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Chronic pain (CP) is a global public health issue and a critical factor in the aging
process. Chile, as one of the most aged countries in Latin America, presents a
unique context for exploring CP and its associated factors. Despite its significance
in aging, previous studies in the region often fail to comprehensively address key
variables such as age, income, mood, mobility, diet, and cognitive skills, nor do
they systematically investigate the relationship between CP and cognitive
impairment. This study presents a comprehensive analysis of CP prevalence,
related sociodemographic and health variables, and its link to cognitive
impairment, using representative data of the Chilean population 15 years and
older from the 2009–2010 and 2016–2017 Chilean National Health Surveys
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(CNHS). In the expanded sample of 12,791,542 and 13,399,937 individuals
respectively, the overall prevalence of CP was 46.0% in the 2009–2010 CNHS
and 28.9% in the 2016–2017 CNHS, with prevalence increasingwith age. CP ranged
from 26.6% among individuals aged 15–24 years to 59.9% among those aged
65–80 years in the 2009–2010 CNHS, and from 16.6% to 40.2% in the
2016–2017 CNHS. Female participants consistently reported higher CP rates,
with significantly higher prevalence than males across age groups 15–64 years.
Using complex survey logistic regression analyses, we identified several factors that
were significantly associated with CP, including reduced mobility, depression,
anxiety, socioeconomic disadvantage, and lower educational attainment.
Machine learning techniques were employed to classify CP and non-CP cases,
providing a nuanced understanding of the complex interplay between factors that
influence CP. In a secondary analysis among those 60 years and older, no
significant difference in CP prevalence was observed between individuals with
and without cognitive impairment measured with an abbreviated MiniMental State
Examination test. However, those with cognitive impairment tended to report pain
in a greater number of anatomical sites. This study provides the first nationally
representative evidence of CP in Chile in relation to age, income, mood, mobility,
diet, and cognitive performance. These findings contribute to the understanding of
CP as a public health issue in Latin America. The study underscores the need for
targeted interventions to promote healthy longevity and reduce the burden of
chronic diseases in aging populations.

KEYWORDS

Chile, chronic pain associated factors, cognitive impairment, elderly population,
prevalence

1 Introduction

Chronic pain (CP) is characterized by pain persisting beyond the
expected healing period or lasting for more than 3 months (Raja
et al., 2020). Unlike acute pain, which typically arises in response to a
discernible noxious stimulus, CP can manifest and persist in the
absence of apparent harm (Costigan et al., 2009). The global burden
of CP is substantial, affecting approximately 28% of the worldwide
population, with prevalence increasing notably with age (Zimmer
et al., 2022). From an economic perspective, excluding
institutionalized individuals, the cost of CP is estimated to range
between 560 and 635 billion dollars annually due to medical
expenses and productivity losses in America (Cohen et al., 2021).

Throughout Latin America (LA), CP prevalence varies
significantly across regions (Castañeda Morales et al., 2015;
Lasalvia et al., 2022; Leyva et al., 2023; Martineau et al., 2023;
Oliveira et al., 2023; Serra et al., 2021; Souza et al., 2017). Although
studies in Chile report CP prevalence between 32.1% and 34.7%
(Bilbeny et al., 2018; Durán et al., 2021), these studies often have
limitations and lack representativeness. Specifically, previous studies
have frequently overlooked key demographic and socioeconomic
factors unique to the population and fail to fully capture CP
prevalence within the aging demographic.

The high prevalence reported in LA and Chile could be
attributed to identified risk factors, including age, female sex, low
education level, and depressive symptoms (Oliveira et al., 2023;
Durán et al., 2021; De Moraes Vieira et al., 2012; Durán et al., 2023;
Leão et al., 2016; Maia Costa Cabral et al., 2014). Additionally, CP is
associated with impairments in daily activities, malnutrition, sleep
disorders, anxiety, depression, suicidal ideation, and suicidal

