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Impact of frailty severity 
and severe pain on cognitive 
function for community‑dwelling 
older adults with arthritis: 
a cross‑sectional study in Korea
Wonhee Baek 1, Yujin Suh 2 & Yoonjung Ji 3*

Pain is a major symptom of arthritis in older adults, often leading to frailty and cognitive decline. 
However, few studies have investigated the relationship among pain, frailty, and cognitive function in 
older adults with arthritis. This study aimed to investigate the factors influencing cognitive function 
and the impact of frailty severity and pain on cognitive function in older adults with arthritis using a 
Korean population‑based dataset. This cross‑sectional descriptive study involved the secondary data 
of 1089 participants from the seventh and eighth waves of the Korean Longitudinal Study on Aging. 
We examined general characteristics, health behaviors, health conditions (including severe pain and 
frailty), and cognitive function. Participants were categorized based on the presence or absence of 
pain severity and frailty status as follows: robust, only severe pain, only prefrail, prefrail with severe 
pain, only frail, and frail with severe pain. Multiple linear regression analysis was performed to 
establish correlations between groups and cognitive function. The only‑prefrail group was the largest 
(19.7%) among participants experiencing either pain or frailty. Advanced age, sex, level of education, 
and visual and hearing impairments were significantly associated with cognitive function. Compared 
to the robust group, only prefrail (β = ‑1.54, confidence interval [CI] = − 2.33; − 0.76), prefrail with 
severe pain (β = − 2.69, CI = − 3.52; − 1.87), only frail (β = − 4.02, CI = − 5.08; − 2.97), and frail with severe 
pain (β = − 5.03, CI = − 5.99; − 4.08) groups were associated with lower Mini‑Mental State Examination 
scores. The study confirmed that severe pain alone does not significantly impact cognitive function 
in older adults with arthritis. To prevent cognitive decline in this group, assessment of both pain and 
frailty severity is essential to predict high‑risk groups and provide appropriate interventions, such as 
transfer to hospitals or primary clinics according to the severity of pain and frailty.

By 2050, the population of older adults is expected to double, with an estimated 425 million people aged 
80 years and  older1. Concomitantly, the burden of degenerative diseases due to aging is anticipated to increase. 
Osteoarthritis (OA), one of the most common degenerative diseases in older adults, affects an estimated 10.5% 
of the US  population2, whereas rheumatoid arthritis (RA), a chronic autoimmune disease, has a prevalence of 
0.5–1.0% in Europe and North  America3. The risk of both conditions increases with  age2. Patients with arthritis 
experience symptoms such as pain, joint impairment, and fatigue along with associated disease burdens such as 
reduced quality of life and work  productivity4.

Cognitive decline is a notable symptom of aging, with previous studies reporting its relevance in patients with 
 arthritis5, particularly affecting attention, memory, and verbal function. Cognitive decline was reported in 67% 
of patients with RA in the  UK6, and the incidence of dementia in patients with OA was twice that of non-OA 
in  Taiwan7. While depression, chronic pain, drug-related effects, functional disabilities, and inflammation have 
been proposed as potential explanations for the cognitive decline observed in patients with arthritis, the precise 
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mechanism underlying this decline remains  unclear8. Inflammation has been hypothesized to be the biological 
mechanism that links arthritis and cognitive impairment. In arthritis, peripheral inflammation and cytokine 
release can induce changes in brain metabolism. This inflammation can be exacerbated by the production of 
amyloid peptides, which contribute to the formation of brain lesions in Alzheimer’s  disease9,10. However, several 
studies have found that older adults with arthritis experience cognitive decline at a similar rate to those without 
arthritis, suggesting that arthritis may not accelerate the development of cognitive  impairment11,12. Given these 
contradictory findings, it is beneficial for healthcare providers to assess the cognitive function of patients with 
arthritis by identifying the degree of cognitive decline based on representative population data and relevant 
influencing factors.

Chronic pain, one of the most prevalent and burdensome symptoms of arthritis in older  adults4, can be 
alleviated through appropriate approaches and may be a modifiable factor in improving or reversing geriatric 
 conditions13–16. Unresolved pain often has detrimental consequences, including severe disability due to reduced 
mobility, falls, depression, anxiety, disturbed sleep, isolation, and  sarcopenia17,18. In a randomized controlled 
trial that examined pain and cognitive decline in healthy community-dwelling older adults, pain was confirmed 
as a contributing factor to the acceleration of cognitive  decline19,20. In previous studies, pain has been strongly 
associated with cognitive decline in arthritis  patients5.

Frailty refers to a state in which an individual’s vulnerability increases due to a decrease in the ability to 
maintain homeostatic balance. The phenomenon of increased frailty becomes more pronounced with advancing 
 age21,22. Physical frailty is defined as a condition characterized by weight loss, decreased vitality, reduced physical 
activity, slower walking pace, and diminished grip  strength22, with musculoskeletal functioning being a dominant 
component. Therefore, physical frailty is highly prevalent among older adults with  arthritis23. In 2022, a meta-
analysis of 16 studies reported a prevalence of 33.5% and 39.9% for frailty and pre-frailty in patients with RA, 
 respectively24. Recently, the concept of frailty has been expanded to include not only physical aspects, but also 
mental, social, and cognitive  aspects21. It is especially noteworthy that patients with arthritis frequently report 
symptoms including pain, functional impairment, depression, and social  isolation4,25. Hence, there is a need to 
employ the concept of frailty in patients with arthritis, encompassing not only physical frailty but also mental 
and social aspects. Cognitive impairment is a component of frailty, and the relationship between frailty and 
cognitive impairment has been extensively  studied26. Although most patients with arthritis are not robust, the 
effects of frailty stratification on cognitive decline in patients with arthritis remain unclear.

Pain acts as a stressor and contributes to the development of frailty, with several studies indicating a significant 
association between pain and  frailty3,27,28. Furthermore, pain is associated with cognitive  decline19,20, and frailty 
is also linked to cognitive  deterioration26. Notably, pain and frailty are typical characteristics of patients with 
arthritis. Considering the relationship among pain, frailty, and cognitive function, we hypothesized that older 
adults with arthritis experiencing uncontrolled pain are more likely to experience greater cognitive decline. 
However, to date, no studies have examined the combined effects of pain and frailty on cognitive function in 
older adults with arthritis. This study will assist in stratifying and identifying subgroups of people with arthritis 
at risk of cognitive decline, laying the foundation for fundamental research into preventing cognitive decline. 
Therefore, the primary objective of this study is to identify the factors affecting cognitive function and determine 
how severity of frailty and pain impact cognitive function in older adults with arthritis.

