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Background: Frailty, particularly cognitive frailty, is an escalating public health
issue. Cognitive frailty is defined by the simultaneous presence of physical frailty
and cognitive impairment, without a confirmed diagnosis of dementia, and
has become a significant geriatric syndrome. This study aimed to explore the
association between chronic pain and the risk of cognitive frailty.

Methods: We utilized data from two waves (2011 and 2015) of the China Health
and Retirement Longitudinal Study (CHARLS), conducting both cross-sectional
and longitudinal analyses involving 17,705 Chinese adults aged 45 years and
older. Chronic pain was defined as pain reported at both time points. Cognitive
function was evaluated using a questionnaire adapted from the Telephone
Interview for Cognitive Status. The frailty index (FI) was derived from a 30-
item assessment. Cognitive frailty was characterized by the co-occurrence of
cognitive impairment and physical frailty.

Results: Among the 14,285 participants, 5.39% exhibited cognitive frailty
at baseline. Both cross-sectional and longitudinal analyses indicated that
individuals suffering from chronic pain faced a higher likelihood of developing
cognitive frailty compared to those without pain. After adjusting for potential
confounders, multivariate models also indicated a higher odds of cognitive
frailty for participants with chronic pain.

Conclusion: Chronic pain is significantly associated with an elevated risk of
cognitive frailty among middle-aged and elderly individuals. These findings
highlight the importance of managing chronic pain to mitigate the risk of
cognitive frailty, thereby potentially enhancing the quality of life for the aging
population and alleviating the economic burden on families and society.
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1 Introduction

With the accelerated population aging, frailty has become a
major health problem all over the world. Frailty is defined as a
geriatric syndrome characterized by increased susceptibility to
stressors due to cumulative decline in multiple physiological
systems (Clegg et al., 2013; Robertson et al., 2013). Frailty is a
multidimensional geriatric condition that integrates physical,
social and cognitive domains (Clegg et al., 2013; Robertson et al.,
2013). Cognitive impairment is considered as a component of
frailty, and significant association between physical frailty and
cognition has been confirmed based on extensive evidence (Panza
etal, 2015; Panza et al,, 2015; Robertson et al., 2013). The concept
of “cognitive frailty” has been proposed by the International
Academy on Nutrition and Aging (IANA) and the International
Association of Gerontology and Geriatrics (IAGG) in 2013
(Kelaiditi et al., 2013). Cognitive frailty refers to the concurrent
presence of both physical frailty and cognitive impairment in the
elderly population without definite diagnosis of dementia, which
is characterized by reversibility (Kelaiditi et al., 2013). The
estimated prevalence of cognitive frailty within the geriatric
population in the community is approximately 1.0-12.1%.
However, the prevalence significantly increases in clinical settings
(Shimada et al., 2016; Feng et al., 2017; Feng et al., 2017; Solfrizzi
et al., 2017; Roppolo et al., 2017; Merchant et al., 2017; St John
et al., 2017; Montero-Odasso et al., 2016; Delrieu et al., 2016;
Fougere et al., 2017). Cognitive frailty is affected by various
factors, for example, age, income, marriage status, education level,
BMI, comorbidity, disability, self-care ability (Jha et al., 2016;
Smith et al., 2015; Li et al., 2018; Kojima et al., 2020; Handayani
et al,, 2019; Aprahamian et al., 2018; Yang and Chen, 2018; Ge
et al,, 2020; Jiao et al., 2020; Xiong et al., 2019; Trevisan et al,,
2017; Herr et al., 2019; Chiou et al., 2018). Few studies with large
sample size illustrated the association between pain and frailty or
pain and cognition (Chiou et al., 2018), and until now, there was
no research on pain and cognitive frailty (Figure 1).

Pain is an unpleasant sensory and emotional experience. It
usually indicates tissue damage, and is prevalent among
middle-aged and elderly adults. Chronic pain is a prevalent and
significant medical condition worldwide. It is characterized as
persistent nociception beyond the expected duration of tissue
healing, typically manifesting as pain for a minimum of 3 months
(Jackson et al., 2016; Jackson et al., 2015; Vos et al., 2016). Chronic
pain is particularly common in elderly adults (>age 65), and
precipitates negative outcomes, including malnutrition, loss of
daily functioning, and frailty (Pitcher et al., 2018; Cohen
et al., 2021).

As cognitive frailty increases costs and burden on health care
systems, it is of vital importance to explore potential factors
contributing to cognitive frailty. The association between chronic
pain and cognitive frailty remains inconclusive, therefore,
prospective cohort studies with large sample size are necessary
to investigate the association between chronic pain and
cognitive frailty.

