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ABSTRACT 

Background. The relationship between maternal chronic diseases and congenital anomalies of the kidneys and urinary 
tract ( CAKUT ) in offspring still needs elucidation. This study aimed to comprehensively evaluate the associations 
between maternal chronic disease and CAKUT in their offspring. 
Methods. Data of mothers and children were extracted from the Taiwan Maternal and Child Health Database and 
National Health Insurance Research Database. The concept of developmental origins of health and disease ( DOHaD ) was 
used to select maternal chronic diseases. 
Results. The study cohort included 1 196 175 mothers and 1 628 706 offspring. Analysis showed that maternal chronic 
diseases, especially type 1 diabetes, type 2 diabetes, gestational diabetes, connective tissue disorders and CAKUT were 
highly associated with CAKUT in the offspring. Higher maternal age, abnormal birthweight ( > 3500 g or < 2500 g ) , 
gestational age < 36 weeks and birth order < 2 were all associated with a higher risk of CAKUT. Maternal chronic 
hypertension and taking angiotensin-related drugs increased the odds ratios of obstructive kidney disease in the 
offspring. Offspring tended to have the same type of CAKUT as their mothers. 
Conclusion. Maternal chronic diseases, older maternal age and abnormal birthweight are risk factors for CAKUT. Also, a 
percentage of patients with CAKUT were not full-term newborns. Results support prenatal counselling and health 

management of pregnant women with chronic diseases and extra care for infants with a high risk of anomalies. It is 
strongly recommended that prevention of CAKUT in offspring should start with care of the mothers’ prenatal chronic 
diseases. 

Keywords: chronic disease, congenital anomaly of kidney and urinary tract disease ( CAKUT ) , health characteristics, 
Maternal and Child Health Database, nationwide population-based cohort study 
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NTRODUCTION 

ongenital anomalies of the kidney and urinary tract ( CAKUT ) is
 group of abnormalities affecting the urinary system, represent- 
ng ≈20–30% of all anomalies identified in the prenatal period
 1 –3 ]. The incidence rate ranges from 4 to 60 per 10 000 newborns
 4 , 5 ]. Although CAKUT is a congenital defect and is usually
iagnosed before age 3 years, the outcomes of CAKUT patients
ary. CAKUT may be unnoticed in early life and may also result
n life-threatening kidney failure and end-stage renal disease. 

Since CAKUT includes a group of conditions that affect the
evelopment of the urinary system before birth, the disease 
ypically originates from defects in development. We suspect 
hat the notion of developmental origins of health and disease
 DOHaD ) can be applied to CAKUT. The DOHaD concept connects
tresses experienced by the foetus and diseases diagnosed after 
irth [ 6 , 7 ]. Stressors may be insufficient nutrition availability,
nfection, exposure to chemicals or drugs or metabolism disor- 
ers induced by maternal chronic diseases [ 6 , 8 , 9 ]. These factors
ffect the pluripotent cells in the differentiation and formation 
f organs and tissues. Evidence shows that these changes are
ocked in human DNA in the form of epigenetic modifications
 10 ]. Therefore, the association between CAKUT and DOHaD sug-
ests that factors occurring during pregnancy may play a role in
he development of CAKUT in the foetus. 

Information regarding the association between mater- 
al chronic disease and offspring CAKUT is limited. Several 
opulation-based studies have shown that maternal gestational 
r pregestational diabetes and maternal renal disease have been 
eported to be associated with higher risks of offspring CAKUT
 5 , 11 –13 ]. However, the inclusion criteria for CAKUT offspring
nd the covariates analysed in the studies varied considerably.
ain et al . [ 5 ] reported the incidence and risks of CAKUT in
ewborns using the birth registry in Taiwan. Nonetheless, the 
ncidence may be underestimated since, in the analysis, CAKUT 
as reported only within 7 days of birth. Information regarding
aternal disease was recorded by medical staff in the birth

egistry, which may be inaccurate. 
In this nationwide, population-based study, we hypothesized 

hat specific maternal chronic diseases would increase the risk 
f CAKUT in offspring. The purpose of this study was to perform
 comprehensive evaluation of the association between mater- 
al chronic disease and CAKUT in their offspring. Several cer-
ified nationwide databases were used to provide accurate and 
omplete records for evaluation by interlinkage of the databases.

