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Introduction

Glaucoma describes a group of sight-damaging eye 
disorders and is a chief cause of irreversible vision 
loss worldwide. It affects more than 70 million people 

worldwide, approximately 10% of whom are bilaterally 

blind (1). Visual impairment in patients with glaucoma is 

mainly caused by optic nerve damage resulting from high 

intraocular pressure (IOP) (2). 
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IOP, the pressure within the eyeball, is mainly regulated 
through the production and elimination of aqueous humor. 
A balanced IOP aids in maintaining the eyeball contour, 
which allows for proper refraction of light in the anterior 
segment of the eye. An increase in IOP can damage the 
ocular structure, typically the optic nerve head and retinal 
ganglion cells. Increased IOP is widely recognized as the 
most important modifiable risk factor for the development 
of glaucoma.

Ethnic and regional differences in IOP are well known to 
exist. In white European and North American populations, 
the mean IOP values are higher than those in East Asian 
populations by approximately 2 to 5 mmHg (3-6). The 
Asian population has unique ocular anatomic characteristics 
and a disproportionately high incidence of angle-closure 
glaucoma, which is associated with a narrow angle (7-10).  
Several previous studies,  including the Singapore 
Epidemiology of Eye Diseases Study (11), Beijing Eye 
Study in Northern China (12), Handan Eye Study (13), 
and Liwan Eye Study (14), have reported the prevalence of 
high IOP and associations between IOP and characteristics 
such as age, sex, body mass index (BMI), and systolic blood 
pressure (SBP) in Asian populations. 

The present study aimed to measure IOP and its potential 
related factors in an adult population in a coastal province of 
southern China, and to draw detailed comparisons between 
those living in urban and rural areas, and coastal and inland 
regions. We found that high IOP was significantly associated 
with younger age, female sex, faster heart rate (HR), higher 
SBP, increasing myopia, living in an inland region and 
smartphone use in the dark. And it was delighted that we 
found many innovative results, such as IOP was associated 
with not only age, sex, refraction, SBP, but also living in an 
inland area, smartphone use in the dark, and a history of 
chronic diseases. These results may play a guiding role in 
eye health policy making. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://dx.doi.org/10.21037/apm-21-3238).

Methods

Sample size considerations

The Fujian Eye Study (FJES) is a population-based cross-
sectional study involving adult residents over 50 years from 
all nine cities in Fujian province, southeast China, which ran 
from May 2018 to October 2019. Most eye diseases causing 
vision impairment, especially fundus diseases, mostly 

occur in the middle-aged and elderly (3-5,7,11,13-16),  
and the epidemiological survey of the middle-aged and 
elderly is easier to recruit. Therefore, this epidemiological 
survey focused on the middle-aged and elderly over the 
age of 50. The sample size for the study was estimate using 
the following formula: n = deff × μα2× p × (1 − p)/d2. The 
present study achieved a precision of 0.05 (d), considering 
a confidence interval (CI) of 95% (bilateral), μα

2 of 1.96, 
design effect of 2, relative error of 0.15, and d = r × p. The 
sample size was calculated to ensure adequate precision 
of prevalence estimates and permit risk factor analyses 
to be conducted. At present, the prevalence of major eye 
diseases in cross-sectional baseline surveys is estimated to 
exceed 2.0% (15,16). Given our expectation that 15% of 
the residents on the registration lists could not be reached 
and the abovementioned criteria, 10,044 participants were 
recruited in this study.

Recruitment procedure

The 2018–19 FJES protocol was approved by the Ethics 
Committee of Xiamen Eye Center affiliated with Xiamen 
University (approval No. XMYKZX-KY-2018-001). The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). Written informed consent 
was obtained from all study participants. All participating 
technicians and clinicians were uniformly trained, and 
examinations were performed consistently.

