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Abstract

Background We conducted this study to estimate the prevalence of pediatric lower urinary tract symptoms (pLUTS) in a
US privately insured pediatric population who are 620 years old by age, sex, race/ethnicity from 2003—2014. This has not
been previously described in the literature.

Methods We retrospectively reviewed Optum’s de-identified Clinformatics® Data Mart Database between 2003-2014. A
pLUTS patient was defined by the presence of > 1 pLUTS-related ICD-9 diagnosis code between the age of 6-20 years.
Neurogenic bladder, renal transplant and structural urologic disease diagnoses were excluded. Prevalence by year was cal-
culated as a proportion of pLUTS patients among the total population at risk. Variables reviewed included age, sex, race,
geographic region, household factors and clinical comorbidities including attention-deficit/hyperactivity disorder (ADHD),
constipation, and sleep apnea. Point of service (POS) was calculated as a proportion of pLUTS-related claims associated
with a POS compared to the total claims at all POS in the time period.

Results We identified 282,427 unique patients with > 1 claim for pLUTS between the ages of 620 years from 2003 to 2014.
Average prevalence during this period was 0.92%, increasing from 0.63% in 2003 to 1.13% in 2014. The median age group
of patients was 610 years. More patients were female (59.80%), white (65.97%), between 6 and 10 years old (52.18%) and
resided in the Southern US (44.97%). Within a single household, 81.71% reported <2 children, and 65.53% reported >3
adults. 16.88% had a diagnosis of ADHD, 19.49% had a diagnosis of constipation and 3.04% had a diagnosis of sleep apnea.
75% of pLUTS-related claims were recorded in an outpatient setting.

Conclusions Families consistently seek medical care in the outpatient setting for pLUTS. The demographic and clinical
characteristics of our cohort reflect prior literature. Future studies can help define temporal relationships between house-
hold factors and onset of disease as well as characterize pLUTS-related healthcare resource utilization. Additional work is
required in publicly insured populations.
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Abbreviations HCUP Healthcare utilization project
pLUTS Pediatric lower urinary tract symptoms DUI Daytime urinary incontinence
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CPT Current Procedural Terminology
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urgency, frequency, and dysuria [1]. Factors associated with
disease presentation include gender, family history of incon-
tinence, constipation and behavioral disorders such as atten-
tion-deficit/hyperactivity disorder (ADHD) [2—4]. Sequelae
of disease includes decrease in quality of life and self-esteem
as well as recurrent urinary tract infection [5, 6].

An estimated 36—128 million dollars/year are spent on
pediatric incontinence using Healthcare Cost and Utiliza-
tion Project (HCUP) data [7]. Data estimating prevalence
of pLUTS has largely relied on cross-sectional survey meth-
ods. Three large studies found daytime urinary incontinence
(DUI) in 10% of children sampled, though differences in
study techniques and questionnaires limits direct compari-
son of findings [8§—10]. pLUTS symptoms within these DUI
populations were higher with participants reporting urgency,
frequency and voiding postponement behaviors [8—10].

The number of children with pLUTS seeking medical
care and how they use medical resources has not been well-
defined. Existing HCUP data estimates a rate of approxi-
mately 1000 per 100,000 children ages 3—10 years requiring
outpatient care for a diagnoses of pediatric incontinence per
year [7]. No data exists on additional drivers of healthcare
utilization such as household factors or clinical co-morbid-
ities. In order to understand disease burden, longitudinal
risk factors, and design effective population-level treatment
strategies, it is necessary to further characterize this patient
population.

Optum’s de-identified Clinformatics® Data Mart Data-
base (hereafter, referred to as CDM database) is a US data-
base with pharmaceutical and health claims of commercially
insured individuals across all 50 states. Both the pediatric
population and outpatient setting are represented. Results
may be limited by differences in population characteristics
in a commercially insured versus uninsured group, however,
this dataset still represents a unique opportunity to explore a
pLUTS cohort using claims data that can be used for future
healthcare resource utilization studies. We aim to define
the prevalence of individuals with pLUTS who are seeking
medical care from 2004 to 2014 within the CDM database,
and characterize point of service (POS), demographic fac-
tors and clinical comorbidities of constipation and ADHD
within this cohort.

