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Abstract

Background: Prolong near work, especially among people with uncorrected refractive error is considered a
potential source of visual symptoms. The present study aims to determine the visual symptoms and the association
of those with refractive errors among Thangka artists.

Methods: In a descriptive cross-sectional study, 242 (46.1%) participants of 525 thangka artists examined, with age
ranged between 16 years to 39 years which comprised of 112 participants with significant refractive errors and 130
absolutely emmetropic participants, were enrolled from six Thangka painting schools. The visual symptoms were
assessed using a structured questionnaire consisting of nine items and scoring from 0 to 6 consecutive scales. The
eye examination included detailed anterior and posterior segment examination, objective and subjective refraction,
and assessment of heterophoria, vergence and accommodation. Symptoms were presented in percentage and
median. Variation in distribution of participants and symptoms was analysed using the Kruskal Wallis test for mean,
and the correlation with the Pearson correlation coefficient. A significance level of 0.05 was applied for 95%
confidence interval. The majority of participants (65.1%) among refractive error group (REG) were above the age of
30 years, with a male predominance (61.6%), compared to the participants in the normal cohort group (NCG),
where majority of them (72.3%) were below 30 years of age (72.3%) and female (51.5%).

Result: Overall, the visual symptoms are high among Thangka artists. However, blurred vision (p = 0.003) and dry
eye (p = 0.004) are higher among the REG than the NCG. Females have slightly higher symptoms than males. Most
of the symptoms, such as sore/aching eye (p = 0.003), feeling dry (p = 0.005) and blurred vision (p = 0.02) are
significantly associated with astigmatism.

Conclusion: Thangka artists present with significant proportion of refractive error and visual symptoms, especially
among females. The most commonly reported symptoms are blurred vision, dry eye and watering of the eye. The
visual symptoms are more correlated with astigmatism.
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Background
Visual symptoms have pervasively been reported back
from a long time, and have been observed to be associ-
ated with various conditions [1–11]. Among them,
uncorrected refractive error is commonly considered to
be a culprit in reduced visual efficiency [12–14]. Retinal
image blur during the near point task, makes performing

the near task more difficult and manifests symptoms
[15, 16]. Even a low magnitude of hypermetropia mani-
fests symptoms of intermittent blur, headache, fatigue,
loss of concentration and inattention [17]. The presence
of low to moderate uncorrected astigmatism can also
produce a significant increase in asthenopia [18]. With
high astigmatism, the ciliary muscles may attempts to
correct the error resulting in asthenopia [18, 19]. In the
literature, the association between symptoms and uncor-
rected refractive error is ambiguous. Symptoms associ-
ated with refractive error are reported among school
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children in one study [20], where as it is reported to be
unrelated with neither refractive error, nor binocular and
accommodative measurements in the other study [21].
The latter finding has been supported by the Neugebauer
et al. [22] and Ip et al. [23] studies. No matter what the
type and magnitude of refractive error is, the proper re-
fractive correction can alleviate the symptoms of visual
strain among the refractive error carriers [15–19].
A thangka is a Tibetan Buddhist painting on cotton, or

silk applique, usually depicting a Buddhist deity, scene,
or mandala. Thangka artists are exposed to prolonged
and repetitive near work using art materials and their
job involves precision designs, fine designs and details
which require high visual attention and mental concen-
tration. Visual symptoms are common among partici-
pants with visually demanding tasks and the presence of
uncorrected refractive errors and prolonged near tasks
could trigger the visual symptoms among Thangka art-
ists. The present study was conducted to determine the
visual symptoms among Thangka artists, and investigate
the association of those with refractive errors.

