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Abstract

There is limited knowledge on the association between different health complaints and the

development of persistent musculoskeletal pain in adolescents. The aims of this study were

to assess whether specific health complaints, and an accumulation of health complaints, in

the first year of upper-secondary school, were associated with persistent musculoskeletal

pain 2 years later. We used data from a population-based cohort study (the Fit Futures

Study in Norway), including 551 adolescents without persistent musculoskeletal pain at

baseline. The outcome was persistent musculoskeletal pain (�3 months) 2 years after inclu-

sion. The following self-reported health complaints were investigated as individual expo-

sures at baseline: asthma, allergic rhinitis, atopic eczema, headache, abdominal pain and

psychological distress. We also investigated the association between the accumulated num-

ber of self-reported health complaints and persistent musculoskeletal pain 2 years later.

Logistic regression analyses estimated adjusted odds ratios (ORs) with 95% confidence

intervals (CIs). At the 2-year follow-up, 13.8% (95% CI [11.2–16.9]) reported persistent mus-

culoskeletal pain. Baseline abdominal pain was associated with persistent musculoskeletal

pain 2 years later (OR 2.33, 95% CI [1.29–4.19], p = 0.01). Our analyses showed no statisti-

cally significant associations between asthma, allergic rhinitis, atopic eczema, headache or

psychological distress and persistent musculoskeletal pain at the 2-year follow-up. For the

accumulated number of health complaints, a higher odds of persistent musculoskeletal pain

at the 2-year follow-up was observed for each additional health complaint at baseline (OR

1.33, 95% CI [1.07–1.66], p = 0.01). Health care providers might need to take preventive
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(2022) Accumulation of health complaints is

associated with persistent musculoskeletal pain

two years later in adolescents: The Fit Futures

study. PLoS ONE 17(12): e0278906. https://doi.

org/10.1371/journal.pone.0278906

Editor: Dong Keon Yon, Kyung Hee University

School of Medicine, REPUBLIC OF KOREA

Received: June 16, 2022

Accepted: November 27, 2022

Published: December 29, 2022

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0278906

Copyright: © 2022 Smedbråten et al. This is an

open access article distributed under the terms of

the Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: The data underlying

the results presented in the study are available

from the Fit Futures Study, but restrictions apply to

https://orcid.org/0000-0002-9036-0709
https://orcid.org/0000-0002-5911-4876
https://doi.org/10.1371/journal.pone.0278906
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0278906&domain=pdf&date_stamp=2022-12-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0278906&domain=pdf&date_stamp=2022-12-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0278906&domain=pdf&date_stamp=2022-12-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0278906&domain=pdf&date_stamp=2022-12-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0278906&domain=pdf&date_stamp=2022-12-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0278906&domain=pdf&date_stamp=2022-12-29
https://doi.org/10.1371/journal.pone.0278906
https://doi.org/10.1371/journal.pone.0278906
https://doi.org/10.1371/journal.pone.0278906
http://creativecommons.org/licenses/by/4.0/


actions in adolescents with abdominal pain and in adolescents with an accumulation of

health complaints to prevent development of persistent musculoskeletal pain. The potential

multimorbidity perspective of adolescent musculoskeletal pain is an important topic for

future research to understand the underlying patterns of persistent pain conditions in

adolescents.

Introduction

Musculoskeletal pain is common already in young ages, with a prevalence of up to 40% among

children and adolescents [1]. Adolescents with persistent musculoskeletal pain report difficul-

ties in daily activities [2] and reduced health-related quality of life [3]. Furthermore, experienc-

ing musculoskeletal pain in adolescence is a predictor of future pain [4], and of receiving

sickness benefits [5] and long-term social welfare benefits [6] in adulthood. Given these conse-

quences, it is important to draw attention to risk factors of persistent musculoskeletal pain

onset in adolescence to be able to develop appropriate preventive strategies.