The study participants underwent a comprehensive 
physical examination in a mobile clinic, which was 
located in a specific location, such as a community center, 
administrative office, or hospital. The survey collected the 
following data: demographic information (including age, sex, 
race, socioeconomic status, income, educational level, history 
of systemic diseases and eye diseases, personal lifestyle 
habits, via a questionnaire), IOP, visual acuity (VA) score, the 
refractive state, and slit lamp and fundus examination results. 
Socioeconomic status contains economic development 
level, population distribution, infrastructure status, public 
facilities, natural environmental factors and so on. Potential 
differences in economic level, education level, transportation, 
environmental and lifestyle factors in coastal areas (17-21), 
the higher comprehensive degrees of sustainable education 
development in coastal regions and the central-south  
China (22), and the faster economic development in coastal 
areas (23,24), may be important factors in the development 
of vision changes. Six out of nine cities in Fujian province 
are coastal areas, and eighty percent of Fujian Province is in 
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a mountainous area, where transportation is inconvenient 
and economic and medical resources are limited, so we 
speculated that IOP may also have potential correlation with 
socioeconomic factors.

Before the on-site survey, all technicians and clinicians 
recruited were trained uniformly and needed to finish an 
examination, and each survey examination was required to 
be fixed consistently with the same technician. During our 
on-site survey, participants were asked to complete all the 
tests before they can get the final diagnosis report, in order 
to improve the response rate. In the aspect of data collation, 
double entry with EpiData v3.1 (EpiData for Windows, 
version 3.1, the EpiData Association, Denmark, Europe) 
was used to check the data to ensure the correctness of 
the data. Each resident has a unique identification code 
to accurately locate their data. We supplemented part of 
the missing data through telephone follow-up. If we can’t 
contact the resident, it is considered as missing data.

An experienced technician measured participants’ IOP 
with the handheld iCare rebound tonometer (RBT; Icare 
TA 01, Finland). Quintic measurements were obtained, and 
their mean was recorded and taken for further statistical 
analysis.

Statistical analysis

Data were analyzed with Stata/SE statistical software (Stata 
for Windows, version 15.1, StataCorp LLC., Lakeway 
Drive, College Station, TX 77845, USA). Data are 
presented as the mean ± standard deviation (SD). Only the 
data of one randomly selected eye were statistically analyzed 
unless intraindividual intereye differences were observed. 
Participants whose IOP was not measured were excluded. 
Analysis of variance (ANOVA) was applied to compare the 
mean among groups of normally distributed parameters. 
Multiple regression models were used to examine the 
relationships between VA measurements and selected 
sociodemographic characteristics. Linear regression was 
used for comparisons of normally distributed parameters. 
The statistical strength of correlations was reported as 
correlation coefficient r or r2, and 95% CIs were calculated. 
All associations described relate to multivariable statistical 
analysis, unless indicated otherwise. A P value of less than 
0.05 was considered statistically significant.

Results

A total of 8,211 (81.8%) Fujian residents aged 50 years or 

above were finally included. IOP data were available for 
16,314 eyes of 8,161 participants (response rate, 99.3%). 
Figure 1 shows the study recruitment flowchart, and Table 1 
shows the composition of the study population. The mean 
IOP value of the 8,161 participants for whom data were 
available was 13.88±3.46 mmHg (median, 14 mmHg; range, 
5–57 mmHg; Figure 2). In the univariate analysis, the IOP 
differed significantly (P<0.001) between the urban and rural 
groups and between the coastal and inland groups. The IOP 
did not differ significantly (P=0.8864) between the right and 
left eye.

Correlation of IOP with age

Stratification of the participants by age showed a linear 
correlation. Intraindividual intereye differences in the 
IOP (urban group, 0.0028±1.61 mmHg; rural group, 
0.01±1.94 mmHg) decreased significantly with age (P<0.05). 
Stratification of the participants by region showed that 
the mean IOP was significantly higher in the rural group 
than in the urban group in the 60–64 and >80 years 
subgroups, and it was significantly higher in the inland 
group than in the coastal group among those aged under  
65 years (Table 2).