Methods
All methods were carried out in accordance with relevant guidelines and regulations.

Study design and participant selection
This cross-sectional study aimed to identify the factors affecting cognitive function and determine how frailty 
severity and pain affect cognitive function in older adults with arthritis, using the seventh and eighth survey 
data of the Korean Longitudinal Study of Aging (KLoSA). The KLoSA survey methods have been described 
 previously29.

The seventh and eighth surveys used in this study included 6940 and 6488 participants, respectively, and 
were undertaken in 2018 and 2020, respectively. Arthritis is prevalent in all age groups, but older adults have 
distinctive characteristics; therefore, the study was limited to patients with arthritis aged 65 years or older. 
Individuals who responded “yes” to the question “Have you ever been diagnosed with arthritis by a doctor?” 
were enrolled as participants. To maintain data consistency, when participants took part in both the seventh and 
eighth surveys, only the data from the eighth survey were considered. Exclusion criteria were as follows: (1) data 
from the seventh survey were disregarded in cases of duplicate participation in both surveys; (2) variables with 
missing data; (3) patients diagnosed with dementia by a physician; and (4) patients aged < 65 years. Although 
arthritis is a chronic disease, there are cases where the disease develops before 65 years of age; therefore, there 
are limitations in generalizing the results of this study to all patients with arthritis. A flowchart of the participant 
selection process is shown in Fig. 1.

Measures
Cognitive function
The Korean version of the Mini-Mental State Examination (K-MMSE) measures cognitive function and is widely 
used as a screening test for patients with  dementia30. Moreover, the K-MMSE is not only employed to identify 
dementia in research settings but also to gauge general cognitive  function31,32. It consists of 19 items, each scored 
from 0 to 30 points, with higher scores indicating better cognitive  function30. A K-MMSE score of 17 points or 
less may warrant the suspicion of dementia, while a K-MMSE score ranging from 18 to 23 points may indicate 
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mild cognitive  impairment33. Reliability testing for community-dwelling older adults demonstrated a Cronbach 
alpha of 0.8934 and the Cronbach alpha of this study overall was 0.73.

Pain
Participants were categorized according to their responses to the question, “Do you currently experience 
difficulties in performing daily activities due to pain?”. Those participants answering “yes” were classified as 
experiencing severe pain, whereas those answering “no” were classified as experiencing no severe pain.

Frailty
Frailty encompasses physical (weakness), psychological (exhaustion), and social (isolation)  determinants35,36. 
Physical weakness was denoted by grip strength below 24 kg for men and 15 kg for women. Psychological 
exhaustion was indicated by the feeling of not being able to do anything at all for more than three to four days 
in a week. Social isolation was defined as minimal or lack of participation in social groups (alumni associations, 
hometown associations, etc.), religious groups (churches, cathedrals, etc.), cultural activities groups (choirs, 
plays, movies, etc.), sports and leisure groups (mountain clubs, etc.), civic groups, interest groups and political 
groups, volunteer groups, and learning groups (college or classes for older adults, etc.). Participants meeting two 
or more of the determinants were classified as frail; those meeting one criterion were defined as pre-frail, and 
those meeting none of the determinants were considered  robust35,36.

Group by severe pain and frailty status
Participants were categorized into six groups according to their level of severe pain and frailty status: robust, 
severe pain only, only pre-frail, pre-frail with severe pain, frail only, and frail with severe pain.

General characteristics
General characteristics included age, sex, level of education, and marital status. Highest education levels of 
participants were classified as elementary school, middle school, and high school or higher. Marital status was 
distinguished by the presence or absence of a current spouse or common-law partner.

Health behavior and health condition
Smoking status was categorized as current smokers or non-smokers. Drinking status was classified as current 
drinkers and non-drinkers. Health conditions included chronic diseases, hearing impairments, and visual 
impairments. The number of chronic diseases was classified as 0, 1, 2, or 3 or more for chronic diseases diagnosed 
by doctors, and included hypertension, diabetes, cancer, or lung, liver, heart, cerebrovascular, psychiatric, and 
spinal diseases. Hearing and visual impairments were measured on a Likert scale from 1 to 5, with higher scores 
indicating more severe impairment, represented as continuous variables.

Statistical analyses
The data were analyzed using R version 4.0.0 (R Core Team, 2020) with significance set at p < 0.05. Using 
descriptive statistics, the participant’s general characteristics, health behaviors, health conditions, and cognitive 
functions are expressed as real numbers, percentages, and means and standard deviations, depending on the 
characteristics of the variables. To investigate the differences in cognitive function according to categorical 

Figure 1.  The participant-selection flow chart. KLoSA Korean Longitudinal Study of Aging.
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variables, independent t-tests and analysis of variance were used. Pearson’s correlation coefficients were calculated 
to investigate the relationship between cognitive function and continuous variables. The distribution of the 
K-MMSE scores by group is presented as a density plot (Fig. 3). For multivariate regression analysis, variables 
were considered statistically significant if the 95% confidence interval (CI) did not include zero.

Ethical considerations
The Institutional Review Board of G University (approval no. GIRB-D23-NX-0027) approved this study and 
waived the requirement for obtaining written informed consent.

Results
Of the 13,428 participants at baseline (6488 from the eighth survey and 6940 from the seventh survey), 1, 098 
participants were selected after the exclusion of those without a confirmed arthritis diagnosis as well as those 
with duplicate entries (n = 5998), participants not diagnosed with arthritis (n = 5550), participants with dementia 
(n = 73), those with missing data (n = 180), and those under the age of 65 years (n = 156).

Characteristics of study participants
The participants’ characteristics are presented in Table 1. Among the 1098 participants, the average age was 
77.1 ± 6.8 years with approximately 79.0% females (n = 867) and 57.7% married individuals (n = 634). More than 
one-third of participants were elementary school graduates (n = 753, 68.6%). Most participants were non-smokers 
(n = 1052, 95.8%) or non-drinkers (n = 912, 83.1%). More than one-third of the patients had more than two 
chronic diseases (n = 494, 45%). Visual and hearing impairment scores were 3.2 ± 0.7 and 2.8 ± 0.7, respectively. 
In particular, 45.3% of participants experienced severe pain, 42% were robust, 37.1% were pre-frail, and 20.9% 
were frail. The average K-MMSE score of the participants was 22.9 ± 5.5. Moreover, 30.7% of participants were 
suspected to have mild cognitive impairment, and 16.9% were suspected to have dementia.

For participants categorized in groups according to the severity of pain and frailty status, 26.3% were robust, 
15.7% experienced only severe pain, 19.7% were only prefrail, 17.4% were pre-frail with severe pain, 8.7% were 
only frail, and 12.2% were frail with severe pain (Table 2, Fig. 2).

