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Abstract

Background: Frailty is prevalent in older adults and has adverse effects on multiple health
outcomes. Pain, insomnia, and depressive symptoms are commonly seen and treatable symptoms
in older adults and are associated with frailty. However, it is unknown whether these symptoms
are independently associated with frailty and how they interact with each other creating a greater
impact on frailty than individual symptoms. It is important to understand these associations for
nurses to provide high-quality patient-centered care for older adults with frailty.

Obijectives: To determine independent associations of pain, insomnia, and depressive symptoms
with frailty and examine their synergistic impact on frailty among older adults.

Design: A cross-sectional analysis of a cohort study.
Setting: Communities in the United States.

Participants: Community-dwelling older adults from the National Health and Aging Trend
Study (V= 7,609), a nationally representative survey of Medicare Beneficiaries in the United
States.

Methods: Frailty status was determined by five criteria of the Physical Frailty Phenotype:
exhaustion, low physical activity, weakness, slowness, and shrinking. Pain was determined by
self-reports of bothersome pain in the last month. Insomnia included self-reports of difficulty
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initiating sleep and difficulty maintaining sleep. Depressive symptom was assessed by the Patient
Health Questionnaire-2. Logistic regression models were used adjusting for sociodemographic,
health-related and behavioral covariates.

Results: The sample was mainly under 80 years old (72%), female (57%), and non-Hispanic
White (81%). Approximately 53% experienced bothersome pain, 11% had difficulty initiating
sleep, 6% had difficulty maintaining sleep, and 15% had depressive symptom; 46% were pre-frail
and 14% were frail. Independent associations with pre-frailty and frailty were found in pain (odds
ratio [OR]: 1.81, 95% CI: 1.60, 2.04), difficulty initiating sleep (OR: 1.23, 95% CI: 1.04, 1.46)
and depressive symptom (OR: 2.29, 95% CI: 1.85, 2.84). Interaction terms between pain and
depressive symptom (OR: 1.87, 95% CI: 1.14, 3.07), and between difficulty initiating sleep and
depressive symptom (OR: 2.66, 95% CI: 1.15, 6.13) were significant, suggesting a synergistic
impact on pre-frailty and frailty.

Conclusions: Pain, difficulty initiating sleep, and depressive symptoms are independent risk
factors of frailty and may have a synergistic impact on frailty. Interventions should be developed to
address these symptoms to reduce the adverse effects of frailty.
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Introduction

Frailty is a multifactorial syndrome characterized by diminished physiological reserves in
older adults (Deepa et al., 2017; Fried et al., 2001). A range of 18.7%-53.1% community-
dwelling older adults are pre-frail, and 4.2%-59.1% are frail worldwide (Fried et al., 2004;
Gill et al., 2002; Mitnitski et al., 2005). Frailty is a dynamic process that can be gradually
alleviated or worsened, and its prevalence increases with age (Morley et al., 2013). It can
also have adverse effects on health, including the decline in physical function and mental
health, and can lead to disability and death in older adults (Clegg et al., 2013; Eeles et al.,
2012; Fried et al., 2001; Langlois et al., 2012; Song et al., 2010; Walston et al., 2006).
Recognizing modifiable risk factors associated with the development or deterioration of
frailty is important to develop effective and targeted interventions to prevent or delay the
onset and development of frailty (Tian et al., 2018).

