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Abstract

Background: To analyze the distribution of birth defects 
in Lanzhou, China from 2012 to 2018, to forecast the preva-
lence in the future, and to provide evidence for prevention 
of birth defects. 

Materials and Methods: Monitoring datas for birth de-
fects in Lanzhou from 2012 to 2018 were used to describe 
its epidemiological characteristics, such as the change of 
the prevalence and trend, urban-rural differences, the vari-
eties and cis-position. Gray modeling, Curve estimation, Ex-
ponential smoothing, and ARIMA were used to predict the 
occurrence for the next year in the future.

Results: The average prevalence rate of total perinatal 
infants’ birth defects was 104.13 per 10000 perinatal infants 
in the past 7 years in Lanzhou, with an upward trend increas-
ing by 7.74% on average each year. From 2012 to 2018, the 
average incidence of birth defects in urban and rural areas 
of Lanzhou was 105.61/10000 and 106.48/10000, respec-
tively, and the overall trend was upward. The most com-
mon birth defects in Lanzhou from 2012 to 2018 were cleft 
lip ± cleft palate and Congenital heart disease. Exponential 
smoothing model can better fit the number of birth defects 
in Lanzhou. The predicted results of exponential smooth-
ing model indicate that birth defects in Lanzhou in 2019 are 
lower than that in 2018.

Conclusions: The number of birth defects in Lanzhou 
from 2010 to 2018 is on the rise, and is still in a high in-
cidence in 2019. Congenital heart disease and Polydactyl-
ism are the main types of birth defects, which should be 
strengthened in the future.
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Introduction

Birth Defects (BDs) consist of a group of conditions, including 
physical or biochemical abnormalities, present at birth, which 
may involve malformations, disruptions, deformations [1,2]. 
The causes of BDs are complex, which can result from genetic 
defects, non-genetic maternal environmental exposures, or a 
combination of genetic and non-genetic factors [3-5]. The risk 
for BDs affects everyone, irrespective of socioeconomic status, 
race-ethnicity or other demographic characteristics.

The World Health Organization (WHO) estimates that ap-
proximately 260,000 deaths (7% of all neonatal deaths) glob-
ally were caused by BDs in 2004. The prevalence rates of BDs 
is estimated reach to 4.7% in the developed countries, 5.6% 
in the middle-income countries, and 6.4% in the low-income 
countries [6,7]. As far as we know, China is the most populated 
developing country in the world, and the prevalence of BDs var-
ies across different socioeconomic groups and areas [8]. China 
is also a middle-income country with the largest population in 
the world, which has 16 million births annually and is expected 
to have 0.9 million BDs each year [9]. According to the most 
recent surveillance data in 2011, BDs have become the second 
leading cause of infant deaths in China (the leading cause be-
ing premature/low birth weight), which plays a significant role 
in the main causes of spontaneous abortion, stillbirth, perina-
tal death, infant death and congenital disability [10]. BDs also 
affect the child’s and the family’s quality of life and place an 
intolerable economic burden to the family and the society, par-
ticularly in the setting of the opening of a two-child per family 
policy in 2015 [11].

Lanzhou is the capital and largest city of GanSu Province. It 
is located in the geometric center of the geographical map of 
the motherland and is also an important node city of the “Belt 
and Road”. Lanzhou governs three counties of Yuzhong County, 
Gaolan County, Yongdeng County, and five districts of Cheng-
guan District, Qilihe District, Xigu District, Anning District, Hong-
gu District [12]. Lanzhou is located in the northwestern part of 
China. It’s natural and environmental conditions are relatively 
vague, the level of economic development is backward, the 
people’s living standards are relatively low, and the maternal 
and child health care facilities are poor. There is still a large gap 
between the economically developed areas.

The objectives of this study are to estimate the prevalence 
and types of BDs in Lanzhou, to explore the prevalence of BDs 
through different predictive models to provide a basis for future 
prevention and prevention of BDs.

Materials And Methods

Data collection

The surveying population was perinatal infants (including 
stillbirth, fetal death or live birth) born in the Maternal and 
Child Health Hospital of Lanzhou from 2012 to 2018. All sur-
veillance data of BDs were collected from Maternal and Child 
Health Hospital of Lanzhou and confirmed between 28 weeks 
of gestation through 7 days after birth. 

