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Abstract 

Background  Economic prosperity has fostered numerous changes that may translate into better or worse outcomes 
across all domains of health. This study aims to explore the associations of economic development with uveitis onset 
in mainland China.

Methods  We used Poisson regression with generalized estimated equations to quantify the associations of per capita 
gross domestic product (GDP) with uveitis onset in 31 provinces of mainland China from 2006 to 2017. We further 
estimated the effects mediated by economic growth on the temperature-uveitis and PM2.5-uveitis associations 
established in our previous studies.

Results  A total of 12,721 uveitis patients from 31 provinces of mainland China were studied. Overall, every 10,000 
Chinese yuan ($ 1491.278, 2006–2017) increase in per capita GDP, with no weighted value or weighted by population, 
corresponded to 1.85% (95% confidence interval, 1.19–2.52%) and 1.43% (95% confidence interval, 0.37–2.51%) lnRR 
decrease in the uveitis onsets. Stratified analysis showed this negative association between per capita GDP and uveitis 
onset, only existed in male patients (P < .001), individuals aged 20–50 years (P < 0 .05), non-infectious uveitis, uveitis 
with systemic disease, and Bechet’s disease (all P < 0 .05). Moreover, the increased per capita GDP, if above the national 
level, could reinforce both temperature-uveitis and PM2.5-uveitis association (both P < 0.001).

Conclusions  The findings suggest that economic development is negatively associated with uveitis onset. However, 
it may facilitate the uveitis onset mediated by both increased temperature and PM2.5 exposure if the per capita GDP 
is above national level.
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Background
Uveitis refers to a group inflammation affecting the uvea, 
retina, retinal blood vessels as well as vitreous body [1, 2]. 
There are numerous uveitis entities, including infectious, 
non-infectious, and traumatic inflammation [3, 4]. It is 
one of the common causes of blindness, accounting for 

15% of visual impairments in the world [5, 6]. Uveitis and 
its associated complications account for up to 25% cases 
of blindness in developing countries [5, 7]. It commonly 
occurs in the working-age population [8]. This often has 
a profound impact on people’s quality of life and might 
have a great socioeconomic implication.

It has been shown that socioeconomic status and eco-
nomic prosperity has fostered numerous changes which 
may translate into better or worse outcomes across all 
domains of health. Previous studies have report that 
lower socioeconomic status is associated with a higher 
incidence rate of some inflammatory and autoimmune 
diseases, such as rheumatoid arthritis, Graves’ disease, 
and systemic lupus erythematosus [9–11]. Uveitis may 

Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Public Health

*Correspondence:
Peizeng Yang
peizengycmu@126.com
1 The First Affiliated Hospital of Chongqing Medical University, Chongqing 
Key Lab of Ophthalmology, Chongqing Eye Institute, Chongqing Branch 
of  National Clinical Research Center for Ocular Diseases, Chongqing, 
People’s Republic of China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-16591-x&domain=pdf


Page 2 of 10Tan et al. BMC Public Health         (2023) 23:1711 

be associated with systemic inflammatory and autoim-
mune disorders [12]. It has been suggested that socio-
economic disparities may play a significant role in the 
disease and emphasized the need for targeted interven-
tions to reduce the burden of the disease. Recent stud-
ies have shown that gross domestic product (GDP) is 
significantly associated with health status of the popu-
lations [13, 14]. Some studies have reported that GDP 
is also significantly correlated with the clinical status of 
immunoinflammatory diseases [15, 16] and infectious 
and immune diseases are more common in the low 
GDP population [17–19].

However, to the best of our knowledge, there is no 
analysis to investigate the association between the onset 
of uveitis and economic development in China. China, 
one of the world’s largest populations, has experienced 
unprecedented economic growth in the past decades. 
Also, uveitis in China may be the largest component of 
the emerging uveitis epidemic in the world. If economic 
development has caused even modest changes in the 
onset of uveitis, this may be a significant challenge to 
global health. Therefore, it is important to determine 
whether uveitis is associated with economic growth.

In this study, we sought to explore the association 
between the onset of uveitis and economic development 
over time and to describe the trend of the uveitis onset in 
the context of per capita GDP during 2006 to 2017.

