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Purpose: Chronic pain may accelerate the development of frailty in older adults through a variety of mechanisms. There are no 
published investigations of the influence of neuropathic-like symptoms on physical frailty. We investigated the association between 
chronic pain types (nociceptive and neuropathic-like symptoms) and frailty in community-dwelling Japanese older adults.
Participants and Methods: This was a population-based cross-sectional study conducted in 2017 in the city of Itoshima, Japan of 917 
participants aged 65–75 years, not in need of long-term care, who had completed the physical function tests and questionnaires administered 
at measurement sessions held at community centers at three sites over a 1- to 2-month period. Their chronic pain types were classified as no- 
chronic pain, nociceptive pain, and neuropathic-like symptoms according to their painDETECT scores. Frailty phenotypes were defined by 
the following five components: unintentional weight loss, low grip strength, exhaustion, slow gait speed, and low physical activity. A logistic 
regression model was used to compute the odds ratios (ORs) and 95% confidence interval (CIs) for frailty status outcomes.
Results: The prevalence of pre-frailty was 51.9%, and that of frailty was 5.1%. In multinomial logistic regression analyses, compared 
to the no-chronic pain group, the OR for the presence of pre-frailty among the participants with nociceptive pain was 1.54 (95% CI: 
1.04–2.30, p=0.03), and the OR for the presence of frailty among the participants with neuropathic-like symptoms was 4.37 (95% CI: 
1.10–17.37, p=0.04). The neuropathic sensory symptoms of burning, tingling/prickling, and numbness were each associated with 
frailty, but not with the risk of pre-frailty.
Conclusion: Neuropathic-like symptoms were significantly associated with the presence of frailty in community-dwelling Japanese 
older adults. Chronic pain types might have different effects on frailty status.
Keywords: nociceptive pain, neuropathic pain, nociceptive pain, chronic pain, frailty, community-dwelling

Introduction
Chronic pain is highly prevalent, and in older adults chronic pain is a major reason for seeking medical care.1 The economic 
burden of chronic pain is enormous and has been reported to be significantly associated with healthcare resource use, 
productivity, and costs.2 Three classifications of pain have been proposed by the International Association for the Study of 
Pain (IASP): nociceptive (from tissue injury), neuropathic (from nerve injury), and nociplastic (from a sensitized nervous 
system), and the IASP notes that the optimal management of pain could be based on the biopsychosocial model behind the pain.3

Physical frailty, a common geriatric syndrome that is characterized by decreased reserve and resistance to stressors 
due to cumulative declines across multiple physiologic systems, causes vulnerability to adverse outcomes.4 The frailty 
phenotype proposed in 2001 by Fried et al in the Cardiovascular Health Study (CHS) is one of the most widely used 
definitions of frailty.4 In a 2020 study of community-dwelling Japanese adults aged ≥65 years, the prevalence of pre- 
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frailty (one or two affected components of the five Fried frailty criteria) was 40.8%, and that of frailty (three or more 
affected components of the five Fried frailty criteria) was 8.7%; these conditions were associated with a greater risk of 
adverse outcomes including hospitalization, disability, institutionalization, and death.5

Chronic pain and frailty increase with age,6,7 and they often coexist. Given the biopsychosocial factors that are 
common to chronic pain and frailty, chronic pain may precipitate or accelerate the development of frailty in older adults 
through a variety of mechanisms which may involve or be affected by severe pain, physical activity, occupation, 
economic status, depression, cognitive function, and loneliness.3,8–12 However, neuroinflammation has been one of the 
common and important mechanisms that contribute to chronic pain and frailty.13 There is evidence that chronic 
inflammation is a factor that contributes to aging/frailty14 and that a prolonged persistence of inflammatory stimuli is 
the biological background that predisposes individuals to age-related diseases or disabilities.15

Considering the contribution of neuroinflammation as a shared mechanism between chronic pain and aging/frailty,13 we 
speculated that individuals with neuropathic-like symptoms might be at a higher risk of developing frailty. Neuropathic pain is 
clinically diagnosed based on sensory abnormalities such as numbness and allodynia, more prominent pain attacks, and/or 
neurological and imaging findings of affected tissues.3 However, these techniques are not always available in all research 
settings, especially in epidemiological studies. The painDETECT Questionnaire (PD-Q) was developed as a self-administered 
psychometric questionnaire to identify the likelihood of a neuropathic pain component, and it is used to classify nociceptive 
and neuropathic-like symptoms.16,17 Since optimal pain management based on pain mechanisms is recommended, assessing 
the type of chronic pain may lead to optimal frailty prevention and management.