Methods
Participants and study design
In a descriptive cross-sectional study, the research set-
ting and population of the study were Thangka painting
schools and Thangka artists. There is no exact data
available regarding Thangka artists in Kathmandu valley.
However, it was assumed that there were around 100
Thangka painting schools operated, and that comprised
of around 7000 Thangka artists.
A convenient sampling technique was adopted to se-

lect clusters having 50 artists or more. Selection criteria
included that the participants were involved in the
Thangka painting profession for two years or more, were
below the age of 40 years, had no any systemic disease,
were not taking any medications for any chronic diseases
and provided consent to participate in the study. Any
artist who had undergone eye surgeries, had amblyopia
and strabismus were excluded from the study. A total of
525 participants participated into the study from six
clusters between November 2015 and December 2016.
Among the 525 participants, 121 participants (23.04%)
had significant refractive error (Myopia ≥ −0.50D, hyper-
metropia ≥ +0.50D and astigmatism ≥ −0.50D), and of
them, 51 participants had worn spectacles. Among the
spectacle wearers, only nine participants attained visual
acuity better than 0.1 Log MAR and were excluded from
analysis. Finally 112 participants qualified for further
analysis and were named as the refractive error group
(REG). Another 130 participants who were absolutely
emmetropic (Myopia <−0.25D, Hypermetropia <+0.25D,
Asitgmatism <0.25D), had visual acuity equal to or bet-
ter than 0.1 log MAR, and had no other accommodative

disorders, fusional vergence deficits, heterophoria or het-
erotropia and tear deficiency conditions, were assigned
as a normal cohort group (NCG).

Informed consent
Meetings with the supervisors were held to describe the
purpose of the study, and consent was taken from them
to conduct the study. A date for the assessment of symp-
toms related to their artwork and a detailed eye examin-
ation was fixed. After the purpose of the study was
explained to each participant, verbal informed consent
was obtained from them. The research protocol adhered
to the provision of the Declaration of Helsinki for re-
search involving human participants.

Assessment
Structured questionnaire
Visual symptoms were recorded from all the partici-
pants, with a structured questionnaire which was
developed by Howarth and Costello (1997) [24]. This
questionnaire consisted of nine items and each item
scoring consisted of 0 to 6 consecutive scales- i.e. no
symptom, very slight symptom, slight symptom, mild
symptom, moderate symptom, severe symptom and very
severe symptom respectively. The higher the scores
were, the more were the symptoms.
The English version of the questionnaire was trans-

lated to Nepali script and again back translated to
English to maintain the consistency of meaning of each
sentence. Pretesting was carried out among 10 patients
presenting at the OPD of B.P. Koirala Lions Center for
Ophthalmic Studies to check the patients’ understanding
of the questions.
Each questionnaire was read slowly and clearly for

every subject by a researcher, and they were asked for
their response that best suited to them. The internal
consistency reliability coefficient (Cronbach’s alpha) of
0.74 was revealed on testing collectively among partici-
pants with uncorrected refractive error and emmetropic
participants.

Examination
Uncorrected, presenting and best corrected visual acuity
was assessed in each eye with a Log MAR chart at a
three meter distance and the finding was recorded. A
diagnosis of amblyopia was made if the vision was 6/12
equivalent or worse in one or both eyes after a careful
eye examination including funduscopy through a dilated
pupil and cycloplegic refraction. Cycloplegic refrction
was performed in only those participants who had un-
stable refractive error, no improvement in visual acuity,
and hypermetropia.
Static retinoscopy was performed at 50 cm distance in

a moderately illuminated room with the aid of a
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retinoscope (Heine beta 200) and lens racks, and the
findings were recorded after deducting the working dis-
tance of +2.00D. A subjective refraction was carried out
to determine the spectacle correction which provided
optimal visual acuity. For prevalence estimation, signifi-
cant refractive error was defined as −0.50D or more for
myopia, +0.50D or more for hypermetropia and −0.75D
or more for astigmatism.
Anterior segment and posterior segment eye exam-

ination was carried out with the help of a portable
slit lamp and direct ophthalmoscopy (Heine, Beta
200). Cover tests aided by a bar at six meter and
40 cm distances, stereopsis at near with the Titmus
fly test, positive and negative fusional vergences with
prism bar at six meter and 40 cm distances, the near
point of convergence and the amplitude of accommo-
dation with the Royal Air Force ruler, binocular
accommodative facility with ±2.00D lens flipper at
40 cm distance, color vision with the Ishihara 38
plates, lag of accommodation at 40 cm distance by
the monocular estimation method, the Schirmer test
using Whatman-41 filter paper, and blink rate while
reading a newspaper without prior information were
also carried out.
Participants who had orthophoria, exophoria (equal to

