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Abstract
Background  Musculoskeletal disorders (MSKDs) present a significant burden to health care systems worldwide. 
Evidence suggests that university students may have unique risk factors for developing MSKDs; however, research on 
the corresponding prevalence and risk factors of MSKDs in Canadian students is limited.

Methods  Using a multi-year cross-sectional survey, we aimed to understand the prevalence and risk factors of 
MSKDs in students at McMaster University. A survey on the prevalence of MSKD as well as potential risk factors was 
conducted online in the years 2018–2022. Our outcomes were the prevalence of MSKDs over the last 7 days and the 
last 12 months, as well as presence of lower body, upper body, and spine MSKDs. We investigated risk factors using 
negative binomial regression analysis, including a sex-stratified analysis.

Results  There were a total of 289 respondents in 2018 with a decrease in the number of participants in the 
subsequent years (n2019 = 173, n2020 = 131, n2021 = 76). Participants reported a median of 2–3 pain sites in the last year 
and 1–2 pain sites in the last week in all four years. The most prevalent sources of self-reported pain were the lower 
back and neck. Depending on the year and outcome studied, 59–67% of participants reported neck/lower back pain 
in the last year, and 43–49% reported it in the last week. Although risk factors were different depending on the year 
and sex, overall, poorer mental health, being in health care studies, regular sports participation (males only), older age, 
and less hours of sleep were significantly associated with higher prevalence of MSKDs.

Conclusions  This study identified that MSKDs are a prevalent source of pain in university students. While some risk 
factors, such as mental health, are known to play a role in developing MSKDs, sports activity and academic pressure 
are risk factors that are unique to students. Our study also suggests that there may be differences in risk factors 
between sexes.
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Background
One in five Canadians experience chronic pain, which 
costs the Canadian economy up to $60 billion a year in 
health care costs and lost wages and taxes, more than 
cardiovascular disease, cancer, and diabetes combined. 
Canada has a high prevalence of musculoskeletal disor-
ders (MSKDs), with point prevalence estimates as high 
as 27.8% in 2017, with the highest prevalence in the back 
and knee joints [1]. MSKDs may present as acute (< 4 
weeks), subacute (4 to 12 weeks), or chronic pain (> 12 
weeks) [2]. One main risk factor for transition to chronic 
pain is a previous episode of pain [3]. Risk factors for 
MSKDs can differ depending on the individual’s age and 
occupation [4].

Previous research suggests that being a university stu-
dent can present with unique risk factors for developing 
MSKDs. For example, increased screen time and pro-
longed sitting, compounded with high levels of stress, 
can act as risk factors for the development of MSKDs 
in university students [4]. Other suggested risk fac-
tors for MSKDs include the type of electronic device 
used for studying and the position in which it is used 
[5, 6]. In addition, there is evidence to suggest that the 
field of study can also influence the likelihood of devel-
oping MSKDs, as university students in the health care 
studies have a higher risk of MSKDs compared to those 
in non-health care studies [7–9]. For example, studies 
have shown a higher prevalence of temporomandibu-
lar disorders and associated headache pain in females in 
the health and sciences field [10]. Furthermore, exercise 
is often reported as a protective factor against MSKDs; 
however, previous research in undergraduate students 
suggests that involvement in competitive sports can 
increase the likelihood of knee pain [11]. There is also a 
significant body of literature suggesting an association 
between mental health and MSKDs [12]. With a growing 
prevalence of mental health problems and stress in uni-
versity students, this transition into adulthood is a vul-
nerable time for students to develop MSKDs [12, 13].

Despite the potential consequences of MSKDs and 
their high prevalence in the Canadian population, risk 
factors for developing MSKDS in university students 
are an under-explored area of study. The goal of our 
study was to better understand MSKD risk factors in a 
Canadian university setting, as well as the distribution 
of MSKDs in different body regions. Based on previous 
studies, we hypothesized that the neck and the lower 
back region will be the most common sites of MSKDs. 
We also hypothesized that certain factors were associ-
ated with the presence of MSKDs, including poor mental 
health, older age, being a healthcare student, increased 
screen time, and high study pressure.

Methods
Study design
This was a multi-year cross-sectional study survey of 
McMaster University students in the years 2018, 2019, 
2020, and 2021, originally designed with the aim of con-
ducting a longitudinal study. University students were 
invited to complete a survey in 2018 and respondents 
were asked to complete the same survey in the three sub-
sequent years. However, given that many respondents did 
not provide an email address to allow matching between 
survey years, we were unable to cross-reference par-
ticipants and perform a longitudinal study. As such, we 
chose to perform a cross-sectional analysis.

Setting
Following ethics approval, faculties and programs from 
McMaster University were identified through the uni-
versity website. We sent invitation emails to 44 faculties, 
departments or programs within the university. A total 
of 24 faculties, departments or programs (55% of those 
reached) agreed to send our study advertisement to their 
student mailing lists. Three rounds (weekly) of invitation/
advertisement emails were sent to students in September 
2018. Survey invitations were sent out again in Septem-
ber 2019, 2020, and 2021 to only those that responded 
to the initial survey and shared their email address. Par-
ticipation in this survey was voluntary and respondents 
entered a prize draw as an incentive. There were approxi-
mately 31,000 students enrolled at McMaster University, 
although it is unclear how many students were reached 
through our distribution system.

Inclusion and exclusion criteria
All McMaster University course-based students (under-
graduate or graduate) aged 17 years or older were eligi-
ble for inclusion regardless of the year of study. Students 
were excluded from this survey if they were studying 
research-based graduate programs or were unable to pro-
vide program of study.

Survey
Surveys were completed using a commercially available 
private survey platform named “Typeform PRO” (https://
www.typeform.com/). The questionnaire comprised a 
maximum of 88 questions. The questionnaire was devel-
oped by a panel of clinicians and scientists with over 18 
years of experience in clinical practice or conducting 
musculoskeletal research. The questionnaire has been 
used in similar epidemiological research for university 
students [11]. Specifically, it consisted of three sections: 
the first section included a modified Nordic Musculoskel-
etal Questionnaire to assess musculoskeletal symptoms 
in nine body parts (i.e., neck, shoulder, elbow, wrist/fin-
gers, upper back, lower back, hip/thigh, knee and ankle) 

https://www.typeform.com/
https://www.typeform.com/
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at the present moment, and in the last 7 days and the last 
12 months [14]. The second section solicited information 
related to demographics, potential risk factors for muscu-
loskeletal disorders such as smoking or drinking history, 
types of work surface and school bags, types of sport par-
ticipation, physical activity levels, daily duration of cell 
phone usage or computer usage, and the total number of 
lecture hours. The third section included the Depression 
Anxiety Stress Scales-14. Using skip logic, respondents 
could skip irrelevant questions based on their responses 
to previous questions. The average completion time was 
approximately 14 min.

