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AbsTrACT
Aim To reassess the association between near work, 
outdoor exposure and myopia in children through an 
objective approach.
Methods Eighty- six children (10.13±0.48 years) were 
asked to wear Clouclip, a newly developed wearable 
device that is able to measure working distance and 
eye- level illuminance, for a complete week to obtain 
information on near work and outdoor exposure. The 
mean daily Clouclip wearing time was 11.72±1.14 hour. 
The spherical equivalent refraction was determined by 
cycloplegic autorefraction.
results The myopic children were found to be exposed 
to light intensities >3000 lux (0.68±0.50 hour vs 
1.02±0.53 hour, p=0.012) and >5000 lux (0.42±0.35 
hour vs 0.63±0.31 hour, p=0.004) for shorter durations 
on average each day than the non- myopic children. 
Additionally, the myopic children spent more time on 
average each day on activities at a distance of <20 cm 
than non- myopic children (1.89±0.61 hour vs 1.52±0.77 
hour, p=0.019). In the multivariate logistic analysis, 
the time spent with a higher light intensity (>3000 lux 
(OR=0.27, 95% CI: 0.10 to 0.72, p=0.009); >5000 
lux (OR=0.11, 95% CI: 0.02 to 0.56, p=0.008)) and a 
working distance of <20 cm (in a circumstance of >3000 
lux (OR=1.17, 95% CI: 1.09 to 1.86, p=0.038) or in 
that of >5000 lux (OR=1.12, 95% CI: 1.03 to 1.77, 
p=0.046)) were the independent protective factors and 
risk factors, respectively.
Conclusion The current study provides novel evidence, 
based on objective data, to support the association 
between the intensity of near work, light intensity and 
myopia. However, the causality and the dose- effect 
relationship need to be investigated further.

InTroduCTIon
Myopia is generally thought to be caused by both 
genetic and environmental factors. Given the rapid 
increase in myopia prevalence in the past decades, 
environmental factors clearly play an important 
role in the development of myopia.1 Near work and 
the time spent outdoors are the two most studied 
environmental factors related to myopia.

Although studies investigating the relation-
ship between near work and myopia have been 
conducted centuries ago, the findings from them 
have been controversial.2 This controversy may 
be related to the differences in study designs, defi-
nitions of myopia and the quantitative metrics of 
near work.3 However, the most important reason 
for the controversy is the method used to quan-
tify near work. Questionnaires, for example, have 

been doubted for their reliability in terms of accu-
racy.4 5 Therefore, to address this question, a real- 
time, objective approach to quantify near work 
must be developed first. In fact, a recent study 
showed that the time spent on near- work activities 
that was estimated by the questionnaire tended to 
be overestimated compared with that recorded by 
an objective device RangeLife.6

Compared with the relationship between near 
work and myopia, the relationship between the 
time spent outdoors and myopia is relatively well 
accepted. A number of studies have reported a 
correlation between an increased amount of time 
spent outdoors and a lower risk for myopia devel-
opment.7 8 In addition, the treatment effect against 
myopia onset has been demonstrated in several 
school- based trials.9–11 Since bright light has been 
found to be an independent protective agent to 
inhibit myopia onset in chicks,12 13 monkeys14 15 and 
humans,16 exposure to bright light outdoors seems 
to be the critical reason for the efficacy of outdoor 
activities. A question following this implication is 
whether a dose- effect relationship exists between 
light intensity and treatment efficacy or whether at 
least a specific threshold of light intensity influences 
the treatment effect. Obviously, measuring the 
exposure of bright light in a quantitative manner 
is required to answer this question. In light of this, 
a number of devices have been applied in recent 
years, including wristwatch- like devices, such as 
Actiwatch17 and Fitsight,18 and devices worn on 
clothes, such as HOBO.9 However, the illuminance 
obtained by these devices does not match the level 
perceived by the eye.

