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Background: Carpal tunnel syndrome (CTS) is the most common peripheral neuropathy of the upper limb and a
frequent cause of disability.

Objective: To analyze the association between social determinants of health (SDH) and physical activity with pain
intensity and mental health in patients with CTS.

Design: A cross-sectional study was conducted in patients with CTS awaiting surgery in two public hospitals in
Chile.

Methods: The SDH collected included: employment status, educational level and monetary income. The level of
physical activity was defined according to compliance with WHO recommendations. Outcome measures
included: Pain intensity (Visual Analog Scale), Symptoms of anxiety and depression (Hospital Anxiety and
Depression Scale), and catastrophic thinking (Pain Catastrophizing Scale). The adjusted regression coefficient (p)
for the association between SDH and physical activity with each outcome was obtained using multivariable
linear regression models controlling for age, sex, body mass index and symptom duration.

Results: Eighty-six participants were included (mean age 50.9 + 10 years, 94% women). A high level of physical
activity was associated with a 12.41 mm decrease in pain intensity (f = —12.41, 95%CI: —23.87 to —0.95) and a
3.29 point decrease in depressive symptoms (f = —3.29, 95%CI: —5.52 to —1.06). In addition, being employed
was associated with a 2.30 point decrease in anxiety symptoms (f = —2.30; 95%CI: —4.41 to —0.19) and a high
educational level was associated with a 7.71 point decrease in catastrophizing (§ = —7.71; 95%CL: —14.06 to
—1.36).

Conclusion: Multidisciplinary care teams should be aware of the association between SDH and physical activity
with physical and mental health.

1. Introduction

Carpal tunnel syndrome (CTS) is a symptomatic condition caused by
compression of the median nerve and is the most common peripheral
neuropathy of the upper limb and a frequent cause of disability (Aroori
and Spence, 2008; Nora et al., 2005; Nunez-Cortés et al., 2022).

* Corresponding author. C/ Gasco Oliag 5. PC, 46010, Valencia, Spain.
E-mail address: joaquin.calatayud@uv.es (J. Calatayud).

https://doi.org/10.1016/j.msksp.2023.102723

Population prevalence ranges from 6.3% to 11.7% and is more frequent
in women (Dale et al., 2013; Thiese et al., 2014). Patients with CTS often
present pain, paraesthesias and tingling sensations in the region of the
median nerve, resulting in a significant impairment of quality of life and
physical function (Bickel, 2010; Thiese et al., 2014). In severe cases with
persistent hypoaesthesia and motor impairment, carpal tunnel release
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(CTR) is usually indicated (Chandra et al.,, 2013). Literature has
demonstrated that symptom severity and pain may be modulated by
different social and mental health variables such as anxiety, depression
and catastrophizing (De et al., 2013; Jerosch-Herold et al., 2017; Nunez
et al, 2010). In addition, a recent meta-analysis concluded that
depressive symptoms, anxiety, and catastrophic thinking were impor-
tant indicators of poor postoperative outcomes in CTR (Ntinez-Cortés
et al., 2021). Likewise, it has been reported that social determinants of
health (SDH) and physical activity may be related to mental health in
several musculoskeletal and neurological diseases (Kim, 2014; Strube
et al., 2019; Tan et al., 2014; Tawashy et al., 2009). However, little
information exists about how the SDH and physical activity affects the
mental health variables in CTS. Furthermore, a recent scoping review
identified that physiotherapists lack the confidence and ability to
identify psychosocial factors (Henning and Smith, 2022). Therefore, the
approach to patients with CTS requires a broader understanding of how
the SDH and physical activity may affect their health (physical and
psychological), moving away from the biomedical bubble (The Lancet,
2018).

The SDH include the conditions in which people are born, grow, live,
learn, work and age, as well as the social inequalities that are responsible
for disparities in health outcomes (e.g., educational level, income and
occupational status) (WHO Commission on Social Determinants of
HealthWorld Health Organization, 2008). The literature has shown that
SDH, such as low educational level, are related to negative beliefs
associated with pain in women with CTS (i.e., catastrophizing)
(Ntnez-Cortés et al., 2020). Adults with pain who have a low level of
education may also be less likely to exhibit good mental health (Axon
and Chien, 2021). On the other hand, SDH such as low educational level
and unemployment were associated with higher levels of pain in pa-
tients with musculoskeletal disorders in the shoulder and low back re-
gion (Fliesser et al., 2017; Karran et al., 2020; Strube et al., 2019). A
recent meta-analysis found that low socio-economic status (in terms of
educational level, income or occupational status) had a moderate asso-
ciation with increased risk of chronic pain, albeit none of the included
studies focused on patients with painful hand conditions (Pre-
go-Dominguez et al., 2021).