Pain and depression are commonly seen, and treatable symptoms in older adults and

are associated with frailty. Bothersome pain refers to the severity of pain between mild-
chronic pain and high-impact chronic pain (Korff et al., 2020). Among community-dwelling
older adults, about 46% to 74% are bothered by pain and 3% to 39% are bothered by
depression, respectively (Barcelos-Ferreira et al., 2010; Takai et al., 2010). A systematic
review including 23 studies concluded that approximately 45% to 70% of frail patients had
chronic pain; chronic pain had a predictive effect for frailty in older adults (Reyes et al.,
2019). Another systematic review showed that older adults with depression were associated
with four times the risks of developing frailty (Soysal et al., 2017). Insomnia is defined as
self-reported difficulty sleeping, including difficulty initiating sleep and maintaining sleep
(Roth, 2007). It is another important symptom that usually occurs with pain and depression
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and is also a risk factor of frailty (Lee et al., 2018). Although current literature indicates
an overall positive association between insomnia and frailty, the evidence has been less
consistent and robust compared to that of pain and depression. One possible reason is
that insomnia includes heterogenous subtypes (e.qg., difficulty initiating sleep, difficulty
maintaining sleep) that share distinct characteristics (Hohagen et al., 1994).

An increasing body of literature suggests complicated relationships among pain, insomnia
and depressive symptoms (Dunietz et al., 2018; Liu et al., 2018, 2019). Supported by the
Theory of Unpleasant Symptoms (TOUS), these symptoms may interact with one another
to create synergistic effects on health outcomes (Lenz et al., 1995, 1997). This adds another
layer of complexity when determining the associations of these symptoms with frailty.
However, to our knowledge, few studies had attempted to examine whether the independent
association of one symptom with frailty sustains after accounting for other symptoms, and
determine whether there are interactions between these symptoms and frailty. For example,
one cross-sectional study found that depression was a mediator of the association between
pain and frailty and interacted with pain, creating greater risks of frailty (Tian et al.,

2018). However, this study did not assess sleep problems. From the practice perspective,
older adults with frailty have a high and growing demand for health care (Patterson et al.,
2011), but they receive suboptimal care in hospital, such as inadequate care in terms of
clinical outcomes (e.g., mortality and morbidity) (Finnbakk et al., 2012), and poor quality
of care experience (Tadd et al., 2011). In such cases, when frailty and these symptoms
coexist, nurses will face greater challenges in assisting these patients to manage their health
(Nicholson et al., 2017). Therefore, it is important for nurses to identify these symptoms to
provide quality care for frail older adults.

Hence, the purpose of this study was to determine the independent associations of pain,
insomnia, and depressive symptoms with frailty and examine whether these symptoms
interact with each other creating greater risks of frailty in older adults.

Methods

The study is a cross-sectional analysis using data from the National Health and Aging
Trends Study (NHATS), a prospective cohort study. It is a publicly available, nationally
representative survey of Medicare Beneficiaries in the United States aged 65 or older.

It investigates the late-life disability risks and advances our understanding of trends in
functional changes in older adults. The initial sample was first interviewed in 2011 (V=
8245, weighted 71.3% response rate) and then followed up annually to document changes
over time. Detailed information was collected on participants’ physical and cognitive
capacity, how activities of daily living were carried out, and information on the social and
physical environment. Johns Hopkins University Institutional Review Board approved the
NHATS protocol. Data of the first round was used in the current study. Participants living
in nursing homes who were not expected to return to their previous residence (7= 468) and
those who did not complete in-person interviews (/7= 168) were excluded from the analysis,
resulting in a final sample of 7609 community-dwelling older adults.
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Measures

2.1.1. Frailty—Frailty was measured by the physical frailty phenotype determined by
five criteria: 1) exhaustion; 2) low physical activity; 3) weakness; 4) slowness; and 5)
shrinking. Participants met criteria for “exhaustion” if they reported recently having low
energy or being easily exhausted: enough to limit their activities. They met criteria for