ATERIALS AND METHODS 

ata sources 

he following datasets were used in this study: the Taiwan Ma-
ernal and Child Health Database ( TMCHD ) , the Birth Certificate
pplication ( BCA ) and the National Health Insurance Research 
atabase ( NHIRD ) of Taiwan. 
The TMCHD provides encrypted personal identification num- 

ers of all live newborns and their parents between 2003–2015,
sed to identify newborn babies and their parent pairs, enabling
nterlinkage between various datasets. 

The BCA is maintained by the Health Promotion Administra- 
ion of the Ministry of Health and Welfare in Taiwan and con-
ains information on maternal characteristics ( e.g. nationality,
ge at delivery, risk factors for pregnancy ) , perinatal care ( e.g.
pecific management during perinatal period, method of deliv- 
ry and complications of delivery ) and the newborn’s charac- 
eristics ( e.g. sex, gestational age, birthweight, birth order, sin-
le/multiple births, congenital anomalies and Apgar scores ) . 

The NHIRD provides medical claims and the histories of in-
ants and mothers since 1998. Since the National Health Insur-
nce program is a mandatory insurance plan provided by the
overnment, the NHIRD covers > 99% of the population, includ-
ng both citizens and foreign nationals who have permission to
ork and study in Taiwan. 
In Taiwan, it is legally required that all live births and deaths

e registered within 10 days [ 14 ]. The above datasets are nation-
ide population-based databases that are established, updated 
nd supervised by the Health and Welfare Data Science Cen-
er, Ministry of Health and Welfare, Taiwan [ 15 ]. Previous studies
ave shown that the databases are validated and have a high
evel of information integrity [ 16 –18 ]. 

tudy design and participants 

his retrospective population-based cohort study extracted the 
ata of newborns and their mothers from the aforementioned
atabases. All live births with a gestational age > 22 weeks and
 birthweight > 500 g between 2004 and 2012 were enrolled in
his study. All data on the characteristics of both mothers and
heir offspring were collected from the BCA dataset and clinical
isits were collected from the medical claims in the NHIRD using
ncrypted personal identification numbers. 

xposure variables 

aternal chronic diseases that may generate stress or changes
n blood flow and oxygenation to the foetus were identified
ased on the DOHaD concept and results of previous stud-
es [ 5 , 11 –13 , 19 –22 ]. Codes from the International Classifica-
ion of Diseases, 9th Revision, Clinical Modification ( ICD-9-CM )
ere used to identify maternal chronic diseases diagnosed be-
ore giving birth from both inpatient and outpatient claims
 Supplementary Table 1 . Maternal chronic diseases included
estational diabetes, pregestational diabetes including types 1 )
nd 2, hypertension, CAKUT, connective tissue disorders, thy-
oid disorders, iron deficiency anaemia, epilepsy or mood dis-
rders, obesity and angiotensin-converting enzyme inhibitor 
 ACEI ) or angiotensin II receptor blocker ( ARB ) administration
uring pregnancy. Data on mothers with the above-mentioned 
hronic diseases, except for gestational diabetes, were retrieved
rom the diagnostic records of women with at least one hospital-
zation or more than two outpatient visits within 1 year before
nd during pregnancy. Only mothers with gestational diabetes
iagnosed after > 20 weeks of gestation and those for whom ACEI
r ARB medications were prescribed during pregnancy were in-
luded. 

utcome variables 

he outcome variables include any form of CAKUT identified by
CD-9-CM codes. CAKUT was divided into four subgroups: renal
nomaly, obstructive kidney disease, cystic kidney disease and
ther CAKUT. If more than one subtype of CAKUT was found
n the same newborn, the earliest-appearing diagnosis was se-
ected as the representative subtype of CAKUT. The numbers of
nfants found in the four groups were summarized into the over-
ll infants’ CAKUT group. To prevent the impact of clinically non-
ignificant forms or spontaneously resolved defects, only those
hildren with CAKUT diseases recorded at least once on hospital
dmission or during more than two outpatient clinic visits were

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad217#supplementary-data
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Subjects with live births between 2004 and 2012
Number of pregnancies = 1,628,734