Importantly, also headache [1, 7], abdominal pain [1] and mental health problems [8] are

common health complaints in children and adolescents. Furthermore, medical conditions, such

as asthma, eczema [9, 10] and allergic rhinitis [9] are frequent. Several of these health com-

plaints commonly co-occur with musculoskeletal pain [11–13], however, whether the presence

of different health complaints increase the risk of developing musculoskeletal pain is unclear. A

systematic review suggested that negative emotional symptoms might increase the risk of devel-

oping musculoskeletal pain in children and adolescents [14]. Studies have also indicated an

association between abdominal pain [15] and headache [15–18] with later musculoskeletal pain.

For the association between other health issues, including medical conditions, and musculoskel-

etal pain onset in children and adolescents, the existing findings are inconsistent [14].

A cross-sectional study by Dominick et al [19] demonstrated that several discrete chronic

physical conditions, and the number of conditions, were independently associated with chronic

pain in the general population aged 15 years and over. Furthermore, a cross-sectional study sug-

gested that adolescents with two additional health complaints, were more likely to report low

back pain compared to those with one additional health complaint [13]. Thus, investigating

both specific and an accumulation of health complaints might be of interest in relation to persis-

tent musculoskeletal pain. According to a previous cohort study of 9-12-year-olds, an increasing

number of physical and psychological symptoms increased the odds of future neck pain [20].

Furthermore, a strong association between a combination of persistent low back pain, persistent

headache and asthma in adolescence and future persistent low back pain has been reported

[21]. To the best of our knowledge, no previous cohort studies have investigated the association

between an accumulation of health complaints in adolescence, including medical diseases, psy-

chological and somatic symptoms, and the onset of persistent musculoskeletal pain.

Hence, the aims of this study were to assess whether specific health complaints, and an

accumulation of health complaints, in adolescents without persistent musculoskeletal pain in

the first year of upper-secondary school, were associated with persistent musculoskeletal pain

(� 3 months) 2 years later.

Material and methods

Study design and sample

This is a population-based cohort study using data from the Fit Futures study, which was con-

ducted in the municipalities of Tromsø and Balsfjord in Northern Norway. The first wave of
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the study, Fit Futures 1 (FF1), was conducted in 2010–2011 and all first-year upper-secondary

school students in the two municipalities were invited to participate. Two years later (2012–

2013), all FF1 participants, and all other third-year students in the same upper-secondary

schools, were invited to participate in the second wave of the study, Fit Futures 2 (FF2). In our

sample we have included adolescents who participated in both waves. The assessments and

data collection were conducted during school hours, at a research unit at the University Hospi-

tal of North Norway, and included an electronic questionnaire, clinical examinations and a

clinical interview. Further details regarding the Fit Futures study have been presented earlier

[22, 23].

Of 1117 adolescents invited to participate in FF1, 1038 (92.9%) responded. Thirty-six par-

ticipants were excluded from our sample because they were older than 19 years of age at base-

line. Moreover, 190 participants reported persistent musculoskeletal pain at baseline and were

excluded from the sample. Finally, 23 participants were excluded because they had incomplete

data on musculoskeletal pain at baseline (Fig 1). Of 789 respondents to the FF1 study that met

the inclusion criteria, 551 (69.8%) participated in FF2 and had complete outcome data for the

present study.

All participants provided written informed consent prior to participation. For participants

under the age of 16 years, written consent of one parent/guardian was also obtained. Our

study protocol was approved by the Regional Committee for Medical and Health Research

Ethics (2019/599/REK Nord) in Norway and approved by the Norwegian Centre for Research

Data (954769). The protocol was registered at ClinicalTrials.gov (NCT05036746). The

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines

were followed to ensure the reporting quality of this study [24].

Persistent musculoskeletal pain

The outcome was persistent musculoskeletal pain assessed at the 2-year follow-up with the

question “Do you have persistent or recurring pain that has lasted for 3 months or more?”. In

addition, pain frequency and location were assessed. We defined persistent musculoskeletal

pain as pain that persists or is recurring on a weekly basis for three months or more, in one or

several of the following pain sites; “shoulder”, “arm/elbow”, “hand”, “hip”, “thigh/ knee/shin”,

“ankle/foot”, “jaw/temporomandibular joint”, “neck”, “upper back”, “lower back” and/or

“chest”.

Persistent musculoskeletal pain was also measured and defined as described above at base-

line. The measurement of persistent musculoskeletal pain at baseline was only used to identify

the sample in our cohort study.