In the current study, we used China Health and Retirement
Longitudinal Study (CHARLS) and provided both cross-sectional and
longitudinal evidence of the association between chronic pain and
cognitive frailty.
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2 Methods
2.1 Study population

The CHARLS is designed to gather a comprehensive and high-
quality set of microdata pertaining to households and individuals who
are 45 years of age or older in China, with the objective of examining the
demographic phenomenon of aging within the Chinese population and
fostering interdisciplinary research in gerontology. The national baseline
survey of CHARLS employed a multi-stage probability to size (PPS)
sampling methodology, which was a systematic approach to ensure
representativeness in the sample selection. The survey encompassed 450
villages, 150 counties across 28 provinces, and included over 17,000
individuals from approximately 10,000 households. CHARLS is a
longitudinal study with biennial to triennial assessments, and to date, it
has released data from four distinct survey waves: the initial national
baseline survey (Wave 1, 2011), the first follow-up survey (Wave 2,
2013), the second follow-up survey (Wave 3, 2015), and the third
follow-up survey (Wave 4, 2018). The CHARLS survey project received
ethical approval from the Biomedical Ethics Committee of Peking
University (IRB00001052-11015), and all participants were mandated
to provide informed consent prior to their involvement in the study.

Extensive details regarding the CHARLS have been documented
and published (Hu et al., 2022; Yan et al., 2023). This cohort study
utilized two waves of CHARLS data collected in 2011 (wave 1) and 2015
(wave 3). The sample size of Wave 1 was 17,705, from which 3,420
individuals were excluded (including 368 individuals less than 45 years
old or with missing age information, 2,838 individuals with missing
data for cognitive scores or frailty index items, 12 individuals with
missing data for pain and 202 individuals with memory-related
diseases). The cross-sectional analysis involved 14,285 participants. For
the longitudinal analysis, 8,781 individuals were excluded, including
6,347 individuals with missing data for cognitive scores or frailty index
items at wave 3, 227 individuals diagnosed with cognitive frailty at wave
1, and 2,207 individuals with mismatched pain data at wave 1 and 3, or
individuals with newly diagnosed memory-related diseases at wave 3.

2.2 Assessment of pain

Pain was evaluated utilizing self-reported symptom inventories,
querying: Are you often troubled with any body pains (“no” or “yes”)?
On what part of your body do you feel pain? Please list all parts of your
body where you are currently feeling pain (head, neck, chest, stomach,
shoulder, back, waist, buttocks, arm, leg, knees, wrist, fingers, ankle, and
toes). We divided the pain status into no pain and baseline pain. Chronic
pain was defined as reporting pain both at baseline (wave 1) and
follow-up endpoint (wave 3). Pain was evaluated utilizing self-reported
symptom inventories, querying: How bad is your pain (if more than one
type of pain, ask about the most severe one among them)? The severity
of pain is required to be selected from three options of mild, moderate
and severe, and patients experiencing pain are requested to respond.

2.3 Measurement of cognitive function

Cognitive function was measured at two time points—the
CHARLS 2011 baseline survey and the 2015 follow-up survey—using
questionnaires adapted from the Telephone Interview for Cognitive
Status. The assessment included episodic memory (score range: 0-10
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Participants at baseline in 2011
(n=17705)

1.Age < 45 or missing age information (n=368)
2.Missing data for Cognitive Scores or Frailty Index

Iltems (n=2838)
3.Missing data for pain (n=12)
4 Memory-related diseases (n=202)

Participants at baseline in 2011
screend for cross-sectional analysis
(n=14285)

1.Missing data for Cognitive Scores or Frailty Index

Items in 2015 (n=6347)
3.Cognitive Frailty at2011(n=227)
2.Mismatched pain data at 2011,2015 and newly
memory-related diseases (n=2207)

Participants from 2011 to 2015
screened for longitudinal analysis
(n=5504)

FIGURE 1
Study flow chart.

points), orientation (score range: 0-5 points), calculation (score
range: 0-5 points), and drawing (score range: 0-1 points). Episodic
memory was measured through immediate and delayed recall. The
total score range was from 0 to 21 points, with higher scores
indicating better cognitive function. All participants were grouped
for every 5 years of age. The participants were classified as having
mild cognitive impairment (MCI) if their total score fell more than
one standard (SD) below age-appropriate norms (Jak et al., 2009);
otherwise, they were defined as normal cognition.

2.4 Calculation of frailty index

In accordance with previous methods (Searle et al., 2008; Yuan
et al,, 2023; Donders et al., 2006; Fan et al., 2020), we employed the
Frailty Index (FI) to define frailty. We utilized a previously established
30-item frailty index (Yuan et al., 2023), comprising 13 physician-
diagnosed health-related deficits, 5 disability indicators, and 12
limitations in activities of daily living (ADLs) and instrumental
activities of daily living (IADLSs) (Supplementary Table S1). The sum
of scores for each indicator was divided by 30 to derive the FI (range:
0-1), with higher scores indicating greater frailty. Thresholds of 0.1
and 0.2 were utilized to interpret identified trajectories, with scores
below 0.1 (FI < 0.10) denoting robustness, scores between 0.1 and 0.2
(0.1 < FI <£0.2) signifying pre-frailty, and scores exceeding 0.2
(FI > 0.2) indicating frailty. (Supplementary Table S1).
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2.5 Cognitive frailty

According to (I.A.N.A/I.A.G.G) international consensus group
(Yan et al.,, 2023). Cognitive frailty was defined as the concurrent
presence of both mild cognitive impairment (MCI) and physical
frailty (Kelaiditi et al., 2013).