Number of pregnant women = 1,196,190

Exclude gestation age < 22 weeks,
or birth weight < 500 g (N=28)

Study cohort between 2004 and 2012
Number of live births = 1,628,706
Number of mothers = 1,196,175

1. Linkage to outpatient and inpatient claim data 
    of the live births within 3 years after birth
2. Infants who had hospitalization or > 2 
    outpatient clinic visits with a CAKUT diagnosis

Overall CAKUT: 8,858 infants (5.44/1,000)
• Renal agenesis/dysplasia: 614 infants (0.38/1,000)
• Obstructive kidney disease:1,063 infants (0.65/1,000)
• Cystic kidney disease: 277 infants (0.17/1,000)
• Reflux nephropathy: 5,279 infants (3.24/1,000)
• Other CAKUT: 1,625 infants (1.00/1,000)

Figure 1: Flow chart of the study cohort selection. 
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ncluded. Since most children with CAKUT are diagnosed before 
he age of 3 years [ 23 ], each infant in the present study was fol-
owed for 3 years after birth to ensure that each infant had the 
ame follow-up period to avoid possible information bias. 

onfounders 

he potential confounders considered in this study were set 
s factors associated with the risk of CAKUT. The potential 
onfounders were categorized into three fields: characteristics 
f the delivery, maternal sociodemographic and lifestyle factors 
nd characteristics of the infant. The characteristics of delivery 
ncluded parity, the type of delivery ( single or multiple births ) 
nd the year of delivery. The maternal sociodemographic and 
ifestyle factors included nationality, age at delivery, smoking 
nd urbanization level of residence at the time of birth. The char- 
cteristics of infants included sex, year of birth, birthweight, ges- 
ational age, birth order and geographic location of the birth site.

tatistical analysis 

he prevalence of all and specific types of CAKUT between 
004 and 2012 was calculated and the Poisson regression model 
as used to test for trends in the prevalence of these diseases.
he prevalence values for all and specific types of CAKUT 
f infants were assessed considering the association with 
aternal chronic diseases present before pregnancy. Potential 
onfounders were adjusted using multiple logistic regression 
odels with the generalized estimating equation and the 

esults were presented as adjusted odds ratios ( aORs ) and 95% 

onfidence intervals ( CIs ) . To assess the potential effects of ma- 
ernal chronic disease on the risk of CAKUT in the offspring, the 
ercentage of the population with attributable risk was calcu- 
ated ( i.e. the proportion of cases that would have been avoided 
n the population if the selected maternal chronic disease had 
een eliminated ) . All statistical analysis was performed using 
AS 9.4 ( SAS Institute, Cary, NC, USA ) , and a two-tailed P -value
 .05 was considered statistically significant. 

thics approval 

he study protocol was approved by the Institutional Review 

oard ( IRB ) of National Cheng Kung University Hospital ( A-ER- 
08-245 ) . Since this was a retrospective study and all patients’ 
ersonal information was encrypted in the database and re- 
ained anonymous, the IRB waived signed informed consent. 

ESULTS 

 total of 1 196 190 pregnant women delivered and 1 628 734 in-
ants were born between 2004 and 2012 in Taiwan. After ex- 
luding unqualified infants and their mothers, the remaining 
 196 175 women and 1 628 706 infants were incorporated into
he study cohort. Among these, 4982 ( 3.06/1000 ) offspring were 
iagnosed with any form of CAKUT, including 1233 ( 0.76/1000 ) 
ith obstructive kidney diseases, 731 ( 0.45/1000 ) with renal 
nomaly, 272 ( 0.17/1000 ) with cystic kidney diseases and 2746 
 1.69/1000 ) with ‘other CAKUT’. The flow chart of the study co- 
ort selection is shown in Fig. 1 . 
Table 1 shows prevalence rates of CAKUT for infants and 

revalence rates of maternal chronic diseases. Other CAKUT 
onsistently ranked each year as the most prevalent subtype 
mong infants with CAKUT, followed by obstructive kidney dis- 
ase. Observing the year-to-year changes in prevalence, the 
rend test shows that the trend in overall infants’ CAKUT did not
each statistical significance ( P = .6549 ) . Among specific types of 
AKUT, an increasing trend was found in renal anomalies ( from 

