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Abstract

Background: the association between pain characteristics and frailty risk is uncertain.
Objective: to investigate the separate impact of the frequency, intensity and location of pain on frailty risk and its possible
mechanisms.
Methods: prospective cohort of 1505 individuals ≥63 years followed between 2012 and 2015 in Spain. In 2012, pain was
classified into: lowest pain (Score 0), middle pain (Score 1–4) and highest pain (Score 5–6). Incident frailty was assessed in
2015 as having ≥3 Fried criteria or a Frailty Index (FI) ≥0.30.
Results: in multivariate analyses, the risk of frailty (measured with the Fried criteria or the FI) increased progressively with
the frequency of pain, its intensity and the number of pain locations. Compared with those having the lowest pain score, the
odds ratio (95% confidence interval) of Fried-based frailty was 1.24 (0.56–2.75) in the middle score and 2.39 (1.34–4.27;
P-trend <0.01) in the highest score. Corresponding values for frailty as FI ≥0.30 were 1.39 (0.80–2.42) and 2.77 (1.81–4.24;
P-trend <0.01). Odds ratios did not change after adjustment for alcohol intake, Mediterranean diet adherence or sedentary
time, but were reduced with adjustment for pain-associated chronic diseases (cardiovascular disease, diabetes, chronic lung
disease, osteomuscular disease and depression). A higher pain score was linked to higher risk of exhaustion and low physical
activity (two out of five Fried criteria) and to a worse score in all FI domains.
Conclusion: frequency, intensity and location of pain were associated with higher risk of frailty. Study associations were
partly explained by pain-associated morbidity.
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Introduction

Persistent pain is a frequent health problem in older adults.
In the English Longitudinal Study of Ageing (ELSA), con-
ducted on a representative sample of people aged ≥50 years
in the UK, 18.1% and 6.6% reported suffering moderate
and severe persistent pain, respectively [1]. Also, among

22,280 individuals aged ≥50 years from the 2011 Survey of
Health, Ageing and Retirement Study in Europe, 57% reported
suffering pain in the joints for at least six months prior to
the interview [2].

Frailty is a common geriatric syndrome, which is charac-
terized by reduced physiological reserve and increased vul-
nerability to even minors stressors (e.g. infection, a new
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drug treatment), which leads to greater risk of adverse out-
comes, including falls, hospitalization, disability, institution-
alization or death [3, 4]. The frailty syndrome is habitually
ascertained using either a phenotypic approach-based on
the aggregation of several frailty criteria (e.g. the Fried cri-
teria)-, or the frailty index (FI)-based on the number of
health deficits accumulated over time [5]. Although the
prevalence of frailty varies with the diagnostic approach, in
European populations it is about 10% in those aged
≥60 years [6].

Interestingly, the frequency of both pain and frailty
increases with age, and they often coexist. Because of this,
and the fact that pain is also a risk factor for falls, func-
tional limitation and death [7, 8], persistent pain has been
considered a cause, a consequence, or even an additional
manifestation of the frailty phenotype [9].

However, epidemiological evidence on the role of pain
as a causal risk factor for frailty is limited. Only a few
cross-sectional [10–14] and prospective [1, 15–17] studies
have assessed this association. Moreover, no previous study
has examined the association between pain and risk of
frailty, assessed with both the Fried criteria and the FI.
Also, none has evaluated the separate impact of the fre-
quency, intensity and localization of pain on frailty risk, and
the mechanisms of this association are still poorly under-
stood. Although it has been suggested that pain may lead to
greater sedentariness and worse nutrition which could lead
to frailty [1, 18], and although comorbidity in patients with
pain may account for pain-associated frailty, we are not
aware of any study that has systematically assessed the role
of these potential mechanisms.

Therefore, we used data from a cohort of older adults in
Spain to examine the prospective association of frequency,
intensity and number of localizations of pain with risk of
frailty, assessed with both the Fried criteria and the FI.
Additionally, we investigated if sedentary behavior, diet
quality and morbidity could explain the study associations.