Each delivery that was associated with a BD was reported 
using a registration card for BDs submitted by physicians in ob-
stetrics and gynecology, pediatric or neonatal medicine through 
an online hospital-based survey, required by the Chinese gov-
ernment. Each case report card recorded basic maternal infor-
mation, (including ethnicity, residence, family income, educa-

tion, mother’s age, number of antenatal care visits, gestational 
age, number of reported abortions, pregnancy outcomes), birth 
information (gestational age, weight of birth), diagnoses of 
specific BDs, symptoms, early pregnancy disease(fever, virus 
infection, diabetes), medication use during early pregnancy, 
and family history. In addition to the case report card, an an-
nual statement for each registered hospital was completed by 
professional physicians. Each annual statement contained 12 
months of data such as the number of perinatal births, mater-
nal age, residence, ethnicity, occupation, pregnancy history, 
gestational age of birth, gestational age, infant gender, number 
of BDs, and maternal illness.

Both case report cards and annual statement were reviewed 
and audited by maternal and child health hospitals and health 
administrative departments. Periodic quality control measures 
were in place at the monitored hospitals and occurred quarterly 
at the county-level and bi-annually at the city-level or province-
level to assure reporting accuracy.

Methods

In this study, the Gray model, Curve fitting method, Exponen-
tial smoothing model and ARIMA model were used to dynami-
cally predict the trend of BDs in Lanzhou, and the feasibility of 
four models in the prediction of BDs was discussed.

Gray model (GM)

The GM is to transform the irregular raw data into one or 
more accumulated data processing methods, transform it into 
a more regular set of time series, and use discrete series to es-
tablish the dynamic model of the differential equation [13]. The 
GM prediction method is applicable to gray systems with partial 
information and partial information unknown. It contains both 
known information and unknown information (or some infor-
mation is uncertain) [14]. In other words, the prediction of a 
gray process that changes in a certain azimuth while being time-
dependent. 

The BDs data are considered as the original time series X= 
(𝑥0, 𝑥1, 𝑥2,…, 𝑥n),where n is the length of the time series. GM 
(1,1) is the main and basic model of grey predictions, that is 
to say, a single variable first order grey model, which is able to 
acquire high prediction accuracy despite requiring small sample 
size (but the sample size must be at least 4). The GM (1,1) mod-
el is suitable for sequences that show an obvious exponential 
pattern and can be used to describe monotonic changes. Ac-
cording to the data characteristics, this study will use the GM 
(1,1) model for prediction.

The establishment for a GM(1,1) is derived as follows [15].

(1) Let non-negative time sequence expressing X0 = (𝑥0 (1), 

𝑥0 (2),...,𝑥0 (𝑥)) be an original time sequence. Where 𝑛 is the 
sample size of the data.

(2) First-order accumulative generation operation (1-AGO) is 
used to convert X0 into 

X1 =(𝑥1 (1), 𝑥1 (2), …,X1 (n) )=( 0(t),           0(t),…,	       0(t)).

(3) Let Z1 =(z1(2), z1(3),…, z1(n)) be the sequence generated 
from X 1 by adjacent neighbor means. That is, z1(t)=0.5(x1(t)+ 
x1(t-1)), t=2,3,…,n. The least square estimate sequence of the 
grey difference equation of GM(1,1) is defined as x0(t)+ɑz1(t)=b, 
where –a and b are referred to as the development coefficient 
and grey action quantity, respectively.
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Table 1: Prediction accuracy classification table.

   Then, 
where

(4) The whitenization equation given by dx1/dt + ɑx1 =b.

(5) The forecasting model can be obtained by solving the 
above equation, which is shown as follows:

(6) The predicted value of the primitive data at time point 
(𝑡 + 1) is extracted:

  

(7) Model accuracy test: The methods of testing include 
residual test, post-test difference test and small error probabil-
ity. In this paper, the means of the posterior error ratio and the 
little probability of error are adopted.

First we calculate the mean square error S0 of the original 
sequence x(0). It is defined as:

The means of the posterior error ratio: c=     .

Little probability of error:

Finally, according to the prediction accuracy classification 
table, see Table 1, the test results is the prediction accuracy of 
the model [16].

