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Abstract
·AIM: To investigate the prevalence of and risk factors
for lens opacities in populations living at two different
altitudes in China.

·METHODS: A total of 813 subjects aged 逸40y in Lhasa
(Tibet Autonomous Region, China. Altitude: 3658 m) and
Shaoxing (Zhejiang Province, China. Altitude: 15 m) were
underwent eye examinations and interviewed in this
cross -sectional study. Participants' lens opacities were
graded according to the Lens Opacities Classification
System II (LOCS II) and the types of opacities with LOCS
II scores 逸2 were determined. Univariate and stepwise
logistic regression were used to evaluate the
associations of independent risk factors with lens
opacities.

· RESULTS: Lens opacities were significantly more
prevalent in the high -altitude than in the low -altitude
area ( 2 =10.54, <0.001). Lens opacities appear to
develop earlier in people living at high than at low
altitude. The main types of lens opacity in Lhasa and
Shaoxing were mixed (23.81% ) and cortical (17.87% ),
respectively. Independent risk factors associated with all
lens opacities were age, ultraviolet (UV) radiation exposure,
and educational level. Compared with participants aged
40 -49y, the risk of lens opacities increased gradually
from 2 to 85 times per 10y [odds ratio (OR)=2.168-84.731,
约0.05). The risk of lens opacities was about two times

greater in participants with the highest UV exposure than
in those with the lowest exposure (OR=2.606, =0.001).
Educational level was inversely associated with lens

opacities; literacy deceased the risk by about 25%
compared with illiteracy (OR=0.758, =0.041).

·CONCLUSION: Old age, higher UV exposure and lower
educational level are important risk factors for the
development of lens opacities. Lens opacities are more
prevalent among high -altitude than low -altitude
inhabitants.
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INTRODUCTION

A ge-related lens opacity (cataract) is the leading cause of
blindness worldwide [1-2]. Of an estimated 39 million

blind people worldwide in 2010, 51% of cases were
attributed to cataract [3]. As populations age, the number of
blind people is expected to double by 2025 [4]. Age-related
cataracts account for 80% of all cataracts [5]. More than 60
million patients in China had cataracts in 2007, and more
than 7 million had disabilities caused by cataracts [6]. The
burden of cataract is expected to pose increasing challenges
for healthcare systems in future years.
Ultraviolet (UV) radiation, an important ambient factor
associated with age-related lens opacity, was taken as a
continual focus of research for several decades [7]. Many
epidemiological studies of sunlight and cataract with diverse
designs and approaches were conducted. Generally, sunlight
or UV exposure was quantified using annual or daily hours
of sunshine [8-10], average daily erythemal UVB exposure [11],
indoor/outdoor occupation and residential history [12-13], or a
UVB or UVA exposure index combined with ambient solar
or UV radiation and personal behavior [14-15]. Assessment
endpoints of the effects of sunlight or UV radiation on
cataract were typically the prevalence of cataract under a
given UV exposure condition [8-9] or associations between
different types of lens opacity and sunlight or UV exposure,
expressed as odds ratios (ORs) [16-17]. Due to differences in
examination methods and diagnostic or evaluative criteria,
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the results of these studies were usually not compared and
some were controversial.
Latitude and altitude are two basic geographical factors that
influence the intensity of UV radiation. UV exposure and the
prevalence of age-related cataract increase with decreasing
latitude and increasing altitude [10]. Lhasa (Tibet Autonomous
Region, China. Altitude: 3658 m; latitude: 29.7毅 N) is one of
the high altitude areas of human being to exposure high
intensity UV radiation, it is the highly valuable area of
human survival with extreme UV exposure in the world. The
herdsmen live here with extreme higher UV exposure is rare
in the traditional style of life. Moreover, because modern life
style will make herders less to outdoor activities, it is very
difficult to search such effects of higher UV exposure on
cataract in the future, our present research provided
important exposure upper limit information on dose response
relationship between UV exposure and cataract, and
Shaoxing (Zhejiang Province, China. Altitude: 15 m; latitude:
30.2毅 N) was taken as control. Thus, the current study was
conducted to explore the prevalence of lens opacities in
populations living at two different altitudes but similar
latitudes, and to examine the risk factors for all lens
opacities.
SUBJECTS AND METHODS
Ethics Statement The ethics committee of China Medical
University approved the study protocol and all subjects
provided written informed consent before participating.
Subjects Subjects were from rural areas at high (Lhasa,
Tibet Autonomous Region, China. Altitude: 3658 m;
latitude: 29.7毅 N) and low (Shaoxing, Zhejiang Province,
China. Altitude: 15 m; latitude: 30.2毅 N) altitudes in China.
In both areas, we notified local residents of the research aim
with the help of village committees and invited them to
participate in the study. Only native-born local residents aged
逸40y who had not migrated were enrolled. All subjects
were farmers with stable, regular lifestyles and simple daily
routines. Subjects with glaucoma, pseudophakia, and
bilateral aphakia were excluded.
Lens Examination and Lens Opacity Classification
Following dilation with 1% tropicamide and 2.5%
phenylephrine, participants' lenses were examined using a
slit lamp. The Lens Opacities Classification System II
(LOCS II) [17] was used to classify opacities into seven
cortical (C0, Ctr, CⅠ -CⅤ ), five nuclear (N0-NⅣ ), and five
posterior subcapsular (PSC; P0-PⅣ ) grades of increasing
severity, according to photographic standards. Individuals
with a single type of opacity (LOCS II grade 逸2) in one or
both eyes were assigned to the cortical, nuclear, or PSC
opacity category, as appropriate. For participants with
unilateral lens extraction, LOCS II grades from contralateral
phakic eyes were used to define lens opacity type. Those
with various combinations of nuclear, cortical, and PSC

