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Abstract

This study analyzed the longitudinal association of changes in leisure-time physical activity
(LTPA) practice and television viewing (TV viewing) with chronic musculoskeletal pain
(CMP). The data about LTPA, TV viewing, and CMP were obtained in 2012 and after 24
months through individual interviews with schoolteachers from elementary and secondary
education public schools in a large city in the southern region of Brazil. The statistical analy-
sis was performed using generalized estimating equation regression models adjusted for
sex, age, body mass index and depression. A total of 527 schoolteachers were studied,
among which 66.6% were women, and the median age was 42 years (interquartile range:
34 t0 49). A total of 170 (32.3%) participants reported CMP at baseline and 130 (24.7%) at
follow-up. Both LTPA and TV viewing were independently and significantly associated with
CMP regardless of all adjustment variables. Concretely, increasing LTPA by 60 minutes/
week was associated with a 6.2% lower likelihood of CMP, and increasing TV viewing by 30
minutes/day was associated with a 5.1% higher likelihood of having CMP among the partici-
pants. In summary, this study showed that LTPA and TV viewing have independent and
opposite relationships with the longitudinal risk of CMP, which suggests that the potential
benefits obtained from practicing more LTPA are insufficient to compensate for the potential
detrimental effect of viewing TV for longer with respect to the CMP.

Introduction

Chronic musculoskeletal pain (CMP) is a public health problem present in most countries of
the world and has a direct impact on health services [1]. In primary care, for example, chronic
pain is one of the main reasons for seeking care [2]. The body regions commonly affected by
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CMP are the back [3,4] and upper and lower limbs [5,6]. Some health conditions often associ-
ated with CMP are tension, fatigue [7], depression and low quality of life scores [8,9].

Some of the risk factors for CMP are age, sex, depression, anxiety, sleep disorders and obe-
sity. Among management strategies for pain symptomatology are posture correction, stretch-
ing, and patient-centered multidisciplinary team interventions. In addition, the practice of
physical activity and the reduction of sedentary behaviors are recommended nonpharmacolo-
gical strategies for the prevention and control of CMP [10,11]. In a recent meta-analysis of
prospective studies, the practice of leisure-time physical activity (LTPA) was associated with a
16.0% reduction in the risk of chronic low back pain when comparing individuals with regular
physical activity (3 to 4 times a week, totaling between 2 and 4 hours per week) with individu-
als who did not practice physical activity regularly [12]. Another meta-analysis of studies with
adults indicated that increasing weekly physical activity frequency has a chronic pain reduc-
tion effect, although the authors concluded that available evidence is not sufficient to identify
dose effects of physical activity in relation to analgesia [13]. In addition, there is evidence that
reducing sitting time during the day may also lead to beneficial effects on chronic pain control
in specific regions, such as the lower back [14].

There is evidence that the practice of physical activity and the reduction of television view-
ing (TV viewing) are associated with the improvement of CMP symptoms [12,15]. However, it
is unclear to what extent changes in these behaviors may influence pain in specific population
groups, such as schoolteachers, among whom CMP is highly prevalent [10,15,16]. Previous
cross-sectional analyses with Brazilian teachers identified a significant association between a
higher frequency of physical inactivity and chronic pain [17] and the highest chance of pain in
TV watchers for more than an hour daily [15]. In another cross-sectional study with Chinese
teachers, the practice of physical exercise for seven hours or more per week was associated
with a lower prevalence of musculoskeletal pain [10].

Studies known in the literature on chronic pain, physical activity and TV viewing in teach-
ers are cross-sectional. This relationship needs to be explored by other designs to better under-
stand the relation between behavioral changes and the incidence or persistence of CMP.
Therefore, this study aimed to analyze the longitudinal association of changes in LTPA and
TV viewing with CMP in elementary and secondary education schoolteachers.

Materials and methods

Study design, population and location

This study comprises longitudinal analyses performed with elementary and secondary school-
teachers as a part of the Pro-Mestre study conducted between 2012 and 2014 with the objective
of analyzing health, lifestyle and working aspects in this population [18]. In brief, the study
included a census of teachers from the 20 largest elementary and secondary public schools
(i.e., those with more than 70 teachers) in Londrina, a large city in southern Brazil. Data were
collected through self-administered questionnaires and personal interviews conducted at
schools by trained undergraduate and graduate students.