or less than 4pd), esophoria (equal to or less than 2pd),
positive fusional vergence (break at 21pd for near and
19pd for distance), amplitude of accommodation
(greater than or equal to 2.00D than the age match as
calculated by Hofsetters formula), lag of accommodation
(+0.75 D to +1.25D), near point of convergence (equal
to or less than 10 cm), accommodative facility (equal to
or more than 10 cycles per minute), color vision test
(less than six plates error in counting), stereopsis (60 s
of arc or better), wetting of the Schirmer strip (equal to
or greater than 10 mm in 5 min) and a good blink rate
(equal to or greater than12 blink per minutes) were con-
sidered normal.

Data analysis
All the data were reviewed and analysed using the
Statistical Package for Social Sciences version 16.0.
Descriptive statistics were presented as frequency,
percentage, means and standard deviation. Ocular-
visual symptoms were presented in median. Variation
in distribution of participants and symptoms was ana-
lysed using the Kruskal Wallis test. Similarly age and
gender prevalence of refractive error was analysed
using Chi-square test. Correlation between mean of
total symptom score and myopia and astigmatism was
presented by the Pearson correlation coefficient. In all
analyses, a significance level of 0.05 was applied at a
95% confidence interval.

Results
Age and sex distribution of participants in the REG and
the NCG are presented in Table 1. The majority of par-
ticipants in the REG represents the age group above
30 years (Median: 33 years), whereas the majority of par-
ticipants in the NCG represents the age group below
30 years (Median: 26 years), the variation being signifi-
cant (p = 0.000). Mean age is 30.98 years (SD ± 6.89) in
the REG and 26.17 (SD ± 6.21) in the NCG. Males have
predominated (61.6%) the distribution in the REG
compared to the NCG, where almost equitable gender
distribution can be noted.
Distribution of visual symptoms is presented in Table 2.

Visual symptoms reported are relatively high among
Thangka artists. While comparing the findings between
the REG and the NCG, dry eye (p = 0.004) among exter-
nal symptoms and blurred vision (p = 0.003) among
internal symptoms are reported higher among the REG.
In contrast, the severity of symptom of watering is
significantly higher among the NCG (p = 0.02).
Age and sex distribution of percentage symptom

scores among the REG and the NCG is presented in
Table 3. There was a greater variation in reported

Table 1 Age and sex distribution of subjects in the Refractive Error Group (REG) and the Normal Cohort Group (NCG)

Characteristics Group variables Refractive Error Group No (%) Normal Cohort Group No (%)

Age group (Years) 16–20 7 (6.3) 29 (22.3) 0.000*

21-25 12 (10.7) 39 (30.0)

26–30 20 (17.9) 26 (20.0)

31–35 39 (34.8) 22 (16.9)

36–40 34 (30.3) 14 (10.8)

Mean age ± SD 30.98 ± 6.89 26.17 ± 6.21 0.000**

Sex Males 69 (61.6) 63 (48.5) 0.12#

Females 43 (38.4) 67 (51.5)

Total 112 (100) 130 (100)

*Significant for p-value <0.05 by Kruskal Wallis test
**Significant for p-value <0.05 by independent sample t-test
#Significant for p-value <0.05 by Chi-square test
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Table 2 Distribution of the visual symptoms in the Refractive Error Group (REG) and the Normal Cohort Group (NCG)

Symptoms Symptoms reported for at least once in percentage Percentage symptom scores Median p-value*

Items REG NCG REG NCG REG NCG

Internal symptoms

Tired eye 52.5 50.5 12.3 11.9 2 2 0.20

Sore or aching eye 61.0 55.8 12.6 12.9 2 3 0.35

Blurred vision 69.5 47.4 15.2 12.5 3 1 0.003

Double vision 23.7 20 8.2 8.1 1 1 0.95

External symptoms

Dry eye 44.1 36.8 11.8 9.6 1 1 0.004

Burning eye 55.9 52.6 12.9 13.5 2 2 0.86

rritated eye 47.5 45.3 10.5 10.6 2 1 0.25

Watering eye 37.3 49.5 9.0 12.6 1 1 0.02

General visual discomfort 18.6 25.3 7.5 8.3 1 1 0.80

REG Refractive error group, NCG normal cohort group
*Significant at p = value < 0.05 by Kruskal Wallis Test