opacities (LOCS II grade 逸2) in one or both eyes were
classified as having mixed-type lens opacities.
Data Collection and Risk Factor Assessment Trained
investigators interviewed participants and used a
questionnaire to collect data on demographic and lifestyle
characteristics, including age, gender, nationality, smoking
status, alcohol consumption, educational level, fruit and
vegetable intake, and amount of outdoor activity. Smoking
status was classified as yes (had smoked for at least 6mo
during his/her life) or no (did not smoke at all or had ever
smoked less than 6mo during his/her life). Alcohol
consumption status was classified as yes (at least once per
week) or no (no consumption or less than once per week).
Educational level was classified as literacy (more than
primary school) or illiteracy (less than primary school). Fruit
intake over participants' lifetimes was classified as yes (逸2d
every week) or no (<2d every week). Vegetable intake over
participants' lifetimes was classified as yes (逸2 diet every
day) or no (<2 diet every day).
The amounts of outdoor activity in four stages of
participants' lives (pre-school, school, work, and special
periods such as recuperation after a serious illness) were
used to evaluate UV exposure. Interviewers asked
participants to recall the typical numbers of hours spent
outdoors between 06:00 and 19:00 on work/school and
non-work/school days during each stage.
Ultraviolet Exposure Calculation and Evaluation Using
average annual erythemal UV exposure data from the
National Aeronautics and Space Administration (NASA) [18]

and National Oceanic and Atmospheric Administration
(NOAA)[19] procedures for calculating local times of sunrise,
solar noon, sunset, dawn, and dusk, we calculated daily
erythemal UV exposure and hours of sunshine for Lhasa and
Shaoxing. We then determined hourly erythemal UV
exposure. Participants' UV exposure was determined by
multiplying hourly erythemal UV exposure by reported daily
average hours of outdoor activity, and classified into four
grades according to quartiles (<1000, 1000-1199, 1200-2700,
and >2700 J/m2).
Statistical Analysis The Chi-squared test was used to assess
differences in categorical sociodemographic variables
between the low- and high-altitude groups overall and
between and within regions by age group and gender.
Variables with -values 臆0.2 were considered to be
candidate risk factors for lens opacities and included in a
multivariate logistic regression model. Stepwise logistic
regression including data from the entire study sample was
performed to evaluate independent associations between
these risk factors and lens opacities, with estimated ORs and
95% confidence intervals (CI). All statistical analyses were
performed using SPSS software (ver. 16.0 for Windows;
SPSS Inc., Chicago, IL, USA).
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RESULTS
Characteristics of the Study Population After the
exclusion of subjects with glaucoma ( =6), pseudophakia
( =7), and bilateral aphakia ( =7), 813 eligible volunteers
(231 in Lhasa, 582 in Shaoxing) were included in this study.
Participants' characteristics are summarized by altitude in
Table 1. The average age was 58.14 (range, 40-91)y. The
mean UV exposure was 1750.19依1111.77 (range, 366.47-
5301.42) J/m2 and the mean (依standard deviation) daily
outdoor time was 5.33 依1.56 (range, 1.57-10.81)h. UV
exposure levels and outdoor times were significantly higher
in subjects from Lhasa than in those from Shaoxing
(3404.46依573.78 1093.60依277.95 J/m2 and 6.98依1.17
4.69依1.19h/d, respectively; both <0.001). Compared with
literate participants, illiterate participants had longer outdoor
times (5.87依1.59 4.94依1.42h/d, <0.001) and significantly
greater UV exposure (2191.19依1262.52 1441.12依869.31 J/m2,