The Clouclip device was first developed to be 
attached to spectacle arms, and it uses an infrared 
sensor to give a warning signal when the head posi-
tion is too close to a desk or book while reading. 
In its research configuration, it measures distance 
to the nearest surface along the line of sight and 
collects information on light intensity along the 
line of sight. In brief, the infrared distance sensor 
emits a beam of infrared light, which reflects after 
irradiating the object. Then, the sensor receives 
the reflected signal, uses the charge- coupled device 
image to process the time difference between the 
transmission and reception data and calculates the 
distance. The light intensity sensor converts light 
intensities to voltage values to calculate the illu-
minance. Our previous study showed that Clou-
clip has high accuracy and good repeatability for 
measuring the working distance and ambient light 
intensity.19
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Figure 1 The Clouclip device. Locations of the sensors in the Clouclip device (A) and Clouclip attached to the right arm of a spectacle frame (B).

Considering this advantage, we used Clouclip to collect near 
work and outdoor activity data and analyse the environmental 
risk factors to which myopic and non- myopic children are 
typically exposed, and we aimed to illustrate the relationship 
between these risk factors and the children’s refractive status.

MeThods
Participants for this study were recruited from a group of fifth 
grade students at Lao Liangcang Primary School; the school is 
located in Ningxiang, a county- level city that is located near 
Changsha, has a population of approximately 1.4 million and 
is located in Hunan Province in central China. All participants 
underwent a comprehensive ocular examination, including an 
ocular health assessment and cycloplegic autorefraction. Cyclo-
plegia was induced with three cycles of cyclopentolate 1% (one 
drop) instilled 5 min apart. The cycloplegic status was then eval-
uated by testing the light reflex 30 min after the last administra-
tion of cyclopentolate. An autorefractor (model AR-1, Nidek, 
Aichi, Japan) was used to perform the autorefraction. A spher-
ical equivalent refraction was calculated as sphere power +1/2 
cylinder power. Only participants with normal ocular health and 
a spherical equivalent refractive error between −6.00 D and 
+1.00 D and anisometropia of <1.00 D were included in the 
study.

After the study was explained and before the examination, 
written consent was obtained from the students and their parents. 
The study complied with the tenets of the Helsinki Declaration.

The Clouclip device (Glasson Technology Co Ltd, Hangzhou, 
China) has a built- in infrared distance sensor (measurement 
range: 15 to 60 cm) and a light intensity sensor (measurement 
range: 1 to 655 336 lux) for detecting the working distance and 
ambient light intensity in real time (figure 1). The field of view 
of the infrared distance sensor is 25 degrees. Clouclip is also 
equipped with a three- axis accelerometer (X, Y and Z axes). If 
the triaxial accelerometer does not detect any change for more 
than 40 s, the Clouclip enters ‘sleep mode’, and no data are 
recorded. Clouclip is otherwise programmed to measure the 
working distance every 5 s and ambient illuminance every 120 
s. It is worn on the right arm of an eyeglass frame to measure 
the viewing distance and eye- level illuminance along the line of 
sight. For the individuals who did not wear spectacles, frames 
without lenses were provided so that Clouclip could be fitted. 
The participants were required to wear Clouclip throughout 
the day, except during bathing and sleeping, continuously for 
1 week (including 5 weekdays and 2 weekend days) and were 

encouraged to perform their daily activities as usual during the 
week. To improve compliance, teachers and parents were asked 
to check whether the participants were wearing the devices every 
day at school or at home.

Following the week during which the participants wore the 
device, all raw data, including working distance, eye- level illu-
minance and the corresponding data collection time points, 
were downloaded from the cloud platform. The data collected 
between 07:00 a.m. and 20:00 p.m. were used in the study, as 
this period encompassed the times during the day at which the 
vast majority of light exposure and near work occurred for all 
subjects. Furthermore, only data obtained from at least 80% of 
the total required wearing time during the day were considered 
valid. A valid data set for a subject was identified as a data set 
that spanned a valid period of time, which included at least 3 
days during the week and at least 1 day during the weekend.