Methods
Data source

After obtaining institutional review board approval, we
analyzed data derived from the CDM database between the
years 2003-2014. CDM database is a de-identified data-
base derived from a large adjudicated claims data ware-
house. It includes deidentified administrative health claims
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for members of large commercial and Medicare Advantage
health plans, with approximately 15-20 million annual cov-
ered lives. Enrollment, demographic and healthcare claims
data related to outpatient services and emergency room Vvisits
are available. Diagnoses were coded using the International
Classification of Diseases, ninth revision (ICD-9), proce-
dures using Current Procedural Terminology (CPT).

Study population

We conducted a retrospective population-based cohort study.
Our cohort included all patients ages 620 years old at any
time between 2003 and 2014 with an ICD-9 code for pLUTS
(Appendix) similar to prior HCUP data [7]. A patient was
considered to have pLUTS if they had > 1 diagnosis associ-
ated with any POS claim (i.e., POS claim associated with an
inpatient, outpatient, or emergency room visit). We excluded
patients with an ICD-9 diagnosis or CPT surgical code
related to neurogenic bladder, renal transplant and structural
urologic disease that increases risk for pLUTS—hypospa-
dias, vesicoureteral reflux, posterior urethral valves, urethral
stricture disease and ureterocele. The total population at risk
per year between the ages 6-20 years old in the database
was obtained from CDM database member data files version
7.0. To analyze demographic and clinical characteristics,
we included all patients 620 years old at any time between
2003 and 2014 with an ICD-9 code for pLUTS.

Daytime and nighttime incontinence were defined by
ICD-9 codes specific to incontinence. The remaining
non-incontinence codes were grouped together as “other
pLUTS.” Patient demographics, including age, sex, race,
and clinical comorbidities, were collected. The primary out-
come was prevalence of pLUTS per 1 year period between
2003 and 2014. Secondary outcomes were characteriza-
tion of point of service, demographic variables and clini-
cal characteristics within the pLUTS population over the
total time period. Demographic variables included age, race,
geographic region, household income level of primary insur-
ance provider and number of household members. Clinical
comorbidities included constipation and ADHD as defined
by ICD-9 codes at any point in time (Appendix).

Statistical analysis

Prevalence of pLUTS by year was calculated as a propor-
tion of pLUTS patients among the total population at risk
within a 6-20 year age group per each one-year period.
Each pLUTS patient was counted once per year and
could be counted the following year until they reached
20 years of age or left the database. Descriptive analysis
of demographic characteristics and clinical comorbidi-
ties within the total pLUTS population were calculated
as percentages over the total time period. All analysis was
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conducted using Excel, and descriptive summaries were
obtained within Redivis.

Results

We identified the total population at risk during this time
period to be 9,263,933. After applying exclusion criteria,
our total pLUTS cohort was 282,427. This data demon-
strates a 0.92% average prevalence of pLUTS between
2003 and 2014. Yearly prevalence increased from 0.63%
in 2003 to 1.13% in 2014 (Fig. 1). Among patients who
visited a medical facility for a pLUTS related diagno-
sis, office visits comprise the majority of total clinical
encounters (59.70%), followed by outpatient hospital
visits (15.27%), inpatient hospitalization (3.50%), and
emergency room (ER) visits (2.16%) (Table 1).

The median age group of patients was 6—10 years with
the highest proportion of patients also in this age group
(147,362, 52.18%). The majority of patients were female
(59.80%), white (65.97%), and from the South (44.97%).
Most families reported a household income > 40 k
(45.47%) however we noted a 74% fill rate in this data.
Among all households, 81.71% reported <2 children.
65.53% of households reported >3 adults. Daytime
(28.33%) and nighttime (22.23%) incontinence diagno-
ses made up 50.56% of ICD-9 codes. Among all patients
with pLUTS, 34.06% had a relevant clinical comorbidity.
Of these diagnoses, constipation was the most common
(19.49%), followed by ADHD (16.88%) (Table 1).

Fig. 1 Prevalence by year of 1.2

pLUTS from 2003-2014
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Discussion

Average prevalence of pLUTS necessitating medical care
in the CDM Database was found to be 0.92%, increasing
from 0.63% in 2003 to 1.13% in 2014. We demonstrate the
degree to which pLUTS burden is largely centered around
outpatient care services (77.13%) compared to inpatient or
emergency room visits. Most patients were younger, female
and resided in the Southern US. ADHD and constipation
rates mirror existing literature [22].