We have found no published investigations of the influence of neuropathic-like symptoms on frailty. We conducted 
this study to determine the association between chronic pain types (nociceptive and neuropathic-like symptoms) and 
frailty in a population of community-dwelling older Japanese adults, with analyses that included adjustment for a variety 
of covariates.

Participants and Methods
Study Population
This was a population-based cross-sectional study conducted in 2017 in the city of Itoshima, Japan (population ~96,000) as an 
investigation of modifiable lifestyle and social factors. The study population included independent, community-dwelling 
individuals aged 65–75 years who were not certified as requiring nursing care by Japan’s National Long-term Care Insurance 
System. The residents of Itoshima were informed about this study several times through the city’s newsletter, and we held 
informational meetings at each community center in order to increase the rates of participation. Of the approx. 10,000 older 
adults who were examined in an Itoshima Area Needs Assessment by the local government and a private company, 5000 were 
randomly selected by software according to their residential area, sex, and age. A set of study information sheets and 
questionnaires was mailed to these participants, inviting them to community centers for further assessments. Of those 5000 
residents, 1589 submitted the information sheets/questionnaires, and 930 visited the local community center for a physical 
function test and additional questionnaires. The measurement sessions were held at community centers in three areas of 
Itoshima over a period of 1–2 months, respectively. All measurements were completed by nurses, public health nurses, 
physical therapists, and trained staff who have expertise in epidemiologic studies.

After the exclusion of 13 participants who were missing frailty-related data (n=1) or pain-related data (n=12), the final 
analysis included 917 participants (453 men and 464 women) with a mean ± standard deviation (SD) age of 70.8 ± 3.0 
years. This study was approved by the Institutional Review Board of Kyushu University (approval no. 201708), Japan. 
The residents participated in this study based on their own volition. None of the participants received compensation for 
their participation, and they each provided written informed consent to have their data used and published. Our study 
complies with the Declaration of Helsinki.

Assessment of Chronic Pain Types
Chronic pain was assessed using questions ascertaining the respondent’s pain lasting ≥3 months in the previous 12-month 
period.18 The response options were “yes” and “no”. When answering “yes”, the respondent was asked to indicate the affected 
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musculoskeletal sites (total of eight areas: neck, shoulders, elbows, wrists/hands, hips, knees, feet, and low back) on a body 
diagram. We also assessed the participants’ pain intensity during the prior 4 weeks on a numerical rating scale.

We evaluated the participants’ chronic pain types by using the PD-Q.16 The PD-Q was developed as a self- 
administered psychometric questionnaire to identify the likelihood of a neuropathic pain component. The Japanese 
version of the PD-Q has established validity and reliability.19 It comprises three items evaluating characteristics of the 
gradation of pain (seven sensory symptom items: burning, tingling/prickling, light touching, electric shock-type pain, 
cold/heat, numbness, and slight pressure), the pain course pattern, and radiating pain, which contribute to an aggregate 
score (range 0–38 points). In this study, to compare purely nociceptive pain (PD-Q scores ≤12) with the neuropathic 
component, we combined the positive components (PD-Q score ≥19) and the unclear components (PD-Q score 13–18) 
with neuropathic pain, which is referred to as neuropathic-like symptoms. This approach is consistent with earlier 
studies20,21 and ensures that participants with possible neuropathic pain characteristics are included.17 We classified 
chronic pain types into no-chronic pain, nociceptive pain, and neuropathic-like symptoms.

Measurement of Frailty Status
We identified physical frailty according to the CHS criteria,4 which consist of the following five components: uninten-
tional weight loss, low grip strength, exhaustion, slow gait speed, and low physical activity. Participants with three or 
more affected components were considered to be frail; those with one or two affected components were considered to be 
pre-frailty; and those with no affected components were considered to be non-frail (or robust).

