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Objective: This study was designed to evaluate the role of vitamin D, muscle fatigue biomarkers, 

and mechanical factors in the progression of low back pain (LBP) in schoolchildren.

Background: Children and adolescents frequently suffer from LBP with no clear clinical 

causes, and >71% of schoolchildren aged 12–17 years will show at least one episode of LBP.

Materials and methods: A total of 250 schoolchildren aged 12–16 years were randomly 

enrolled in this study. For all schoolchildren height, weight, percentage of daily sun exposure 

and and areas of skin exposed to sun, method of carrying the bag, and bag weight and type 

were recorded over a typical school week. Pain scores, physical activity (PA), LBP, serum 

vitamin 25(OH)D level, serum bone-specific alkaline phosphatase, creatine kinase (CK), and 

lactate dehydrogenase (LDH) activities and calcium (Ca) concentrations were estimated using 

prevalidated Pain Rating Scale, modified Oswestry Low Back Pain Disability Questionnaire, 

short-form PA questionnaire, and colorimetric  and immunoassay techniques.

Results: During the period of October 2013–May 2014, LBP was estimated in 52.2% of the school-

children. It was classified into moderate (34%) and severe (18%). Girls showed a higher LBP (36%) 

compared with boys (24%). In schoolchildren with moderate and severe LBP significantly higher 

(P=0.01) body mass index, waist, hip, and waist-to-hip ratio measurements were observed compared 

with normal schoolchildren. LBP significantly correlated with less sun exposure, lower PA, sedentary 

activity (TV/computer use), and overloaded school bags. In addition, schoolchildren with severe 

LBP showed lower levels of vitamin 25(OH)D and Ca and higher levels of CK, LDH, and serum 

bone-specific alkaline phosphatase compared with moderate and healthy schoolchildren. Stepwise 

regression analysis revealed that age, gender, demographic parameters, PA, vitamin D levels, Ca, 

CK, and LDH associated with ~56.8%–86.7% of the incidence of LBP among schoolchildren.

Conclusion: In children and adolescents, LBP was shown to be linked with limited sun expo-

sure, inadequate vitamin D diets, adiposity, lower PA, sedentary lifestyles, vitamin 25 (OH) D 

deficiency, and lower levels of Ca, CK, and LDH.

Keywords: low back pain, LBP, mechanical factors, 25(OH)D concentrations, muscle pain, 

physical activity

Introduction
Approximately 60%–80% of children and adolescents frequently suffer from low 

back pain (LBP) without clear clinical causes.1 Similar to adults, the prevalence rates 

of LBP in children and adolescents increase by the age of 14–17 years, and >71% of 

schoolchildren show at least an obvious LBP.2–6

In a meta-analysis study, a higher prevalence rate of LBP was reported in children 

and adolescents compared with old population and a higher recurrence of LBP and the 
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tendency to reappear with a greater intensity were observed 

among children.7–9 Previously, it was reported that a family 

history, an accelerated growth rate, physical activity (PA) sta-

tus, smoking, and some psychological traits such as depres-

sion seem to increase the risk of LBP in children.9–11 LBP 

showed lower or no clear association with most biological 

and anthropometric parameters such as body length, weight, 

body mass index (BMI), length of the trunk, and vertebral 

column mobility.11–15 Moreover, little is known regarding 

the association between LBP and general muscle strength, 

especially hip flexor muscle flexibility.15–18

Mechanical and physical factors comprise most of the 

causative mechanisms for LBP among schoolchildren of both 

genders.19 Most studies showed that schoolchildren carry 

more weights that exceed the body weight/load ratio limits 

proposed for adults;20 these backpack loads were significantly 

associated with LBP in children.21–23 For the best function 

of the muscles and nervous system throughout the life of 

a human body, vitamin D is essential for the development 

and maintenance of the musculoskeletal system.24 Sufficient 

serum levels of vitamin D, calcium (Ca), and phosphorus 

(P) are required for better bone health and muscle perfor-

mance.25–27 Higher rates of vitamin D deficiency were shown 

to correlate with various nonspecific musculoskeletal pains, 

including LBP.28,29 The deficiency in vitamin D may be related 

to poor PA,30 adiposity, minimal sun exposure,31–33 insufficient 

dietary intake, or impairments in metabolic activation of the 

vitamin.34–36

In adolescents, especially girls, poor muscle performance 

was reported to be linked with physical inability and vitamin 

D deficiency, whereas both power and force of skeletal mus-

cles were greatly affected by vitamin D levels.36 These factors 

may produce a significant myopathy that leads to muscle 

fatigue and reduced motivation to daily activities.30,33,37

In addition, it was reported that muscle-related pain com-

prises most of back pain present in adolescents, whereas it 

is localized to paraspinal muscles of the thoracic or lumbar 

area.38,39 This type of pain is commonly related to overuse, 

mechanical loading, or carrying a heavy rucksack,40,41 and 

excessive fatigability was shown to be a predictor of a first 

episode of LBP.42 It was estimated that the measurements 

of creatine kinase (CK) and Ca, along with lactate dehy-

drogenase (LDH) activity, may allow earlier detection of 

muscle injury.43–45 In addition, serum bone-specific alkaline 

phosphatase (sBAP) as one of bone turnover markers was 

shown to be correlated with serum levels of vitamin 25(OH)