The inclusion criteria were as follows: teaching in a classroom for at least one day per week;
being responsible for one or more subjects; not being on leave during the research data collec-
tion, which lasted three weeks in each school, or until 30 days after the end of it, with new
attempts to find teachers who still remained on leave (15 and 30 days after data collection had
been concluded). At baseline (2012), among the 1126 teachers who met the inclusion criteria,
63 (5.6%) refused to participate, 65 were on leave (5.8%), and 20 (1.7%) were not located after
five contact attempts on different days and times. Thus, the final analysis at baseline included
978 (86.9%) schoolteachers. After 24 months (2014), the self-administered questionnaires and
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interviews were repeated. At baseline, two teachers refused to be followed. During follow-up
interviews, 366 individuals were lost due to an important labor strike among these profession-
als, and 19 were rescheduled, but the interviews were unscheduled because of the strike. Of the
591 remaining participants, 20 (3.4%) refused to participate, and 40 (6.8%) were not located,
resulting in 531 participants. Among the 531 teachers, two had no information about physical
activity at follow-up, one did not report their weight, and another did not respond to the ques-
tion about chronic pain at baseline, resulting in 527 schoolteachers (53.9%)-357 without base-
line pain and 170 with baseline pain—who were ultimately analyzed in this study. The baseline
characteristics of the final studied sample were very similar to those observed for the original
sample (S1 Table).

This project was approved by the local Human Research Ethics Committee at State Univer-
sity of Londrina (protocol numbers: 01817412.9.0000.5231 and 33857114.4.0000.5231). All
participants were informed about the study goals, received assurance of their anonymity, and
signed a consent form.

Study variables

Chronic musculoskeletal pain (CMP). The information on chronic pain was obtained
with the following questions: 1) “Do you suffer from any type of chronic pain that has affected
you for 6 months or more?”, subsequently categorized as yes and no, and 2) “Please point to
the region of the body where you feel this pain.” For this last question, the teacher observed a
figure of the human body and indicated the affected(s) region(s); more than one answer was
allowed. CMP was defined as reported pain in one or more of the following body sites: shoul-
ders, arms, back, knees, legs and feet.

According to the International Association of Study of Pain, a pain symptom is character-
ized by “an unpleasant sensory and emotional experience associated with actual or potential
tissue damage or described in terms of such damage” [19]. Although CMP was assessed with
subjective questions in this study, the IASP reinforces the individual’s self-perception of this
phenomenon, since even in the absence of quantitative measurement parameters, the existence
of pain is real and should be considered [19].

Leisure-time physical activity (LTPA). Information about leisure-time physical activity
was obtained with the following questions: 1) “In a normal week (typical), do you do some
type of physical activity in the free time at least once a week?” (categorized as yes and no); if
the answer was yes, then we asked 2) “How many times a week do you practice physical activ-
ity (days)?” (from one to seven times) and 3) “How much time per day do you practice physical
activity?” (answered in minutes).

TV viewing. The self-reported time (in minutes per day) watching TV during a normal
week was used as an estimation of the time spent on sedentary behavior. The average daily
time viewing TV was calculated by adding the time reported for weekdays multiplied by five
with that reported for weekends multiplied by two and dividing the result by seven. When con-
sidering possible markers of sedentary behavior related to cardiometabolic risk factors, self-
report that includes TV viewing showed more consistent results when compared to non-TV
leisure-time sitting and accelerometry-measured sedentary behavior [20]. A previous study
with the same population showed a cross-sectional relationship between TV viewing and CMP
[15]. Other authors observed that the substitution of light walking for watching TV was associ-
ated with an increased risk of depression in workers [21].

Adjustment variables. Data were also obtained for variables considered as potential con-
founders according to epidemiological importance for the analysis of LTPA and TV viewing
with CMP: sex (female and male); age (in years); body mass index (in kg/mz); and medical
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diagnosis of depression reported at baseline (yes and no). Time spent viewing TV was also
treated as a covariate when leisure-time physical activity was the main independent variable,
and leisure-time physical activity was included as a covariate when TV-viewing was the main
independent variable.

Statistical analysis

Initially, the Shapiro-Wilk normality test was applied to explore continuous variables (age,
BMI, LTPA and TV viewing). As none of them fit the normal distribution, they were described
with median and interquartile range (IQR), and the nonparametric Wilcoxon sum-rank test
was applied to compare baseline and follow-up values. For the binomial variables CMP and
depression, the McNemar test was used to compare baseline and follow-up frequencies.

