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Purpose: Pain and frailty are significantly social concerns negatively affecting physical and mental health in middle-aged and older population.
This study aimed to investigate the association between pain and frailty, with a particular focus on the mediating roles of sleep and mood.
Patients and Methods: A cross-sectional study was conducted involving 244 middle-aged and older participants in local hospital.
Their pain, frailty, sleep and mental health conditions were assessed through face-to-face interviews. Linear regression analysis was
used to examine the association between pain and frailty. Simple and serial mediation models were employed to investigate the
complex mediation effects of sleep and mood on pain and frailty.

Results: Significant effects were observed in both the pain-frailty nexus and the frailty-pain nexus. For simple mediation models, we identified
significant mediation effects of sleep (B, =0.049, 95% CI: 0.011, 0.094), anxiety (8 4y, =0.054, 95% CI: 0.023, 0.094), and depression
(Bpepression=0-093,95% CI: 0.049, 0.150) in the pain-frailty nexus. Similarly, in the frailty-pain nexus, sleep (8, =0.096, 95% CI: 0.043,0.162),
anxiety (8 i, =0.085, 95% CI: 0.029, 0.156), and depression (fpgesion=0.126, 95% CI: 0.056, 0.208) continued to be significant mediators,
while sleep and depression had more significant mediating effects than anxiety. Serial mediation models revealed that sleep and depression
jointly played a sequential mediation role in the frailty-pain nexus (5,=0.020, 95% CI: 0.002, 0.044; ,=0.043, 95% CI: 0.014, 0.081).
Conclusion: Our research provided evidence supporting the robust association between pain and frailty and offered new sights into
potential strategies by enhancing sleep quality and mental health for preventing and managing both pain and frailty.
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Introduction

Frailty is frequently characterized as an augmented susceptibility to stressors, which compromises various interconnected
physiological systems and leads to diminishing reserves with deteriorating homeostasis.'” A recent systematic review
and meta-analysis using multidimensional approaches found that the overall prevalence of pre-frailty and frailty was 63%
in older population, while the prevalence in hospital settings could reach up to 70%.’ Pain represents a significant
medical and social burden that negatively impacts both physical and psychological well-being. Studies suggest that
approximately 60-75% of individuals aged 65 and older experience pain, with a notably higher prevalence observed
among residents in assisted living facilities and nursing homes.* Pain and frailty often coexist in older adults. Recently,
a possible reciprocal impact was reported between pain and frailty.>® Pain might act as a significant stressor that depletes
bodily resources and induces unnecessary stress responses, consequently contributing to frailty.® Conversely, frailty itself
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can exacerbate pain perception through descending inhibitory neural circuits.” While the impact of pain on frailty has
been extensively studied,® ' less attention has been paid to investigating the effect of frailty on pain.>'* In particular,
this has not been explored in hospital environments.

In recent years, there has been an increasing recognition of sleep and mental health, which were probably potential
neuropsychic mechanisms in the association between pain and frailty. Studies indicated that depression and poor sleep
quality served as significant mediators in the link between pain and frailty.'®'* Pain may increase the risk of depression
and sleep disturbances, which in turn accelerate the progression of frailty.'®"'® Additionally, anxiety, often co-occurring
with depression and sleep disorders, is prevalent in hospital settings but has not been thoroughly examined in mediation
analyses. To our knowledge, there is no study investigating the mediating effects among sleep, anxiety and depression in
both the pain-frailty nexus and the frailty-pain nexus.

In this study, we aim to investigate the association between pain and frailty in hospitalized middle-aged and older
adults, as well as the mediation effects of sleep, anxiety and depression on pain and frailty through both simple and serial
mediation models. The objective of our study is to explore whether poor sleep and mental health are associated with the
onset or aggravation of pain and frailty. Ultimately, our work may provide foundation for developing efficacious
interventions to avert or postpone the emergence of these conditions.

Methods

Study Design

This study was a single-center, cross-sectional, observational investigation conducted from May 2024 to August 2024,
which was approved by the Institutional Scientific Research and Clinical Trails Ethics Committee of the First Affiliated
Hospital of Zhengzhou University (number 2024-KY-0580-001) and performed in accordance with the Helsinki
Declaration. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement was
followed, and the study was registered with http://www.chictr.org.cn, ChiCTR2400084481. All participants provided
written informed consent before the study commenced.