<0.001).
Figure 1 depicts the overall prevalence of lens opacities by
age group in Lhasa and Shaoxing. The overall prevalence of
lens opacities was significantly higher in the high-altitude
than in the low-altitude group (37.23% 25.77%; 2=10.54,

<0.001). This pattern was evident in participants aged
40-49 ( 2=7.39, =0.007), 50-59 ( 2=19.29, <0.001),
and 60-69 ( 2=8.89, <0.001)y (high altitude: 10.39%, 26.67%,
and 61.11%, respectively; low altitude: 2.07%, 6.21%, and
34.48%, respectively), but not in the 70-79 and 逸80 years
age groups.
Figure 2 presents gender differences in the prevalence of lens
opacities by age group in Lhasa and Shaoxing. This
prevalence did not differ between men and women in Lhasa
overall or in any age group. In Shaoxing, the prevalence of
lens opacities did not differ between men and women
overall, but it was significantly higher in women than in men
in the 70-79y (88.37% 56.26%; 2=11.18, <0.001)
and 逸80y (100% 66.67% ; 2=4.67, =0.031) age
groups. The prevalence of lens opacities was significantly
higher among men aged 50-59 and 60-69y in Lhasa than
among men of the same ages in Shaoxing (28% 5.56%,

2=7.59, =0.006 and 81.82% 31.51%, 2=10.26, <
0.001, respectively). Opacities were more prevalent among
women aged 40-49 and 50-59y in Lhasa than in
corresponding participants in Shaoxing (7.84% 1.10%, 2 =
4.38, =0.036 and 26.00% 6.48%, 2=11.78, <0.001,
respectively).
Figure 3 shows differences in the prevalence of lens
opacities by type in Lhasa and Shaoxing. The main type of
lens opacity in Lhasa was mixed (23.81%), followed by PSC
(6.49% ), nuclear (6.06% ), and cortical (0.87% ). In
Shaoxing, cortical lens opacities were most common
(17.87%), followed by nuclear (6.53%), mixed (1.20%), and
PSC (0.17%) opacities.

In Lhasa, the most common type of opacity in subjects aged
50-79y was mixed, followed by nuclear and PSC; the
prevalence of these three types of lens opacity increased with
age in these participants (Figure 4A). Cortical lens opacities
were detected only in participants aged 40-59y, and all
opacities in participants aged 逸80y were mixed. In contrast,
the prevalence of cortical lens opacities increased gradually
with age from 40 to 逸80y and nuclear opacities were
distributed mainly in subjects aged >60y in Shaoxing
(Figure 4B). Mixed lens opacities were detected in subjects
aged >70y and a few PSC opacities were found in those aged
70-79y in Shaoxing.

sx ±

Table 1 Demographic characteristics of the study population  n (%) 
Parameters Lhasa  

(high altitude; n=231) 
Shaoxing 

(low altitude; n=582) 
Age (a;   ) 56.64±12.19 58.74±11.18 

40-49 77 (33.3) 145 (24.9) 
50-59 75 (32.5) 161 (27.7) 
60-69 36 (15.6) 174 (29.9) 
70-79 28 (12.1) 81 (13.9) 
≥80 15 (6.5) 21 (3.6) 

Gender   
F 156 (67.5) 355 (61.0) 
M 75 (32.5) 227 (39.0) 

Smoking   
No 186 (80.5) 419 (72.0) 
Occasional 12 (5.2) 12 (2.1) 
Former 7 (3.0) 45 (7.7) 
Current 26 (11.3) 106 (18.2) 

Drinking   
No 133 (57.6) 333 (57.2) 
Occasional 79 (34.2) 69 (11.9) 
Former 6 (2.6) 35 (6.0) 
Current 13 (5.6) 145 (24.9) 

Level of education   
Illiteracy 148 (64.0) 187 (32.1) 
Primary school 60 (26.0) 240 (41.2) 
Middle school 15 (6.5) 122 (21.0) 
College 8 (3.5) 33 (5.7) 

Fruit   
No 111 (48.1) 244 (41.9) 
Yes 120 (51.9) 338 (58.1) 

Vegetable   
≤1diet/d 63 (27.3) 28 (4.8) 
2 diet/d 153 (66.2) 185 (31.8) 
3 diet/d 15 (6.5) 369 (63.4) 