behavior (Durán et al., 2023; Maia Costa Cabral et al., 2014;
Dellaroza et al., 2013; Martínez et al., 2016; Morete et al., 2018;
Paz et al., 2021; Pereira et al., 2017; Schmiesing et al., 2022; Silvestre
et al., 2023; Vélez et al., 2022). Pronounced social inequality also
affects the perception and occurrence of CP, highlighting the
significant influence of environmental factors in CP (Ibanez
et al., 2024; Adkins-Jackson et al., 2023; Bartoskova Polcrova
et al., 2023; Deguen et al., 2022). CP has also been associated
with pathological aging (Pereira et al., 2017; Cao et al., 2019;
Chen et al., 2023; Innes and Sambamoorthi, 2020; Moriarty et al.,
2011; Phelps et al., 2021; Takahashi et al., 2018; Whitlock et al.,
2017). Emerging evidence, particularly from high-income countries
and based on extensive cohort studies, suggest that greater CP is
associated with cognitive decline (Whitlock et al., 2017; Milani et al.,
2023; Milani et al., 2024; Nahin and DeKosky, 2020). This
relationship, however, has not been systematically explored in LA
(Morete et al., 2018; Milani et al., 2023; Milani et al., 2024; Migeot
et al., 2024; Prado et al., 2023; Santamaria-Garcia et al., 2023).
Furthermore, despite the biological and social diversity in Chile and
the high prevalence of CP in the country (Bilbeny et al., 2018; Durán
et al., 2023), the factors associated with CP that are specific to this
context have not been thoroughly explored. In addition, the
relationship between CP and cognitive impairment among older
Chilean adults remains unexamined.

Firstly, this study aimed to assess the prevalence of CP and its
association with key demographic, socioeconomic, and health-
related variables; secondly, it sought to explore the potential
relationship between CP and suspected cognitive impairment
(hereinafter referred to as cognitive impairment) among older
adults. We hypothesized that CP in Chile is associated with
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specific regional adverse socioeconomic (Oliveira et al., 2023;
Fittipaldi et al., 2024; Bonathan et al., 2013; Deckers et al., 2019)
and health conditions (Ibanez et al., 2024; Nahin and DeKosky,
2020; Migeot et al., 2024; Santamaria-Garcia et al., 2023). Further,
we anticipated that these factors would vary based on sex and age
(Cohen et al., 2021; Oliveira et al., 2023; Serra et al., 2021).

2 Materials and methods

2.1 Study design

This cross-sectional study was based on two nationally
representative cycles of the Chilean National Health Survey
(CNHS): 2009–2010 (Min istry of Health MINSAL, 2010) and
2016–2017 (Ministry of Health MINSAL, 2017). These
prevalence studies are surveys conducted by the Ministry of
Health to assess the population’s health status and associated
sociodemographic and clinical factors. Both surveys employed a
stratified, multistage probability sampling design to ensure
representativeness of the Chilean population 15 years and
older. We selected these two specific survey waves because
they are the most recent to include harmonized data on CP,
cognitive function, mood disorders, mobility, nutritional status,
and socioeconomic conditions. The protocol was approved by the
Research Ethics Committee of the Pontificia Universidad
Católica de Chile (No. 16–019) and authorized by the Public
Health Subsecretariat. Written informed consent was obtained
from all participants, in accordance with the Declaration of
Helsinki. Supplementary Figure 1 displays the data processing
pipeline, including dataset selection, feature extraction, outcome
definitions, statistical approaches, classifier details, and
performance results.

2.2 Study population

The CNHS cross-sectional studies conducted in 2009–2010 and
2016–2017 surveyed a total of n = 5,290 and n = 6,051 individuals
aged 15 years and older, respectively. In the current study, we
included participants with available data on self-reported CP,
comprising n = 4,683 for the CNHS 2009–2010 and n =
4,887 for the CNHS 2016–2017, corresponding to an expanded
population of 12,791,542 and 13,399,937 respectively
(Supplementary Figure 1A). Exclusion criteria considered
individuals older than 80 years (n = 190 in 2009–2010 and n =
274 in 2026–2017) to prevent outliers, those who reported cancer
diagnosis (n = 30 in 2009–2010 and n = 243 in 2026–2017) to focus
on non-cancer CP, and those with missing data on the analytical
variables (n = 387 in 2009–2010 and n = 647 in 2026–2017).
Additional analysis on the relationship between CP and cognitive
impairment was conducted among a sample of n = 1,104
(2009–2010, expanded population of 2,049,500), and the n =
1,401 (2016–2017, expanded population of 2,214,309) adults
60–80 years. Overall, both surveys were selected due to their
population representativeness, the inclusion of a large number of
individuals living with CP and the comprehensive clinical and
sociodemographic data available.

2.3 Variables

Data in the 2009–2010 and 2016–2017 CNHS were collected
during home interviews by trained interviewers. The same methods
were used across both surveys.

2.3.1 Outcome variables
2.3.1.1 Chronic pain

In this study the presence of CP was classified dichotomously
identifying whether participants had self-reported none-cancer CP.
Non-cancer CP was defined as an unceasing pain lasting more than
3 months or a pain that persists beyond the normal healing time,
which usually has no protective function, impairs health, and causes
substantial disability (Treede et al., 2019). In addition, participants
were interviewed regarding the joints where they experienced pain
in the past weeks and the duration of this pain. Further, data were
collected on the number of anatomical sites in which participants
reported feeling pain, including the neck, shoulder, upper back,
lower back, elbow, wrist, fingers, hip, knee, ankle, and toes. Single-
site pain referred to pain localized to a specific area of the body, while
multiple-site pain encompassed pain experienced across multiple
body regions.

