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Academic performance and musculoskeletal ==
pain in adolescents with uncorrected vision
problems
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Abstract

Background Undetected vision problems are common in school children, and a prevalence of up to 40% has
previously been reported. Uncorrected vision and lack of optimal eye wear can have a significant impact on almost all
aspects of everyday life, such as development and learning, academic performance, pain and discomfort, and quality
of life. This study aimed to analyze the relationship between uncorrected vision problems, educational outcomes, and
musculoskeletal pain symptoms.

Methods A total of 152 school children (15.1+0.8 years, mean+SD; 40% males) were included in the study. All
participants were recruited from a free-of-charge school vision testing program in Kathmandu, Nepal. Academic
grades were collected from the school records of the participants'nationwide final grade examinations. A
questionnaire was used to record the use of digital devices, screen time, and associated symptoms, including
musculoskeletal pain (Wong-Baker FACES Pain Rating Scales).

Results A total of 61 children (40%) had uncorrected vision, with a cycloplegic refraction of SER —0.53+0.52

(mean + SD). Children with uncorrected vision had significantly more third division grades (26 vs. 9%, p=0.004)

and shoulder pain in general/during screen use (66 vs. 43/40%, p=0.008/0.003; 2.1/1.9 vs. 1.1/1.0 mean pain score,
p=0.002/0.001) compared with children with normal vision. Sex based subanalyses showed that only girls with
uncorrected vision had more third division grades (25 vs. 4%, p=0.006), and only boys with uncorrected vision had
more shoulder pain in general/during screen use (76 vs. 28/31%, p<0.001; 2.2/2.4 vs. 0.7 mean pain score, p < 0.001),
compared with children with normal vision.

Conclusions The results of this study showed that even small refractive errors may impact educational outcomes
and musculoskeletal pain in adolescents. Most of the participating children had low myopia, easily corrected with
glasses. This suggests that regular eye examinations are important in school children, and there is a need for raised
awareness among parents, and school- and healthcare personnel.
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Introduction

Vision problems, such as uncorrected refractive errors
and lack of proper eye wear, are associated with huge
economic costs and reduced quality of life globally [1, 2].
Undetected vision problems are common in school chil-
dren, and a prevalence of 10-40% is reported in urban
and suburban children in Asia, the USA, Australia, and
North European countries [3—8]. In children, good vision
is essential for all everyday activities and normal motor
development [9]. Uncorrected vision problems affect
fine and gross motor skills, including visual informa-
tion processing skills, eye-hand coordination, and bal-
ance [9, 10]. Further, uncorrected vision problems may
reduce the ability to concentrate, as well as sustain near
tasks over time, such as reading and writing [4, 11-13].
Together, this may affect academic performance [12, 13].
Children with hyperopia (farsightedness) are less able to
focus at near, and have a reduced ability to perform near
work, including screen viewing, reading, and writing
[13-15]. Children with myopia (nearsightedness) have
reduced distance vision, affecting their ability to see the
blackboard/smartboard in a classroom and navigate out-
side and in social settings [12, 14, 16—18]. Children with
astigmatism have problems with blurred vision both at
near and distance [14, 19, 20]. Providing eyeglasses and
adherence to eye wear have been shown to improve edu-
cational outcomes in school children [16, 18, 21-24].

In addition, common vision problems are linked to
symptoms of eyestrain, neck, shoulder, and back pain,
and headache [3, 4, 11, 25-29]. Effortless visual perfor-
mance requires optimal coordination between the eyes
and the head-stabilizing musculature in the neck, shoul-
ders and back. Uncorrected vision problems will increase
the demand on the visual and musculoskeletal appara-
tus, thereby increasing the risk for pain symptoms in the
eyes and neck, shoulder, and back. Increased neck- and
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shoulder pain may also provoke headache symptoms [26,
28, 30-36]. Headache, neck and back pain are leading
causes of sickness absence globally, and the prevalence
is increasing in the age group 10-24 years, highlighting
the importance of preventive treatment also in children
[37-40].