.26 to 0.55 per 1000 live births, P < .0001 ) . Significant decreas-
ng trends were found in obstructive kidney disease ( from 0.87 
o 0.63 per 1000 live births, P = .0042 ) and a slight decreasing
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Figure 2: Prevalence rates of ( a ) various types of offspring CAKUT and ( b ) selected 
maternal chronic diseases in Taiwan between 2004 and 2012. 
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rend in other CAKUT ( from 1.55 to 1.36 per 1000 live births,
 = .0606 ) . No significant trend was observed in cystic kidney
isease ( P = .1906 ) . The same patterns are observed in Fig. 2 a.
n addition, the prevalence rates of maternal chronic diseases
ncreased significantly. The prevalence rate of gestational dia-
etes, hypertension, type 2 diabetes, connective tissue diseases,
AKUT and type 1 diabetes increased from 10.61 to 19.17, 4.10
o 8.97, 4.02 to 7.68, 3.31 to 12.92, 0.58 to 1.73 and 0.30 to 0.66,
espectively ( Fig. 2 b; all P < .001 ) . 

Supplementary Table 2 shows the prevalence rate and ORs
tratified by the characteristics of mothers and infants. The re-
ults show a clear increasing trend in infants with CAKUT in
ssociation with maternal age. The aOR increased from 0.72
 95% CI 0.55–0.93 ) at maternal ages < 20 years to 1.28 ( 95%
I 1.14–1.44 ) at maternal ages > 35 years. The offspring ges-
ational ages were also important. Lower gestational age in-
reased the risk of CAKUT. The aOR for 22–36 weeks was
.45 ( 95% CI 1.31–1.61 ) compared with full-term ( 37–41 weeks )
nfants. Also, sex, body weight and birth order of offspring
lso showed significance. Comparing with references, aOR for
ale, lower weight ( < 2500 g ) and higher weight ( ≥3500 g ) were
.58 ( 95% CI 1.49–1.68 ) , 1.34 ( 95% CI 1.19–1.51 ) and 1.15 ( 95%
I 1.07–1.24 ) , respectively. The aORs for first offspring birth
nd second offspring birth were 1.33 ( 95% CI 1.07–1.67 ) and
.29 ( 95% CI 1.02–1.61 ) , respectively, compared with third off-
pring birth. Thus a birth order < 2 was associated with the
isk of CAKUT. Family income showed an interesting trend for
nfant CAKUT. Higher income was associated with a higher
isk of infant CAKUT. Compared with family income < 40 000
ew Taiwan dollars ( NT$ ) /month, the aORs were 1.16 ( 95%
I 1.08–1.25 ) and 1.34 ( 95% CI 1.24–1.45 ) when the family
ncome was NT$40 000–80 000/month and > NT$80 000/month,
espectively. 

Table 2 shows the prevalence rates and ORs for overall
AKUT in offspring stratified by maternal chronic diseases
rom 2004 to 2012. Mothers with gestational diabetes, type 1
nd type 2 diabetes and CAKUT were significantly associated
ith CAKUT infants. The most robust association was observed

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad217#supplementary-data
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Table 2: Prevalence rates and ORs of overall CAKUT in offspring by maternal chronic diseases, 2004–2012. 

OR ( 95% CI ) 