Outcomes
Outcome measures included the total number of pain 
sites in each participant over the last week and the 
last 12 months in each year surveyed, as well as pres-
ence of MSKD pain at the lower body, upper body, and 
spine. Participants reported on the presence of MSKDs 
in each body part (head, neck, upper back, lower back, 
shoulders, elbows, wrist/hand, pelvis/groin, hips/tights, 
knees, lower legs, or ankles/feet/toes). This outcome was 
reported as a yes or no for each participant for each time 
point. The total number of MSKD pain sites at a given 
time point was calculated by summing all the sites with 
pain. The total number of MSKD sites ranged from 0 to 
11.

In addition to the estimation of the total number of 
pain sites, MSKD pain was grouped into three categories: 
(1) upper body, consisting of shoulder, elbow, wrist/fin-
gers and neck; (2) lower body, including hip/thigh, knee, 
and ankles; and (3) spine, which included both upper and 
lower back injuries. A yes or a no were assigned to each 
of the three sites depending on the presence or absence 
of an injury at each time point.

Predictors
We identified potential predictors that had been reported 
in the literature to be associated with MSK pain such as 
depression and anxiety [15], as well as potential univer-
sity student-specific factors.

Depression and anxiety  we used questions from Depres-
sion Anxiety Stress Scale-14 (DASS-14) to assess depres-
sion and anxiety [16]. Responders were asked to choose 
the degree to which criteria such as mouth dryness, non-
positive feelings, and difficulty breathing applied to them. 
The degrees of applicability ranged from 1 to 4, with 4 
being the most applicable. A total score was calculated by 
summing all 14 questions, with higher scores reflecting 
poorer mental health status.

Overall pressure score  Participants rated the level of study 
pressure, family pressure, and peer pressure that they 

experienced from 0 to 10, with 10 being most severe. The 
pressure ratings from these three categories were summed 
to create a pressure score predictor, ranging from 0 to 30.

Program of study  students were asked to choose their 
program of study from the list of options or provide 
another program of study if a corresponding one was not 
listed. Previous research has suggested that healthcare 
students are more likely to have MSKDs [5], In the current 
study, the academic programs were classified as health-
care (including medicine, speech-language pathology, 
physiotherapy, Bachelor of Health Sciences, midwifery, 
and nursing), or non-healthcare (engineering, science, 
arts, social work, and arts and science). It was considered 
as a predictor variable.

Student-related factors  Student related predictor vari-
ables included hours of part-time work per week, hours 
of computer and cell phone use per day, type of computer 
used (i.e., laptop), work surface (i.e., desk), and type of 
school bag (i.e., backpack).

Average hours slept per night  Respondents were asked to 
estimate their average hours of sleep per night in the last 
week. Sleep problems have been routinely associated with 
higher MSK pain, and poor sleep has been suggested to 
contribute to fibromyalgia [17].

Physical activity  Responders were also asked if they 
engage in regular sports activity, and were asked to 
respond yes or no.

Smoking  Responders were asked whether they smoked, 
with four possible responses (“Yes”, “Yes but at rare occa-
sions”, “No but I have smoked before”, and “No, I do not 
smoke”).

Statistical analysis
Prevalence of MSKDs
The 7-day and 12-month prevalence was reported as the 
number of participants who indicated pain per body site 
over the last 7 days and the past 12 months at a given 
time point.

Total number of pain sites
Two predictive models (pain over the last week, pain 
over the past year) were constructed for each year to 
assess factors associated with the total number of pain 
sites. A negative binomial mixed effect model was con-
ducted due to the count nature and over dispersion of the 
dependent variables. All analyses were conducted for the 
overall population and then stratified by sex to assess for 
differences in musculoskeletal injuries between men and 
women [18].
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The distributions of all predictors were assessed to 
ensure sufficient variability for analysis. Previous studies 
in university students have suggested that smoking is a 
moderate risk factor for MSK injuries [19]; however, we 
did not include smoking in our model due to little vari-
ability in responses. More than 90% of students indicated 
that they were non-smokers. Similarly, type of school bag 
(backpack), computer used (laptop), and work surface 
(desk) corresponded to more than 90% of the responses 
and could not be used as predictors. Age and academic 
year of study were highly correlated in 2018 (r(285) = 3.85, 
p < 0.0001); therefore, we only included academic year of 

study in 2018 due to its better fit to the model. In 2019, 
the two predictors were not correlated (r(168) = 1.53, 
p = 0.12) and were both included in the model.

We used a backward elimination method to build the 
models; variables were sequentially removed based on 
the probability score to reach the model with the lowest 
Akaike information criterion (AIC) score. We chose to 
use the AIC in place of the Bayesian information crite-
rion (BIC), because BIC tends to choose models that are 
too simple for finite samples [20]. An AIC score differ-
ence of 2 or higher was considered significant enough to 
justify the removal of a variable for a simpler model. All 
statistical analyses were performed in R 4.0.2 using pack-
age MASS.

Presence of lower body, upper body or spine pain
We built models to assess yearly risk factors for spine, 
upper body, and lower body injuries separately. Since the 
dependent variable was the presence or absence of pain 
in a given body region, a binomial logarithmic regression 
analysis was performed. The risk factors were assessed as 
a combined dataset initially, and subsequently stratified 
for men and women separately. Variables were removed 
in the order of highest P-value to create models with risk 
factors within 0.1 probability. This analysis was only done 
for the year 2018 due to the small sample size in other 
years.

Results
There were 298 respondents to our survey in 2018, but 
the numbers gradually decreased with each sampling 
year (n2019 = 173, n2020 = 131, and n2021 = 76). In 2018 and 
2019, 20 and 10 respondents were excluded respectively 
from the analysis due to either not responding to major-
ity of the questions or not meeting the inclusion criteria 
(e.g., not providing a field of study or being enrolled in a 
research-based program). Approximately 70% of respon-
dents each year were females. The average age of partici-
pants in the first responding year was 21.9 years old (SD 
3.80) ranging from 17 to 47 years. Characteristics of the 
participants are shown in Table 1. Sex-stratified charac-
teristics can be found in Table 1 A [see additional file 1].

In the past 12 months, respondents reported a median 
of 3 pain sites in years 2018 (IQR = 3), 2019 (IQR = 4), and 
2021 (IQR = 3), while a median of 2 (IQR = 3) pain sites in 
2020 (Table 2). Sex-stratified prevalence of pain sites can 
be found in Table 3 A [Additional file 1].