“low physical activity” if, recently, they never walked for exercise or engaged in vigorous
activities. Participants met criteria for “shrinking” if they had body mass index (BMI) less
than 18.5 kg/m 2, based on self-reported height and weight, or reported unintentionally
losing 10 or more pounds in the last year. “Low walking speed” was determined using

the first of two usual pace walking trials and this criteria was met if the result was at or
below the 20th percentile of the weighted population distribution within four sex-by-height
categories. “Weakness” was defined, using maximum dominant hand grip strength over two
trials, as being at or below the 20th percentile within eight sex-by-BMI categories. For
each of the five criteria, participants not tested because of safety concerns, ineligible due to
recent surgery or pain, or who attempted but were unable to complete a test, were scored as
“0.” This definition of frailty has been shown to be highly predictive of poor health-related
outcomes in different populations (Avila-Funes et al., 2008; Fried et al., 2001). Participants
were classified into three frailty groups based on these criteria: 1) non-frail — no criteria met
(total score of 0); 2) pre-frail — one to two (total score of 1 or 2); and 3) frail — three to five
(total score of 3 to 5).

2.1.2. Symptom measures—~ain symptomis a binary variable measured using the
verbal descriptor scale (VDS). Participants were asked if they had any bothersome pain in
the last month (Hunt et al., 2015). Studies showed that similar single-item verbal descriptor
scales had good reliability to self-reported pain in older adults (Closs et al., 2004; Lukas et
al., 2013).

Insomnia was measured using the following questions: 1) “How often does it take you more
than 30 min to fall asleep at night?” and 2) “How often do you have trouble falling back

to sleep on nights after waking up from sleep?” with one representing difficulty initiating
sleep and the other difficulty maintaining sleep. Responses to these questions included
never (1), rarely (2), some nights (3), most nights (4), and every night (5). We defined
participants having difficulty initiating sleep or difficulty maintaining sleep if they reported
most nights or every night difficulty initiating sleep. Insomnia variables were coded as
having no sleep problems (0), difficulty initiating sleep only (1), difficulty maintaining sleep
only (2), and both difficulty initiating sleep and difficulty maintaining sleep (3) (Endeshaw
and Yoo, 2016). Difficulty initiating sleep and maintaining sleep are two key components

in the diagnosis of insomnia for both the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) and International Classification of Sleep Disorders (ICSD)
nosologies (Rockville, 2016; Sateia, 2014).

Depressive symptom was assessed by the 2-item Patient Health Questionnaire-2 (PHQ-2),
which is a 2- question standardized and validated measure of depression in older adults
(Harris et al., 2018; Li et al., 2007). It includes 1) had little interest or pleasure in doing
things; and 2) felt down, depressed, or hopeless. Responses and coding are “Not at all” = 0,
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“Several days” = 1, “More than half the days” = 2, and “Nearly every day” = 3. Scores of
these two items were averaged to represent the severity of depression (0 to 6). In accordance
with the PHQ-2 criteria, participants were classified as having depressive symptoms if the
cumulative score for both items was 3 or more (Kroenke et al., 2003).

2.1.3. Sociodemographic, health-related and behavioral factors—
Sociodemographic characteristics were also recorded, including age (65-69, 70-74, 75-79,
80-84, 85-89, 90-94, 95+), sex, race (non-Hispanic White, non-Hispanic Black, Hispanic,
other), education (less than high school, high school graduates, some college or vocational
school, Bachelor or higher) and living arrangement (alone, with spouse only, with others
only, with spouse and others). Health-related factors including self-perceived health status
and the number of chronic conditions (e.g., heart disease, arthritis, diabetes) were recorded.
Behavioral factors included whether participants currently smoked and whether they ever
spent time on vigorous activities in the last month.

Data analysis

A final sample of 7609 participants was included in this analysis. The percentage of missing
data among the main variables ranged from 0.07% (pain) to 2.23% (frailty status). Given
the small percentage of missing data and large sample size, we did not conduct multiple
imputations of missing data. We used means with standard deviations and proportions to
describe the prevalence of pain, insomnia, depressive symptoms, and frailty. Participants’
characteristics and symptoms of pain, insomnia, and depression were compared between
non-frail participants, and pre-frail and frail participants using Chi-squared tests.

