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Objectives. To compare the differences of epidemiology analysis in population birth defects (BDs) between the rural and urban areas
of Hunan Province in China. Methods. The data of population-based BDs in Liuyang county (rural) and Shifeng district (urban) in
Hunan Province for 2014-2018 were analyzed. BD prevalence rates, percentage change, and annual percentage change (APC) by
sex and age were calculated to evaluate time trends. Risk factors associated with BDs were assessed using simple and multiple
logistic regression analyses. Results. The BD prevalence rate per 10,000 perinatal infants (PIs) was 220.54 (95% CI: 211.26-
230.13) in Liuyang and 181.14 (95% CI: 161.18-202.87) in Shifeng. Significant decreasing trends in BD prevalence rates were
noted in the female PIs (APC =-9.31, P =0.044) and the total BD prevalence rate in Shifeng (APC =-14.14, P =0.039). Risk
factors for BDs were as follows: rural area, male PIs, PIs with gestational age < 37 weeks, PIs with birth weight <2500¢g, and
migrant pregnancies. Conclusions. We should focus on rural areas, reduce the prevalence of premature and low birth weight
infants, and provide maternal healthcare services for migrant pregnancies for BD prevention from the perspective of

population-based BD surveillance.

1. Background

Birth defects (BDs)—also called congenital anomalies—are
defined by the World Health Organization (WHO) as struc-
tural, functional, or biochemical-molecular defects present at
birth, whether or not detected at that time [1]. The WHO
estimates that every year, 6% of all newborns worldwide are
born with serious BDs, with a BD prevalence rate of 4.72% in
developed countries, 5.57% in middle-income countries, and
6.42% in low-income countries [2, 3]. In China, the BD rate
is reported to be 5.6%, and 900,000 newborns are found to have
BDs each year [4]. BD surveillance data indicate that among
China’s provinces, Hunan ranked third in 2011 in terms of
the BD prevalence rate, fourth in 2012, and fifth in 2013.
Different countries have different BD surveillance sys-
tems. Hospital surveillance and population surveillance are

the two main methods of BD surveillance. The European
Network of Congenital Anomaly Registers was established
in 1979 and is a high-quality network of population-based
congenital anomaly registries across Europe for BD surveil-
lance and research [5, 6]. In the United States, the National
BDs Prevention Network publishes state-level data on major
structural BDs to advance the field of BD surveillance and
epidemiology, with the first Congenital Malformations
Surveillance report published in 1997 [7]. Hospital BD sur-
veillance is conducted in continents and countries, such as
Latin America, China, and South Korea [4, 8, 9]. BD surveil-
lance systems in China started in 1986. These hospital-based
surveillance systems monitored about 3.63 million births,
which accounted for about 22% of all births in China [10].
This surveillance method is considered to work well in
China. With the growth of economies and the development


https://orcid.org/0000-0002-0608-5928
https://orcid.org/0000-0002-5718-1936
https://orcid.org/0000-0003-3665-8958
https://orcid.org/0000-0003-4226-2116
https://orcid.org/0000-0002-5197-1662
https://orcid.org/0000-0002-9772-8916
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/2732983

of healthcare services worldwide, it is necessary to build
population-based BD surveillance systems that can supple-
ment hospital-based surveillance systems [4].

Until now, most BD research studies in China used
data from hospital-based systems; no studies have used
population-based BD surveillance data. This study is aimed
at providing an epidemiologic profile of population-based
BDs in Liuyang county (rural) and Shifeng district (urban)
in Hunan Province using data from the Chinese BDs Popula-
tion Monitoring Network for 2014-2018. We aimed to under-
stand the occurrence of BDs in rural and urban areas and
provide basic data and policy suggestions for the prevention
of BDs from the perspective of population-based BDs.

2. Material and Methods

2.1. Study Population. Hunan Province had selected Liuyang
in Changsha city and Shifeng in Zhuzhou city as rural and
urban population BD surveillance sites since 2008. The rea-
sons for selection were as follows. (1) The local health admin-
istrative department pays attention to and supports the
surveillance work, supporting funds and staft. (2) The health
service indicators of children and maternal system manage-
ment rate and hospital delivery rate were more than 80%.
(3) Health promotion such as prepregnancy healthcare, pre-
natal health, prenatal screening, newborn disease screening,
and hearing screening had been carried out. (4) The local
administration agreed to participate in the program. The
monitoring subjects were the perinatal infants (PIs; including
stillbirth, dead fetus, or live births) delivered by the mothers
living in the monitoring area (including the mothers with
local household registration and those with nonlocal house-
hold registration living in the monitoring area for more than
one year). The monitoring period is from 28 weeks of gesta-
tion (if the gestational age is unclear, a birth weight of 1000
grams or more can be referred to) to 42 days after birth,
during which time the BD is diagnosed. The two surveillance
sites are organized and implemented by provincial adminis-
trative departments under the unified implementation plan
formulated by the National Maternal and Child Health Mon-
itoring Office.