Participants and Procedures

Participants were recruited sequentially based on their order of admission in the Department of Pain Medicine, The First
Affiliated Hospital of Zhengzhou University, provided they met the following inclusion criteria: (1) aged 50 years and
older;* (2) reported pain with a Numerical Rating Scale (NRS) score above 0. The exclusion criteria were as follows: (1)
Severe visual and hearing impairment, speech and communication impairment, not able to complete the assessment; (2)
Mini-Mental State Examination (MMSE)<20 to exclude dementia.?! All the recruited participants were assessed on
the day of admission including demographics, sleep, mental health conditions, cognition, lifestyle factors, diseases, pain
and frailty. All assessments were performed face-to-face by a professionally trained investigator.

Measures

Pain

NRS was used to assess current pain intensity (0=no pain, 10=worst imaginable pain) at admission. Otherwise,
two subscales of the Brief Pain Inventory (BPI) were used: the 4-item pain severity subscale and the 7-item pain
interference subscale. Two subscales provide two scores: a pain severity score and a pain interference score.”” The pain
severity score is calculated based on four items related to pain severity (worst, least, average in the past 24h, and current
pain) ranging from 0 to 40.”* Accordingly, score>21 indicates severity pain, and score<21 indicates mild-to-moderate
pain.?® The pain interference score consists of seven items that assess how pain interferes with daily life, with each item
scored from 0 to 10 (total score range: 0-70).%% In line with the Initiative on Methods, Measurement and Pain Assessment
in Clinical Trials (IMMPACT) recommendations, BPI pain interference score was proposed as a main measure of pain.**
A previous comment has demonstrated two subscales of BPI showed great reliability and internal consistency.?
Moreover, the characteristics of pain including duration (acute or chronic),® type (neuropathic, nociceptive or mixed),’
and location (head and neck, back, bones and joints, legs, arms or other sites) were recorded.'®
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Sleep

The Pittsburgh Sleep Quality Index (PSQI) was used to assess sleep quality, which consisted of 19 self-reported items
and 7 component scores (subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of
sleep medications, and daytime dysfunction).”> Each component is scored 0-3 points, resulting in a total PSQI score
0-21 points. PSQI score>5 indicates poor sleep quality.”> PSQI is widely used, which has been proved to be a reliable
and valid measure to assess sleep quality.*®

Mood

The Hospital Anxiety and Depression Scale (HADS) was used to assess anxiety and depression; It is composed of 14 items, with
7 items allocated to each subscale: the Hospital Anxiety and Depression Scale-Anxiety subscale (HADS-A) and the Hospital
Anxiety and Depression Scale-Depression subscale (HADS-D). Each item is scored from 0 to 3, and the scores are summed for
each subscale. A score of 8 or above indicates a diagnosis of anxiety or depression.’ In terms of discrimination ability, the scale
has a moderate to high rating, with specificity and sensitivity both exceeding 0.80, respectively.*®

Frailty

As previously described by Wade et al, frailty was defined using a Frailty Index (FI) consisted of 51 variables, which
quantified age-related deficits including functional mobility, disability, comorbidities, and cognitive function.'' In spite of
the fact that the deficits were used differently for constructing the FI between studies, a minimum of 30 variables were
needed for the FI to be considered significant.?’ For binary variables, we assigned the score according to the presence of
the deficit (no=0; yes=1). Ordinal variables were transformed into a score between 0 and 1. The FI for each participant
was calculated as the sum of the deficits present divided by the total number of variables considered, resulting in
a continuous score varying from 0 to 1. The FI was categorized according to a previous study: individuals with FI

scores<0.08 were considered robust, while 0.08-0.25 and >0.25 were classified as prefrail and frail.*

Other Variables

Variables as potential confounders in the association between pain and frailty including socio-demographic character-
istics (age, sex, education, BMI), cognition (MMSE), lifestyle factors (smoking and drinking), and diseases (age-adjusted
Charlson Comorbidity Index, hypertension, diabetes, coronary heart disease, cerebrovascular disease, chronic obstructive
pulmonary disease, cancer) were also collected.

Sample Size

The sample size was determined using the formula N = Z?,,P(1 — P)(DEEF)/ d?,'® with the test level o of 0.05,
statistic Z,/, of 1.96 and margin of error (d) of +£10%. The preliminary experiment indicated a 60% incidence of frailty or
severity pain in middle-aged and older patients. Considering a design effect (DEEF) of 2, the minimum sample size
required for the study was calculated to be 222 participants, accounting for a 20% drop-out rate.