Differences in K‑MMSE according to categorical variables
The differences between the categorical variables and K-MMSE scores are presented in Table 3. In terms of 
demographic characteristics, there were significant differences in the K-MMSE scores according to sex (t = − 3.7, 
p < 0.001), marital status (t = − 7.1, p < 0.001), final education (F = 56.6, p < 0.001), drinking status (t = − 6.4, 
p < 0.001), number of diseases (F = 7.1, p < 0.001), severe pain (t = 7.1, p < 0.001), and frailty status (F = 142.1, 
p < 0.001).

In addition, K-MMSE scores varied significantly based on the presence of severe pain and frailty status 
(F = 64.39, p < 0.001). The distribution of K-MMSE scores in the robust group was positively skewed. Conversely, 
the frail with severe pain group showed a concentration of lower K-MMSE scores (shown in Fig. 3).

Correlation between continuous variables and K‑MMSE
The correlations between continuous variables and K-MMSE scores are presented in Table 4. There was a negative 
correlation between K-MMSE scores and age (r = − 0.41, p < 0.001), visual impairment (r = − 0.27, p < 0.001), and 
hearing impairment (r = − 0.32, p < 0.001).

Multiple linear regression analysis
Multiple linear regression analysis was used to identify the factors associated with K-MMSE scores (Table 5). The 
model accounted for 37.1% of the variability observed in the K-MMSE scores. Advanced age was associated with a 
decrease in K-MMSE scores (β = − 0.16, 95% CI [− 0.21, − 0.12]), as were visual (β = − 0.95, 95% CI [− 1.37, − 0.53]) 
and hearing impairments (β = − 1.22, 95% CI [− 1.61, − 0.83]). Additionally, demographic factors were associated 
with higher K-MMSE scores, including male sex (β = 1.11, 95% CI [0.38, 1.85]), middle school education (β = 1.49, 
95% CI [0.74, 2.24]), and high school or higher education (β = 1.70, 95% CI [0.92, 2.47]). Compared to the robust 
group, only prefrail (β = − 1.54, CI = − 2.33 to − 0.76), prefrail with severe pain (β = − 2.69, CI = − 3.52 to − 1.87), 
only frail (β = − 4.02, CI = − 5.08 to − 2.97), and frail with severe pain (β = − 5.03, CI = − 5.99 to − 4.08) groups 
were associated with lower K-MMSE scores.

Discussion
To the best of our knowledge, this study is the first to examine the factors affecting cognitive function based on 
the severity of pain and frailty levels in individuals with arthritis, using a nationally representative population 
in Korea. The findings of this study suggest that various factors including age, sex, level of education, visual and 
hearing impairments, severe pain, and frailty status are correlated with cognitive function. We observed that 
cognitive function deteriorated as frailty progressed and severe pain occurred. In individuals experiencing only 
severe pain, cognitive function scores did not differ from those of the robust group. However, when prefrail 
and frailty was present, cognitive function scores were lower than those in the robust group. Notably, the group 
experiencing both frailty and severe pain had the lowest cognitive function scores, highlighting the substantial 
impact of frailty severity and the coexistence of severe pain with arthritis in older adults.

In terms of demographic characteristics, sex was a significant factor, with almost 80% of the participants in 
our study being female. This proportion was slightly higher than that reported in previous studies, wherein female 
participants accounted for approximately 66–78% of the total  participants37,38. One possible explanation for this 
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Table 1.  Participant characteristics and MMSE scores (n = 1098). M mean, SD standard deviation, MMSE 
Mini-Mental State Examination.

Variable n (%) or M ± SD

General

 Age 77.1 ± 6.8

 Sex

  Female 867 (79.0)

  Male 231 (21.0)

 Marital status

  Not married 464 (42.3)

  Married 634 (57.7)

 Final education

  Elementary 753 (68.6)

  Middle 175 (15.9)

  High school or higher 170 (15.5)

Health behavior

 Smoking status

  Non-smoker 1052 (95.8)

  Smoker 46 (4.2)

 Drinking status

  Non-drinker 912 (83.1)

  Drinker 186 (16.9)

Health condition

 Number of diseases

  None 242 (22.0)

  One 362 (33.0)

  Two or more 494 (45.0)

 Visual impairment (1–5) 3.2 ± 0.7

 Hearing impairment (1–5) 2.8 ± 0.7

 Severe pain

  No 601 (54.7)

  Yes 497 (45.3)

 Frailty status

  Robust 461 (42.0)

  Prefrail 407 (37.1)

  Frail 230 (20.9)

 MMSE score (0–30) 22.9 ± 5.5

  24 ≤ 575 (52.4)

  18 ≤  ≤ 23 337 (30.7)

  ≤ 17 186 (16.9)

Table 2.  Groups categorized by pain severity and frailty status (n = 1098).

Group n (%) or M ± SD

Robust 289 (26.3)

Only severe pain 172 (15.7)

Only prefrail 216 (19.7)

Prefrail with severe pain 191 (17.4)

Only frail 96 (8.7)

Frail with severe pain 134 (12.2)



6

Vol:.(1234567890)

Scientific Reports |         (2024) 14:2874  | https://doi.org/10.1038/s41598-024-53431-3

www.nature.com/scientificreports/

Figure 2.  Groups categorized by severe pain and frailty status (n = 1098).

Table 3.  MMSE scores according to categorical variables (n = 1098). M mean, SD standard deviation, MMSE 
Mini-Mental State Examination.