2.3.1.2 Cognitive function
Among those 60 years and older, an abbreviated validated

Chilean version of the Mini-Mental State Examination (MMSE)
instrument was used to assess suspected cognitive function. The
MMSE measures cognitive domains including orientation,
attention, recent memory, and language (Folstein et al., 1975).
This version comprises six questions with a possible score
ranging from 0 to 19. A score 13 or lower was considered as
evidence of cognitive impairment (Icaza and Albala, 1999). For
this analysis, the MMSE score and the number of painful sites were
treated as binary outcomes based on established cutoffs (≤13).

2.3.2 Predictors
2.3.2.1 Demographics

Demographic features included sex (female or male, no
questions regarding gender identity were made), educational
attainment (years of education completed) and age.

2.3.2.2 Socioeconomic status (SES)
Data on access to electricity, potable water, sanitation facilities,

cooking fuel, and household equipment was collected. Further, a SES
score ranging from 0 to 10 was created, assigning one point for each
positive condition and calculated a percentage based on 10, where
10 signifies the maximum score assigned to homes with optimal
conditions (Santamaria-Garcia et al., 2023).

2.3.2.3 Mood disorders
Mood disorders covered in the study consisted of self-reported

cases of anxiety and depression among the participants, based on
data from the psychosocial module. Participants were asked about
the frequency of their feelings of anxiety or stress, rated on a four
point Likert scale raining from. i) never, ii) sometimes at home or
work, iii) several times at home or work, or iv) permanently at home
or work. Individuals who reported feeling stress on a permanent
basis or several times throughout the week were classified as
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suffering from anxiety. Participants were also asked to rate their
emotional state on a three point scale: i) I am not distressed or
depressed, ii) I am moderately distressed or depressed, or iii) I am
very distressed or depressed. Individuals who reported being
moderately or very distressed or depressed were classified as
suffering from depression.

2.3.2.4 Nutritional status
The Body Mass Index (BMI) in the survey was derived as body

weight divided by height squared, measured by a trained nurse/
interviewer. Subjects having a BMI lower than 18.5 classified as
underweight (malnutrition), those with BMI 18.6 to 24.9 as normal
weight, those with BMI 25 to 29.9 are overweight, while a BMI
greater than 30 classified as obese (Nuttall, 2015).

2.3.2.5 Mobility reduction
The assessment of mobility was based on participants’ reports of

their limitations in proper movement. Subjects are asked if they have
difficulty walking, required assistance to move around or if they have
to stay at home due to their walking problems.

2.4 Statistical analyses

The characteristics of the study population were described using
means and standard deviations (SD) for numerical variables with a
normal distribution, and medians with interquartile ranges (IQR)
for those not normally distributed. For categorical variables,
absolute and relative frequencies were used. Furthermore, the
prevalence of CP was calculated using an expansion factor, as
indicated in the survey’s methodological analysis manual, and
stratified by sex and age groups: a) 15–24 years, b) 25–44 years,
c) 45–64 years, and d) 65–80 years.

To assess the association between the presence of CP (dependent
variable) and lower mobility, nutritional status, and self-reported
mood disorders (independent variables), we used complex survey
logistic regression models, adjusting for SES, education, sex, age, and
geographical region. Next, we examined the association between CP
and both education and SES, using sex, age, and geographical region
as covariates. Results were expressed as odds ratios (ORs) and 95%
confidence intervals (95% CI) (Andrade, 2015; Szumilas, 2010), and
analyses were conducted separately for each survey. An OR greater
than one indicates higher odds of the event (presence of CP)
occurring in the reference group; an OR less than one indicates
lower odds; and an OR equal to one suggests no association.

In the secondary analysis among those 60–80 years, we used the
presence of cognitive impairment (yes/no) as the dependent variable
to study the association with the presence of CP and with the
number of pain sites. For this, we conducted complex survey logistic
regression models, adjusting for SES, education, sex, age, and
geographical region within the country.