Statistical Analysis

Continuous variables were summarized as mean (standard deviation) or median (interquartile range) if not normally
distributed, and categorical variables were presented as number (percent). Student’s T-tests or Mann—Whitney U-tests
were used as appropriate. Categorical variables were compared with Pearson’s Chi-square or Fisher exact tests. Linear
regression analyses were conducted to investigate the relationships between pain scores, frailty, and potential mediators
such as sleep, anxiety and depression. Various models were performed to examine these associations adjusting for
different variables such as age, sex, education, pain duration, pain type, pain location, PSQI, HADS-A and HADS-D. The
SPSS PROCESS macro by Hayes et al,*' version 4.3, specifically models 4 and 6, was utilized to assess the mediating
roles of sleep, anxiety and depression in the relationship between pain and frailty. The macro employed a bootstrapping
method to assess the significance of indirect effects, with each test being resampled 5000 times to calculate 95%
confidence intervals. Significance was determined if zero was not included in the interval. In order to standardize effect
size comparisons, we transformed P coefficients from linear regression into Cohen’s d metrics, as outlined in a prior
research study.3 % This conversion allowed for the interpretation of effect sizes as small (0.2), moderate (0.5), or large
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(0.8) based on established criteria.®* In the sensitivity analysis, the forest plot was used to illustrate the resilience of the
relationship between pain and frailty in two nexuses. Additionally, linear regression analyses were employed to explore
the impact of pain related parameters including pain duration, pain type and pain location on frailty. The statistical
significant level was set at two-sided P<0.05. Data analysis was conducted using IBM SPSS v25.0 software (SPSS Inc.,
Chicago, IL, USA).

Results

Demographics and Clinical Characteristics

A total of 310 participants with pain were initially enrolled in this study; Of those, 16 refused to participated, 12 had
severe visual, hearing and communication impairment, 38 had MMSE scores<20 indicating dementia. Therefore, 244
middle-aged and older adults were included in the data analyses (Supplementary Figure S1). Among these, 136 (55.7%)
were female and 108 (44.3%) were male, with a median (IQR) age of 64 (57,70) years. Based on their FI scores,
participants were categorized into the prefrail (38.5%), and frail (61.5%) groups. Significant differences were observed

between the prefrail and frail groups in terms of age, education, MMSE scores, and prevalence of diseases. Frail
participants exhibited poorer sleep quality, higher levels of anxiety and depression. BPI pain severity score was positively
correlated to frailty severity, whereas NRS pain intensity score was not. Frail individuals reported more mixed pain and
locations of pain compared to prefrail individuals. According to BPI pain severity score, participants were classified as
mild-to-moderate pain group (43.9%) and severity pain group (56.1%). Severity pain was associated with poorer sleep,
worse anxiety and depression, and higher levels of frailty (Table 1).

Table I Demographics, Sleep, Mental Health Conditions, Cognition, Lifestyle Factors, Diseases, Pain and Frailty According to Frailty
Status and BPI Pain Severity Score

Characteristics Overall (n=244) Grouped According to Frailty Status Grouped According to BPI Pain Severity Score
Prefrail (n=94) Frail (n=150) P value Mild-to-Moderate Severity Pain P value
Pain (n=107) (n=137)