Prediction accuracy
The means of the 

posterior error ratio c
Little probability of 

error P

Superior ≤0.35 ≥0.95

Eligible ≤0.50 ≥0.80

Reluctantly qualified ≤0.65 ≥0.70

Failed >0.65 <0.70

Curve Fitting Method 

Curve fitting, also known as regression analysis, was used to 
find the “best fit” curve for a series of data points in this study. 
The curve fit often produces an equation that can be used to 
find points anywhere along the curve. Curve estimation were 
fitted to the data to quickly estimate regression statistics and 

produce related plots for 11 different models (linear, logarith-
mic, inverse, quadratic, cubic, power, compound, S-curve, logis-
tic, growth and exponential models) [17]. F-test was used for 
selecting the best fitting curve for hypothesis testing. P-value 
<0.05 (two sided) was taken statistically significant. Similarly, R2 

value > 0.80 was taken significant, where R2 is the correlation 
of the contribution of years (independent variables) in predict-
ing BDs cases (dependent variables) [30]. In this investigation, x 
stands for the time (year) and y stands for the BDs cases.

Exponential smoothing model

For exponential smoothing method, also known as expo-
nential weighted average method, the major advantage of this 
model is that it chooses the weighted average of each period as 
a decreasing exponential sequence, giving greater weight to the 
historical data closer to the forecast period. It might be suitable 
for the forecast of time-series data with trends and seasonality 
[18]. It’s consist of two models of seasonal and non-seasonal. 
The seasonal models mainly include simple seasonal, winter-
addition, and winters multiplication model, and non-seasonal is 
made up primarily of holt-linear and brown-linear model. Holt-
Winter’s method is the extended form of the simple exponen-
tial smoothing that include the seasonality in the approach. In 
this study, SPSS 20.0 statistical software was used to model the 
data selection model by "Expert Modeler". In addition, Fitting 
indicators were analyzed and the optimal model in exponen-
tial smoothing model was selected to predict the BDs cases in 
2019.

ARIMA model

Autoregressive Integrated Moving Average (ARIMA) models, 
which take into account changing trends, periodic changes, and 
random disturbances in time series, are very useful in model-
ing the temporal dependence structure of a time series [19]. In 
epidemiology, ARIMA models have been successfully applied to 
predict the incidence of multiple diseases, such as BDs [20]. The 
Box-Jenkins was used to approach to ARIMA (p, d, q) modeling 
of time series (Box & Jenkins, 2010). This ARIMA model-building 
process is adopted to take advantage of associations in the se-
quentially lagged relationships that usually exist in periodically 
collected data [21]. The parameters selected for fitting ARIMA 
model are as follows: p, autoregressive order; d, difference; q, 
moving average order. The order of Moving Average (MA) and 
Autoregressive (AR) terms in the ARIMA model is determined 
by using the Auto Correlation Function (ACF) graph and Partial 
Auto Correlation Function (PACF) graph. The parameters of the 
model were estimated by the conditional least squares method. 
Diagnostic checking including residual analysis and the Akaike 
Information Criterion (AIC) was used to compare the goodness-
of-fit among ARIMA models. The Ljung-Box [22] test was used 
to measure the ACF of the residuals.

Statistical Analysis

SPSS 22.0 was used to analyze the incidence of BDs in Lan-
zhou from 2012 to 2018, and different models were established 
to compare the incidence of BDs in Lanzhou in 2019. Using Excel 
2013 compiled function to calculate the indicators of dynamic 
sequence of BDs in Lanzhou from 2012 to 2018. The dynamic 
series indexes mainly include absolute growth (cumulative ab-
solute growth(CAG) and annual absolute growth(AAG), devel-
opment speed (base ratio and chain ratio), growth rate (base 
ratio and chain ratio), average development rate and average 
growth rate. CAG= , AAG=, base base 

1 0 -X ( 1) (1)- +atb bt x e
a a

∧  = + =  
 

0P {| ( )- ( ) | 0.6745 . }t t Se e= <
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ratio development speed =  chain ratio development 
speed= , base ratio growth rate = , and chain 
ratio development speed= , where x and xt denote ob-
served and fitted values at time point t.