Health complaints

The Fit Futures Study questionnaire included a section to measure health complaints. The

presence of asthma, allergic rhinitis and atopic eczema were measured by the question “Has a

doctor ever told you that you have. . .”, followed by “asthma”, “hay-fever or allergic rhinitis”

and “children’s eczema or atopic eczema”. “Hay fever or allergic rhinitis” will in the following

be termed “allergic rhinitis” and “children‘s eczema or atopic eczema” will be termed “atopic

eczema”. The response alternatives were “yes”, “no” and “don‘t know”. Those who answered

“yes” were categorized as having the disease of interest. For the main analyses the response

alternatives “no” and “don’t know” were merged.

Psychological distress, including symptoms of depression and anxiety, was measured using

the Hopkins Symptom Checklist– 10 (HSCL-10) [25, 26]. HSCL-10 has been validated in Nor-

wegian adolescents [27]. The questionnaire includes ten items, in which each was rated on a
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four-point scale from 1 (not at all bothered) to 4 (extremely bothered). A mean score (range

1–4) was calculated. The variable was used as a continuous variable in the analysis of the asso-

ciation between psychological distress and persistent musculoskeletal pain, but also as a

dichotomised variable to create the variable of the accumulated number of health complaints.

When dichotomised, we used a well-established cut-off score of>1.85 to define the presence

of psychological distress [25].

Abdominal pain was measured by the question “During the last two months: how often did

you have pain or discomfort in your stomach?” The answer options were “never”, “1 to 3 times

Fig 1. Flow chart of the study sample.

https://doi.org/10.1371/journal.pone.0278906.g001
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a month”, “once a week”, “several times a week” and “every day”. Participants who reported

weekly or more frequent abdominal pain were categorised as having abdominal pain at

baseline.

Headache was measured by the questions “Did you suffer from headaches the last year?”

and “If you have suffered from headaches the last year; how many days per month do you suf-

fer from headache?” The answer options were “less than 1 day”, “1 to 6 days”, “7 to 14 days”

and “more than 14 days” per month. Participants who reported that they had suffered from

headache for at least 1 to 6 days per month were categorised as having headache at baseline.

Other health complaints were measured by the question “Do you have any chronic or per-

sistent disease?” The question was asked during a clinical interview and the reported health

complaints were recoded to ICD-10 codes. The prevalence of the other health complaints,

reported through this question, were too low to analyse as separate exposures, but they were

included as separate health complaints when investigating the accumulated number of health

complaints at baseline.

The accumulated number of health complaints was analysed as a continuous variable and

included any health complaints reported at baseline (asthma, allergic rhinitis, atopic eczema,

psychological distress, headache, abdominal pain and any other self-reported health

complaints).

Potential confounders

Potential confounding factors in the association between health complaints and musculoskele-

tal pain 2 years later were selected based on theory and previous empirical findings. Socioeco-

nomic status [14, 28, 29] and sex [6, 30] were considered as potential confounders. In the

analyses of specific health complaints, we also adjusted for all the other health complaints by

generating a new variable (yes = at least one other health complaint / no = no other health

complaints). Parents‘employment status was used as an indicator of socioeconomic status and

was measured with the questions “Is your father currently employed?” and “Is your mother

currently employed?” and the answer options “full time employed”, “part time employed”,

“unemployed”, “disabled”, “working at home (housewife)”, “attends school / courses”,

“retired”, “deceased”, “other” and “don‘t know”. The variables were merged and categorized as

“both parents are currently employed” (fulltime or part-time), “one/neither parent is currently

employed” and “don’t know”. Parents´ education was used as a second indicator of socioeco-

nomic status and categorised by the highest completed education by father or mother; “at least

one parent with higher education”, “primary / secondary school” and “don’t know”. Due to a

large proportion (23.8%) who did not know the educational level of their parents, parents’

employment status was used as the indicator of socioeconomic status in the final models.

Statistical analyses

Descriptive data was presented as median and range (due to skewed data) and categorical data

as counts and percentages. Mann-Whitney U test (skewed data) and Chi-Square tests (categor-

ical data) were used to compare baseline characteristics of the individuals lost to follow-up or

with missing outcome data with the study sample.