Age (years) 64 (57,70) 60 (56,66) 66 (59,71) <0.001 64 (58,71) 64 (56,69) 0.124
Female 136 (55.7) 53 (56.4) 83 (55.3) 0.872 64 (59.8) 72 (52.6) 0.257
Education (years) 7(6,9) 9 (6,12) 6 (49) 0.003 9 (59 6 (6,9) 0.884
PSQI Il (6,15) 9 (5,13) 13 (8,16) <0.001 10 (6,14) 13 (8,16) <0.001
HADS-A 10 (7,12) 9 (6,12) 10 (8,13) 0.002 9 (6.11) 10 (8,13) 0.003
HADS-D 8 (6,11) 7 (5.9 9 (6,13) <0.001 7 (58 9 (6,13) <0.001
MMSE 24 (22,27) 26 (24,28) 23 (21,26) <0.001 24 (23,28) 24 (22,27) 0.377
BMI 24.03 (21.61,26.14) 24.18 (22.05,26.50) 23.96 (21.53,26.00) 0.358 24.22 (21.45,26.67) 23.88 (21.81,26.04) 0.698
Smoking 44 (18.0) 19 (20.2) 25 (16.7) 0.483 17 (15.9) 27 (19.7) 0.441
Drinking 30 (12.3) 12 (12.8) 18 (12.0) 0.859 12 (11.2) 18 (13.1) 0.650
aCCl 4 (2.5) 2(23) 4 (3,6) <0.001 3(24) 4(2,7) 0.033
Hypertension 85 (34.8) 23 (24.5) 62 (41.3) 0.007 38 (35.5) 47 (34.3) 0.844
Diabetes 58 (23.8) 1 (1.7) 47 (31.3) <0.001 26 (24.3) 32 (234) 0.864
Coronary heart disease 31 (12.7) 332 28 (18.7) <0.001 12 (11.2) 19 (13.9) 0.537
Cerebrovascular disease 42 (17.2) 12 (12.8) 30 (20.0) 0.145 21 (19.6) 21 (15.3) 0.378
COPD 9 (3.7) 1 (L1.1) 8(5.3) 0.170 2(1.9) 7(5.1) 0.322
Cancer 40 (16.4) 4 (4.3) 36 (24.0) <0.001 6 (5.6) 34 (24.8) <0.001
NRS Pain intensity score 8(6,9) 8 (6,8) 8 (6,9) 0.577 6 (5,7) 8(89) <0.001
BPI Pain severity score 21 (18,25) 20 (17,23) 22 (19,26) <0.001 17 (16,19) 24 (22,27) <0.001
BPI Pain interference score 40 (35,46) 35 (29,40) 44 (39,49) <0.001 38 (31,41) 45 (38,49) <0.001
Pain duration 0.366 0.029

Acute pain 65 (26.6) 22 (23.4) 43 (28.7) 21 (19.6) 44 (32.1)

Chronic pain 179 (73.4) 72 (76.6) 107 (71.3) 86 (80.4) 93 (67.9)
Pain type <0.001 0.003

Neuropathic 70 (28.7) 50 (53.2) 20 (13.3) 28 (26.2) 42 (30.7)

Nociceptive 82 (33.6) 31 (33.0) 51 (34.0) 48 (44.9) 34 (24.8)

Mixed 92 (37.7) 13 (13.8) 79 (52.7) 31 (29.0) 61 (44.5)

(Continued)
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Table | (Continued).

Characteristics Overall (n=244) Grouped According to Frailty Status Grouped According to BPI Pain Severity Score
Prefrail (n=94) Frail (n=150) P value Mild-to-Moderate Severity Pain P value
Pain (n=107) (n=137)
Pain location 0.001 0.157
1-2 pain sites 183 (75.0) 81 (86.2) 102 (68.0) 85 (79.4) 98 (71.5)
23 pain sites 61 (25.0) 13 (13.8) 48 (32.0) 22 (20.6) 39 (28.5)
Frailty index 0.28 (0.20,0.36) 0.18 (0.14,0.22) 0.34 (0.29,0.40) <0.001 0.25 (0.18,0.31) 0.30 (0.22,0.38) 0.001

Notes: Categorical variables were presented as number (%) and continuous variables were summarized as mean (SD) or median (IQR). Student’s T-tests or Mann—Whitney
U-tests were used for continuous variables. Categorical variables were compared using Pearson’s Chi-square or Fisher exact tests.

Abbreviations: BPI, Brief Pain Inventory; PSQI, Pittsburgh Sleep Quality Index; HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; HADS-D, Hospital
Anxiety and Depression Scale-Depression subscale; MMSE, Mini-Mental State Examination; BMI, Body Mass Index; aCCl, age-adjusted Charlson Comorbidity Index; COPD,
Chronic Obstructive Pulmonary Disease; NRS, Numerical Rating Scale; SD, Standard Deviation; IQR, Interquartile Range.

Linear Regression Analyses for the Relationships Between Pain, Mediators, and Frailty
The linear regression analyses for the relationships among pain, mediators and frailty were shown in Figures 1 and 2.
Significant effects were observed in all nexuses including pain-frailty, frailty-pain, pain-mediators, frailty-mediators,
mediators-pain, and mediators-frailty. These positive associations were persistent even after adjusting for different
covariates. Effect sizes were consistently moderate to large (Cohen’s d>0.5).