D and may have a potential role in evaluating the status of 

LBP in both children and adolescents.46,47 These biomarkers 

may clearly help in evaluating the pivotal role of vitamin 

D status and muscle-related pain in the occurrence of LBP 

among children and adolescents.

Until now, no more studies have been conducted to assess 

the effects of vitamin D deficiency, muscle performance, and 

mechanical factors on LBP among schoolchildren. Hence, the 

current study was designed to evaluate the roles of mechani-

cal factors, vitamin D levels, and muscle performance, which 

were estimated by measuring the levels of CK, Ca, and sBAP, 

in the progression of LBP in schoolchildren.

Materials and methods
Schoolchildren
A total of 300 schoolchildren aged 12–16 years were randomly 

invited to participate in this cross-sectional survey study 

from eight secondary schools chosen from different places in 

Mansoura, Egypt. The data were collected during the period 

of October 2013–May 2014 to match with Egypt school year 

season. Only 250 schoolchildren who had no serious acute 

or chronic diseases, malabsorption, physical disability, or 

musculoskeletal disorders were included in this study. School-

children who reported using medications known to affect body 

weight (such as steroids) and those taking Ca, vitamin D, or 

multivitamin supplements were excluded from the study. All 

schoolchildren were instructed not to change their normal 

eating habits during the study period. Prior to data collection, 

written informed consent was obtained from the parents of 

all participating schoolchildren and the study was reviewed 

and approved by the ethical committee of the Rehabilitation 

Research Chair, King Saud University, Riyadh, Kingdom of 

Saudi Arabia, under the file number ID: RRC-2013-018.

Assessment of LBP
A prevalidated Pain Rating Scale of 0–10 and a modified 

Oswestry Low Back Pain Disability Questionnaire (OSW) 

were used to evaluate LBP and pain scores among all school-

children as previously reported.48–50 LBP disability was 

quantified during school year season from October 2013 to 

May 2014 using the OSW scale (a 10-item scale) with scores 

ranging from 0 to 100; higher scores indicated greater disabil-

ity. According to the OSW scale, LBP disability scores were 

interpreted as minimal (0%–20%), moderate (20%–40%), 

severe (41%–60%), crippled (61%–80%), and bed-bound 

or exaggerating people (81%–100%).48,49

Assessment of mechanical factors
BMI, PA, part-time jobs involving heavy lifting, active and 

passive transports, and school bag weight were assessed 
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as mechanical factors in all schoolchildren as previously 

reported.51

Estimation of BMI
Anthropometric measurements, such as height and weight 

measurements, were evaluated for all schoolchildren using 

a tape measure and calibrated Salter Electronic Scales (Digi-

tal Pearson Scale; ADAM Equipment Inc., Columbia, MD, 

USA) with a standardized procedure. BMI was calculated as 

the ratio of weight (kg) to height (m) squared and identified 

according to cutoff values previously proposed.52

School bag weight
Diary information relating to the type of school bag, bag 

weight measurement using spring scales, the method of car-

rying the bag, and part-time jobs involving heavy lifting was 

recorded over a typical school week. In addition, percentage 

of body weight carried by each schoolchild was calculated 

by dividing the average daily bag weight (total bag weight 

for 5 days/number of days) by the weight of the child and 

transforming the data into quintiles.51,52 Although, the correla-

tion between backpacks and back pain is not clear, previous 

guidelines recommend that normal backpacks should not 

exceed 10%–20% of the child’s body weight.53,54

Physical and sedentary activity levels
Physical and sedentary activity levels of the schoolchildren 