With regards to MSKDs in the past week, respondents 
reported a median of 2 pain sites in year 2018 (IQR = 1), 
1 pain site in 2019 and 2020 (IQR = 3), and a median of 2 
pain sites in 2021 (IQR = 2).

The prevalence of pain sites in head, neck, upper back, 
lower back, shoulders, elbows, wrist/hand, pelvis/groin, 
hips/tights, knees, lower legs, ankles/feet/toes have been 

Table 1  Description of the predictor variables
Sociodemographic 
data

Year 
2018
(n = 298)

Year 
2019
(n = 173)

Year 
2020
(n = 131)

Year 
2021
(n = 76)

Mean age (in years) 21.9 ± 3.8 22.9 ± 3.9 23.8 ± 3.4 24.6 ± 3.5

Sex (Female) 209 
(70.1%)

120 
(69.4%)

88 
(67.1%)

54 
(71.1%)

Hours of part-time work 
per week

5.2 ± 9.3 2.3 ± 9.3 3.8 ± 6.6 4.4 ± 8.6

Year of study (0, 1, 2, 3, 4)*

0 65 
(21.8%)

6 (3.5%) 1 (0.76%) 2 (2.6%)

1 73 
(24.5%)

48 
(27.7%)

6 (4.6%) 5 (6.6%)

2 49 
(16.4%)

51 
(28.5%)

44 
(33.6%)

3 (3.9%)

3 62 
(20.8%)

37 
(21.4%)

36 
(27.5%)

17 
(22.4%)

4 33 
(11.1%)

18 
(10.4%)

24 
(18.3%)

23 
(30.3%)

> 5 12 (4.0%) 11 (6.3%) 19 
(14.5%)

21 
(27.6%)

Type of study program

Healthcare 142 
(47.7%)

91 
(52.6%)

72 
(55.0%)

42 
(55.3%)

Non-healthcare 153 
(51.3%)

80 
(46.2%)

59 
(45.0%)

34 
(44.7%)

Habits

Regular exercise (Yes) 156 
(52.3%)

86 
(49.7%)

55 
(42.0%)

30 
(39.5%)

Average hours of sleep 
over the last week

6.8 ± 1.5 6.6 ± 1.2 7.1 ± 1.4 6.7 ± 1.0

 h of computer usage 
per day

5.8 ± 3.2 5.6 ± 2.8 6.0 ± 3.1 5.8 ± 2.9

 h of cellphone usage 
per day

3.2 ± 2.6 3.2 ± 2.2 3.8 ± 2.7 3.4 ± 1.9

Psychological factors

Depression, Anxiety 
Stress Scale DASS-14 
(14–30)

24.5 ± 7.8 22.1 ± 6.9 22.7 ± 7.4 20.4 ± 6.7

Total pressure score from 
family, peer, and studies 
(1–30)

15.3 ± 6.0 14.5 ± 6.2 14.8 ± 5.9 13.4 ± 6.0

* Year of study refers to year of study in the last academic year. 0 was used for 
students that were below first year of study in the last year
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summarized on Table 2 A [Additional file 1]. The lower 
back was the most prevalent pain site in all four years; 
40.5–55.2% of all respondents had at least one episode of 
lower back pain in the last 12 months.

In terms of distribution by body region, lower body 
injuries were the least commonly-reported yearly inju-
ries in all four years, as compared to the spine and upper 
body, with the year 2020 having the least prevalence 
of yearly lower body injuries (46.6% of respondents) 
(Table  2). In terms of weekly prevalence of injuries, 
upper body injuries were the most prevalent in 2018 and 
2019 with more than 70% of respondents reporting an 
MSKD in the past week, but there was a downward trend 
in its prevalence in 2020 and 2021 to 52.6% and 38.2%, 
respectively. Weekly spine and lower body injuries also 

displayed a downward trend in prevalence in 2020 and 
2021.

Regression analysis
Initially, we planned to assess risk factors for pain sites 
in all four years; however, as years 2020 and 2021 had 
very low samples sizes, risk factors were only assessed for 
years 2018 and 2019.

Yearly MSKD counts − 2018
Yearly MSKD counts represented the sum of total pain 
sites in an individual in the last year. The results of regres-
sion model for yearly pain sites for 2018 are listed in 
Table 3. In the year 2018, higher DASS-14 score (IR = 1.02, 
CI: 1.01–1.03), being a health care student (IR = 1.21, CI: 

Table 2  Summary of number of pain sites in all four years
Year 2018
(n = 298)

Year 2019
(n = 173)

Year 2020
(n = 131)

Year 2021
(n = 76)

Median (25th – 75th 
percentile)

Median (25th – 75th 
percentile)

Median (25th – 75th 
percentile)

Median (25th – 75th 
percentile)

MSKD counts (yearly) 3 2–5 3 1–5 2 1–4 3 1–4

MSKD counts (weekly) 2 1–3 1 0–3 1 0–3 2 1–2

Yearly prevalence of pain by body region

Spine (Yes) n(%) 193 (64.8%) 107 (61.8%) 82 (62.6%) 52 (68.4%)

Lower Body (Yes) n(%) 178 (59.7%) 93 (53.8%) 61 (46.6%) 40 (52.6%)

Upper Body (Yes) n(%) 191 (64.1%) 110 (63.6%) 81 (61.8%) 50 (65.8%)

Weekly prevalence of injury by body region

Spine (Yes) n(%) 175 (58.7%) 90 (52.0%) 52 (39.7%) 37 (48.7%)

Lower Body (Yes) n(%) 194 (65.1%) 90 (52.0%) 38 (29.0%) 32 (42.1%)

Upper Body (Yes) n(%) 221 (74.2%) 140 (80.9%) 69 (52.6%) 29 (38.2%)

Table 3  Risk factors for yearly count of pain sites in 2018
Year 2018

Overall
(n = 278, R2

Nagelkerke = 0.10)
Female
(n = 201, R2

Nagelkerke = 0.11)
male
(n = 77, R2

Nagelkerke = 0.16)
Predictors Incidence Ratio

(Confidence Interval)
P-value Incidence Ratio

(Confidence Interval)
Pr(>|z|) Incidence Ratio

(Confidence Interval)
Pr(>|z|)

Mental health (DASS-14) 1.02
(1.01–1.03)

< 0.001* 1.02
(1.01–1.03)

0.001* - -

Study pressure 0.99
(0.98–1.00)

0.161 0.99
(0.98–1.01)

0.498 0.98
(0.95–1.01)

0.137

Health care student (Yes) 1.21
(1.02–1.44)