Methods

Study design and participants

Data were taken from the Seniors ENRICA, a population-
based cohort of Spanish community-dwelling individuals
aged ≥60 years recruited in 2008–2010 [19, 20]. Data were
collected by telephone interviews and in subsequent home
visits that included a face-to-face interview, a physical exam-
ination, a diet history, and collection of biological samples.
Information was updated in 2012 (Wave 1) and 2015 (Wave
2). Given that information on pain was first obtained in
2012, analyses for this paper were conducted with the 1,821
participants in 2012 who were followed up to 2015. From
these individuals, we excluded those with frailty at baseline
or incomplete data on frailty at baseline and follow-up;
thus, analyses using incident Fried-based frailty were per-
formed with 1,308 individuals, and analyses using incident
FI-based frailty with 1,505 people.

Study participants gave informed written consent. The
study was approved by the Ethics Research Committee of
La Paz University Hospital in Madrid.

Study variables

Pain

Information on pain was self-reported using 10 questions
from the instrument used in the Survey on Chronic Pain in
Europe [21]. Individuals with pain at least ≥2 times/week
in the last 6 months were deemed to suffer persistent pain;
those with pain 1 time/week, 1–3 times/month or <1
time/month were considered to have sporadic pain; and
those with no pain in the last 6 months were classified as
having no pain. Pain intensity was assessed according to its
impact on habitual activities; individuals whose pain
troubled them moderately, a lot or completely were classi-
fied as suffering moderate-high-intensity pain; those with
little trouble as light-intensity pain; and those with no trou-
ble as very low intensity pain. Participants classified as with
high-intensity, light and very low-intensity pain reported an
average intensity of 7.93, 5.05 and 2.59 points (in a scale
from 1 [no pain] through 10 [a pain I cannot even imagine
bearing]), respectively. Pain location was reported in six cat-
egories: (a) head and neck; (b) back; (c) bones and joints;
(d) legs; (e) arms and (f) other sites; this served to classify
individuals with pain according to the number of pain sites:
0, 1–2 and ≥3.

A pain scale including frequency, intensity and number
of pain sites was built. Sporadic and frequent pain were
assigned a score of 1 and 2, respectively; light and
moderate-high intensity a score of 1 and 2, respectively; and
1–2 and ≥3 sites a score of 1 and 2, respectively. The scale
ranged from 0 to 6 (worse pain), and classified participants
into three groups: lowest (score 0), middle (score 1–4) and
highest score (score 5–6). The cut-off point between middle
and highest pain was the median score in those with pain
score 1 through 6.

Frailty

According to the criteria proposed by Fried et al. in the
Cardiovascular Health Study (CHS) [22], individuals meet-
ing ≥3 of five phenotypic criteria were considered as frail
(see Supplementary Table 1, available at Age and Ageing
online).

Frailty was also measured with a FI based on 51 items
(see Supplementary Table 2, available at Age and Ageing
online) [23]. Frailty was defined as an FI ≥0.30 [1, 15, 24].
In our cohort, the hazard ratio for 5-year mortality of hav-
ing an FI ≥0.30 vs. <0.30 was 1.50 (95% confidence inter-
val CI: 1.09–2.06).

Other variables

At baseline, data on age, sex, education, tobacco smoking,
measured BMI [25], adherence to the Mediterranean diet
(MD) as per the MEDAS index (excluding alcohol intake)
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[26] and sedentary behavior (h/day watching TV) [27] were
collected. Participants reported whether they had any of the
following physician-diagnosed diseases: cardiovascular dis-
ease (ischemic heart disease, stroke, heart failure), diabetes,
chronic lung disease (asthma, chronic bronchitis), osteo-
muscular disease (osteoarthritis, arthritis or hip fracture)
and depression requiring treatment.