In addition, we use the Mean Absolute Percentage Error 
(MAPE), Error Square Sum (SSE) and the Average Absolute Rela-
tive Deviation (AARD) to evaluate the prediction accuracy of 
the four prediction models. MAPE=  SSE= 

 AARD=                                     where x and xt denote ob-
served and fitted values at time point t. A lower MAPE, SSE and 
AARD value indicates a better fit of the data. Finally, the fitted 
optimizing model was used for short-term forecasting of BDs 
cases for 2019 in Lanzhou. All analyses were performed using 
SPSS 22.0 with a significant level of P < 0.05.

Results

Prevalence and trend of total Bds

A total of 346,729 perinatal infants were monitored from 
2012 to 2018. Of the 346,729 perinatal infants, 3653 had BDs, 

with an average prevalence of 104.13 per 10,000 perinatal In-
fants (PIs). Trend analysis revealed that the annual prevalence 
rates of total BDs in the 7 years increased linearly (χ2 trend 
=49.753, P<0.001). The total prevalence rate increased by 
7.74% annually from 2012 to 2018 on average (Table 2, Figure 
1). In addition, the incidence of urban/rural BDs in Lanzhou is 
on the rise(χ2

urban trend =11.993, P<0.001; χ2
rural trend =44.029, 

P<0.001), and it’s higher in rural areas than in urban areas in 
2018. (Table 2, Figure 2).

Dynamic changes of the number of cases of Bds In lan-
zhou:

Table 3 is the dynamic change data of BDs in Lanzhou from 
2012 to 2018. As shown in the table 3, the number of cases of 
BDs in Lanzhou is on the rise as a whole. Perinatal BDs average 
speed of development is 107.74%, and the Perinatal BDs aver-
age speed of increment is 7.74%. Assuming that the number of 
BDs in Lanzhou will develop at the rate of 107.74% in 2019, it 
is estimated that the number of BDs in Lanzhou will reach 737 
cases in 2019.

Table 2: Incidence of Perinatal birth defects from 2012 to 2018 in Lanzhou (1/10000).

Year
Whole city Urban Rural

PIs BDs Incidence PIs BDs Incidence PIs BDs Incidence

2012 41084 406 98.82 19830 227 114.47 21254 179 84.22

2013 43339 303 69.91 20730 135 65.12 22609 168 74.31

2014 50056 503 100.49 26455 272 102.82 23601 231 97.88

2015 44102 489 110.88 22071 210 95.15 22031 279 126.64

2016 52923 601 113.56 29162 332 113.85 23761 269 113.21

2017 60602 667 110.06 33974 375 110.38 26628 292 109.66

2018 54623 684 125.22 31196 366 117.32 23427 318 135.74

χ2 49.753 11.993 44.029

P 0.000 0.000 0.000

Figure 1: Incidence of Perinatal BDs from 2012 to 2018 in 
Lanzhou.

Figure 2: Incidence of Perinatal birth defects from 2012 to 
2018 in Urban/Rural ares of Lanzhou.
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Table 3: Dynamic changes in the number of cases of Perinatal birth defects in Lanzhou from 2012 to 2018.

 Year Birth defects
Absolute increment Speed of development(%) Increment  speed(%)

CAG AAG Base Ratio Chain Ratio Base Ratio Chain Ratio

2012 406 - - 100.00 100.00 - -

2013 303 -103 -103 74.63 74.63 -25.37 -25.37

2014 503 97 200 123.89 166.01 23.89 66.01 

2015 489 83 -14 120.44 97.22 20.44 -2.78

2016 601 195 112 148.03 122.90 48.03 22.90 

2017 667 261 66 164.29 110.98 64.29 10.98 

2018 684 278 17 168.47 102.55 68.47 2.55 

Perinatal birth defects average speed of development:

 =107.74%

Perinatal birth defects average speed of increment: 
  -100%=7.74%

The occurrence and cis-position of all Kinds of Bds In lan-
zhou

The incidence and the sequence in the first five places were 
Congenital heart defects, Polydactylism, Cleft lip ± cleft palate, 
Limb shortening and Ankylodactylia (Table 4). The most com-
mon BDs in Lanzhou from 2012 to 2018 are Cleft lip ± cleft pal-
ate and Congenital heart disease. The incidence of cleft lip and 
palate decreased from 19.23/10,000 in 2012 to 5.49/10,000 in 
2018, and the incidence of Congenital heart disease increased 
from 16.06/10,000 in 2012 to 46.87/10,000 in 2018. Moreover, 
the incidence of Polydactylism increased from 9.98/10,000 in 
2012 to 19.77/10,000 in 2018. The change of other defect types 
is not obvious. (Table 5).