The operational definition of each component in this study was as follows (Supplemental Table S1). We identified 
weight loss as the self-reported unintentional loss of >2–3 kg in the previous 6 months. Grip strength was measured using 
a handheld dynamometer (GRIP-D, TKK 5401; Takei Scientific Instruments Co., Niigata, Japan). The measurement was 
performed twice for each hand, and the greater values for both hands were then averaged. Weakness was defined as 
scoring in the lowest 20% of grip strength and was stratified by gender and body mass index (BMI) (kg/m2). Exhaustion 
was indicated by a positive answer to either of two questions regarding the previous month: “Did you feel that everything 
you did was an effort?” and “Did you feel exhausted without any reason?”

Gait speed was measured with a 5-meter walking test at the individual’s maximum walking speed. Slowness was 
identified as scoring in the slowest 20% of gait speed, stratified by gender and standing height. We measured the low- 
energy expenditure of physical activity objectively with a tri-axial accelerometer (Active Style Pro, HJA350-IT, Omron 
Healthcare, Kyoto, Japan) for ≥1 week.22 Low physical activity was defined as scoring in the lowest 20% of energy 
expenditure of physical activity per day, stratified by gender. Data were quantified as kilocalories per kilogram of body 
weight expended per day (kcal/kg/day). A valid day was defined by wearing the tri-axial accelerometer for ≥10 h of wear 
time/day. Participants with ≥4 valid days were eligible for all analyses.

Potential Confounding Factors
Considering the biopsychosocial models of chronic pain3 and frailty,23 we investigated the following biopsychosocial 
factors, each of which was associated with frailty in several studies.8–12,24 Educational level was divided into two 
categories (<10 or ≥10 years) according to the number of years of education the participant received (a continuous 
variable), as compulsory education lasts a total of nine years in Japan. Employment status was assessed by the question 
“Do you currently have a job with income?” Respondents who answered “yes” were considered to be employed. The 
subjective economic status was assessed by the question “How difficult or easy is your current financial status”; the 
response options for this question were “very hard”, “hard”, “easy”, and “very easy”. Based on the participants’ 
responses, we divided the subjective economic status into low (very hard or hard) and high (easy or very easy). 
Comorbidities were determined by asking the participants to state whether they had any diseases currently being treated 
including osteoporosis, hypertension, hyperlipidemia, diabetes mellitus, stroke, and heart disease (including arrhythmia). 
We defined current smoking as those who responded “almost every day” or “occasionally” to the question Do you smoke 
cigarettes? We defined current alcohol consumption as those who responded “almost every day” or “occasionally” to the 
question “Do you drink alcohol? Exercise habits were assessed with the question. “How many days per week do you 
engage in light or regular exercise?” and were divided into two categories according to participants’ responses (≥3 times/ 
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week or not). The respondents were also asked whether they were “living alone”, “living with family”, or “other (eg, 
institutionalized)”. The number of communications with other people (eg, family, relatives, neighborhood, and friends) 
per month was divided into two categories based on the participants’ responses (none or ≥1 person). Experiences of 
bereavement were assessed with the question. “Have you experienced bereavement with someone in the past year?” The 
participants’ body height and weight with the participant in light clothing without shoes, and we calculated the BMI (kg/ 
m2): BMI <18.5 was defined as underweight and BMI ≥25 as overweight.24 In this study, obesity (BMI ≥30) was 
included in the overweight category. We used the Mini-Mental State Examination (MMSE) to assess the participants’ 
global cognitive function.25 MMSE screenings were carried out by trained nurses and staff. The final scores were 
determined by two of the study coordinators. We defined cognitive impairment as an MMSE score ≤23 points.25

Statistical Analyses
Descriptive data are presented as the mean (±SD) for continuous variables and as the frequency (percentage) for 
categorical variables according to the status of chronic pain types. We performed Dunnett’s test for group differences 
with the no-chronic pain group as the reference group. We conducted a χ2-test to compare the site-specific prevalence of 
chronic pain between the nociceptive pain group and the neuropathic-like symptoms group. We used a direct method to 
calculate the age- and sex-adjusted prevalence of pre-frailty and frailty according to the status of chronic pain types.