Statistical analyses

Among individuals free of frailty at baseline, the association
of sporadic and persistent pain in 2012 with the risk of frailty
up to 2015 was summarized with odds ratios (OR) and their
95% CI, obtained from logistic regression. The ‘no pain’ cat-
egory was used as reference in the analyses. A dose–response
association was estimated by modeling the pain frequency
categories as a continuous variable. Five models were fitted.
Model 1 adjusted for age, sex, education, tobacco smoking
and BMI. Next, the potential mediation of alcohol intake,
TV watching and adherence to the MD to the associations
between pain and frailty risk was assessed by adding each of
these variables separately to model 1 (Models 2–4). Then, a
full model adjusting simultaneously for all covariates was fit-
ted (Model 5). In analyses using the Fried criteria, a sixth
model adjusting for the studied covariates and for the num-
ber of chronic diseases was estimated. Similar analyses were
performed using pain intensity (very low [reference], light
and moderate-high), number of pain locations (0 [reference],
1–2, ≥3 sites), and pain scale (lowest [reference], middle and
highest score) as exposure variables. Analyses based on
Models 1 and 5 were replicated for each Fried criterion
(among individuals free of that criterion at baseline) and for
each dimension of FI (among individuals with a score <0.30
in that dimension at baseline).

Multivariate linear regression models were used to assess the
association between pain in 2012 and worsening frailty, accord-
ing to FI, from 2012 to 2015. Regression analyses were adjusted
as above and additionally adjusted for FI in 2012. Results were
expressed as beta coefficients (95%CI) of the FI score.

Results

Characteristics of study participants

Among study participants at baseline, 12.6% reported sporadic
pain and 31.3% persistent pain. Corresponding figures were
17.7 and 26.1% for light and moderate-high-intensity pain,
and 22.7 and 20% for pain in 1–2 sites and ≥3 sites, respect-
ively. see Supplementary Tables 3 and 4, available at Age and
Ageing online show the sociodemographic, lifestyle and clinical
variables of study participants according to pain characteristics.
During follow-up, 67 individuals developed frailty based on
Fried criteria and 141 based on FI.

Pain status and frailty as per the fried criteria

Table 1 shows that, compared to people with no pain, those
with more frequent pain were more likely to become frail

(Model 1, OR:1.9, 95%CI:1.1–3.4; P-trend = 0.03). Results
were in the same direction for pain intensity (OR moderate-
high vs. very low intensity 2.4, 95%CI: 1.4–4.3; P-trend <0.01)
and for the number of pain sites (OR ≥ 3 vs. 0 sites:2.5, 95%
CI: 1.4–4.6; P-trend <0.01). Accordingly, the pain scale
showed a positive dose–response with frailty risk: OR middle
vs. lowest score: 1.2, 95%CI: 0.6–2.8; OR highest vs. lowest
score: 2.4, 95%CI: 1.3–4.3; P-trend <0.01. Additional adjust-
ment for alcohol intake, sedentary time or MEDAS index did
not materially change the results (Models 2–5). Further adjust-
ment for chronic diseases (Model 6) somewhat reduced the
associations: the OR for the highest vs. lowest score was 2.5
in Model 5 and 1.9 in Model 6. Results in Model 5 were not
modified by sociodemographic and lifestyle variables or
chronic diseases (P for interaction >0.05 in all cases).

A higher frequency, intensity and number of locations of
pain, as well as a higher score on the pain scale, were asso-
ciated with higher risk of exhaustion and low physical activ-
ity. Results for low gait speed and muscle weakness were in
the same direction, although they did not reach statistical
significance. Weight loss did not show any association (see
Supplementary Table 6, available at Age and Ageing online).

Pain status and frailty as per the frailty index

Table 2 shows that the risk of FI ≥0.30 increased progres-
sively with the frequency of pain, its intensity and the num-
ber of pain locations (model 1). As a result, compared with
the lowest score on the pain scale, the OR of frailty was 1.4
(95%CI: 0.8–2.4) for a middle score and 2.8 (95%CI:
1.8–4.2) for the highest (P-trend: <0.01). Results remained
similar after further adjustment for alcohol intake, sedentary
time and MEDAS index. A higher frequency, intensity and
number of locations of pain, and a progressively higher
score on the pain scale were consistently associated with a
score ≥0.30 on the dimensions of functional impairment,
self-rated health and vitality, mental health, and morbidities
and health services use (see Supplementary Table 7, avail-
able at Age and Ageing online). No significant interaction was
found with sociodemographic and lifestyle variables or
chronic diseases. Results for worsening frailty over the
follow-up were in line with those obtained for FI ≥0.30
(see Supplementary Tables 5 and 8, available at Age and
Ageing online).