To better understand the independent associations of each symptom (pain, difficulty
initiating sleep, difficulty maintaining sleep, and depression) with frailty, we employed

sets of logistic regression models to examine the associations between these symptoms

and status of being pre-frail and frail step by step. In the first set of models (Model 1),

we included individual symptoms as the main independent variable. In the second set of
models (Model 2), we then further added other symptoms one by one to examine whether
significant associations diminished or disappeared because of the newly added symptom(s).
In the last set of models (Model 3), we included all symptoms and two-way and three-way
interaction terms of those symptoms that showed significant association with frailty in
Model 3. To confirm the findings of the previous models and provide a more straightforward
interpretation, we then created a composite participant category variable, which represented
possible combinations of pain, difficulty initiating sleep, difficulty maintaining sleep, and
depressive symptoms in older adults. We used it as a main independent variable to examine
the odds of being pre-frail and frail using a logistic regression model. All of these models
adjusted for sociodemographic, health-related, and behavioral factors. Odds ratios (OR) and
95% confidence interval (Cl) were estimated in regression models. All statistical analyses
were performed using Stata version 15.0. All tests were two-tailed; statistical significance
was defined as a value of p< 0.05. Data analyses were weighted to account for unequal
probabilities of selection into the NHATS sample. Weighted analyses were necessary to
adjust for different probabilities of age and race selection, as well as different initial
response rates and potential biases of attrition over time (Freedman and Kasper, 2019).
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3. Results

Table 1 presents the sociodemographic, health-related, and behavioral characteristics of the
overall sample and a comparison of these characteristics among the symptoms and frailty
status. Approximately 72% of the sample was below 80 years old and 57% were female.
The majority was non-Hispanic White (81%), approximately 51% of the sample received
some college, vocational school education or higher, and approximately 30% lived alone.
The majority had a BMI of less than 30 m/kg 2 (72%) and approximately half had three

or more chronic conditions (47%). The majority had a good or better self-perceived health
(75%), approximately 9% of the sample currently smoked, and 39% had vigorous physical
activity in the last month. Among the weighted sample, approximately half experienced
bothersome pain (53%), and 27% had sleep problems, with 11% having difficulty initiating
sleep, 6% difficulty maintaining sleep and 10% having both problems. Approximately 15%
of participants reported symptoms of depression. More than half of the participants were
prone to frailty: 46% pre-frail and 14% frail. The percentages of participants who were
non-frail vs. those who were pre-frail and frail differed by participants’ sociodemographic,
health-related, and behavioral characteristics (all pvalues were less than 0.001). In addition,
the distribution of participants’ frailty status differed by their pain, insomnia, and depressive
symptoms (o values < 0.001). For example, participants who experienced bothersome pain,
insomnia, or depressive symptoms were more likely to be pre-frail and frail compared to
those who did not have the symptoms.

Table 2 shows the association between symptoms of pain, difficulty initiating sleep,
difficulty maintaining sleep, and depression, and the status of being pre-frail and frail in
older adults. All symptoms were associated with being pre-frail and frail after adjusting
covariates, with depressive symptom presenting the highest odds ratio (OR: 2.42, 95% ClI:
1.96, 2.98), followed by pain (OR: 1.86, 95% CI: 1.65, 2.10), difficulty initiating sleep
(OR: 1.43,95% ClI: 1.23, 1.67), and difficulty maintaining sleep (OR: 1.41, 95% ClI:

1.18, 1.68). While introducing two symptoms simultaneously into adjusted models, all odds
ratios decreased but still remained significant. When three or four symptoms simultaneously
were included in the models, independent associations with pre-frailty and frailty remained
significant for pain (OR: 1.81, 95% CI: 1.60, 2.04), difficulty initiating sleep (OR: 1.23,
95% CI: 1.04, 1.46) and depressive symptom (OR: 2.29, 95% CI: 1.85, 2.84). However,
difficulty maintaining sleep was no longer associated with being pre-frail and frail status.
After including two-way and three-way interaction terms, significant interactions between
pain and depressive symptom (OR: 1.87, 95% CI: 1.14, 3.07), and difficulty initiating sleep
and depressive symptom (OR: 2.66, 95% CI: 1.15, 6.13) were found.