We performed multinomial logistic regression analyses to investigate the association between the chronic pain types 
and the frailty status. Multivariable-adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were calculated, and 
the no-chronic pain group was regarded as the reference group. The multivariable model was adjusted for age, sex, 
education level (<10 or ≥10 years), employment status (employed or unemployed), subjective economic status (low or 
high), comorbidities (yes, no), underweight (yes, no), overweight (yes, no), cognitive impairment (yes, no), current 
smoking (yes, no), current alcohol consumption (yes, no), regular exercise (≥3 times/week or not), living alone (yes, no), 
number of communications with another person per month (none or ≥1 person), experiences of bereavement (yes, no), 
and pain intensity (continuous).

We used a binomial logistic regression model to examine the association between chronic pain types and sub-items of 
frailty components (unintentional weight loss, low grip strength, exhaustion, slow gait speed, and low physical activity). 
We also performed multivariable-adjusted multinomial logistic regression analyses to investigate the association between 
the participants’ neuropathic sensory symptoms and frailty status. The data were processed using SAS software ver. 9.4 
(SAS Institute, Cary, NC). The computations were carried out using the computer resources offered under General 
Projects by the Research Institute for Information Technology, Kyushu University. Statistical significance was defined as 
a two-tailed p-value <0.05.

Results
The characteristics of the study participants according to the status of chronic pain types are summarized in Table 1 
Compared to the no-chronic pain group, the nociceptive pain group and neuropathic-like symptoms each had 
a significantly higher frequency of osteoporosis (4.3% vs 9.6% [p<0.05] vs 15.9% [p<0.01], respectively) and hyperli-
pidemia (24.2% vs 35.4% [p<0.01] vs 36.2% [p<0.05], respectively). Compared to the no-chronic pain group, hyperten-
sion was significantly more frequent in the nociceptive pain group (35.6% vs 44.4%, respectively; p<0.05). The overall 
prevalence of chronic pain was 64.5% (n=591), with a higher prevalence of chronic pain in the wrists/hands, hips, knees, 
and feet among the neuropathic-like symptoms group compared to the nociceptive pain group (Supplemental Table S2).

Overall, 51.9% (n=476) of the participants were classified as having pre-frailty, and 5.1% (n=47) of the participants 
were classified as having frailty. Of the participants with chronic pain, 54.5% (n=322) were pre-frail and 6.1% (n=36) 
were frail. As shown in Figure 1, the age- and sex-adjusted prevalence of pre-frailty was significantly increased among 
the participants with nociceptive pain compared to the no-chronic pain group, whereas the age- and sex-adjusted 
prevalence of frailty was significantly increased among the participants with nociceptive pain and neuropathic-like 
symptoms compared to the no-chronic pain group.

Table 2 presents the multivariable-adjusted ORs and 95% CIs for the presence of pre-frailty and frailty according to 
the status of chronic pain types. In the multinomial logistic regression analyses, the following ORs and 95% CIs were 
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revealed: for the presence of pre-frailty among the participants with nociceptive pain, 1.64 (95% CI: 1.08–2.50, p=0.02) 
compared to the no-chronic pain group; and for the presence of frailty among the participants with neuropathic-like 
symptoms, 4.68 (95% CI: 1.14–19.24, p=0.03) versus the no-chronic pain group. The binomial logistic regression 
analyses provided the following ORs and 95% CIs: for the presence of exhaustion in the nociceptive pain group, 2.57 
(95% CI: 1.34–4.93, p<0.01) compared to the no-chronic pain group, and for the presence of slow gait speed in the 
neuropathic-like symptoms group, 2.29 (95% CI: 1.05–5.01, p=0.04) versus the no-chronic pain group (Supplemental 
Table S3).