2.6 Covariates

According to prior knowledge, we also considered sociodemographic
characteristics and health-related factors in our study. Sociodemographic
characteristics included age, gender and marital status (married/
unmarried; the term “unmarried” includes several marital statuses:
“separated,” “unmarried,” “divorced,” and “widowed”). Health-related
factors included ever/current smoke, ever/current alcohol, nighttime
sleep duration, poor sleep quality and 14 common co-morbidities
(cancer, chronic lung diseases, heart disease, stroke, emotional and
mental disorders, arthritis, dyslipidemia, hepatic disease, kidney disease,
digestive system disease, asthma, memory-related disease, hypertension,
and hyperglycemia). Poor sleep quality was assessed according to the
response “my sleep was restless,” and divided into four groups according
to the amount of time. Total nighttime sleep duration data were obtained
from the question “During the past month, how many hours of actual
sleep did you get at night (average hours for one night)?” Body mass
index (BMI) was defined as the weight divided by the square of height
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TABLE 1 Baseline characteristics of study population in 2011(wave 1).
Variables Pain (n = 4,540)

Moderate (n = 1,651)

Non-pain
(n = 9,745)

p-value

Mild (n = 1,166) Severe (n = 1,723)

Gender, n (%) <0.001
Female 4,624 (47.5) 682 (58.5) 1,032 (62.5) 1,072 (62.3)

Male 5,113 (52.5) 484 (41.5) 618 (37.5) 650 (37.7)

Age, M £ SD 59.1+£9.8 59.2+9.3 59.6+9.3 60.3+9.6 <0.001
Marital, n (%) <0.001
Married 8,604 (88.3) 1,010 (86.6) 1,411 (85.5) 1,478 (85.8)

Unmarried 1,141 (11.7) 156 (13.4) 240 (14.5) 245 (14.2)

Education, n (%) <0.001
Illiterate 2,307 (23.7) 339 (29.1) 526 (31.9) 647 (37.6)

Primary school 3,667 (37.6) 526 (45.1) 706 (42.8) 751 (43.6)

Middle/high school 3,437 (35.3) 288 (24.7) 400 (24.2) 315 (18.3)

Junior college or above 329 (3.4) 13 (1.1) 19 (1.2) 10 (0.6)

Ever/current drink, n (%) <0.001
No 6,330 (65) 793 (68) 1,198 (72.6) 1,258 (73)

Yes 3,415 (35) 373 (32) 453 (27.4) 465 (27)

Ever/current smoke, n (%) <0.001
No 5,692 (58.4) 727 (62.3) 1,095 (66.3) 1,111 (64.5)

Yes 4,052 (41.6) 439 (37.7) 556 (33.7) 612 (35.5)

Insurance, n (%) 0.016
No 589 (6) 98 (8.4) 112 (6.8) 110 (6.4)

Yes 9,156 (94) 1,068 (91.6) 1,539 (93.2) 1,613 (93.6)

Poor sleep quality, n (%) <0.001
Most or all of the time 1,337 (13.7) 297 (25.5) 492 (29.9) 628 (36.7)

Occasionally or a moderate amount of 1,215 (12.5) 212(18.2) 361 (21.9) 348 (20.3)

the time

Rarely or none of the time 5,562 (57.2) 455 (39.1) 500 (30.3) 490 (28.6)

Some or a little of the time 1,617 (16.6) 199 (17.1) 295 (17.9) 247 (14.4)

Life-satisfy, n (%) <0.001
Poor 1,038 (10.7) 112 (9.6) 224 (13.6) 327 (19)

Fair 6,568 (67.4) 821 (70.4) 1,198 (72.6) 1,127 (65.4)

Good 2,139 (21.9) 233 (20) 229 (13.9) 269 (15.6)

CESD,M + SD 6.6+53 10.1 £6.2 121+6.5 13.8£6.8 <0.001
BMI, M + SD 235+3.8 233+38 234+38 233+39 0.172
Waist circumference, M + SD 84.6+12.3 843+129 83.8+12.8 83.9+129 0.065
Nighttime sleep duration, M + SD 6.6+17 6.2+2.0 59+2.0 57+22 <0.001
cognition, M + SD 10.9+4.3 9.9+42 9.6+4.2 8.6+4.3 <0.001
Frailty, n (%) <0.001
No 8,806 (90.4) 897 (76.9) 1,047 (63.4) 904 (52.5)

Yes 939 (9.6) 269 (23.1) 604 (36.6) 819 (47.5)

MCI, n (%) <0.001
No 8,322 (85.4) 946 (81.1) 1,302 (78.9) 1,202 (69.8)

Yes 1,423 (14.6) 220 (18.9) 349 (21.1) 521 (30.2)

Frailty + MCIL, n (%) <0.001
No 9,521 (97.7) 1,091 (93.6) 1,482 (89.8) 1,421 (82.5)