To conduct a comprehensive evaluation of near work and light 
exposure and their effects on refractive error, different metrics 
based on the viewing distance and light intensity were calcu-
lated. For near work, the following parameters were calculated: 
(1) average daily near- work distance, which was the mean of 
the viewing distances for each day; (2) average daily frequency 
of continuous near work, which was defined as near work that 
lasted continuously for more than 30 min with an interruption 
of <60 s (ie, the time spent at a distance between periods of 
near work was <60 s) and (3) average daily time of exposure to 
a viewing distance under various distance thresholds (<60 cm, 
<50 cm, <40 cm, <30 cm, <20 cm). For light exposure, the 
following metrics were included: (1) average daily light intensity, 
(2) average daily time of exposure to bright light above various 
intensity thresholds (>1000 lux, >2000 lux, >3000 lux, >5000 
lux) and (3) average daily frequency of outdoor exposure, that 
is, the number of transitions between indoor (<1000 lux) and 
outdoor (≥1000 lux) exposure. In addition, the time distribu-
tion of the average light intensity and average near work distance 
per 2 min was also analysed to compare the difference in the 
temporal patterns of these two metrics between the myopic and 
non- myopic children.

statistical analysis
A t- test with two independent samples for quantitative variables 
or a χ2 test for categorical variables was conducted to compare the 
differences in potential factors associated with myopia between 
the myopic and non- myopic children. A logistic regression was 
constructed with myopia as the binary outcome variable. The 
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Figure 2 Temporal patterns of light exposure (A) and near- work activities between the non- myopic and myopic children (B). The light exposure 
data was plotted on a log scale. Significantly different levels of light intensity experienced by the two groups were observed in the periods of 10:10 
a.m.~10:30 a.m., 12:20 p.m.~14:10 p.m. and 16:00 p.m.~17:30 p.m. Significantly different levels of near- work distance were also noted in the 
periods of 10:10 a.m.~10:30 a.m., 12:30 p.m.~14:00 p.m. and 17:30 p.m.~20:00 p.m.

explanatory variables included age, sex, parental myopia history, 
average daily time spent within a working distance of <20 cm, 
average daily near work distance and average daily time spent 
with a light intensity of >3000 or >5000 lux. The interaction of 
the two explanatory variables was accounted for in the logistic 
regression. Statistical analyses were performed using SPSS 25.0 
(SPSS Inc, Chicago, Illinois). The cut- off value for statistical 
significance was set at a two- tailed p value of <0.05.

resulTs
A total of 86 fifth grade students with a mean age of 10.13±0.48 
years were included in the study, of whom 42 (48.84%) were 
boys and 44 (51.16%) were girls. All participants underwent 
a cycloplegic autorefraction, and the mean spherical equiva-
lent refraction (SER) was −0.35±1.26 D. Among all subjects, 
32.56% (28/86) were myopic, which was defined as an SER 
≤−0.50 D. Overall, the compliance of all participants in terms 
of wearing Clouclip was satisfactory. Specifically, the mean 
valid weekdays were 3.98±0.36 d and the mean valid weekend 
days were 1.13±0.11 d. Furthermore, the mean daily Clouclip 
wearing time was 11.72±1.14 hour.

The temporal patterns of light exposure and near- work 
activities are shown in figure 2. Overall, the non- myopic and 
myopic children showed similar temporal patterns for these 
two environmental factors. However, there were some episodes 
in which varied exposure to these environmental factors 
between the two groups was observed. For instance, the light 

intensity experienced by the non- myopic children was signifi-
cantly greater than that experienced by the myopic children-
between 10:10 a.m. and 10:30 a.m. (2992.17±482.46 lux vs 
1490.34±349.57 lux, p<0.001), between 12:20 p.m. and 14:10 
p.m. (1366.28±211.42lux vs 815.61±129.37 lux, p<0.001), 
and between 16:00 p.m. and 17:30 p.m. (1215.92±177.13 
lux vs 756.11±114.90 lux, p<0.001). For near work, the non- 
myopic children exhibited significantly longer viewing distances 
than the myopic children between 12:30 p.m. and 14:00 p.m. 
(33.25±2.89 cm vs 26.54±1.73 cm, p=0.008) and between 
17:30 p.m. and 20:00 p.m. (34.93±3.16 cm vs 28.99±1.81 
cm, p=0.001). However, it was noted that between 10:10 am 
and 10:30 am, the non- myopic children showed a significantly 
shorter viewing distance than the myopic children.