This study aimed to analyze the relationship between
uncorrected vision problems, educational outcomes, and
musculoskeletal pain symptoms.

Methods

Participants

This was a cross-sectional study in 14—16-year-old chil-
dren at six secondary schools (two community schools,
four private schools) in Kathmandu district/municipal-
ity, Nepal, in 2019. All 780 students aged 14—16 years at
the six schools were invited to participate in the study.
A free-of-charge school vision testing program was run
by two experienced authorized optometrists (PRM and
colleague) and three volunteers. A total of 660 students
participated in the vision testing program, and writ-
ten informed consent was obtained from 152 children
and both their parents (Fig. 1). Children who needed an
extended eye examination, or children who wanted their
parents present, were examined by the optometrists
(PRM and colleague) during after-school hours at an eye
clinic in the vicinity of the schools. Children identified
with ocular pathology, were referred to an ophthalmolo-
gist at the eye clinic.

Eye examination

The eye examination was performed according to
national and international clinical guidelines [41-43], in
a separate room with adjustable lightning level at each
school. A structured, age-appropriate patient history-
taking [41-43] included vision problems during near and

Invited for participation

n=780

Vision testing program

Participation

Vision testing program

n =660

Non-participation
n=120

Written informed consent
Obtained
n=152

Written informed consent
Not obtained
n =508

Fig. 1 Flowchart of participant recruitment
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distance work (with and without current glasses), ocular
and systemic health, and regular medication. The vision-
related symptoms included headache, double vision,
blurred vision at near/distance, and eye pain. The eye
examination included: Habitual and best-corrected log-
MAR visual acuity (6 m and 40 cm), dominant eye (near/
distance), refractive error with and without cycloplegia
(Cyclopentolate Minims 1%); habitual cover test (near/
distance), near point of convergence (NPC) (recorded
as break (average of three)), binocular accommodation
amplitude (AA BIN) (RAF-rule) [44]; motility, pupillary
reflexes, ocular health (slit lamp examination, dilated
direct ophthalmoscopy), anterior chamber depth (Van
Herick technique). For analysis, cycloplegic spherical
equivalent error (SER) was calculated in dioptres (D).
Refractive errors were defined as emmetropia (—0.50
D<SER<+0.50 D), low myopia (-3.00 D<SER < -0.50 D),
moderate myopia (-5.00 D<SER<-3.00 D), high myopia
(SER < -5.00 D), low hyperopia (+0.50 D<SER<+2.00
D), moderate hyperopia (+2.00 D<SER<+5.00 D), high
hyperopia (SER>+5.00 D), and anisometropia (difference
between the eyes>1.00 D) [45, 46]. Normal visual acuity
was defined as best corrected VA <0.0 logMAR. Distance
heterophoria was defined as esophoria>1 ABO (prism
diopter base out) or exophoria>2 ABI (prism diopter
base in). Near heterophoria was defined as esophoria>0
ABO or exophoria>6 ABI Normal NPC was defined
as <10 cm and AA as > 8 D. Normal values are in line
with previous studies [3, 47-49]. In this study, glasses for
uncorrected refractive errors were recommended when
the child had myopia and blurred distance vision, low
hyperopia and headache, and moderate to high hypero-
pia. In addition, children already wearing glasses were
recommended new glasses if there was a change of >0.50
SER [41, 42].