To evaluate the capacity for distinguishing between CP and non-
CP cases across the whole sample, we employed the XGBoost
classification algorithm (Chen and Guestrin, 2016). The analyses
were conducted separately for each survey and were further stratified
by cognitive impairment status. XGBoost is a machine learning
algorithm that has emerged as a high-performance alternative (Chen
and Guestrin, 2016; Sagi and Rokach, 2018). Based on extreme

gradient boosting principles, it has consistently outperformed in
various applications (Sagi and Rokach, 2018; Gündoğdu, 2023).
Models were trained on an 80% training sample and subsequently
tested on a 20% testing set, with k = 10 repetitions (Müller and
Guido, 2016). For each iteration, the f-score for the features, Area
Under the Curve (AUC), accuracy, precision, f1, and recall were
computed. Mean f-scores for each feature, along with their standard
deviations, were reported. Bayesian optimization was employed to
identify the optimal hyperparameters for XGBoost. By delineating a
search space for hyperparameters, employing a surrogate
probabilistic model, and iteratively proposing new configurations,
Bayesian Optimization efficiently explores the parameter space
(Shahriari et al., 2016). By introducing XGBoost models, we
leveraged a powerful machine learning algorithm capable of
capturing complex patterns and interactions within the data,
which traditional logistic regressions might overlook. XGBoost
also allows for better handling of large and unbalanced datasets,
improving the overall model performance. The ability to optimize
hyperparameters using Bayesian optimization further enhances the
precision and accuracy of the predictions, providing a more
comprehensive analysis compared to logistic regressions alone.
All analyses were conducted in Python (v3.12.4) using the
statsmodels, scikit-learn, and XGboost packages, and Stata (SB
v18.0) (Müller and Guido, 2016; Python Software
Foundation, 2024).

3 Results

A baseline description of the study population’s characteristics is
presented in Table 1. The mean [SD] age of respondents in the
2009–2010 survey was 44.87 [17.4] years (female: 45.06 [17.2], male:
44.85 [17.6]), while in the 2016–2017 survey it was 46.88 [18.0] years
(female: 47.27 [17.8], male: 46.23 [18.4]). The mean number of years
of education in 2009–2010 was 9.88 [4.1] years (female: 9.79 [4.2],
male: 10.03 [4.1]), and in 2016–2017 it was 10.35 [4.1] years (female:
10.17 [4.1], male: 10.64 [4.1]).

In regard to cognitive status among those 60–80 years old, 90 out
of/1,104 (2009–2010 survey) and 133 out of/1,401 (2016–2017)
participants presented with cognitive impairment. in those
aged 60 and over.

3.1 Chronic pain prevalence in Chile

In the 2009–2010 survey, 2,179 subjects reported experiencing
CP (female: 64.9%), while in the 2016–2017 CNHS, 1,447 subjects
reported suffering from CP (female: 69.6%).

Furthermore, CP prevalence tended to be higher in older age
groups, with the highest age-specific prevalence observed among
individuals aged 65–80 years. Specifically, this group showed a
prevalence of 59% (95% CI: 52%–66%) in the 2009–2010 survey
and 42% (95% CI: 31%–53%) in the 2016–2017 survey (Figures 1A,
B, left panels; Supplementary Table 1). Notably, women reported
higher CP rates thanmen across all age ranges in both surveys. These
sex differences were statistically significant in the 15–64 age range
(p < 0.05) but not in the 65–80 age group, where the differences were
no longer significant.
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Women reported a higher proportion of CP than men across all
age groups in both the 2009–2010 and 2016–2017 surveys (Figures
1A, B, right panels; Table 2).

Moreover, regarding the number of body pain sites, in the
2009–2010 survey, individuals aged 65–80 years were more likely
to experience multi-site CP than single-site CP (Figure 1C;
Supplementary Table 2). To explore whether the observed age-
related patterns in CP extend beyond body site distribution, we
performed a trend analysis examining the general association
between age and CP. We found a significant positive relationship
in both 2009–2010 (OR = 7.80 [5.98–10.18]) and 2016–2017 (OR =
5.24 [4.00–6.88]) surveys. This association remained statistically
significant despite a slight decrease in magnitude over time.
Additionally, age distributions differed significantly between
individuals with and without CP (p < 0.0001), with moderate
effect sizes in both periods (d = 0.49 and d = 0.41). These
findings provide further evidence that age plays a stable and
substantial role in CP prevalence across aging (Figures 1E, F).

A more detailed analysis of specific pain locations in the
2009–2010 survey reveals that knee and low back pain were the
most commonly affected areas in the Chilean population (Figure 1G;
Supplementary Table 3), and this pattern persisted in the
2016–2017 survey (Figure 1H; Supplementary Table 3).