Maternal chronic diseases Total, n CAKUT, n 

Prevalence 
per 1000 live 

births Unadjusted Adjusted PAR1, % PAR2, % 

Gestational diabetes 24 946 133 5 .33 1 .77 ( 1.48–2.1 ) 1 .63 ( 1.37–1.95 ) 1 .30 0.21 
Type 1 and 2 diabetes 10 856 65 5 .99 1 .97 ( 1.54–2.52 ) 1 .9 ( 1.48–2.43 ) 0 .81 0.76 
Hypertension 10 788 35 3 .24 1 .06 ( 0.76–1.48 ) 1 .03 ( 0.74–1.43 ) 0 .03 0.27 
Thyroid disorders 41 195 145 3 .52 1 .16 ( 0.98–1.36 ) 1 .10 ( 0.93–1.30 ) 0 .34 0.08 
CAKUT 1913 25 13 .07 4 .07 ( 2.65–6.26 ) 4 .07 ( 2.65–6.26 ) 0 .49 1.17 
Iron deficiency anaemia 33 268 108 3 .25 1 .06 ( 0.88–1.29 ) 1 .09 ( 0.9–1.31 ) 0 .25 0.15 
Connective tissue disorders 12 474 51 4 .09 1 .34 ( 1.02–1.77 ) 1 .27 ( 0.96–1.67 ) 0 .28 0.05 
Epilepsy or mood disorder 10 224 36 3 .52 1 .15 ( 0.83–1.6 ) 1 .18 ( 0.85–1.64 ) 0 .15 0.03 
Obesity 4496 15 3 .34 1 .09 ( 0.66–1.81 ) 1 .07 ( 0.64–1.78 ) 0 .03 0.07 
ACEI or ARB use during pregnancy 1487 8 5 .38 1 .76 ( 0.87–3.53 ) 1 .74 ( 0.87–3.49 ) 0 .09 0.11 

PAR: population attributable risk; PAR1 was calculated by prevalence of disease, PAR2 was calculated with the total prevalence of 0.005439. 

Adjusted ORs for CAKUT were calculated using a logistic regression model with the generalized estimating equation by adjusting for all of the variables listed in Table 2 
plus maternal nationality, maternal age, birth order, sex, year of birth and urbanization level of birthplace. The OR is significant and shown in bold when the 95% CI 
does not overlap with the null value ( OR = 1 ) . 

Table 3: Adjusted ORs of specific CAKUT in offspring by maternal chronic diseases, 2004–2012. 

aOR ( 95% CI ) 

Maternal chronic diseases 
Renal anomaly 

( n = 731 ) 

Obstructive 
kidney disease 

( n = 1233 ) 

Cystic kidney 
disease 
( n = 272 ) 

Other CAKUT 
( n = 2746 ) 

Gestational diabetes 1.17 ( 0.69–1.99 ) 2.38 ( 1.76–3.22 ) 2.26 ( 1.2–4.28 ) 1.38 ( 1.07–1.77 ) 
Type 1 and 2 diabetes 2.56 ( 1.47–4.45 ) 1.57 ( 0.91–2.71 ) 2.59 ( 1.06–6.35 ) 1.79 ( 1.27–2.52 ) 
Hypertension 0.59 ( 0.19–1.83 ) 1.44 ( 0.81–2.54 ) 1.01 ( 0.25–4.06 ) 0.97 ( 0.61–1.54 ) 
Thyroid disorders 1.11 ( 0.73–1.71 ) 1.28 ( 0.93–1.75 ) 1.54 ( 0.84–2.82 ) 0.98 ( 0.77–1.24 ) 
CAKUT 10.08 ( 5.22–19.47 ) 1.36 ( 0.31–5.92 ) 22.7 ( 10.61–48.55 ) 2.09 ( 0.94–4.67 ) 
Iron deficiency anaemia 1.21 ( 0.77–1.91 ) 0.91 ( 0.6–1.38 ) 0.53 ( 0.17–1.65 ) 1.19 ( 0.93–1.53 ) 
Connective tissue disorders 0.63 ( 0.24–1.69 ) 1.07 ( 0.57–1.99 ) 2.27 ( 0.94–5.52 ) 1.43 ( 1.01–2.02 ) 
Epilepsy or mood disorder 1.48 ( 0.7–3.13 ) 0.92 ( 0.44–1.94 ) 2.89 ( 1.19–7.01 ) 1.03 ( 0.64–1.65 ) 
Obesity 1.39 ( 0.45–4.3 ) 1.48 ( 0.61–3.57 ) 1.24 ( 0.17–8.88 ) 0.79 ( 0.35–1.75 ) 

ACEI or ARB use during pregnancy 1.51 ( 0.21–10.78 ) 3.45 ( 1.29–9.25 ) NA 1.19 ( 0.38–3.72 ) 

Adjusted ORs for CAKUT were calculated using a logistic regression model with the generalized estimating equation by adjusting for all of the variables listed in Table 2 
plus maternal nationality, maternal age, birth order, sex, year of birth and urbanization level of birthplace. The OR is significant and shown in bold when the 95% CI 
does not overlap with the null value ( OR = 1 ) . 
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etween maternal CAKUT and offspring CAKUT [aOR 4.07 ( 95% 

I 2.65–6.26 ) ]. Additionally, mothers with type 1 and 2 diabetes 
xhibited the second-strongest association with CAKUT in their 
nfants [aOR 1.9 ( 95% CI 1.48–2.43 ) ]. 