were assessed using prevalidated questionnaires.51 The 

frequencies and duration of sporting activities during the 

past week and sedentary activities, such as the amount of 

time spent watching television and the computer during the 

past day and seated body positions, were estimated for each 

schoolchild as reported in the literature.51

Biochemical analysis
Serum vitamin 25(OH)D level, CK and LDH activities, 

and Ca and sBAP concentrations were estimated in serum 

freshly separated from blood samples of each schoolchild as 

mentioned previously.55,56 Vitamin 25(OH)D levels were esti-

mated in serum samples using immunoassay kits (IDS, Tyne 

& Wear, UK). Serum CK and LDH activities were measured 

using available enzymatic assays (Granutest 15; EMD Mil-

lipore, Billerica, MA, USA) and ultraviolet assays (Randox 

Laboratories Ltd., Antrim, UK). Colorimetric assays using 

Cobas Integra® analyzer and available kits (Hoffmann-La 

Roche Ltd., Basel, Switzerland) were used to determine Ca 

levels in serum. sBAP concentrations (U/L) were measured 

in serum using the MicroVue BAP immunoenzymometric 

assay (Quidel Corporation, San Diego, CA, USA).55,56

Duration of sun exposure and vitamin D status in 
diets
Daily exposure to sun during the previous month in all 

schoolchildren was estimated as the average number of 

hours per day the schoolchildren were exposed to sun; in 

addition, areas of skin exposed, the usual material (natural or 

synthetic) of clothes, and color (black or colored) of clothes 

were evaluated in all schoolchildren. Based on the checklist 

of food consumption of each schoolchildren, vitamin D was 

classified into two types: low or adequate.57,58

Statistical analysis
The collected data were analyzed statistically using SPSS 

version 16 (SPSS, Chicago, IL, USA). Quantitative and quali-

tative variables were expressed as mean±standard deviation 

and number (percentage), respectively. Student’s t-test, one-

way analysis of variance, and Mann–Whitney U-test were 

used to estimate correlation analysis of the studied variables. 

Stepwise linear regression analysis was done to perform the 

correlation between vitamin D, LBP scores, and other studied 

parameters .55 P-values were significant at P<0.05.

Results
In relation to LBP-OSW scores, ~48% (n=120) of the study 

population had a lower OWS score (0%–20%) with a mean 

score of 9.8; they were diagnosed as with minimal or no LBP. 

A total of 52% of the study population (n=130) had higher 

OWS mean scores; they were categorized into those with 

moderate LBP (score 21%–40%; n=85; 34%) and severe 

LBP (score 41%–60%; n=45; 18%; Table 1). A significant 

increase (P=0.01) in BMI, waist circumference, and waist-

to-hip ratio was reported in schoolchildren with higher LBP 

disability scores as shown in groups of moderate and severe 

LBP compared to those with a lower LBP score (Table 1).

Compared to schoolchildren with minimal or no LBP, the 

duration of sun exposure and the exposed skin areas outdoors 

were shown to be significantly (P=0.01) lower in schoolchildren 

with moderate to severe LBP. In moderate and severe LBP 

groups, 64.7% and 89% of the schoolchildren usually wore 

black clothes outdoors, whereas only 35.3% and 11.1% of the 

schoolchildren usually wore other colors. Approximately 70.6% 

and 66.7% of these clothes were of synthetic fabrics (Table 1).

Regarding to dietary habits, in moderate and severe LBP 

groups, respectively, only 23.5% and 22.3% of the school-

children had adequate vitamin D amounts in their foods and 

the rest of the schoolchildren (76.5% and 77.7%) had lower 

vitamin D content in their usual diet (Table 1).

A significant decrease in the serum levels of vitamin 

25(OH)D and Ca and an increase in the level of sBAP were 
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observed in all schoolchildren with moderate (P=001) and 

severe (P=0.001) LBP scores compared to those with no or 

minimal LBP scores (Table 2). However, in schoolchildren 

with moderate to severe LBP scores, a significant increase 

in the levels of muscle fatigue markers (CK and LDH) was 

observed. The data obtained were supported by an increase in 

the muscle fatigue and LBP disability status of the schoolchil-

dren in moderate (P=0.01) and severe LBP (P=0.001) groups 

as measured by OWS and pain rating scores (Tables 1 and 2),  

respectively.

Regarding the prevalence of LBP and related risk fac-

tors, the relation between LBP scores and gender, BMI, PA, 

sedentary activities, body weight carried, and average car-

rying loads was reported in all schoolchildren of this study. 

The prevalence rate of LBP in the study population was 

recorded as ~52% of the total population. At an average age 

of 14.6–15.1 years, girls showed higher LBP prevalence rates 

than boys did (36% v 24%, P<0.001). In comparison with 

nonobese (BMI≤25 kg/m2) schoolchildren higher prevalence 

rates of LBP (72%) were significantly (P=0.001) reported in 

obese (BMI≥25 kg/m2) schoolchildren of both moderate and 

severe LBP groups (Table 3). In addition, in the same manner, 

5-day average load and body weight carried by schoolchildren 

were shown to be significantly (P=0.05) correlated with LBP 

prevalence rates. Schoolchildren who carried loads ≥5.7 kg 

and had body weight ≥6.6% showed prevalence rates of 41% 

and 48% compared to those who carried loads ≤5.7 kg and 

had body weight ≤6.6%, respectively (Table 3).