3.2 Main factors associated with CP in Chile

Our analysis demonstrated that reduced mobility emerges as the
most pronounced factor linked with CP across both the
2009–2010 and 2016–2017 surveys, with an OR of 2.76 [2.13–3.59]
and 3.30 [1.88–5.79], respectively (Figures 2A, B). Similarly, greater
anxiety was consistently associated with presence of CP in both survey
periods (Figures 2A, B). Additionally, the presence of depression was
significantly associated with CP in the 2009–2010 survey only
(Figure 2A). Furthermore, no association was observed with
nutritional status in either survey (Figures 2A, B).

Moreover, we observed that individuals with higher SES (OR:
0.91 [0.85–0.98]) and higher educational attainment (OR:
0.96 [0.93–0.98]) were less likely to report presence of CP
compared to those with lower SES and educational levels in the
2009–2010 survey (Figure 2C), respectively. Contrarily, no
significant associations were observed for the 2016–2017 survey
(p values ≥ 0.05) (Figure 2D).

The classification analysis aimed at identifying primary factors
associated with CP in the 2009–2010 and the 2016–2017 CNHS
surveys emphasized age as the predominant risk factor in both
survey periods (Figures 2E, F). Additionally, sex, education, and SES
exhibited significant association with CP occurrence among the
Chilean population (Figures 2E, F). Notably, self-reported mental
mood disorders such as anxiety and depression also emerged as
factors associated with CP. Malnutrition (unhealthy weight)
demonstrated the lowest frequency in CP presence (Figures 2E,
F). Additionally, in the CNHS 2009–2010 survey, we achieved the
following classification performance for CP vs. non-CP cases AUC =
0.73 (0.015), accuracy = 0.67, precision = 0.67, f1-score = 0.68, and
recall = 0.68. Moreover, for the 2016–2017 survey, the results were as
follows: AUC = 0.77 (0.030), accuracy = 0.69, precision = 0.68, f1-
score = 0.70, and recall = 0.72.

3.3 Chronic pain and its association with
cognitive impairment

In the 2009–2010 survey, the prevalence of CP in individuals
aged 60–80 years was comparable between those with normal
cognitive function (58% [95% CI: 52%–64%]) and those
experiencing cognitive impairment (54% [95% CI: 38%–0.70%])
(Figure 3A, left panel. Table 3). Importantly, in sex-specific analysis
among individuals with cognitive impairment, female participants
showed a slightly higher prevalence of CP (73% [95% CI: 53%–
87%]), as compared to males (40% [95% CI: 21%–62%]) (Figure 3A,
right panel; Table 3).

Subsequently, in the analysis of the CNHS spanning 2016–2017,
the prevalence of CP among the same age cohort was 40% [95% CI:
19%–65%] for participants with cognitive impairment and 39%
[95% CI: 30%–49%] for those with normal cognition (Figure 3B,
left panel; Table 3). Consistent with the 2009–2010 survey, a slightly
higher prevalence of CP was found in female participants with
cognitive impairment (52% [95% CI: 23%–79%]), as compared to
males with the same cognitive state 18% [95% CI: 6%–47%])
(Figure 3B, right panel; Table 3).

Furthermore, the 2009–2010 survey showed comparable
prevalence of single-site and multi-site CP among individuals
with normal cognition and those with cognitive impairment
(Figure 3C; Supplementary Table 4). Similarly, the
2016–2017 survey indicates consistent prevalence for both

TABLE 1 Demographic, education, and chronic pain data from the CNHS 2010 and CNHS 2016 Surveys.

CNHS
survey

Number of
analyzed
subjects

Representative
sample

Average
of

age (SD)

Average of
education
years (SD)

Subjects
suffering
CP (%)

Subjects
older than
60 years old

Subjects older
than 60 years old
with cognitive
impairment

2009–2010 4,683 12,791,542 44.87 (17.4) 9.88 (4.1) 2,179 1,104 90

F: 59.3% F: 45.06 (17.2) F: 9.79 (4.2) F: 64.9% F: 56.5% F: 44.4%

M: 40.7% M: 44.85 (17.6) M: 10.03 (4.1) M: 35.1% M: 41.5% M: 55.6%

2016–2017 4,887 13,399,937 46.88 (18.0) 10.35 (4.1) 1,447 1,401 133

F: 62.2% F: 47.27 (17.8) F: 10.17 (4.1) F: 69.6% F: 62.1% F: 57.1%

M: 37.8% M: 46.23 (18.4) M: 10.64 (4.1) M: 30.4% M: 37.9% M: 42.9%
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cognitive states (Figure 3D; Supplementary Table 4). No significant
differences were observed between female and male and subjects
reporting single-site or multi-site CP across cognitive states.