Yes 224 (2.3) 75 (6.4) 169 (10.2) 302 (17.5)

FI, median (IQR) 2.0 (1.0, 4.0) 4.0 (2.0, 6.0) 5.0 (3.0, 8.0) 6.0 (4.0,9.0) <0.001

BMI, body mass index; CESD, Center for Epidemiologic Studies Depression; M + SD, mean + standard deviation; MCI, Mild Cognitive Impairment; FI, Frailty Index.
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(kg/m?). Depression was evaluated by the 10-item Center for
Epidemiologic Studies Depression Scale (CESD-10), with a total score of
30. Health insurance status was ascertained via the Health Insurance
Medical Insurance Program survey, wherein participants were required
to identify their insurance coverage from a predefined list of options. The
classification included: (1) Urban employee medical insurance (yi-bao);
(2) Urban resident medical insurance; (3) New cooperative medical
insurance (he-zuo-yi-liao); (4) Urban and rural resident medical
insurance; (5) Government medical insurance (gong-fei); (6) Medical aid;
(7) Private medical insurance procured by the work unit; (8) Private
medical insurance procured by the individual; (9) Urban non-employed
persons’ health insurance; (10) Other specified medical insurance; and
(11) No insurance. Participants who indicated “No insurance” were
coded as “No,” whereas all other responses were coded as “Yes” for the
presence of insurance coverage.

2.7 Statistical analysis

Quantitative data with a normal distribution were described using
the mean and standard deviation (SD), while non-normally
distributed data were presented using the median (interquartile
range). Qualitative data were reported as percentages. Group
comparisons between the chronic pain and no-pain groups were
carried out using one-way analysis of variance and chi-square tests.

In cross-sectional study, a logistic regression model was employed
to investigate the association between chronic pain and cognitive frailty
(Wave 1,2011), and expressed as odds ratios (OR) and 95% confidence
intervals (CI). Longitudinal data from 2011 and 2015 were analyzed
using logistic regression models to explore the relationship between
chronic pain and cognitive frailty. Four different models with various
combinations of covariates were utilized. Specifically, Model 1 included
only chronic pain; Model 2 included age, gender and marital status;
Model 3 further included BMI, waist, education, smoking and alcohol
history and insurance; Model 4 further included nighttime sleep
duration, poor sleep quality, life-satisfy and CESD score.

We employed logistic regression analysis (model 4) to perform
subgroup analyses on the baseline (2011) and follow-up (2015) datasets.
The baseline analysis incorporated gender, age (with a cutoft of 60 years
old), marital status, and BMI (with a cutoff of 30 kg/m?) as categorical
variables. The sample for the subgroup logistic regression analysis is
consistent with the sample used in the overall logistic regression. In the
subgroup analysis conducted in 2015, the baseline frailty and mild
cognitive impairment (MCI) subgroup did not include subjects who
were diagnosed with cognitive frailty at baseline, as these individuals

TABLE 2 Logistic regression model on pain and Cognitive Frailty at 2011.

10.3389/fnagi.2024.1491120

were subsequently excluded during the follow-up period. The 2015
dataset analysis included these variables along with the addition of
baseline frailty and mild cognitive impairment (MCI) as covariates. The
aim was to evaluate the influence of these variables on the chronic pain-
cognitive frailty association within defined subgroups.

All statistical analyses were conducted using R software (version
4.4.0; R Foundation for Statistical Computing)' and Free Statistics
software (version2.01; Beijing Free Clinical Medical Technology Co.,
Ltd.), with a significance level set at 0.05 for all tests.

3 Results

Table 1 presented the characteristics of the 14,285 participants,
categorized into non-pain (9,745) and pain groups (4,540), and
further stratified into mild (1,166), moderate (1,651), and severe
(1,723) pain subgroups. Significant differences were observed across
groups in gender, age, marital status, education, alcohol and smoking
habits, insurance coverage, sleep quality, life satisfaction, CESD,
nighttime sleep duration, cognitive score, frailty index (FI), frailty,
MCI, and cognitive frailty (p <0.05). However, there were no
significant differences in BMI and waist circumference among the
groups (p > 0.05). Individuals with cognitive frailty accounted for
5.39% (770) at baseline (wave 1).

Table 2 showed the relationship between pain and cognitive frailty
at the baseline period (2011). In the unadjusted model (Model 1),
individuals with mild, moderate, and severe pain demonstrated
significantly higher odds of cognitive frailty compared to those
without pain, with corresponding odds ratios (ORs) of 2.92 (95% CI
2.23-3.82), 4.85 (95% CI 3.94-5.96), and 9.03 (95% CI 7.53-10.83) (all
with p < 0.001). Even after comprehensive adjustments for age, gender,
marital status, BMI, waist circumference, education, smoking and
drinking habits, insurance status, nighttime sleep duration, poor sleep
quality, life satisfaction, and CESD score (Model 4), the ORs for mild,
moderate, and severe pain remained significant at 2.53 (95% CI 1.81-
3.53), 2.78 (95% CI 2.1-3.68), and 4.68 (95% CI 3.63-6.03) (all with
p <0.001).