Incidence rate with 95% confidence intervals (CIs) of persistent musculoskeletal pain was

computed as the number of participants who reported persistent musculoskeletal pain at the

2-year follow-up divided by the total number of the study sample and reported as percentage.

Logistic regression analyses [31] were used to measure the association between baseline

health complaints and the presence of persistent musculoskeletal pain at the 2-year follow-up.

We analysed crude and adjusted associations with persistent musculoskeletal pain in separate
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models for specific health complaints (asthma, allergic rhinitis, atopic eczema, psychological

distress, headache and abdominal pain) and the accumulated number of these and other

reported baseline health complaints. In the adjusted models, all potential confounders were

included (sex, parents‘employment status and the presence of other health complaints in the

analyses of specific complaints, and sex and parents‘employment status in the analysis of the

accumulated number of baseline health complaints). Due to low proportion of missing values

in exposures and confounders (4.0% missing cases in the adjusted models), complete case

analyses were conducted. The results from the logistic regression analyses are reported as odds

ratios (ORs) with 95% CIs.

Sensitivity analyses investigating the associations between asthma, allergic rhinitis, atopic

eczema and persistent musculoskeletal pain at the 2-year-follow-up, excluding participants

who responded “don’t know” to the baseline health complaints questions, were conducted.

P-values < 0.05 were considered statistically significant. The analyses were conducted with

STATA statistical software system, version 16 [32].

Results

The study included 286 girls (51.9%) and the median age was 16 years (range 15–19) at base-

line. The median number of health complaints at baseline was 1 (range 0–5). Characteristics of

the study sample are presented in Table 1.

Compared to those completing the follow-up study, the group lost to follow-up or with

incomplete outcome data had a lower proportion of girls, a lower proportion of adolescents

with at least one parent with higher education and a higher proportion who did not know the

educational level of their parents (S1 Table).

Associations between health complaints at baseline and persistent

musculoskeletal pain at 2-year follow-up

The two-year incidence of persistent musculoskeletal pain was 13.8% (95% CI [11.2–16.9]),

(n = 76). Participants with baseline abdominal pain had 2.33 (95% CI [1.29–4.19], p = 0.01)

higher odds of persistent musculoskeletal pain at follow-up compared to those without

abdominal pain (Table 2). We found no statistically significant associations between headache,

psychological distress or doctor-diagnosed asthma, allergic rhinitis or atopic eczema and per-

sistent musculoskeletal pain at the 2-year follow-up.

Sensitivity analyses excluding individuals who answered “don‘t know” to the questions of

doctor-diagnosed asthma, allergic rhinitis and atopic eczema, revealed comparable results as

the main analyses (S2 Table).

Association between accumulation of health complaints at baseline and

persistent musculoskeletal pain at 2-year follow-up

Our analysis shows a higher odds of persistent musculoskeletal pain at the 2-year follow-up for

each additional health complaint at baseline (OR 1.33, 95% CI [1.07–1.66], p = 0.01) (Table 3).

Discussion

In this population-based cohort study of Norwegian adolescents, having abdominal pain in the

first year of upper-secondary school was associated with persistent musculoskeletal pain 2

years later. Also, an accumulation of health complaints was associated with persistent muscu-

loskeletal pain at the 2-year follow-up.
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Table 1. Baseline characteristics of the study sample.

Characteristics Total

(n = 551)

Age, y, median (min-max) 16 (15–19)

Sex, girls, n (%) 286 (51.9)

Parents‘employment status, n (%)

Both parents are currently employed 415 (75.3)

One/neither parent is currently employed 113 (20.5)

Don’t know 20 (3.6)

Missing 3 (0.5)

Parents‘education, n (%)

At least one parent with higher education 281 (51.0)

Primary / secondary school 126 (22.9)

Don’t know 131 (23.8)

Missing 13 (2.4)

Asthma, n (%)

Yes 63 (11.4)

No 459 (83.3)

Don‘t know 23 (4.2)

Missing 6 (1.1)

Atopic eczema, n (%)

Yes 73 (13.2)

No 395 (71.7)

Don‘t know 79 (14.3)

Missing 4 (0.7)