Discussion

In this prospective study of community-dwelling older
adults in Spain, the frequency, intensity and location of pain
were associated with a higher risk of frailty and most of its
components. The study associations were partly explained
by pain-associated morbidity.

Our results are in line with previous prospective studies.
The first one, conducted among 2,736 men aged 40–79
years in the European Male Ageing Study, found an associ-
ation between chronic widespread pain and increased risk
of frailty and worsening frailty, as measured with the FI
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[15]. The same authors, using data from ELSA, subse-
quently reported that in men and women ≥49 years, mod-
erate and severe pain were linked to greater risk and
intensity of FI-based frailty [1]. The third study was con-
ducted among 1,775 older men and women with osteoarth-
ritis (OA), enrolled in the Progetto Veneto Anziani and
followed during 4.4 years; lower limb OA-related pain was
associated with Fried-based frailty [16]. Finally, among
3,053 US non-frail men and women from the Osteoarthritis
Initiative aged 45–79 years, knee pain (particularly bilateral
knee pain) was linked to a greater risk of prefrailty and frailty
over six years [17].

This present work is unique by showing that each main
characteristic of pain has a separate association with frailty;
even sporadic pain (presumably of sufficient intensity) and
pain of only light-intensity are linked to increased frailty
risk. About 13% of participants in our study had sporadic
pain, 82.9% had visited a doctor for pain management, and
75% of the latter were prescribed analgesic treatment; cor-
responding values for light-intensity pain were 16.5, 79.1
and 76.9%. Thus, there is substantial unmet need of treat-
ment for the less severe forms of pain, which may turn into
increased frailty risk and its adverse outcomes. Our study is
also unique by showing that more severe pain is associated

with both the phenotypic- and FI-based frailty. Given that
the Fried criteria and many of the FI domains are unrelated,
the robustness of the results suggests that there are differ-
ent mechanisms linking pain and frailty. Given the multidi-
mensional nature of pain, it may affect several biological
systems leading to reduced physiological reserve and less
ability to maintain homeostasis after exposure to even min-
or stressors, which are the hallmarks of frailty [12].

Chronic morbidity explained part of the association
between pain and frailty based on Fried criteria. Other pro-
spective studies have found that lower limb OA-related
pain as well as knee pain, the most common symptom of
knee OA, predict phenotypic frailty [16, 17]. Also, in one
cross-sectional study with older adults in China the associ-
ation of pain with frailty was partially mediated by depres-
sion, and comorbid depression and pain had an additive
interaction on physical frailty [14].

Lastly, previous studies have shown that pain is asso-
ciated with disability [7], worse health-related quality of life
[18], and cognitive impairment [28]. These results are in
line with ours because these variables broadly correspond
to several domains of the FI.

This study has several limitations. First, the follow-up
was 3 years and cannot rule out some reverse causation [8].

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1. Association between pain status at baseline and risk of frailty (as per Fried criteria) after three years of follow-up
(n = 1308).

Frailty
cases/total

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Model 3
OR (95% CI)

Model 4
OR (95% CI)

Model 5
OR 95% (CI)

Model 6
OR 95% (CI)

Frequency of pain
No pain 27/734 Ref. Ref. Ref. Ref. Ref. Ref.
Sporadic pain 11/165 2.0 (0.9–4.3) 1.9 (0.9–4.2) 2.0 (0.9–4.3) 2.0 (0.9–4.3) 2.0 (0.9–4.3) 2.1 (0.9–4.6)
Persistent pain 29/409 1.9 (1.1–3.4) 1.9 (1.1–3.4) 2.0 (1.1–3.6) 2.0 (1.1–3.5) 2.0 (1.1–3.7) 1.6 (0.9–3.0)
P for trend 0.03 0.03 0.02 0.02 0.02 0.14