2.2. Data Collection and Data Source. The maternal and child
healthcare workers at the community health service centers in
urban areas and village doctors in rural areas are responsible
for collecting in the regional jurisdiction information related
to all PIs delivered after the 28 weeks of gestation and filling
in the “birth status and infant follow-up registration form,”
which included information on family conditions, infant con-
ditions, BD diagnosis conditions, and results of PI follow-up.
They would follow up the live infants until 42 days after birth
by way of postpartum visits and record the information on
follow-up results on the form. The “birth status and infant
follow-up registration form” of all the infants and “registration
form of BDs” of those diagnosed with BDs were entered into
the Chinese Birth Defects Population Monitoring system.
The diagnosis of BDs was based on the Chinese National
Criteria of Birth Defects and Tiny Deformities and the clini-
cal modification codes as congenital malformations, defor-
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mations, and chromosomal abnormalities (codes Q00-Q99)
of “International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10)”. The 24
types of BDs monitored were categorized by the system
affected, including neurologic system, craniofacial system,
gastrointestinal system, urogenital system, musculoskeletal sys-
tem, cardiovascular system, respiratory system, genetic meta-
bolic diseases, genetic syndrome, and other BDs (i.e., those
BDs do not belong to the abovementioned 9 systems). The 24
types of BDs listed in our previous research were categorized
by the clinical and physical signs, including morphological
and structural abnormalities, functional and metabolic abnor-
malities, and mental-behavioral abnormalities [11].

Cases of BDs should be diagnosed by district, county, or
above medical institutions and confirmed by the expert
groups for the monitoring of population BDs established by
the monitoring district and county. Those pregnant women
with defective fetuses found in prenatal diagnosis who want
to terminate pregnancies must go to medical institutions
qualified for prenatal diagnosis, which had the higher ability
on the diagnostic level of B-ultra, medical genetics, obstetrics,
pediatrics, pathology, or clinical laboratory. The diagnostic
information about BDs would be filled in the registration
forms for BDs including name, position, diagnosis time,
and diagnosis based on BD diagnosis conditions.

2.3. Quality Control and Other Issues. The surveillance staff at
the county level of maternal and child healthcare institutions
filled in “the form of surveillance quality” including numbers
of PIs, perinatal deaths, and BDs every quarter. Then, the form
was returned to the surveillance staff at the municipal level of
maternal and child healthcare institutions, together with the
requirement of the underreporting rate of major BDs no more
than 1%, the number of unreported births no more than 1%,
the completeness of the report forms more than 99%, errors
on report forms no more than 1%, and errors resulted from
data entry no more than 1%. The provincial level of maternal
and child healthcare institutions carried out the same review
procedure when the municipal level had passed the review.
The flow chart of population BD monitoring is listed in
Figure 1. A flow chart showing how the data of the sample
was selected in Liuyang and Shifeng from 2014 to 2018 is
presented in Figure 2. Overall, 2423 BDs were identified. The
total number of PIs in this study was 112,815. All data except
for the name, address, and other information identifying the
study cases in the study were regularly uploaded from the
Chinese BDs Population Monitoring Network to conduct
statistical analysis only. This study was conducted in compli-
ance with local and national regulations and was approved
by the Ethics Review Committee of Hunan Province Maternal
and Children Health Care Hospital. The requirement for
obtaining informed consent was waived because of the retro-
spective design of this study and only usage of monitoring data
that could not identify the subjects. This study was carried out
in accordance with the principles of the Declaration of
Helsinki. The prevalence of BDs was expressed per 10,000 PIs.

2.4. Statistical Analysis. The total prevalence and 95% confi-
dence intervals (CI) of BD prevalence rates grouped by
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F1Gure 1: The flow chart showing how the study sample was selected from Liuyang county (rural) and Shifeng district (urban), Hunan

Province, China, from 2014 to 2018.

maternal age and infants’ sex and 95% CI were calculated for
five 1-year time intervals from 2014 to 2018. A regression line
was fitted to the natural logarithm of the rates weighted by
the number of cases to look specifically at time trends; that
is, y=a+ Bx +¢, where y=In (rate) and x = calendar year.
The APC and 95% CI for the BD prevalence grouped by
maternal age and infants’ sex were calculated based on the
Joinpoint regression modeling using Joinpoint software,
version 4.5 (US National Cancer Institute), to quantify the
time trends. Line charts were constructed to graphically dis-
play the trends in BD prevalence rates by sex and maternal
age groups. The distributions of epidemiological and delivery
characteristics were compared between the BD group and
the non-BD group using simple logistic regression. The
dependent variable of logistic regression analysis was whether
a perinatal infant had BDs (no/yes). Multivariable logistic
regression analysis was used to calculate aORs (adjusted odds
ratios) and 95% CI. Only variables identified as significantly
associated with the dependent variable at P < 0.05 in the sim-
ple logistic regression analyses were included in the model. All
analyses were conducted using SPSS version 22 (IBM Corp.,
Armonk, NY, USA). All statistical tests were two-sided, and
P values less than 0.05 were considered statistically significant.