M ± SD F or t p

Sex − 3.7 < 0.001

 Female 22.6 ± 5.6

 Male 24.1 ± 5.1

Marital status − 7.1 < 0.001

 No 21.6 ± 5.8

 Yes 23.9 ± 5.1

Final education 56.6 < 0.001

  Elementarya 21.8 ± 5.6 a<b,c

  Middleb 25.3 ± 4.3

 High  schoolc 25.6 ± 4.4

 Smoking status − 0.9 0.370

 Non-smoker 22.9 ± 5.5

Smoker 23.6 ± 5.6

Drinking status − 6.4 < 0.001

 Non-drinker 22.6 ± 5.7

 Drinker 24.9 ± 4.2

Number of diseases 7.1 < 0.001

  Nonea 23.8 ± 5.3 a<b

 1 23.3 ± 5.3

  2b 22.3 ± 5.6

Severe pain 7.1 < 0.001

 No 24.0 ± 5.0

 Yes 21.6 ± 5.8

Frailty status 142.1 < 0.001

  Robusta 25.3 ± 4.0 c,b<a

  Prefrailb 22.6 ± 5.1 c<b

  Frailc 18.8 ± 6.2

Groups by severity of pain and frail status < 0.001

  Robusta 25.8 ± 3.7 f,e,d,c<a

 Only severe  painb 24.6 ± 4.2 d,e,f<b,c

 Only  prefrailc 23.6 ± 4.5 e<d

 Prefrail with severe  paind 21.5 ± 5.4 f<e

 Only  Fraile 19.5 ± 6.3

 Frail with severe  painf 18.1 ± 6.0
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discrepancy is that previous studies focused solely on RA or OA, whereas our study encompassed both types of 
arthritis and exclusively targeted older adults. Globally, RA and OA are more prevalent in  women3,39. For women 
who experience hormonal changes, such as pregnancy, childbirth, or menopause, the number of pregnancies 
is negatively associated with the onset of  RA40. Conversely, as estrogen levels decrease after childbirth, the risk 
of developing RA  increases41. Moreover, women undergoing menopause experience a rapid decline in estrogen 
levels, which is associated with an increased risk of developing  RA42. Similar to RA, it has been established 
that estrogen also plays a crucial role in OA. Given that estrogen may confer protective effects against cartilage 
damage, osteophytosis, and alterations in the subchondral bone of the  joints43, the notably higher proportion 
of women in this study could be attributed to these factors. Given the distinct female-specific characteristics 
associated with arthritis, there is a potential limitation in generalizing our findings to both sexes. Therefore, for 
future investigations, it is advisable to delve into a sex-specific analysis to comprehensively examine the factors 
influencing the condition.

The present study denoted approximately 31% of the participants as frail and 37% as prefrail. According to a 
recent meta-analysis of patients with RA, the prevalence of frailty was 33.5% and that of prefrailty was 24.7%24. In 
contrast, a previous study conducted in older adults with OA reported that the prevalence of frailty and prefrailty 
was 12.9% and 65.6%,  respectively38. The prefrailty and frailty incidence rates differed depending on RA and 
OA: the RA group was found to have a higher frailty incidence rate, while the OA group had a higher prefrailty 
incidence rate. This discrepancy in occurrence rates is supported by Cook’s analysis of big  data44, which revealed 
frailty ratios of 2.8 (95% CI 1.7, 4.6) in the RA group and 1.7 (95% CI 1.3, 2.1) in the OA group. The present 
study, which included both groups, suggests a moderate occurrence of frailty and prefrailty. Despite variations 
in the reported prevalence rates of frailty and prefrailty among patients with arthritis in different studies due 
to diverse frailty assessment tools, a consistent observation emerged: frailty and prefrailty are prevalent among 
patients with arthritis, encompassing individuals with RA and OA.

Herein, factors influencing cognitive function in patients with arthritis included older age, female sex, lower 
educational levels, and visual or hearing impairment. Older age, female sex, and lower educational level are 
well-known factors associated with cognitive  impairment45. In addition, visual and hearing impairments were 
negatively correlated with cognitive function, supporting the results of previous  studies46–48. More specifically, 
dual impairment in visual and hearing acuity accelerates the rapid cognitive  decline49. Functional limitations, 
such as impaired visual or hearing, are modifiable factors. Healthcare providers should assess the patients’ 
conditions and offer appropriate assistance, including eyeglasses or hearing aids. Consequently, when identifying 
the high-risk group for cognitive impairment among patients with arthritis, it is imperative to consider not only 
arthritis-related factors but also educational levels and sensory impairments in the screening process.

According to previous research, moderate alcohol consumption among older adults for social purposes may 
contribute to higher cognitive function compared to that of non-drinkers. This is because they engage in social 
activities that expose them to stimuli and interpersonal relationships, which may alleviate feelings of loneliness 

Figure 3.  Density plot of cognitive function by severe pain and frailty status groups. K-MMSE Korean version 
of Mini-Mental Statement Examination.

Table 4.  Relationship between MMSE scores and continuous variables (n = 1098). Spearman’s correlation 
coefficient was used to assess the relationship between continuous variables and MMSE scores. MMSE Mini-
Mental State Examination. *p < 0.001.

Division Age Visual impairment Hearing impairment

MMSE − 0.41* − 0.27* − 0.32*
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that negatively impacts cognitive  function50,51. Conversely, excessive alcohol consumption has been associated 
with detrimental health conditions, such as cognitive decline, contributing to a decrease in brain  activity52. 
However, status of alcohol consumption was not significant in this study. A plausible explanation for this finding 
is that the current study focused on older adults diagnosed with arthritis. In addition, the study consisted 
of predominantly female participants, with hormonal influences potentially leading older women to have a 
significantly lower rate of alcohol consumption than  men53. The sex-based disparity in this study may account 
for the lack of significant findings regarding alcohol consumption. Therefore, subsequent research involving 
subgroup analyses should be conducted to examine the effects of drinking status in older adults with arthritis, 
considering sex-related differences in cognitive function based on alcohol consumption status.

When analyzing groups based on the presence of severe pain and frailty, severe pain alone did not have a 
substantial impact on cognitive function. A key finding revealed that participants with severe pain maintained 
their K-MMSE scores within the normal range of intact cognitive function, in contrast to those with frailty who 
fell within the range of mild cognitive impairment. Furthermore, when participants experienced frailty and 
severe pain concurrently, the synergistic effect led to a more pronounced decline in cognitive function. In other 
words, the group with both frailty and severe pain exhibited lower mild cognitive impairment scores, indicating a 
more significant negative impact on cognitive function than either factor alone. Pain is a well-known symptom of 
 arthritis54,55, and its significant impacts on cognitive dysfunction were confirmed by previous  studies56,57. Frailty 
is also strongly associated with cognitive function, as explained by the accumulation of deficits  model58 and the 
phenotype-based  model22. Severe pain can be construed as a factor contributing to activity  limitations59 that 
expedites the progression of physical frailty. Furthermore, it may instigate frailty in mental and social aspects, 
thereby resulting in a multistep sequence of depressive symptoms, pain progression, and functional limitation, 
which further reduces cognitive function. However, because this study is a cross-sectional study, it is difficult to 
provide a sufficient explanation of the potential mechanism. Therefore, in future research, a longitudinal study 
is needed to determine how pain, frailty, and their combined effects affect cognitive function in patients with 
arthritis. To the best of our knowledge, this study is the first attempt to identify prominent risk factors among the 

Table 5.  Multivariate linear regression for MMSE scores in older adults (n = 1098). s.e. standard error, CI 
confidence interval, Ref reference, MMSE Mini-Mental State Examination.

