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Abstract. Background: Less breakfast frequency is a recognized risk factor for health.
However,there is scarce epidemiological evidence regarding the relationships between the
breakfast frequency and skeletal muscle pain. Therefore, we aimed to investigate the relationship
between the breakfast frequency and the skeletal muscle pain in Chinese college students.
Methods: A Cohort study was conducted among 2263 Chinese college students. Musculoskeletal
pain and breakfast frequency were assessed with a self-reported questionnaire. Multiple logistic
regression analysis was performed to testify the association between breakfast frequency and
musculoskeletal pain. Results: After adjustment for potential confounding factors, the results
showed significant differences in the risk of musculoskeletal pain with different breakfast frequency.
Conclusions: Less breakfast frequency level was independently related to a higher self-reported
prevalence of skeletal muscle pain in collage students.The findings suggest that higher breakfast
frequency may have a potentially beneficial effect on the prevention of skeletal muscle pain.
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1. Introduction
Skeletal muscle pain is the most common disease in the modern society,surveys have shown that

the prevalence of skeletal muscle pain varies from 4.2% to 13.3% across countries[1]，Nationwide
population surveys conducted in the Dutch reported that almost three-quarter(74.5%) of the Dutch
population aged 25 years and over reported any musculoskeletal pain during the past 12 months,
53.9% reported musculoskeletal pain during the survey (point prevalence) and 44.4% reported
musculoskeletal pain lasting longer than 3 months[2].The surveys conducted by Ren among the
college students in Chongqing showed that neck, shoulder, elbow, wrist/hand, and low back and
waist pain was reported by 29.2%, 33.9%, 3.8%,7.9%and27.9%, respectively[3].
Obesity,sedentary,presence of fatigue,poor sleep,emotional disorder,high levels of psychological
distress,individuals are more likely to suffer from skeletal muscle pain.In recent
years,epidemiological study showed skeletal muscle pain has a major impact on sleep,depression
and the quality of life[4][5][6][7] .In the U.S. alone, all forms of chronic pain are estimated to incur
an economic burden of $500 billion dollars annually[8].Despite its high prevalence and a major
impact on metal health and physical health,skeletal muscle pain remains poorly understood and
available treatment regimens are largely insufficient.
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higher breakfast frequency has long been recognized as a healthy dietary pattern[9].The positive

association between breakfast consumption and nutrition level[10]，.Recent research has shown an
association between regular consumption of breakfast and Coronary Heart Disease[11],
Depression[12],obesity[13][14].However, most college students do not realize the importance of
breakfast. A cross-sectional study on Chinese college students shows that 27.5% of college students
skip breakfast[15]。Another study on Chinese female college students found that 12.3% of female
college students had breakfast less than three times a week[16]。Previous researches showed that
dietary habits may increase the risk of skeletal muscle pain by having a hold on the nutrition intake
of human body[17][18].However,to date, studies regarding the negative effect of certain eating
habits on skeletal muscle pain have primarily focused on simply investigating the association
between diet selection and the risk of skeletal muscle pain; few studies on the association between
breakfast frequency and skeletal muscle pain have been reported at this stage, and based on
previous studies that found the association between breakfast frequency and nutritional level,
chronic diseases, we speculated that there might be some association between breakfast frequency
and skeletal muscle pain.Therefore, we designed a cohort study aiming to investigate the
relationship between the breakfast frequency and the skeletal muscle pain in Chinese college
students.

2. Materials And Methods

2.1 Study Population
Participants in this study were recruited between September 2021 and September 2022 from the

Mian yang normal colleg cohort study, which was a prospective cohort study to assess the
association between breakfast and Musculoskeletal Pain of college students in the Mian yang
normal college.2263 people were invited to participate in the study.All of the participants were
asked to fill out a self-designed survey questionnaire that consisted of questions about demographic
(e.g., gender, age,only on child, father education , mother education, parent’s marital status ,
lifestyle and health-related habits (e.g.Mobile phone usage,sleep quality,Depression level ).All
respondents have completed the questionnaire during the survey, and all are included in the study.
Ethics approval was obtained from the Institutional Review Board of the College of Physical
Education of Southwest University.

2.2 Measures
2.2.1 Assessment of Breakfast frequency

Breakfast frequency was determined by asking respondents the number of days per week on
which they had consumed breakfast. The possible responses were no breakfast,1 time,2 times,3
times,4 times,5 times,6 times,and every day.Participants were categorized as either ‘occasionally’
（0–3 times a week）, ‘ frequent’ (4–6 times a week) or ‘daily’ (7) breakfast consumers[19].

