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Purpose: Children with vesicoureteral reflux (VUR) are at an increased risk of recurrent urinary tract infections (UTIs). Early
detection and treatment of VUR are important to prevent renal function impairment. Therefore, the aims of this study were to
determine the epidemiology of VUR and to identify clinical factors associated with VUR in Taiwanese children with a first
documented UTI.
Patients and Methods: We conducted this nationwide retrospective study using the Longitudinal Health Insurance Database 2010.
Children ≤6 years of age who were admitted and received intravenous antibiotics for a newly diagnosed UTI were included.
Multivariate logistic regression analysis was used to identify independent factors associated with VUR.
Results: Overall, 388 (10.2%) of the children had VUR. The median (interquartile range) age at diagnosis of VUR was 0.5 (0.3–1.3)
years. Among the children with VUR, the age at first UTI and the age at diagnosis of VUR were significant lower in the males than in
the females. Age ≤1 year at the first UTI (odds ratio (OR), 1.3; 95% confidence interval (CI): 1.0–1.7), renal agenesis and dysgenesis
(OR, 4.1; 95% CI: 1.3–13.1), hydronephrosis (OR, 2.2; 95% CI: 1.7–2.9), duplex collecting system/ectopic kidney/ectopic ureter (OR,
13.0; 95% CI: 8.1–20.8), neuropathic bladder (OR, 4.7; 95% CI: 2.0–11.1) and spina bifida (OR, 5.9; 95% CI: 1.3–27.8) were
independent factors for VUR.
Conclusion: The children with VUR were more likely to have small kidneys and progression to end-stage renal disease. VUR was
common in the children with a UTI and who were ≤1 year of age. Clinicians should arrange ultrasound to diagnose urinary tract
anomalies. Infants with urinary tract anomalies, neuropathic bladder and spina bifida should receive further voiding cystourethro-
graphy to diagnose VUR early, as this may help to prevent renal damage.
Keywords: congenital anomalies of the kidney and the urinary tract, vesicoureteral reflux, urinary tract infection, risk factor

Introduction
Primary vesicoureteral reflux (VUR) is a common congenital urinary tract anomaly characterized by retrograde flow of
urine from the bladder to the kidneys. The prevalence of VUR has been reported to range from 0.4–2% in the general
population.1,2 Most reflux is discovered during an initial evaluation for urinary tract infections (UTIs). However, the
prevalence of VUR in children with UTIs varies among different racial and patient groups. VUR has been reported in up
to 10–51.4% of children being investigated for a first UTI, with the lowest prevalence in black children.3–8

At the time of diagnosis, 30–54% of children with VUR have been reported to have renal parenchymal scarring.9–12

In addition, the severity of VUR in black patients has been reported to be significantly lower than in white girls.13 High-
grade VUR and repeated pyelonephritis are considered to be the most important risk factors for renal scar development in
children.14–16 In addition, sex differences have been reported in the development of renal parenchymal damage, with
boys tending to present antenatally or during the first year of life and often with bilateral severe VUR.17 Girls are usually
first diagnosed at an older age, and their VUR is often less severe and prone to recurrent UTIs.
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Prior reports have demonstrated a lower UTI rate in circumcised boys. The low prevalence of circumcision among
Taiwanese boys and the adequate prenatal examinations of pregnant women provided by the National Health Insurance
(NHI) system in Taiwan may influence the epidemiology of VUR with regards to UTIs. Identifying children with UTIs
who are at a high potential risk of VUR at an early age is critical to decrease renal damage and associated long-term
complications. Moreover, the need for voiding cystourethrogram (VCUG) after a first febrile UTI in children is uncertain.
Therefore, we conducted this population-based cohort study to evaluate the epidemiology of VUR and other genitour-
inary tract anomalies in Taiwanese children hospitalized for acute pyelonephritis to investigate sex-specific differences
and determine the clinical factors associated with VUR.

Materials and Methods
Data Source
Over 99.9% of the population in Taiwan are covered by the NHI program. The Taiwan National Health Insurance
Research Database (NHIRD) contains all records of both outpatient and inpatient claims data of nearly the entire
Taiwanese population. In this study, we used a subset of the NHIRD, the Longitudinal Health Insurance Database 2010
(LHID 2010). The LHID 2010 includes the entire medical claims data of one million beneficiaries randomly sampled
from the registry of beneficiaries in the NHIRD. All individually identifiable health information is deidentified and
encrypted before data are released for use in research. This study was approved by the Institutional Review Board of
Taipei Veterans General Hospital (2017-07-016AC), which waived the need for informed consent.