Allergic rhinitis, n (%)

Yes 54 (9.8)

No 441 (80.0)

Don’t know 49 (8.9)

Missing 7 (1.3)

Headache, yes a, n (%) 185 (33.6)

Missing 0

Abdominal pain, yes b, n (%) 85 (15.4)

Missing 1 (0.2)

Psychological distress c, median (min-max) 1.3 (1–3.5)

Psychological distress c (cat.), n (%)

> 1.85 80 (14.5)

� 1.85 466 (84.6)

Missing 5 (0.9)

Accumulated number of health complaints d, median (min-max) 1 (0–5)

Missing, n (%) 19 (3.4)

a Headache minimum 1–6 days a month the last year
b Abdominal pain minimum once a week the last two months
c Psychological distress, Hopkins Symptom Checklist-10 (HSCL-10), continuous (1–4), categorized (cut-off > 1.85

indicates the presence of psychological distress)
d This variable includes asthma, atopic eczema, allergic rhinitis, headache, abdominal pain, psychological distress and

other reported health complaints (prevalence rates): diabetes type 1 (0.2%), ADHD (0.6%), psoriasis (0.4%), arthritis

(0.2%), anaemia (0.4%), sleep disorder (0.2%), food allergy or intolerance (1.9%)

https://doi.org/10.1371/journal.pone.0278906.t001
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Abdominal pain was associated with future persistent musculoskeletal pain, which is in

accordance with a systematic review on children, adolescents and young adults, reporting

abdominal pain to be a potential risk factor for future back pain [15]. In previous research, an

association between headache and future musculoskeletal pain has also been found across sev-

eral studies [15–18]. In our study, adolescents with headache had a slightly increased odds of

future persistent musculoskeletal pain, but the association was not statistically significant. A

limited number of exposed cases might explain the non-significant result. Also, the response

categories for headache were different than those for abdominal pain. Headache was classified

as at least one to six episodes a month, while abdominal pain was classified as at least weekly

pain. Hence, the frequency of pain episodes might be important in prediction of future muscu-

loskeletal pain. Unfortunately, a cut-off with more frequent headache was not possible in our

study due to few cases.

A previous systematic review reported that negative emotional symptoms might be associ-

ated with future musculoskeletal pain in children and adolescents [14]. No statistically signifi-

cant association between psychological distress and future persistent musculoskeletal pain was

found in our study. However, differences in populations, exposure measurement, outcome

definitions and follow-up periods make direct comparison difficult. Our results revealed no

Table 2. Logistic regression analyses of the association between health complaints at baseline and persistent musculoskeletal pain a at 2-year follow-up.

Health complaints Exposed cases f Crude P-value Adjusted g P-value

OR (95% CI) OR (95% CI)

Asthma b 12 1.56 (0.79, 3.10) 0.20 1.71 (0.85, 3.43) 0.13

Atopic eczema b 12 1.26 (0.64, 2.47) 0.50 1.09 (0.53, 2.21) 0.82

Allergic rhinitis b 10 1.49 (0.71, 3.10) 0.29 1.34 (0.63, 2.83) 0.45

Headache c 31 1.44 (0.87, 2.36) 0.15 1.23 (0.72, 2.10) 0.45

Abdominal pain d 20 2.29 (1.29, 4.08) 0.01 2.33 (1.29, 4.19) 0.01

Psychological distress (1–4) e - 1.25 (0.75, 2.09) 0.39 1.03 (0.60, 1.79) 0.91

Abbreviations: Odds ratio (OR), Confidence interval (CI). N = 529 in adjusted models
a Persistent musculoskeletal pain is defined as weekly musculoskeletal pain for three months or more
b The reference is “no” or “don‘t know”
c Headache, defined as at least 1–6 days a month the last year, with less than 1–6 days a month as the reference
d Abdominal pain, defined as at least weekly pain the last two months, with less than once a week as the reference
e Psychological distress measured by the Hopkins Symptom Checklist– 10 (HSCL-10), used as a continuous variable (1–4).
f Number of participants with the specific health complaint at baseline and persistent musculoskeletal pain at follow-up
g Adjusted for sex, parents‘employment status and other health complaints (yes/no)

https://doi.org/10.1371/journal.pone.0278906.t002

Table 3. Logistic regression analyses of the association between the number of health complaints at baseline and persistent musculoskeletal pain a at 2-year follow-

up.