Schoolchildren who participated in moderate to active PA 

and used active school transport (foot or bike) showed signifi-

cantly (P=0.01) lower rates of LBP prevalence (32%, 26%, 

and 31%), respectively. However, schoolchildren who par-

ticipated in mild PAs and used passive school transport (car, 

bus, and motorbike) showed higher rates of LBP (46% and 

56%), respectively (Table 3). In addition, sedentary activities 

were shown to have a significant correlation (P=0.01) with 

LBP prevalence rates; schoolchildren who used computer 

and watched TV for ≥240 min showed higher rates of LBP 

Table 1 General characteristics of the schoolchildren according to LBP disability scores (OSW scores; N=250)

Parameters No or minimal LBP  
(0%–20%)

Moderate LBP  
(20%–40%)

Severe LBP  
(41%–60%)

Schoolchildren, n (%) 120 (48) 85 (34) 45 (18)
Boys/girls 55/65 33/52 13/32
Age (years) 14.8±1.52 14.6±2.3 15.1±0.96
BMI (kg/m2) 21.2±1.3 26.4±2.6** 31.9±4.95**
Waist (cm) 78.9±3.5 105.6±12.7** 133.7±9.8**
Hips (cm) 81.2±2.7 86.4±8.4** 89.3±5.7**
WHR 0.46±0.12 0.58±0.23** 0.65±0.18**
OSW score (0–100) 9.8±5.4 28.9±15.5** 56.8±16.4**
Pain rating (0–10) 2.5±1.3 6.7±3.9** 8.4±5.9**
Sun exposure duration (h/day) 4.9±1.7 3.1±1.5** 1.9±2.4**
Areas of skin exposed (% of body) 22.8±5.4 13.5±2.9** 11.2±3.5**
Color of clothes (black/other), n (%) 25 (21)/95 (79.2) 55 (64.7)/30 (35.3) 40 (89)/5 (11.1)
Material of clothes (natural/synthetic), n (%) 85 (71)/35 (29) 25 (29.4)/60 (70.6) 15 (33.3)/30 (66.7)
Dietary vitamin D status (low/adequate), n (%) 20 (16.7)/100 (83.3) 65 (76.5)/20 (23.5) 35 (77.7)/10 (22.3)

Notes: Values are expressed as n (%), n/n, or mean ± SD. **P<0.01. Significance is at P<0.05.
Abbreviations: LBP, low back pain; OSW, Oswestry Low Back Pain Disability Questionnaire; BMI, body mass index; WHR, waist-to-hip ratio; SD, standard deviation.

Table 2 Changes in muscle fatigue biomarkers, vitamin 25(OH)D, serum Ca, and sBAP of Schoolchildren based on the levels of LBP 
disability

Parameters No or minimal LBP  
(0%–20%; n=120)

Moderate LBP  
(20%–40%; n=85)

Severe LBP  
(41%–60%; n=45)

Vitamin 25(OH)D (ng\mL) 38.6±10.6 18.8±7.3** 9.5±4.7**,*
CK (IU/L) 215.5±6.4 265±2.9** 327±7.1***
LDH (IU/L) 25.7±6.3 48.7±5.4** 75.8±8.9***

Ca (mg/dL) 9.8±1.4 8.1±0.85** 6.9±0.95*,**
sBAP (IU/L) 21.8±6.3 29.6±10.5** 33.7±19.5***

Notes:  N=250; OSW score range is 0–100; values are expressed as mean ± SD. *P<0.05, **P<0.01, and ***P<0.001. Significance is at P<0.05.
Abbreviations: Ca, calcium; sBAP, serum bone-specific alkaline phosphatase; LBP, low back pain; OSW, Oswestry Low Back Pain Disability Questionnaire; SD, standard 
deviation; CK, creatine kinase; LDH, lactate dehydrogenase.
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compared with those who watched TV and used computer 

for ≤240 min (Table 3).

Based on vitamin 25(OH)D status, schoolchildren were 

classified into three groups: normal (≥30; n=100; 40%), 

insufficient (21–29; n=90; 36%), and deficient (≤20; n=60; 

24%). Vitamin D status was negatively and significantly 

associated with LBP disability scores, BMI, pain rating score, 

CK, LDH, usually wearing black clothes, and clothes made 

of synthetic fabrics and positively associated with PA, longer 

sun exposure, areas of skin exposed, serum Ca, and sBAP 

in all groups. This correlation suggested the importance of 

vitamin 25(OH)D levels toward obesity, muscle fatigue, and 

the occurrence of LBP in physically inactive and physically 

active schoolchildren, which is shown in Table 4.

