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Introduction
Back pain (BP) is a significant public health prob-
lem.1–5 Recent studies6,7 suggested that the preva-
lence of BP has been increasing in adolescents; this 
can cause a range of disabilities that may persist into 
adulthood.8–10 Therefore, the causes of BP must be 
investigated with a focus on adolescents.11 Although 
several recent studies examined the prevalence and 
risk factors of BP in adolescents,12–20 most had a 
cross-sectional design; thus, no causality could be 
established.

To date, few longitudinal studies have been per-
formed on BP in adolescents and, to the best of our 
knowledge, all relevant published studies were per-
formed in developed countries in Europe, North 
America and Asia.6,21–26 As pain during adolescence 
is an important predictor of pain in adulthood,27 an 
adequate assessment in children and adolescents is 

fundamental to help researchers and health profes-
sionals better understand BP and the associated risk 
factors and consequently improve health promotion 
programmes and interventions. Due to the lack of 
longitudinal studies in emerging countries, we aimed 
to evaluate BP and its risk factors by conducting a 
3-year longitudinal study in Brazilian adolescents. 
This study, to the best of our knowledge, is the first 
to focus on Latin American adolescents, applying a 
longitudinal study protocol.
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Methods
Study population
This study was performed in Teutônia, Rio Grande do 
Sul, Brazil, in 2011. According to the census,28 this 
municipality had approximately 32,000 inhabitants, a 
Human Development Index (HDI-2010) of 0.747 
(HDI for Brazil at the same time, 0.699) and a total of 
1720 fifth- to eighth-grade school children from 11 
schools (9 public (n = 1575) and 2 private (n = 145) 
schools).

We estimated the sample size based on a finite pro-
portion equation (N = 1720), assuming a 95% confi-
dence interval (CI; z = 1.96), a proportion of 0.5 and 
an error of 4%, resulting in a value of 445 individuals. 
Predicting eventual losses, we invited 736 randomly 
selected students, who were selected based on the fol-
lowing steps: (a) research staff visits to all primary 
schools in the city (n = 11) to obtain authorization from 
the schools, (b) invitation of the students in the class-
rooms and requests for authorization to participate in 
the research to their parents or guardians and (c) 
return to school on a scheduled date to evaluate whose 
guardians signed the written consent form to partici-
pate in the study.

We included 726 primary students (fifth to eighth 
grade), aged 11–16 years, whose guardians were willing 
to let them participate in the study. Each participant 
was invited to participate in the follow-up study con-
ducted 3 years later (2014). We excluded students who 
missed one of the baseline and follow-up examinations 
and those who were pregnant during the study period. 
Among baseline students, 201 did not participate in 
the follow-up assessment for the following reasons: not 
present on the day of the assessment, changed schools 
or dropped out of school; thus, they were excluded 
from the analysis.

The present study was performed in accordance 
with the Helsinki Declaration and was approved by the 
Ethics Research Committee from the Federal 
University of Rio Grande do Sul (number 19832).

Study design
The study was part of the ‘Brazilian longitudinal study 
on back pain and posture from adolescents’.29 An epi-
demiological exploratory and longitudinal study was 
conducted between October 2011 and October 2014.

Answers were obtained from students at two time 
points (2011 and 2014), using the Back Pain and 
Body Posture Evaluation Instrument (BackPEI), a 
self-administered questionnaire with confirmed 
validity and reproducibility.30 The questionnaire 
addresses the following issues: BP in the last 3 months 
(occurrence and frequency), heredity (BP in 

parents), behaviour (reading/studying in bed, time 
per day spent watching television/using a computer 
and sleep duration), exercise (physical exercise, 
weekly frequency of exercise and competitive exer-
cise) and postural factors (sleeping posture; sitting 
posture to write, to use a computer and to talk; and 
the way of carrying school supplies).