Methods
Data
This study was based on the largest documentary man-
agement system and medical database for uveitis 
patients across mainland China including 31 provinces 
[20]. These data have been described in detail in previ-
ous publications [20–22]. Patients with unknown onset 
times were excluded. A total number of 12,721 cases was 
enrolled in our study and the time span was from Janu-
ary 2006 to December 2017. We matched the data for 
the time (year) and location (province) of uveitis onset 
to data for the annual provincial per capita GDP. Our 
study took per capita GDP as an indicator of economic 
development. The GDP and per capita GDP were sourced 
from the China Statistical Yearbook (2006–2017). We 
also obtained the data of provincial populations from the 
China Statistical Yearbook to ensure that all regression 
analyses were weighted by population. Meteorological 
data and air pollution data described in previous pub-
lications [21, 22] were also used to analyzed the inter-
action either between per capita GDP and increased 
temperatures or between it and particulate matters less 
than 2.5 μm (PM2.5) exposure in the development of the 
uveitis.

Statistical analysis
We used a choropleth map (ArcGIS Version 10 soft-
ware) to visually examine the spatial variations in the 
proportion of uveitis (the provincial uveitis case num-
bers divided by the total number of cases) in the 31 
provinces across mainland China. All participants from 
31 provinces were nested into, 1) the northern prov-
inces: Beijing, Hebei, Shanxi, Tianjin, and Inner Mon-
golia; 2) the southern provinces: Guangdong, Guangxi, 
and Hainan; 3) the eastern provinces: Anhui, Fujian, 
Jiangsu, Jiangxi, Shanghai, Shandong, and Zhejiang; 4) 
the northwestern provinces: Gansu, Ningxia, Qinghai, 
Shaanxi, and Xinjiang; 5) the northeastern provinces: 
Heilongjiang, Jilin, and Liaoning; 6) the southwestern 
provinces: Chongqing, Sichuan, Guizhou, Tibet, and 
Yunnan; and 7) the central provinces: Henan, Hubei, 
and Hunan.

We used Poisson regression with generalized estimated 
equation (Poisson-GEE) to quantify the associations of 
per capita GDP with risk ratio (RR) and 95% percent con-
fidence (CI) of uveitis onset. We mainly estimated the β 
coefficient (effect size in the equation), to provide lnRR of 
uveitis onset associated with a per 10,000 Chinese yuan 
($ 1491.278, the average exchange rate was 6.706 between 
2006 and 2017) increase in GDP per capita. Stratified 
analyses were performed by sex (male and female), age 
(aged 20–50 years and others) [5], uveitis entities (uveitis 
alone or associated with systemic diseases, infectious or 
noninfectious uveitis, idiopathic uveitis and two common 
uveitis entities: Vogt-Koyanagi-Harada disease (VKH) 
and Bechet’s disease (BD)), and survey year (2006–2017). 
All regression analyses were weighted and unweighted 
by province population, respectively. We used R version 
3.5.0 to conduct all these analyses. Two-sided p < 0.05 is 
considered statistically significant.

To further estimate the economic activity mediated 
effects on the temperature-uveitis and the PM2.5-uveitis 
association, we interacted these two exposures with per 
capita GDP dummy variables. The modeling methods 
have been described in detail in previous studies [21, 22].

Results
A total of 12,721 uveitis patients with a mean (stand-
ard deviation) age of 36.2 (16.2) years were included in 
this analysis. Male and female accounted for 52.6% and 
47.4%, respectively. The sample sizes ranged from 474 to 
12,247 in each sex, age, and type subgroups. The most 
common age of onset of uveitis was 20–50 years old [5], 
accounting for 64.7% in this study. The characteristics of 
enrolled patients were described in detail elsewhere [21, 
22] (Table  1, Table S1 in Supplementary Appendix and 
Fig. 3).
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Trend in the onset of uveitis and in per capita GDP
An increased trend of the onset of uveitis was observed 
during the investigation, both in total and stratified by 
sex, age and uveitis type (Fig. 1). The per capita GDP sig-
nificantly increased by more than 3.5 times from 18,782 
to 69,365 Chinese yuan in mainland China from 2006 to 
2017 (Fig. 2a). Although these choropleth maps showed 
a marked spatial variation in the onset of uveitis across 
mainland China, there was no significant change in 
uveitis proportion in each province from 2006 to 2017 
(Fig. 3). However, there was significant difference in per 
capita GDP in each province between 2006 and 2017 
(Fig. 2b).