β s.e. CI P

Age − 0.16 0.02 − 0.21; − 0.12 < 0.001

Sex

 Female Ref (0)

 Male 1.11 0.37 0.38; 1.85 .003

Marital status

 No Ref (0)

 Yes 0.54 0.30 − 0.04; 1.13 .067

Final education

 Elementary Ref (0)

 Middle 1.49 0.38 0.74; 2.24 < 0.001

 High school or over 1.70 0.40 0.92; 2.47 < 0.001

Drinking status

 Non-drinker Ref (0)

 Drinker 0.42 0.38 − 0.33; 1.16 .275

Number of chronic diseases

 None Ref (0)

 One 0.47 0.37 − 0.26; 1.19 .205

 Two 0.00 0.35 − 0.69; 0.69 .994

Visual impairment − 0.95 0.21 − 1.37; − 0.53 < 0.001

Hearing impairment − 1.22 0.20 − 1.61; − 0.83 < 0.001

Group by severity of pain and frail status

 Robust Ref (0)

 Only severe pain − 0.69 0.42 − 1.51; 0.14 .104

 Only prefrail − 1.54 0.40 − 2.33; − 0.76 < 0.001

 Prefrail with severe pain − 2.69 0.42 − 3.52; − 1.87 < 0.001

 Only frail − 4.02 0.54 − 5.08; − 2.97 < 0.001

 Frail with severe pain − 5.03 0.49 − 5.99; − 4.08 < 0.001

R2 0.380

Adjusted  R2 0.371

Residual s.e. 4.4

F 44.1 (< 0.001)
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prevailing symptoms in older adults with arthritis through group analysis. It has been established that frailty takes 
precedence over severe pain in terms of its impact. Consequently, when healthcare providers screen and devise 
intervention strategies for cognitive function, they should consider the level of frailty. Furthermore, for older 
adults with arthritis experiencing both frailty and severe pain, it is essential to acknowledge that their cognitive 
function can deteriorate to levels resembling dementia. This awareness is crucial for the timely screening for 
high-risk dementia and for personalized care tailored to the individual’s physical and cognitive needs.

This study had some limitations. First, owing to the nature of the secondary data, our study included patients 
with arthritis as a whole. Questionnaires based on the original data were designed to confirm the diagnosis 
of arthritis without distinguishing between RA and OA. To gain insight into the factors influencing disease 
characteristics, the OA and RA groups should be separated and analyzed. Second, the detailed categorization 
of pain severity and incorporation of pain site variables, which are vital components of comprehensive pain 
assessment, were restricted due to the inherent limitations in the analysis of secondary data. Third, the stringent 
exclusion criteria applied to the study participants impose constraints on the generalizability of the research 
findings. In the context of RA, the onset of the disease frequently occurs prior to the age of 65, and a notable 
portion of patients with arthritis includes patients with dementia. Finally, while these findings may highlight 
correlations or associations between variables, they did not establish direct causation or influence among pain, 
frailty, or cognitive function. Therefore, a longitudinal study is needed to determine whether the combined effect 
of frailty and pain further reduces cognitive function.

Conclusion
This was a cross-sectional descriptive study that involved secondary data analysis. We identified the relationship 
among pain, frailty, and cognitive function and provided fundamental data for the development of an intervention 
program aimed at improving pain, frailty, and cognitive function in older adults with arthritis. In this study, the 
severity of frailty and severe pain in older adults with arthritis influenced cognitive decline. It is noteworthy that 
the simultaneous occurrence of frailty and severe pain resulted in a synergistic impact, exacerbating the decline 
in cognitive function to a greater extent. In the clinical setting, healthcare providers should focus on the regular 
assessment and timely detection of cognitive impairment for the application of interventions to improve cognitive 
function according to general characteristics, frailty severity, and pain in older adults with arthritis. Additionally, 
as this study adopted a cross-sectional design, it could not validate the causal connection between pain, frailty, 
and cognitive function. To elucidate the mechanism behind the decline in cognitive function among patients 
with arthritis and the combined effect of pain and frailty, it is imperative to accurately delineate the relationships 
through subsequent longitudinal studies.

Data availability
The data supporting the results of this research can be accessed through the Korean Longitudinal Study of Aging 
website at http:// survey. keis. or. kr.

Received: 8 November 2023; Accepted: 31 January 2024

References
 1. United Nations Department of Economic and Social Affairs Population Division. World population ageing. https:// www. un. org/ 

devel opment/ desa/ pd/ sites/ www. un. org. devel opment. desa. pd/ files/ files/ docum ents/ 2020/ May/ un_ 2017_ world popul ation ageing_ 
report. pdf (2017).

 2. Lo, J., Chan, L. & Flynn, S. A systematic review of the incidence, prevalence, costs, and activity and work limitations of amputation, 
osteoarthritis, rheumatoid arthritis, back pain, multiple sclerosis, spinal cord injury, stroke, and traumatic brain injury in the 
United States: A 2019 update. Arch. Phys. Med. Rehabil. 102, 115–131. https:// doi. org/ 10. 1016/j. apmr. 2020. 04. 001 (2021).

 3. Finckh, A. et al. Global epidemiology of rheumatoid arthritis. Nat. Rev. Rheumatol. 18, 591–602. https:// doi. org/ 10. 1038/ s41584- 
022- 00827-y (2022).

 4. Ishida, M. et al. Residual symptoms and disease burden among patients with rheumatoid arthritis in remission or low disease 
activity: A systematic literature review. Mod. Rheumatol. 28, 789–799. https:// doi. org/ 10. 1080/ 14397 595. 2017. 14169 40 (2018).

 5. Meade, T., Manolios, N., Cumming, S. R., Conaghan, P. G. & Katz, P. Cognitive impairment in rheumatoid arthritis: A systematic 
review. Arthritis Care Res. 70, 39–52. https:// doi. org/ 10. 1002/ acr. 23243 (2018).

 6. McDowell, B. et al. Prevalence of cognitive impairment in patients with rheumatoid arthritis: A cross sectional study. BMC 
Psychiatry 22, 777. https:// doi. org/ 10. 1186/ s12888- 022- 04417-w (2022).

 7. Huang, S. W. et al. Osteoarthritis increases the risk of dementia: A nationwide cohort study in Taiwan. Sci. Rep. 5, 10145. https:// 
doi. org/ 10. 1038/ srep1 0145 (2015).

 8. Basile, M. S. et al. Cognitive decline in rheumatoid arthritis: Insight into the molecular pathogenetic mechanisms. Int. J. Mol. Sci. 
22, 1185. https:// doi. org/ 10. 3390/ ijms2 20311 85 (2021).