0.03* 1.21
(0.99–1.48)

0.061 -
-

-

Hours of part-time work per week 1.01
(1.00–1.01)

0.197 1
(0.99–1.01)

0.661 1.02
(1.00–1.05)

0.058

Last academic year of study (1–5+) 0.95
(0.90–1.00)

0.07 0.93
(0.88–1.00)

0.037* - -

Last week’s average sleep 1.0
(0.96–1.03)

0.955 - - - -

Hours of cell phone browsing 1.02
(1.01–1.03)

< 0.001* 0.99
(0.95–1.02)

0.473 - -

Hours of computer use - - - - - -

Regular sport activity (Yes) 1.1
(0.93–1.30)

0.287 - - 1.55
(1.06–2.28)

0.026*

* P < 0.05



Page 6 of 11Parto et al. BMC Musculoskeletal Disorders          (2023) 24:501 

1.02–1.44), and higher hours of cell phone browsing 
(IR = 1.02, CI: 1.01–1.03) were significantly associated 
with higher counts of yearly pain sites. The R2

Nagelkerke 
value was 0.10 for the overall model. When stratified by 
sex, females and males had some differences in significant 
predictor variables. In females, higher DASS-14 score 
(IR = 1.02, CI: 1.01–1.03, R2

Nagelkerke = 0.11) was associ-
ated with higher yearly MSKDs, while being in a higher 
academic year of study was associated with decrease 
in MSKDs (IR = 0.93, CI: 0.88–1.00). For males in 2018, 
having a regular sports activity was associated with 55% 
increase in the number of yearly MSKDs (IR = 1.55, CI: 
1.06–2.28, R2

Nagelkerke = 0.16).

Weekly MSKD counts − 2018
Factors associated with weekly MSKD counts are listed in 
Table 4. Overall, the DASS-14 score was the only variable 
that had a significant association with weekly pain sites in 
the year 2018 (IR = 1.03, CI: 1.01–1.04, R2

Nagelkerke = 0.10). 
When the analysis was stratified by sex, an DASS-14 
score was associated with an increase in MSKDs in 
females (IR = 1.03, CI: 1.01–1.04, R2

Nagelkerke = 0.14). In 
men, having a regular sports activity was associated with 
an increased count of MSKDs by 72% (IR = 1.72, CI: 1.07–
2.81, R2

Nagelkerke = 0.09).

Yearly MSKD counts – 2019
The results of regression analysis for yearly MSKDs in 
2019 are similar to the results in 2018 (see Table  5) In 
2019, higher DASS-14 score (IR = 1.03, CI: 1.01–1.04) and 
higher academic year of study (IR = 1.02, CI: 1.003–1.04) 
were significantly associated with an increased count 

of yearly pain sites (R2
Nagelkerke = 0.06). When stratified 

by sex the only significant predictor for female yearly 
MSKDs was the DASS-14 score. An increase in DASS-
14 score was significantly associated with higher number 
of pain sites in both females (IR = 1.02, CI: 1.004–1.05, 
R2

Nagelkerke = 0.08) and males (IR = 1.04, CI: 1.04–1.09, 
R2

Nagelkerke = 0.32). In males, in addition to the DASS-14 
score and an increase in age by a year was associated with 
approximately 16% increase in MSKDs (OR = 1.16, CI: 
1.03–1.32). Interestingly, an increase in study pressure 
was associated with a significant decrease in number of 
pain sites (IR = 0.96, CI: 0.93–0.996).

Weekly MSKD counts – 2019
Weekly MSKDs in 2019 are summarized in Table  6. 
Overall, DASS-14 score was the only variable with a 
significant correlation with weekly pain sites in 2019 
(IR = 1.02, CI: 1.004–1.05, R2

Nagelkerke = 0.05). When strati-
fied by sex, for females, DASS-14 was the only predictor 
with a significant relationship to MSKDs. An increase 
in DASS-14 score was associated with 3% increase in 
MSKDs (IR = 1.03, CI: 1.004–1.06, R2

Nagelkerke = 0.12). This 
relationship was also seen in males (IR = 1.05, CI: 1.002–
1.11, R2

Nagelkerke = 0.32). In addition, higher study pres-
sure was associated with a smaller number of weekly pain 
sites (IR = 0.95, CI: 0.92–0.99). Lastly, an increase in age 
was associated with 21% increase in the number of pain 
sites (OR = 1.21, CI: 1.05–1.40).

Table 4  Risk factors for weekly count of pain sites − 2018
Year 2018

Overall
(n = 278, R2

Nagelkerke = 0.10)
Female
(n = 201, R2

Nagelkerke = 0.14)
Male
(n = 78, R2

Nagelkerke = 0.09)
Predictors Incidence Ratio

(Confidence Interval)
P-value Incidence Ratio

(Confidence Interval)
Pr(>|z|) Incidence Ratio

(Confidence Interval)
Pr(>|z|)

Mental health (DASS-14) 1.03
(1.01–1.04)

< 0.001* 1.03
(1.01–1.04)

< 0.001** - -

Study pressure 1
(0.98–1.02)

0.97 1.00
(0.98–1.02)

0.673 - -

Health care student (Yes) 1.01
(1.00–1.02)

0.073 - - - -

Hours of part-time work per week 0.96
(0.89–1.03)

0.221 1.01
(1.00–1.02)

0.120 1.01
(0.98–1.04)

0.401

Last academic year of study (1–5+) 1.03
(1.01–1.04)

0.97 0.93
(0.86–1.01)

0.081 - -

Last week’s average sleep - - - - - -

Hours of cell phone browsing 1
(0.96–1.04)

0.903 0.98
(0.94–1.03)

0.476 - -

Hours of computer use - - - - - -

Regular sport activity (Yes) 1.11
(0.90–1.36)

0.35 - - 1.72*
(1.07–2.81)

0.029*

* P < 0.05
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Predictors of yearly spine, upper body, and lower body 
injuries − 2018
Yearly prevalence of upper and lower body and spine 
MSKDs logistic regression are summarized in Table  7 
(Tables 7 and 8 A provide more details of the regression).