Correlation of IOP with refraction

Classification of the study population into subgroups by 
refraction revealed a higher IOP in the myopic group than 
in the hyperopic group. Regional stratification showed 
that in the mild myopia and mild hyperopia subgroups, 
the mean IOP was significantly higher in the rural group 
than in the urban group and in the inland group than in the 
coastal group. Table 3 shows the information of subgroups 
by refraction in more detail.

Correlation of IOP with sex

In the univariate analysis, female participants (P<0.001) 
had a higher IOP than did male participants. Regional 
stratification showed that the IOP was higher in females 
from rural and inland areas (P=0.0002 and <0.001) than in 
females from urban and coastal areas, respectively. The IOP 
was slightly higher in males (P=0.0459) from rural areas 
than in those from urban areas, but no significant difference 
was found between those living in coastal and inland areas 
(P=0.0884). Table 4 shows the information of subgroups by 
sex in more detail.



12393Annals of Palliative Medicine, Vol 10, No 12 December 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(12):12390-12402 | https://dx.doi.org/10.21037/apm-21-3238

Correlations of IOP with chronic diseases history, BMI, 
HR, SBP, and diastolic blood pressure (DBP)

An association was also observed between IOP and a 
history of chronic diseases (P<0.001). Regional stratification 
showed that both among participants with a chronic disease 
history and those without, the IOP was higher in the rural 
and inland groups than in the urban and coastal groups, 
respectively (Table 4). In the linear regression analysis, IOP 
was positively correlated with BMI (r=0.05, P<0.001), HR 
(r=0.10, P<0.001), SBP (r=0.14, P<0.001), and DBP (r=0.13, 
P<0.001). Differentiating participants into the urban and 
rural groups or the coastal and inland groups produced 
similar results.

Correlation of IOP with smartphone use in the dark

Using a smartphone in the dark was also found to be 
associated with IOP (P<0.001). Regional stratification 
showed that both among participants who used smartphone 
in the dark and those who did not, the IOP was higher in 
the rural and inland groups than in the urban and coastal 
groups, respectively (Table 4).

Correlation of IOP with tobacco, alcohol, and tea 
consumption

IOP was found to be associated with alcohol consumption 
(P=0.011), but not with tobacco (P=0.5493) or tea (P=0.307) 
consumption. Regional stratification showed that among 
non-tobacco consumers, the IOP was higher in the rural 
and inland groups than in the urban and coastal groups, 
respectively. However, among tobacco consumers, IOP was 
independent from region (Table 4). Among non-alcohol 
consumers, the IOP was higher in the rural and inland 
groups than in the urban and coastal groups, respectively. 
However, among tobacco consumers, the IOP differed 
between the coastal and inland groups, but not between the 
urban and rural groups (Table 4). Further, among both tea 
consumers and non-tea consumers, the IOP was higher in 
the rural and inland groups than in the urban and coastal 
groups, respectively (Table 4).

Multiple regression

Multiple regression analysis including variables such as age, 
sex, region, refraction, smartphone use in the dark, a history 

54 towns selected FuJian eye study

Potential subjects
≥50 years
n=11,148

Works outside 
the county

n=980 (88.8%)

Permanent 
migrant

n=108 (9.8%)

Severe mental 
disease

n=16 (1.4%)

Ineligible
n=1,104 (9.9%)

Eligible
n=10,044 (90.1%)

Non-participants
n=1,833 (18.2%)

Refused
n=624 (6.2%)

Agreed but not present
n=196 (1.9%)·

Uncontactable
n=1,013 (10.1%)

Participants
n=8,211 (81.8%)

Figure 1 Flowchart of recruitment for the Fujian Eye Study.
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Table 1 Composition of the Fujian Eye Study population 