3. Results

Table 1 presents the number of PIs, BDs, and BD prevalence
rates per 10,000 PIs (95% CI) by sex for the two study areas

for the 5-year observational period. We observed 2423 BDs
among 112,814 PIs. There were 2124 BDs among 96,307
PIs, and the BD prevalence (95% CI) was 220.54 (95% CI:
211.26-230.13) in Liuyang. There were 2124 BDs among
96,307 PIs in Liuyang, and there were 299 BDs among
16,507 PIs in Shifeng. The BD prevalence (95% CI) was
181.14 (95% CI: 161.18-202.87) in Shifeng. The prevalence
among male PIs was higher than that among female Pls.

Table 2 presents the number of PIs, BDs, and BD preva-
lence rates in the study areas by maternal age groups. Except
for the mothers aged <40 years, the prevalence of the other
age groups in Liuyang was higher than that in Shifeng.
Mothers aged >40 years in Liuyang (352.82 per 10,000 PIs,
95% CI: 273.43-448.07) and 35-39 years in Shifeng (212.37
per 10,000 PIs, 95% CI: 147.07-296.76) had the highest
prevalence of BDs among the maternal age groups. The time
trends of BD prevalence rates by sex and maternal age groups
in Liuyang and Shifeng from 2014 to 2018 are depicted in
Figure 3. Although the overall prevalence rates in Liuyang
decreased over the study period from 306.49 to 203.39 per
10,000 PIs, the annual percentage change (APC) did not
show statistical significance (APC=-8.83, P=0.243)
(Table 3). However, we observed significant decreasing BD
trends in the following: mothers aged 30-34 years in Liuyang
(APC=-17.03, P=0.037), female PIs in Shifeng
(APC=-9.31, P=0.044), mothers aged 30-34 years in Shi-
feng (APC = -20.06, P = 0.002), and the total time trend for
Shifeng (APC = -14.14, P =0.039).
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FIGURE 2: The process of the data collection and quality control in Liuyang county (rural) and Shifeng district (urban), Hunan Province,

China, from 2014 to 2018.

Detailed maternal epidemiological and delivery charac-
teristics related to PIs with BDs and non-BDs, BD prevalence
rates, and odds ratios (ORs) are presented in Table 4. The
average BD prevalence rate in Liuyang was significantly
higher than that in Shifeng (OR=1.223, 95% CI: 1.082-
1.382). The average BD prevalence rate was significantly
higher in male PIs than in female PIs (OR = 1.536, 95% CI:
1.413-1.669). The average BD prevalence in mothers aged
35-39 years and >40 years was significantly higher than that
in mothers aged 25-29 years (OR =1.206, 95% CI: 1.1046—
1.389 and OR =1.572, 95% CI: 1.238-1.998, respectively).
The average BD prevalence in PIs at <37 gestational weeks
was significantly higher than that in PIs at 37-42 gestational
weeks (OR =5.392, 95% CI: 4.855-5.990). The average BD
prevalence rate in PIs with a birth weight < 2500 g was signif-
icantly higher than that in PIs weighing 2500-4000g
(OR =5.878, 95% CI: 5.273-6.553). The average BD preva-
lence in twin PIs was significantly higher than that in single-
ton PIs (OR=1.540, 95% CI: 1.237-1.916). Finally, the
average BD prevalence in PIs whose mothers have nonlocal
registration but residence with <1 year (OR =3.052, 95%
CI: 2.105-4.426) and >1 year (OR =3.779, 95% CI: 2.824—
5.055) was significantly higher than that in PIs whose
mothers have local registration.

Factors associated with BDs with the dependent variable
of BD occurrence (yes/no) in the multiple logistic regression
model are shown in Table 5. Risk factors for BDs were as
follows: rural areas compared with urban areas (adjusted

OR (aOR) =1.366, 95% CI: 1.203-1.551), male PIs com-
pared with female PIs (aOR = 1.564, 95% CI: 1.437-1.702),
<37-gestational week PIs compared with 37-42-week Pls
(aOR =2.589, 95% CI: 2.211-3.033), <2500 g PIs compared
with 2500-4000 g PIs (aOR =3.417, 95% CI: 2.899-4.027),
mothers with nonlocal certificate registries but residence with
1 year and >1 year compared with local certificate registries
(aOR =3.349, 95% CI: 2.284-4.912 and aOR =4.197, 95%
CI: 3.103-5.676, respectively), and mothers aged >40 years
compared with mothers aged 25-29 years (aOR=1.317,
95% CI: 1.032-1.682).