The following questions evaluated the outcome of 
BP: (a) occurrence: ‘Have you felt back pain (or have 
you been in pain) in the last 3 months?’ (b) frequency: 
‘How often do you feel (or felt) back pain?’ (c) impact 
on life activities: ‘Does the pain prevent (or has it pre-
vented) you from performing daily life activities, such 
as playing, studying, practicing sports, etc’ and (d) 
intensity, evaluated from a visual analogue scale: ‘On a 
scale from 0 to 10 cm, please identify the intensity of 
your back pain for the last 3 months’.30

Questions related to posture such as sitting, lifting 
an object and carrying a backpack comprise figures 
showing subjects performing these activities, with a 
specific version for each sex. These diagrams facilitate 
the identification of the content of each question and 
the respondent’s interpretation of the question; conse-
quently, they lead to a more representative response. 
Each question had five or six response options, includ-
ing ‘another way/I don’t know’. Only one response 
option was considered as the correct way of perform-
ing an activity; the remaining alternatives were grouped 
as ‘incorrect’ in the statistical analysis.30

The BackPEI questionnaire was handed to each 
student in their classroom; how the questionnaire 
should be answered was explained collectively. The 
questionnaire contained personal information, such as 
name, name of father and mother and an identifier 
number from each student. These answers permitted 
us to identify all students even if they changed class or 
school.

Statistical analysis
The Statistical Package for the Social Sciences version 
20.0 was used for all statistical analyses. Data were 
analysed using descriptive and inferential statistics. 
The chi-square test was used to compare the results 
between sexes for the baseline (2011) and follow-up 
(2014) evaluations. Using the McNemar test, a non-
parametric test for related sample pairs, we compared 
(a) BP prevalence independent of age between baseline 
(2011) and follow-up (2014), (b) BP frequency 
between baseline (2011) and follow-up (2014) and (c) 
impact of day life activities.

We also performed the paired t test in order to com-
pare the BP intensity between baseline (2011) and 
follow-up (2014) evaluations and the independent t 
test to compare BP intensity between sexes.
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Generalized estimating equations (GEEs) were 
used to perform a Poisson regression model with 
robust variance for longitudinal data analysis.31,32 
GEEs were used with an exchangeable correlation 
structure. The GEE methodology was indicated for 
this study as there were repeated measures in the 
between-subject and within-subject (2011 × 2014 
evaluations) variables and because our data were 
binary.31,33 BP was the outcome; the exposure varia-
bles included exercise, behaviour, heredity and pos-
tural factors. Exposure variables with a significance 
level of p < 0.10 in the bivariate analysis were included 
in the multivariate regression model.34 We also 
adjusted the multivariate model for sex and age. We 
used relative risk (RR) with their respective 95% CIs 
as measures of effect (α = 0.05).

Results
Of the adolescents who participated in the baseline 
study (n = 726), 525 (73.2%) were revaluated after 
3 years. The frequencies and the percentage of stu-
dents, stratified by sex and age, are presented in Table 
1. The prevalence of BP at baseline was 56% (51.7–
60.2%); at the 3-year follow-up, the prevalence of BP 
significantly increased to 65.9% (61.8–69.8%; 
p < 0.001). This increase in the prevalence of BP at the 
follow-up was evident in both sexes. BP was signifi-
cantly higher in girls than in boys at baseline (p = 0.011) 
and follow-up (p < 0.001; Figure 1). The incidence of 
BP in a 3-year period was 50.6% – from 231 students 
without BP at baseline and 117 developed BP after 
3 years.

We detected a significant increase in BP preva-
lence in the 11- to 13-year-old students at the fol-
low-up assessment (Figure 2). In 11-, 12- and 
13-year-old students, the prevalence of BP com-
pared to the baseline increased by 37.5%, 21.4% 
and 20% at the 3-year follow-up, respectively; in 
adolescents aged >13 years, the prevalence of BP 

showed a tendency of remaining unchanged between 
baseline and follow-up. A significant increase in the 
frequency with which BP was experienced (⩾1 time 
per week) was evident in both sexes at the 3-year 
follow-up evaluation (Figure 3).

Regarding the impact on day life activities, we 
found a significant increase (p < 0.001) in the pre-
vention of daily life activities (i.e. playing, studying 
and practicing sports), from 13.9% (baseline) to 
15% (follow-up). BP intensity increased after 3 years; 
however, no statistical differences were found 
between baseline and follow-up for both boys (base-
line: 3.28 ± 1.90; 2014: 3.31 ± 1.97; p = 0.921) and 
girls (baseline: 3.42 ± 2.39; 2014: 3.78 ± 2.15; 
p = 0.165). Moreover, when we compared BP 
between sexes, girls presented higher (p = 0.033) 
intensity in the follow-up evaluation.