Simple Mediation Models

Figure 3 showed the simple mediation effects of sleep, anxiety and depression in both the pain-frailty nexus and the frailty-
pain nexus after controlling for age, sex, education, pain duration, pain type and pain location. We identified significant med-
iation effects of sleep, anxiety, and depression in these two nexuses, while sleep and depression had stronger mediating
effects compared to anxiety in the frailty-pain nexus (Mediated proportion giee,=19.2%, Mediated proportion
Depression=29-1%, Mediated proportion anxier,=17.0%). More details could be found in Supplementary Table S1.

Serial Mediation Models
The serial mediation models revealed a significant total indirect effect accounting for 31.7% of the total effect
(Supplementary Table S2). The indirect effect paths, specifically the path (Frailty—Sleep—Depression—Pain), as well

Exposure Outcome Model Beta (95% CI) P value Cohen's d

Pain Frailty = Model 1 i —a— 0.340 (0.221, 0.459) <0.001 0.85
Model 2 | —a— 0.368 (0.257,0.480) <0.001 0.92
Model 3 E —— 0.316 (0.223,0.410) <0.001 0.79
Model 4 E —a— 0.212(0.114,0.310) <0.001 0.54

Frailty Pain Model 1 i —a— 0.340 (0.221, 0.459) <0.001 0.85
Model 2 | —— 0.410 (0.287,0.534) <0.001 1.04
Model 3 E —&— 0.501 (0.353, 0.650) <0.001 1.32
Model 4 E —a— 0.342 (0.184, 0.500) <0.001 0.85

I

I I I I I I
0.0 0.1 0.2 03 0.4 0.5 0.6
Beta (95% CI)

Figure | Linear regression of the association between pain and frailty in two nexuses. Beta refers to standardized coefficient. Cohen’s d was evaluated to demonstrate the
effect sizes. All models | were unadjusted. All models 2 were adjusted for age, sex and education. All models 3 were adjusted for age, sex, education, pain duration, pain type
and pain location. All models 4 were adjusted for age, sex, education, pain duration, pain type, pain location, PSQI, HADS-A and HADS-D.

Abbreviations: Cl, Confidence Interval; PSQI, Pittsburgh Sleep Quality Index; HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; HADS-D, Hospital
Anxiety and Depression Scale-Depression subscale.
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A

Exposure Mediator  Model Beta (95% CI) P value Cohen's d

Pain Sleep Model 1 | —a— 0.386 (0.270, 0.503) <0.001 0.97
Model 2 E —a— 0.395(0.277,0.513) <0.001 0.99
Model 3 E —a— 0.350 (0.231,0.469) <0.001 0.87

Pain Anxiety  Model 1 i —a— 0.334 (0.214, 0.453) <0.001 0.83
Model 2 | —a— 0.333 (0.215,0.450) <0.001 0.83
Model 3 i —a— 0.318 (0.196, 0.440) <0.001 0.79

Pain Depression Model 1 ! —a— 0.390 (0.274, 0.507) <0.001 0.98
Model 2 i —a— 0.400 (0.284,0.516) <0.001 1.01
Model 3 | —a— 0.364 (0.243,0.484) <0.001 0.91

Frailty Sleep Model 1 i —a— 0.366 (0.248 ,0.484) <0.001 0.91
Model 2 i —a— 0.407 (0.282,0.532) <0.001 1.03
Model 3 i —a— 0.364 (0.211,0.517) <0.001 0.91

Frailty Anxiety  Model 1 | —a— 0.258 (0.135,0.380) <0.001 0.65
Model 2 E —a— 0.365 (0.242,0.488) <0.001 0.91
Model 3 E —a— 0.402 (0.248 ,0.556) <0.001 1.01

Frailty Depression Model 1 i —a— 0.390 (0.273,0.507) <0.001 0.98
Model 2 | —— 0.476 (0.357,0.596) <0.001 1.24
Model 3 i —&—— 0.537 (0.390, 0.684) <0.001 1.45

O.IO 0!1 0?2 0!3 0?4 0!5 0?6
Beta (95% CI)

B

Mediator QOutcome Model Beta (95% CI) P value Cohen's d

Sleep Frailty = Model 1 —&—  0.366(0.248, 0.484) <0.001 0.91
Model 2 —a— 0.361 (0.250,0.471) <0.001 0.90
Model 3 —a— 0.235(0.136, 0.333) <0.001 0.59

Anxiety Frailty = Model 1 —a— 0.258 (0.135,0.380) <0.001 0.65
Model 2 —a— 0.341 (0.226,0.457) <0.001 0.85
Model 3 —a— 0.253 (0.156, 0.349) <0.001 0.64