4. Discussion

This was the first study to describe the epidemiology of BDs
based on population surveillance data from Hunan Province
in China. The total BD prevalence rates in Liuyang and Shi-
feng from 2014 to 2018 were 220.54 and 181.14 per 10,000
PIs, respectively. These rates differed from those based on
hospital surveillance data reported by our previous study that
found the total prevalence rates of BDs in rural and urban
areas of Hunan Province (2005-2014) to be 175.41 and
209.66 per 10,000 Pls, respectively [11]. Although Liuyang
county and Shifeng district were chosen as representatives
of rural and urban population monitoring areas in Hunan
Province, some studies with larger simples had shown similar
results to our findings based on the population study [12].
The prevalence rates of BDs were inconsistent with the



BioMed Research International

'SId 000°0T 1d passaxdxa sajer souaresdid 10939p Yiiiq uonendod "S[EAINUI 20USPYUOD D) $193J9P YIIq s ‘Siuejul [ereurtad sy,

(L8'202-8T°191) #1181 66¢ L0591 (£8'8TT-86'L9T) 89961 L91 16¥8 (8T°S6T-8L°LET) L9FIT €l 9108 [e107,
(88°S61-¥T°S0T) TH'SHI ¥ £S6T (95°7€7-57°86) 66'FST €T ¥8¥1 (0£'607-7678) 8L'SET 0T €L¥1 8107
(10°291-€L°68) 66'€T1 ¥ 89¥¢€ (20°591-29°€9) £9°S01 61 86L1 (€8°€17-80°76) 1L°€V1 ¥C 0491 £10T
(1€77€T-€€°8€T) S8°081 19 €L€€ (£6'987-91°G¥1) ST'LOT 9¢ LELT (85'577-68°86) 18°TST ST 9691 9107
(95°€LT-6L891) TS9TT 0L €€Te (9T°€1€-15°191) €T°8TT 8¢ G991 (01°887-65"6€1) 80'70T 43 8961 S10¢
(28'26T-79°L8T) 06'SET (4] 9/¥€ (60'1LE-¥T1°01T) ¥T 78T 1S L08T (¥9°€92-07°921) ¥£'S81 113 6991 ¥10¢

(ID %S6) (SId 000°01 12d) (ID %S6) (SId 000°01 12d) (ID %S6) (SId 000°01 12d)
Sajelr vuﬁo~w>v.~& AZV me AZV wH& Sajelr vuﬁo~w>v.~& AZV me AZV wH& Sajelx vuﬁﬂm?ﬁ& AZV QO AZV mH& ud@%
1o1STp SudIyS-TeIo], 1o1ISTP SusyIyS-are]N 1o1STp SUSJIYS-oreta,] ueqin

(@

(£T°0€2-9T°117) ¥5°02¢ iZa%4 L0€°96 (YT 182-€97S7) S999¢C €sel 17L°0S (8S'T81-L¥'LST) 17°691 197 995°G¥ e107,
(¥€'922-T7T°T81) 6£7€0T 9¢¢ 02591 (SHTIE-65°T1¥T) TESLT 0¥z L1/8 (¥T'0S1-59°66) €0°€TT 9 €08. 8107
(85°577-09°G81) 98'70T 257 607°0T (LTT6T-TF6TT) L6'8ST 8.7 GeL0T (08'691-7%071) SS'€FT 9¢1 VL6 L10T
(€T TSI-HO'LFT) €6°€91 €¥¢ ¥26°0T (20°8€T-00°€8T) L1'60T 0€T 96601 (¥8°9€1-08°€6) TS'€T1T €11 8766 9107
(15°6%2-55907) LT'LTT |54 POF61 (LE£08T-9T'817) 18°LFT 414 69101 (00'9€T-2S9LT) 99'70T 681 GeT6 S10¢
(ST'T€€-97°78T) 6%°90€ 065 0ST61 (20°L8€-STETE) 89°8F€ €s¢ iZ4N0)! (S6'767-89°LTT) L'6ST LET 9716 ¥10¢

0 s ‘01 Jod 0, S ‘01 Jod 0, S ‘01 1od
(ID %S6) (SId 000°01 12d) (\) sag (N) s1d (ID %S6) (SId 000°0T 12d) (\) sag (N) s1d (ID %S6) (SId 000°0T 12d) (N) sag (N) s1d o

S9Jel 9dUd[eAdId

£yunoo Suednry-Tejof,

91T 20UI[LAI]
£yunoo uednry-areIy

S3JeI JOUILAIIJ
£yunoo Suednry-orewsg eIy

(®)

"8T0T 03 $10T WOIj “eury)) “@oursoid ueuny ‘(ueqan) ousip Sudjiyg pue (feini) Ajunod Juednry ur xos £q padnoid sayer souspessrd (g pue ‘sqq SId Jo Joquunu Y], :] 414V ],