Stepwise regression analysis revealed that age, gender, 

demographic parameters, PA, vitamin D levels, Ca, CK, and 

LDH associated with ~56.8%–86.7% of the incidence of LBP 

among schoolchildren aged 12–16 years (Table 5).

Discussion
For many years, LBP in children and adolescents was con-

sidered as a sign of serious disease.59,60 Higher prevalence 

rates of nonspecific LBP were epidemiologically reported in 

children than adults as a result of some biological risk factors 

that increase in rates during adulthood.61,62 However, there 

was difficulty in comparing epidemiological measurements;62 

this may be related to methodological differences, including 

Table 3 Risk of LBP in relation to mechanical factors, gender, 
PAs, and sedentary activities among schoolchildren

Parameters n LBP  
prevalence (%)

OR (95% CI) P-value

Gender 0.001
  Boys 101 24 1.2 (0.98–1.5)
  Girls 149 36 1.5 (0.8–1.8)
BMI (kg/m2) 0.001
  Nonobese (≤25) 120 39 0.78 (0.75–1.32)

  Obese (≥25) 130 72 1.28 (0.86–1.48)
Average (5-day) load (kg) 0.05
  ≤5.7 132 29 0.45 (0.35–1.4)

  ≥5.7 118 41 1.4 (0.86–1.6)
Body weight carried (%) 0.05
  ≤6.6 124 35 0.72 (0.66–1.7)

  ≥6.6 136 48 1.1 (0.86–1.32)
School transport used
 � Active (on foot  

or bike)
120 31 1.25 (0.86–1.7) 0.01

 � Passive (car,  
bus, motorbike)

130 56 1.3 (0.78–1.36)

PA (min/week)
  Mild (≤165) 125 46 1.1 (0.96–1.4) 0.001
 � Moderate 

(165–280)
45 32 1.6 (0.98–1.95)

  Active (≥280) 80 26 1.2 (0.68–1.42)
Sedentary activities (min/day)
  ≤240 160 28 1.3 (0.88–1.45) 0.01

  ≥240 90 46 1.0 (0.75–1.2)

Notes: N=250; data shown as mean ± SD; P-value <0.05. ORs adjusted for age and 
gender in a logistic regression model.
Abbreviations: LBP, low back pain; PA, physical activity; SD, standard deviation; 
OR, odds ratio; CI, confidence interval; BMI, body mass index.

Table 4 Correlation matrix between LBP disability score, adiposity, and muscle fatigue-related biomarkers in schoolchildren (n=250) 
based on vitamin 25(OH)D status

Variables Vitamin 25(OH)D status (ng/mL), R

Normal (≥30,  
n=100; 40%)

Insufficient (21–29,  
n=90; 36%)

Deficient (£20,  
n=60; 24%)

LBP
  Minimal (0%–20%) -0.58** -0.49** -0.61**
  Moderate LBP (20%–40%) -0.26** -0.35** -0.28**
  Severe LBP (41%–60%) -0.35** -0.25** -0.21**
Pain rating score -0.28** -0.18** -0.31**
BMI (kg/m2)
  Nonobese (≤25) -0.85** -0.55** -0.75**
  Obese (≥25) -0.95** -0.79** -0.92**
CK (IU/L) -0.52* -0.64* -0.48*
LDH (IU/L) -0.45* -0.26* -0.38*
Ca (mg/dL) 0.32* 0.24* 0.45*
sBAP (IU/L) 0.65** 0.18** 0.35**
PA 0.68** 0.34** 0.51**
Sun exposure duration (h/day) 0.85** 0.75** 0.69**
Areas of skin exposed (% of body) 0.51** 0.59** 0.68**
Color of clothes (black/other) -0.46* -0.58* -0.38*
Material of clothes (natural/synthetic) -0.29** -0.36** -0.39**
Vitamin D diet 0.43** 0.47** 0.51**

Notes: Data are presented as coefficient (R). *Significance at P˂0.05;  **significance at P˂0.01.
Abbreviations: LBP, low back pain; OSW, Oswestry Low Back Pain Disability Questionnaire; BMI, body mass index; CK, creatine kinase; LDH, lactate dehydrogenase; Ca, 
calcium; sBAP, serum bone-specific alkaline phosphatase; PA, physical activity.
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LBP definitions and age of the schoolchildren studied. Thus, 

the prevalence rates of back pain recorded significant varia-

tion from one study (20%–51%)63 to another study (35%), 

which was performed on secondary school schoolchildren.64 

In addition, little is known about both biochemical and 

physiological consequences related to LBP among children 

and adolescents. Hence, the effects of vitamin D deficiency, 

muscle performance, and mechanical factors, including 

physical and sedentary activities, on LBP prevalence rates 

among schoolchildren were our concern in this study.