Depression Frailty = Model 1 —&— 0.390(0.273, 0.507) <0.001 0.98
Model 2 —&— 0.431(0.323,0.540) <0.001 1.10
Model 3 —a— 0.336 (0.244 ,0.428) <0.001 0.84

Model 2 —&— 0.390(0.273, 0.506) <0.001 0.98
Model 3 —&— 0.358(0.236,0.479) <0.001 0.89
Anxiety Pain Model 1 —a— 0.334 (0.214, 0.453) <0.001 0.83
Model 2 —&—  0.347(0.225,0.469) <0.001 0.87
Model 3 —a— 0.317 (0.195,0.438) <0.001 0.79
Depression Pain Model 1 —=a&—— 0.390(0.274,0.507) <0.001 0.98
Model 2 —&—— 0.403 (0.286, 0.521) <0.001 1.02
Model 3 —®——  0.361(0.242,0.480) <0.001 0.90

I
i
i
i
i
i
i
i
i
Sleep Pain Model 1 | —&—— 0.386(0.270,0.503) <0.001 0.97
I
i
i
i
i
i
i
i
I

I I I I I
00 0.1 02 03 04 0.5
Beta (95% CI)

Figure 2 Linear regression of the associations between pain, frailty and mediators. (A) The effect of exposure on each mediator. (B) The effect of each mediator on
outcome. Beta refers to standardized coefficient. Cohen’s d was evaluated to demonstrate the effect sizes. All models | were unadjusted. All models 2 were adjusted for age,
sex and education. All models 3 were adjusted for age, sex, education, pain duration, pain type and pain location.

Abbreviation Cl, Confidence Interval.
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D
A Sleep Sleep
a=0.350*** b=0.139** a=0.364*** b=0.262***
c¢'=0.268"** c¢'=0.406*** _
Pain Frailty Frailty > Pain
c=0.316*** c=0.501***
B E )
Anxiety Anxiety
a=0.318"" b=0.170*  a=0.402*** b=0.212""
c'=0.262*** c'=0.416"** .
Pain > Frailty Frailty Pain
c=0.316"** c=0.501***
Cc F
Depression Depression
a=0.364*** b=0.256*** a=0.537*** b=0.235
c'=0.223*** ¢'=0.375*** .
Pain > Frailty Frailty > Pain
c=0.316*** c=0.501***

Figure 3 The simple mediation roles of sleep, anxiety and depression in both the pain-frailty nexus and frailty-pain nexus. Beta refers to standardized coefficient. All
mediator analyses were adjusted for age, sex, education, pain duration, pain type and pain location. Models (A—C) show the mediator models of sleep, anxiety and
depression in the pain-frailty nexus. Models (D—F) show the mediator models of sleep, anxiety and depression in the frailty-pain nexus. “c” is the total effect; “axb” is the

indirect effect; “c’” is the direct effect. *Significant at the 0.05 level (2-tailed); **Significant at the 0.01 level (2-tailed); ***Significant at the 0.001 level (2-tailed).

A d=0.355*** B d=0.385***
Sleep » Depression Depression [—————>» Sleep
/"
I b2=0.207**
a1=0.364*** b2=0.155* a1=0.537 2
22=0.408*** b1=0.207** az=0.157// b1=0.155*
C'=0.343"* S 0=0.343
Frailty > Pain Frailty > Pain

c=0.501*** ¢=0.501***

Figure 4 The serial mediation roles of sleep and depression in the frailty-pain nexus. Beta refers to standardized coefficient. All mediator analyses were adjusted for age,
sex, education, pain duration, pain type and pain location. Serial mediation models included Model (A) (Frailty—Sleep—Depression—Pain) and Model (B)

(Frailty—Depression—Sleep—Pain). “c” is the total effect; “a;xb,”, “ayxb,”, “a;xdxb,” are the indirect effects; “c’” is the direct effect. *Significant at the 0.05 level

(2-tailed); **Significant at the 0.01 level (2-tailed); ***Significant at the 0.001 level (2-tailed).
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as the alternative path (Frailty—Depression— Sleep—Pain) were found to be statistically significant (Figure 4), suggest-
ing that the progression of frailty led to an increase in sleep disturbance or depressive symptoms, which subsequently
contributed to the escalation of pain severity.