Finally, analysis between the MMSE score and the number of
painful sites, revealed that individuals with cognitive impairment
tended to experience pain in a greater number of anatomical sites
(Figure 3E, left and right panels). Specifically, in the
2016–2017 CNHS data, individuals with cognitive impairment
were 1.19 [1.01–1.40] times more likely to report pain in various
anatomical sites than those with normal cognition (Figure 3F, lower

panel). No significant results were found in the 2009–2010 survey
(Figure 3F, upper panel).

4 Discussion

In a representative sample, we investigated the prevalence of CP
in the Chilean population using data from the 2009–2010 and
2016–2017 CNHS. Our analyses revealed a CP prevalence of
46.5% (female: 64.9%) in the 2009–2010 survey and 29.6%

FIGURE 1
Panels (A) and (B) show the proportion of individuals reporting chronic pain by age group in the NHS 2009/2010 and 2016/2017 surveys,
disaggregated by sex with paired bars and significant differences indicated. Panels (C) and (D) display proportions of individuals with single- vs. multi-site
chronic pain across age groups. Panel (E) presents odds ratios of chronic pain by age for both survey waves with 95% confidence intervals. Panel (F)
includes violin plots of age distributions by chronic pain status. Panels (G) and (H) show the most frequently reported painful body zones for each
survey year.
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TABLE 2 Proportions of CP by age range and split by sex, for the 2009–2010 and 2016–2017 CNHS surveys.

Age range (years) Sex CNHS 2009–2010 CNHS 2016–2017

Proportion 95% conf. interval Proportion 95% conf. interval

15–24 Male 0.20 0.14–0.28 0.02 0.004–0.11

Female 0.30 0.24–0.36 0.25 0.16–0.37

25–44 Male 0.37 0.31–0.43 0.16 0.10–0.25

Female 0.47 0.41–0.53 0.35 0.24–0.48

45–64 Male 0.45 0.38–0.52 0.30 0.20–0.41

Female 0.62 0.57–0.67 0.46 0.37–0.57

65–80 Male 0.52 0.41–0.63 0.34 0.20–0.52

Female 0.65 0.57–0.72 0.49 0.36–0.62

FIGURE 2
Statistical Analysis and Classification Results. (A) and (B) show the OR results and 95% confidence intervals for four variables: reduced mobility,
malnutrition, depression, and anxiety in relation to the presence of CP for the CNHS 2009–2010 and 2016–2017 surveys, respectively. (C) and (D) display
theOR results and 95% confidence intervals for SES and education in relation to CP for the same surveys. (E) and (F) show in the left panel the classification
results using XGBoost for CP, and in the right panel the predictor importance in classification.

Frontiers in Aging frontiersin.org07

Hernández et al. 10.3389/fragi.2025.1548667

https://www.frontiersin.org/journals/aging
https://www.frontiersin.org
https://doi.org/10.3389/fragi.2025.1548667


FIGURE 3
Panels (A) and (B) display the proportion of chronic pain (CP) among individuals with andwithout cognitive impairment using CNHS 2009–2010 and
2016–2017 data. Panels (C) and (D) show the proportion of single-site and multi-site CP in both groups across surveys. Panel (E) illustrates a linear
relationship between the number of pain sites and cognitive performance. Panel (F) presents odds ratios and 95% confidence intervals for the association
between cognitive impairment and both the number of pain sites and presence of CP, based on data from both CNHS survey periods.
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(female: 69.6%) in the 2016–2017 survey, in
participants 60–80 years.

Age-specific analysis revealed a higher prevalence of CP with
increasing age, peaking at 59% and 42% in the 65–80-year age group
for the 2009–2010 and 2016–2017 survey periods, respectively.

Additionally, our findings confirmed a consistently higher
prevalence of CP among females across all age groups in both
survey periods. These sex differences were statistically significant
among individuals aged 15–64 years (p < 0.05) but not in those
aged 65–80 years, where prevalence levels between sexes
converged. This pattern suggests that gender disparities in CP
are more pronounced during early and mid-adulthood and tend to
diminish in older age. This attenuation may be explained by the
general increase in CP prevalence with aging across both sexes,
which has been widely reported in the literature and may reduce
the relative difference between males and females in later life
(Castañeda Morales et al., 2015; Serra et al., 2021; Morete et al.,
2018). Structural barriers—such as limited access to specialized
pain management services, unequal healthcare utilization, and
entrenched gender roles—may influence the experience and
reporting of pain among women across the lifespan (Oliveira
et al., 2023; Silvestre et al., 2023; Bonathan et al., 2013).
However, cultural norms and gendered expectations regarding
health-seeking behaviors likely have a stronger impact in
younger and working-age populations, contributing to the
observed sex differences in the 15–64 age range (Befus et al.,
2018; Meghani et al., 2012). Across both surveys, the most
commonly affected anatomical sites remained the lower back
and knees, consistent across age groups. These findings mirror
global patterns and reflect the dual influence of occupational
exposures (more prevalent in younger adults) and age-related
musculoskeletal degeneration, such as osteoarthritis, in older
individuals (Takahashi et al., 2018; Leme et al., 2019).