Table 1 shows the difference in the potential factors poten-
tially associated with myopia between the myopic and non- 
myopic children. There was no difference in the average daily 
exposure duration with light intensity intensities of >1000 lux 
and 2000 lux between the myopic children (1.67±0.70 hour, 
0.97±0.68 hour) and the non- myopic children (1.98±0.93, 
1.19±0.65 hour) (p=0.132, p=0.067). However, the myopic 
children were exposed to light intensities of >3000 lux and 
>5000 lux for shorter durations than were the non- myopic chil-
dren. The average differences in the durations were 0.34 hour 
(p=0.012) and 0.21 hour (p=0.004), respectively. Addition-
ally, the myopic children spent more time on activities within 
a working distance of 20 cm than the non- myopic children did 
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Table 1 Comparison of the factors potentially associated with myopia between myopic and non- myopic children

Myopic (≤−0.5d, n=28) non- myopic (>−0.5d, n=58) P values

Age (years) 10.10±0.56 10.14±0.44 0.712

Males (n, %) 13 (46.4%) 29 (50.0%) 0.756

Females (n, %) 15 (53.6%) 29 (50.0%)

No myopic parents (n, %) 18 (64.3%) 37 (63.8%) 0.964

One or two myopic parents (n, %) 10 (35.7%) 21 (36.2%)

Average daily light intensity (lux) 739.40±429.13 831.70±440.02 0.054

Average daily time spent with a light intensity of >1000 lux (h) 1.67±0.70 1.98±0.93 0.132

Average daily time spent with a light intensity of >2000 lux (h) 0.97±0.68 1.19±0.65 0.067

Average daily time spent with a light intensity of >3000 lux (h) 0.68±0.50 1.02±0.53 0.012*

Average daily time spent with a light intensity of >5000 lux (h) 0.42±0.35 0.63±0.31 0.004*

Average daily frequency of outdoor exposure 7.22±1.53 8.31±1.71 0.074

Average daily time spent within a working distance of <60 cm (h) 5.12±1.97 6.06±2.28 0.063

Average daily time spent within a working distance of <50 cm (h) 4.61±1.75 5.28±1.97 0.109

Average daily time spent within a working distance of <40 cm (h) 3.70±1.50 4.02±1.64 0.371

Average daily time spent within a working distance of <30 cm (h) 3.06±1.30 2.92±1.20 0.692

Average daily time spent within a working distance of <20 cm (h) 1.89±0.61 1.52±0.77 0.019*

Average daily near work distance (cm) 31.24±4.85 33.86±3.37 0.011*

Average daily frequency of continuous near work 1.98±1.26 2.16±1.22 0.364

Note: The asterisks indicate statistical significance.

Table 2 Logistic regression of the factors potentially associated 
with myopic or non- myopic students when the threshold of exposure 
to light intensity was set at 3000 lux

Variables or

95% CI

P valueslower upper

Age 0.94 0.61 1.17 0.152

Sex 1.15 0.72 2.04 0.223

Parental myopia history 1.24 0.81 1.99 0.106

Average daily time spent within a working 
distance of <20 cm (h)

1.17 1.09 1.86 0.038*

Average daily near work distance (cm) 0.95 0.31 1.94 0.104

Average daily time spent with a light 
intensity of >3000 lux (h)

0.27 0.10 0.72 0.009*

Cox and Snell R2 0.084

Note: The asterisks indicate statistical significance.

Table 3 Logistic regression of the factors potentially associated 
with myopic or non- myopic students when the threshold of exposure 
to light intensity was set at 5000 lux

Variables or

95% CI P values

lower upper

Age 0.97 0.73 1.09 0.113

Sex 1.31 0.69 2.25 0.273

Parental myopia history 1.09 0.63 1.95 0.138

Average daily time spent within a working 
distance of <20 cm (h)

1.12 1.03 1.77 0.046*

Average daily near work distance (cm) 0.99 0.74 1.65 0.122

Average daily time spent with a light 
intensity of >5000 lux (h)

0.11 0.02 0.56 0.008*

Cox and Snell R2 0.097

Note: The asterisks indicate statistical significance.