In Fig. 1, the adjusted odds ratios of being pre-frail and frail in older adults with different
symptom combinations of pain, difficulty initiating sleep, difficulty maintaining sleep, and
depression are shown. Overall, the odds of being pre-frail and frail increased with the
numbers of symptoms, but the results also indicated the important role of pain, difficulty
initiating sleep, and depressive symptoms. Participants with pain only and depressive
symptoms only were 1.71 and 1.47 times more likely to be pre-frail and frail compared to
those without symptoms, respectively. Participants with pain, difficulty initiating sleep, and
depressive symptoms tended to have the highest odds of being pre-frail and frail compared
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to those without these symptoms (OR: 10.20, 95% Cl: 4.21, 24.77), followed by participants
with difficulty initiating sleep and depressive symptoms (OR: 7.33, 95% CI: 2.42, 22.17),
and participants with all symptoms (OR: 5.69, 95% ClI: 2.81, 11.52) compared to those
without these symptoms. Among all the possible symptom combinations, participants with
difficulty initiating sleep only, difficulty maintaining sleep only, both difficulty initiating
sleep and difficulty maintaining sleep only, and difficulty maintaining sleep and depressive
symptom, were not significantly associated with pre-frailty and frailty in older adults.

4. Discussion

To our knowledge, this is the first study to examine the independent associations between
pain, insomnia (difficulty initiating sleep and difficulty maintaining sleep), and depressive
symptoms with frailty using a nationally representative sample. The results showed that
approximately half of community-dwelling older adults were prone to frailty, and about
half of community-dwelling older adults experienced bothersome pain, confirming that
frailty and bothersome pain were major health problems for older people. In addition, pain,
difficulty initiating sleep, and depressive symptoms were independently associated with
pre-frailty and frailty. Both pain and difficulty initiating sleep interacted with depressive
symptoms creating a higher risk of being pre-frail and frail.

Consistent with previous studies, our study found that pain, insomnia, and depressive
symptoms were prevalent in a nationally representative sample of older adults and were
overall associated with frailty (Brown et al., 2020; Ensrud et al., 2009; Wade et al., 2017).

In this study, pain and depressive symptoms were associated with being pre-frail and frail
regardless of the adjustment for covariates and symptoms. This finding is expected given
that several systematic reviews reported relatively robust reciprocal relationships between
pain and frailty, and depression and frailty (Reyes et al., 2019; Saraiva et al., 2018; Soysal
etal., 2017). In addition, our study found that difficulty initiating sleep was independently
associated with being pre-frail and frail, but difficulty maintaining sleep was not. Although
previous studies reported an association between insomnia and frailty, these studies rarely
examined insomnia subtypes separately and adjusted for pain and depression that are usually
correlated with insomnia and frailty (Ensrud et al., 2009; Moreno-Tamayo et al., 2020).
However, the cross-sectional analysis of a prospective cohort study did show similar findings
that multiple long wake episodes were no longer associated with frailty after adjustment,

but prolonged sleep latency was still associated with frailty in male older adults (Ensrud
etal., 2009). It should be noted that it was after introducing difficulty initiating sleep

into the models with pain and depression, the association between difficulty maintaining
sleep and frailty became insignificant. This may suggest that difficulty initiating sleep

and maintaining sleep could possess heterogenous characteristics that contribute to these
different associations with frailty, and difficulty initiating sleep was more stable over the
time compared to difficulty maintaining sleep (Bjorgy et al., 2020; Blanken et al., 2019;
Earley, 1997). Another explanation can be the complicated pathophysiological relationship
between frailty and sleep disturbances. Insomnia and daytime sleepiness may be mediators
of immunological pathways that raise levels of inflammatory molecules associated with
frailty risk, such as interleukin 6 and C-reactive protein (Arnardottir et al., 2012; Bollinger et
al., 2010; Li et al., 2017; Walston et al., 2002). However, future empirical research is needed
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to identify the biological mechanisms to provide more clear and solid explanations for our
research findings.