In the present study, LBP was reported in 52% of the 

study schoolchildren as measured by the presence of higher 

scores of Pain Rating Scale and a modified OSW. LBP was 

categorized into moderate (34%) and severe (18%); ~48% 

of the schoolchildren had lower OSW scores, and they were 

diagnosed as having no or minimal LBP.

Previous research studies reported that LBP was frequent 

among schoolchildren and increases with age,65–67 and LBP 

was estimated in 11%–71% of the schoolchildren by the 

age of 14–17 years.68 In addition, in previous survey stud-

ies, LBP was reported in a range of 11%–80% of the total 

population aged <20 years, which is lower than that in our 

study schoolchildren.69,70 In the literature, it was reported 

that during lifetime, the cumulative LBP prevalence rates 

varied from 21% to 74%.71 In addition, in our study, LBP 

was estimated in one school year season, which may be 

>10 months; hence, our results may be in line with Burton 

et al who reported an increment in LBP rates from 11.8% to 

21.5% in adolescents aged 11–15 years and a similar increase 

in lifetime prevalence rates of LBP from 11.6% to 50.4% at 

the same age period. In addition, LBP prevalence was shown 

to increase linearly by age from 4 to 65 years,72 and children 

showed LBP prevalence rates ranging from 7% to 58%.73,74

Previous studies showed that the prevalence of LBP 

among children, adolescents, and young adults may be related 

to unknown etiological factors.6,69,73,74 Thus, in this study, the 

relation between a series of mechanical factors related to 

activity and sedentary lifestyle and the occurrence of LBP 

was estimated in a group of schoolchildren.

There was a significant correlation between LBP preva-

lence rates and BMI, 5-day average load of school bags, and 

body weight carried by schoolchildren. Higher prevalence 

rates of LBP (72%) were reported in obese schoolchildren 

(BMI≥25  kg/m2) of both genders; however, girls showed 

higher LBP prevalence rates than boys (36% vs 24%, 

P<0.001). In addition, schoolchildren who carried loads 

such as school bags of ≥5.7 kg and exceeded body weight 

by ≥6.6% showed higher ranges of LBP (41%–48%). Like 

our study, the associations of BMI with LBP have been 

reported previously.75

In addition, our data were in accordance with those who 

reported higher rates of LBP among girls than those among 

boys.76 Musculoskeletal pain was more likely to prevail 

among adolescents with more heterogeneity, and both over-

weight and obesity syndromes similarly increased the risk 

of LBP.77–79

Despite the lack of confirmational evidence data, BMI and 

body height were shown to be associated with the pathogen-

esis of LBP. Excessive load-bearing resulting from obesity 

would require more mechanical demands that are suspected 

to participate in the occurrence of LBP, and the change in 

metabolic factors related to obesity such as adipose tissues, 

Table 5 Beta coefficients and cumulative R2 values derived from stepwise multiple regression models

Variables LBP disability status (OSW score, 0–100)

Minimal (0%–20%) Moderate (21%–40%) Severe (41%–60%)

R2 (β)* 95% CI R2 (β)** 95% CI R2 (β)** 95% CI

Age 9.5 (0.58) 75 (65–87) 8.1 (0.38) 91 (65–98) 6.5 (0.47) 87 (65–100)
Gender 4.1 (0.25) 95 (65–100) 3.4 (0.34) 96 (71–100) 3.8 (0.54) 86 (75–100)
Body weight (kg) 15.4 (0.48) 85 (75–100) 11.4 (0.21) 84 (75–98) 10.4 (0.28) 81 (75–98)
BMI (kg/m2) 8.9 (0.35) 95 (56–100) 5.3 (0.25) 89 (74–100) 5.1 (0.46) 91 (74–98)
Vitamin 25(OH)D  
status (ng/mL)

26.4 (0.31) 72 (65–96) 16.5 (0.56) 86 (68–96) 11.5 (0.49) 78 (68–98)

CK (IU/L) 1.8 (0.13) 78 (65–100) 3.1 (0.24) 76 (65–100) 4.7 (0.34) 69 (65–96)
LDH (IU/L) 3.1 (0.31) 87 (69–98) 2.6 (0.42) 90 (69–98) 4.5 (0.47) 95 (69–100)
Ca (mg/dL) 8.6 (0.47) 59 (42–89) 5.6 (0.37) 68 (56–95) 4.6 (0.48) 85 (76–98)
sBAP (IU/L) 3.5 (0.28) 81 (65–96) 1.9 (0.34) 92 (78–98) 2.3 (0.54) 91 (78–98)
PA (min/week) 5.7 (0.29) 59 (41–86) 3.7 (039) 95 (86–100) 3.4 (0.28) 89 (86–100)
ΣR2 (%) 86.7 (0.34) 98 (75–100) 61.5 (0.35) 91 (85–100) 56.8 (0.34) 95 (85–100)