BioMed Research International

'SId 000°01 1od passaxdxa sayer souareadid 1093op yiaIq uonendod ‘S[EAINUT 2dUSPYU0D (D) $199J9p YIIq s ‘sjuejul [ereursad :s[d,

(S5°08€-9T°FL)

(9£°96T-L0°L¥T)

(8€°0€T-S€°0ST)

(99°90Z-6£°9%1)

(6L°TET-LESTT)

0L 81 L 6L st e 1091 1781 68  VSL 091 SE€T  TELL 65901 ¢ 10T [eIOL
Amw.mmﬂ.ww.h@ z /8 Amm.mww.mwmﬁc 6 /06 :m.wmmmww.wmv 71 80T :m.wwmw.ma g1 BEIT A@.MW.MMN.@ z 67 8102
am.ﬂmwmwms z 01 a«.mwwmwno: o1 I AS.MM.MMW.@@ a4 eIl au.oww%w.m& 1 szl Efm wmmﬁb z e L102
:o.ﬂ%%o.e 0 /8 GN.NMMMM.S p boc :N.wM%.mM.E 9] o1 76 SEMMMME 1) 62 791 Go.wwﬂmm.owv p sze otz
Gm.mwwm.w %mm.@s z zc Amm.mmmww%v ¢ - ah.oww%wwm: T o Amw.mwm.%%og £ 5O :m.omﬁw.owwmg I
ﬁo.mw.ﬁ wﬂwamv I b AS.MMM.MM.N@ ¢ 161 Em.m%w%w@o: T esL (€01 MM.MM%: b 6ISI AS.WMMMW.@ - ¥9  PI0T
aaooor sy B W wrigotsg N M ety ®® gty 000 gaeeeg ® 0 ©
$3jel dUd[eAdId $3jel dUd[eAdId $3jel dUd[eAdId Sajel dUd[eAdId $3jel dU3[eAdI
PLISIp SUIYS-0F< PLISIp BUAIYS-6€-G¢ PLISIp BUAIYS-H¢-0¢ OISIP SUJIYS-67-ST OISIp SUJIYS-HTS ueqin
()
Qo.wMM.NMMmS L9 6681 :o.ommwwmwwms 50T ST6L am.ﬂm%.ows 9% PIS€T Gw.wmw.%wss 676 161FF ao.N%m..mNNN: 0T 89L1 [eI0L
:m.mww%am.ow: ¥1 €T @N.momw%mw%: Sh o 96LI @m.m%m..ﬁ%.a:v 9L €205 @@.om@ M.Nwmww: TST 9€89  (61'96-F€'1€) €€°LS ¥ THHT  810C
Amo.mm.mu.ww.&v 0T €6v GEMM.%MQNV 6 1022 am.mww.uwﬂows 00T <08S am.ow.wwwwmm.@c ol 1888 Gm.wm..m%.mﬁv o 6787 LI0T
a«.m%m.mwmg@ ol @.Nww.m%.mz 0c  76oT Awm.ﬁ.%%.wg s 67S g.m%oﬁ..@mmﬁ.mm: 19T 18701 Gm.mﬂwmwwe &b coce  OI0Z
Aoﬁ.mww.m@m.wm@ 81 <I¢ Amm.mmwmww%: sz [l So.ow%wmwmw: 16 066€ AQ.QMM%M%: 61 666 Ga%.ﬂ%.@@ I
aw.ww..mwm.mw: ol 8c7 (1 amww.mwmm.ov@ 9 6hOT Amw.ﬂww%mmh@ PI1 S0bE avwwm%mwmm@ YT Vb8 RENNNN.W%.E: 01 16/ 10T
(s1d 000°0T 12d) sa3ex (N)  (N)  (SId 000°01 1od) sasex (N)  (N) (SId 000°0T 2d) sajer (N)  (N) (51 000°0T 2d) sayex (N)  (N)  (S1d 000°0T #od) sagex (N) — (N) . X
uoresdrd 1D %S  sQd SId  oudeadrd 1D %S6  sQd  SId dudresdrd D %se  sadd  SId ouatesdrd 1D %56 sad  SId ouatesdrd 1D %56 sad  SId
Ayunod Guednr-gp< Ayunoo Guednry-ge-s¢ Ayunoo Suednri-¢-0¢ Ayunoo Guednri-6z-S Ayunoo Guednry-¢> ey
(®)
"810¢

0} $10C WOoJJ ‘BUIyD) @OUIA0IJ UeUNH ‘(uweqan) 1ousip Sudjiyg pue (Teana) Ajunod SuednrT ur sdnoid sSe reursjewr 4q padnoid sajex sousressrd (g pue ‘sqq SId JO Ioquunu Y[, ig 414V ],



BioMed Research International

400 -
350
300 ~
250 A
200 A
150
100 -

BD prevalence rates
(per10,000 PIs)

600 -
550
500 -
450
400 -
350 -
300
250
200 -
150
100 A

50 A

BD prevalence rates
(per10,000 PIs)

0

2014

—e— Female
—=— Male
—a— Total

2015

Liuyang county

2016

2017

2018

=
2014 2015 2016 2017 2018
Liuyang county
—o— <24 v 35-39
= 25-29 —— 240
A 30-34

400
350
300
250
200
150
100

600
550
500
450
400
350
300
250
200
150
100

50

2014

2015 2016 2017

Shifeng district

2018

2015 2016 2017
Shifeng district

2018

F1GURE 3: The prevalence of BDs by sex and maternal age groups in Liuyang county (rural) and Shifeng district (urban), Hunan Province,
China, from 2014 to 2018.