Sensitivity Analysis

The consistent relationship between pain and frailty was found across various subgroups in two nexuses. Nociceptive
pain, mixed pain, and the presence of three or more pain sites appeared to amplify the impact of frailty on pain (pain
type: p for interaction=0.001; pain location: p for interaction=0.048) (Figure 5). Additionally, nociceptive and mixed pain
rather than neuropathic pain, together with pain sites, were positively correlated with frailty (Supplementary Figure S2).

Discussion
This study provided evidence of the robust relationship between pain and frailty among middle-aged and older
hospitalized patients. Simple mediation models showed that sleep, anxiety and depression acted as individual mediators
in both two nexuses. Serial mediation models demonstrated that sleep and depression co-played mediating effects in the
frailty-pain nexus. Nociceptive pain, mixed pain, and the presence of three or more pain sites were found to exacerbate
the effects of frailty on pain. Nociceptive and mixed pain, together with pain sites, were positively correlated with frailty.
Our study identified the stable positive association between pain and frailty as reported previously.”*** In the pain-
frailty nexus, numerous observational studies confirmed that pain was a risk factor for frailty, with majority of them

9715 and only a few studies investigated in hospital settings.®'® The strong correlation

conducted in community settings,
could be attributed to the fact that pain was associated with lower physical activity, malnutrition and musculoskeletal
diseases, all of which were essential components of frailty. Previous studies suggested that pain might serve as an
important stressor, which led to the depletion of body reserves and overactivated the HPA axis, ultimately contributing to
frailty.'” In the frailty-pain nexus, limited research has been undertaken to investigate the potential role of frailty as
a precursor to the development of pain. Dai et al conducted a two-sample Mendelian randomization study which
suggested that frailty might elevate the likelihood of experiencing pain.’ Chaplin et al demonstrated that baseline frailty
was a predictor of increased pain at one year, using a two-wave cross-lagged path modeling approach.** Conversely,
a prospective cohort study by Megale et al did not observe the significant effect of frailty on pain.'* These discrepancies
might be ascribed to variations in the assessment tools used to measure frailty and high rates of loss to follow-up in the
longitudinal study. Frailty may function as a potential risk factor in the modulation of pain through descending inhibitory
pathways,’ reinforcing the hypothesis that frailty influences pain. A shared basis in molecular mechanisms, such as
genetic and epigenetic factors, immune system responses, and inflammation was observed in both pain and frailty,® which
implied that these two might interact synergistically in a vicious cycle, wherein each condition exacerbated the
progression of the other. Nevertheless, the current recommendations issued by NHS England®” on frailty prevention
do not include pain, and similarly, the NICE guidelines®® for pain management do not consider frailty. Our findings
indicate that increased awareness of the interrelated risks of pain and frailty may enhance public health interventions.
Moreover, this robust positive association was observed exclusively when the BPI pain severity score was used to assess
pain, whereas it was not evident with the NRS pain intensity score. The BPI pain severity score encompasses indicators
of pain from multiple dimensions and temporal points, rendering it particularly suitable for evaluating the relationship
between pain and frailty, considering that frailty is a process characterized by chronic progression.

The current study showed that sleep, anxiety and depression mediated the reciprocal relationship between pain and
frailty in the simple mediation models. In line with previous studies,'” ' depression was found to be a more significant
mediator compared to anxiety and sleep. Empirical investigations into pain-depression comorbidity indicated that pain
served as a risk factor for depression,’” while also being a consequence of depression,*® and the conclusion was further
corroborated by animal experiments and neuroimaging studies.***° Pain and depression are interconnected sharing neural
substrates including brain areas (eg, amygdala, hippocampus, prefrontal cortex, and anterior cingulate cortex), neuro-
transmitters (eg, serotonin, norepinephrine, glutamate and GABA), as well as neurobiological pathways (eg, HPA axis).’’
Depression has been consistently linked with social isolation and increased incidence of physical illnesses, leading to the
development of frailty.*! Consequently, individuals with a high burden of illnesses may experience heightened frailty,
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Figure 5 Subgroup analyses of the association between pain and frailty in two nexuses. (A) Pain effect on frailty by subgroup. (B) Frailty effect on pain by subgroup. Beta
refers to standardized coefficient. Cohen’s d was evaluated to demonstrate the effect sizes. All analyses were adjusted for age, sex, education, pain duration, pain type and