Table 3 presents the multivariable-adjusted ORs and 95% CIs for the presence of pre-frailty and frailty according to 
the neuropathic sensory symptoms. In the multinomial logistic regression analyses, the neuropathic sensory symptoms of 
burning (OR 3.36, 95% CI: 1.47–7.71, p<0.01), tingling/prickling (OR 2.56, 95% CI: 1.19–5.51, p=0.02), and numbness 
(OR 3.60, 95% CI: 1.62–7.97, p<0.01) were significantly associated with frailty (but not pre-frailty), while light touching 
was significantly associated with pre-frailty (OR 1.90, 95% CI: 1.05–3.44, p=0.04), and slight pressure was significantly 
associated with both pre-frailty and frailty (pre-frailty, OR 1.49, 95% CI: 1.05–2.14, p=0.03; frailty, OR 2.31, 95% CI: 
1.10–4.88, p=0.03).

Discussion
The results of our analyses demonstrated that in a population of 917 community-dwelling Japanese older adults, 
compared to the no-chronic pain group, (i) Nociceptive pain was significantly associated with a higher risk of the 
presence of pre-frailty, and (ii) Neuropathic-like symptoms were significantly associated with a higher risk of the 
presence of frailty. We observed that nociceptive pain was associated with exhaustion and that neuropathic-like 

Table 1 Characteristics of the 917 Study Participants According to the Status of Chronic Pain Types

Variables No-Chronic  
Pain n=326

Nociceptive  
Pain n=522

Neuropathic-Like  
Symptoms n=69

Age, yrs, mean (SD) 71.0 (3.0) 70.7 (3.1) 70.7 (3.1)

Women 163 (50.0) 264 (50.6) 37 (53.6)

Educational level, <10 yrs 32 (9.8) 55 (10.5) 12 (17.4)
Employment status, employed 112 (34.4) 173 (33.1) 24 (34.8)

Subjective economic status, low 148 (45.8) 283 (54.6) 40 (58.0)

Comorbidities: 193 (59.2) 367 (70.3)** 50 (72.5)*
Osteoporosis 14 (4.3) 50 (9.6)* 11 (15.9)**

Hypertension 116 (35.6) 232 (44.4)* 26 (37.7)
Hyperlipidemia 79 (24.2) 185 (35.4)** 25 (36.2)*

Diabetes mellitus 44 (13.5) 86 (16.5) 11 (15.9)

Stroke 17 (5.2) 21 (4.0) 4 (5.8)
Heart disease 31 (9.5) 55 (10.5) 12 (17.4)

Underweight 29 (8.9) 37 (7.1) 6 (8.7)

Overweight 70 (21.5) 129 (24.7) 22 (31.9)
Cognitive impairment 80 (24.5) 124 (23.8) 14 (20.3)

Current smoking 32 (9.8) 37 (7.1) 6 (8.7)

Current alcohol consumption 162 (49.9) 278 (53.3) 29 (42.0)
Regular exercise, ≥3 times/week 224 (68.7) 357 (68.5) 41 (59.4)

Living alone 36 (11.0) 54 (10.3) 8 (11.6)

No communications with another person per month 53 (16.3) 82 (15.7) 9 (13.0)
Experiences of bereavement 154 (47.2) 242 (46.4) 37 (53.6)

Pain intensity, mean (SD) 0 3.3 (2.0)** 5.0 (2.3)**

Notes: The data are n (%) unless otherwise noted. Dunnett’s test was used for group differences, with the no-chronic pain group as the 
reference group. *p<0.05, **p<0.01. 
Abbreviation: SD, standard deviation.
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symptoms were associated with slow gait speed. The analyses also revealed that the neuropathic sensory symptoms of 
burning, tingling/prickling, and numbness were each associated with frailty, but not the risk of pre-frailty.

The prevalence of frailty in this study population (5.1%) was somewhat lower than the national prevalence of frailty 
in Japan (8.7%),5 the United States (15.3%),26 and European Union countries (18.0%).27 This is likely due to the 
differences in the survey methodology, response rate, age-range, and definition of frailty. It is therefore necessary to take 
into account the possibility that the present study’s participants were more representative of healthy individuals.