Table 4: The occurrence and cis-position of all kinds of birth defects in Lanzhou from 2012 to 2018 (1/10,000).

Estimation and forecasting

GM(1,1) Model

The results are as follows (Table 6). S0=139.27, S1=79.24, the 
means of the posterior error ratio c= ; little probabil-
ity of error P=0.857. According to the judgment criteria of the 
GM(1,1) model prediction accuracy (Table 1), the posterior er-
ror ratio c grade is reluctantly qualified, little probability of error 
P grade is qualified, and the accuracy grade is the lower level of 
the two indicators. It is considered that the fitting accuracy of 
the model is in a barely qualified is y=1808.06e-0.18t-1402.06

Curve fitting method

Table 7 is the model summary and hypothesis test results of 
11 models of curve fitting. This study is mainly based on the sta-
tistical significance of model hypothesis test. The more R2 and 
variance F are used as the optimal model criteria. A higer R2 and 
lower F value are indicate a better model fit of the data. The fit-
ting results show that the determination coefficient R2 is 0.849 
and F is 11.249 after quadratic function fitting, and the model has 
statistical significance. Therefore, the quadratic function model 
can better reflect the trend of BDs in Lanzhou from 2012 to 
2018. The fitting model equation is y=310.714+41.952t+2.167t2  
(Figure 3).

Cis-position Birth Defects N Prevalence Constituent ratio (%)

1 Congenital heart defects 1153 33.25 33.40 

2 Polydactylism 486 14.02 14.08 

3 Cleft lip ± cleft palate 448 12.92 12.98 

4 Limb shortening 226 6.52 6.55 

5 Ankylodactylia 195 5.62 5.65 

6 Congenital hydrocephalus 142 4.10 4.11 

7 Talipes equinovarus 125 3.61 3.62 

8 Other malformations of the outer ear 123 3.55 3.56

9 Neural tube defect 110 3.17 3.19 

10 Rectal atresia/stenosis 97 2.30 2.81 

11 Hypospadias 81 2.34 2.35 

12 Esophageal atresia/stenosis 74 2.13 2.14 
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Year

No.1 No. 2 No.3 No.4 No.5

Defects
Preva-

lence (%) 
Defects

Preva-
lence (%)

Defects
Preva-

lence (%)
Defects

Preva-
lence (%)

Defects
Preva-

lence (%)

2012
Cleft lip ± 

cleft palate
19.23

Congeni-
tal heart 
defects

16.06
Limb short-

ening
10.47 Polydactylism 9.98

Congenital 
hydrocephalus

6.33

2013
Cleft lip ± 

cleft palate
16.38

Congeni-
tal heart 
defects

10.84
Polydactyl-

ism
5.77

Limb  
shortening

5.08
Congenital 

hydrocephalus
3.23

2014
Congeni-
tal heart 
defects

28.17
Cleft lip ± 

cleft palate
13.58

Polydactyl-
ism

10.99
Limb  

shortening
10.59

Neural tube 
defect

4.59

2015
Congeni-
tal heart 
defects

37.41
Cleft lip ± 

cleft palate
17.91

Polydactyl-
ism

13.38
Limb  

shortening
6.35 Ankylodactylia 5.22

2016
Congeni-
tal heart 
defects

41.95
Polydactyl-

ism
16.63

Cleft lip ± 
cleft palate

10.58
Ankylodac-

tylia
7.37

Congenital 
hydrocephalus

4.35

2017
Congeni-
tal heart 
defects

42.24
Polydactyl-

ism
18.15

Cleft lip ± 
cleft palate

10.73
Esophageal 

atresia/steno-
sis

5.12
Other malfor-
mations of the 

outer ear
4.62

2018
Congeni-
tal heart 
defects

46.87
Polydactyl-

ism
19.77

Ankylodac-
tylia

9.89
Limb shorten-

ing
7.14

Cleft lip ± cleft 
palate

5.49

13 Down syndrome 57 1.64 1.65 

14 Microtia 55 1.59 1.59 

15 Gastroschisis 32 0.92 0.93 

16 Omphalocele 27 0.78 0.78 

17 Congenital diaphragmatic hernia 15 0.43 0.43

18 Ectopia vesicae 4 0.12 0.12 

19 Conjoined twins 2 0.06 0.06 

Table 6: Calculation Process of GM (1,1) Model for the Number of Birth Defects in Lanzhou.