A self-reported questionnaire was used to elicit infor-
mation about digital device usage and associated symp-
toms. Reported screen time included total smartphone,
tablet, and computer use on a weekday and weekend
(Saturday). Pain/discomfort in the eyes/head/neck/
shoulders/lower back in general and during screen use,
were scored using the Wong-Baker FACES Pain Rating
Scale [50]. This scale uses faces to help children com-
municate about their pain. Each of the six faces (0, 2, 4,
6, 8, or 10 points) represents a different facial expres-
sion of pain. Continuous reading/screen viewing abil-
ity was recorded as ‘able to read or look at a screen for
more than 30 min without having to take a break of more
than 5 min because of tired eyes. The project leader
(PRM) instructed the children to complete their ques-
tionnaire individually. They were encouraged to answer
honestly, were told that there were no correct or incor-
rect answers, and that they could take breaks or ask
questions at any time. The questionnaire was in English.
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Nepalese 14—16-year-olds are mostly fluent in English,
as English is mandatory as a second language from 1st
grade, and many subjects are taught in English. A Nep-
alese translation was available from PRM if necessary.
The participants took less than 30 min to complete the
questionnaire.

Academic performance

The academic grades were collected from the school
records of the participants’ nationwide final grade exami-
nations during spring 2019 (March/April), before the
school vision testing program. The final examinations
were English language, mother tongue (Nepali language),
science, mathematics, social studies, and optional sub-
jects. Academic performance was quantified using the
average of all subject scores (score range: 0 to 100). The
final grade rankings were distinction (=80%), first divi-
sion (=60% to <80%), second division (=50% to <60%),
third division (=245% to <50%), and pass division (=40%
to <45%).

Statistical analysis

Sample size regarding musculoskeletal pain was cal-
culated with a test power of 85%, a significance level of
5% (two-tailed), and standard errors based on previous
pain recordings in adolescents [28]. The power analysis
showed that 132 participants were sufficient to identify
a mean difference of 1 on the Wong-Baker FACES Pain
Rating Scale (0—10 points) [50] between two independent
groups. Overall academic performance was the other
main outcome variable, however, suitable scientific data/
standard errors were unavailable to our knowledge. Sam-
ple size was therefore calculated with effect size (d=0.5;
medium), a test power of 85%, and a significance level of
5% (two-tailed). The power analysis showed that a sample
of 146 participants was necessary to identify a significant
difference in academic mean scores between two inde-
pendent groups. Raw data were assessed for normality
using Q-Q plots and the Shapiro-Wilk test. Differences
between the prescription and control groups for continu-
ous variables were tested by independent-samples t-tests.
Paired sample t-test was used to compare dependent
continuous variables. Chi-square independence tests
were used to evaluate associations between categorical
variables. Pearson’s correlation coefficient (r) was used
to investigate associations between continuous variables.
Point-biserial correlations were run to evaluate the rela-
tionship between categorical and continuous variables.
To protect from Type I errors, Bonferroni corrections
were performed for multiple comparisons when suitable
[51]. Analysis and distributions using refractive errors
included mainly right eye, as there were no significant
differences between the right and left eyes (cycloplegic
SER, paired-samples t-test; t(151)=0.403, p=0.687). The
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refractive error (cycloplegic) of the right eye and left eye
was significantly and highly correlated (r(152)=0.974,
p<0.001). A significant difference was set at p<0.05
(two-tailed). Statistical analyses were performed in IBM
SPSS Statistics (Version 28, US) and G*Power (Heinrich-
Heine-Universitét Diisseldorf, Germany).

Results

The average age of the 152 included children was
15.1+£0.8 (SD) years, with 61 males (40%). Sixteen chil-
dren (11%) reported allergies (dust, pollen). None of the
children reported systemic diseases or use of regular
medications. After the eye examination, the sample was
divided into two groups, based on whether the children
were recommended new glasses (prescription group,
n=61 (40%)) or not (control group, n=91 (60%)). Out of
the thirteen (9%) children who used glasses (for myopia),
only one needed new glasses and was assigned to the pre-
scription group. The other 60 children in the prescription
group had not previously used glasses. The mean age+SD
was 15.210.9 years (range 14-16 years, 41% boys) in the
prescription group, and 15.1+0.6 years (range 14-16
years, 40% boys) in the control group. There were no
significant differences between the groups regarding age
and sex.