 9. Dregan, A., Chowienczyk, P. & Gulliford, M. C. Are inflammation and related therapy associated with all-cause dementia in a 
primary care population?. J. Alzheimers Dis. JAD 46, 1039–1047. https:// doi. org/ 10. 3233/ JAD- 150171 (2015).

 10. Hashimoto, H. et al. Etiology of acute ischaemic cerebrovascular disease associated with rheumatoid arthritis: Changes with 
progression of anti-inflammatory therapy. Eur. J. Neurol. 25, 1462–1469. https:// doi. org/ 10. 1111/ ene. 13751 (2018).

 11. Baker, N. A., Barbour, K. E., Helmick, C. G., Zack, M. & Al Snih, S. Arthritis and cognitive impairment in older adults. Rheumatol. 
Int. 37, 955–961. https:// doi. org/ 10. 1007/ s00296- 017- 3698-1 (2017).

 12. Lee, J. H., Kim, G. T., Kim, Y. K. & Lee, S. G. Cognitive function of patients with rheumatoid arthritis is associated with disease 
activity but not carotid atherosclerotic changes. Clin. Exp. Rheumatol. 36, 856–861 (2018).

 13. Bindawas, S. M., Vennu, V. & Stubbs, B. Longitudinal relationship between knee pain status and incident frailty: Data from the 
osteoarthritis initiative. Pain Med. 19, 2146–2153. https:// doi. org/ 10. 1093/ pm/ pnx296 (2018).

 14. Megale, R. Z. et al. Association between pain and the frailty phenotype in older men: Longitudinal results from the Concord Health 
and Ageing in Men Project (CHAMP). Age Ageing 47, 381–387. https:// doi. org/ 10. 1093/ ageing/ afy012 (2018).

 15. Rodríguez-Sánchez, I. et al. Frequency, intensity and localization of pain as risk factors for frailty in older adults. Age Ageing 48, 
74–80. https:// doi. org/ 10. 1093/ ageing/ afy163 (2019).

http://survey.keis.or.kr
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2020/May/un_2017_worldpopulationageing_report.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2020/May/un_2017_worldpopulationageing_report.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2020/May/un_2017_worldpopulationageing_report.pdf
https://doi.org/10.1016/j.apmr.2020.04.001
https://doi.org/10.1038/s41584-022-00827-y
https://doi.org/10.1038/s41584-022-00827-y
https://doi.org/10.1080/14397595.2017.1416940
https://doi.org/10.1002/acr.23243
https://doi.org/10.1186/s12888-022-04417-w
https://doi.org/10.1038/srep10145
https://doi.org/10.1038/srep10145
https://doi.org/10.3390/ijms22031185
https://doi.org/10.3233/JAD-150171
https://doi.org/10.1111/ene.13751
https://doi.org/10.1007/s00296-017-3698-1
https://doi.org/10.1093/pm/pnx296
https://doi.org/10.1093/ageing/afy012
https://doi.org/10.1093/ageing/afy163


10

Vol:.(1234567890)

Scientific Reports |         (2024) 14:2874  | https://doi.org/10.1038/s41598-024-53431-3

www.nature.com/scientificreports/

 16. Sodhi, J. K. et al. Pain as a predictor of frailty over time among older Mexican Americans. Pain 161, 109–113. https:// doi. org/ 10. 
1097/j. pain. 00000 00000 001711 (2020).

 17. Abdulla, A. et al. Guidance on the management of pain in older people. Age Ageing 42(Supplement 1), i1–i57. https:// doi. org/ 10. 
1093/ ageing/ afs200 (2013).

 18. Simon, L. S. Relieving pain in America: A blueprint for transforming prevention, care, education, and research. J. Pain Palliat. 
Care Pharmacother. 26, 197–198. https:// doi. org/ 10. 3109/ 15360 288. 2012. 678473 (2012).

 19. Bell, T. R., Sprague, B. N. & Ross, L. A. Longitudinal associations of pain and cognitive decline in community-dwelling older adults. 
Psychol. Aging 37, 715–730. https:// doi. org/ 10. 1037/ pag00 00699 (2022).

 20. Berryman, C. et al. Do people with chronic pain have impaired executive function? A meta-analytical review. Clin. Psychol. Rev. 
34, 563–579. https:// doi. org/ 10. 1016/j. cpr. 2014. 08. 003 (2014).

 21. Clegg, A., Young, J., Iliffe, S., Rikkert, M. O. & Rockwood, K. Frailty in elderly people. Lancet 381, 752–762. https:// doi. org/ 10. 
1016/ S0140- 6736(12) 62167-9 (2013).

 22. Fried, L. P. et al. Frailty in older adults: Evidence for a phenotype. J. Gerontol. A Biol. Sci. Med. Sci. 56, M146–M156. https:// doi. 
org/ 10. 1093/ gerona/ 56.3. m146 (2001).

 23. Salaffi, F., Farah, S. & Di Carlo, M. Frailty syndrome in rheumatoid arthritis and symptomatic osteoarthritis: An emerging concept 
in rheumatology. Acta Biomed. 91, 274–296. https:// doi. org/ 10. 23750/ abm. v91i2. 9094 (2020).

 24. Gao, R. C., Wu, Z. G., Wu, Z. Z., Hao, M. & Wu, G. C. Frailty in rheumatoid arthritis: A systematic review and meta-analysis. Joint 
Bone Spine 89, 105343. https:// doi. org/ 10. 1016/j. jbspin. 2022. 105343 (2022).

 25. Bay, L. T., Ellingsen, T., Giraldi, A., Graugaard, C. & Nielsen, D. S. “To be lonely in your own loneliness”: The interplay between 
self-perceived loneliness and rheumatoid arthritis in everyday life: A qualitative study. Musculoskelet. Care 18, 450–458. https:// 
doi. org/ 10. 1002/ msc. 1480 (2020).

 26. Arai, H., Satake, S. & Kozaki, K. Cognitive frailty in geriatrics. Clin. Geriatr. Med. 34, 667–675. https:// doi. org/ 10. 1016/j. cger. 2018. 
06. 011 (2018).

 27. Ardoino, I. et al. Pain and frailty in hospitalized older adults. Pain Ther. 9, 727–740. https:// doi. org/ 10. 1007/ s40122- 020- 00202-3 
(2020).

 28. Miu, D. K. Y. Pain and frailty among community-dwelling older people in Hong Kong. Asian J. Gerontol. Geriatr. 17, 22–27. https:// 
doi. org/ 10. 12809/ ajgg- 2022- 529- oa (2022).