Table 5: Changes of birth defects in Lanzhou from 2012 to 2018 (1/ 10,000).

Year t Xt Yt Zt Zt2 XtZt Yt＾ Xt＾ e e%

2012 1 406 406 - - - 406.0 406.0 0.0000 0.00

2013 2 303 709 557.5 310806.3 214827 761.4 355.4 -0.1730 -17.30

2014 3 503 1212 960.5 922560.3 609636 780.2 424.7 0.1556 15.56 

2015 4 489 1701 1456.5 2121392.3 831789 932.3 507.6 -0.0380 -3.80

2016 5 601 2302 2001.5 4006002.3 1383502 1114.1 606.6 -0.0092 -0.92

2017 6 667 2969 2635.5 6945860.3 1980323 1331.4 724.8 -0.0867 -8.67

2018 7 684 3653 3311.0 10962721.0 2498652 1591.0 866.2 -0.2664 -26.64
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Table 7: The Main parameters of birth defects curve fitting.

Curve fitting 
method

Model statistics Parameter value

R2 F P Constant b1 b2 b3

Linear 0.846 27.394 0.003 284.714 59.286 - -

Logarithmic 0.718 12.748 0.016 311.947 172.357 - -

Inverse 0.486 4.729 0.082 640.496 -320.293 - -

Quadratic 0.849 11.249 0.023 310.714 41.952 2.167 -

Cubic 0.898 8.759 0.054 494.714 -167.603 63.500 -5.111

Compound 0.773 17.055 0.009 313.807 1.126 - -

Power 0.667 10.003 0.025 330.332 0.347 - -

S-curve 0.449 4.067 0.100 6.462 -0.644 - -

Growth 0.773 17.055 0.009 5.749 0.119 - -

Exponential 0.773 17.055 0.009 313.807 0.119 - -

Logistic 0.773 17.055 0.009 0.003 0.888 - -

Figure 3: Quadratic Function Fitting Curve of birth defects 
Cases in Lanzhou City from 2012 to 2018.

Exponential smoothing model

The result of time series diagram shows that the sequence 
has both rising trend component and seasonal component. 
Overall, the number of BDs increases year by year. (Figure 4)

Figure 4: Time Series Diagram of birth defects in Lanzhou from 
2012 to 2017.

The expert modeler is used to fit the model, and the expo-
nential smoothing model is used to construct the model. The 
optimal model selection, parameter estimation and prediction 
are carried out. The statistical results of each model are shown 
in Table 8. By comparing the statistical results of three seasonal 
fitting methods of exponential smoothing model, and combin-
ing with the selection principle of evaluation index, the winters 
additive model of exponential smoothing model is finally de-
termined as the best model. The stable R2, R2, RMSE and MAPE 
of the model are the best values in the three models, and the 
Ljung-Box Q statistic of the model is 0.086, with no significant 
difference (P>0.05), indicating that the residual is a white noise 
sequence, suggesting that the Winters additive model has bet-
ter fitting effect (Figure 5).

ARIMA model

The ARIMA model is suitable for BDs from 2012 to 2018 
and is tested by predicting the cases of BDs in 2019. Different 
ARIMA models were tested to determine the best fitting mod-
el. Based on the distribution characteristics, we conducted six 
models, ARIMA(1,0,1)(1,0,1)12, ARIMA (1,0,1) (1,1,1)12, ARIMA 
(2,0,1) (1,0,1)12, ARIMA(1,0,1) (2,0,1)12, ARIMA(2,0,1) (2,0,1) 

12, and ARIMA(2,0,1)(2,1,1)12. Of all the models tested, the 
ARIMA(2,0,1)(2,0,1)12 model was the best fit for the data (Table 
9).