Total study
Total 

population
Urban 

population
Rural 

population
P value

95% CI  
or χ

2
Coastal 

population
Inland 

population
P

§
 value

95% CI  
or χ

2

Number (subjects) 8,211 4,678 3,533 – – 6,434 1,777 – –

Sex – – – –

Female 4,836 2,697 2,139 3,804 1,032

Male 3,375 1,981 1,394 2,630 745

Age (years),  
mean (SD)

64.39  
(8.87)

64.64 (8.66) 64.05 (9.12) 0.0028 0.2032 to 
0.9775

64.49 (8.74) 64.00 (9.30) 0.0381 0.0272 to 
0.9585

Median 64 64 64 – – 64 63 – –

Range 50 to 98 50 to 98 50 to 95 – – 50 to 98 50 to 93 – –

Age group <0.0001 32.59 <0.0001 33.52

50 to 54 years 1,248 647 601 930 318

55 to 59 years 1,384 755 629 1,051 333

60 to 64 years 1,597 943 654 1,295 302

65 to 69 years 1,670 1,003 667 1,352 318

70 to 74 years 1,194 713 481 951 243

75 to 79 years 607 325 282 470 137

80+ years 511 292 219 385 126

Height (cm),  
mean (SD)

160.34 
(7.97)

160.69 (8.02) 159.88 (7.89) <0.0001 −1.1619 to 
−0.4578

160.32 (8.06) 160.42 (7.66) 0.6512 −0.3289 to 
0.5260

Weight (cm),  
mean (SD)

61.43 
(10.09)

61.86 (10.14) 60.84 (9.99) <0.0001 −1.4635 to 
−0.5721

61.63 (10.14) 60.67 (9.86) 0.0005 −1.4960 to 
−0.4147

BMI (kg/m
2
),  

mean (SD)
23.85  
(3.26)

23.91 (3.21) 23.77 (3.33) 0.0471 −0.2905 to 
−0.0019

23.94 (3.29) 23.52 (3.14) <0.0001 −0.5861 to 
−0.2365

HR (beats/min), 
mean (SD)

79.08 
(11.07)

78.78 (10.83) 79.48 (11.37) 0.0048 0.2151 to 
1.1966

79.12 (11.01) 78.94 (11.29) 0.5653 −0.7702 to 
0.4209

SBP (mmHg),  
mean (SD)

136.05 
(21.24)

134.27 (20.01) 138.43 (22.57) <0.0001 3.2291 to 
5.0956

136.35 (21.30) 134.91 (20.99) 0.0130 −2.5784 to 
−0.3033

DBP (mmHg),  
mean (SD)

75.83 
(12.54)

75.46 (12.24) 76.33 (12.91) 0.0022 0.3101 to 
1.4167

75.97 (12.69) 75.33 (11.95) 0.0641 −1.3061 to 
0.0373

IOP (mmHg),  
mean (SD)

13.88  
(3.46)

13.74 (3.41) 14.06 (3.50) <0.0001 0.1754 to 
0.4780

13.77 (3.43) 14.29 (3.52) <0.0001 0.3396 to 
0.7035

Refractive error, 
mean (SD)

0.52  
(2.73)

0.51 (2.69) 0.54 (2.78) 0.68 −0.1480 to 
0.0966

0.62 (2.67) 0.18 (2.90) <0.0001 0.2886 to 
0.5835

Median 1.00 1.00 1.00 – – 1.00 0.75 – –

Range −23.75 to 
+14.50

−23.25 to 
+14.50

−23.75 to 
+13.25

– −23.25 to 
+14.50

−23.75 to  
+7.25

– – –

Table 1 (continued)
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of chronic disease, and alcohol consumption revealed 
that high IOP was significantly associated with older age 
(P<0.001), female sex (P=0.026), faster HR (P<0.001), 
higher SBP (P<0.001), increasing myopia (P<0.001), living 
in an inland region (P<0.001), smartphone use in the 
dark (P=0.009), and a chronic disease history (P=0.032). 
However, living in an urban or rural area (P=0.156), BMI 
(P=0.379), DBP (P=0.977), and alcohol consumption 
(P=0.307) were no longer statistically correlated with IOP.