A systematic review of the association between chronic pain and frailty among older adults indicated that frailty and pre- 
frailty are common in individuals with chronic pain and that chronic pain among non-frail older adults significantly predicts 
the incidence of frailty after an average follow-up of 5.8 years.28 Several studies have demonstrated that pain frequency, pain 
intensity, the number of pain sites, widespread pain, and osteoarthritis-related pain are associated with the risk of developing 
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Table 2 Multivariable-Adjusted Odds Ratios (ORs) and 95% CIs (Confidence Intervals) for the Presence of Pre-Frailty and Frailty 
According to the Status of Chronic Pain Types

Chronic Pain Type No. of Participants No. in Phenotypes of Frailty Multivariable-Adjusted OR (95% CI)

Pre-Frailty Frailty Pre-Frailty p-value Frailty p-value

No-chronic pain 326 154 11 1.00 (ref.) 1.00 (ref.)

Nociceptive pain 522 287 28 1.64 (1.08–2.50) 0.02 2.42 (0.89–6.55) 0.08

Neuropathic-like symptoms 69 35 8 1.69 (0.81–3.52) 0.16 4.68 (1.14–19.24) 0.03

Notes: Binomial logistic regression analyses were used to estimate the ORs and 95% CIs for the presence of pre-frailty and frailty according to the status of chronic pain 
types. The multivariable model was adjusted for age, sex, education level, employment status, subjective economic status, comorbidity, underweight, overweight, cognitive 
impairment, current smoking, current alcohol consumption, regular exercise, living alone, number of communications with another person per month, experiences of 
bereavement, and pain intensity.
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frailty.8–10,29,30 For example, the ENRICA prospective study of Spanish community residents aged ≥60 years without frailty 
reported that the association between pain characteristics (frequency, intensity, and the number of pain sites) and frailty is 
a dose-response relationship, with severe-type pain increasing the risk of developing frailty.8 However, since we were unable 
to find any study that examined the association between neuropathic pain and prefrailty and frailty in community-dwelling 
older adults, our present findings provide new insight into the effects of neuropathic-like symptoms that may contribute to the 
mechanism of frailty development. Conversely, frailty may be significantly associated with the probability of chronic pain.28 

Further prospective and interventional studies may clarify the causal relationship between chronic pain types and frailty.
In a meta-analysis including 32 cross-sectional studies, frailty and pre-frailty were associated with significantly higher serum 

inflammatory parameters, particularly C-reactive protein (CRP) and interleukin (IL)-6, compared to robust participants.14 

However, longitudinal studies did not show any association between higher inflammatory levels and the onset of frailty.14 The 
presence of neuropathic characteristics has been associated with central sensitization and might thus be related to the presence of 
nociplastic mechanisms.31 Nociplastic pain is pain that arises from the abnormal processing of pain signals without any clear 
evidence of tissue damage or discrete pathology involving the somatosensory system.3 An association between the PD-Q score 
and quantitative sensory testing (QST) has been reported.21,32,33 QST indirectly examines the possibility of the sensitization of 
nociceptive neurons and is increasingly used in studies of musculoskeletal pain34 as well as for patients with features of 
neuropathic pain.35 It has thus been speculated that moderate to severe persistent nociceptive stimulation at multiple joints may 
result in neuropathy-like symptoms via central sensitization,36 which may be associated with the development of frailty via the 
induction of vulnerability to internal and external stress.37 Moreover, fear-avoidance behaviors among individuals with chronic 
pain lead to the development of a sedentary lifestyle, which further decreases muscle mass and strength and contributes to the 
development of sarcopenia and/or slow gait speeds.38,39 In the present study, neuropathic-like symptoms were associated with 
slow gait speed, suggesting the need for future investigations of the possibility that catastrophic thoughts in the participants with 
neuropathic-like symptoms were partially involved in this association.

The strengths of our study are as follows. This is the first study to examine the relationship between chronic pain types 
(nociceptive and neuropathic-like symptoms) and frailty in community-dwelling older adults, and the information was 
obtained from a relatively large number of participants (n=917). In addition, the ORs were calculated with adjustment for 
potential biopsychosocial confounders. However, some limitations need to be considered when interpreting our findings. First, 

Table 3 Multivariable-Adjusted ORs and 95% CIs for the Presence of Pre-Frailty and Frailty According to the Neuropathic Sensory 
Symptoms

The Neuropathic Sensory 
Symptoms

No. of 
Participants

No. in Phenotypes of 
Frailty

Multivariable-Adjusted OR (95% CI)

Pre-Frailty Frailty Pre-Frailty p-value Frailty p-value

Burning (−) 769 396 31 1.00 (ref.) 1.00 (ref.)