Study Population and Case Ascertainment
We selected children ≤ 6 years of age who were hospitalized with a newly diagnosed UTI (International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 771.82, 599.0, 590.1, 590.2, 590.3, 590.8, 590.9) from the
LHID 2010 from 1998 to 2013. To further assure the validity of the diagnosis of a UTI, only patients diagnosed with
a UTI who received intravenous antibiotics (anatomical therapeutic chemical (ATC) codes: J01A, J01B, J01C, J01D,
J01E, J01G, J01M and J01X) or oral sulfonamides and trimethoprim (ATC code: J01E) during the hospitalization were
considered to be new cases of UTI. The exclusion criteria were: (1) cases who had a urine culture but did not do it in
conjunction with susceptibility testing indicating negative urine culture results; (2) a concurrent diagnosis of acute
cystitis (ICD-9-CM 595.0); and (3) a history of VUR before the index date. The study population was divided into two
subgroups: those ≤ 1 year (infant) of age, and those > 1 year of age. The patients were followed until December 31, 2013.

VUR, Other Congenital Renal and Urologic Anomalies and Comorbidities
Children with a new diagnosis code for VUR (ICD-9-CM 593.7x, 593.70, 593.71, 593.72, 593.73) during the follow-up
period were defined as having VUR in this study. We also investigated the following congenital anomalies of the kidney
and urinary tract (CAKUT): renal agenesis and dysgenesis (ICD-9-CM 753.0); cystic kidney disease (ICD-9-CM 753.1);
obstructive defects of the renal pelvis and ureter (ICD-9-CM 753.2 including congenital obstruction of the ureteropelvic
junction and ureterovesical junction and congenital ureterocele); other anomalies of the kidney and ureter (ICD-9-CM
753.3, 753.4) including double kidney with double pelvis and ectopic kidney, double ureter/ectopic ureter; atresia and
stenosis of the urethra and bladder neck (ICD-9-CM 753.6)/hypospadias (ICD-9-CM 752.61); hydroureter (ICD-9-CM
593.5); and hydronephrosis (ICD-9-CM 591). The presence of neuropathic bladder (ICD-9-CM 596.5x), neurogenic
bladder due to cauda equina syndrome (ICD-9-CM 344.61), and atony of the bladder (ICD-9-CM 596.4) were also
examined. The diagnosis of spina bifida (myelomeningocele) was based on ICD-9-CM code 741. VUR was classified
into three categories: primary isolated VUR, primary VUR associated with other CAKUT and secondary VUR as
associated with increased intravesical pressure such as stenosis of the urethra and bladder neck or neurogenic bladder.

Clinical Outcomes
The long-term outcomes were the prevalence of hypertension (ICD-9-CM 401.x-405.x), proteinuria (ICD-9-CM 791.0),
small kidney (ICD-9-CM 589.0, 589.1, 589.9), and end-stage renal disease (ESRD) (ICD-9-CM 585).
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Statistical Analysis
Continuous data were expressed as medians with interquartile range (IQR), and examined using the Mann–Whitney
U-test. Categorical data were expressed as numbers and percentages, and compared using Fisher’s exact test or the chi-
square test. We first compared demographic and clinical data between the VUR and non-VUR groups, and then analyzed
sex differences in demographics, comorbidities and outcomes among the children with VUR. Finally, we assessed the
risk factors for VUR using univariate and multivariate logistic regression analysis, and odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated. Only variables with a p < 0.05 in the univariate analysis were included in the
multivariate regression analysis. All statistical analyses were performed using SPSS version 21.0. P values of < 0.05 were
considered to indicate statistical significance.

Results
Demographics and Clinical Data
The demographic and clinical data of the study subjects are shown in Table 1. A total of 3800 children aged ≤ 6 years
with a newly diagnosed UTI were included in the analysis, of whom 2119 (55.8%) were male and 1681 (44.2%) were
female. Of these children, 388 (10.2%) had VUR during the follow-up period (226/2119 (10.7%) boys and 162/1681
(9.6%) girls). Three hundred and twenty-nine (84.8%) of the children were diagnosed with VUR ≤ 90 days after the first
UTI. The median (IQR) interval between the diagnosis of a first UTI to VUR was 10.0 (0.0, 28.8) days. VUR was
diagnosed in 11.0%, 7.2% and 7.5% of the children who were ≤ 1 year of age, 1–2 years of age, and 2–3 years of age at
first UTI, respectively. The median (IQR) age at the first recognized UTI for those with VUR was similar to those without
VUR (0.4 (0.3–0.9) vs 0.5 (0.3–1.2) years, p=0.235). However, the children with VUR were more likely to have a UTI
when they were ≤ 1 year of age (77.6% vs 71.6%, p=0.012). The median (IQR) age at the diagnosis of VUR was 0.5
(0.3–1.3) years. The age distribution at a diagnosis of VUR according to gender is shown in Figure 1. In the children with