Discussion

Glaucoma is a long-term health problem worldwide, and 
increased IOP is the primary risk factor for the development 
and progression of this disease. In this study, the median IOP 
measured with an iCare RBT instrument was 14 mmHg, 
which is within the normal range (13.88±3.46 mmHg) of 
10 to 21 mmHg (25). Although the median IOP value was 
slightly lower than those reported in most previous studies, 
including the Singapore Epidemiology of Eye Diseases 
Study (11), Beijing Eye Study (12), Handan Eye Study (13), 
Lingtou Eye Cohort Study (14), and Liwan Eye Study (26), 
it was within a similar CI.

Many previous studies on IOP (3,4,10-14) focused on its 
correlations with age, refraction, sex, BMI, SBP, education 
level, income, and other sociodemographic factors, and 
ignored its correlations with health status and lifestyle 
habits. The present study attempted to fill this knowledge 
gap by not only confirming the correlations of IOP with 
age, sex, BMI, SBP and refraction, but also exploring the 
relationships between IOP and chronic disease history, 
region, and some lifestyle habits, such as smartphone use in 
the dark, and tobacco, alcohol, and tea consumption. The 
Beijing Eye Study (12) revealed that IOP was statistically 

Table 1 (continued)

Total study
Total 

population
Urban 

population
Rural 

population
P value

95% CI  
or χ

2
Coastal 

population
Inland 

population
P

§
 value

95% CI  
or χ

2

Refraction group (D) 0.53 7.05 <0.0001 44.28

<−10.00 97 51 46 69 28

≥−10.00, <−6.00 102 67 35 71 31

≥−6.00, <−3.00 285 665 120 191 94

≥−3.00, <0.00 1,172 675 497 897 275

0.00 328 184 144 251 77

>0.00, ≤+3.00 5,465 3,153 2,312 4,379 1,086

>+3.00, ≤+5.00 320 175 145 257 63

>+5.00, ≤+10.00 44 24 20 36 8

>+10.00 4 1 3 4 0

Missing data 394 183 211 279 115

SD, standard deviation; BMI, body mass index; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; IOP, intraocular 
pressure; D, diopter; CI, confidence interval; χ2, the valve of Chi-square analysis; P value, statistical significance of the difference between 
urban population group and rural population group; P§ value, statistical significance of the difference between coastal population group 
and inland population group.
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Figure 2 Histogram shows the distribution of intraocular pressure 
in the Fujian Eye Study.
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independent of living in a rural or urban area, which was 
consistent with our result. Although many studies have 
assessed IOP and its associations with various factors, few 
studies have assessed the differences between people living 
in coastal and inland regions.

Our study has confirmed the results of previous studies 
that found high IOP to be correlated with younger age, 
female sex, myopia, a faster HR, and higher SBP (3,10-14). 
However, some of our findings differed from previously 
reported results. Chan et al.’s (3) large cohort results 
from the UK Biobank showed that Goldmann-correlated 
IOP (IOPg) and corneal-compensated IOP (IOPcc) 
were both significantly associated with male sex. They 
also reported that the increase in both IOPg and IOPcc 
with age was greatest among individuals of mixed races, 
followed by Black and White individuals, suggesting that 
racial differences may be responsible for the difference in 
results. The Beijing Eye Study (12) revealed that IOP was 
statistically independent of sex. Tham et al. (11) found that 
individuals with the lowest quartile of SBP (<124 mmHg) 
were 1.69 times more likely to have primary open angle 
glaucoma, while our study found that IOP was positively 
correlated with SBP. Other inconsistencies include the 
finding from multiple regression analysis that despite 
being related to IOP, BMI did not have a significant 
effect on IOP in our study participants. In a Korean  
population (27), IOP was found to increase with total 
cholesterol, triglyceride, and BMI, and to decrease only 
with age, regardless of sex. Linear regression of Liwan Eye 
Study (26) showed that the change in IOP over 10 years 
was not associated with baseline age, sex, BMI, central 
corneal thickness, spherical equivalence, hypertension, 
or diabetes. However, it was positively associated with 
longitudinal increase of BMI when longitudinal changes in 
BMI and spherical equivalence were included in the model. 
Deokule et al. (28) discussed how inconsistent definitions 
and designs, and differing population characteristics within 
studies have obfuscated definitive conclusions. Uniform 
standards therefore need to be developed for future 
evaluation and comparison.