Outdoors time  
(h/d;     ) 6.98±1.17 4.69±1.19 

UV exposure level 
(J/m2;   ) 3404.46±573.78 1093.60±277.95 

＜1000 - 209 (35.9) 
1000-1199 - 206 (35.4) 
1200-2700 29 (12.6) 167 (28.7) 
＞2700 202 (87.4) - 

 

sx ±

sx ±
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Risk Factors for All Lens Opacities Table 2 presents the

results of final logistic regression models that evaluated the
associations of various risk factors with lens opacities. Age,
educational level, fruit intake, and UV exposure were
identified as candidate risk factors at the univariate level
( <0.2) and included in the multivariate model; gender,
smoking status, and alcohol consumption were not included
in this model. The results of stepwise logistic regression
showed that independent risk factors associated with lens
opacities were older age, educational level, and UV
exposure. Compared with participants aged 40-49y, the
prevalence of lens opacities was about two times higher in
those aged 50-59y (OR=2.168, =0.035), 11 times higher

Table 2 Risk factors for lens opacities in populations in Lhasa and Shaoxing 
Variables No (n=813) Univariate OR (95% CI) 1P Multivariate OR (95% CI) 2P 

Age (a)      

40-49 222 1  1 - 

50-59 236 2.549 (1.270-5.114) 0.008 2.168 (1.056-4.451) 0.035 

60-69 210 11.211 (5.885-21.355) <0.001 11.950 (6.000-23.799) <0.001 

70-79 109 53.148 (25.707-109.881) <0.001 52.045 (23.849-113.580) < 0.001 

≥80 36 108.500 (35.781-329.009)  0.001 84.731 (26.658-269.314) <0.001 

Gender      

M 302 1    

  F 511 1.053 (0.770-1.442) 0.745 - - 

Education      

Illiteracy 335 1  1  

Literacy 478 0.429 (0.344-0.534) <0.001 0.758 (0.581-0.989) 0.041 

Fruit      

No 355 1    

Yes 458 0.746 (0.637-0.874) <0.001 - - 

UV exposure (J/m2)      

<1000 209 1  1  

1000-1199 206 1.959 (1.254-3.060) 0.003 1.220 (0.705-2.110) 0.477 

1200-2700 196 1.365 (0.854-2.171) 0.195 0.882 (0.501-1.551) 0.662 

>2700 202 2.449 (1.575-3.810) <0.001 2.606 (1.454-4.671) 0.001 

OR: Odds ratio; CI: Confidence interval. 1 P value of univariate OR; 2 P value of multivariate OR. 

Figure 1 The prevalence of lens opacities in Lhasa and
Shaoxing by age group.

Figure 2 Gender differences in the prevalence of lens opacities
in Lhasa and Shaoxing.

Figure 3 The prevalence of lens opacities in Lhasa and
Shaoxing by type.
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in those aged 60-69y (OR=11.95, <0.001), 52 times
higher in subjects aged 70-79y (OR=52.045, <0.001), and
more than about 85-fold higher in those aged 逸80y (OR=
84.731, <0.001). The risk of lens opacities was higher in
subjects with high (>2700 J/m2) UV exposure levels than in
those with low (<1000 J/m2) UV exposure (OR=2.606, =
0.001). Educational level was inversely associated with lens
opacities, the risk among literate participants was about 75%
that among illiterate subjects (OR=0.758, =0.041).
DISCUSSION
From west to east, China encompasses a nearly 4000 m
difference in altitude, making it an ideal setting for research
on the effects of altitude on lens opacities. To eliminate the
effects of latitude and focus solely on those of altitude,
participants in the present study were from low- (Shaoxing)
and high- (Lhasa) altitude regions at almost the same
latitude. Furthermore, we chose to study native-born rural
farmers with stable lifestyles and simple daily routines to
eliminate the complex effects of urban inhabitants' diverse
occupations, lifestyles, and outdoor activity patterns. Time
spent outdoors was almost entirely consistent with farming
activities among our participants, which aided the
comparative evaluation of ambient UV exposure.
The results of the present study showed that the prevalence
of lens opacities increased with age in both regions and was
significantly higher in Lhasa than in Shaoxing, especially
among those aged <70y. Thus, lens opacities appear to
develop earlier in people living at high than at low altitude.
Cortical lens opacities were most common in Shaoxing,
consistent with the findings of several studies that strongly
support UVB as a risk factor for cortical cataract [15,20]. In
contrast, the main type of lens opacity in Lhasa was mixed.
This finding contrasts with that of EI Chehab [21] who
reported that UV exposure at an altitude >3000 m was a risk
factor for anterior cortical cataract in a maintain guide group
(OR=1.16, <0.01). The reason for this difference is not
clear.
Stepwise logistic regression of data from the entire study
population revealed that age, UV exposure, and educational
level were independent risk factors for lens opacities. The