Table 1 Clinical Characteristics of the Children with a UTI with and without VUR

Variables Total
(n=3800)

With VUR
(n= 388)

Without VUR
(n= 3412)

P value

Male 2119 (55.8%) 226 (58.2%) 1893 (55.5%) 0.298

Median (IQR) age at first UTI (years) 0.5 (0.3–1.2) 0.4 (0.3–0.9) 0.5 (0.3–1.2) 0.235

Age ≤ 1 year at the onset of a UTI 2743 (72.2%) 301 (77.6%) 2442 (71.6%) 0.012

Any CAKUT other than VUR

Renal agenesis and dysgenesis 16 (0.4%) 8 (2.1%) 8 (0.2%) <0.001
Cystic kidney disease 6 (0.2%) 0 (0.0%) 6 (0.2%) 1.000

Obstructive defect of renal pelvis and ureter 48 (1.3%) 16 (4.1%) 32 (0.9%) <0.001

Atresia and stenosis of urethra and bladder neck, hypospadias 21 (0.6%) 7 (1.8%) 14 (0.4%) 0.004
Hydroureter 20 (0.5%) 9 (2.3%) 11 (0.3%) <0.001

Hydronephrosis 490 (12.9%) 100 (25.8%) 390 (11.4%) <0.001

Duplex collecting system, ectopic kidney, ectopic ureter 86 (2.3%) 52 (13.4%) 34 (1.0%) <0.001

Neuropathic bladder 28 (0.7%) 12 (3.1%) 16 (0.5%) <0.001

Spina bifida 9 (0.2%) 5 (1.3%) 4 (0.1%) 0.001

Clinical outcomes
Proteinuria 41 (1.1%) 4 (1.0%) 37 (1.1%) 1.000

Small kidney 12 (0.3%) 6 (1.5%) 6 (0.2%) 0.001

Hypertension 15 (0.4%) 3 (0.8%) 12 (0.4%) 0.192
ESRD 14 (0.4%) 5 (1.3%) 9 (0.3%) 0.010

Abbreviations: CAKUT, congenital anomalies of the kidney and urinary tract; ESRD, end-stage renal disease; IQR, interquartile range; UTI, urinary tract infection; VUR,
vesicoureteral reflux.
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VUR, VUR was diagnosed in 272 (70.1%), 42 (10.8%), 23 (5.9%), 18 (4.6%), 10 (2.6%), 13 (3.4%), 10 (2.6%) at an age
of 0–1, >1–2 years, >2–3 years, >3–4 years, >4–5 years, >5–6 years and >6–14 years, respectively. All other forms of
CAKUT except VUR were found in 586 (15.4%) of the UTI children. Of the children with VUR, a total of 237 (61.1%)
children were diagnosed with isolated primary VUR. Compared to the children without VUR, those with VUR had
significantly higher rates of the coexistence of CAKUT including renal agenesis or dysgenesis, urinary tract obstruction
such as renal pelvis, ureter, bladder neck and urethra, hydroureter, hydronephrosis, duplex kidney, neuropathic bladder
and spina bifida. Of the children with VUR, 1.0%, 1.5%, 0.8% and 1.3% developed proteinuria, small kidney,
hypertension and ESRD after a median (IQR) follow-up of 9.6 (6.3–12.5) years, respectively. Compared to the children
without VUR, those with VUR were more likely to develop small kidney and progression to ESRD.