Burning (+) 148 80 16 1.30 (0.84–2.01) 0.23 3.36 (1.47–7.71) <0.01

Tingling/prickling (−) 719 370 30 1.00 (ref.) 1.00 (ref.)
Tingling/prickling (+) 198 106 17 1.12 (0.77–1.63) 0.56 2.56 (1.19–5.51) 0.02

Light touching (−) 846 431 40 1.00 (ref.) 1.00 (ref.)

Light touching (+) 71 45 7 1.90 (1.05–3.44) 0.04 2.79 (0.98–7.97) 0.06
Electric shock-type pain (−) 838 432 42 1.00 (ref.) 1.00 (ref.)

Electric shock-type pain (+) 79 44 5 1.10 (0.64–1.89) 0.74 1.13 (0.36–3.51) 0.84

Cold/heat (−) 901 465 46 1.00 (ref.) 1.00 (ref.)
Cold/heat (+) 16 11 1 2.28 (0.68–7.68) 0.18 1.87 (0.17–20.10) 0.61

Numbness (−) 762 391 29 1.00 (ref.) 1.00 (ref.)

Numbness (+) 155 85 18 1.26 (0.83–1.91) 0.29 3.60 (1.62–7.97) <0.01
Slight pressure (−) 662 331 28 1.00 (ref.) 1.00 (ref.)

Slight pressure (+) 255 145 19 1.49 (1.05–2.14) 0.03 2.31 (1.10–4.88) 0.03

Notes: Multinomial logistic regression analyses were used to estimate the ORs and 95% CIs for the presence of pre-frailty and frailty according to the neuropathic sensory 
symptoms. The multivariable model was adjusted for age, sex, education level, employment status, subjective economic status, comorbidity, underweight, overweight, 
cognitive impairment, current smoking, current alcohol consumption, regular exercise, living alone, number of communications with another person per month, experiences 
of bereavement, and pain intensity.
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the study’s cross-sectional design does not allow conclusions about the direction of causality of these associations. Second, we 
cannot rule out the possibility that the study population was biased toward healthy individuals, since the analysis subjects 
(n=930) had fewer comorbidities and a lower rate of current smoking, while their regular exercise (≥3 times/week) was more 
frequent compared to the excluded subjects (n=659). Third, we were unable to obtain medical information on chronic 
inflammation and diseases that include symptoms of neuropathic pain. We used the PD-Q to identify neuropathic pain 
components in this study, but we cannot generalize the study’s results as pure neuropathic pain because the positive and 
unclear components were combined into neuropathic-like symptoms. Future research should include a precise clinical 
diagnosis based on physical and imaging findings of neurological symptoms including QST and a flow chart for identifying 
and grading nociplastic pain affecting the musculoskeletal system.40 Fourth, there is no information on nutrition that 
contributes to the frailty cycle,4 although it is well-known that unhealthy dietary behaviors are often observed in individuals 
with chronic pain.41 Fifth, although multiple covariates were considered for adjustment, the effects of residual confounding 
remain a concern. Finally, there are limitations in the generalizability of the findings to other populations with different 
cultures and lifestyles, because the study was conducted in a single region of Japan.

Conclusions
The results of our analyses demonstrated that in a population of community-dwelling Japanese older adults, compared to 
the no-chronic pain group, (i) nociceptive pain was significantly associated with a higher risk of the presence of pre- 
frailty, and (ii) neuropathic-like symptoms were significantly associated with a higher risk of the presence of frailty. In 
particular, the neuropathic sensory symptoms of burning, tingling/prickling, and numbness were each associated with 
frailty, but not the risk of pre-frailty. The results of this study suggest that chronic pain types might have different effects 
on frailty status. Further prospective and interventional studies are needed to incorporate assessments that enable the 
objective classification of chronic pain types (nociceptive, neuropathic, or nociplastic) and could be developed into 
a multidisciplinary approach that is based on multiple pain mechanisms.
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