On the other hand, physical activity (as a lifestyle indicator) is an
environmental health behavior that could also be influenced by SDH
(Gidlow et al., 2006), such as having the financial means to sign up for
an exercise class or having the appropriate education or health literacy
to understand the benefits of physical activity. Physical activity has been
shown to have a protective relationship for mental health among adults
(Choi et al., 2019) and promotes positive coping strategies (e.g.
self-efficacy) (Kandola et al., 2019). In addition, in other neurological
conditions (e.g., spinal cord injury), whereas healthier lifestyles (e.g.,
higher physical activity) were associated with lower levels of pain and
depressive symptoms (Tawashy et al., 2009).

Clinical assessment of more severe CTS cases (e.g. those awaiting
surgery) should also take full account of social stressors, especially their
impact on pain, depression, and anxiety. However, it is not fully known
whether SDH and physical activity may be related to pain intensity,
mental health and catastrophizing in CTS patients awaiting surgical
intervention (i.e, CTR). Therefore, a preoperative assessment of these
variables could be useful to identify the most vulnerable individuals and
thus develop more specialized perioperative interventions to reduce
pain and improve mental health. The aim of our study was to analyze the
association between SDH and physical activity with pain intensity and
mental health in patients with CTS awaiting surgery.

2. Methods
2.1. Study setting, design and participants

A cross-sectional study was conducted in patients with CTS who were
awaiting surgery in two public hospitals in Chile (Hospital Clinico La
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Florida and Hospital Provincia Cordillera), between February and July
2022. Both institutions were located in an urban area composed mainly
of families of middle socioeconomic status. Inclusion criteria were the
following: over 18 years of age, medical diagnosis of moderate or severe
CTS according to the clinical practice guideline of the Academy of Or-
thopaedic Physical Therapy and the Academy of Hand and Upper Ex-
tremity Physical Therapy (i.e. history, medical examination and tests/
measurements) (Erickson et al., 2019), remain on the hospital’s official
waiting list for CTR for at least 3 months or more, and accept to
participate in the study. Exclusion criteria were: inability to understand
instructions (e.g. illiteracy), neurological conditions of the central ner-
vous system (e.g. stroke, spinal cord injury), and previous surgery in the
upper limb. The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board
of the two participating hospitals. Written informed consent was ob-
tained from all participants after explanation of the objectives of the
study. This study was conducted in accordance with the guidelines
"Strengthening the Reporting of Observational Studies in Epidemiology"
(STROBE) (von Elm et al., 2014).

2.2. Social determinants of health

Participants were interviewed face-to-face at each hospital. Data
collected included: I) Employment status: employed versus unemployed
(only for working-age participants); II) Educational level: participants
were assigned to the lower educational level if they had not completed
secondary education and to the higher educational level if they had
completed secondary education or university studies; III) Monetary in-
come was categorized according to individual monthly taxable income.
The cut-off point was set at a value equal to or less than USD 320, which
determines the degree of coverage provided by the Chilean public health
system.

2.3. Physical activity

Participants reported the minutes and type of physical activities
(moderate or vigorous) they performed as part of their daily life during
the last seven days. Participants were classified according to the rec-
ommendations of the World Health Organization (WHO) 2020 guide-
lines on physical activity (Bull et al., 2020). Therefore, a level >150 min
of moderate-intensity physical activity per week, or >75 min of
vigorous-intensity physical activity per week, was used as the cutoff
point (high vs. low level) (Bull et al., 2020).