Association between the onset of uveitis and economic 
development
According to the regression model weighted by or with-
out by population, we found that every 10,000 Chinese 
yuan ($ 1491.278, 2006–2017) increase in per capita 
GDP was associated with 1.85% (95% confidence interval, 
1.19–2.52%) and 1.43% (95% confidence interval, 0.37–
2.51%) lnRR decrease in the onset of uveitis, respectively 
(Table S2 in Supplementary Appendix). Stratified by age, 
we found a significantly negative association of per capita 
GDP and uveitis onset only in patients aged 20–50 years 
(no weighted value: β, -2.81%; P < 0.001; weighted by pop-
ulation: β, -2.52%; P < 0.001). There was a negative associ-
ation of per capita GDP with uveitis onset both in males 
(β, -2.40%; P < 0.001) and females (β, -1.26%; P < 0.001) 
under unweighted condition. However, this association 

was only present in males (β, -2.01%; P < 0.01) if weighted 
by population. We further used the Poisson-GEE model 
to evaluate this association over time. The result showed 
that the negative associations of economic development 
with the onset of uveitis was getting weaker no mat-
ter with or without weighting over time (Fig. 4). A sim-
ilar trend was also observed when stratified by age and 
sex (Fig.  5). A study with stratification by uveitis types, 
showed that the aforementioned negative association 
was present in BD, non-infectious uveitis, and uveitis 
with systemic disease. The strongest negative association 
was found in BD subgroup (Table S2 in Supplementary 
Appendix).

Per capita GDP‑mediated effect on the PM2.5‑uveitis 
and the temperature‑uveitis association
Our previous study revealed that particulate matter with 
diameters < 2.5 mm (PM2.5) and temperature were posi-
tively associated with an increased in uveitis onset. We 
further used a fixed–effect model containing an inter-
action factor to test the influence of per capita GDP on 
the PM2.5-uveitis association or the temperature-uveitis 
association [21, 22]. The result showed that PM2.5 expo-
sure could increase uveitis onset in all the areas when 
climate control variables were not included (Table S3 in 
Supplementary Appendix). When analyzed with climate 
control variables, we found a positive correlation between 
PM2.5 increases and the onset of uveitis only in the areas 
where per capita GDP was above the national level (Table 
S3 in Supplementary Appendix). We also found a similar 
effect of per capita GDP on the temperature-uveitis asso-
ciation (Figure S1 in Supplementary Appendix).

Discussion
In this study, we investigated the association between 
economic development and uveitis onset and the effects 
mediated by economic growth on both the temperature-
uveitis association and the PM2.5-uveitis association. 
The result showed that economic development itself had 
a negative association with the onset of uveitis either 
across all the samples or stratified by age, sex and uvei-
tis type. Overall, the negative associations of economic 
development with the onset of uveitis were getting lower 
over time. However, the economic development could 
facilitate the uveitis onset mediated by both increased 
temperatures and PM2.5 exposure if the per capita GDP 
is above national level.

A growing body of literature has revealed the asso-
ciations of economic growth with other immune and 
inflammatory diseases [16, 23, 24]. Previous studies 
have shown that the burden of arthritis appears sub-
stantially greater in low GDP area than in high GDP 
area among 25 European countries [15]. The use of 

Table 1  Characteristics of the included patients

Characteristic Value

No %

Group of age at onset
  20–50 years 8229 64.7

  Others 4492 35.3

Sex
  Male 6695 52.6

  Female 6026 47.4

Types of uveitis
  Idiopathic uveitis 5895 46.3

  Vogt-Koyanagi-Harada disease 1663 13.1

  Behçet’s disease 1260 9.9

  Uveitis alone 8615 67.7

  Uveitis with systemic diseases 4106 32.3

  Infectious uveitis 474 3.7

  Non-infectious uveitis 12,247 96.3

  Total 12,721 100
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Fig. 1  Tends of the uveitis onset from 2006 to 2017, stratified by sex, age and type. a Age group. b Sex subgroup. c Type subgroup. X axis: year. Y 
axis: Number of cases
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Fig. 2  Trend and geographical distribution of economic development in mainland China from 2006 to 2017. a Trend of the gross domestic product 
(GDP) per capita from 2006 to 2017. X axis: year. Y axis: Chinese yuan. b Geographical distribution of the GDP per capita. We used quintiles to define 
map strata
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biologic disease-modifying antirheumatic drugs might 
improve rheumatoid arthritis in low GDP area [25, 26]. 
In this study, we addressed this issue using a relatively 

large database of uveitis patients from mainland China 
with a span of 12  years. The results showed that an 
increased per capita GDP was negatively association 