All children had normal (control group) or correct-
able to normal (prescription group) vision and good ocu-
lar health, except two children who were referred to an
ophthalmologist (peripheral retinal thinning, possible
posterior staphyloma, blepharitis). In the study sample

Table 1 Eye examination — average visual acuity, refractive error,
and binocular status

Prescription Control
group group
(n=61) (n=91)
Mean+SD Mean+SD
Habitual LogMARVA  RE 042+0.21** 0.00+0.02
6m) LE 042+021%* 0.01+0.04
Best corrected RE 0.00+0.03 0.00+0.02
logMAR VA (6 m) LE 0.00+0.02 -001+004
Cycloplegic retinos-  RE -0.53+0.52** 0.04+0.65
copy (SER) (6 m) LE -0.52+0.53%* 0.03+0.62
Binocular vision Heterophoria  -0.13+0.72 0.00+0.30
measurements 6m
Heterophoria ~ -341+2.23 -3.35+£2.02
40 cm
NPC 7.80+1.20 7.80+0.80
AABIN 10.25+£1.79* 10.89+£1.26

VA: visual acuity, SER: spherical equivalent error in diopters (D), RE: right eye, LE:
left eye, BIN: binocular (both eyes), NPC: near point of convergence (cm), AA:
amplitude of accommodation (D), Heterophoria: negative values denote prism
diopter exophoria, positive values prism diopter esophoria. Habitual VA data
were missing for three children in the prescription group and 13 children in the
control group. *Statistically significant difference between groups (p < 0.05).
**Statistically significant difference between groups with Bonferroni adjusted
alpha levels
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there were only small refractive errors (low myopia, low
hyperopia), except for one participant with high myopia
(SER —5.00 D). Average cycloplegic refractive error in the
prescription group was —0.53 SER for the right eye, and
the prescription group was significantly more myopic
than the control group (SER, RE; t(150)=5.750, p<0.001)
(Table 1). The prescription group also had significantly
reduced habitual visual acuity compared with the control
group (RE; t(58.146) = -15.093, p<0.001). After correct-
ing the refractive error there was no difference in visual
acuity between the two groups (best corrected visual
acuity). For binocular measurements, the binocular
amplitude of accommodation was significantly lower in
the prescription group (t(98.990)=2.382, p=0.019). Con-
tinuous reading/screen viewing ability was also signifi-
cantly lower in the prescription group compared to the
control group (X*(1, n=152)=4.09, p=0.043) (Table 2).
Frequencies of visual function and symptom results are
shown in Table 2. In the prescription group, 90% had
uncorrected low myopia, and 10% had uncorrected low
hyperopia with associated symptoms. In contrast, in the
control group, 81% had emmetropia, 12% had fully cor-
rected myopia, and 7% low hyperopia without associated
symptoms. In the total sample, there were no significant
differences between girls and boys regarding refractive
error (myopia/hyperopia).

Children in the prescription group reported signifi-
cantly increased shoulder pain both in general and dur-
ing screen use, compared to the control group (t(150)
= -3.223, p=0.002, t(150) = -3.303, p=0.001) (Table 2).
Children with shoulder pain had significantly reduced
habitual visual acuity and lower continuous reading/
screen viewing ability: Children experiencing shoulder
pain in general (#=79) (RE; 0.22+0.27 vs. 0.13+£0.22
(mean*SD), t(133.872) = -2.082, p=0.039) and dur-
ing screen use (n=76) (RE; 0.25+0.27 vs. 0.11+0.21
(meantSD), t(129.038) = -3.219, p=0.002) had reduced
habitual visual acuity, and lower continuous reading/
screen viewing ability (33/76 (43%) vs. 47/76 (62%),
x2(1, n=152)=5.17, p=0.034) compared with the rest of
the sample. More boys than girls reported using a com-
puter (X’(1, n=152)=6.14, p=0.017), and boys in the con-
trol group had higher screen time during the weekend
(Saturday) compared with girls (4.7+2.0 vs. 3.7+2.1 h/
day (mean*SD), t(89)=2.299, p=0.024). There were no
significant sex differences regarding the use of smart-
phones and tablets. There were no significant correla-
tions between shoulder pain, the use of different digital
devices, and screen time. Eye pain, headache, and mus-
culoskeletal pain were also analyzed by sex, and there
were no overall significant differences between boys
and girls. However, only boys in the prescription group
had increased shoulder pain in general (t [58] = -3.901,
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Table 2 Sample frequencies of reported symptoms, vision results, and management
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Prescription group (n=61)

Control group (n=91)

n (%)

n (%)

Symptoms; eye examination?

