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[Abstract] Objective To analyze the disease burden of glaucoma in China and its evolution trend from 1991

to 2019 based on an autoregressive integrated moving average (ARIMA) model and a neural network autoregressive

(NNAR) model, and predict the future change trend of glaucoma disease burden in China from 2020 to 2050 using

the better model. = Methods Data on the age-standardized prevalence of glaucoma, years lost due to disability

(YLD) rate, disability adjusted life year (DALY) rate in China from 1991 to 2019 were extracted from the 2019

Global Burden of Disease Database. Based on those data, an ARIMA model and an NNAR model were constructed.

The performance of the two models in terms of fitting and prediction was evaluated and compared using metrics
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including the mean absolute percentage error (MAPE), mean absolute error (MAE), and root mean square error
(RMSE). The superior model was selected to forecast the disease burden of glaucoma in China from 2020 to
2050. Results From 1991 to 2019, the age-standardized prevalence of glaucoma in China across all age groups
increased from 45.91 per 100 000 population to 94. 08 per 100 000 population, with an average annual growth rate of
3.62%. Additionally, the annual average growth rates of glaucoma age-standardized prevalence for males and females
were 3.24% and 4. 03%, respectively. The years lost due to YLD rate and DALY rate of glaucoma in China across
all age groups increased from 5.20 per 100 000 population to 7.91 per 100 000 population, with an average annual
change rate of 1. 80%. The age-standardized YLD rate and DALY rate of glaucoma in males and females showed an
increasing trend by 1. 50% and 2. 16% per year on average, respectively. The trends predicted by both the ARIMA
and NNAR models were essentially in line with the actual observed trends. Moreover, the MAPE, MAE, and RMSE
values of the ARIMA model were all lower than those of the NNAR model, suggesting that the ARIMA model provided
better prediction performance and more accurate results. According to the ARIMA model prediction, the age-
standardized prevalence rate, YLD rate, and DALY rate of glaucoma in China in 2020 were 128. 70 per 100 000
people, 10.63 per 100 000 people, and 10.63 per 100 000 people, respectively, which were projected to increase
to 942. 17 per 100 000 people, 10.87 per 100 000 people, and 10.87 per 100 000 people, respectively, by
2050. Conclusions Trend of the burden of glaucoma in China is predicted to increase from 2020 to 2050. The

ARIMA model shows higher accuracy in forecasting compared to the NNAR model and can provide an effective

reference for predicting the burden of glaucoma.
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F1 1991—2019 FHESFHREFHEZTHEE(AN/10TAN) 100
Table 1 Trends in the burden of glaucoma in China
from 1991 to 2019 ( per 100 000 people) 90
R R YLD % DALY %
A (4F) z8r
5 I B 5 % B % 'S B =
(=]
1991 46.95 44.80 45.91 5.58 4.80 5.20 5.58 4.80 5.20 2 nor
1992 43.70 42.71 43.22 5.08 4.50 4.80 5.08 4.50 4.80 E
= 60
1993 41.31 41.32 41.32 4.70 4.28 4.50 4.70 4.28 4.50 =
1994 40.06 40.75 40.39 4.48 4.18 4.33 4.48 4.18 4.33 50 b=
1995 40.26 41.13 40.68 4.48 4.19 4.34 4.48 4.19 4.34
40 1 1 1 1
1996 42.25 43.02 42.62 4.71 4.41 4.57 4.71 4.41 4.57 1990 1995 2000 2005 2010 2015 2020
1997 45.69 46.43 46.05 5.13 4.81 4.97 5.13 4.81 4.97 ARGy (4F)
g _ = s BE e P z B
1998 49.81 50.57 50.18 5.63 5.29 5.47 5.63 5.29 5.4 1 1991—2019 £ R EF R RAAM R BHENFE
38 3 s 6 ; 2 . ; Figure 1 Time series plot of prevalence in the burden of glaucoma
1999 53. 54.53 54.17 6.11 5.7 5.9 A 5.9 in China from 1991 to 2019
2000 56.73 57.27 56.99 6.43 6.0l 6.23 6.43 6.01 6.23
2001 58.16 58.63 58.39 6.53 6.10 6.32 6.53 6.10 6.32
8.5
2002 58.62 59.24 58.92 6.45 6.06 6.26 6.45 6.06 6.26
8.0 -
2003 58.50 59.43 58.96 6.29 5.94 6.12 6.29 5.94 6.12
2004 58.44 59.59 58.99 6.14 5.83 5.99 6.14 583 5.99 75~
2005 58.78 60.00 59.37 6.08 5.78 5.93 6.08 S5.78 5.93 2 7.0 -
2006 59.80 60.85 60.31 6.13 5.81 5.98 6.13 5.81 5.98 R 65k
(=}
2007 60.99 61.79 61.38 6.21 5.86 6.04 6.21 5.86 6.04 i 6.0
2008 62.23 62.84 62.53 6.30 5.91 6.11 6.30 5.91 6.11 :{-
255k
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Figure 4 The fitting and forecasting performance of the ARIMA
(1,2, 0) model for glaucoma prevalence prediction The blue line
represented the forecast values of the ARIMA model, the light gray area
indicated the 95% CI of the forecast values, and the dark gray area
represented the 80% CI of the forecast values
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integrated moving average; CI: confidence interval
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) MAPE . MAE FI RMSE 43 %] Jy 0.778.,0.048 Fl
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Table 2 Fitting and forecasting performance evaluation of
ARIMA and NNAR models for the burden of
glaucoma in China