Comparison of Demographics and Comorbidities Between the Boys and Girls with
VUR
Figure 2 shows the male to female ratio according to the age at the first diagnosis of VUR. VUR was detected more
frequently in boys than in girls, with a male-to-female ratio of 1.4: 1. The male to female ratio was 2.1 in the first 12
months, but thereafter VUR was more common in the girls. The results of comparative analysis of demographic
characteristics, comorbidities and outcomes in the boys and girls with VUR are shown in Table 2. The boys and girls
had a similar interval between the diagnosis of a first UTI and VUR. The median (IQR) age at first UTI in the children
with VUR was lower in the males than in the females (0.3 (0.2–0.6) vs 0.8 (0.3–1.9) years, p<0.001). The boys with
VUR more frequently had a UTI when they were ≤ 1 year of age (89.4% vs 61.1%, p<0.001). Furthermore, the median
(IQR) age at a diagnosis of VUR was lower in the males than in the females (0.4 (0.3–0.7) vs 0.9 (0.5–2.7) years,
p<0.001). Compared to the males with VUR, the girls had significantly higher rates of a duplex collecting system/ectopic
kidney/ectopic ureter (18.5% vs 9.7%, p=0.012), and hydroureter (4.9% vs 0.4%, p=0.005). There were no significant
differences between the boys and girls in proteinuria, hypertension, small kidney and progression to ESRD during the
follow-up period.

Univariate and Multivariate Logistic Regression Analyses of Risk Factors for VUR
As shown in Table 3, age ≤ 1 year at the first UTI, renal agenesis and dysgenesis, atresia and stenosis of the urethra and
bladder neck/hypospadias, obstructive defect of the renal pelvis and ureter, hydroureter, hydronephrosis, duplex collect-
ing system/ectopic kidney/ectopic ureter, neuropathic bladder and spina bifida were significantly associated with a higher
risk of VUR in univariate analysis. Multivariate logistic regression analysis showed that age ≤ 1 year at the first UTI (OR,
1.3; 95% CI: 1.0–1.7), renal agenesis and dysgenesis (OR, 4.1; 95% CI: 1.3–13.1), hydronephrosis (OR, 2.2; 95% CI:

Figure 1 Age distribution at a diagnosis of VUR according to gender.
Abbreviation: VUR, vesicoureteral reflux.
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1.7–2.9), duplex collecting system/ectopic kidney/ectopic ureter (OR, 13.0; 95% CI: 8.1–20.8), neuropathic bladder (OR,
4.7; 95% CI: 2.0–11.1) and spina bifida (OR, 5.9; 95% CI: 1.3–27.8) were independent factors for VUR.

Discussion
We carried out a large, population-based study based on a nationally representative subset of the NHIRD. Several studies
have demonstrated the validity of diagnosis codes in the NHIRD.18 The present findings provide clinically applicable
information on the risk factors for VUR in children with UTI in countries with a low prevalence of circumcision.

Children with known CAKUT are very prone to develop UTIs. The widespread use of prenatal sonography has
resulted in the early detection of CAKUT in the uterus or during infancy. In the present study, 21.9% of the children with
a UTI had an identified CAKUT, most commonly hydronephrosis (12.9%) and VUR (10.2%).

Primary VUR is the most common form of reflux and is generally caused by a congenital birth defect of the ureter. It
tends to disappear with time, and many children with VUR are asymptomatic. Children with VUR are not usually
diagnosed until the occurrence of a UTI or when undergoing an examination to reveal the cause of hydronephrosis.
Secondary VUR refers to reflux caused by blockage in the bladder or urethra, and often affects bilateral ureters and
kidneys. In the current study, 237 (61.1%) of the children with VUR had isolated primary VUR, and 151 (38.9%) were
associated with other CAKUT or secondary VUR. In addition, VUR was found in 10.2% of the children who had a first
UTI in the inpatient setting, which is lower than in previous studies on white children with symptomatic UTI. The
reported prevalence of VUR has been reported to range from 22–52% in Caucasian populations,3–6,19,20 and the lowest
prevalence of VUR in children with UTI has been reported in black children (5–10%).3,7,8

Because of the natural tendency of primary VUR to resolve spontaneously, young children, and especially infants, are
more likely to have VUR than older children. Our results showed that the occurrence of VUR in the infants with UTIs
was 1.3 times higher than in those > 1 year of age. It is well known that girls are at a much higher risk of having VUR
than boys during childhood. In Taiwan, circumcision is not routinely performed in neonates, and the prevalence has been
reported to be 7.7% in school-age boys.21 As a result of possible increased rates of UTIs in uncircumcised infants in
Taiwan, more male infants receive screening radiologic studies for CAKUT and VUR in early life when they have a first

Figure 2 Male to female ratio at their first diagnosis of VUR in children under 7 years.
Abbreviation: VUR, vesicoureteral reflux.
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UTI. This may result in the early recognition of low grade VUR in boys in Taiwan which may not be detected in
circumcised boys in Western countries due to asymptomatic and spontaneous resolution. As with previous studies, more
males were found to have VUR during the 1st year of life in this study, with a male to female ratio of 2.1:1, although
VUR was 1.8 times more common in the females > 1 year of age. Although VUR was detected more frequently in boys