2.4. Outcomes

Outcome measures included the following self-report assessments: I)
Pain intensity, assessed using the Visual Analog Scale (VAS), a valid and
reliable measure for pain assessment and widely used in patients with
CTS (Ceceli et al., 2018; Kahl and Cleland, 2005). Participants were
asked to rate their average pain during the seven days prior to assess-
ment on a scale defined from 0 to 100 mm, where 0 is “no pain” and 100
is “the worst pain imaginable”. II) Mental health, assessed with the
Spanish version of the Hospital Anxiety and Depression Scale (HADS)
(Herrero et al., 2003), which evaluates the level of anxiety and
depression by means of two subscales of 0-21 points each. Higher values
represent a worse outcome. In addition, catastrophic thinking in
response to pain was assessed using the Spanish version of the Pain
Catastrophizing Scale (PCS) (Garcia Campayo et al., 2008). PCS has 13
items of four possible choices from 1 "not at all" to 4 “all the time," a
higher score indicating greater catastrophic thinking, with a maximum
score of 52 points (Sullivan et al., 1995).

2.5. Covariates

Data collected included: I) Sociodemographic variables (age and
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sex); II) Body Mass Index was obtained from the ratio between weight
and height squared (kg-m?); IIT) Duration of symptoms associated with
CTS (years).

2.6. Sample size

The sample size calculation was determined by considering a mini-
mum of 10 participants for each independent variable entered in the
multivariable linear regression. Considering a total of eight independent
variables (four exposure factors and four covariates), the minimum
sample size was set at 80 patients. Post-hoc power was calculated in the
G*Power software, version 3.1.9.2 (Universitat Diisseldorf, Germany)
using the statistical test of multiple linear regression, one-tailed with an
a err prob = 0.05. The post-hoc power was >80% for each of the models
tested.

2.7. Statistical analyses

The normality of the data was tested using the Shapiro-Wilk test.
Means and standard deviations (SD) were calculated for quantitative
variables and percentages for categorical variables. For the employment
status variable, only cases of working age (n = 75) were considered for
the analysis. Considering the aim of our study, multivariable linear
regression analysis was performed for each dependent variable (pain
intensity, depressive symptoms, anxiety symptoms, catastrophizing).
Dummy codes were used for the exposure factors, and unemployed, low
educational level, low income and low physical activity were established
as reference categories. Multivariable linear regression analysis exam-
ined the association of each of the exposure factors (educational level,
employment status, monetary income, and physical activity) with each
outcome (pain intensity, depressive symptoms, anxiety symptoms, cat-
astrophizing), while controlling for each of the other exposure factors (i.
e., mutually adjusted) and possible confounders (age, sex, body mass
index, and symptom duration). For each analysis, the crude and adjusted
regression coefficient () was obtained, with a 95% confidence interval
(95% CI). All statistical analyses were performed in SPSS version 22.0
(IBM Corporation, Armonk, New York). Statistical significance was set at
p < 0.05.

3. Results

A total of 92 patients were assessed for eligibility. Six participants
were excluded for the following reasons: refusal to participate (n = 4),
previous upper extremity surgery (n = 2). Finally, a total of 86 subjects
were included in this study (Fig. 1). Ninety-four percent were women

Assessed for eligibility (n=92)

Excluded (n=6)
Refused to participate (n=4)
Not meeting inclusion criteria (n=2)

Included in the study (n=86)

Missing data (n=0)

Analyzed (n=86)

Fig. 1. Patient flow diagram.
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Table 1
Characterization of patients (n = 86).
Characterics Value
Age (years) 50.9 + 10.0
Sex
Male 5 (5.8%)
Female 81 (94.2%)
BMI (kg/m?) 31.7 £ 6.2
Duration of CTS (years) 3.2+25
Educational level
Low level 43 (50%)
High level 43 (50%)
Employment status
Unemployed 31 (36.0%)
Employed 44 (51.2%)

Non-working age 11 (12.8%)

Monetary Income

<320 USD 49 (57%)

>320 USD 37 (43%)
Physical Activity

Low level 66 (76.7%)

High level 20 (23.3%)
VAS (0-100) 66.0 + 20.8
HADS-D (0-21) 8.0+ 4.5
HADS-A (0-21) 9.0 + 4.2
PCS (0-52) 27.3 +13.0

Abbreviations: BMI, Body Mass Index; HADS, Hospital Anxiety
and Depression Scale (D, depression; A, anxiety); PCS, Pain
Catastrophizing Scale; USD, US dollar; VAS, Visual Analog Scale.
Data are expressed as percentages or mean + SD.

and the mean age was 50.9 + 10 years. The mean duration of symptoms
was 3.2 + 2.5 years. The socio-demographic data, the SDH and the
outcomes of the total sample are summarised in Table 1.