1.	 Upper body.

Overall, higher DASS-14 scores (OR = 1.05, CI: 1.01–1.09, 
R2

Tjur = 0.09), being a health care student (OR = 2.51, CI: 
1.48–4.35), lower academic year of study (OR = 0.77, CI: 
0.64–4.35) and having a regular sports activity (OR = 1.84, 
CI: 1.10–3.11) were associated with higher likelihood of 
upper body injuries. R2

Tjur value was 0.09. When stratified 

Table 5  Risk factors for yearly counts of pain sites in 2019
Year 2019

Overall
(n = 163, R2

Nagelkerke = 0.06)
Female
(n = 112, R2

Nagelkerke = 0.08)
Male
(n = 45, R2

Nagelkerke = 0.32)
Predictors Incidence Ratio

(Confidence Interval)
P-value Incidence Ratio

(Confidence Interval)
Pr(>|z|) Incidence Ratio

(Confidence Interval)
Pr(>|z|)

Mental health (DASS-14) 1.02
(1.01–1.04)

0.043* 1.02
(1.004–1.05)

0.039* 1.04
(1.004–1.09)

0.048*

Study pressure 1
(0.97–1.02)

0.897 1.01
(0.98–1.04)

0.454 0.96
(0.93–0.996)

0.035*

Health care student (Yes) 1.17
(0.85–1.60)

0.33 1.2
(0.87–1.66)

0.26 - -

Hours of part-time work per week 1.02
(0.91–1.13)

0.743 - - 0.99
(0.94–1.03)

0.634

Last academic year of study (1–5+) 1.02
(1.003–1.04)

0.043* 0.96
(0.84–1.09)

0.503 1.12
(0.95–1.33)

0.178

Last week’s average sleep - - - - - -

Hours of cell phone browsing 1.01
(0.95–1.08)

0.752 1
(0.94 –1.08)

0.939 - -

Hours of computer use 0.99
(0.94–1.04)

0.608 0.99
(0.93–1.05)

0.737 - -

Regular sport activity (Yes) - - - - - -

Age 1.01
(0.97–1.05)

0.643 - - 1.16
(1.03–1.32)

0.016*

* P < 0.05

Table 6  Risk factors for weekly counts of pain sites in 2019
Year 2019

Overall
(n = 163, R2

Nagelkerke = 0.05)
Female
(n = 112, R2

Nagelkerke = 0.12)
Male
(n = 45, R2

Nagelkerke = 0.32)
Predictors Incidence Ratio

(Confidence Interval)
Pr(>|z|) Incidence Ratio

(Confidence Interval)
Pr(>|z|) Incidence Ratio

(Confidence Interval)
Pr(>|z|)

Mental health (DASS-14) 1.02
(1.004–1.05)

0.049* 1.03
(1.004–1.06)

0.049* 1.05
(1.002–1.11)

0.029*

Study pressure 1.01
(0.99–1.04)

0.349 1.03
(1.00–1.07)

0.059 0.95
(0.92–0.99)

0.015*

Health care student (Yes) 1.22
(0.83–1.82)

0.299 1.17
(0.76–1.64)

0.407 - -

Hours of part-time work per week 1
(0.97–1.03)

0.981 - - 1.02
(0.96–1.07)

0.507

Last academic year of study (1–5+) - 1.01
(0.87–1.16)

0.942 1.06
(0.87– 1.28)

0.570

Last week’s average sleep - - - -

Hours of cell phone browsing 1
(0.92–1.07)

0.897 0.98
(0.91–1.07)

0.707 - -

Hours of computer use 0.99
(0.94–1.05)

0.819 0.99
(0.93–1.07)

0.860 - -

Regular sport activity (Yes) - - - -

Age 0.99
(0.94–1.04)

0.757 - - 1.21
(1.05–1.40)

0.010*

* P < 0.05
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by sex, in females, an increase in mental health score 
(OR = 1.0, CI: 1.0–1.09, R2

Tjur = 0.1) and being a health 
care student (IR = 2.95, CI: 1.53–5.87) were associated 
with higher likelihood of an upper body injury. On the 
other hand, an increase in the academic year of study was 
associated with a 28% decreased likelihood of an upper 
body MSKD in females (OR = 0.72, CI: 0.58–0.89). There 
were no significant predictors for upper body MSKDs in 
males (R2

Tjur = 0.04).
2.	 Lower body.

There were no significant predictors of lower body 
MSKDs in the overall data (R2

Tjur = 0.02). When stratified 
by sex, there were no significant predictors of lower body 
injuries in females (R2

Tjur = 0.02). In males, having regu-
lar sports activity was associated with a 536% increase in 
the likelihood of a lower body injury (OR = 6.36, CI: 2.24–
20.76, R2

Tjur = 0.20).
3.	 Spine.

There were no significant predictors of spine injury 
in the overall dataset (R2

Tjur = 0.01). In females, 
higher DASS-14 score was associated with a higher 
likelihood of spine pain (OR = 1.05, CI: 1.01–1.09, 

R2
Tjur = 0.03). In males, an increase in hours of sleep 

was associated with a decrease in likelihood of spine 
injuries (OR = 0.64, CI: 0.39–0.98, R2

Tjur = 0.08).

Some predictors were not included in the model due to 
the non-linear relationship between the logit of the pre-
dictor and the outcome.

Discussion
Our study investigated the prevalence and potential 
risk factors for MSKDs in course-based programs at 
a Canadian university. The most prevalent sources of 
self-reported pain over the past 7 days and the past 12 
months were at the lower back and neck in all four sam-
ples, which is consistent with previous results in uni-
versity students [4]. In addition, previous studies have 
found that MSK pain sites are more common in women 
compared to men [21]; however, we found no significant 
differences between the two sexes. Our results demon-
strated that higher DASS-14 scores were associated with 
higher 7-day and 12-month prevalence of MSKDs. The 
subgroup analysis showed that poor mental health was a 
predictor for higher number of pain sites in the last week 

Table 7  Yearly predictors of MSKDs in spine, lower body, and upper body in 2018
Upper Body Lower Body Spine
Overall 
Data
(n = 286, 
R2

Tjur = 0.09)

Female
(n = 20, 
R2

Tjur = 0.1)

Male
(n = 79, 
R2

Tjur = 
0.04)

Overall Data
n = 89, R2

Tjur 
= 0.02

Female
(n = 209, 
R2

Tjur = 0.02)

Male
(n = 78, 
R2

Tjur = 
0.20)

Overall 
Data
n = 288, 
R2

Tjur = 0.01

Female
(n = 209, 
R2

Tjur = 0.03)

Male
(n = 80, 
R2

Tjur = 
0.08)

Predictors Incidence 
Ratio
(Confidence 
Interval)

Incidence 
Ratio
(Confidence 
Interval)

Inci-
dence 
Ratio
(Confi-
dence 
Interval)

Incidence 
Ratio
(Confidence 
Interval)

Incidence 
Ratio
(Confidence 
Interval)

Incidence 
Ratio
(Confi-
dence 
Interval)

Incidence 
Ratio
(Confidence 
Interval)

Incidence 
Ratio
(Confidence 
Interval)