Abbreviations: Cl, Confidence Interval; PSQI, Pittsburgh Sleep Quality Index; HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; HADS-D, Hospital
Anxiety and Depression Scale-Depression subscale.
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which in turn exacerbates their depression.** Moreover, two Mendelian randomization studies demonstrated evidence for
bidirectional relationships between depression and both pain and frailty.**** Zhang et al illustrated that sleep partially
mediated the association between pain and frailty in older cancer patients.'® Neurobiological evidence also showed
a causal relationship between pain and sleep disturbances, with the latter leading to heightened sensitivity to painful
stimuli and exacerbating pain, thereby impacting sleep quality.*’ In older population, sleep disorders may contribute to
the loss of muscle mass and function, ultimately leading to decreased physical activity, which are key components of
frailty.*

We subsequently investigated the serial mediation models in both the pain-frailty nexus and the frailty-pain nexus,
consisted with current results of effect sizes (Cohen’s d), only two models demonstrated the significance
(Frailty—Sleep—Depression—Pain and Frailty—Depression—Sleep—Pain), suggesting that sleep and depression co-
played a mediation role in the relationship between frailty and pain. Previous studies showed that sleep and depression

16-19 Our findings provided a new sight of these complicated

separately mediated the association between pain and frailty.
relation, which declared the interaction effect between sleep and depression. Zhang et al considered the reciprocal
influence of sleep and depression, revealing a bidirectional mediation of these two factors on their associations with
frailty.*’” Another cross-sectional study illustrated that pain, difficulty initiating sleep, and depressive symptoms were
each independently linked to pre-frailty and frailty in older adults.*® Furthermore, the depressive symptom interacted
with pain and difficulty initiating sleep resulted in a synergistic effect that had a greater impact on pre-frailty and frailty
than their individual effects.*®

A prospective cohort study found that the intensity and localization of pain were significant risk factors for frailty.'”
Additionally, Ardoino et al conducted a study on a sizable cohort of older hospitalized individuals experiencing pain from
various causes, revealing that chronic rather than acute pain, widespread rather than localized pain, somatic rather than
visceral and neuropathic pain were more commonly linked to an elevated frailty status.® Nociceptive pain, mixed pain
and widespread pain are closely associated with high level of systemic inflammation, depression and sleep disorders,
which collectively contribute to the exacerbation of frailty.® In contrast, our study did not identify a significant correlation
between chronic pain and frailty. This discrepancy may be attributed to variations in frailty assessment and the universal
presence of pain symptoms among all participants in our study, leading to a high prevalence of frailty. Moreover,
subgroup analyses revealed a positive correlation between pain and frailty in both middle-aged and older adults,
suggesting that increased attention should be directed towards middle-aged adults. Similarly, a population-based study
from the UK Biobank corroborated this perspective, highlighting the significance of frailty, particularly among middle-
aged adults, for whose mental health might be more adversely impacted by frailty compared to their older counterparts.**
Conversely, Chiou et al reported no significant association between pain and frailty among middle-aged individuals,
attributing this finding to their study’s focus on cognitively and functionally sound community-dwelling adults.'® A meta-
analysis indicated that females exhibited higher FI scores compared to males across all age groups.*’ However, our
analysis did not reveal any significant difference within sex-stratified subgroups, which was consistent with findings from
a recent cross-sectional study conducted in China.*’

This study elucidates the robust association between pain and frailty. Our findings suggest that interventions targeting
both sleep and psychological symptoms are crucial in managing pain and frailty, which represents a significant
advancement in comprehending the underlying mechanisms linking pain and frailty.

However, it is important to acknowledge certain limitations when interpreting our findings. Firstly, the cross-sectional
design utilized in this study precluded the ability to assess temporal associations and establish causality. Nevertheless,
our results offered a compelling hypothesis for potential bidirectional relationship between pain and frailty that could be
explored in future longitudinal studies. Secondly, our study solely incorporated participants experiencing pain and
included only two frailty status: prefrail and frail, potentially introducing bias into the results. Thirdly, given the distinct
pathophysiological mechanisms underlying cancer-related pain, future research should prioritize differentiating cancer
pain from non-cancer pain. Lastly, the restriction to participants from a tertiary care hospital might limit the general-

izability of our findings to community-based settings.
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Conclusions

Our findings indicated the stable relationship between pain and frailty, as well as the mediation roles of sleep, anxiety and
depression. Nociceptive and mixed pain, as opposed to neuropathic pain, and the quantity of pain sites were positively
associated with frailty. Acknowledging the co-occurrence of frailty and pain presents an opportunity to enhance patient
care in hospital settings. Future research should integrate strategies for managing sleep and mental health as well as
developing strategies in mitigating the progression of pain and frailty.
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