2.2.2 Assessment of Musculoskeletal Pain
The mNMQ was used to examine pain in six body regions[20][21]. The body parts measured by

the mNMQ include the neck, shoulders, elbows, wrists or hands, low back and waist,and Hip leg.
Respondents are asked if they have had any musculoskeletal trouble in the last 7 days which has
prevented normal activity.
2.2.3 Relevant Covariates

Demographic variables and lifestyle factors including sex, age,one child(yes or no), parent’s
education (college or above ， ),left-behind children(yes or no), Marital status of parents(first
marriage、divorce、remarriage)，Mobile phone usage(h/Day)(<1h、1-2h、>2h).
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Sleep quality was measured by the Pittsburgh Sleep Quality Index (PSQI). The PSQI is a

19-item self-reported questionnaire that evaluates sleep quality over the past month, which yields
seven component scores: sleep latency, duration of sleep, habitual sleep efficiency, sleeps
disturbances, use of sleep medications, daytime dysfunction, and overall sleep quality. The sum of
scores for these seven components yields the PSQI global score, with higher scores indicating poor
sleep quality during the previous month. Based on the prior literature, PSQI global scores >7 were
defined as “poor sleep quality”[22].

Depression and anxiety were assessed using the Beck Depression Inventory. The scale is a
standard assessment tool, and its reliability and validity have been tested in the Chinese population.
A higher score indicates a higher degree of mental disorder[23].

2.3 Statistical Analysis
All categorical variables were presented as proportions and were compared by logistic regression

analysis. Each body part with musculoskeletal pain was used as a dependent variable and categories
of breakfast frequency were used as independent variables. Multiple logistic regression analysis was
also used to examine the relationship between categories of breakfast frequency and each body part
with musculoskeletal pain. Model 1 was the crude univariate model; Model 2 the demographic
variables of subjects adjusted include sex, age; only on child (yes or no), father education (High
school degree or below,Bachelor degree or above), mother education (High school degree or
below,Bachelor degree or above), parent’s marital status (first marriage,divorce,remarriage), c
Model 3:In addition to adjusting demographic variables,also adjusted the life habits of the subjects,
including Mobile phone usage(h/Day)(<1h,1-2h,>2h),sleep
quality(continuous variables),Depression level(continuous variables)And pain at baseline(yes or
no);d Adjusted data are expressed as odds ratio (95% confidence intervals); eP were obtained
using multivariate logistic regression analyses. All tests were performed using IBM SPSS Statistics
24.0 software (IBM SPSS Inc., Chicago, IL, United States)

3. Results
The participants’ characteristics, according to categories of breakfast frequency at baseline

periodare shown in Table 1.Participants with higher frequencys of breakfast were reported to have
higher proportions of females, lower levels of depression , a lower proportion of left-behind
children and higher education with mother (P for trend:0.001, 0.025,0.005, 0.015,respectively).
Participants with Low frequency breakfast also had high use of phone (>2h/day) ( P for
trend:0.006). Other baseline characteristics did not differ significantly between categories. Among
all participants at baseline period, neck, shoulder, elbow, wrist/hand, upper back/ waist and hip leg
pain was reported by30.5%, 34.7%, 3.8%,8.1%,30.3%and 13% respectively .

Table 2 Adjusted relationships between breakfast frequency and the risk of
musculoskeletal Pain incidence during the 1-year follow-up period.The ORs (95% CIs) for neck
pain in each breakfast frequency category (daily 、 frequent 、 occasional) in Model 3 were
1.000(Reference),1.345(1.101,1.643) and 1.820(1.392,2.380), respectively (P for trends: < 0.001).
The ORs (95% CIs) for shoulder pain in each Breakfast frequency category in Model 3 were
1.000(Reference),1.463(1.209,1.77)and1.675(1.285,2.184), respectively (P for trends: < 0.001).The
ORs (95% CIs) for elbow pain in each Breakfast frequency category in Model 3
were1.000(Reference),3.152(1.818,5.467) and 1.48(0.909,2.41), respectively (P for trends: < 0.001).
The ORs (95% CIs) for wrist/hand pain in each Breakfast frequency category in Model 3
1.000(Reference),2.002(1.435,2.793) and 2.073(1.33,3.23), respectively (P for trend: < 0.001). The
ORs (95% CIs) for upper back and waist pain in each Breakfast frequency category in Model 3
were 1.000(Reference),1.377(1.126,1.685) and 1.878(1.434,2.459), respectively (P for trends: <
0.001). The ORs (95% CIs) for Hip leg pain in each Breakfast frequency category in Model 3 were
1.000(Reference),1.482(1.141,1.926) and 2.244(1.612,3.123), respectively (P for trends:< 0.001).
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The data analysis results show that with the decrease of breakfast frequency, the incidence of
skeletal muscle pain also increases. Breakfast frequency is a risk factor for skeletal muscle pain.