Incidence 
Ratio
(Confidence 
Interval)

Mental health (DASS-14) 1.05*
(1.01–1.09)

1.04*
(1.00–1.09)

- 1.03
(1.00-1.07)

1.03
(1.00–1.08)

- - 1.05*
(1.01–1.09)

Not 
included†

Study pressure - - - - - - - Not 
included†

-

Health care student (Yes) 2.51*
(1.48–4.35)

2.95*
(1.53–5.87)

- 1.53
(0.94–2.50)

- - - 4.69
(0.92–3.11)

-

Hours of part-time work 
per week

- - - - - 1.08
(1.00–
1.18)

- - Not 
included†

Last academic year of 
study
(1–5+)

0.77*
(0.64–0.91)

0.72*
(0.58–0.89)

- - - - - - -

Last week’s average sleep - - - - - - - - 0.64*
(0.39–0.98)

Hours of cell phone 
browsing

- Not 
included†

- - - - 0.92
(0.83–1.01)

Not 
included†

0.81
(0.63–1.02)

Hours of computer use - - - - - - - - -

Regular sport activity 
(Yes)

1.84*
(1.10–3.11)

1.79.
(0.96–3.39)

2.39.
(0.94–
6.21)

- - 6.36*
(2.24–
20.76)

- - -

† non-linear relationship with the logit of outcome

* P < 0.05
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and the last 12 month among female students. In addi-
tion, we found that regular involvement in sports activ-
ity, older age, decreased sleep quantity, lower pressure 
scores, and being a healthcare student were significantly 
associated with higher MSKDs.

Interestingly, there was a slight decrease in reported 
MSKDs in 2020 and 2021, which may be due to the 
COVID-19 pandemic and potentially the decrease in 
contact sports (i.e., as per male risk factors). The rela-
tionship between COVID and MSKs is a complex and an 
evolving area of study. Both the COVID-19 infection and 
its vaccination have been linked to headaches through 
immune-mediated mechanisms [22], and remote learn-
ing has been linked to increased neck pain in univer-
sity students, which was not observed in this study [23]. 
More data is needed to understand the role of COVID in 
MSK pain university students.

Although we conducted yearly cross-section analysis, 
this multiyear study provides stronger evidence than a 
single year study. By taking the survey in multiple years, 
we have a better picture of the most likely risk factors. 
For example, mental health was not associated with the 
number of painful sites in male in 2018, but it was related 
in 2019. Similarly, age was not a factor in 2018, but a fac-
tor in 2019. This may be due to the characteristics of our 
sample and may indicate weak associations. This study 
provides multiple sampling over several years to draw 
better conclusions regarding factors associated with 
MSKDs in university students.

With regards to mental health, it is noteworthy that 
despite the significant results, an increase in DASS-
14 score by one point was associated with only a 2–3% 
increase in the risk of having MSKDs in the last week or 
the last year. As such, the difference may not be clini-
cally significant. In males, mental health was a significant 
predictor of MSKDs in 2019, but not in 2018. The rela-
tionship between sex, mental health, and its correlation 
with MSK pain has shown conflicting evidence in the 
literature. Some studies have suggested that women are 
more likely to report depression and higher pain severity 
of chronic pain than men [15]; however, Hu et al. (2021) 
found that males had a stronger correlation between 
knee pain and depression as compared to females [24]. 
Considering the low response rate from male students, 
further studies with more representation are warranted 
to understand the role of mental health in MSKDs and 
how this relationship differ between sexes.

Another predictor of interest was regular sports 
activity. While a previous small-scale study found that 
regular sports activity is associated with a decrease in 
MSKDs [4], a large-scale epidemiological study involv-
ing over 3,000 university students revealed that longer 
sports participation hours (including combat sports, 
yoga, basketball, and soccer) were associated with more 

knee symptoms [11]. Our results corroborated that hav-
ing a regular sports activity increased the risk of lower 
body injuries in males by 536%. Overall, physical activ-
ity increased the prevalence of MSKDs more in the lower 
body than the upper body. This can be attributed to the 
fact that organized sports activity at the university level 
are of moderate and high intensity, which is linked to 
increased incidence of acute MSKDs [25–27]. More 
than two thirds of injuries in adolescent athletes occur 
in the lower body, notably the ankles and the knees [27], 
which could explain the high rate of lower body injuries 
in students with sports activity in our study. However, it 
remains unclear how sports involvement at the university 
level can influence the risk of chronic MSKDs.

Previous research has suggested that older age is asso-
ciated with a higher prevalence of MSKDs [28]. Given 
that the age of our respondents ranged from 18 to 50 
years (median 23; IQR 5), it is probable that the dif-
ferences may be attributed to age-related physiologic 
changes. Additionally, senior students may experience 
more anxiety or distress related to the increased respon-
sibilities in student bodies or job hunting, which may also 
contribute to their higher prevalence of MSKDs.

Peer, academic, and family pressure constituted to the 
pressure score, which was a significant predictor of less 
MSK pain in male university students. Previous studies 
revealed that there was a significant positive correlation 
between academic stress and MSKDs in college students, 
and the prevalence of MSKDs increased during exam sea-
sons [29, 30]. However, we found that increased pressure 
scores were associated with 4–5% decrease in yearly and 
weekly pain sites in males in 2019. Our finding suggested 
that an increase in each pressure score only resulted in 
a small decrease in MSKDs. As such, this relationship 
may not have significant real-world implications. More 
data is needed to further understand how pressure affects 
MSKDs in university students or assess whether the asso-
ciation is U-shaped.

Less hours of sleep have been reported to be linked 
to more MSK pain in the neck, lower back, and knees 
in high school students [31]. Our study found that an 
additional hour of sleep was associated with 36% less 
likelihood of spine pain in males. Previous research in 
children and adolescents have suggested that poor sleep 
quality and quantity were strongly associated with neck 
pain onset [32]. Insomnia has been found to be an inde-
pendent predictor of chronic low back pain. The nega-
tive effects of sleep disturbance on pain may be ascribed 
to the increased central/peripheral pain sensitivity [33, 
34]. That said, it is noteworthy that quantity and quality 
of sleep can be influenced by other risk factors. Students 
with chronic insomnia is known to have poorer mental 
health, including increased anxiety, depression, and stress 
[35]. As such, while the effects of sleep on neck pain are 
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consistent with previous research, in the context of uni-
versity students, it is important to consider that mental 
health and academic stressors may affect sleep duration 
and quality.