Note: *P<0.05; **P<0.01. ΣR2 = summation of cumulative values of R relating to studied variables.
Abbreviations: LBP, low back pain; OSW, Oswestry Low Back Pain Disability Questionnaire; CI, confidence interval; BMI, body mass index; CK, creatine kinase; LDH, 
lactate dehydrogenase; Ca, calcium; sBAP, serum bone-specific alkaline phosphatase; PA, physical activity.
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which release many inflammatory cytokines, may have a role 

in the pathogenesis of LBP.80,81 Recently, it was suggested that 

obesity may be responsible for the continuous growth of LBP 

among young adults.82 In addition, in our study, both school 

bag overloads and body weight carried by schoolchildren, 

which exceeded to 10% of the relative body weight, were con-

sidered as higher risk factors for LBP as mentioned before.83,84 

However, in another study, little evidence was reported on 

the association of mechanical loads across the range of 

weights carried by children to school with the prevalence  

of LBP.85

Regarding PA, schoolchildren who participated in active 

sports programs, walked to school, or used active school 

transport such as bike showed lower ranges of LBP prevalence 

(26%–32%). However, schoolchildren who participated in 

mild daily activities and used passive school transport, such 

as car, bus, and motorbike, showed higher ranges of LBP 

(46%–56%). The data of our study were in line with other 

studies that reported an association between lower PA and the 

incidence of LBP.83,84 In addition, in some previous studies, 

physical inactivity, inactive school transport, and intensive 

sports were shown to be associated with the prevalence of 

LBP among children and adolescents.86–91

In addition, sedentary activities of the schoolchildren 

showed a significant correlation (P=0.01) with LBP preva-

lence rates. Schoolchildren who used computer and watched 

TV for ≥240 min showed higher rates of LBP (46%) com-

pared with those who watched TV and used computer for 

≤240 min. The data of our study were in accordance with 

previous cross-sectional studies that reported a significant 

association between LBP and time spent watching television92 

and playing video games;93 however, this association was not 

found in other studies.94

Vitamin D was shown to play an essential role in the min-

eralization of normal bone via maintaining adequate amounts 

of Ca and P.95–97 It was supplied either from adequate healthy 

diets or produced as a precursor in human skin following 

exposure to sufficient ultraviolet light.97

In this study, ~40% of the study population had a normal 

range of vitamin 25(OH)D levels (≥30 ng/mL) without LBP, 

and 60% of the population had lower levels of serum vitamin 

25(OH)D; they were classified on the basis of insufficient vita-

min D (21–29 ng/mL; 36%) and deficient vitamin D (≤20 ng/

mL; 24%) as those with moderate and severe LBP, respectively. 

A significant decrease in the serum levels of vitamin 25(OH)D 

and Ca, and an increase in the level of sBAP were reported in all 

schoolchildren with moderate (P=001) and severe (P=0.001) 

LBP scores compared to schoolchildren with no or minimal 

LBP scores and normal serum vitamin D levels.

It was reported previously that sufficient serum levels of 

vitamin D, Ca, and P are required for better bone health and 

muscle performance.24–26 Many studies also reported a high 

prevalence of vitamin D deficiency in various populations 

with nonspecific musculoskeletal pain, including LBP.27–29 

Recently, vitamin D deficiency was proposed as a potential 

causative factor in the pathogenesis and conservation of pain 

conditions, including chronic LBP.98–100 A higher prevalence 

rate of vitamin D deficiency was reported among popula-

tions with musculoskeletal and/or widespread pain condi-

tions. Some studies showed high prevalences of suboptimal 

vitamin D levels in populations with musculoskeletal and/

or widespread pain conditions.98–101

The most important parameters affecting the level of 

vitamin 25(OH)D in this study were vitamin D in diet, sun-

light exposure, and wearing black clothes or clothes made 

of synthetic fibers.

Wearing black clothes or clothes made of synthetic fibers 

was significantly associated with lower vitamin 25(OH)D lev-

els in schoolchildren with moderate and severe LBP. The data 

were in agreement with those who reported a significant asso-

ciation between age, lifestyle, clothing, and the development 

of hypovitaminosis D. The logical reason is that clothes made 

of black wool prevent most of the incident UV rays (98.6%) 

compared with little amount of white cotton (47.7%).102,103

In this study, diets with a lower vitamin D content were 

significantly associated with a lower level of vitamin 25(OH)

D in schoolchildren with both moderate and severe LBP. 