Crude P-value Adjusted c P-value

OR (95% CI) OR (95% CI)

Accumulated number of health complaints b 1.33 (1.07, 1.65) 0.01 1.33 (1.07, 1.66) 0.01

Abbreviations: Odds ratio (OR), Confidence interval (CI). N = 529 in adjusted model
a Persistent musculoskeletal pain is defined as weekly musculoskeletal pain for three months or more
b Continuous variable including all reported health complaints at baseline (asthma, allergic rhinitis, atopic eczema, abdominal pain, headache, psychological distress,

diabetes type 1, ADHD, psoriasis, arthritis, anaemia, sleep disorder, food allergy or intolerance)
c Analysis adjusted for sex and parents‘employment status

https://doi.org/10.1371/journal.pone.0278906.t003
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statistically significant associations between allergic rhinitis or atopic eczema with future per-

sistent musculoskeletal pain. Importantly, the number of exposed cases were small, so the

results should be interpreted with caution. Nevertheless, the findings are in accordance with a

previous study on 12-22-year-olds, investigating risk factors for low back pain after eight years

[21]. The same study reported an association between asthma and low back pain eight years

later [21]. Another study demonstrated that young adults with asthma had a non-significant

increased odds for developing neck pain during a one-year follow-up [33], which is in line

with our results. A potential lack of statistical power due to few exposed cases may explain the

wide CI and the non-significant result in our data (OR 1.71, 95% CI [0.85–3.43]). It is not

known whether different outcomes also influenced the results, as a statistically significant asso-

ciation was found in the study of low back pain [21], but not in our study of musculoskeletal

pain in general.

We found that an accumulation of health complaints at baseline was associated with persis-

tent musculoskeletal pain at the 2-year follow-up. To the best of our knowledge, this is the first

cohort study to investigate the association between an accumulation of health complaints,

including both medical diseases, psychological and somatic symptoms, and the onset of persis-

tent musculoskeletal pain in adolescents. A few existing cohort studies have findings in accor-

dance with our study. One former study of 12-22-year-olds found that a combination of

persistent low back pain, persistent headache and asthma was strongly associated with persis-

tent low back pain eight years later [21]. Another study of 9–12-year-olds found that for each

additional physical and psychological symptom, including headache, abdominal pain, depres-

sive mood, daytime tiredness, difficulty falling asleep and waking up during the night, the

odds of weekly neck pain during a four-year follow-up increased [20]. Furthermore, previous

research on adolescents have suggested that an accumulation of multiple factors in general pre-

dicts future outcomes of musculoskeletal pain more strongly than individual factors [16, 34].

The mechanisms behind the association between an accumulation of health complaints and

onset of persistent musculoskeletal pain is not known. One theory is that repeated efforts to

adapt to stressors over time (e.g. multiple health complaints) results in a cumulative physiolog-

ical wear and tear, or allostatic overload, that disrupts physiological regulatory systems, which

subsequently increase the risk of long-term health problems [19, 35], such as persistent muscu-

loskeletal pain. Another theory might be that some health complaints share genetic mecha-

nisms [36] or have other shared risk factors, such as childhood difficulties [37], making some

individuals more vulnerable to a multitude of health complaints.

Strengths and limitations

A strength of the study is the cohort study design, in which allows a possible understanding of

the temporal sequence between exposures and outcome. Furthermore, the results are based on

data from a population-based sample with a high baseline response rate, in a period of life

important for the onset of persistent musculoskeletal pain.

A limitation of our study was the self-reporting of health complaints, which may have

caused misclassifications. For example, misclassification of “doctor-diagnosed” medical condi-

tions might occur if adolescents do not recall whether they have been diagnosed with the con-

dition. Furthermore, some of the health complaints were defined with umbrella terms. For

example, we did not distinguish between migraine and other types of headaches, or between

more and less frequent episodes of headache (cut-off used was� 1–6 days a month). Further-

more, we did not have information on the severity of asthma, allergic rhinitis and atopic

eczema. Thus, we do not know whether distinguishing between more specific complaints or

only including adolescents with the most severe symptoms could have changed the results.
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The variable reflecting the number of health complaints was created by us on information of

the different health complaints and is not formally validated. Another limitation of the study is

low statistical power in the analyses of specific health complaints due to few exposed cases.