To analyze the association between changes in leisure-time physical activity and TV viewing
(independent variables) and CMP (dependent variable), generalized estimating equation
(GEE) regression models were used to estimate the odds ratios and their respective 95% confi-
dence intervals. This method is able to account for specificities of the longitudinal design used,
especially in view of the large number of losses in the follow-up. It allows analysis of potentially
correlated data, since individuals were interviewed repeatedly over time (baseline and follow-
up) and, therefore, considers information on the within-participant variability regarding vari-
ables that could change over time (e.g., BMI, LTPA and TV viewing and depression). As the
unit of time spent with LTPA and TV viewing is one minute, a recoding was proposed at inter-
vals of 60 minutes/week for LTPA and 30 minutes/day for TV viewing so that the interpreta-
tion of the odds ratios could be more intuitive. Both main independent variables (LTPA and
TV viewing) were simultaneously included in a single model adjusted by sex and age. Then, a
second model was built by adding the BMI variable to the previous model. Finally, a last model
included the two main independent variables (LTPA and TV viewing), the previous adjust-
ment variables (sex, age and BMI) and the variable for adjustment for depression. This cumu-
lative adjustment was planned, as changes in BMI could have impacts on both CMP [22] and
movement-related behaviors [23], and depression may have intensified painful experience and
disability during follow-up [24].

Statistical analyses were performed using the command xtgee of STATA SE software, ver-
sion 15 (StataCorp, College Station, TX, USA). For all analyses, the level of statistical signifi-
cance was set at p<0.05.

Results

The study population was predominantly female (66.6%), with ages ranging from 19 to 67
years at baseline. There was no significant change in BMI (p-value = 0.16), TV viewing (p-
value = 0.64) or depression frequency (p-value = 0.91) from baseline to follow-up. However, a
significant increase of almost 30 minutes per week was observed for the time spent on LTPA
over time (p-value = 0.008). Moreover, the frequency of CMP decreased from 32.3% to 24.7%
(p-value = 0.001) (Table 1).

The relationship between change in leisure-time physical activity and TV-viewing time and
CMP is shown in Table 2. Both LTPA and TV viewing were independently and significantly
associated with CMP regardless of sex, age, BMI and depression. Concretely, increasing LTPA
by 60 minutes/week was associated with a 6.2% lower likelihood of CMP, and increasing TV
viewing by 30 minutes/day was associated with a 5.1% higher likelihood of having CMP
among the schoolteachers studied. All adjustment variables were associated with CMP
(p<0.05).
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Table 1. Characteristics of the schoolteachers at baseline and follow-up, Londrina/PR, Brazil, 2012-2014.
(N =527).

Variables Baseline Follow-up p-value®
Age (years), median (IQR) 42 (34, 49) 44 (36, 51) <0.001
BMI (kg/mz), median (IQR) 25.2(22.8,28.2) 25.6 (23.2, 28.6) 0.26
LTPA (minutes/week), median (IQR) 0 (0, 180) 90 (0, 210) 0.008
TV-viewing (minutes/day)b, median (IQR) 77 (43, 120) 77 (43, 137) 0.64
Depression, % 15.6 15.4 0.91
Chronic musculoskeletal pain, % 32.3 24.7 0.001

BMI: body mass index; IQR: interquartile range; LTPA: leisure-time physical activity; TV: television.
# Obtained with the Wilcoxon sum-rank test (LTPA and TV-viewing variables) or with the McNemar test (binary
variables).

® Information on TV viewing was missing for 2 participants at baseline and for 1 participant at follow-up.

https://doi.org/10.1371/journal.pone.0234609.t001

Table 2. Association between change in leisure-time physical activity behavior and TV viewing (independent variables) and chronic musculoskeletal pain (depen-
dent variable) after 24 months in schoolteachers, Londrina/PR, Brazil, 2012-2014. (N = 527).

Variables

Change in LTPA time (60 minutes/week)®

Change in TV-viewing time (30 minutes/
day)®

Sex (female/male)

Age (y)

Change in BMI (kg/m?)

Change in depression status (yes/no)
Constant
Wald Chi2, Prob >chi2

*p-value <0.05

Model” adjusted for sex and Previous model plus adjusted for Previous model plus adjusted for
age BMI depression

0.938 (0.886, 0.992)* 0.938 (0.886, 0.992)* 0.938 (0.887, 0.993)*
1.054 (1.005, 1.106)* 1.054 (1.005, 1.106)* 1.051 (1.001, 1.102)*
1.575 (1.108, 2.239)* 1.575 (1.108, 2.239)* 1.498 (1.055, 2.127)*
1.025 (1.008, 1.041)* 1.025 (1.008, 1.041)* 1.024 (1.007, 1.041)*
1.038 (1.003, 1.075)* 1.036 (1.002, 1.072)*

1.873 (1.272, 2.757)*

0.022 (0.006, 0.085)* 0.022 (0.006, 0.085)* 0.024 (0.006, 0.091)*

26.09, <0.001 29.92, <0.001 36.19, <0.001

? Values are the odds ratios (95% confidence interval) estimated though the generalized estimating equation (GEE) regression model (parameters used: family: binomial;

link: logit; correlation: independent; variance estimators: robust).