Our data supported that diet may correlate significantly with 

vitamin D levels as shown previously in literature.104–106

Adequate exposure to sunshine played the most pivotal 

role in affecting vitamin D status in our schoolchildren. The 

duration of sunlight exposure reported 52% of the variation 

in serum levels of vitamin D in schoolchildren with moder-

ate and severe LBP, whereas the percentage of areas exposed 

separately reported an extra variance in vitamin D status with 

11.2%–13.5%. Thus, the data of our study clearly support the 

importance of longer time of sunlight exposure rather than 

skin areas exposed on vitamin D status. Our data were in 

agreement with previous research, which reported that both 

dark skin and less pigmented skin need three to six times 

more sun light exposure to produce a similar ratio of vitamin 

D.26 In addition, other studies confirm our results that both 

longer duration of sunlight exposure and skin left exposed 

by different dressing styles were significantly associated with 

vitamin D levels.107–110

Regarding the role of muscle fatigue in the progression 

of LBP among schoolchildren, muscle fatigue markers, 

CK and LDH, and pain rating scores were estimated in all 
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schoolchildren. Schoolchildren with moderate and severe 

LBP showed a significant (P=0.001) increase in the serum 

levels of CK and LDH along with higher pain rating scores 

compared to those with no or minimal LBP.

Vitamin D is essential for the development and main-

tenance of musculoskeletal system for the best function of 

the muscles and nervous system throughout the life of a 

human body.24 The reduction in muscle performance, which 

leads to LBP, was shown to be associated with vitamin D 

deficiency and physical inability in adolescents, especially 

girls. Whereas muscle power and force are linked with vita-

min D levels,37 these may produce a significant myopathy 

that leads to muscle fatigue and reduced motivation to daily 

activities.30,34 The severity of LBP in our study population 

may be related to physiological change in the behavior of 

musculoskeletal system as a result of change in normal levels 

of Ca, CK, and LDH, whereas muscle membrane, contrac-

tion, and energy metabolism depend on ionic regulation of 

certain minerals and enzymes. The irregularity in the levels 

of muscle lactate, hydrogen (H+), and calcium (Ca2+) ions was 

shown to be linked with muscle fatigue.111,112 In addition, the 

release of intramuscular enzymes, such as CK and LDH, may 

be related to collagen fiber degradation either by overuse or 

strained muscle damage.113–115

In relation to vitamin D status, the deficiency in the levels 

of vitamin 25(OH)D reported in schoolchildren with moder-

ate and severe LBP correlated negatively with LBP disability 

scores, BMI, pain rating score, CK, LDH, and wearing black 

clothes made of synthetic fabrics and positively with PA, lon-

ger sun exposure, areas of skin exposed, serum Ca, and sBAP 

in all groups. This correlation was confirmed with previous 

studies that reported that the deficiency in vitamin D may 

be related to poor PA,30 adiposity, minimal sun exposure,31–33 

and insufficient dietary intake or impairments in metabolic 

activation of the vitamin.34–37 In addition, vitamin 25(OH)

D deficiency was significantly reported in healthy growing 

children and adolescents in many countries,46–116 and it was 

significantly correlated with higher levels of serum sBAP, 

which may contribute to both optimizing bone mass and 

muscle strength.117

Finally, stepwise regression analysis performed in this 

study revealed that age, gender, demographic parameters, 

PA, vitamin D levels, Ca, CK, and LDH associated with 

~56.8%–86.7% of the incidence of LBP among schoolchil-

dren aged 12–16 years.

Limitation
Our study is cross-sectional in nature and could only estimate 

features such as anthropometry, lifestyle factors, mechanical 

load, and PA associated with LBP, rather than risk factors (or 

markers) associated with its development, which needs more 

clinical-based studies. In addition, in this study, it is not yet 

available to estimate whether LBP and vitamin D deficiency are 

actually directly related. The presence of vitamin D deficiency 

in association with LBP may be related to consequences of 

sedentary lifestyle, mechanical factors, and less sun exposure. 

Hence, the mechanistic roles of vitamin D, Ca, CK, and LDH 

to predispose LBP in children and adolescents will be inves-

tigated in the next phase of our longitudinal population study.

Conclusion
The data obtained concluded that vitamin 25(OH)D deficien-

cies were significantly associated with the occurrence of LBP 

among children and adolescents aged 12–16 years, which 

may have contributed to the significant change in the levels of 

Ca, CK, and LDH; limited sun exposure; inadequate vitamin 

D diets; adiposity; lower PA; and sedentary lifestyles. How-

ever, it is not available to estimate whether LBP and vitamin 

D deficiency are actually directly related. In addition, the data 

concluded that adequate healthy diets, longer sun exposure, 

and good PA could be used as good preventive strategies 

against the occurrence of LBP among schoolchildren.
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