3.1. Pain intensity

Multivariable linear regression analysis for pain intensity showed
that a high level of physical activity was significantly associated with a
12.41 mm decrease in VAS (R? = 0.101; p = —12.41; CI 95%: —23.87 to
—0.95). No significant associations were found for the other exposure
factors (Table 2).

3.2. Mental health

Depressive symptoms: Multivariable linear regression analysis for
depressive symptoms showed that a high level of physical activity was
significantly associated with a decrease of 3.29 points on the HADS
(Depression subscale) R%= 0.264; p = —3,29; CI: 95%: —5,52 to —1,06).
No significant associations were found for the other exposure factors
(Table 3).

Anxiety symptoms: Multivariable linear regression analysis for

Table 2
Multivariable associations for Pain Intensity (Visual Analog Scale 0-100).

Category Crude p [95%CI] Adjusted B [95%CI] *
Unemployment ref. ref.

Employment —3.41 [-12.94 to 6.12] 0.96 [-9.38 to 11.31]

Low education ref. ref.

High education —7.21 [-16.05 to 1.63] —2.83 [-13.31 to 7.64]
Low income ref. ref.

High income —5.5 [-14.49 to 3.49] —2.60 [-13.04 to 7.84]
Low physical activity ref. ref.

High physical activity —12.64 [-22.91 t0 -2.37] * —12.41 [-23.87 t0-0.95] *

Data are shown as regression coefficient (p) and 95% confidence intervals (95%
CD.
Notes: ref. = reference category.
Significant values are in bold; *Statistically-significant difference (p < 0.05).

@ Mutually adjusted and controlling for age, sex, body mass index and duration
of symptoms.
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Table 3
Multivariable associations for Depressive Symptoms (Hospital Anxiety and
Depression Scale 0-21).

Category Crude B [95%CI] Adjusted B [95%CI] *
Unemployment ref. ref.

Employment 0.15 [-1.9 to 2.21] 1.01 [-1.01 to 3.03]
Low education ref. ref.

High education —1.16 [-3.07 to 0.74] —0.51 [-2.56 to 1.53]
Low income ref. ref.

High income —0.90 [-2.83 t0 1.03] —0.36 [-2.39 to 1.67]
Low physical activity ref. ref.

High physical activity —3.39 [-5.54 to -1.23] ** —3.29 [-5.52 to -1.06] **

Data are shown as regression coefficient () and 95% confidence intervals (95%

CD.

Notes: ref. = reference category.

Significant values are in bold; **Statistically-significant difference (p < 0.01).
# Mutually adjusted and controlling for age, sex, body mass index and duration

of symptoms.

Table 4
Multivariable associations for Anxiety Symptoms (Hospital Anxiety and
Depression Scale 0-21).

Category Crude f [95%CI] Adjusted p [95%CI] *
Unemployment ref. ref.

Employment —2.06 [-4.00 to -0.12] * —2.30 [-4.41 to -0.19] *
Low education ref. ref.

High education —1.07 [-2.86 to 0.72] 0.14 [-1.99 to 2.28]

Low income ref. ref.

High income 0.09 [-1.74 to 1.91] 0.68 [-1.45 to 2.81]

Low physical activity ref. ref.

High physical activity —0.95 [-3.08 to 1.18] 0.12 [-2.22 to 2.45]

Data are shown as regression coefficient () and 95% confidence intervals (95%
CD.
Notes: ref. = reference category.
Significant values are in bold; *Statistically-significant difference (p < 0.05).

@ Mutually adjusted and controlling for age, sex, body mass index and duration
of symptoms.

anxiety symptoms showed that being employed was significantly asso-
ciated with a decrease of 2.30 points on the HADS (Anxiety subscale)
(R2 = 0.142; p = —2.30; 95% CI: —4.41 to —0.19). No significant asso-
ciations were found for the other exposure factors (Table 4).

Catastrophizing: Multivariable linear regression analysis for cata-
strophizing showed that a high educational level was significantly
associated with a decrease of 7.71 points on the PGS scale (R? = 0.216;
= —7.71; 95% CI: —14.06 to —1.36). No significant associations were
found for the other exposure factors (Table 5).