Symptoms in general; questionnaireb

Symptoms during screen use;
questionnaireb

Continuous reading/screen viewing ability
Screen time (hours/day, mean +SD)

Ametropia (Cycloplegic SER, D)

Hab VARE (6 m)

Best corrected VA RE (6 m)

Heterophoria (6 m)

Heterophoria (40 cm)

NPC (cm)

AABIN (D)

Blurred vision at distance
Headache

No vision related symptoms
Eye pain

Headache

Neck pain
Shoulder pain
Lower back pain
Eye pain
Headache

Neck pain
Shoulder pain

Lower back pain

Weekday (Sunday - Friday)

Weekend (Saturday)

Emmetropia (> -0.50 D, < +0.50 D)

Low myopia (> -3.00 D, < -0.50 D)

High myopia (< -5.00 D)

Low hyperopia (>+0.50 D, < +2.00 D)
Anisometropia (> 1.00 D)

LogMAR (<0.0) [decimal = 1.0]

LogMAR (<0.1, > 0.0) [decimal < 1.0, > 0.8]
LogMAR (0.3, > 0.1) [decimal < 0.8, > 0.5]
LogMAR (>0.3) [decimal < 0.5]

LogMAR (<0.0) [decimal > 1.0]

LogMAR (0.1, > 0.0) [decimal < 1.0, = 0.8]
LogMAR (0.3, > 0.1) [decimal < 0.8, > 0.5]
LogMAR (>0.3) [decimal < 0.5]
Orthophoria

Esophoria>1 ABO

Exophoria>2 ABI

Orthophoria

Esophoria >0 ABO

Exophoria>6 ABI

<10

>10<25

>8

<8

(
(
(
(
(
(

54 (89)**
22 (36)
00y
44 (72)
26+2.1
53(87)
38+24
37(61)
19+£20
40 (66)**
21£20%
34 (56)
1518
47 (77)
28+2.1
51(84)
32+23
43 (71)
20+16
40 (66)**
1.9+1.7%*
35(57)
16+1.8
26 (43)*
22+14
38+22

7(8)

21(23)
66 (73)
48 (53)
17419
75 (82)
29+2.1
44 (48)
14418
39 (43)
1T1+15
39 (43)
14420
63 (69)
23+20
74 (81)
3.1+23
49 (54)
15+18
36 (40)
10+16
39 (43)
13418
54 (59)
20+12
41421
74 (81)
10(11)
1(1)

6(7)

0(0)
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Table 2 (continued)

Prescription group (n=61) Control group (n=91)

n (%) n (%)
Management - prescription of new glasses  Low myopia and blurred vision at distance 54 (89)
Low hyperopia and headache 6 (10)

Change of >0.50 best corrected SER (myopia) 1 (2)

SER: spherical equivalent error in diopter (D), RE: right eye, VA: visual acuity, Hab: habitual, NPC: near point of convergence (cm), Heterophoria: prism diopter base
in (ABI) or base out (ABO), AA: amplitude of accommodation (D), BIN: binocular (both eyes). ?None of the participants reported double vision, eye pain, or blurred
vision at near. °Symptoms in general and during screen use are reported as frequencies and average pain scores (mean+SD) (Wong-Baker FACES Pain Rating Scale).
Habitual VA data were missing for three children in the prescription group and 13 children in the control group. *Statistically significant difference between groups

(p < 0.05). **Statistically significant difference between groups with Bonferroni adjusted alpha levels

45
40
35
30

25

20
15
: I

Distinction

Frequencies (%) of academic grades
(0]

o

B Prescription group

First Division

I *

Second Division Third Division

Control group

Fig. 2 Sample frequencies (%) of academic grades in the prescription group (n=61) and control group (n=91). *Statistically significant difference be-

tween the groups (Bonferroni adjusted alpha level of 0.0125 (0.05/4))

p<0.001) and during screen use (t(39.955) = -3.968,
p<0.001), compared with the control group.