The logistic regression analysis provided critical insights into the
determinants of CP in the Chilean population. Our findings
indicated that reduced mobility was the most significant factor
associated with CP in both the 2009–2010 and
2016–2017 surveys, underscoring the critical importance of
functional status in the experience of pain. This relation aligns
with recent research that reported that the decreased range of
motion and mobility limitations were strongly associated with
increased pain and disability in older adults and those with
conditions like knee osteoarthritis (Edwards et al., 2022).

Anxiety also emerged as a significant factor, emphasizing the
interplay between mental health and CP in Chile. This association is
well-documented in other regions, with numerous studies indicating
that anxiety and other psychological factors are crucial determinants
of CP experiences (Arango-Dávila and Rincón-Hoyos, 2018;
Asmundson and Katz, 2009; Jennifer et al., 2024; Kawai et al.,
2017; Lerman et al., 2015). The consistent identification of these
factors across different survey periods accentuate the necessity for
integrated management strategies that address both physical and
mental health dimensions. Depression was significantly associated
with CP in the 2009–2010 survey but not in the 2016–2017 survey.
Previous research has shown that CP and depression often co-occur,
with each condition potentially exacerbating the other (Arango-
Dávila and Rincón-Hoyos, 2018; Jennifer et al., 2024; Kawai et al.,
2017; Lerman et al., 2015; Aguilar-Latorre et al., 2023). The
discrepancy between the results that we observed in depression
and CP in the 2009–2010 and 2016–2017 survey may suggest
potential changes in the mental health landscape or reporting
practices over time. Taken together, our results highlight the
multifaceted nature of CP in the relation to both physical and
mental health in Chile.

Notably, our findings from the 2009–2010 survey indicate that
individuals with higher SES and education levels had a lower
likelihood of reporting CP. However, this finding was not
observed in the 2016–2017 survey. This might reflect evolving
socioeconomic conditions in Chile or differences in the
population samples. Notably, while aging, lower educational
attainment, and female sex have previously been recognized as
risk factors associated with CP in LA (Oliveira et al., 2023;
Durán et al., 2021; De Moraes Vieira et al., 2012; Durán et al.,
2023; Leão et al., 2016; Maia Costa Cabral et al., 2014; Pereira et al.,
2014), the identification of a relationship between SES and CP in
Chile is a novel contribution of this study. Our findings highlight the
necessity for addressing, in addition to physiological aspects of pain,
the broader socioeconomic determinants that contribute to CP,
particularly in regions characterized by pronounced levels of
inequality, such as LA (Migeot et al., 2024; Prado et al., 2023;
Santamaria-Garcia et al., 2023; Fittipaldi et al., 2024; Baez et al.,
2023; Kalaria et al., 2024). Indeed, previous studies have shown that
socioeconomic disparities can significantly influence health
outcomes, including the prevalence and management of CP
(Williams and Mohammed, 2009; Yong et al., 2022). For
instance, lower SES is often associated with increased stress,

TABLE 3 Proportions of CP among individuals aged 60 and older, segmented by sex, for the CNHS surveys conducted in 2009–2010 and 2016–2017.

Cognition Sex CNHS 2009–2010 CNHS 2016–2017

Proportion 95% conf. interval Proportion 95% conf. interval

No-cognitive impairment Total 0.58 0.52–0.64 0.39 0.30–0.49

Male 0.49 0.39–0.58 0.26 0.16–0.39

Female 0.66 0.59–0.72 0.55 0.42–0.67

Cognitive impairment Total 0.54 0.38–0.70 0.40 0.19–0.65

Male 0.40 0.21–0.62 0.18 0.06–0.47

Female 0.73 0.53–0.87 0.52 0.23–0.79
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limited access to healthcare, and fewer resources for effective pain
management, which can exacerbate the experience of CP (Wallace
et al., 2021; Zitko et al., 2021).