Comparison of prediction effect of model:

According to the size of MAE, SSE and AARD of GM(1,1), 
Curve fitting, Exponential smoothing model and ARIMA, it can 
be concluded that Winters addition method in exponential 
smoothing model can better fit the number of BDs in Lanzhou 
(Table 10). The predicted results of exponential smoothing 
model indicate that BDs in Lanzhou in 2019 are lower than that 
in 2018 (Figure 6).
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Table 8: Statistical analysis of different model fitting results.

Model Stable R2 R2 RMSE MAPE Ljung-Box Q P

Winters additive model 0.650 0.697 7.566 15.616 22.895 0.086

Winters multiplication model 0.538 0.614 8.544 17.311 25.849 0.040

Simple seasonal model 0.643 0.689 7.624 15.177 22.184 0.137

Figure 5: Prediction of the number of birth defects in Lanzhou.

Table 9: Comparisons of tested models.

Model Stable R 2 R 2 RMSE MAPE Ljung-Box Q P

ARIMA(1,0,1)(1,0,1)12 0.586 0.586 8.792 17.987 16.625 0.677

ARIMA(1,0,1)(1,1,1) 12 0.447 0.497 9.478 19.198 19.261 0.155

ARIMA(2,0,1)(1,0,1) 12 0.615 0.615 8.696 17.642 18.798 0.129

ARIMA(1,0,1)(2,0,1) 12 0.611 0.611 8.732 17.855 20.973 0.073

ARIMA(2,0,1)(2,0,1) 12 0.621 0.621 8.684 17.361 19.558 0.076

ARIMA(2,0,1)(2,1,1) 12 0.450 0.501 9.592 19.038 18.933 0.095

Table 10: Comparing results of model fitting accuracy.

Model SSE MAPE AARD

GM(1,1) 45673 10.41% 10.81%

Curve fitting 17520 10.31% 8.26%

Exponential smoothing 10400 5.75% 5.97%

ARIMA(2,0,1)(2,0,1) 12 12721 7.36% 8.07%

Figure 6: the Prediction of BDs by different models.

Discussion

BDs are a global problem, but their impact on infant and 
childhood death and disability is particularly severe in low and 
middle income countries. Serious BDs can be lethal. For those 
who survive early childhood with BDs, they can experience life-
long mental, physical, auditory, and visual disabilities that exact 
harsh human and economic tolls on them, their families, and 
their communities. Up to 70% of BDs could either be prevented, 
or with proper care, cured or ameliorated [23,24]. As the largest 
developing country in the world, a hospital-based surveillance 
system for monitoring BDs was established in China in 1986 [25]. 

Many hospitals and institutions have generated a large number 
of birth defect files and publications. There are large regional 
differences in birth defect prevalence. Our study performed a 
comprehensive analysis of differences in the perinatal infant 
prevalence of BDs in Lanzhou, China over a 7 year time period. 
The average prevalence rate of total perinatal infants’ BDs was 
104.13 per 10000 PIs in the past 7 years in Lanzhou, with an 
upward trend increasing by 7.74% on average each year. From 
2012 to 2018, the average incidence of BDs in urban and rural 
areas of Lanzhou was 105.61/10000 and 106.48/10000, respec-
tively, and the overall trend was upward. The upward trend in 
BDs epidemiology is potentially explained by several factors. 
Firstly, the liberalization of the second-child policy, the increase 
in the proportion of older pregnant women in Lanzhou, result-
ing in an increase in the incidence of BDs related; Secondly, Lan-
zhou has implemented various maternal subsidies projects and 
improved prenatal screening and prenatal diagnosis technology 
in grass-roots hospitals, making the detection of perinatal BDs 
increased.
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China is a country with high incidence of BDs. The incidence 
of BDs is increasing year by year. In 2010, the incidence rate is 
149.9/10000, rising to 157.0/10000 in 2014 and 175.5/10000 
in 2016 [26]. The average incidence of BDs in Lanzhou 
(104.68/10000) is lower than the national level. Considering 
the reasons, it may be that with the promulgation of the Na-
tional Comprehensive Prevention and Control Program of BDs 
[27], the grass-roots maternal and child health institutions in 
Lanzhou can actively respond to the policy call, conscientiously 
implement the prevention and control program of BDs, take 
certain measures in the prevention and control of BDs, and re-
duce the incidence of BDs.