There was a significant difference in academic scores
between the prescription and control group (t(150) =
-2.095, p=0.038). Figure 2 shows sample frequencies of
academic grades. In the prescription group, significantly
more children had third division grades (26%) than in the
control group (9%) (x*(1, n=152)=8.35, p=0.004). For
the other grades, there were no significant differences
between the groups.

Children with third division grades (n=24) had reduced
habitual visual acuity (RE; 0.38+0.29 vs. 0.14%0.23
(meantSD), t(134) =-4.193, p<0.001), reduced binocular
amplitude of accommodation (9.63+1.41 vs. 10.82+1.47
(meantSD), t(150)=3.673, p<0.001), and lower con-
tinuous reading/screen viewing ability (5/24 (21%) vs.

75/128 (59%), X*(1, n=152)=11.56, p<0.001) compared
with the rest of the sample. There were no significant cor-
relations between academic scores and screen time (all
p’s>0.05). Academic performance was also analyzed by
sex, and only girls in the prescription group had a higher
frequency of third division grades (x*(1, n=91)=9.35,
p=0.006), compared with the control group. Overall,
girls had near-significantly higher academic grades com-
pared with boys (x*(1, n=152)=7.49, p=0.058).

Discussion

In this study, reduced academic performance and
increased musculoskeletal pain were significantly asso-
ciated with uncorrected vision problems and reduced
visual acuity. Sex and grade level significantly influenced
the results. Adolescents with mainly uncorrected low
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myopia had lower overall academic grades at the nation-
wide final grade examination, and reduced habitual visual
acuity was significantly associated with the reduced aca-
demic performance. One explanation is that the ability
to see and follow what is presented at the blackboard/
smartboard is important for the child’s learning. This is in
line with a recent Chinese study with grade 7-9 students
also reporting correlations between reduced visual acu-
ity due to myopia and reduced overall academic perfor-
mance [17]. Furthermore, in the present study, children
with uncorrected vision had more third-division grades
than children with normal vision/adequate prescribed
eye wear, and this difference was only significant for girls.
These results are in accordance with a recent cluster ran-
domized clinical trial in the USA, where a total of 2304
grade 3-7 students received free eye examination and
eyeglasses during one of three school years. The results
showed a significant 1-year positive effect on reading
scores in girls, not boys, and for students in special edu-
cation and performing in the lowest quartile at baseline,
before start of intervention. However, the impact was not
sustained at a 2-year follow-up [24]. In another US study,
educational outcomes after receiving eyeglasses in a free
school-based vision program, were investigated in 406
low-income minority 1-5 grade students, compared to
23,393 school/grade peers. The results showed a 2-year
positive impact on English language arts. In addition, stu-
dents with baseline performance in the bottom tercile,
had an immediate and sustained improvement in mathe-
matics achievement [21]. These two studies and the pres-
ent study point towards the notion that girls and children
facing barriers to school performance, such as socioeco-
nomic factors, will benefit the most from good vision
care in schools [17, 18, 21, 24, 52]. In the present study,
girls had a near-significant (p=0.058) overall higher edu-
cational outcome than boys. Girls have been shown to
have higher academic ambitions, and use more time on
schoolwork and reading, compared with boys, and girls
without optimal vision and lack of eyeglasses then have a
disadvantage [11, 24, 53, 54].