Figure 2 presents additional insights from subgroup analysis. For
the subgroup aged <60, no statistically significant difference was found
between the mild pain group and the no pain group (p > 0.05). In
contrast, within the other subgroups, both the mild, moderate, and

1 http://www.R-project.org

Model
Modell Model2 Model3 Model4
OR (95% Cl)  p-value OR(95% Cl) P-value @ OR(95% CI) P-value = OR(95% Cl) = P-value
Non-pain 1(Ref) 1(Ref) 1(Ref) 1(Ref)
Mild 292 (2.23 ~3.82) <0.001 2.69 (2.05 ~ 3.53) <0.001 294 (2.17 ~3.97) <0.001 253 (1.81 ~ 3.53) <0.001
Moderate 4.85 (3.94 ~ 5.96) <0.001 424 (3.4 ~ 5.24) <0.001 416 (3.25 ~ 5.33) <0.001 2.78 (2.1 ~ 3.68) <0.001
Severe 9.03 (7.53 ~ 10.83) <0.001 8.03 (6.67 ~ 9.67) <0.001 8.08 (6.51 ~ 10.02) <0.001 4.68 (3.63 ~ 6.03) <0.001

Model 1: No adjustment; Model 2: Adjusted for age, gender, and marital status; Model 3: Model 2 + BMI, waist, education, ever/current smoke, ever/current alcohol, insurance; Model 4: Model

3 + Nighttime sleep duration, poor sleep quality, life-satisfy and CESD score.
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Subgroup Variable Total Event (%) OR (95%Cl) P for interaction
Overall

Crude mild pain 1166 75 (6.4) 2.92 (2.23~3.82) ———
moderate pain 1651 169 (10.2) 4.85 (3.94~5.96) -
severe pain 1723 302 (17.5) 9.03 (7.53~10.83) -
Adjusted mild pain 1166 75 (6.4) 2.53 (1.81~3.53) ———
moderate pain 1651 169 (10.2) 2.78 (2.1~3.68) i
severe pain 1723 302 (17.5) 4.68 (3.63~6.03) ——
Gender group 0.146
Female mild pain 682 59 (8.7) 2.38 (1.63~3.48) —e—
moderate pain 1032 131(12.7) 2.37 (1.71~3.26) e
severe pain 1072 238 (22.2) 4.47 (3.35~5.97) ——
Male mild pain 484 16 (3.3) 2.8 (1.36~5.79) } < ]
moderate pain 618  38(6.1) 4.38 (2.48~7.73) e
severe pain 650 64 (9.8) 5.13 (3.01~8.74) —e—
Age group 0.382
<60 mild pain 647  23(3.6) 1.73 (0.96~3.11) ———
moderate pain 875 61 (7) 2.23 (1.41~3.52) —e—
severe pain 878 126 (14.4) 3.93 (2.61~5.93) s
260 mild pain 519 52 (10) 3.1 (2.05~4.7) e
moderate pain 776 108 (13.9)  3.22 (2.25~4.61) L g
severe pain 845 176 (20.8) 4.88 (3.52~6.77) —e—
Marital Status 0.415
Married mild pain 1010 58 (5.7) 2.58 (1.77~3.75) ——
moderate pain 1411 123 (87)  2.46 (1.78~3.4) Loe
severe pain 1478 244 (16.5) 4.6 (3.46~6.13) ——
Unmaried mild pain 156 17 (10.9) 2.4 (1.13~5.09) k \ 2 |
moderate pain 240 46 (19.2)  4.14 (2.32~7.38) e
severe pain 245 58 (23.7) 4.69 (2.68~8.22) —e—
BMI group 0.482
<25kg/m2 mild pain 710  41(5.8) 2.32 (1.53~3.51) e
moderate pain 978 96 (9.8) 3.05 (2.2~4.24) —e—
severe pain 1037 180 (17.4)  5.05 (3.74~6.82) e
>25kg/m2 mild pain 311 26(8.4) 2.9(1.62~5.2) e
moderate pain 444 35(7.9) 2.18 (1.26~3.77) —e—
severe pain 443 71 (16) 3.89 (2.4~6.28) —e—
| T T 1
1.0 20 4.0 8.0
Effect(95%Cl)
FIGURE 2

Subgroup analysis of the relationship between chronic pain and cognitive frailty at baseline. Adjustments for confounders were conducted using
Model 4. The logistic regression analysis for subgrouping was performed using an identical sample as that employed in the baseline-wide logistic
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FIGURE 2 (Continued)

intervals. Cl, Confidence Interval; OR, Odds Ratio; BMI, Body Mass Index.

regression. Square symbols are employed to represent the odds ratios (ORs), while horizontal lines delineate the 95% confidence intervals (Cls).
Diamond shapes are used to depict the population-level odds ratios, with the points at the vertices of the diamonds indicating the 95% confidence

TABLE 3 Logistic regression model on pain and Cognitive Frailty at 2015.