TABLE 1 The participants’ baseline characteristics according to frequency of consumption of
breakfast

Breakfast frequency

Characteristic Occasional
(N=312)

Frequent
(N=853)

Daily
(N=1097)

P for linear
Trend1

Sex(Female)% 49 60.3 53.9 0.001

Age (years) 21.34（21.19，21.50） 20.99（20.91，21.08） 21.28（21.22，
21.35） 0.000

BMI(≥24)% 10.6 12.7 13.3 0.442
Only one child% 6.4 3.4 5.2 0.056

left-behind children% 16.3 9.8 10.3 0.005

Parents marital
status%

first
marriage 74.7 70.7 66.7 0.015

divorce 8.7 13.4 13.6 0.063
remarriag

e 16.7 15.9 19.7 0.085

Father
education%

High
school

degree or
below

82.4 86 84.3 0.175

Mather
education%

High
school

degree or
below

81.4 83.2 78 0.015

Mobile phone
usage(h/Day)

%

<1h 77.6 77.1 74.7 0.066
1-2h 17.9 19.1 22.8 0.059
>2h 4.5 3.8 2.6 0.006

sleep quality (≥8)% 17.6 15.1 15.1 0.527
Depression (≥24)% 14.7 10.3 9.4 0.025

1P for trends were assessed using multivariate logistic regression analyses. Signifificance of bold values is P
< 0.05.

TABLE 2 Adjusted relationships between breakfast consumption frequency and the risk of
depressive symptoms incidence during the 1-year follow-up period.

Total
sample
(n

=2263)

Participants
with

skeletal
muscle pain

Model 1 a Model 2 b Model 3 c

Neck
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Daily 312 125 1.000(Reference)d 1.000(Reference) 1.000(Reference)

Frequent 853 281 1.367(1.124,1.663) 1.336(1.095,1.630) 1.345(1.101,1.643)

Occasional 1097 290 1.860(1.43,2.42) 1.812(1.388,2.364) 1.820(1.392,2.380)

P for
trende P<0.001 P<0.001 P<0.001

Shoulders

Daily 312 130 1.000(Reference)d 1.000(Reference) 1.000(Reference)

Frequent 853 340 1.439(1.193,1.735) 1.434(1.187,1.731) 1.463(1.209,1.77)

Occasional 1097 340 1.550(1.197,2.008) 1.552(1.198,2.01) 1.675(1.285,2.184)

P for
trende P<0.001 P<0.001 P<0.001

Elbows

Daily 312 25 1.000(Reference)d 1.000(Reference) 1.000(Reference)

Frequent 853 37 1.509(0.923,2.443) 1.446(0.890,2.349) 3.152(1.818,5.467)

Occasional 1097 32 2.899(1.691,4.971) 2.985(1.738,5.126) 1.48(0.909,2.41)

P for
trende P<0.001 P<0.001 P<0.001

Wrists/hands

Daily 312 34 1.000(Reference)d 1.000(Reference) 1.000(Reference)

Frequent 853 99 2.085(1.504,2.890) 2.031(1.461,2.824) 2.002(1.435,2.793)

Occasional 1097 65 1.942(1.256,3.001) 1.947(1.259,3.011) 2.073(1.33,3.23)

P for
trende P<0.001 P<0.001 P<0.001

upper back and waist

Daily 312 120 1.000(Reference)d 1.000(Reference) 1.000(Reference)

Frequent 853 268 1.35(1.107,1.646) 1.36(1.113,1.661) 1.377(1.126,1.685)

Occasional 1097 276 1.841(1.412,2.401) 1.834(1.406,2.393) 1.878(1.434,2.459)

P for
trende P<0.001 P<0.001 P<0.001

Hip leg

Daily 312 69 1.000(Reference)d 1.000(Reference) 1.000(Reference)

Frequent 853 140 1.448(1.120,1.873) 1.443(1.114,1.87) 1.482(1.141,1.926)

Occasional 1097 131 2.094(1.515,2.894) 2.094(1.515,2.896) 2.244(1.612,3.123)

P for
trende P<0.001 P<0.001 P<0.001
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aModel 1: Crude; bModel 2: Adjusted for sex, age; Additionally adjusted for only on child (yes

or no), father education (High school degree or below,Bachelor degree or above), mother education
(High school degree or below,Bachelor degree or above), parent’s marital status (first
marriage,divorce,remarriage), c Model 3:Mobile phone usage(h/Day)(<1h,1-2h,>2h),sleep
quality(continuous variables),Depression level(continuous variables);d Adjusted data are expressed
as odds ratio (95% confidence intervals); eP for trend were obtained using multivariate logistic
regression analyses. Significance of bold values is P < 0.05.