We adjusted for parents‘employment status in the analyses as an indicator of socioeco-

nomic status, despite some limitations. First, due to few cases in each category for those who

were not employed (unemployed, disabled, working at home (housewife), attends school/

courses, retired, deceased and other), all categories were merged and made up one category.

However, for example unemployment and being a “housewife” might have different reasons

and indicate different levels of resources. Second, 3.6% of the adolescents did not know their

parents’ employment status. However, employment status was our best alternative as an indi-

cator of socioeconomic status in the data. Almost one third of the participants were lost to fol-

low-up or had incomplete outcome data. The group lost to follow-up or with incomplete

outcome data had a lower proportion of girls, a lower proportion of adolescents with at least

one parent with higher education, and a higher proportion who did not know the educational

level of their parents. However, there were no statistically significant differences in prevalence

of specific health complaints or in the number of health complaints between this group and

the study sample. Persistent musculoskeletal pain was measured by a questionnaire developed

for the Fit Futures study and is not formally validated.

Implications

Having abdominal pain was associated with persistent musculoskeletal pain onset in adoles-

cents. Also, an accumulation of health complaints was associated with onset of persistent mus-

culoskeletal pain. Health care providers consulting adolescents might need to take preventive

actions in those with abdominal pain and/or an accumulation of health complaints, irrespec-

tive of type, to avoid development of persistent musculoskeletal pain.

This study contributes to knowledge of the relationship between health complaints and

development of persistent musculoskeletal pain in adolescence. The potential multimorbidity

perspective of adolescent musculoskeletal pain is an important topic for future research to

understand the underlying patterns of persistent pain conditions in youth. However, our study

should be replicated by others. To enable development of appropriate preventive strategies,

exploration of the mechanisms behind the associations are other potential topics for future

research.

Conclusions

Having abdominal pain in the first year of upper-secondary school was associated with persis-

tent musculoskeletal pain 2 years later. Also, an accumulation of health complaints was associ-

ated with persistent musculoskeletal pain after 2 years. Health care providers might need to

take preventive actions in adolescents with abdominal pain, and in adolescents with an accu-

mulation of health complaints, to prevent development of persistent musculoskeletal pain. The

potential multimorbidity perspective of adolescent musculoskeletal pain is an important topic

for future research.
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20. Ståhl M, Kautiainen H, El-Metwally A, Häkkinen A, Ylinen J, Salminen JJ, et al. Non-specific neck pain

in schoolchildren: Prognosis and risk factors for occurrence and persistence. A 4-year follow-up study.

Pain. 2008; 137(2):316–22 https://doi.org/10.1016/j.pain.2007.09.012 PMID: 17964722

21. Hestbaek L, Leboeuf-Yde C, Kyvik KO. Is comorbidity in adolescence a predictor for adult low back

pain? A prospective study of a young population. BMC Musculoskeletal Disorders. 2006; 7:29 https://

doi.org/10.1186/1471-2474-7-29 PMID: 16539740

22. Winther A, Dennison E, Ahmed LA, Furberg AS, Grimnes G, Jorde R, et al. The Tromsø Study: Fit

Futures: a study of Norwegian adolescents’ lifestyle and bone health. Arch Osteoporos. 2014; 9:185

https://doi.org/10.1007/s11657-014-0185-0 PMID: 24893722

23. Opdal IM, Morseth B, Handegård BH, Lillevoll K, Ask H, Nielsen CS, et al. Change in physical activity is

not associated with change in mental distress among adolescents: the Tromsø study: Fit Futures. BMC

Public Health. 2019; 19(1):916 https://doi.org/10.1186/s12889-019-7271-6 PMID: 31288796

PLOS ONE Health complaints and development of persistent musculoskeletal pain in adolescents