Table 3 Age and sex distribution of symptom scores in the Refractive Error Group (REG) and the Normal Cohort Group (NCG)

Symptoms Subject groups Percentage symptom score

Age group in years Sex

16–20 21–25 26–30 31–35 36–40 P# Males Females P#

Internal symptoms

Tired eye REG 13.0 12.3 16.2 9.7 11.2 0.11 11.5 12.1 0.27

NCG 13.6 14.0 11.7 9.3 14.4 0.43 11.1 13.5 0.01

Sore or aching eye REG 17.4 12.9 14.0 11.8 10.1 0.06 10.7 14.2 0.25

NCG 15.0 12.4 12.3 13.8 12.3 0.82 12.2 13.9 0.02

Blurred vision REG 21.8 14.8* 16.2 14.5 18.2 0.87 17.9** 14.0 0.66

NCG 11.6 10.7 12.0 13.8 12.3 0.52 12.5 11.7 0.62

Double vision REG 8.7 7.7 6.0 9.5 8.5 0.55 7.9 8.9 0.02

NCG 9.0 7.8 6.0 9.1 8.4 0.56 8.2 7.9 0.71

External symptoms

Dry eye REG 5.8 6.5 12.0 11.8 10.8 0.20 11.9 8.9 0.18

NCG 10.3 9.1 12.9 11.0 9.8 0.31 9.9 11.2 0.07

Burning eye REG 14.5 14.2 12.0 15.4* 12.5 0.09 13.1 14.9* 0.80

NCG 11.6 12.4 15.7 11.9 11.3 0.12 13.4 12.1 0.55

Irritated eye REG 5.8 9.0 12.0 9.7 11.5 0.35 9.8 10.8 0.14

NCG 7.3 11.6 11.4 11.5 11.3 0.07 10.6 10.9 0.28

Watering eye REG 7.2 12.9 6.0 10.6 9.8 0.007 9.2 10.2 0.11

NCG 10.6 14.2 10.0* 12.1 10.8 0.20 12.6* 11.2 0.76

General visual discomfort REG 5.8 9.7 5.6 7.0 7.4 0.14 8.0 6.0 0.80

NCG 11.0 7.8 8.0 7.5 9.4 0.62 9.4 7.7 0.67

REG Refractive error group, NCG normal cohort group
#significant at p-value <0.05 by Kruskal Wallis test
*Significant at p-value <0.05 by Kruskal Wallis test
**Significant at p-value < 0.01 by Kruskal Wallis test
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symptoms by gender than the age group, and they are
mostly internal symptoms, such as tired eye (p = 0.01),
sore eye (p = 0.02) in females in the NCG and double
vision (p = 0.02) in females in the REG. However, blurred
vision is noted significantly high among participants
with the age group 21–25 years (p < 0.05) and males
(p < 0.01). Regarding external symptoms, burning eye
is recorded significantly higher among participants of
the age group 31–35 years (p < 0.05) and females (p <
0.05). In the REG, there has been a significant age
variation for watering eye (p = 0.007), and males have
reported significant higher symptom of watering eye
in the NCG (p < 0.05) than the REG.
Of the 112 participants with refractive errors, myopia

(between −0.50 and −6.00D) has become the most com-
mon refractive error among 83 participants (74.1%),
followed by astigmatism (between −0.50 and −2.00D) in
22 participants (19.6%) and hypermetropia (between
+0.50 and +2.00D) in seven participants (6.3%). Myopia
between −0.50D and −3.00D is reported among 78 par-
ticipants, whereas myopia between −3.25 and −6.00D is
noted only among five participants with mean refractive
error of −1.50 (SD 1.3). Similarly, mean refractive errors
for astigmatism is observed at −1.1 (SD 0.3), and for
hypermetropia at +0.8 (SD 0.2).
The association between visual symptoms and refract-

ive error in the REG is presented in Table 4. By compar-
ing symptoms among participants with myopia and
astigmatism, sore/aching eye (p = 0.003) and blurred
vision (p = 0.02) among internal symptoms and feeling
dry (p = 0.005) among external symptoms have been sig-
nificantly associated with astigmatism, whereas general
visual discomfort (p = 0.04) is observed higher among

myopic participants. The correlation (Fig. 1) between
myopia and mean of total symptom score shows a feeble
relationship (r = 0.038, p = 0.787) where as correlation
between astigmatism and mean of total symptom score
(Fig. 2) has been high (r = 0.445, p = 0.029).