Table 3 shows the aORs of specific CAKUT in offspring 
tratified by maternal chronic diseases between 2004 and 
012. Mothers with gestational diabetes have higher risks of 
aving infants with obstructive kidney disease [aOR 2.38 ( 95% 

I 1.76–3.22 ) ], cystic kidney disease [aOR 2.26 ( 95% CI 1.20–4.28 ) ] 
nd other CAKUT [aOR 1.38 ( 95% CI 1.07–1.77 ) ]. A significant 
ssociation was observed between mothers with type 1 and 2 
iabetes and the risk of cystic kidney disease [aOR 2.59 ( 95% 

I 1.06–6.35 ) ], renal anomaly [aOR 2.56 ( 95% CI 1.47–4.45 ) ] and 
ther CAKUT [aOR 1.79 ( 95% CI 1.27–2.52 ) ]. Similar patterns 
ere observed between maternal CAKUT and the risk of infants 
aving cystic kidney disease [aOR 22.7 ( 95% CI 10.61–48.55 ) ] 
nd renal anomaly [aOR 10.08 ( 95% CI 5.22–19.47 ) ]. The use of 
CEI or ARB medication during pregnancy was associated with 
igher risks of mothers having infants with obstructive renal 
isease [aOR 3.45 ( 95% CI 1.29–9.25 ) ]. 
Table 4 shows the aORs of specific CAKUT in offspring by 
aternal specific CAKUT from 2004 to 2012. Mothers with cys- 

ic kidney disease [aOR 68.54 ( 95% CI 30.49–154.05 ) ] had 68.54 
imes the risk of having infants with cystic kidney disease. The 
ame patterns were also observed in renal anomalies [aOR 41.15 
 95% CI 15.48–109.4 ) ] but not in obstructive kidney disease and 
ther CAKUT. Moreover, mothers with renal anomalies had a 
igher risk of having infants with cystic kidney disease and 
others with cystic kidney disease or other CAKUT had a sig- 
ificantly higher risk of having infants with renal anomalies 
han mothers without cystic kidney disease or other CAKUT 
aOR 28.1 ( 95% CI 3.95–199.72 ) and aOR 12.78 ( 95% CI 3.17–51.54 ) ,
espectively]. 

ISCUSSION 

his population-based cohort study evaluated the associations 
etween maternal chronic disease and offspring CAKUT. Re- 
ults showed that the prevalence of overall CAKUT remains 
argely unchanged, but an increasing trend is observed in 
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Table 4: Adjusted ORs of specific CAKUT in offspring by CAKUT, 2004–2012. 

aOR ( 95% CI ) 

Maternal chronic diseases 
Renal anomaly 

( n = 731 ) 

Obstructive 
kidney disease 

( n = 1233 ) 

Cystic kidney 
disease 
( n = 272 ) 

Other CAKUT 
( n = 2746 ) 

Renal anomaly 41 .15 ( 15.48–109.4 ) NA 28 .1 ( 3.95–199.72 ) 2.65 ( 0.35–19.84 ) 
Obstructive kidney disease 2 .5 ( 0.35–17.72 ) 3.15 ( 0.7–14.07 ) NA 1.42 ( 0.31–6.51 ) 
Cystic kidney disease 7 .96 ( 2–31.72 ) NA 68 .54 ( 30.49–154.05 ) 2.14 ( 0.52–8.91 ) 
Other CAKUT 12 .78 ( 3.17–51.54 ) NA NA 3.19 ( 0.64–16.02 ) 