PLOS ONE | https://doi.org/10.1371/journal.pone.0278906 December 29, 2022 12 / 13

https://doi.org/10.1002/ejp.1078
http://www.ncbi.nlm.nih.gov/pubmed/28685909
https://doi.org/10.1177/1403494815589862
https://doi.org/10.1177/1403494815589862
http://www.ncbi.nlm.nih.gov/pubmed/26082075
https://doi.org/10.1007/s11916-013-0341-z
http://www.ncbi.nlm.nih.gov/pubmed/23700075
https://doi.org/10.1371/journal.pone.0232007
http://www.ncbi.nlm.nih.gov/pubmed/32324835
https://doi.org/10.1186/s12887-016-0673-z
http://www.ncbi.nlm.nih.gov/pubmed/27542726
https://doi.org/10.1111/apa.12030
http://www.ncbi.nlm.nih.gov/pubmed/22994385
https://doi.org/10.1002/ejp.1785
http://www.ncbi.nlm.nih.gov/pubmed/33909331
https://doi.org/10.1186/1471-2458-14-447
http://www.ncbi.nlm.nih.gov/pubmed/24885027
https://doi.org/10.1097/01.brs.0000129230.52977.86
http://www.ncbi.nlm.nih.gov/pubmed/15223944
https://doi.org/10.1097/j.pain.0000000000000685
http://www.ncbi.nlm.nih.gov/pubmed/27525834
https://doi.org/10.1007/s00586-019-06278-6
http://www.ncbi.nlm.nih.gov/pubmed/31907659
https://doi.org/10.1371/journal.pone.0256006
https://doi.org/10.1371/journal.pone.0256006
http://www.ncbi.nlm.nih.gov/pubmed/34383846
https://doi.org/10.1002/art.11221
http://www.ncbi.nlm.nih.gov/pubmed/13130481
https://doi.org/10.1186/1471-2474-8-46
http://www.ncbi.nlm.nih.gov/pubmed/17521435
https://doi.org/10.1016/j.pain.2011.09.018
https://doi.org/10.1016/j.pain.2011.09.018
http://www.ncbi.nlm.nih.gov/pubmed/22071318
https://doi.org/10.1016/j.pain.2007.09.012
http://www.ncbi.nlm.nih.gov/pubmed/17964722
https://doi.org/10.1186/1471-2474-7-29
https://doi.org/10.1186/1471-2474-7-29
http://www.ncbi.nlm.nih.gov/pubmed/16539740
https://doi.org/10.1007/s11657-014-0185-0
http://www.ncbi.nlm.nih.gov/pubmed/24893722
https://doi.org/10.1186/s12889-019-7271-6
http://www.ncbi.nlm.nih.gov/pubmed/31288796
https://doi.org/10.1371/journal.pone.0278906


24. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting

observational studies. Journal of clinical epidemiology. 2008; 61(4):344–9 https://doi.org/10.1016/j.

jclinepi.2007.11.008 PMID: 18313558

25. Strand BH, Dalgard OS, Tambs K, Rognerud M. Measuring the mental health status of the Norwegian

population: A comparison of the instruments SCL-25, SCL-10, SCL-5 and MHI-5 (SF-36). Nordic journal

of psychiatry. 2003; 57(2):113–8 https://doi.org/10.1080/08039480310000932 PMID: 12745773

26. Derogatis LR, Lipman RS, Rickels K, Uhlenhuth EH, Covi L. The Hopkins Symptom Checklist (HSCL):

A self-report symptom inventory. Behav Sci. 1974; 19(1):1–15 https://doi.org/10.1002/bs.3830190102

PMID: 4808738

27. Haavet OR, Sirpal MK, Haugen W, Christensen KS. Diagnosis of depressed young people in primary

health care—a validation of HSCL-10. Family practice. 2011; 28(2):233–7 https://doi.org/10.1093/

fampra/cmq078 PMID: 20937663

28. Reiss F. Socioeconomic inequalities and mental health problems in children and adolescents: a system-

atic review. Social Science & Medicine. 2013; 90:24–31 https://doi.org/10.1016/j.socscimed.2013.04.

026 PMID: 23746605

29. Uphoff E, Cabieses B, Pinart M, Valdés M, Antó JM, Wright J. A systematic review of socioeconomic
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