Model
Modell Model2 Model3 Model4
OR (95% CI) P-value @ OR(95% Cl)  P-value OR(95% Cl) P-value @ OR(95% Cl)  P-value
Non-pain 1(Ref) 1(Ref) 1(Ref) 1(Ref)
Mild 5.87 (3.51 ~ 9.8) <0.001 5.03 (2.98 ~ 8.5) <0.001 4.57 (2.57 ~ 8.14) <0.001 3.15 (1.68 ~ 5.92) <0.001
Moderate 6.1 (4.02 ~9.25) <0.001 429 (2.78 ~ 6.61) <0.001 3.87 (239 ~ 6.26) <0.001 2.03 (1.14 ~ 3.62) 0.016
Severe 10.63 (7.42 ~ 15.21) <0.001 8.97 (6.19 ~ 13) <0.001 8.9 (5.84 ~ 13.55) <0.001 5.14 (3.12 ~ 8.48) <0.001

Model 1: No adjustment; Model 2: Adjusted for age, gender, and marital status; Model 3: Model 2 + BMI, waist, education, ever/current smoke, ever/current alcohol, insurance; Model 4: Model

3 + Nighttime sleep duration, poor sleep quality, life-satisfy and CESD score.

severe pain groups demonstrated significantly higher odds of cognitive
frailty compared to individuals without pain (p < 0.05).

Table 3 expanded the analysis to the 2015 follow-up period,
providing further insight into the association between pain and
cognitive frailty. In the unadjusted model (Model 1), individuals
experiencing mild, moderate, and severe pain demonstrated
significantly elevated odds of cognitive frailty compared to those
without pain, with ORs of 5.87 (95% CI 3.51-9.80), 6.10 (95% CI
4.02-9.25), and 10.63 (95% CI 7.42-15.21), respectively (all with
p <0.001). (Model 4),
individuals with mild, moderate, and severe pain still exhibited

After comprehensive adjustments

significantly higher odds of cognitive frailty compared to those
without pain, with ORs of 3.15 (95% CI 1.68-5.92), 2.03 (95% CI
1.14-3.62), and 5.14 (95% CI 3.12-8.48), respectively (all with
p <0.05).

Figure 3 provided additional insights from subgroup analysis. In
the subgroup of individuals aged <60 years, married individuals, those
with baseline mild cognitive impairment (MCI) and those with
baseline frailty, the odds of experiencing cognitive frailty were
significantly higher for individuals with mild, moderate, and severe
pain compared to those without pain (p < 0.05). Conversely, in the
subgroup of individuals aged >60 years, individuals with moderate
and severe pain demonstrated significantly elevated odds of cognitive
frailty compared to those without pain (p < 0.05), while no significant
difference was found in the odds of cognitive frailty between those
with mild pain and those without pain (p > 0.05). In the male and
frailty at baseline subgroups, individuals experiencing mild, moderate,
and severe pain did not display significantly increased odds of
cognitive frailty compared to those without pain (p > 0.05). However,
in the unmarried subgroup, individuals experiencing severe pain
showed significantly elevated odds of cognitive frailty compared to
those without pain (p < 0.05), while no significant difference was
observed for individuals with mild and moderate pain compared to
those without pain (p > 0.05). Furthermore, in the subgroups based
on BMI categorized as >25kg/m* and < 25 kg/m? individuals
experiencing mild and severe pain exhibited significantly higher odds
of cognitive frailty compared to those without pain (p < 0.05).
Conversely, individuals experiencing moderate pain did not
demonstrate significantly increased odds of cognitive frailty compared
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to those without pain (p > 0.05). There were no significant interactions
between the groups (p > 0.05).

4 Discussion

According to our cross-sectional study, the incidence of cognitive
frailty was significantly higher in individuals with mild, moderate, and
severe pain than those without pain, and in our longitudinal study,
individuals with mild, moderate, and severe pain had a higher risk of
developing cognitive frailty compared to those without pain. Subgroup
analysis revealed that age, gender, marital status, BMI, baseline MCI
and baseline frailty might be promoting/preventing factors to develop
cognitive frailty.

“Cognitive frailty” was proposed by the IANA and the IAGG in
2013, which clarified its 2 criteria, namely: (1) co-existing of physical
frailty and cognitive impairment; (2) exclusion of concurrent
dementia (Kelaiditi et al., 2013). Thus, the simultaneous presence of
both physical frailty and cognitive impairment with the feature of
reversibility were required to diagnose cognitive frailty (Kelaiditi
et al,, 2013). In the community setting, the incidence of cognitive
frailty in the elderly was approximately 1.0-12.1% (Shimada et al.,
2016; Feng et al., 2017; Feng et al., 2017; Solfrizzi et al., 2017;
Montero-Odasso et al., 2016; Delrieu et al., 2016; Fougere et al.,
2017). However, in clinical settings, the prevalence of cognitive frailty
could be as high as 10.7-39.7% (Roppolo et al., 2017; Merchant et al.,
2017; St John et al., 2017; Jha et al., 2016). In the present study, the
prevalence of cognitive frailty was 5.39%, which was in accordance
with previous studies. Until now, there were no studies of cognitive
frailty with large-sample size in China, and this study filled the
domestic gap.