Most students were physically active and spent 
⩾2 hours/day watching TV; at the same time, they used 
the computer, had parents with BP, were aware of their 
daily activities, had inadequate postures and carried a 
backpack on both shoulders (Table 2).

The bivariate analysis indicated behavioural, 
hereditary and postural variables as risk factors for 
BP (Table 3). However, after these variables were 
included in the multivariate analysis and adjusted by 
age and sex, the variables that remained significantly 
associated with BP were the following: spending 
⩾6 hours/day watching television, having parents 
with BP and asymmetrically carrying a backpack 
(inadequate posture) (Table 3). For those who spent 
much time watching TV (⩾6 hours/day) and did not 
have BP at baseline, the incidence of BP was 55%, 
while those who spend ⩽5 hours watching TV had a 
BP incidence of 48.6%. For those students without 

Table 1. Frequencies and the percentage of students 
(n = 525) at baseline (2011) and at the 3-year follow-up, 
stratified by sex and age – Teutônia, Rio Grande do Sul, 
Brazil.

Age (years) Male
n (%)

Female
n (%)

Total
N (%)

11 24 (10.0) 39 (13.7) 63 (12.0)
12 86 (35.8) 91 (31.9) 177 (33.7)
13 60 (25.0) 76 (26.7) 136 (25.9)
14 48 (20.0) 60 (21.1) 108 (20.6)
15 18 (7.5) 16 (5.6) 34 (6.5)
16 4 (1.7) 3 (1.1) 7 (1.3)
Total 240 (100.0) 285 (100.0) 525 (100.0)

Figure 1. Prevalence of back pain in boys (n = 240) and 
girls (n = 285) at baseline (2011) and at the 3-year follow-up 
(2014) – Teutônia, Rio Grande do Sul, Brazil.
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BP at baseline who had parents with BP, the inci-
dence of BP was 54.4%, while for those with parents 
who did not have BP, the incidence was 40.8%. 
Moreover, for students who carried backpacks by an 
inadequate mode and did not have BP at the base-
line, the incidence of BP was 62.5%, while those 
who carried the backpack by an adequate mode had 
a smaller BP incidence (49.7%).

Discussion

To the best of our knowledge, this study is the first to 
evaluate BP prevalence and its risk factors in Latin 
America adolescents using a prospective study proto-
col. Our results showed a prevalence of BP ranging 
from 56% (baseline) to 66% (3-year follow-up), which 
is higher than that reported in other studies.35 The 

Figure 2. Prevalence of back pain in students (n = 525) at baseline (2011) and at the 3-year follow-up, stratified by age – 
Teutônia, Rio Grande do Sul, Brazil. *Significant increase from 2011 to 2014 (McNemar test, p < 0.05).

Figure 3. Frequency of back pain in students at baseline (2011) and at the 3-year follow-up, stratified by sex – Teutônia, 
Rio Grande do Sul, Brazil. #Frequency increase in the response group ‘⩾1 time per week’ from 2011 to 2014 for boys 
(McNemar test, p = 0.002) and *frequency increase in the response group ‘⩾1 time per week’ from 2011 to 2014 for girls 
(McNemar test, p = 0.001).
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Table 2. Back pain (outcome) and exposure variables (exercise, behavioural, hereditary and postural factors) – Teutônia, 
Rio Grande do Sul, Brazil (n = 525).

Variables Baseline (2011) Follow-up (2014)

N (%) Back pain
n (%)

N (%) Back pain
n (%)

Exercise
Physical exercise
 Yes 476 (90.7) 269 (56.5) 463 (88.2) 303 (65.4)
 No 49 (9.3) 25 (51) 62 (11.8) 43 (69.4)
Physical exercise weekly frequencya (days/week)
 1–2 233 (53.3) 133 (59.6) 190 (44.1) 134 (70.5)
 3–4 143 (34.2) 74 (51.7) 172 (39.9) 108 (62.8)
 ⩾5 52 (12.4) 29 (55.8) 69 (16) 40 (58)
Competitive exercisea