 29. Baek, W. & Kang, M. The moderating effect of oral health on the association between exercise and frailty in patients with 
musculoskeletal disorders: Findings from the Korean Longitudinal Study of Aging. Arch. Gerontol. Geriatr. 117, 105180. https:// 
doi. org/ 10. 1016/j. archg er. 2023. 105180 (2024).

 30. Kang, Y., Na, D. L. & Hahn, S. A validity study on the Korean Mini-Mental State Examination (K-MMSE) in dementia patients. J. 
Korean Neurol. Assoc. 15, 300–308 (1997).

 31. Oh, P. J. Predictors of cognitive decline in people with cancer undergoing chemotherapy. Eur. J. Oncol. Nurs. Off. J. Eur. Oncol. 
Nurs. Soc. 27, 53–59. https:// doi. org/ 10. 1016/j. ejon. 2016. 12. 007 (2017).

 32. Song, M. J. et al. The relationship between cognitive function and competence in inhaler technique in older adults with airway 
disease. Geriatr. Nurs. 43, 15–20. https:// doi. org/ 10. 1016/j. gerin urse. 2021. 10. 025 (2022).

 33. Lee, T., Chung, J., Song, K. & Ji, Y. Prevalence and associated factors of cognitive frailty in community-dwelling older adults: Results 
from the Korean longitudinal study of aging. Int. J. Older People Nurs. 18, e12576. https:// doi. org/ 10. 1111/ opn. 12576 (2023).

 34. Jeong, S. K., Cho, K. H. & Kim, J. M. The usefulness of the Korean version of modified Mini-Mental State Examination (K-mMMSE) 
for dementia screening in community dwelling elderly people. BMC Public Health 4, 31. https:// doi. org/ 10. 1186/ 1471- 2458-4- 31 
(2004).

 35. Kim, C. O. & Sunwoo, D. A frailty instrument to predict disability, institutionalization, and mortality: Findings from the living 
profiles of older people survey. J. Korean Gerontol. Soc. 35, 451–474 (2015).

 36. Youn, H. M., Lee, H. J., Lee, D. W. & Park, E. C. The impact of poverty transitions on frailty among older adults in South Korea: 
Findings from the Korean longitudinal study of ageing. BMC Geriatr. 20, 139. https:// doi. org/ 10. 1186/ s12877- 020- 01522-x (2020).

 37. Salaffi, F., Di Carlo, M., Farah, S., Di Donato, E. & Carotti, M. Prevalence of frailty and its associated factors in patients with 
rheumatoid arthritis: A cross-sectional analysis. Clin. Rheumatol. 38, 1823–1830. https:// doi. org/ 10. 1007/ s10067- 019- 04486-5 
(2019).

 38. Wanaratna, K., Muangpaisan, W., Kuptniratsaikul, V., Chalermsri, C. & Nuttamonwarakul, A. Prevalence and factors associated 
with frailty and cognitive frailty among community-dwelling elderly with knee osteoarthritis. J. Community Health 44, 587–595. 
https:// doi. org/ 10. 1007/ s10900- 018- 00614-5 (2019).

 39. Li, D., Li, S., Chen, Q. & Xie, X. The prevalence of symptomatic knee osteoarthritis in relation to age, sex, area, region, and body 
mass index in China: A systematic review and meta-analysis. Front. Med. 7, 304. https:// doi. org/ 10. 3389/ fmed. 2020. 00304 (2020).

 40. Guthrie, K. A., Dugowson, C. E., Voigt, L. F., Koepsell, T. D. & Nelson, J. L. Does pregnancy provide vaccine-like protection against 
rheumatoid arthritis?. Arthritis Rheum. 62, 1842–1848. https:// doi. org/ 10. 1002/ art. 27459 (2010).

 41. Wallenius, M. et al. Postpartum onset of rheumatoid arthritis and other chronic arthritides: Results from a patient register linked 
to a medical birth registry. Ann. Rheum. Dis. 69, 332–336. https:// doi. org/ 10. 1136/ ard. 2009. 115964 (2010).

 42. Bengtsson, C. et al. Association between menopausal factors and the risk of seronegative and seropositive rheumatoid arthritis: 
Results from the Nurses’ Health Studies. Arthritis Care Res. 69, 1676–1684. https:// doi. org/ 10. 1002/ acr. 23194 (2017).

 43. Martín-Millán, M. & Castañeda, S. Estrogens, osteoarthritis and inflammation. Joint Bone Spine 80, 368–373. https:// doi. org/ 10. 
1016/j. jbspin. 2012. 11. 008 (2013).

 44. Cook, M. J., Verstappen, S. M. M., Lunt, M. & O’Neill, T. W. Increased frailty in individuals with osteoarthritis and rheumatoid 
arthritis and the influence of comorbidity: An analysis of the UK Biobank cohort. Arthritis Care Res. 74, 1989–1996. https:// doi. 
org/ 10. 1002/ acr. 24747 (2022).

 45. Takahashi, T., Hatta, K. & Ikebe, K. Risk factors of cognitive impairment: Impact of decline in oral function. Jpn. Dent. Sci. Rev. 
59, 203–208. https:// doi. org/ 10. 1016/j. jdsr. 2023. 06. 006 (2023).

 46. Alattar, A. A. et al. Hearing impairment and cognitive decline in older, community-dwelling adults. J. Gerontol. A Biol. Sci. Med. 
Sci. 75, 567–573. https:// doi. org/ 10. 1093/ gerona/ glz035 (2020).

 47. Guo, R. et al. Vision impairment, hearing impairment and functional limitations of subjective cognitive decline: A population-
based study. BMC Geriatr. 23, 230. https:// doi. org/ 10. 1186/ s12877- 023- 03950-x (2023).

 48. Harithasan, D., Mukari, S. Z. S., Ishak, W. S., Shahar, S. & Yeong, W. L. The impact of sensory impairment on cognitive performance, 
quality of life, depression, and loneliness in older adults. Int. J. Geriatr. Psychiatry 35, 358–364. https:// doi. org/ 10. 1002/ gps. 5237 
(2020).

 49. Parada, H., Laughlin, G. A., Yang, M., Nedjat-Haiem, F. R. & McEvoy, L. K. Dual impairments in visual and hearing acuity and 
age-related cognitive decline in older adults from the Rancho Bernardo Study of Healthy Aging. Age Ageing 50, 1268–1276. https:// 
doi. org/ 10. 1093/ ageing/ afaa2 85 (2021).

 50. Tsutsumimoto, K. et al. Association of social frailty with both cognitive and physical deficits among older people. J. Am. Med. Dir. 
Assoc. 18, 603–607. https:// doi. org/ 10. 1016/j. jamda. 2017. 02. 004 (2017).