development of lens opacities is often considered a normal
part of the aging process; a strong association between age
and cataracts has been reported widely, and the Barbados
Eye and Age-Related Eye Disease studies found that age was
a significant risk factor for incident nuclear, cortical, and
PSC lens opacities [22-24]. The risk of lens opacities increased
gradually from 2- to 85-fold in our study subjects, similar to
the findings of previous studies. However, the link between
age and lens opacities likely entails increased cumulative
exposure to numerous risks, including environmental (
UVB exposure, oxidative damage) and biological (
hormone, metabolism) factors.
Many epidemiological studies conducted worldwide have
examined UV exposure as a risk factor for lens opacities, but
the effects of altitude and the associations between different
altitudes and UV exposure levels remain unclear. In the
present study, we calculated participants' UV exposure using
daily erythemal exposure values from NASA and found that
all subjects with the lowest (<1000 J/m2) exposure levels
were from Shaoxing, whereas all of those with the highest
(>2700 J/m2) levels were from Lhasa. Our data suggest that
the risk of lens opacities is more than two times greater
among people living at high altitudes with higher UV
exposure levels than among those living at low altitudes with
lower exposure levels.
Socioeconomic and lifestyle factors may influence the
development of lens opacities. Consistent with previous
findings that education level is inversely associated with the
risk of nuclear and cortical cataract development [25-26], the
results of the present study indicated that educational level
was a significant and inversely associated risk factor for lens
opacities in low- and high-altitude areas. Literacy was
associated with a 25% decrease in the risk of lens opacities
compared with illiteracy. We also found that illiterate
participants spent more hours outdoors and had significantly
greater UV exposure than literate participants, suggesting
that a high education level is associated with less time spent
outdoors. These results further highlight the importance of
high UV exposure at high altitude as a risk factor related to
lens opacities.

Figure 4 Age-related differences in the prevalence of lens opacity types in Lhasa (A) and Shaoxing (B).
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Smoking and alcohol consumption have been related directly
to at least one type of lens opacity in many cross-sectional
[27-28] and longitudinal [29] studies. However, we found no
evidence suggesting a relationship between smoking, alcohol
consumption, or fruit and vegetable intake and lens opacities.
In addition, the Tibetan Plateau has an average altitude of
more than 4000 m, the annual average oxygen content in the
air is only 64.3% of that in the plain. In Lhasa, the highest
oxygen contents in the autumn and the lowest oxygen
contents in the winter is 66.2% and 63.3% of that in the
plain, respectively. Some experimental studies were
conducted on the effects of hypoxia on the mechanism of
cataract formation [30-31]. Thus, the role of hypoxia in the
formation of cataract is also not negligible in the high
altitude area.
The small number of subjects constitutes a limitation of the
current study. Although the results showed distinct
differences in the prevalence of lens opacities in Lhasa and
Shaoxing, insufficient numbers of subjects were classified as
having nuclear, cortical, PSC, and mixed lens opacities to
examine covariance in the logistic regression model or to
explore type-specific risk factors. Thus, we analyzed only the
relationships of risk factors with the overall prevalence of
lens opacities at the two altitudes. In addition, the Chinese
policies of reform and opening have led increasing numbers
of rural young men to migrate from rural to urban areas for
work in recent years, dramatically changing the rural
population structure. Thus, our study population
predominantly comprised women and older individuals.
Furthermore, almost all participants in Lhasa were of Zang
nationality, whereas those in Shaoxing were of Han
nationality; genetic differences and dietary customs in
high-altitude residents may affect the prevalence of lens
opacities, but these factors were not examined in the present
study.
Overall, notwithstanding these limitations, the results of this
study provide new evidence for the link between altitude and
lens opacities. Using the LOCS II, we determined that lens
opacities were more prevalent in high-altitude than in
low-altitude rural communities located at similar latitudes.
Lens opacities also appeared to develop earlier at high than
at low altitude. Older age, higher UV exposure, and lower
educational level were associated with a higher prevalence of
lens opacities. Further studies with larger samples are needed
to explore how and why high altitude induces the
development of different types of lens opacity.
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