We hypothesized that being a health care student 
would be associated with a higher prevalence of MSKDs 
as compared to non-healthcare students based on previ-
ous research [5]. We also found that healthcare students 
had a higher likelihood of upper body pain, especially in 
females, where it increased the likelihood of MSKDs by 
195%. It has been suggested that longer studying time, 
poor posture while studying, high levels of stress, or 
clinical placement may be contributing to an increase in 
MSK pain in healthcare students [4, 9].

This is the first study investigating the prevalence and 
risk factors for musculoskeletal injuries and pain sites 
among university students in Canada. The high preva-
lence of MSKDs in all four years of samples highlights 
that MSKDs frequently occur during university years. 
Considering that MSKDs in younger ages can increase 
the risk of MSKDs in later life [3], recognizing these risk 
factors is an important first-step in reducing the impact 
and occurrence of MSKDs in university students.

Limitations
This survey was initially designed to be a longitudinal 
survey, however, due to reliance on participant-provided 
email addresses, we were unable to accurately match par-
ticipants’ responses across years. As such, the responses 
represent only a subset of McMaster students across sev-
eral years. Future large-scale studies should involve more 
universities across Canada to identify potential risk fac-
tors for pain sites in university students.

Since we initially were not aware of potential different 
risk factors for male and female respondents, an over-
all analysis was planned. Future studies should involve 
a larger number of male students to better understand 
their risk factors and the potential differences between 
sexes. Future research should also explore how and why 
the risk factors differ between the sex. Further risk fac-
tors, including co-morbidities such as congenital or 
autoimmune conditions, can also be explored in future 
studies. A longitudinal study is warranted to better 
understand differences in prevalence and risk factors 
between chronic and acute MSKDs.

Conclusions
Our study has suggested that neck and lower back 
pain are highly prevalent in university students and are 
the most common sites of pain. Poorer mental health, 
increased pressure, lack of sleep, regular involvement in 
sports activity, and being a healthcare are associated with 
increased prevalence of MSKDs in university students. 
Future studies should investigate how public health 

measures such as increased access to mental health ser-
vices and increased awareness may impact MSK pain. 
Additionally, more attention should be given to address-
ing program-specific risk factors, especially in health-
care students, to effectively reduce their prevalence of 
MSKDs.

Abbreviations
AIC	� Akaike information criterion
BIC	� Bayesian information criterion
CI	� confidence interval
DASS-14	� Depression, Anxiety, and Stress Scale-14
IQR	� interquartile range
MSK	� Musculoskeletal
MSKDs	� Musculoskeletal disorders

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12891-023-06630-4.

Supplementary Material 1

Acknowledgements
None.

Author contributions
LGM and AW conceptualized and designed the study. DNP analyzed and 
interpreted the data obtained from surveys. All authors read and approved the 
final manuscript.

Funding
McMaster University, International Initiative Micro Fund, McMaster University 
International Affairs.

Data Availability
All data used and/or analyzed during the current study are available from the 
corresponding author on reasonable request.

Declarations

Competing interests
Dr. Luciana Macedo is an Associate Editor of BMC Musculoskeletal Disorders. 
There are no conflicts of interest from the other authors of the study.

Ethics approval
was received from the Hamilton Integrated Research Ethics Board (HiREB 
#4099) and all procedures were followed in accordance with the standards set 
out in the Announcement of Helsinki, as well as ethics guidelines set out by 
HiREB. All participants provided informed online consent through our survey 
system.

Consent for publication
Not applicable.

Received: 20 March 2023 / Accepted: 13 June 2023

References
1.	 Kopec JA, Cibere J, Sayre EC, Li LC, Lacaille D, Esdaile JM. Descriptive epidemi-

ology of musculoskeletal disorders in Canada: data from the global burden of 
disease study. Osteoarthr Cartil. 2019;27:92–S516.

http://dx.doi.org/10.1186/s12891-023-06630-4
http://dx.doi.org/10.1186/s12891-023-06630-4


Page 11 of 11Parto et al. BMC Musculoskeletal Disorders          (2023) 24:501 

2.	 Qaseem A, Wilt TJ, McLean RM, Forciea MA. Noninvasive treatments for acute, 
subacute, and chronic low back pain: a clinical practice guideline from the 
American College of Physicians. Ann Intern Med. 2017;166(7):514.

3.	 Mills SE, Nicolson KP, Smith BH. Chronic pain: a review of its epidemiol-
ogy and associated factors in population-based studies. Br J Anaesth. 
2019;123(2):e273–83.

4.	 Ogunlana MO, Govender P, Oyewole OO. Prevalence and patterns of mus-
culoskeletal pain among undergraduate students of occupational therapy 
and physiotherapy in a south african university. Hong Kong Physiother J. 
2021;41(01):35–43.

5.	 Hasan MM, Yaqoob U, Ali SS, Siddiqui AA. Frequency of musculoskeletal pain 
and associated factors among undergraduate students. Clin Med Case Rep. 
2018;7(2):131–45.

6.	 Walankar PP, Kemkar M, Govekar A, Dhanwada A. Musculoskeletal pain and 
risk factors associated with smartphone use in university students. Indian J 
Occup Environ Med. 2021;25(4):220.

7.	 Almhdawi KA, Mathiowetz V, Al-Hourani Z, Khader Y, Kanaan SF, Alhasan M. 
(2017) Musculoskeletal pain symptoms among allied health professions’ stu-
dents: Prevalence rates and associated factors. J Back Musculoskelet Rehabil. 
2017;30(6): 1291–301.

8.	 Morais BX, Dalmolin GDL, Andolhe R, Dullius AIDS, Rocha LP. Musculoskeletal 
pain in undergraduate health students: prevalence and associated factors. 
Revista da Escola de Enfermagem da USP, 53., Munce SE, Stewart DE. (2007). 
Gender differences in depression and chronic pain conditions in a national 
epidemiologic survey. Psychosomatics. 2007;48(5): 394–399.

9.	 Wong AYL, Chan LLY, Lo CWT, Chan WWY, Lam KCK, Bao JCH, et al. 
Prevalence/Incidence of low back Pain and Associated Risk factors among 
nursing and medical students: a systematic review and Meta-analysis. PM R. 
2021;13(11):1266–80.

10.	 Karthik R, Fathima Hafila MI, Saravanan C, Vivek N, Priyadarsini P, Ashwath B. 
Assessing prevalence of Temporomandibular Disorders among Univer-
sity students: a Questionnaire Study. J Int Soc Prev Community Dent. 
2017;7(1):24.

11.	 Chan LLY, Wong AYL, Wang MH. Associations between sport participation 
and knee symptoms: a cross-sectional study involving 3053 undergraduate 
students. BMC Sports Sci Med Rehabilitation. 2020;12:20.