® Both variables were simultaneously included in the same model.

https://doi.org/10.1371/journal.pone.0234609.t002

Discussion

This study identified that, if, on the one hand, increasing the time dedicated to leisure-time
physical activity (LTPA) may reduce the likelihood of chronic musculoskeletal pain (CMP),
increasing the time viewing TV is a change in behavior with potential negative effects for the
persistence or incidence of this type of chronic pain. Furthermore, these associations are not
interdependent, which suggests that the potential benefits obtained from practicing more
LTPA are insufficient to compensate for the potential detrimental effect of viewing TV for lon-
ger with respect to the CMP.

The present study expands the set of scientific evidence about the possible benefits of the
practice of leisure-time physical activity, since increasing this behavior by 60 minutes per week
may prospectively reduce the risk of CMP. In a cross-sectional study with teachers from Ethio-
pia, the practice of physical activity was also associated with the reduction of chronic low back
pain [25]. Moreover, this was also observed in a meta-analysis performed with studies about
physical activity, exercise and pain that showed that increasing weekly physical activity
decreased the symptoms of chronic pain [13], including persistent pain in the low back region
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[26]. Regardless of the adoption of sedentary behavior and the presence of depression, the ben-
efits of physical activity could be observed in this study, which is in agreement with the litera-
ture [27].

Interestingly, increasing TV-viewing time (a proxy for total sedentary behavior [20] by 30
minutes per day was associated with a greater likelihood of CMP independent of changes in
leisure-time physical activity, BMI and depression. The increase in the practice of physical
activity according to international recommendations [28] does not guarantee that people
will reduce their sedentary behavior. A literature review with occupational groups found that
adults spend approximately 60.0% of their time on sedentary behavior and approximately
4.0% of the day involved in moderate physical activity [29]. Thus, specific population groups
can have their health compromised if they spend too much time in sedentary activities, even if
they reach recommended levels of physical activity [30].

Regarding the association between physical activity and CMP, experimental studies with
animals and humans indicate that the practice of regular exercise promotes pain relief by
reducing the expression of the serotonin transporter, increasing the level of this neurotrans-
mitter in the synaptic cleft and reducing secondary hyperalgesia by increasing central inhibi-
tory opioids [31,32]. That is, the practice of regular physical activity uses the endogenous
inhibitory system for pain reduction. In this sense, moderate and vigorous physical activity
and according to the characteristics socioeconomic and health conditions of each individual
can be considered a nonpharmacological alternative to control pain symptoms [27].

Some methodological considerations must be addressed for the correct interpretation
of these results. First, the teachers’ strike that occurred during the follow-up data collection
caused many losses among the study population and limited the statistical power. However,
this event possibly had a minor effect on the study results, as the main characteristics of the
original population remained very similar among those teachers finally studied. Second, infor-
mation on physical activity and TV viewing time was obtained through the interviewee’s self-
report, and thus, the accuracy of the results may be affected by recall and information bias. In
addition, even though the information on physical activity was not obtained with a validated
questionnaire, they were based on questions that allowed us to characterize the interviewee’s
report as to the type, frequency and duration of physical activities performed during free time
in a usual week, which enabled the analyses proposed. Moreover, although questionnaires are
commonly adopted in epidemiological studies [33], accelerometry could provide more accu-
rate measurements of physical activity [34]. Third, the longitudinal design is a strength of this
study, and the analysis strategy used (GEE) allowed us to explore the effects of physical activity
and TV viewing on CMP considering changes that occurred over the period for these and for
the adjustment variables, controlling for the correlation between the responses of teachers at
two different times and mitigating the effect of missing values [35]. Lastly, as no data were col-
lected on the use of analgesics, it was not possible to examine the effects of the drugs used to
control pain. Thus, it cannot be said that the lower likelihood of presenting CMP at follow-up
is due exclusively to the practice of physical activity. Moreover, it was not possible to examine
the effect of pain intensity on the performance of physical activity and TV viewing.

In summary, this study showed that leisure-time physical activity is a behavior potentially
involved in beneficial health outcomes such as chronic musculoskeletal pain symptoms. Longi-
tudinal studies based on objective measures, intensity and other domains of physical activity
are still needed to examine a possible dose-response effect. Although our results come from a
study with a longitudinal observational design, they are in the same direction as experimental
[13] studies that provide relevant evidence that the encouragement to walk or cycle to and
from work and the implementation of physical activity promotion in the work environment
can play a relevant role in workers’ health and quality of life. Together with an adequate supply
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of health services for the diagnosis, treatment and control of painful conditions, the promotion
of physical activity among schoolteachers is a strategy with the potential to contribute to the
reduction of absenteeism and presenteeism resulting from CMP, benefiting not only the
worker but also the educational system.
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