Table 5
Multivariable associations for Catastrophizing (Pain Catastrophizing Scale
0-52).

Category Crude B [95%CI] Adjusted B [95%CI] *
Unemployment ref. ref.

Employment 0.55 [-5.66 to 6.75] 3.08 [-3.20 to 9.35]

Low education 1.0 ref.

High education —7.47 [-12.85 to -2.09] **  —7.71 [-14.06 to -1.36] *
Low income ref. ref.

High income —2.02 [-7.67 to 3.64] —2.91 [-9.24 to 3.42]

Low physical activity ref. ref.

High physical activity —4.67 [-11.25 to 1.89] —3.92 [-10.86 to 3.03]

Data are shown as regression coefficient () and 95% confidence intervals (95%
CD).
Notes: ref. = reference category.
Significant values are in bold; *Statistically-significant difference (p < 0.05).

@ Mutually adjusted and controlling for age, sex, body mass index and duration
of symptoms.
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4. Discussion

This cross-sectional study aimed to analyze the association between
SDH and physical activity with pain intensity and mental health in pa-
tients with CTS awaiting surgery. Although linear regression models
explain only a small proportion of the variance of each outcome, a sig-
nificant association of physical activity with pain intensity and depres-
sive symptoms was identified. Likewise, a significant association was
obtained between employment status and anxiety symptoms, and be-
tween low educational level and catastrophizing. Therefore, identifying
SDH, such as employment status, educational level and physical activity
level, could help clinicians develop more specialized perioperative in-
terventions for pain and mental health management of patients with
CTS.

4.1. Pain intensity

According to our results, a high level of physical activity was asso-
ciated with a decrease in pain intensity. These results are consistent with
the available literature in people with chronic pain. For example, Polaski
et al. (2019) in a meta-analysis identified that physical activity and
exercise (as a subset of physical activity) would be related to the anal-
gesic effect in patients with chronic pain. Thus, one possible mechanism
that could explain our results is the relationship between physical ac-
tivity levels and descending pain modulatory function (Naugle and
Riley, 2014). In fact, in healthy adults greater self-reported physical
activity is associated with a greater pain inhibitory response through the
conditioned modulatory pain response (Naugle and Riley, 2014).

On the other hand, our results disagree with the available literature
on the association between educational level and income with pain in-
tensity. In other conditions affecting the hand (e.g. rheumatoid
arthritis), subjects with a high level of education, according to Swedish
records, experience less pain than those with a low level of education
(Jiang et al., 2015). In other surgical populations evaluated in North
America (e.g. joint replacement), lack of university education was
associated with higher pain scores before and after surgery (Goodman
et al., 2018). The discrepancies found in our results could be explained
in part by the differences in the educational systems and realities of each
country. Therefore, multinational studies may be necessary to evaluate
these associations in greater depth. Additionally, previous studies have
identified that income (in terms of annual household income) is also
related to pain and coping strategies in people with musculoskeletal pain
(Palmlof et al., 2012; Whitley et al., 2021). This could be explained by
the fact that monetary income was classified according to individual
monthly taxable income and there was no information on household
income.

4.2. Mental health

Regarding depressive symptoms, it was observed that patients who
met the WHO physical activity recommendations had lower levels of
depressive symptoms. In fact, these patients had a reduction of up to
3.29 points in the depression subscales of the HADS (taking as a refer-
ence the patients with a low level of physical activity). This difference
exceeds the minimal clinically important difference (MCID) of 1.7 points
on the HADS, established for other health conditions (Lemay et al.,
2019). These results are consistent with the available literature in the
general population. For example, Choi et al. found a protective rela-
tionship between accelerometer-based activity and depression among
adults (Choi et al., 2019). The antidepressant effects of physical activity
could be explained by several neuroplastic processes related to depres-
sion (e.g., activation of the endocannabinoid system, optimisation of
brain-derived neurotrophic factor) and by the ability to reduce inflam-
mation and increase resistance to oxidative and physiological stress
(Heyman et al., 2012; Kandola et al., 2019; Phillips, 2017). In addition,
exercise promotes self-esteem, social support and self-efficacy (Kandola
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et al., 2019). Therefore, our results reinforce the hypothesis that the
promotion of physical activity (e.g., physical activity programs guided
by WHO recommendations) could be a valuable strategy to reduce the
risk of mental health issues (Mammen and Faulkner, 2013), which could
be relevant for patients with CTS while awaiting surgery. Moreover,
being employed was associated with a decrease of 2.30 points on the
HADS anxiety subscale scores, which was also higher than the MCID
reported in the literature of 1.7 points (Lemay et al., 2019). Previous
research indicates that the negative effect of unemployment on mental
health is mainly explained by distress (Paul and Moser, 2009). Our study
also raises the need for policies to focus on the welfare of the unem-
ployed, including support for re-employment.