Given the significant independent associations of pain, difficulty initiating sleep, and
depressive symptoms with frailty, we examined whether they interacted with each other
presenting greater associations with frailty. As the Theory of Unpleasant Symptoms

theory suggests, symptoms may interact with each other (Lenz et al., 1995, 1997). The
results showed that the association of pain and depressive symptom, and the association

of difficulty initiating sleep and depressive symptom were multiplicative, which means

the combined association of two symptoms is larger than the product of the individual
association. This indicates that nurses should be more alert to the synergistic impact of these
symptoms on frail older adults, so as to take targeted care measures to improve the quality
of care (Collard et al., 2015). Although complicated relationships were found among pain,
sleep problems, and depressive symptoms in older adults, few studies have examined their
interactions on certain health indicators. Results of one of these studies demonstrated that
the combined cross-sectional association of pain and depressive symptoms with frailty was
8.13 (odds ratio), which was greater than the addition of individual association of pain (1.41)
and depression (3.63) (Tian et al., 2018). It was documented in the study that further studies
should examine other pain associated conditions such as sleep problems. It is important

to identify significant interactions among these symptoms, given their high prevalence in
older adults and negative impact on frailty. However, further research is needed to evaluate
whether these significant interactions remain in longitudinal studies.

We also created a composite variable indicating categories of participants with possible
symptom combinations and analyzed its association with pre-frailty and frailty. This
analysis confirmed our findings on the interactions between pain and depressive symptoms,
and difficulty initiating sleep and depressive symptom. For example, the odds ratio of
participants with pain, difficulty initiating sleep and depressive symptom was 10.20, which
was greater than the addition of odds ratios of participants with an individual symptom
only. The category of participants with difficulty initiating sleep only was not associated
with being pre-frail and frail could be because of its small sample size. In addition, the
confidence intervals were wide for some categories, probably because of the relatively
small number of participants in those categories. Nevertheless, the results of our additional
analysis have outlined the association between the symptom combinations and frailty.

This study has important implications for nursing practice and research. Despite the
adverse impact of pain, insomnia, and depressive symptoms on frailty, these symptoms
are treatable, and frailty is reversible (Woods et al., 2005). By recognizing the independent
associations of these symptoms with frailty and their synergistic impact on frailty, nurses
can identify people who are at risk of frailty or have frailty more easily by examining their
pain, insomnia and depressive symptom profiles in their routine practice. This assessment
helps create more comprehensive care plans to achieve the goal of preventing frailty

onset or progression in older adults. For example, frail older adults can experience a
variety of chronic illnesses and take a variety of medications, which can lead to adverse
reactions (Weiss, 2011). Nurses can alleviate frailty and adverse reactions in older adults
by identifying pain symptoms of frail older adults, tailoring treatment plans for them,
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and individually assessing the efficacy of those plans (Booker et al., 2016). In addition,
nurses can initiate a collaborative conversation with other health professionals to provide
high-quality patient-centered care for people with frailty with the knowledge of the
complex interaction between pain, difficulty initiating sleep and depressive symptoms.

In addition to practice implications, for nurse researchers, it is important to develop
multi-component interventions that particularly address pain, difficulty initiating sleep and
depressive symptoms to achieve optimal therapeutic effects for frail older adults (Rnn et al.,
2011). Evaluating these interventions will in turn help researchers understand how improved
symptoms may reverse frailty status. However, frail older adults are usually at different
stages of the process of functional decline, and their need for care varies according to

their overall health and functional status. Thus, it is necessary to provide frail older adults
with flexible and targeted interventions, which makes the task of nurses more difficult and
complex (Gustafsson et al., 2009; Markle-Reid et al., 2013).