Table 2 Comparison of Demographics, Comorbidities and Clinical Outcomes Between the Boys and Girls with VUR

Variables Boys
(n=226)

Girls
(n=162)

P value

Median (IQR) age at first UTI (years) 0.3 (0.2–0.6) 0.8 (0.3–1.9) <0.001

Age ≤ 1 year at first UTI 202 (89.4%) 99 (61.1%) <0.001

Median (IQR) age at diagnosis of VUR (years) 0.4 (0.3–0.7) 0.9 (0.5–2.7) <0.001

Median (IQR) interval between the diagnosis of first UTI and VUR

(days)

10 (0.0–25.5) 9.5 (0.0–41.0) 0.668

Any CAKUT other than VUR

Renal agenesis and dysgenesis 5 (2.2%) 3 (1.9%) 1.000
Obstructive defect of the renal pelvis and ureter 8 (3.5%) 8 (4.9%) 0.494

Atresia and stenosis of the urethra and bladder neck, hypospadias 5 (2.2%) 2 (1.2%) 0.704

Hydroureter 1 (0.4%) 8 (4.9%) 0.005
Hydronephrosis 62 (27.4%) 38 (23.5%) 0.377

Duplex collecting system, ectopic kidney, ectopic ureter 22 (9.7%) 30 (18.5%) 0.012

Neuropathic bladder 8 (3.5%) 4 (2.5%) 0.548

Spina bifida 3 (1.3%) 2 (1.2%) 1.000

Clinical outcomes

Proteinuria 2 (0.9%) 2 (1.2%) 1.000
Small kidney 4 (1.8%) 2 (1.2%) 1.000

Hypertension 2 (0.9%) 1 (0.6%) 1.000

ESRD 4 (1.8%) 1 (0.6%) 0.406

Abbreviations: CAKUT, congenital anomalies of the kidney and urinary tract; ESRD, end-stage renal disease; IQR, interquartile range; UTI, urinary tract infection; VUR,
vesicoureteral reflux.

Table 3 Univariate and Multivariate Logistic Regression Analyses for the Risk Factors of VUR

Variables Univariate Multivariate

OR 95% CI OR 95% CI

Male sex 1.1 0.9–1.4

Age ≤ 1 year at the onset of a UTI 1.4 1.1–1.8 1.3 1.0–1.7

Any CAKUT other than VUR

Renal agenesis and dysgenesis 9.0 3.3–24.0 4.1 1.3–13.1

Obstructive defect of the renal pelvis and ureter 4.5 2.5–8.4 1.3 0.6–2.8
Atresia and stenosis of the urethra and bladder neck, hypospadias 4.5 1.8–11.1 1.9 0.6–6.0

Hydroureter 7.3 3.0–17.8 2.6 0.9–7.3

Hydronephrosis 2.7 2.1–3.5 2.2 1.7–2.9
Duplex collecting system, ectopic kidney, ectopic ureter 15.4 9.8–24.0 13.0 8.1–20.8

Neuropathic bladder 6.8 3.2–14.4 4.7 2.0–11.1

Spina bifida 11.1 3.0–41.6 5.9 1.3–27.8

Abbreviations: CAKUT, congenital anomalies of the kidney and urinary tract; CI, confidence interval; OR, odds ratio; UTI, urinary tract infection; VUR, vesicoureteral
reflux.
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than in girls, we found that gender was not a risk factor for VUR in this study. A previous study reported that infants with
CAKUT except for duplicated ureter were more likely to be boys.22 In the present study, both duplicated collecting
system and hydroureter were more prevalent in the girls with VUR. The similar long-term outcomes including
proteinuria, small kidneys, hypertension and ESRD in the boys compared to the girls in our observation may be due
to the early identification of VUR preventing episodes of UTI and therefore renal scarring in the boys.