From 2012 to 2018, the occurrence categories of BDs in Lan-
zhou were Congenital heart disease, Polydactylism, Cleft lip ± 
cleft palate, Limb shortening and Ankylodactylia. According to 
WHO reports, the most common serious congenital anomalies 
in the world are Congenital heart disease, Neural tube defects 
and Down's syndrome (anomalies). The most common types in 
the United States are Down's syndrome, Cleft lip, and Congeni-
tal heart disease [28]. Muscle and urinary system defects are 
the most common in Russia [29]. By above knowable, Congeni-
tal heart disease is a BD worthy of attention at present, which 
is in a high incidence in Lanzhou. The results of cis-positions of 
BDs from 2012 to 2018 show that before 2015, BDs were mainly 
Congenital heart disease and Cleft lip and palate. After 2015, 
Congenital heart disease and Polydactylism were the main types 
of BDs. In recent years, the incidence of Congenital heart dis-
ease has increased, on the one hand, due to the development 
of medical and health level, the continuous improvement of 
prenatal screening and diagnosis technology, such as the popu-
larization and wide application of four-dimensional color Dop-
pler ultrasound, the detection rate of Congenital heart disease 
has increased. On the other hand, it is not excluded that the 
incidence of Congenital heart disease increases due to the in-
crease of risk factors related to Congenital heart disease. These 
results suggest that the prevention and treatment of Congenital 
heart disease is not optimistic.

The early recognition of distributions is significantly impor-
tant for BDs disease control and prevention. The effectiveness of 
statistical models in forecasting future BDs incidence has been 
proved useful [30]. The surveillance system is a good way to 
collect and analyze BDs disease data. With high quality surveil-
lance data, BDs disease may be accurately detected and fore-
casted. The selections of the BDs forecasting techniques is very 
important. In the present study, we conducted a comparative 
study of four typical forecasting methods in the forecasting of 
the BDs diseases, namely four methods GM(1,1), Curve fitting, 
exponential smoothing and ARIMA model methods. We have 
also compared the differences among these methods in both 
observed value and predicted value. By comparing the results 
of model evaluation index (SSE, MAPE, AARD), it is found that 
the order of the four models is: exponential smoothing, ARIMA, 
Curve fitting and GM(1,1).

The four models selected in this study have different predic-
tion theories with different prediction ideas. The GM(1,1) pre-
diction model needs less data and is suitable for the data with 
good smoothness of the original data. Moreover, the prediction 
is more accurate, the accuracy is higher and the calculation is 
simple. However, because the GM(1,1) model relies on historical 
data and does not take into account the relationship between 
various factors, the medium-term and long-term prediction er-
ror is large [31]. The Curve fitting model is easy to calculate and 

can save time for short-term prediction, but it is not suitable 
for medium-term and long-term prediction because of large 
errors in data prediction with large fluctuations [32]. Exponen-
tial smoothing model has been widely used in the prediction of 
many diseases. Its main idea is to obtain the predicted value by 
weighting the actual data. According to the characteristics of 
the near-time data, the predicted value is given more weight, 
while the far-time data is given less weight, which makes the 
predicted value less affected by the long-term data, and more 
affected by the near-term data  [33]. ARIMA model is more suit-
able for time-varying series. It uses the characteristics of data 
stationarity to predict the future. It is suitable for short-term 
and medium-term prediction. It has poor long-term prediction 
effect [34,35]. Moreover, the sequence must satisfy stationarity 
and non-white noise. Otherwise, it is not appropriate to estab-
lish ARIMA model. 

This study chooses the best model from the above models 
to forecast the BDs in Lanzhou in 2019. The prediction results 
show that the occurrence of BDs in Lanzhou in 2019 is close to 
that in 2018. It suggests that strengthening the prevention and 
control of BDs is an important public health problem in Lanzhou 
in the future years.

Conclusion

In summary, the occurrence of BDs in Lanzhou has shown an 
upward trend in recent years, and the types of defects are Con-
genital heart disease and Polydactylism. In addition, the pre-
dicted results show that the number of BDs in 2019 is close to 
that in 2018. Therefore, in the future, Lanzhou should increase 
the prevention and control of BDs.
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