Few studies investigated the association between pain and
cognitive frailty. Previous work revealed a significant positive
correlation between chronic pain and frailty (Blyth et al., 2008;
Coelho etal., 2017; Wade et al., 2017). Empirical studies disclosed a
robust association between the prevalence of chronic pain and the
incidence of frailty, with an estimated 40-50% of the frail elderly
population concurrently enduring chronic pain (Chang et al., 2011;
Shega et al., 2013). Elderly individuals with chronic pain were at

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1491120
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org

Lietal. 10.3389/fnagi.2024.1491120
Subgroup Variable Total Event (%) OR (95%Cl) P for interaction
Overall

Crude mild pain 222 20(9) 5.87 (3.51~9.8) -
moderate pain 375  35(9.3) 6.1 (4.02~9.25) -
severe pain 388 59(15.2) 10.63 (7.42~15.21) -
Adjusted mild pain 222 20(9) 3.15(1.68~5.92) ——
moderate pain 375  35(9.3) 2.03 (1.14~3.62) —
severe pain 388 59(15.2) 5.14(3.12~8.48) -
Gender group 0.868
Female mild pain 140 15(10.7) 3.24 (1.59~6.64) ——
moderate pain 274 32 (11.7) 223 (1.2~4.14) ——
severe pain 252 49(19.4)  6.04 (3.46~10.54) ——
Male mild pain 82 5(6.1) 2.85(0.72~11.3) —a—
moderate pain 100 2(2) 1.66 (0.31~8.81) —a—
severe pain 135 10(7.4) 2.91(0.91~9.3) ——
Age group 0.148
<60 mild pain 136 9(6.6) 4.62 (1.96~10.94) .
moderate pain 226 18 (8) 3.02 (1.38~6.61) ——
severe pain 236 34 (14.4)  7.98 (4.12~15.46) ——
260 mild pain 86 11(12.8)  2.03 (0.77~5.31) .
moderate pain 149 17 (11.4) 1.19 (0.49~2.89) ——
severe pain 152 25(16.4) 3.03 (1.36~6.75) ——
Marital Status 0.495
Married mild pain 199 17(8.5) 3.2(1.6~6.37) ——
moderate pain 334 31 (9.3) 221 (1.19~4.11) ——
severe pain 342 48 (14) 4.82 (2.77~8.37) ——
Unmaried mild pain 23 3(13) 3.85(0.71~20.75) i
moderate pain 41 4(9.8) 1.82(0.31~10.8) ——
severe pain 46 11 (23.9) 13.15 (3.25~53.14) ——
BMI group 0.691
<25kg/m2 mild pain 152 14(9.2) 2.99 (1.45~6.19) ——
moderate pain 221 19 (8.6) 1.92 (0.94~3.92) —a—
severe pain 225 38 (16.9) 5.83 (3.23~10.54) ——
225kg/m2 mild pain 51 4(7.8) 4.32 (1.15~16.27) —a—
moderate pain 121 11(9.1) 2.18 (0.81~5.89) ——
severe pain 109 12 (1) 3.52(1.36~9.11) ——
MCI at baseline 0.606
Yes mild pain 185  11(5.9) 2.84 (1.24~6.47) ——
moderate pain 331 27 (8.2) 2.8 (1.44~5.44) ——
severe pain 320 35(10.9) 5.35 (2.88~9.95) ——
No mild pain 37 9 (24.3) 3.92 (1.32~11.65) i
moderate pain 44 8(18.2) 0.94 (0.25~3.57) ——
severe pain 68 24 (35.3)  4.42(1.72~11.34) ——
Frailty at baseline 0.228
Yes mild pain 188 15(8) 3.59 (1.8~7.16) A
moderate pain 275 23(8.4) 212 (1.08~4.18) ——
severe pain 277 39 (14.1) 5.85 (3.31~10.35) ——
No mild pain 34 5(14.7) 0.98 (0.19~5.04) e ]
moderate pain 100 12 (12) 0.74 (0.2~2.8) ——
severe pain 111 20(18) 1.18 (0.33~4.17) . me|
T T T T T T 1
0.25 1.0 2.0 4.0 8.016.032.0
Effect(95%Cl)
FIGURE 3

Subgroup analysis of the association between chronic pain and cognitive frailty during the follow-up period. Adjustments for confounding variables
were performed using Model 4. The sample for the subgroup logistic regression analysis mirrors that of the overall logistic regression conducted
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FIGURE 3 (Continued)

Cognitive Impairment.