R YLD % DALY %

A

MAPE MAE RMSE MAPE MAE RMSE MAPE MAE RMSE

ARIMA 0.740 0.452 0.857 0.778 0.048 0.085 0.778 0.048 0.085
NNAR 2.557 1.303 1.799 3.191 0.173 0.232 3.191 0.173 0.232

T T OGIR AR BOIE SR, J YLL % =0, DALY % = YLL %+
YLD 3, Bk DALY 35 YLD % H Bl 2 45 K — 8 ARIMA: A
[l AR 385 ) 7 4 s NNAR : 28 I 26 81 s MAPE ;P 346 %5 5 43 L i3
2% s MAE : V- 46 %5 15 2 s RMSE ; 77 #1582 5 YLD - 13 5% Bt 80 A= A 4F
2K ;DALY : V3 5% 6 8 75 4 4F 5 YLL : A i i 2k 4F

Note: Glaucoma is a non-fatal disease, with its YLL rate =0 and DALY
rate = YLL rate+ YLD rate, the DALY rate was consistent with the YLD rate

and its prediction error results ~ARIMA: autoregressive integrated moving
average; NNAR: neural network autoregression; MAPE: mean absolute
percentage error; MAE: mean absolute error; RMSE: root mean square
error; YLD: vyears lost due to disability; DALY: disability adjusted life
year; YLL: years of life lost
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Figure 6 The fitting and forecasting performance of the ARIMA
The blue line
represented the forecast values of the ARIMA model, the light gray area

(2,1, 0) model for glaucoma YLD rate prediction

indicated the 95% CI of the forecast values, and the dark gray area
represented the 80% CI of the forecast values ~ARIMA: autoregressive
integrated moving average; YLD: years lost due to disability; CI:

confidence interval
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Figure 8 The fitting and forecasting performance of the ARIMA
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indicated the 95% CI of the forecast values, and the dark gray area
represented the 80% CI of the forecast values ~ARIMA: autoregressive
integrated moving average; DALY: disability adjusted life year; CI:

confidence interval
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Figure 9 The fitting and forecasting performance of the NNAR (1,
1) model for glaucoma DALY rate prediction The blue line
NNAR: neural

network autoregression; DALY: disability adjusted life year

represented the forecast values of the NNAR model
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Table 3 Forecast results of the burden of glaucoma in China from
2020 to 2050 based on ARIMA model ( per 100 000 people)
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Note: Since glaucoma is a non-fatal disease, the DALY rate was the same as the YLD rate

ARIMA: autoregressive integrated moving average; YLD: years lost due to disability; DALY:

disability adjusted life year
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