12.	 Stallman HM. Psychological distress in university students: a comparison with 
general population data. Aust Psychol. 2010;45(4):249–57.

13.	 Ribeiro ÍJ, Pereira R, Freire IV, de Oliveira BG, Casotti CA, Boery EN. Stress and 
quality of life among university students: a systematic literature review. 
Health Prof Ed. 2018;4(2):70–7.

14.	 Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-Sørensen F, Andersson 
G, et al. Standardised nordic questionnaires for the analysis of musculoskel-
etal symptoms. Appl Ergon. 1987;18(3):233–7.

15.	 Munce SE, Stewart DE. Gender differences in depression and chronic 
pain conditions in a national epidemiologic survey. Psychosomatics. 
2007;48(5):394–9. https://doi.org/10.1176/appi.psy.48.5.394.

16.	 Lovibond SH&, Lovibond PF. Manual for the depression anxiety & stress scales. 
2nd ed. Sydney: Psychology Foundation; 1995.

17.	 Harrison L, Wilson S, Munafò MR. Exploring the associations between sleep 
problems and chronic musculoskeletal pain in adolescents: a prospective 
cohort study. Pain Res Manag. 2014;19(5):e139–45.

18.	 Otto A, Emery K, Côté JN. Sex differences in perceptual responses to experi-
mental pain before and after an experimental fatiguing arm task. Biol Sex 
Differ. 2019;10(1):1–10.

19.	 Bendo SA, Jackson R, Feng X, Walston IL, Bovinin MR, Cowan DN. Meta-analy-
sis of cigarette smoking and Musculoskeletal Injuries in Military Training. Med 
Sci Sports Exerc. 2017;49(11):2191–7.

20.	 Hastie T, Tibshirani R, Friedman JH. The elements of statistical learning: data 
mining, inference and prediction. New York: Springer; 2001.

21.	 Lestari PW, Purba YS, Tribuwono AC. Comparison of Musculoskeletal Disorder 
Risk based on gender in High School Students. Kesmas Uwigama: J Kesehat 
Masy. 2020;16(1):53–60.

22.	 Straburzyński M, Kuca-Warnawin E, Waliszewska-Prosół M. COVID-19-related 
headache and innate immune response - a narrative review. Neurol Neuro-
chir Pol. 2023;57(1):43–52.

23.	 Papageorgiou K, Mitrousias V, Tsirelis D, Tzika G, Tsekouras A, Zygas N, Zibis 
AH, Papageorgiou K Jr. Zygas Sr N. The impact of Distance Learning and 
COVID-19 lockdown on students’ physical activity and Musculoskeletal 
Health. Cureus 2023;15(2).

24.	 Hu H, Liu W, Liu Y. Association of depressive symptoms and risk of knee pain: 
the moderating effect of sex. BMC Musculoskelet Disord. 2021;22:640.

25.	 Patel DR, Yamasaki A, Brown K. Epidemiology of sports-related musculoskel-
etal injuries in young athletes in United States. Transl Pediatr. 2017;6(3):160–6.

26.	 Hendi OM, Abdulaziz AA, Althaqafi AM, Hindi AM, Khan SA, Atalla AA. Preva-
lence of musculoskeletal disorders and its correlation to physical activity 
among health specialty students. Int J Prev Med. 2019;10.

27.	 Prieto-González P, Martínez-Castillo JL, Fernández-Galván LM, Casado A, 
Soporki S, Sánchez-Infante J. Epidemiology of sports-related injuries and 
associated risk factors in adolescent athletes: an injury surveillance. Int J 
Environ Res Public Health. 2021;8(9):4857.

28.	 Malik KM, Beckerly R, Imani F. Musculoskeletal disorders a universal source of 
pain and disability misunderstood and mismanaged: a critical analysis based 
on the US model of care. Anesth Pain Med. 2018;8(6).

29.	 Ekpenyong CE, Daniel NE, Aribo EO. Associations between academic 
stressors, reaction to stress, coping strategies and musculoskeletal disorders 
among college students. Ethiop J of Health Sci. 2013;23(2):98–112.

30.	 Tantawy SA, Rahman AA, Ameer MA. The relationship between the develop-
ment of musculoskeletal disorders, body mass index, and academic stress in 
bahraini University students. Korean J Pain. 2017;30(2):126.

31.	 Silva AG, Sa-Couto P, Queirós A, Neto M, Rocha NP. Pain, pain intensity and 
pain disability in high school students are differently associated with physical 
activity screening hours and sleep. BMC Musculoskelet Disord. 2017;18:194. 
https://doi.org/10.1186/s12891-017-1557-6.

32.	 Andreucci M, Campbell P, Dunn KM. Are sleep problems a risk factor for the 
onset of musculoskeletal pain in children and adolescents? A systematic 
review. Sleep. 2017;40(7).

33.	 Pinto SM, Cheung JPY, Samartzis D, Karppinen J, Zheng YP, Pang MYC, Wong 
AYL. Are morphometric and biomechanical characteristics of lumbar mul-
tifidus related to pain intensity or disability in people with chronic low back 
pain after considering psychological factors or insomnia? Front Psychiatry. 
2022;13:809891.

34.	 Chang JR, Fu SN, Li X, Li SX, Wang X, Zhou Z, Pinto SM, Samartzis D, Karppinen 
J, Wong AY. The differential effects of sleep deprivation on pain perception 
in individuals with or without chronic pain: a systematic review and meta-
analysis. Sleep Med Rev. 2022;66:101695.

35.	 Taylor DJ, Bramoweth AD, Grieser EA, Tatum JI, Roane BM. Epidemiology of 
insomnia in college students: relationship with mental health, quality of life, 
and substance use difficulties. Behav Ther. 2013;44(3):339–48.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.1176/appi.psy.48.5.394
http://dx.doi.org/10.1186/s12891-017-1557-6

	﻿Prevalence of musculoskeletal disorders and associated risk factors in canadian university students
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design
	﻿Setting
	﻿Inclusion and exclusion criteria
	﻿Survey
	﻿Outcomes
	﻿Predictors
	﻿Statistical analysis
	﻿Prevalence of MSKDs
	﻿Total number of pain sites
	﻿Presence of lower body, upper body or spine pain


	﻿Results
	﻿Regression analysis
	﻿Yearly MSKD counts − 2018
	﻿Weekly MSKD counts − 2018
	﻿Yearly MSKD counts – 2019
	﻿Weekly MSKD counts – 2019
	﻿Predictors of yearly spine, upper body, and lower body injuries − 2018

	﻿Discussion
	﻿Limitations

	﻿Conclusions
	﻿References


