Lavoie CJ, Zeidler MR, Martin JL. Sleep and aging. Sleep Sci Pract. 2018;2(1):3.
47.	 Buysse DJ. Insomnia Jama. 2013;309(7):706–16.
48.	 Zaninotto P, Maharani A, Di Gessa G. Vision and hearing difficulties and life 

expectancy without ADL/IADL-limitations: evidence from the English Longi-
tudinal Study of Ageing and the Health and Retirement Study. J Gerontol Biol 
Sci Med Sci 2023.

49.	 Wei K, Nyunt MS, Gao Q, Wee SL, Yap KB, Ng TP. Association of Frailty and 
Malnutrition with Long-Term Functional and Mortality outcomes among 
Community-Dwelling older adults: results from the Singapore Longitudinal 
Aging Study 1. JAMA Netw Open. 2018;1(3):e180650.

https://www.cdc.gov/nchs/hus/topics/functional-limitation.htm#references
https://www.cdc.gov/nchs/hus/topics/functional-limitation.htm#references


Page 9 of 9Huang et al. BMC Geriatrics          (2024) 24:492 

50.	 Seixas AA, Robbins R, Chung A, Popp CJ, Donley T, McFarlane SI et al. Sleep 
health and diabetes: the role of sleep duration, subjective sleep, sleep disor-
ders, and circadian rhythms on diabetes. Sleep Health 2019.

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


	﻿Association of insomnia symptoms and trajectories with the risk of functional disability: a prospective cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and participants
	﻿Assessment of insomnia symptoms
	﻿Assessment of functional disability
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Insomnia symptoms and functional disability
	﻿Trajectories of insomnia symptoms and functional disability
	﻿Sensitivity analyses

	﻿Discussion
	﻿Conclusion
	﻿References