4. Discussion
A Cohort Study was conducted in Chinese college to assess the relationship between breakfast

frequency and the risk of musculoskeletal pain in different body parts. Multivariate logistic analyses
showed that less breakfast frequency was significantly and independently related with higher risk of
musculoskeletal pain in different body parts after adjusting for potential confounders.

The relationship between eating habits and skeletal muscle function has gained more and more
recognition, Unhealthy eating behaviors are thought to predict, perpetuate, or underlie a variety of
chronic musculoskeletal pain conditions. [24] for example, obesity occurs more frequently in
patients with chronic pain, who all tend to have a dietary profile characterized by excessive calorie
intake and high sugar, fat, sodium, and / or caffeine[25] In addition, studies have also found that
intake of fewer vitamins (such as a, B12, D, e, K), calcium, magnesium, and folic acid, among
others, can cause chronic musculoskeletal pain[26]. but few studies have been reported on the
frequency of breakfast and the risk of muscle pain. Based on previous studies confirming a
significant relationship between dietary habits and skeletal muscle function in college students, we
speculate that breakfast frequency is associated with the risk of musculoskeletal pain in college
students.

Although the exact etiology of the association between Breakfast frequency and musculoskeletal
pain is not yet known, we explored a possible reasons.Regarding potential mechanisms underlying
the relationship of the breakfast frequency with the risk of musculoskeletal pain,a plausible
explanation is that the association is mediated by Micronutrient.

A study of U.S. military recruits by Fagnant[27]et al found that breakfast skipping was strongly
associated with vitamin D deficiency (VDD) in recruits, and a study of Brazilian adolescents found
that high-frequency breakfast intake significantly improved adolescent vitamin D intake Levels,
Mielgo-Ayuso's survey of 1,058 European teenagers found that teens who skipped breakfast had
significantly lower blood vitamin D and vitamin C concentrations than higher-frequency breakfast
consumers[28]. Observational studies suggest[29] that adequate vitamin D levels are important for
normal muscle function, muscle strength, and neuromuscular coordination. Studies have found that
serum vitamin D levels are closely related to chronic back pain of unknown etiology, and vitamin D
deficiency may lead to hyperalgesia and impaired neuromuscular function, increase susceptibility to
pedicles, and lead to a decrease in the inflammatory pain threshold, which in turn triggers muscle
pain. In animal experiments, vitamin D deficiency has also been shown to selectively alter target
innervation, resulting in excessive skeletal muscle nociceptor innervation, which may lead to
hypersensitivity and pain in muscles[30].

Mascarenhas R and Holick MF [31][32] proposed that when the body is insufficient in vitamin D,
parathyroid hormone (PTH) secretion will increase, resulting in increased urinary calcium and
phosphine excretion, resulting in hypocalcemia and hypophosphatemia. The collagen matrix of the
periosteum is not properly mineralized, and collagen edema compresses the periosteum rich in
sensory nerves and causes pain. In addition, studies found that higher levels of vitamin D intake
reduced plasma levels of inflammation and pain-related cytokines, such as PGE2, tumor necrosis
factor alpha (TNF-α) and leukotrienes B4 (leukotriene B4, LTB4), prostaglandin E2 (Prostaglandin
E2, PGE2)[33][34][35][36].Therefore, this study speculates that breakfast skipping may induce
skeletal muscle pain by affecting students' blood vitamin D levels.
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5. Conclusion

This prospective cohort study assessed the relationship between baseline breakfast consumption
and the subsequent risk of muscle pain in the following year among Chinese college students. The
results showed a significant relationship between breakfast frequency and an increased risk for
Musculoskeletal Pain after adjustment for potential confounders. Findings from this study can help
with the development of an effective intervention strategy against musculoskeletal pain. Future
research using interventional or experimental studies is required to explore the causal relationship
between the effects of breakfast frequency and musculoskeletal pain.
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