 Yes 201 (42.7) 106 (52.7) 101 (22.1) 67 (66.3)
 No 270 (57.3) 158 (58.5) 356 (77.9) 232 (65.2)
Behavioural
Time spent watching television per day (hours)
 0–1 68 (15.2) 38 (55.9) 187 (39) 127 (67.9)
 2–5 296 (66.1) 151 (51) 271 (56.6) 168 (62)
 ⩾6 84 (18.8) 64 (76.2) 21 (4.4) 17 (81)
Time spent using computer per day (hours)
 0–1 118 (29.6) 60 (50.8) 178 (39.2) 125 (70.2)
 2–5 238 (59.8) 135 (56.7) 240 (52.9) 150 (62.5)
 ⩾6 42 (10.6) 30 (71.4) 36 (7.9) 26 (72.2)
Time sleeping per night (hours/day)
 0–7 125 (27.9) 70 (56) 282 (59.7) 197 (69.9)
 8–9 258 (57.6) 145 (56.2) 175 (37.1) 98 (56)
 ⩾10 65 (14.5) 36 (55.4) 15 (3.2) 12 (80)
Read and/or study in bed
 No 82 (15.6) 38 (46.3) 124 (23.8) 76 (61.3)
 Sometimes 276 (52.6) 149 (54) 210 (40.2) 138 (65.7)
 Yes 167 (31.8) 107 (64.1) 188 (36) 129 (68.6)
Hereditary
Parents with back pain
 No 158 (37.8) 60 (38) 133 (31.1) 61 (45.9)
 Yes 260 (62.2) 170 (65.4) 295 (68.9) 218 (73.9)
Postural
Sleeping
 Supine 35 (7.3) 17 (48.6) 47 (9.7) 29 (61.7)
 Lateral decubitus 319 (66.3) 169 (53) 262 (53.8) 168 (64.1)
 Prone 127 (26.4) 81 (63.8) 178 (36.6) 121 (68)
Sitting posture to write
 Adequate 79 (15) 39 (49.4) 33 (6.3) 19 (57.6)
 Inadequate 446 (85) 255 (57.2) 487 (93.7) 323 (66.3)
Sitting posture on a bench
 Adequate 71 (13.5) 38 (53.5) 28 (5.4) 17 (60.7)
 Inadequate 454 (86.5) 256 (56.4) 495 (94.6) 328 (66.3)
Sitting posture to use computer
 Adequate 119 (22.8) 56 (47.1) 70 (13.4) 41 (58.6)
 Inadequate 404 (77.2) 236 (58.4) 452 (86.6) 303 (67)
Posture to lift object from floor
 Adequate 41 (7.9) 25 (61) 85 (16.3) 53 (62.4)
 Inadequate 480 (92.1) 266 (55.4) 438 (83.7) 292 (66.7)
Way to carry backpack
 Adequate (on both shoulders) 441 (89.5) 244 (55.3) 351 (68.3) 217 (61.8)
 Inadequate (asymmetric) 52 (10.5) 36 (69.2) 163 (31.7) 120 (73.6)

aRelated only to students in whom the variable was applicable.
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Table 3. Association between back pain (outcome) and exposure variables (exercise, behaviour, heredity and posture), 
depicted as relative risk – Teutônia, Rio Grande do Sul, Brazil (n = 525).

Variables Bivariate model
Unadjusted RR 
(95% CI)

pa Multivariate model
Adjusted RR (95% 
CI)

pa

Control variables
Age (baseline; years)
 11–12 1 0.929  
 13–14 1.00 (0.96–1.05)  
 15–16 0.98 (0.90–1.07)  
Sex
 Male 1 <0.001 1 <0.001
 Female 1.08 (1.04–1.13) 1.08 (1.04–1.13)  
Exposure variables
Exercise
 Physical exercise
  Yes 1 0.946 –  
  No 1.00 (0.94–1.07) –  
 Physical exercise weekly frequencyb (days/week)
  1–2 1 0.116 –  
  3–4 0.96 (0.91–1.01) –  
  ⩾5 0.95 (0.90–1.01) –  
 Competitive exerciseb