Intensity of pain
Very low 27/734 Ref. Ref. Ref. Ref. Ref. Ref.
Light 9/232 1.2 (0.6–2.7) 1.3 (0.6–2.9) 1.3 (0.6–2.9) 1.3 (0.5–2.8) 1.4 (0.6–3.2) 1.3 (0.6–3.0)
Moderate-High 31/342 2.4 (1.4–4.3) 2.3 (1.3–4.0) 2.5 (1.4–4.4) 2.42 (1.4–4.3) 2.4 (1.3–4.2) 1.9 (1.0–3.6)
P for trend <0.01 <0.01 <0.01 <0.01 <0.01 0.04

Locations of pain
0 pain sites 28/750 Ref. Ref. Ref. Ref. Ref. Ref.
1–2 pain sites 14/297 1.4 (0.7–2.8) 1.4 (0.7–2.8) 1.4 (0.7–2.8) 1.4 (0.7–2.7) 1.5 (0.7–2.9) 1.4 (0.7–2.9)
≥ 3 pain sites 25/261 2.5 (1.4–4.6) 2.3 (1.3–4.4) 2.6 (1.4–4.9) 2.6 (1.4–4.8) 2.6 (1.4–4.8) 1.9 (0.9–3.7)
P for trend <0.01 <0.01 <0.01 <0.01 <0.01 0.06

Pain scale
Lowest score 27/734 Ref. Ref. Ref. Ref. Ref. Ref.
Middle score 9/223 1.2 (0.6–2.8) 1.3 (0.6–2.8) 1.3 (0.6–2.9) 1.3 (0.6–2.8) 1.3 (0.6–3.0) 1.4 (0.6–3.1)
Highest score 31/351 2.4 (1.3–4.3) 2.3 (1.3–4.1) 2.5 (1.4–4.5) 2.4 (1.4–4.3) 2.5 (1.4–4.5) 1.9 (1.0–3.5)
P for trend <0.01 <0.01 <0.01 <0.01 <0.01 0.05

OR, Odds Ratio; CI, Confidence interval.
Pain scale: 0 lowest score, 1–4 middle score, 5–6 highest score.
Model 1: Adjusted for sex, age, educational level (≤ primary, secondary, university), tobacco smoking (never-, former, current-smoker) and BMI (<25, 25–29.9,
≥30 kg/m2),
Model 2: As Model 1 and additionally adjusted for alcohol intake (tertiles, g/d).
Model 3: As Model 1 and additionally adjusted for time watching TV (tertiles, h/week).
Model 4: As Model 1 and additionally adjusted for the MEDAS Index (tertiles).
Model 5: As Model 1 and additionally adjusted for alcohol intake (tertiles, g/d), time watching TV (tertiles, h/week) and the MEDAS Index (tertiles).
Model 6: As Model 5 and additionally adjusted for the number of chronic diseases (cardiovascular disease, diabetes, chronic lung disease, osteomuscular disease
and depression).
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However, the fact that pain predicted low physical activity
in those without such criterion at baseline, and that pain
increased the score in all components of the FI after adjust-
ment for baseline FI, suggests that reverse causation is not
likely to completely explain the study association. Second,
the pain questionnaire has not been validated, and we did
not collect information on the type of pain (e.g. neuro-
pathic, nociceptive) and its etiology. However, we employed
similar items to other widely used questionnaires, and the
distribution of pain categories across socio-demographics,
lifestyle and chronic diseases was consistent with the litera-
ture [29, 30]. Lastly, there was a small number of frailty
events, particularly Fried-based cases, in some categories of
pain, which led to relatively wide confidence intervals for
the study associations; also, morbidity was self-reported and
it may underestimate the presence of disease, particularly in
their milder forms.

In conclusion, this research shows a dose–response rela-
tionship between separate pain characteristics and frailty,
assessed with both Fried criteria and FI, in older men and
women. Our results are of clinical importance because they
show a substantial unmet need of treatment for the less
severe forms of pain, which may turn into increased frailty
risk. Future research should establish if effective pain man-
agement, especially within the context of chronic diseases,
could reduce frailty risk.