Adjusted ORs for CAKUT were calculated using a logistic regression model with the generalized estimating equation by adjusting for all of the variables listed in Table 2 

plus maternal nationality, maternal age, birth order, sex, year of birth and urbanization level of birthplace. The OR is significant and shown in bold when the 95% CI 
does not overlap with the null value ( OR = 1 ) . 
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enal anomalies and a declining trend is observed in obstruc-
ive kidney disease and other CAKUT. Maternal diabetes ( types 
 and 2 ) , gestational diabetes and maternal CAKUT are associ-
ted with CAKUT in the offspring. Statistical analysis showed 
hat each maternal chronic disease was associated with dif- 
erent types of CAKUT. Diabetes ( both type 1 and type 2 ) and
aternal CAKUT were associated with renal anomalies in the 
ffspring. Gestational diabetes and ACEI or ARB are associ- 
ted with obstructive kidney disease. Specific maternal CAKUT 
ypes are highly associated with the same CAKUT type in
ffspring. 

The prevalence of overall infants’ CAKUT in the present study
as 3.06/1000 live births between 2004 and 2012, which is within
he lower range reported previously [ 5 , 10 , 24 –26 ]. The variations
etween different reports may be associated with the criteria of
AKUT diagnosis, the database used for information retrieval,
ariations in sample size and ethnic differences. Of note, Tain
t al . [ 5 ] reported a prevalence of 0.42/1000 live births of CAKUT
n Taiwan between 2004 and 2011. Their study extracted infor-
ation from the BCA system in Taiwan, but CAKUT may not be
iagnosed at birth. In the present study, comprehensive defini- 
ions were used for both kidney and urinary tract defects. We
xtracted information for both birth registrations and medical 
laims from the NHIRD within the first 3 years of each new-
orn. Considering the time period of most CAKUT detection 
nd the wider coverage rate of the nationwide databases used,
he present study represents a more comprehensive analysis of 
AKUT. 
Meta-analyses showed that maternal diabetes, both preges- 

ational and gestational, was linked to CAKUT [ 27 , 28 ]. However,
ndividual population-based cohort studies showed incon- 
istent results [ 5 , 11 –13 , 29 –31 ]. Some reports suggest that
estational diabetes accounts for 5–6.1% of malformation in 
ewborns, which is much higher than the 1.3–2.8% in pregnant
omen without gestational diabetes [ 27 –29 , 31 ]. Dart et al . [ 11 ]
uggested that gestational diabetes has a small impact on 
ewborn CAKUT and that pregestational diabetes in the first 
0 weeks is more significant [11]. In contrast, Hsu et al . [ 12 ]
ound that renal aplasia/dysplasia and obstructive uropathy 
ere linked to gestational diabetes but not pregestational 
iabetes. In this study, significant associations were found 
etween gestational diabetes or types 1 and 2 diabetes and
he occurrence of CAKUT in offspring. This shows that al-
hough gestational diabetes has a smaller effect on CAKUT 
han other chronic diseases, its effect is still significant.
regnant women with any form of diabetes should receive 
renatal counselling and additional care should be taken for 
hildbearing. 
Although the mechanism regarding CAKUT and diabetes is
till missing, animal studies may provide some hints. Studies in
regnant murine models indicate that offspring, when exposed
o hyperglycaemia during pregnancy, can experience a reduction
f up to 35% in nephron endowment at birth [ 32 ]. They suggested
ephron deficits were the effects on the nuclear factor κB path-
ay, a major intracellular target of hyperglycaemia and oxida-
ive stress, as well as the expression of genes of the intrarenal
enin–angiotensin system during embryogenesis. Alternatively,
t was suggested that changes in extracellular matrix compo-
ents, such as proteoglycan and laminin, may also contribute to
ysmorphogenesis of the embryonic kidney [ 33 ]. In the human
oetus, kidney development occurs at 5–34 weeks of gestation
 34 ]. It is biologically plausible therefore that exposure to a ter-
togen, such as hyperglycaemia, during this process may lead
o CAKUT. Further studies examining the effects of maternal di-
betes should include rigorous evaluation of both types of dia-
etes to better understand the discrepancy between type 1 and
ype 2 diabetes and gestational diabetes. 