TaBLE 3: The trends of BD prevalence rates grouped by sex and maternal age groups in Liuyang county (rural) and Shifeng district (urban),
Hunan Province, China, from 2014 to 2018.

0

Gender and age groups among areas BDs (N) I%rOelvtlence rates BDs (N) lfroeilgalence rates PC (%) APC (%) P value Lin?iib C[IJp

Liuyang-female 237 259.70 96 123.03 -111.09  -16.88 0.079 -33.63 4.10

Liuyang-male 353 348.68 240 275.32 -26.65 -4.19 0.546 -21.62 17.11
Liuyang-total 590 306.49 336 203.39 -50.69 -8.83 0.243 -25.58 11.70
Liuyang-<24 years 109 188.22 14 57.33 -228.31 -18.86 0.181 -44.66 18.98
Liuyang-25-29 years 254 290.48 152 222.35 -30.64 -5.21 0.522 -25.14 20.02
Liuyang-30-34 years 114 334.51 76 151.30 -121.09 -17.03 0.037 -29.74 -2.03
Liuyang-35-39 years 36 343.18 45 250.56 -36.97 -1.80 0.865 -28.24 34.38
Liuyang->40 years 10 387.60 14 330.97 -17.11 -12.64 0.311 -38.66 24.42
Shifeng-female 31 185.74 20 135.78 -36.79 -9.31 0.044 -17.33 -0.51
Shifeng-male 51 282.24 23 154.99 -82.10 -17.87 0.091 -36.36 5.99

Shifeng-total 82 235.90 43 145.42 -62.22 -14.14 0.039 -25.17 -1.49
Shifeng-<24 years 12 189.27 2 68.49 -176.35  -29.30 0.098 -55.55 12.46
Shifeng-25-29 years 45 247.39 18 155.98 -58.60 -15.82 0.204 -39.99 18.10
Shifeng-30-34 years 21 268.20 12 113.53 -136.24  -20.06 0.002 -25.67 -14.03
Shifeng-35-39 years 3 157.07 9 245.23 35.95 9.73 0.063 -0.95 21.55
Shifeng->40 years 1 204.08 2 229.89 11.23 -4.45 0.737 -42.49 58.75

“PIs: perinatal infants; BDs: birth defects; APC: annual percentage change; CI: confidence interval; PC: percentage change. Population birth defect prevalence

expressed per 10,000 PIs. PC and APC between 2014 and 2018 calculated by population birth defect prevalence rates.
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TaBLE 4: Distribution of epidemiological and delivery characteristics related to BDs and non-BDs, in Liuyang county (rural) and Shifeng

district (urban), Hunan Province, China, from 2014 to 2018.