On the other hand, according to our results, educational level was
significantly associated with catastrophizing. In fact, having a high level
of education was associated with a reduction of 7.71 points on the PCS,
which was higher than the MCID of 6.71 points on the PCS for patients
with chronic low back pain (Suzuki et al., 2020). Thus, for patients with
CTS awaiting surgery, a comprehensive approach that takes into account
both physical limitations due to pain and psychosocial challenges may
be necessary.

We should be aware that the association between SDH and outcomes
might be affected in our study, as patients were evaluated during the
COVID-19 outbreak. The pandemic has highlighted pre-existing in-
equalities in terms of gender and socio-economic status (Bernardini
et al., 2021). In this context, the SDH as mediators of the impact caused
by the pandemic (e.g., job insecurity or economic concerns), amplified
the consequences on the mental health of the most vulnerable pop-
ulations (Bernardini et al., 2021; Campo-Arias and De Mendieta, 2021;
Vindegaard and Benros, 2020; Wilson et al., 2020). Furthermore,
although CTR is a common surgical procedure (Pourmemari et al.,
2018), during the COVID-19 pandemic, hospitals around the world
suspended elective or non-urgent hand surgeries to cope with the high
demand for capacity caused by the health crisis (Picardo et al., 2021).
The cancellation of elective surgeries and limited access to quality pain
management care resulted in a greater focus on biomedical treatment (e.
g., pharmacological management), with less consideration of psycho-
logical aspects (Karos et al., 2020). In this context, the implementation
of physical activity programmes in the pre-surgical phase could help to
reduce pain and improve mental health in this population.

4.3. Strengths and limitations

Our study has certain limitations. Firstly, these results should be
interpreted with caution, as a cross-sectional design does not allow us to
establish a cause-effect relationship between the variables studied. In
addition SDH and physical activity were presented as dichotomous
variables, which may lead to potential bias due to residual confounding.
However, our study is consistent with the available literature on the
importance of SDH in patients with CTS (Bernstein et al., 2022; Wright
et al.,, 2019), and provides additional information in the context of
non-North American/Western European countries. Furthermore, using
these cutoff points could help clinicians to more clearly identify
vulnerable groups that require further attention (e.g., unemployed, pa-
tients who have not completed secondary education). Therefore, our
findings pave the way for future longitudinal investigations that may
establish the directionality of the observed relationships. Second, we
examined self-reported physical activity (i.e minute per week), and not
based on an objective measure (e.g., accelerometer-based). However,
the method used is valid and easy to apply at the clinical/hospital setting
(Bull et al., 2020), and allows specific recommendations to be provided
to healthcare teams (e.g., design physical activity programs guided by
WHO criteria). Third, it is also important to mention that, although the
results are in line with previous literature, our results only apply to the
reality of one country. In addition, the high percentage of women in the
sample is a limitation for the generalisability of the results. Future
studies should include a larger population with follow-up over time to

Musculoskeletal Science and Practice 63 (2023) 102723

investigate how SDH might also affect clinical outcomes after surgery.

5. Conclusions

A high level of physical activity was associated with a decrease in
pain intensity and depressive symptoms in patients with CTS awaiting
surgery. In addition, being employed was associated with a decrease in
anxiety symptoms and having a high educational level was associated
with a decrease in catastrophizing. Multidisciplinary care teams should
be aware of the association between SDH and physical activity with
physical and mental health. Therefore, a comprehensive assessment of
these variables may be relevant to identify cases of increased psycho-
social risk and to plan strategies to reduce pain and improve the mental
health of patients with CTS awaiting surgery, e.g., physical activity
programs guided by WHO recommendations.
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