ACEI and ARB medications are first-line therapy for children
ith CAKUT, providing a protective effect to prevent or slow the
evelopment of chronic kidney disease [ 35 ]. They are also com-
only used for cardiovascular patients to reduce the risk of my-
cardial infarction and stroke [ 36 ]. Although they are usually
ontraindicated during pregnancy due to the teratogenic risks,
ne study from the UK indicated that ACEI or ARB medication is
ore frequently prescribed in women of childbearing age, but
re-pregnancy advice and contraception advice were subopti- 
al in these women [ 37 ]. The results of the present study indi-
ate that these two drug types are significantly associated with
bstructive kidney diseases after stratification into CAKUT sub-
roups [ 38 –40 ]. Thus we suggest that ACEI and ARB medication
hould be stopped in pregnant women. Also, due to the small
umber of women [1.2% ( 1487/1 196 175 ) ] using ACEI or ARB
edication in the cohort, it appears clinicians in Taiwan are al-

eady trying to avoid the impact of ACEI and ARB in pregnant
omen. 
The results of the present study indicated that mothers with

 specific type of CAKUT tended to have newborns with the
ame type of CAKUT. Since the study did not identify and ex-
lude patients with kidney-related inherited diseases such as
utosomal dominant kidney disease, this observation may be at-
ributed to inherited diseases. Pregnant females with these in-
erited diseases logically have a high risk of passing the diseases
o their offspring. Due to this limitation, it is unclear whether
actors other than inheritance contribute to the observed re-
ults. Researchers in the field of CAKUT have been investigat-
ng potential responsible genes, nucleotide polymorphisms and 
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pigenetic modifications for many years, but no definitive con- 
lusions have been reached [ 10 , 41 –43 ]. Further studies are 
eeded to continue exploring genetic factors in order to gain a 
etter understanding of CAKUT. 

trengths and limitations 

he present study was strengthened by its substantial sample 
ize from reliable databases and reliable assessment of associ- 
tions between maternal chronic illness and specific types of 
AKUT. However, with the retrospective study design, selection 
ias cannot be ruled out entirely, although it would be minimal.
ince National Health Insurance is mandatory in Taiwan, sig- 
ificant resources are allocated towards providing frequent pre- 
atal care and neonatal check-ups [ 44 ], which suggests that the 
resent study is complete and valid. 
Nevertheless, several limitations must be noted. First, the 

etrospective study design and the inclusion of only Taiwanese 
others and newborns may limit generalization of results to 
ther populations. Second, we restricted the detection period to 
he first 3 years of life, which may ignore cases of CAKUT that 
eveloped in later years and may also lead to underestimating 
AKUT incidence. However, such underestimation should be 
rivial, since a previous study showed that most CAKUT patients 
n Taiwan are diagnosed before the age of 3 years [ 23 ]. Third,
atients with inherited kidney diseases were not excluded.
his solidified the CAKUT linkage between moms and their 
hildren. Also, ICD-9-CM codes were used to identify CAKUT 
ases, which may lead to misclassification due to a lack of image 
valuation, such as renal ultrasonography for confirmation of 
AKUT. To minimize such misclassification, we only enrolled 
tudy subjects with ICD-9-CM codes for at least two outpatient 
isits or one hospital admission, as reported in previous studies 
 45 ]. Also, only live births were studied and newborns with 
estation < 22 weeks and a birthweight < 500 g were excluded.
ince the urinary system is not fully developed in those infants 
nd serious defects in the urinary system usually leads to 
tillbirth, the prevalence of CAKUT would likely be higher than 
eported if these subjects had been included. Finally, although 
he prevalence of CAKUT is low in Taiwan, some maternal 
ifestyle factors, such as smoking and alcohol consumption [ 46 ],
ere not included in our analysis. 

ONCLUSIONS 

aternal chronic diseases, especially diabetes, including gesta- 
ional, type 1 and type 2, and CAKUT are highly associated with 
AKUT in the offspring and specific maternal diseases are asso- 
iated with specific subtypes of CAKUT in the offspring. These 
esults may facilitate early identification of women at highest 
isk of having children with CAKUT and the provision of more 
pecific preconception counselling and more frequent prenatal 
creening. Early detection of high-risk infants with CAKUT may 
lso help to reduce the complications of CAKUT and comorbidi- 
ies of future chronic kidney disease. 
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upplementary data are available at ckj online. 
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