(1.89±0.61 hour vs 1.52±0.77 hour, p=0.019). The myopic 
children also performed near work at a shorter distance than 
the non- myopic children did (31.24±4.85 cm vs 33.86±3.37 
cm, p=0.011). Nevertheless, no significant difference between 
the myopic and non- myopic children was found in the age, sex, 
parental myopia history, light intensity, time spent with a light 
intensity of >1000 lux, time spent with a working distance of 
>30 cm and average frequency of continuous near work and 
outdoor exposure.

To further clarify which factors are independently associated 
with myopia, a logistic regression was performed after adjusting 
for age, sex and parental myopia history. As shown in table 2, 
the time spent with a light intensity of >3000 lux was protective 
against myopia (OR=0.27, 95% CI: 0.10 to 0.72, p=0.009). 
According to another independent analysis (table 3), the time 
spent with a light intensity of >5000 lux was also found to be a 
protective factor for myopia (OR=0.11, 95% CI: 0.02 to 0.56, 
p=0.008). In contrast, the time spent within a working distance 
of <20 cm was found to be a risk factor for myopia (OR=1.17, 
95% CI: 1.09 to 1.86, p=0.038; OR=1.12, 95% CI: 1.03 to 

1.77, p=0.046) at both thresholds of light intensity included in 
the regression model.

dIsCussIon
This is the first study to explore the relationships between light 
exposure, near work and myopia through objectively measured 
data. It was found that the time spent with a light intensity of 
>3000 lux was a protective factor for myopia, while the time 
spent within a working distance of <20 cm was a risk factor for 
myopia.

Whether there is an association between near work activi-
ties and myopia has been debated for centuries.2 Huang et al 
summarised 15 cross- sectional and 12 longitudinal studies 
published between 1989 and 2014 in a systematic review.3 
Among all these studies, only 10 cross- sectional and 4 longitu-
dinal studies suggested an association between near work and 
the incidence or progression of myopia, while the others did not. 
One reason for the inconsistency across these studies was the 
varied ‘parameter’ that was used to quantify near work, although 
a questionnaire or diary was the most commonly used method. 
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Conventionally, near work activities have been quantified only 
by the duration. Later, accommodation- weighted measures (ie, 
dioptre- hours) were proposed for the assessment of near work.20 
However, more recently, the duration of near work activities that 
occur only within a certain distance has been considered a more 
robust indicator of myopiogenic effects. For instance, Quek et al 
found that the risk of myopia increased by 80% for the subjects 
who engaged frequently in reading at a close distance (<30 cm) 
compared with that for subjects who never engaged in reading 
within this distance.21 Similarly, Ip et al reported that a close 
reading distance (<30 cm) independently increased the odds 
of having myopia in children by 250%.22 The results from the 
Anyang Childhood Eye Study also showed that a close reading 
distance, defined by a different threshold (≤20 cm), was signifi-
cantly associated with a longer axial length.23 However, these 
reported near- work distances were questionnaire- based and 
therefore could only provide ambiguous thresholds for the ‘risk’ 
zone of near- work activities. In contrast, here, we used Clou-
clip to record the working distance objectively in real time to 
clarify the issue. Consistent with previous studies, the time spent 
at a close working distance (<20 cm) was found to be associated 
with myopia, further suggesting that only near work activities 
that occur within a certain distance are an important risk factor 
for myopia.