Discussion
The present study reports the visual symptoms and their
association with refractive errors, particularly myopia
and astigmatism among Thangka artists.
Regarding spectacle wear, 70 participants (57.9%)

among the REG didn’t wear spectacle and another 42
participants (34.7%) wore an improper correction. This
finding of not wearing spectacle is significantly higher
than the previous study from Nepal among video display
terminal (VDT) users, where refractive error was uncor-
rected in only 14 participants (18.4%) who presented
with asthenopia in clinical settings [25]. In our study the
majority of participants have a small magnitude of re-
fractive errors and are mostly myopic (Myopia ≤ −2.00D
in 60 participants; Myopia > −2.00 ≤ −6.00D in 11 partic-
ipants; astigmatism ≤ −1.50 in 34 participants; hyperme-
tropia ≤ +1.00D in 7 participants). The VDT users were
the participants who presented to clinical setting owing
to the visual symptoms. There is a possibility that they
were more aware regarding need of periodic eye examin-
ation or symptomatic than Thangka artists.
The overall visual symptoms reported for at least once

(Table 2) among the REG (45.6%) are slightly higher
than the NCG (42.6%), The mean difference between the
total symptom scores for the REG (2.16 ± 0.74) and the
NCG (1.98 ± 1.08) is noted at only 0.18, which is statisti-
cally insignificant (t = 1.17, p = 0.24). However, among

Table 4 Association between visual symptoms and refractive error in the Refractive Error Group

Symptoms Percentage symptom score

Types of refractive error

Myopia Hypermetropia Astigmatism #p-value*

Internal symptoms

Tired eye 12.5 8.0 12.8 0.43

Sore or aching eye 12.5 5.3 14.9 0.003

Blurred vision 14.6 16.0 17.0 0.02

Double vision 8.9 5.3 6.6 0.72

External Symptoms

Dry eye 11.1 8.0 15.3 0.005

Burning eye 12.5 18.7 12.5 0.41

Irritated eye 10.3 10.7 11.1 0.078

Watering eye 9.1 20 5.6 0.93

General visual discomfort 8.5 8.0 4.2 0.04
#comparison between myopia and astigmatism
*Significant at p-value <0.05 by Kruskal Wallis test
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the items, percentage symptom scores for blurring of vi-
sion (p = 0.001) and dry eye (p = 0.004) are significantly
greater for the REG than the NCG. All the participants
in the REG had either uncorrected or improperly cor-
rected refractive error. It is clear from the findings why
there was a significant reporting of blurred vision in the
REG. In contrast, the symptom of watery eye was signifi-
cantly higher among the NCG (p = 0.02) than the REG.

Many studies [18, 25–28] reported symptoms associated
with near work, but the type of symptom was different de-
pending upon the nature of work. Untimanon et al. (2008)
have reported eye burning (26.6%), eye pain (14.0%) and
eye irritation (11.2%) among electronic and jeweler
workers [26]. Similarly, Amelia et al., (2010) have reported
a high prevalence of asthenopia at 69.7% among computer
using students as a result of accommodative insufficiency

Fig. 1 Correlation between myopia and mean of total symptom score

Fig. 2 Correlation between astigmatism and mean of total symptom score
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[27]. Salve has reported not only the high prevalence of
symptoms (65.2%), but also a high level of job related
complaints among jeweler manufacturing workers [28]. In
the Wajuihian study, headache was the most prevalent
symptom that accounted for 40.8% of all symptoms
among school age children [18]. Shrestha et al. (2011)
have reported tired eye as the most common symptoms
reported by 88.2% with headache being the most intense
symptom represented by 13.3% of total symptom score
among computer users attending to the hospital [25]. The
findings of these studies are not absolutely related to re-
fractive error alone except in the Wajuihian study. We
have not included systemic symptoms like headache,
should pain, neck pain and back pain, which was reported
in the other studies. The difference in asthenopia across
the studies can be influenced by classification, types and
recording of asthenopia. Moreover, they are recorded in
different age group, occupation and research settings. It is
clear from the findings that visual symptoms are signifi-
cantly higher among all Thangka artists irrespective of
refractive errors, though the symptoms tend towards the
REG indicating prolonged near and minute work mani-
fests visual symptoms.
For the age and sex distribution of symptom scores,