Encouragingly, our study has produced some new 
findings. According to our results, there were no significant 
differences in IOP between the urban and rural groups 
or the inland and coastal groups after stratification by 
age and refraction. However, there were significant 
differences in IOP between the urban and rural groups and 
the coastal and inland groups with regard to smartphone 
use in the dark, chronic disease history, and alcohol and 
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tea consumption. These findings evidence that regional 
lifestyle differences do affect eye health, although age and 
refraction both have a stronger bearing on IOP than does 
region. Differences in income levels, education levels, 
transportation modes, and environmental and lifestyle 
factors, such as high ultraviolet exposure and a seafood-
rich coastal diet (19-21), may be important factors affecting 
changes in IOP. All these results suggest that further in-
depth investigations of the impacts of environmental 
factors on IOP are needed to better formulate regional 
policies for improving eye health in different geographical 
environments. Moreover, according to the Statistical 
Bulletin of Social Service Development in 2016 (29), by 
the end of that year, there were 230 million people aged 
60 and above in China, and by 2040, it is estimated that 
China’s elderly population will reach 397 million. With 
China’s aging population, the development of smartphones 
which are suitable for use by older individuals is of crucial 
importance and letting the elderly have their own concerns 
to do is extremely important for social stability and 
development. Smartphones designed for older people are 
still relatively scarce, but may become a new hotspot for 
design in the electronic product market. Another novel 
point was that IOP was associated with chronic disease 
history after taking into account the interdependency of 
the parameters. There were several reports on relationship 
between IOP and chronic diseases, however, these reports 
mostly focused on a single disease (30-33), and there were 
no relevant reports on population-based data. Our study 
was a population based cross sectional survey, and it can 
objectively reflect the correlation between IOP and chronic 
diseases, provide practical data support for basic research, 
and attract the attention of policy-making.

Some limitations exist in the present study. Notably, 
the IOP was measured using a handheld RBT, which may 
complicate efforts to draw direct comparisons with other 
epidemiological studies (3-10). However, the iCare RBT has 
similar accuracy to the Goldmann tonometer (34,35), and 
its use may not have influenced other IOP results, such as 
the IOP distribution in the Gaussian-like distribution curve, 
age distribution, sex distribution, and coastal versus inland 
and rural versus urban distributions. Other limitations were 
that central corneal thickness was not measured and that 
only cross-sectional results are presented. As discussed in 
an earlier systematic review and meta-analysis to directly 
compare studies assessing the agreement between one or 
more tonometer (36), the results of a cross-sectional analysis 
may differ from those of a longitudinal analysis.

Conclusions

The FJES results show that IOP is higher in individuals 
over 50 years who are younger and female, those who live 
inland, those who use a smartphone in the dark, and those 
with myopia, a higher SBP, a faster HR, or a history of 
chronic diseases than in other individuals. Unlike most 
previous studies, which focused on insufficiencies and 
inequalities in education, medical care, income, and other 
aspects, this study has focused on and revealed correlations 
between IOP and chronic diseases and smartphone use in 
the dark. Policy development, service delivery, research, and 
evaluation for improving eye health should also account for 
regional disparities. Further research is needed to better 
understand the related mechanisms of systemic diseases and 
eye diseases and to find more effective ways to protect our 
eye health.
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