Our results showed that the adolescents with uncor-
rected vision experienced more shoulder pain in general
and during screen use compared with children with nor-
mal vision/adequate prescribed eye wear. When anal-
ysed by sex, this difference was only significant for boys.
Shoulder pain was significantly associated with reduced
visual acuity and lower continuous reading/screen view-
ing ability. These results are in line with two North Euro-
pean studies showing increased musculoskeletal pain and
discomfort in children and adolescents with uncorrected
vision problems and lack of proper eye wear [11, 28]. In
one of these studies, children presenting with headache
and upper body musculoskeletal pain, had more vision
problems and lacked necessary corrective eye wear for
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near than a control group. Furthermore, musculoskel-
etal pain was significantly associated with reduced habit-
ual VA [28]. In another North European study, children
with the best visual acuity had less musculoskeletal pain
during screen use than those with poorer visual acuity
[35]. These associations may be explained by increased
demand on the head-stabilizing musculature in the neck,
shoulders, and back, thereby increasing the risk for pain
symptoms [28, 29, 32, 33]. This indicates that correcting
refractive errors may prevent and reduce musculoskeletal
pain, an easy applicable and low-cost intervention.

In the present study, there were no significant correla-
tions between musculoskeletal pain and screen use/time,
except for the lower continuous reading/screen viewing
ability in the children with shoulder pain during screen
use. Interestingly, shoulder pain was increased only for
boys in the prescription group, compared with the con-
trol group. This may be explained by sex differences in
time used on different types of screens; however, the
questionnaire lacked questions regarding time used on
different digital devices. In the present study, more boys
than girls reported using a computer, indicating higher
computer use in boys. Previous studies have shown asso-
ciations between upper body musculoskeletal pain symp-
toms, total screen time, time used on different types of
digital screens (tablet, mobile), and screen viewing dis-
tance [11, 35, 55-59].

Strengths and limitations

A strength of this study is that it provides new findings
regarding the correlations between uncorrected vision
problems, educational performance, and musculoskel-
etal pain symptoms, in adolescents in Asia. The findings
agree with results from school children in the USA and
Europe [11, 16, 17, 21, 24, 28, 35], elucidating the effects
of uncorrected vision independent of factors such as
genetics, culture, and socioeconomics. Another major
strength is the use of cycloplegic refraction for evaluating
refractive errors [60]. One limitation was that many of
the children who participated in the school vision testing
program were not participating in the study. The main
reason was that participation required written consent
from both parents, which was difficult to obtain, as many
children lived far from home during school terms (e.g.,
boarding school) or long-term commuting parents. Sev-
eral efforts were made to obtain both parents’ consent.
This impacted the power in the subgroup analysis, how-
ever, the results were in line with larger studies [16, 17,
21, 24, 34]. The background information of the partici-
pating children is representative of the school population;
however, one should be careful to generalize to preva-
lences. Symptoms and screen use were self-reported by
the children, which may have biased the results. Time of
use by different digital devices was not stratified, making
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it impossible to investigate symptoms related to the dif-
ferent screen types. It was planned to collect grades
separately for different subjects. Unfortunately, we only
got access to the final academic performance, averaged
across subjects. This may represent a limitation of the
study as different subjects have different visual require-
ments. Due to the nature of large school vision testing
programs, involving several locations and personnel,
there is a risk of missing data, compared to an assessment
in an eye clinic. Another limitation of this study was the
cross-sectional design, which makes it impossible to
investigate causality between variables.

Conclusions

This study showed significant associations between
uncorrected vision problems and reduced academic per-
formance and increased shoulder pain in school children.
The children needing glasses had mainly low myopia, and
reduced habitual visual acuity was significantly corre-
lated with lower overall academic performance and more
shoulder pain. Subanalyses showed that girls with uncor-
rected vision had lower academic performance, while
boys with uncorrected vision had more musculoskeletal
pain, compared with children with normal vision. This
suggests that correcting even small refractive errors is
important to optimize educational outcomes and prevent
pain, and thereby increasing quality of life in adolescents.
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