during the follow-up phase. The baseline frailty and mild cognitive impairment (MCI) subgroup excludes individuals diagnosed with cognitive frailty at
baseline, as these subjects were not included during the follow-up due to subsequent exclusion criteria. Square symbols represent the odds ratios
(ORs), and horizontal lines indicate the 95% confidence intervals (Cls). Diamond shapes depict the population-level odds ratios, with the points along
the edges of the diamonds representing the 95% confidence intervals. Cl, Confidence Interval; OR, Odds Ratio; BMI, Body Mass Index; MCI, Mild

higher risk to developing frailty compared to those without chronic
pain. In a longitudinal cohort study with 8-year follow-up, pain alone
was reported to cause a fairly high percentage of frailty compared to
the individuals without pain (Wade et al., 2017). A study based on
Health and Retirement Study (HRS) revealed that persistent severe
pain trajectory was associated with poorer overall cognition,
memory and calculation ability (Sun et al, 2024). Another
longitudinal study confirmed that older adults exposed to severe
long-term pain had a significantly faster cognitive decline (Rong
et al., 2021). A cross-sectional study investigated the association
between pain, cognition and frailty, and discovered that the
association between pain and cognitive function became
non-significant after adjustment for age, sex and education level
(Smith et al., 2015). However, the above work was cross-sectional
and with relatively small sample size. A variety of studies confirmed
positive correlation between chronic pain and frailty, and positive
correlation between chronic pain and cognitive impairment.
Therefore, we hypothesized positive correlation between chronic
pain and cognitive frailty, and eventually revealed that the incidence
of cognitive frailty was significantly higher in individuals with
chronic pain, and individuals with chronic pain had a higher risk of
developing cognitive frailty.

The mechanism correlating pain and frailty/cognition also
supported the association between chronic pain and cognitive
frailty. First, persistent pain caused impaired mobility, decreased
resting metabolic rate, and decreased intake. Second, chronic pain
activated the hypothalamic pituitary adrenal (HPA) axis, which
increased cortisol levels (McBeth et al., 2005; Choi et al., 2010;
Varadhan et al., 2008). HPA axis dysregulation was also a keypoint
in the onset of frailty (McBeth et al., 2005; Choi et al., 2010;
Varadhan et al., 2008). Thirdly, persistent pain and frailty were
linked through the immune-inflammatory response (Edwards
et al.,, 2008). The biological mechanisms of cognitive impairment
are also complicated. For example, noradrenaline (NA), produced
by the locus coeruleus (LC), mediates cognitive reserve. Progressive
degeneration of the LC with resulting NA deficiency leads to
gradual cognitive impairment (Lopez-Ortiz et al, 2024).
Furthermore, the ventral tegmental area (VTA) which contains
dopaminergic (DA) neurons is disrupted in AD. The disconnection
between VTA and other brain regions leads also to cognitive
decline (Lopez-Ortiz et al., 2024). Additionally, chronic pain could
induce neuropathological modifications, including alterations in
gray matter volume and the integrity of the anterior white matter
tracts. Such alterations might disrupt the operational efficacy of
neural networks integral to cognitive processes (Malfliet et al.,
2017; Gomez-Beldarrain et al., 2016). Furthermore, these
neuroanatomical changes also impacted cognitive reserve,
potentially precipitating a deterioration in cognitive function
(Gomez-Beldarrain et al., 2016).
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Pain-depression and depression-frailty relationships have
been widely investigated (Landi et al., 2005; Herrick et al., 2004).
Researchers found higher risk of depressive symptoms in frail
older adults with pain (Malfliet et al., 2017). In the present study,
we adjusted the item of depression and reached the same results.

The current investigation boasted several methodological
merits. Initially, the research harnessed data from the CHARLS, a
dataset that was emblematic of the national demographic, thereby
enabling a robust examination of the nexus between chronic pain
and cognitive frailty among the Chinese geriatric populace.
Secondly, the study’s sample size eclipsed that of numerous
comparable studies, bolstering the statistical robustness of the
findings. Thirdly, the methodology included both cross-sectional
and longitudinal analyses, which collectively enhanced the
persuasiveness of the evidence linking chronic pain to
cognitive frailty.

Conversely, the study was not devoid of limitations. The
retrospective nature of the research precluded the comprehensive
adjustment for all potential confounding factors. Moreover, a
considerable proportion of the CHARLS data exhibited gaps or
incompleteness, potentially skewing the results. Furthermore, the
diagnoses within the CHARLS database predominantly rely on
questionnaires and individual self-reports from subjects, which
inevitably introduces recall bias and misclassifies some untreated
patients as part of the healthy population, thereby exerting a partial
influence on the outcomes. Additionally, the study did not delineate
the specific anatomical sites of pain nor did it track the progression of
pain over the four-year observation period. Future prospective cohort
studies are warranted to more intricately dissect the interplay between
distinct chronic pain sites or the trajectory of chronic pain and its
impact on cognitive frailty.

5 Conclusion

In the present study, we discovered that the incidence of cognitive
frailty was significantly higher in people suffered from chronic pain, and
people with chronic pain had a higher risk of developing cognitive
frailty in middle-aged and older Chinese population. As chronic pain
may increase the risk of cognitive frailty, management of chronic pain
is of vital importance in preventing cognitive frailty, improving the
quality of life in middle-aged and older population and reducing
economic burden on families and society.
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