 51. Zhang, R. et al. Association of low to moderate alcohol drinking with cognitive functions from middle to older age among US 
adults. JAMA Netw. Open 3, e207922. https:// doi. org/ 10. 1001/ jaman etwor kopen. 2020. 7922 (2020).

https://doi.org/10.1097/j.pain.0000000000001711
https://doi.org/10.1097/j.pain.0000000000001711
https://doi.org/10.1093/ageing/afs200
https://doi.org/10.1093/ageing/afs200
https://doi.org/10.3109/15360288.2012.678473
https://doi.org/10.1037/pag0000699
https://doi.org/10.1016/j.cpr.2014.08.003
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.23750/abm.v91i2.9094
https://doi.org/10.1016/j.jbspin.2022.105343
https://doi.org/10.1002/msc.1480
https://doi.org/10.1002/msc.1480
https://doi.org/10.1016/j.cger.2018.06.011
https://doi.org/10.1016/j.cger.2018.06.011
https://doi.org/10.1007/s40122-020-00202-3
https://doi.org/10.12809/ajgg-2022-529-oa
https://doi.org/10.12809/ajgg-2022-529-oa
https://doi.org/10.1016/j.archger.2023.105180
https://doi.org/10.1016/j.archger.2023.105180
https://doi.org/10.1016/j.ejon.2016.12.007
https://doi.org/10.1016/j.gerinurse.2021.10.025
https://doi.org/10.1111/opn.12576
https://doi.org/10.1186/1471-2458-4-31
https://doi.org/10.1186/s12877-020-01522-x
https://doi.org/10.1007/s10067-019-04486-5
https://doi.org/10.1007/s10900-018-00614-5
https://doi.org/10.3389/fmed.2020.00304
https://doi.org/10.1002/art.27459
https://doi.org/10.1136/ard.2009.115964
https://doi.org/10.1002/acr.23194
https://doi.org/10.1016/j.jbspin.2012.11.008
https://doi.org/10.1016/j.jbspin.2012.11.008
https://doi.org/10.1002/acr.24747
https://doi.org/10.1002/acr.24747
https://doi.org/10.1016/j.jdsr.2023.06.006
https://doi.org/10.1093/gerona/glz035
https://doi.org/10.1186/s12877-023-03950-x
https://doi.org/10.1002/gps.5237
https://doi.org/10.1093/ageing/afaa285
https://doi.org/10.1093/ageing/afaa285
https://doi.org/10.1016/j.jamda.2017.02.004
https://doi.org/10.1001/jamanetworkopen.2020.7922


11

Vol.:(0123456789)

Scientific Reports |         (2024) 14:2874  | https://doi.org/10.1038/s41598-024-53431-3

www.nature.com/scientificreports/

 52. Jacob, A. & Wang, P. Alcohol intoxication and cognition: Implications on mechanisms and therapeutic strategies. Front. Neurosci. 
14, 102. https:// doi. org/ 10. 3389/ fnins. 2020. 00102 (2020).

 53. Keyes, K. M. et al. Is there a recent epidemic of women’s drinking? A critical review of national studies. Alcohol. Clin. Exp. Res. 43, 
1344–1359. https:// doi. org/ 10. 1111/ acer. 14082 (2019).

 54. Vergne-Salle, P. et al. The burden of pain in rheumatoid arthritis: Impact of disease activity and psychological factors. Eur. J. Pain 
24, 1979–1989. https:// doi. org/ 10. 1002/ ejp. 1651 (2020).

 55. Zheng, S. et al. Depression in patients with knee osteoarthritis: Risk factors and associations with joint symptoms. BMC 
Musculoskelet. Disord. 22, 40. https:// doi. org/ 10. 1186/ s12891- 020- 03875-1 (2021).

 56. Chaurasia, N., Singh, A., Singh, I. L., Singh, T. & Tiwari, T. Cognitive dysfunction in patients of rheumatoid arthritis. J. Family 
Med. Prim. Care 9, 2219–2225. https:// doi. org/ 10. 4103/ jfmpc. jfmpc_ 307_ 20 (2020).

 57. Crowley, S. et al. Relationships between cognitive screening composite scores and pain intensity and pain disability in adults with/
at risk for knee osteoarthritis. Clin. J. Pain 38, 470–475. https:// doi. org/ 10. 1097/ AJP. 00000 00000 001042 (2022).

 58. Mitnitski, A. B., Mogilner, A. J. & Rockwood, K. Accumulation of deficits as a proxy measure of aging. ScientificWorldJ. 1, 323–336. 
https:// doi. org/ 10. 1100/ tsw. 2001. 58 (2001).

 59. Veronese, N. et al. Pain increases the risk of developing frailty in older adults with osteoarthritis. Pain Med. 18, 414–427. https:// 
doi. org/ 10. 1093/ pm/ pnw163 (2017).

Author contributions
Conceptualization: W.B., Y.J.; methodology: W.B., Y.J.; formal analysis: W.B., Y.J.; supervision: W.B.; project 
administration: W.B.; funding acquisition: W.B.; visualization: W.B., Y.J.; writing—original draft: Y.J., W.B., Y.S.; 
Writing—review and editing: W.B., Y.J., Y.S. All authors read and approved the final manuscript.

Funding
This work was supported by the National Research Foundation of Korea grant to WB, which is funded by the 
Korean government [Ministry of Science and ICT; grant number NRF-2021R1G1A1093450]. The funder had 
no role in the design, data collection, data analysis, and reporting of this study.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Y.J.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.3389/fnins.2020.00102
https://doi.org/10.1111/acer.14082
https://doi.org/10.1002/ejp.1651
https://doi.org/10.1186/s12891-020-03875-1
https://doi.org/10.4103/jfmpc.jfmpc_307_20
https://doi.org/10.1097/AJP.0000000000001042
https://doi.org/10.1100/tsw.2001.58
https://doi.org/10.1093/pm/pnw163
https://doi.org/10.1093/pm/pnw163
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Impact of frailty severity and severe pain on cognitive function for community-dwelling older adults with arthritis: a cross-sectional study in Korea
	Methods
	Study design and participant selection
	Measures
	Cognitive function
	Pain
	Frailty
	Group by severe pain and frailty status
	General characteristics
	Health behavior and health condition

	Statistical analyses
	Ethical considerations

	Results
	Characteristics of study participants
	Differences in K-MMSE according to categorical variables
	Correlation between continuous variables and K-MMSE
	Multiple linear regression analysis

	Discussion
	Conclusion
	References