Factors Classification Bg;)r(ll_\]) ](311\?)5 Pre\ﬁ)lj)rz)coegiist;z S(;) 5f02 lésl)(per OR (95% CI) P
e Shifeng district 16,228 299 18.092 (16.059-20.124) Ref
Liuyang county 94274 2124 22.034 (21.107-22.960) 1223 (1.082-1382)  0.001
N Han 110,012 2406 21.402 (20.556-22.248) Ref
Ethnicity
The others 490 17 33.531 (17.808-49.253) 1586 (0.976-2.577)  0.062
25-29 years 50,884 1084 20.859 (19.630-22.088) Ref <0.001
<24 years 20353 471 22,618 (20.599-24.638) 1.086 (0.974-1212)  0.138
Age groups 30-34 years 27,751 555 19.607 (17.992-21.222) 0.939 (0.847-1.041)  0.231
35-39 years 9305 239 25.042 (21.907-28.177) 1206 (1.046-1.389)  0.010
>40 years 209 74 32.413 (25.144-39.683) 1572 (1.238-1.998) <0.001
One time 38273 846 21.626 (20.185-23.068) Ref 0.209
Pregnancy times Two times 46424 980 20.673 (19.392-21.954) 0.955 (0.870-1.048)  0.332
Three times 25799 597 22617 (20.823-24.411) 1.047 (0.942-1.164) 0397
One time 46,650 1069 22.402 (21.074-23.730) Ref 0.027
Parity Two times 59525 1244 20.471 (19.345-21.597) 0.912 (0.840-0.991)  0.029
Three times 4321 110 24.825 (20.242-29.408) 1111 (0.911-1.355)  0.300
Female 52,719 903 16.840 (15.751-17.929) Ref
Gender Male 57,783 1520 25.631 (24.359-26.903) 1536 (1.413-1.669) <0.001
37-42 weeks 105,773 1954 18.138 (17.342-18.935) Ref <0.001
Gestational weeks <36 weeks 4698 468 90.592 (82.763-98.422) 5.392 (4.855-5.990) <0.001
>43 weeks 23 1 41,667 (-44.527-127.861) 2354 (0.318-17.436) 0.420
2500-4000 g 100,217 1865 18.270 (17.448-19.091) Ref <0.001
Weight of birth <2500 g 4013 439 98.607 (89.846-107.368)  5.878 (5.273-6.553) <0.001
>4000g 6266 115 18.022 (14.757-21.287) 0.986 (0.816-1.193)  0.886
_— Singletons 107,923 2337 21.195 (20.345-22.046) Ref
Twins 2579 86 32270 (25.557-38.984) 1,540 (1.237-1.916)  <0.001
. Hospital 88,186 2111 23.378 (22.393-24.364) Ref
Place of birth
Others 2316 312 13.788 (12.269-15.308) 0.584 (0.518-0.658) <0.001
Local place 109,425 2343 20.963 (20.123-21.803) Ref <0.001
Place of domicile NOnl°rceaslig:;tégc‘zitfh“l’g;seﬁes but 459 30 61.350 (40.006-82.694) 3.052 (2.105-4.426) <0.001
Nonlocal certificate registries but o0 5 74.850 (54.844-94.857) 3.779 (2.824-5.055) <0.001

residence with >1 year

“PIs: perinatal infants; BDs: birth defects; OR: odds ratio; CI: confidence interval; Ref: reference. Population birth defects prevalence expressed per 10,000 PIs.

conclusions of other studies in Dalian city and Henan Prov-
ince of China and nationwide based on hospital surveillance
data that found higher BD prevalence rates in urban areas
than in rural areas [12-14]. Hospital BD surveillance can
ensure the accuracy of malformation diagnosis or the timeli-
ness of obtaining information, especially the surveillance of
stillbirth, while population BD surveillance with a long
follow-up time covers a wide range of population including
the out-of-hospital delivery cases and excluding the migrant
pregnancies. Considering that the results of population BD
surveillance could obtain more reliable prevalence estimates
of BDs, the breadth and depth of information collected at a
population level by population BD surveillance should serve
as an important data source to guide public health action
with the economic development [4, 15].

Greater decreases of prevalence rates were observed in
the urban area (62.22%) than in the rural area (50.69%),
and only prevalence rates in Shifeng showed a downward
trend. The differences in these trends and rural-urban dispar-
ities in BD prevalence rates may be explained by rural women
having a higher threshold for delaying consultations for a BD
infant and tending to seek medical help in urban hospitals
with higher diagnostic capabilities [16]. What is more, prena-
tal diagnosis of BDs from prenatal ultrasound, 3D ultra-
sound, and ultrafast magnetic resonance imaging has been
widely used in urban areas in recent years, and this has
increased the sensitivity of prenatal diagnosis of major or
minor structural anomalies. It will definitely observe the phe-
nomenon of the prevalence rates of BDs in the rural areas
higher than that in the urban areas under the termination
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TaBLE 5: Factors associated with BD occurrence in the multiple logistic regression model.

aOR (95% CI)

Factors associated with BD occurrence B SE Wals Df P aOR .
Limit Up

Area of city (Ref: Shifeng district) -0.31 0.07 23.12 1 <0.001 1.37 1.20 1.55
Gender of male (Ref: female) 0.45 0.04 107.96 1 <0.001 1.56 1.44 1.70
Pregnancy weeks (Ref: 37-42weeks) 140.06 2 <0.001

<36 weeks 0.95 0.08 138.94 1 <0.001 2.59 2.21 3.03

>43 weeks 1.11 1.02 1.18 1 0.277 3.05 0.41 22.68
Weight of birth (Ref: 2500-4000 g) 215.77 2 <0.001

<2500¢g 1.23 0.08 214.78 1 <0.001 3.42 2.90 4.03

24000 g -0.05 0.10 0.28 1 0.598 0.95 0.79 1.15
Multiple births (Ref: singletons) -0.78 0.12 41.49 1 <0.001 0.46 0.363 0.58
Birthplace of others (Ref: hospital) -0.45 0.06 50.89 1 <0.001 0.64 0.57 0.72
Mother place of domicile (Ref: local place) 121.13 2 <0.001

Nonlocal certificate registries but residence with 1 year 1.21 0.20 38.27 1 <0.001 3.35 2.28 491

Nonlocal certificate registries but residence with >1 year 1.43 0.15 86.68 1 <0.001 4.20 3.10 5.68
Maternal age groups (Ref: 25-29 years) 12.00 4 0.017

<24 years 0.05 0.06 0.69 1 0.408 1.05 0.94 1.17

30-34 years -0.09 0.05 2.78 1 0.095 0.92 0.82 1.02

35-39 years 0.09 0.07 1.36 1 0.243 1.09 0.94 1.26

>40 years 0.28 0.13 4.89 1 0.027 1.32 1.03 1.68

*S.E: standard error; aOR: adjusted odds ratio; CI: confidence interval; Ref: reference.

of pregnancies with severe congenital structural anomalies
after prenatal diagnosis.