Key points

• Among older people, pain is a risk factor for falls, func-
tional limitation and death.

• In this cohort, the prevalence of moderate-high-intensity
pain was 26.1%.

• In older people, frequency, intensity and location of pain
show a separate dose–response relationship with risk of
frailty.

• This relationship is partly explained by pain-associated
morbidity.

• Effective chronic pain management, especially within the
context of chronic diseases, could reduce frailty risk.

Supplementary data

Supplementary data mentioned in the text are available to
subscribers in Age and Ageing online.
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Table 2. Association between pain status at baseline and risk of frailty (as per frailty index ≥0.30) after three years of
follow-up (n = 1505).

Frailty
cases/total

Model 1 OR
(95% CI)

Model 2 OR
(95% CI)

Model 3 OR
(95% CI)

Model 4 OR
(95% CI)

Model 5 OR
95% (CI)

Frequency of pain
No pain 60/914 Ref. Ref. Ref. Ref. Ref.
Sporadic pain 17/172 1.7 (0.9–3.0) 1.7 (1.0–3.1) 1.6 (0.9–2.9) 1.7 (1.0–3.1) 1.7 (1.0–3.1)
Persistent pain 55/391 2.4 (1.6–3.6) 2.4 (1.6–3.7) 2.4 (1.6–3.6) 2.5 (1.6–3.7) 2.4 (1.6–3.7)
P for trend <0.01 <0.01 <0.01 <0.01 <0.01

Intensity of pain
Very low 60/914 Ref. Ref. Ref. Ref. Ref.
Light 24/254 1.7 (1.0–2.8) 1.8 (1.1–3.0) 1.7 (1.0–2.9) 1.8 (1.1–3.0) 1.8 (1.1–3.1)
Moderate-High 48/309 2.5 (1.7–3.9) 2.5 (1.6–3.9) 2.4 (1.6–3.8) 2.6 (1.7–4.0) 2.5 (1.6–3.8)
P for trend <0.01 <0.01 <0.01 <0.01 <0.01

Locations of pain
0 pain sites 61/930 Ref. Ref. Ref. Ref. Ref.
1–2 pain sites 32/320 1.7 (1.1–2.7) 1.7 (1.1–2.7) 1.7 (1.0–2.7) 1.7 (1.1–2.8) 1.7 (1.1–2.7)
≥3 pain sites 39/227 3.0 (1.9–4.8) 3.0 (1.9–4.8) 2.9 (1.8–4.7) 3.1 (1.9–5.0) 3.1 (1.9–5.0)
P for trend <0.01 <0.01 <0.01 <0.01 <0.01

Pain scale
Lowest score 60/914 Ref. Ref. Ref. Ref. Ref.
Middle score 19/240 1.4 (0.8–2.4) 1.4 (0.8–2.5) 1.4 (0.8–2.4) 1.4 (0.8–2.5) 1.5 (0.9–2.6)
Highest score 53/323 2.8 (1.8–4.2) 2.8 (1.8–4.2) 2.7 (1.8–4.1) 2.8 (1.9–4.3) 2.7 (1.8–4.2)
P for trend <0.01 <0.01 <0.01 <0.01 <0.01

OR, Odds Ratio; CI, Confidence interval.
Pain scale: 0 lowest score, 1–4 middle score, 5–6 highest score.
Model 1: Adjusted for sex, age, educational level (≤ primary, secondary, university), tobacco smoking (never-, former, current-smoker) and BMI (<25, 25–29.9,
≥30 kg/m2).
Model 2: As Model 1 and additionally adjusted for alcohol intake (tertiles, g/d).
Model 3: As Model 1 and additionally adjusted for time watching TV (tertiles, h/week).
Model 4: As Model 1 and additional adjusted for the MEDAS Index (tertiles).
Model 5: As Model 1 and additionally adjusted for alcohol intake (tertiles, g/d), time watching TV (tertiles, h/week) and the MEDAS Index (tertiles).
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