Fig. 3  Geographical distribution of uveitis onset in mainland China from 2006 to 2017. The proportion of patients with uveitis in mainland China 
by provinces. We used quintiles to define map strata
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with uveitis onset across all the samples investigated. 
Importantly, we found this negative association was 
only present in the individuals aged 20–50 years, males 
and the uveitis entities including BD, non-infectious 
uveitis, uveitis with systemic disease. The reason as to 
why an increased per capita GDP could decrease the 
development of uveitis is not fully understood. Based 
on a biopsychosocial model to complement a bio-
medical model, a number of psychological and mental 
abnormalities, such as stress, anxiety, and depression, 
were usually associated with poor health status in indi-
viduals [27–30]. Psychological distress appeared signifi-
cantly greater in low GDP countries than in high GDP 
countries [15]. Psychological and mental disorders 
might lead to a dysregulation of the immune response 
and a pro-inflammatory state in the body [31, 32]. An 
increased GDP may lead to a decreased uveitis onset 
possibly through improvement of people’s psychologi-
cal and mental status and immune function. Another 
possibility is that deceased uveitis onset may be due to 
improvement of people’s hygiene status arising from 
economic development. Unexpectedly, we failed to find 
any association between infectious uveitis and eco-
nomic development. Indeed, infectious diseases, such 
as tuberculosis, are often associated with low GDP pop-
ulation [17–19]. The reason as to this result presented 
in this study are not completely understood. One of 
reasons is that vaccination is broadly given to the indi-
viduals in China and immune response against this 
infection is initiated universally, therefore decreasing 
the occurrence of this disease [33–35]. More studies are 
expected to clarify this issue in the future studies. An 
interesting observation is that the most robustly nega-
tive association exits between per capita GDP and BD 
in our study. It has been reported that there is a gradu-
ally decreased incidence of BD in Japan during recent 
decades [36]. This decreased BD incidence [36, 37] may 

be largely attributed to the awareness and improve-
ment of people’s hygiene. It is likely that an increased 
per capita GDP could indirectly decrease the develop-
ment of BD and other uveitis types in China through 
improvement of the people’s hygiene status.

One of important results in our study is that the 
negative influence of per capita GDP on the uveitis 
onset was not observed in a fixed–effect model analysis 
using PM2.5 and the climate data. Our previous study 
showed that PM2.5 and temperature were positively 
associated with an increased in uveitis onset [21, 22]. 
Unexpectedly, an increased per capita GDP, if above the 
national level, could reinforce both the temperature-
uveitis association and the PM2.5-uveitis association. 
The reason for this result is not clearly understood. It 
has been reported that rapid economic development 
may contribute to an increased ambient temperature 
and high PM2.5 exposure [38, 39]. The negative modu-
lation of an increased per capita GDP on uveitis onset 
may be neutralized by the effect of increased tempera-
ture or PM2.5 exposure. This could, at least partially, 
explain the disappearance of negative effect of per cap-
ita GDP on uveitis onset observed in the current study. 
Another finding in our study is that the negative asso-
ciation of per capita GDP on uveitis onset was getting 
weaker over time. This result also supports the neu-
tralized effect of increased ambient temperature and 
PM2.5 exposure on the negative modulation of uveitis 
onset mediated by per capita GDP.

There are several limitations in our study. There may 
be a selection bias regarding the enrollment of patients, 
because the study was carried out on patients treated at 
one referral center and richer patients were easily being 
referred to our uveitis center. As a single center study, the 
representativeness is relatively weak despite the relatively 
large sample size in our study. Secondly, we cannot estab-
lish an exact causality between the onset of uveitis and 
increased per capita GDP due to the fact that there may 
be big difference in economic levels among different areas 
within the same province. More prospective studies with 
strict controls are needed to address this issue. Thirdly, 
there are the numerous types of uveitis [3, 40]. Our study 
was unable to determine the exact impact of per capita 
GDP on each type of uveitis. Finally, and importantly, the 
mechanisms under the effect of per capita GDP on uvei-
tis should be investigated in future studies.

In conclusion, our study suggests that the economic 
growth, by itself or through some main environmen-
tal factors, is associated with the onset of uveitis. These 
comprehensive patterns may also have implications for 
other developing countries experiencing rapid economic 
development and for studying the development of pre-
vention and treatment strategy in uveitis.

Fig. 4  Associations of economic development with uveitis onset 
over time. X axis: year. Y axis: effect size (β) and 95% confidence 
intervals (CI)
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Fig. 5  Effects of economic development on age-adjusted and sex-adjusted onset of uveitis over time. a Age-adjusted uveitis onset without or with 
weighted value. b sex-adjusted uveitis onset without or with weighted value. X axis: year. Y axis: effect size (β)
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Additional file 1: Fig. S1. GDP-mediated temperature-uveitis relation-
ship. The effect of variation in temperature on the number of uveitis cases 
when climate models contain an interaction-per capita GDP. The dots are 
point estimates of the effect of monthly temperature on monthly uveitis 
cases; the lines are 95% CI. Table S1. The proportion of patients with 
different uveitis subtypes in Mainland China by provinces, 2006-2017. 
Table S2. Associations of uveitis onset with GDP per capita*. Table S3. Per 
capita GDP-mediated 2.5–uveitis relationship.
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