We found that in the two study areas, the total prevalence
rates of BDs among male PIs (266.65 and 196.68 per 10,000
PIs) were higher than those among female PIs (169.21 and
164.67 per 10,000 PIs). Similarly, other studies reported that
more male infants had BDs than female infants [14, 17].
Interactions between sex hormones and organ development
might be possible causes of the sex differences found for some
congenital anomalies [18]. Our study showed the highest BD
prevalence rates among PIs of mothers aged >40 years in
Liuyang and 35-39 years in Shifeng. Older maternal age is
strongly associated with chromosomal BDs such as trisomies
13, 18, and 21 and nonchromosomal BDs [19].

The risk factors for BDs identified in this study were rural
residents, male PIs, maternal age > 40 years, multiple births,
preterm births, low birth weight, nonlocal pregnancies, and
delivery in hospitals. In our study, the rate of BDs in multiple
births was 32.27 per 10,000 PIs versus 21.20 per 10,000 PIs in
singletons. A study in China’s Zhejiang Province found the
rate of BDs in multiple births to be 444.16 per 10,000 births
versus 266.97 per 10,000 births in singletons using Zhejiang
hospital-based BD surveillance system data for 2007-2009
[20]. The mechanisms by which multiple births increase the
risk for some BDs remain unclear [21]. This phenomenon
may be partly explained by delayed childbirth and conse-
quent infertility, along with increasingly accessible and avail-
able assisted reproduction, which resulted in a rise of
multiple births and a consequent increase in BDs.

This study showed that BDs were more than twice as
common among preterm births (28-36 gestational weeks)

and three times as common among retarded births (>42
weeks) compared with term births. Infants born preterm
are considered more likely to have major BDs than term
infants [22, 23]. The causes of most BDs and the mechanisms
or reasons of these BDs that may contribute to preterm birth
remain unknown, so prevention and research of BDs and
preterm birth had been recognized as an integrated approach
to carry out. We found that the prevalence of BDs in migrant
pregnancies was higher than that in local pregnancies [24].
Migrant pregnancies may not have benefitted from this series
of government policies and healthcare that extends from
pregnancy planning to delivery. Therefore, it remains a com-
plex task to provide BD prevention and healthcare for
migrant pregnancies. This study also showed that hospital
childbirth was a risk factor for BDs compared with delivery
in other places. There may be some reasons for this phenom-
enon. First, the delivery rate in hospitals increased from
58.7% in 1996 to 99.7% in 2015 [25]. Therefore, most infants
were delivered in hospitals. Second, pregnancies for which
tests during pregnancy showed normal results might have
chosen to deliver at home. Third, most infants with BDs were
diagnosed in hospitals.

This study illustrated the epidemiological characteristics of
BDs in two selected areas of Hunan Province from 2014 to
2018. Although population-based BD surveillance can effec-
tively avoid selection bias, has a longer monitoring time, can
collect more BDs diagnosed after delivery, and has a better
ability to monitor genetic metabolic diseases and delayed-
onset diseases, there were some limitations. First, we could
not analyze factors such as smoking, alcohol consumption,
socioeconomic status, medical history, prenatal care, or
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paternal details that may affect BDs because of the limited data
collected. Second, this surveillance of BDs only considered 24
of the 110 most frequent and lethal anomalies. Therefore,
some BDs might not be detected within a few days after birth,
which could lead to the prevalence of BDs in this study being
lower than the true prevalence. Third, population BD surveil-
lance based on Liuyang and Shifeng cannot fully represent the
whole Hunan Province. However, our report provided an epi-
demiological analysis of two areas in Hunan Province over 5
years, which provides information that has been heretofore
limited in developing countries because of the lack of pop-
ulation BD surveillance. What is more, this study provided
pieces of advice for preventing BD occurrence.

5. Conclusions

In summary, the prevalence of BDs in population surveillance
was different from that in hospital surveillance. The risk
factors for BDs identified in this study were rural residents,
male PIs, maternal age >40 years, multiple births, preterm
births, low birth weight, nonlocal pregnancies, and delivery
in hospitals. Population-based BD surveillance should serve
as an important data source to guide local public health action
for the prevention and control of BDs.
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