Limitations should be noted in this study. First, the measurements of symptoms were not
comprehensive. Bothersome pain is only measured by single item, which does not provide
information on pain severity, intensity, and duration. Similarly, the depressive symptom was
measured by PHQ-2, a tool for initial screening for depression but not for the severity

of depression (Xiang and Brooks, 2017). In addition, difficulty initiating and maintaining
sleep is not the equivalent of a formal diagnosis of insomnia disorder but rather a best
estimate given the information available in the database. However, the questionnaire items
for these symptoms used in NHATS have face validity, and previous studies have verified
the criterion-validity and screening properties of these questionnaire items (Kroenke et al.,
2003; Patel et al., 2013; Spira et al., 2014). Second, although we evaluated the relationship
between these symptoms and frailty, the variables investigated were restricted to those
collected in the NHATS database. Factors that have been shown to be associated with frailty
in previous studies, such as polypharmacy use and sedentary lifestyle, are not available for
analysis (Gutiérrez-Valencia et al., 2018; Piovezan et al., 2013). Therefore, future research
is needed to investigate whether the independent associations and interactions between these
symptoms and frailty remain after controlling for these unmeasured variables. Third, the
analysis was a cross-sectional analysis of a cohort study, so causal relationships among

the symptoms and frailty could not be established. Thus, longitudinal research is needed

to understand how these three common symptoms contribute to frailty, particularly when
they correlate with each other. Finally, results from this study were based on a nationally
representative sample of community-dwelling older adults; therefore, results may not be
generalizable to older people in residential or clinical settings.

5. Conclusions

In conclusion, pain, difficulty initiating sleep, and depressive symptoms were independently
associated with pre-frailty and frailty among older adults. In addition, the depressive
symptom interacted with pain and difficulty initiating sleep creating a greater synergistic
impact on pre-frailty and frailty than the addition of individual impact. Nurses should be
aware of this synergistic impact of these symptoms to provide high-quality patient-centered
care for older adults with frailty.
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What is already known about the topic?

. Pain, insomnia, depression, and frailty are prevalent in older adults and have
an adverse impact on older adults’ health.

. Pain, insomnia, and depressive symptoms are associated with frailty in older
adults.
. Relationships among pain, insomnia, and depressive symptoms are

complicated in older adults. These symptoms may interact with each other
presenting a greater impact on frailty than individual symptoms.

What this paper adds

. Pain, difficulty initiating sleep, and depressive symptoms were independently
associated with being pre-frail and frail in older adults. Difficulty maintaining
sleep was not.

. There was an interaction between depressive symptoms and pain, and
depressive symptoms and difficulty initiating sleep, which had a greater
impact on pre-frailty and frailty than these symptoms individually.

. Among participants with all possible symptom combinations, participants
with pain, difficulty initiating sleep, and depressive symptoms tended to have
the highest odds of being pre-frail and frail, followed by those with difficulty
initiating sleep and depressive symptoms, and those with all symptoms.

Int J Nurs Stud. Author manuscript; available in PMC 2023 February 20.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Liuetal.

Page 16

1.71
Pain Only— -
124
DIS Only-| -
1.07
DMS Only-
147
Depression Only-| A
19
Pain & DISH —A—
248
Pain & DMS| —h—
507
Pain & Depression| ——
DIS & Depression-|
221
DMS & Depression|
1.19
DIS & DMS
10.2
Pain & DIS & Depression| -
441
Pain & DMS & Depression-| A
252
Pain & DIS & DMS l—
333
DIS & DMS & Depression-| A
5.69
Pain & DIS & DMS & Depression-| A
T T T T 1 T
0 5 10 15 20 25
Odds Ratio

Fig. 1.

Adjusted odds ratio of being pre-frail and frail in older adults with different concurrent pain,
insomnia and depressive symptoms.
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