In line with the aforementioned, differences in CP prevalence in
the overall sample from 2009 to 2010 survey (45.5%) and
2016–2017 survey (29.6%) may find a partial explanation in the
substantial health and social policy reforms implemented during this
period. These included the expansion of the Universal Access with
Explicit Guarantees (AUGE) program and the strengthening of
primary healthcare services, which improved access to pain and
mental health management (Superintendencia de Salud, 2025).
Supporting this interpretation, national statistics from the
National Socioeconomic Characterization Survey (CASEN)
document a reduction in poverty rates among older adults and
an increase in average educational attainment—both of which are
known to influence CP outcomes (Ministry of Social Development
and Family, 2018). These structural improvements may have
attenuated the association between CP and socioeconomic
disadvantage observed in the earlier survey. Our findings also
reaffirmed that CP in Chile is strongly associated with older age,
female sex, lower educational attainment, and limited financial
resources. To our knowledge, this is the first study to
characterize this constellation of factors using robust, population-
level data in the Chilean context. While overall CP prevalence was
not significantly different between individuals with and without
cognitive impairment, we found that those with cognitive
impairment were more likely to report multi-site pain in the
2016–2017 cohort. This finding may be due to a smaller number
of participants who had both cognitive testing and CP measures
available and may also reflect the cross-sectional nature of our study.
Indeed, previous longitudinal studies have revealed a bidirectional
relationship between CP and cognitive impairment, where initial CP
predicts subsequent cognitive impairment which then predicts
further CP, adding complexity to understanding the CP-dementia
relationship (Cao et al., 2019; Chen et al., 2023; Innes and
Sambamoorthi, 2020). When examining cognition in more depth,
we found that worse cognitive performance was associated with
greater multi-site pain, however, this was restricted to the
2016–2017 CNHS where data was available.

Our study has several strengths that contribute to the
understanding of CP within the Chilean population. Firstly, the
use of large, nationally representative samples from two distinct time
points, along with a sampling method that ensures
representativeness and generalizability to the Chilean population,
supports the robustness and applicability of the findings. With
4,683 subjects in the 2009–2010 CNHS and 4,887 in the
2016–2017 CNHS, representing more than 12 million Chileans
each, our sample sizes are significantly larger than those of
previous studies (Bilbeny et al., 2018; Durán et al., 2023),
allowing for more accurate and reliable estimates of CP
prevalence. Secondly, the richness of the survey data allowed us
to investigate a comprehensive set of associated factors, ranging
from sociodemographic variables, nutrition status, and mental and
cognitive health. Further, the addition of classic and advanced
statistical techniques, such as machine learning algorithms like
XGBoost, enhances the precision and predictive power of
our findings.

This study has several limitations that should be acknowledged.
First, its cross-sectional design precludes any inference of causal
relationships between CP and the associated factors identified.
Longitudinal studies will be necessary to establish temporal
dynamics. Second, the potential underdiagnosis of cognitive
impairment and dementia in the older adult population (Clark
et al., 2005; Aranda et al., 2023) may have influenced the
observed associations between cognitive functioning and CP.
Diagnostic limitations in survey-based cognitive assessments and
potential misclassification should be considered when interpreting
these results. Third, the reliance on self-reported
measures—including the presence of CP and comorbid
conditions—and the lack of detailed information on medication
use (e.g., analgesics or opioids) may introduce reporting and recall
biases. Although the CNHS 2009–2010 and 2016–2017 cycles are the
most recently available national datasets with relevant CP indicators,
the current epidemiological landscape may have evolved,
particularly in the wake of recent social, economic, and global
events. Nevertheless, these datasets offer a valuable and
representative baseline for understanding CP and its
determinants in Chile. Future research should address these
limitations through the use of longitudinal designs that allow for
tracking changes in CP and its contributing factors over time.
Improving the accuracy of cognitive assessments and expanding
data collection to include additional contextual, behavioral, and
clinical variables—such as healthcare access, pain attitudes, and
treatment use—could further illuminate the complex nature of CP.
Such evidence would be critical for developing tailored, equity-
focused public health interventions to reduce the burden of CP,
especially among socioeconomically vulnerable populations.

This study represents the first comprehensive characterization
of CP prevalence and its associated factors using nationally
representative data in Chile. Beyond identifying demographic,
socioeconomic, and health-related correlates, our findings
highlight the importance of incorporating the broader
psychosocial and functional context in the assessment and
management of CP. In clinical settings, this involves not only
considering pain intensity or anatomical distribution, but also
recognizing co-occurring conditions such as mobility limitations,
mood disturbances, and cognitive changes that may shape the lived
experience of pain. Similarly, in patients presenting with these
comorbidities, early assessment of pain may contribute to a more
complete clinical picture. These insights point to the need for
future research that examines the dynamic interplay between CP
and its associated factors over time and informs the development
of care strategies that are responsive to the contextual and
structural determinants shaping the burden of CP in aging
populations.
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