Prior to the development of Clouclip, several previous studies 
attempted to quantify outdoor activities, or more precisely, 
the ambient illuminance, by other wearable devices. Read et 
al adopted Actiwatch to measure light intensity.17 The authors 
found that more daily light exposure and more time exposed to 
light levels of >3000 lux per day were significantly associated 
with less axial eye growth. Additionally, in a clinical trial inves-
tigating the anti- myopia effect by promoting outdoor activities, 
Wu et al used another wearable device, HOBO, to measure light 
intensity.9 The authors reported that an increase in exposure 
time to 70 min per week to a light intensity of approximately 
>1000 lux can reduce the risk of myopia development by 35%. 
The current study also confirmed the presence of a negative 
association between the duration of elevated light intensity and 
myopia (ie, a longer exposure time to an elevated light inten-
sity is correlated with a non- myopic status), but this association 
only existed when the cut- off value of the elevated light inten-
sity was set to 3000 lux or higher. Although the threshold of 
effective light intensity seems to have been varied between these 
studies, it is rather difficult to compare the values directly due 
to the different study designs and devices used in these studies. 
HOBO is generally worn on the shirt (collar or chest)24 with 
the light sensor facing outward. Actiwatch is a wrist- worn 
device25 whose direction of measurement depends on the wrist 
positioning. However, as mentioned earlier, the Clouclip is a 
spectacle- mounted device that measures light exposure along the 
line of sight. Very recently, another spectacle- mounted device, 
RangeLife, was developed, but the related report was very 
limited.6 A future investigation of the impact of the measure-
ment position and angle may facilitate the comparison of the 
values acquired from these devices across other studies.

In the current study, we also sought to compare the temporal 
patterns of light exposure and near- work activities between these 
two groups of subjects. Despite an overall similar pattern, these 
two groups showed varied patterns of exposure to these envi-
ronmental factors in some specific episodes. The episode from 
12:20 p.m. to 14:10 p.m. corresponded to when the children 
had afternoon self- study. It seems that the non- myopic children 
tended to go outdoors, while the myopic chidlren more likely 
to stay in the classroom to study during this period. Another 

episode from 16:00 p.m. to 17:30 p.m. corresponded to when 
the children left school. A plausible assumption might be that 
the non- myopic children walk home, while their myopic peers 
ride in a vehicle, in which the ambient illuminance is usually 
much lower than that of outdoor environments. The largest 
difference in light intensity experienced was observed between 
10:10 a.m. and 10:30 a.m., which corresponded to the time 
for outdoor physical exercise during class recess. This finding 
further supports the assumption that non- myopic children spend 
more time outdoors than their peers. In contrast, the myopic 
children exhibited significantly shorter viewing distances than 
the non- myopic children in two typical episodes during which 
they completed assignments (from 12:30 p.m. to 14:00 p.m. 
and from 17:30 p.m. to 20:00 p.m.), indicating that these two 
groups of subjects demonstrate different postures when reading 
and writing. It was surprising that during class recess for outdoor 
physical exercise (between 10:10 a.m. and 10:30 a.m.), in which 
the non- myopic children experienced much higher light inten-
sities than their myopic peers, the non- myopic children showed 
significantly shorter viewing distances than the myopic children 
did. Nevertheless, an additional analysis revealed that during 
this period, only 8.62% (5/58) of the non- myopic children were 
actually engaged in near- work activities, while 50% of (14/28) 
of the myopic children were engaged in near- work activi-
ties. Therefore, it is understandable that the non- myopic chil-
dren experienced higher light intensities while simultaneously 
showing closer viewing distances.

The thresholds of these two major environmental factors may 
help provide relevant references for environmental modifica-
tions with regard to myopia control. Nevertheless, the specific 
level of these risk factors should not be over- extrapolated, 
considering the limitations of the study. First, although the study 
covered the activities performed on both weekdays and weekend 
days and the students’ schedules of activities tended to be rela-
tively regular, the Clouclip device was worn for only 1 week, 
which might not fully represent the visual behaviour of the 
subjects. Second, the relatively small sample size in the current 
study may not be sufficient to accurately assess the quantitative 
relationship between environmental factors and refractive error. 
Third, since the habitual near work distance is correlated with 
body height and the exposed level of light intensity also relies on 
the latitude of the study site, future studies in other populations 
are warranted. Last but not least, given the nature of the cross- 
sectional design of the study, we recommend that these findings 
are further confirmed by prospective studies.

In conclusion, by measuring near- work intensity and light- 
level illuminance with Clouclip, the association between these 
environmental factors and myopia was confirmed. However, the 
causality and the dose- effect relationship need to be investigated 
further.
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and ZY are joint corresponding authors.
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