  Yes 1 0.156 –  
  No 1.03 (0.99–1.08) –  
Behaviour
 Time spent watching television per day (hours)
  0–1 1 <0.001 1 0.002
  2–5 0.95 (0.91–0.99) 0.96 (0.92–1.01)  
  ⩾6 1.08 (1.01–1.14) 1.07 (1.01–1.13)  
 Time spent using computer per day (hours)
  0–1 1 0.094 1 0.115
  2–5 0.98 (0.94–1.03) 1.00 (0.96–1.05)  
  ⩾6 1.06 (0.97–1.13) 1.06 (0.99–1.14)  
 Time sleeping per night (hours/day)
  0–7 1 0.018 1 0.152
  8–9 0.94 (0.90–0.98) 0.96 (0.92–1.01)  
  ⩾10 0.97 (0.90–1.04) 0.96 (0.89–1.04)  
 Read and/or study in bed
  No 1 0.019 1 0.500
  Sometimes 1.02 (0.97–1.08) 1.01 (0.96–1.07)  
  Yes 1.07 (1.02–1.13) 1.03 (0.98–1.09)  
Hereditary
 Parents with back pain
  No 1 <0.001 1 <0.001
  Yes 1.20 (1.14–1.26) 1.16 (1.10–1.23)  
Postural
 Sleeping
  Supine 1 0.059 1 0.215
  Lateral decubitus 1.01 (0.94–1.09) 1.04 (0.96–1.12)  
  Prone 1.06 (0.98–1.15) 1.06 (0.98–1.14)  
 Sitting posture to write
  Adequate 1 0.049 1 0.539
  Inadequate 1.07 (1.01–1.14) 1.02 (0.96–1.09)  

 (Continued)
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Variables Bivariate model
Unadjusted RR 
(95% CI)

pa Multivariate model
Adjusted RR (95% 
CI)

pa

 Sitting posture on a bench
  Adequate 1 0.274 –  
  Inadequate 1.04 (0.97–1.11) –  
 Sitting posture to use computer
  Adequate 1 0.005 1 0.503
  Inadequate 1.08 (1.02–1.13) 1.02 (0.97–1.07)  
 Posture to lift object from floor
  Adequate 1 0.808 –  
  Inadequate 0.99 (0.94–1.05) –  
 Way to carry backpack
  Adequate (symmetrical on both shoulders) 1 <0.001 1 0.037
  Inadequate (asymmetric) 1.09 (1.05–1.13) 1.04 (1.01–1.08)  

CI: confidence interval.
Generalized estimating equations were used to perform a Poisson regression model with robust variance errors. We used relative risk 
(RR) with their respective 95% CIs to measure effects (α = 0.05). The multivariate analysis was adjusted for sex and age and included the 
exposure variables (p < 0.10 in the bivariate analysis). Bold data reflect statistical significance (p < 0.05).
aSignificant association (p < 0.05).
bRelated only to students in whom the variable was applicable.

Table 3. (Continued)

prevalence of BP increased by approximately 10% 
within a 3-year period. Similar findings were reported 
by Swain et al.27 who demonstrated that pain increased 
with age in adolescents aged 11–15 years from 28 
countries in Europe, North America and Israel. We 
observed that the prevalence of BP significantly 
increased in the 11- to 13-year-old adolescents after 
3 years, while we saw a tendency of an unchanged prev-
alence in adolescents aged >14 years.

The increase in the prevalence of BP during the 
study period was associated with an increase in age, 
which coincides with the pubertal growth spurt. 
Similarly, a longitudinal study in adolescents (11–
13 years old) from Denmark26 reported an increase in 
the prevalence from 35.9% (baseline) to 48.5% (2 years 
later). Considering that puberty and BP are associated, 
and that this association is not only the result of an 
accumulation of other risk factors correlated with 
increasing age, this suggests a causal connection 
between puberty and BP.7 Importantly, we found that 
the prevalence of BP tended to stabilize after the age of 
13 years and remained constant until the age of 
19 years, implying that the prevalence of BP during 
adolescence may be an important predictor of BP into 
adulthood.27 Accordingly, the most effective time for 
interventions aimed at minimizing these findings is 
during puberty.36–38

Although we verified a similar increase in BP preva-
lence at follow-up in both boys and girls, as has been 
shown in previous studies,10,27,39 we also found that 
females had a higher risk of developing BP. It has been 

speculated that hormonal and biochemical mecha-
nisms may contribute to higher rates of BP in girls.40