there are little difference in symptoms between the REG
and the NCG (Table 3), especially among females of the
NCG for tired eye (p = 0.01) and sore eye (p = 0.02), and
females of the REG for double vision (p = 0.02).
Similarly, the symptom of burning eye was also higher
(p < 0.05) among females of the REG than the NCG.
However, blurred vision has been reported higher (p <
0.01) among males of the REG than the NCG. Literature
suggests most symptoms were more frequent in females
than in males suggesting that females may have more
symptoms and more frequently than do male patients,
or that more females than males were more likely to re-
port symptoms more frequently [20]. Our study also
suggests that the symptoms are slightly inclined towards
females than males. Related to these findings, looking
downward gaze for near work and decreased blinking
has greater likelihood of manifesting dry eye symptoms
which includes burning and tearing. Also females in
menstrual cycle or on contraceptives would also report
more dry eye symptoms. Though, in our study, those
participants with reduced blink rate and the Schirmer
value have been excluded, blink rate was not assessed
while they were painting. Also, the Schirmer value
doesn’t represent the wide spectrum of dry eye analysis.
Likewise, we did not assess the history related to the
contraceptive use and periodic symptoms of dryness
among females, especially regarding the period of men-
strual cycle. The Wajuihian study has also reported three
symptoms viz headache, photophobia and redness more
associated with females [18].

Literature have reported low hyperopia was the reason
for poor reading and low academic performance and as-
sociated with asthenopic symptoms like intermittent
blur, headache, fatigue, loss of concentration, eye strain
and even inattention in some children [29, 30]. However,
hypermetropia being present in only seven participants,
we didn’t entertain them for further analysis. Consider-
ing the fact that the hypermetropia is more relevant
when considering the accommodating demand at near
task for Thangka artists, further study may be warranted
regarding assessing association between the symptoms
and hyperopic refractive error. As we compared
symptoms between myopia and astigmatism, sore/ach-
ing eye (p = 0.003), dry eye (p = 0.005) and blurred
vision (p = 0.02) have significantly associated with
astigmatism. It is clear that uncorrected astigmatism
may cause continuous adjustment in the ciliary mus-
cles in trying to compensate for the error, therefore
leads to asthenopia. However, general visual discom-
fort (p = 0.04) has associated with myopia. This find-
ing aligns with the findings of previous studies for
association between symptoms and astigmatism [18].
However, headache was the most associated symptom
with astigmatism [18.30]. Even a low magnitude of
astigmatism is the most common refractive cause of
ocular headaches in young individuals [31]. In our
study, we have included participants having astigma-
tism equal to or greater than −0.50D. Our study has
a limitation in the part that systemic symptoms were
not included in the study to compare with refractive
error. For this reason, our findings may not be dir-
ectly comparable to the previous reports.
Against-the-rule and oblique astigmatism are suggest-

ive to produce more blur and symptoms than with-the-
rule [3, 31]. In our study, the majority of the astigmatic
participants (72.7%) have with-the-rule astigmatism
followed by against-the rule astigmatism (18.2%) and
minimal cases of oblique astigmatism (9.1%).
The present study is conducted in just a small segment

of occupational groups and sample size is even smaller
for the comparison of components of refractive errors
with the symptoms. The systemic symptoms are not
included in the questionnaire. Generalization of the
findings may be limited because of all these factors.

Conclusion
Finally, it is clear that a significant proportion of
Thangka artists have refractive error and visual symp-
toms especially among females. The mostly commonly
reported symptoms are blurred vision and dry eye
among participants with refractive error and watering
eye among normal participants. The visual symptoms
appear to be more correlated with astigmatism than
myopia.
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