The incidence of UTI and VUR is known to be much higher among infants with hydronephrosis. Furthermore, VUR
has been reported to be associated with multicystic dysplastic kidney,23 unilateral renal agenesis,24 and duplex kidneys25

in children. However, the role of screening for ipsilateral or contralateral VUR in children with CAKUT is controversial.
Previous studies have shown that white children, male gender, age < 1 year, positive family history of VUR, recurrent
UTIs, high C-reactive protein or procalcitonin, and bladder bowel dysfunction are risk factors for VUR.13,26–30 The
usefulness of ultrasound or dimercaptosuccinic acid scan as a screening test for either VUR or high-grade VUR is
controversial.11,31 Our results demonstrated that renal agenesis and dysgenesis, hydronephrosis and duplex collecting
system/ectopic kidney/ectopic ureter were independent factors for predicting VUR. This indicates the need for routine
renal and bladder ultrasound in all young children after a first febrile UTI to detect anatomical abnormalities of the
urinary tract system. Furthermore, VCUG should be performed selectively in children with abnormal screening ultra-
sound findings.

Most children with spina bifida have urological conditions. Nerve damage causes abnormal bladder function resulting
in voiding symptoms, urinary retention or overactive bladder. In children with spina bifida and neuropathic bladder,
hydronephrosis, VUR and recurrent UTIs always develop in later life. Early therapy with clean intermittent catheteriza-
tion, antimuscarinic agents and bladder augmentation may prevent kidney damage caused by VUR and UTI.32 Our
results showed a 5.9-fold increased risk of VUR in the UTI children with spina bifida.

VUR increases the likelihood of recurrent pyelonephritis and potentially subsequent renal scarring. Boys tend to have
a higher grade of VUR which is found prenatally or during the first year of life, whereas girls usually have a lower grade
of VUR which is detected after the first year of life.17 The long-term sequelae of VUR include proteinuria, hypertension,
chronic kidney disease and ESRD. In the current study, the UTI children with VUR were associated with increased risks
of small kidneys and progression to ESRD. However, there were no gender differences in the occurrence of proteinuria,
hypertension, small kidneys or progression to ESRD in the children with VUR.

A few limitations of the present study should be mentioned. First, NHIRD does not contain information about
laboratory tests such as white blood cell count, C-reactive protein and procalcitonin, and clinical symptoms which are
known to be potential indicators for the risk of VUR in children with UTIs. Second, despite the comparatively large
number of patients with UTIs in this representative cohort, the small sample size of patients with CAKUT may confound
our findings. Furthermore, the number of patients with cystic kidney disease was too small to estimate the OR for VUR
in this study. Further studies with a large sample size of patients with CAKUT are required to validate our findings.
Third, data on VUR grade and unilaterality versus bilaterality were also unavailable in the NHIRD. Three modalities are
currently used to diagnose VUR, namely VCUG, radionuclide cystography and voiding urosonography. There are
advantages and limitations to the use of each of these techniques, however only VCUG is widely available in Taiwan
and covered by the NHI program. As in most studies, the exact percentage of children with VUR may be underestimated
in our study, as VCUG is not routinely recommended after a febrile UTI by experts. Furthermore, parents sometimes
refuse VCUG despite physician recommendations due to discomfort during urethral catheterization, radiation exposure,
risk of catheter-induced UTI, and the development of psychological distress in the children and parents. VUR grade was
a predictive factor of VUR spontaneous remission and surgical outcome.33 However, there were interobserver differences
in reflux grade which may have led to significant differences in treatment decisions. In addition, Baydilli et al showed
that VCUG-related parameters such as early filling reflux, distal ureteral diameter ratio > 0.24, and delayed contrast
drainage of the upper urinary tract had a better predictive power for endoscopic injection success compared to recurrent
UTIs and grade of reflux alone.34 VCUG provides valuable, detailed information to assist physicians to make indivi-
dualized, risk-based treatment and prevention strategies for children with VUR.
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Conclusion
Understanding the risk factors associated with VUR may help to make an early diagnosis and prevent renal damage. Our
results imply that renal ultrasound should be performed in all young children after a febrile UTI. VCUG should be
recommended for children at high risk of VUR when they are ≤ 1 year of age if they are diagnosed with CAKUT,
especially renal agenesis and dysgenesis, hydronephrosis, duplex collecting system/ectopic kidney/ectopic ureter,
neuropathic bladder or spina bifida.

Abbreviations
ATC, anatomical therapeutic chemical; CAKUT, congenital anomalies of the kidney and urinary tract; CI, confidence
interval; ESRD, end-stage renal disease; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical
Modification; IQR, interquartile range; LHID 2010, Longitudinal Health Insurance Database 2010; NHI, National Health
Insurance; NHIRD, National Health Insurance Research Database; UTI, urinary tract infection; VCUG, voiding cystour-
ethrogram; VUR, vesicoureteral reflux; OR, odds ratio.
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