We also detected significant differences in the fre-
quency with which BP was experienced over time. At 
the follow-up evaluation, the number of individuals 
who experienced BP ⩾1 time per week was more than 
double when compared to the baseline evaluation. 
Moreover, the BP impact on student life was higher at 
the follow-up. This shows that not only were more stu-
dents affected by BP at the follow-up, as represented 
by the increased prevalence of BP, but they also expe-
rienced BP with greater frequency, and it had a greater 
impact over time. Furthermore, O’Sullivan et  al.3 
showed that BP may lead to negative impacts such as 
medication use and school absenteeism. Similar to our 
findings, BP consequences are generally greater among 
girls than among boys.3

Regarding the risk factors for BP, our multivariate 
analysis showed that watching television for ⩾6 hours/
day, having parents with BP and carrying a school 
backpack asymmetrically were associated with a higher 
risk of developing BP. Sedentary activities have previ-
ously been documented as risk factors for the develop-
ment of BP.18,41,42 Extended periods of sitting combined 
with physical inactivity can lead to a decrease in the 
nutrition of the joints and intervertebral discs, acceler-
ating the degeneration of musculoskeletal structures.41 
Moreover, watching television can involve inappropri-
ate postural habits, which can also contribute to the 
development of BP.43,44 Meziat Filho et al.44 identified 
that youths who watched television with a slumped 
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posture had a 3.22-fold increased risk of presenting 
with chronic BP.

Although hereditary factors for the development of 
BP have been investigated in recent years, no consen-
sus exists in literature.40 Bejia et al.17 found an associa-
tion between BP in 622 youths aged 11–19 years and a 
history of pain in their parents. Similarly, Kaspiris 
et al.45 found that the BP was 1.6 times greater among 
children with a family history of BP when compared to 
those without a family history. We also found that BP 
in parents or guardians was related to an increased BP 
risk in schoolchildren. Future studies should investi-
gate the mechanisms by which this association can be 
explained. It has been shown that during childhood 
and adolescence, environmental factors exert more 
influence, while genetic factors play a limited role.45,46

School backpacks are the most frequent form of 
transportation of school materials.47 However, the way 
backpacks are loaded can directly affect the health of 
the schoolchildren.48,49 It has been shown that using 
only one strap may lead to postural changes50 that can 
alter the spine’s ability to absorb loads and can gener-
ate muscle spasms.51 Therefore, backpacks should be 
carried symmetrically (i.e. using both straps). In our 
study, carrying a backpack asymmetrically increased 
the risk of developing BP (RR = 1.04; 95% CI = 1.01–
1.08). This finding demonstrates that, in addition to 
the widespread problem of school backpack weight,47,52 
the way the backpack is loaded also merits attention.

BP in children and adolescents has been widely dis-
cussed in recent years,10,40 and some studies showed that 
BP during youth was predictive of BP in adulthood.27,53 
However, to the best of our knowledge, all previous stud-
ies conducted in Latin America had a cross-sectional 
study design, making it impossible to establish cause-
and-effect relationships.42,54 In this respect, longitudinal 
studies are important to identify the risk factors for the 
development of BP over time. We believe that informa-
tion derived from a longitudinal study can inform future 
guidelines and aid in the search for early preventive 
measures for this public health problem.3,53

Our findings indicate that it is necessary to invest 
in preventive measures for BP and suggest that such 
interventions should occur during puberty, when 
there is the greatest progression of BP. One main limi-
tation of this study relates to self-reporting as stu-
dents were likely able to remember the past evaluation; 
however, the length of the follow-up interval (3 years) 
minimized the risk of students remembering. 
Moreover, the ‘frequency of physical exercise’ item of 
the questionnaire was not confirmed with an objec-
tive method such as an accelerometer. Another limita-
tion is the lack of investigation regarding BP impact 
on school absence. For future research, we suggest 
that it is essential to include school absence as an 
important variable for the analysis.

In summary, we show that the prevalence of BP 
increased significantly over 3 years in adolescents aged 
⩽13 years, stabilized in those aged >13 years and was 
higher among girls. The proportion of students who 
experienced BP at a higher frequency also increased 
over the study period, with more than double the num-
ber of schoolchildren experiencing BP with a frequency 
of ⩾1 time per week at the 3-year follow-up when com-
pared to baseline. Having parents with BP, watching 
television for lengthy periods every day and carrying a 
backpack asymmetrically were risk factors for BP.
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