Prevalence of pLUTS in the global community has
been measured via cross-sectional survey methods. Chung
et al. found “dysfunctional voiding” symptoms in 46.4% of
Korean children ages 5-13 [9]. Type of presentations var-
ied—16.8% demonstrated urge incontinence, 16.6% urgency
alone, 11.2% DUI, and 5.6% NE [9]. Lower urinary tract
dysfunction (LUTD) was found in 9.3% of Turkish school-
children ages 615 years old and [10] 21.8% of Brazilian
children [11]. Differences in prevalence can be attributed
to differences in study population, age groups and type of
survey administered (validated vs non-validated) along
respondent bias. Our use of a claims database relies on clini-
cal assessment with rates less likely to be affected by factors
such as likeliness to self-report, survey response rates and
recall bias.

An overall prevalence of 0.92% in the CDM database rep-
resents the percentage of privately insured pediatric patients
seeking treatment for pLUTS. This prevalence is similar to
rates seen in HCUP data of approximately 1,000 out of every
100,000 families seeking care for pediatric incontinence in
age groups 3—10 years old within a year [7]. As expected,
this number is lower than overall community prevalence
estimates, as only 10-16% of families may seek medical
care [12]. While severity and frequency may be related to
this decision, in a population-based cross-sectional study
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Table 1 Descriptive statistics of demographics, socioeconomic vari-
ables, comorbidities, and treatment among total number of unique
pLUTS patients

Variables N Percentage
Total number of unique pLUTS patients 282,427
Age
6-10 147,362 52.18
11-15 58,257  20.63
16-20 76,808  27.20
Sex
Male 113,493  40.18
Female 168,882  59.80
Unknown 52 0.02
Region
Northeast 28,769 10.19
Midwest 96,774  34.27
South 127,002  44.97
West 48,668 17.23
Unknown 1,043 0.37
Race
White 186,324 6597
Hispanic 20,290 7.18
Black 21,327 7.55
Asian 6,926 2.45
Unknown 47,560 16.84
Household income
<$40k 18,013 6.38
>$40k 128,429 4547
Unknown 135,985  48.15
Fed poverty level
Below (below 400 FPL) 1,387 0.49
Above (above 400 FPL) 145,055 51.36
Unknown 135,985  48.15
Number of children in household
<2 230,776  81.71
>2 11,932 4.22
Unknown 39,719 14.06
Number of adults in household
<2 57,620 2040
>2 185,088  65.53
Unknown 39,719 14.06
Comorbid conditions
ADHD 47,671  16.88
Constipation 55,052 19.49
Type of pLUTS
Daytime incontinence 80,000 28.33
Nighttime incontinence 62,771  22.23
Other pLUTS 185,059  49.63
Point of service
Total 27,327,388 100.00
Office 16,315,921  59.70
Outpatient hospital 4,174,574  15.27

@ Springer

Table 1 (continued)

Variables N Percentage
Inpatient hospital 956,959 3.50
Emergency room 591,096 2.16
Unknown 5,465,477 20.00

of children starting elementary school who experienced
wetting daily, 40% had not received medical care [12, 13].
Additional drivers such as lack of access to care, lack of
knowledge regarding treatment options, or social norms that
pLUTS is a condition to be outgrown, may play a role in
treatment-seeking behaviors [13].

Of the total claims associated with a pLUTS diagnosis,
77.13% were performed in an outpatient setting. This is in
contrast to the low numbers of patients requiring inpatient
care (3.5%) for incontinence diagnoses, which reflect previ-
ously reported data for this point of service [7]. Our study
found higher proportion of females (59%) and patients ages
6-10 years old (52.18%). While some studies have found a
higher prevalence of LUTD and DUI in girls [13, 14], this
has not been consistently demonstrated in other large stud-
ies [15].

Data from longitudinal studies of children with DUI
found the highest prevalence of disease in early childhood
with a spontaneous remission rate of 15.4% per year [16].
Yuksel et al. found that the rates of LUTD stabilized around
the ages of 10 in girl and 11 in boys, potentially representing
pubertal changes [10]. While the prevalence of disease in the
community may drop in older children, we found that the
next largest group of patients with pLUTS seeking medical
care was 16 years or older (27%). This may reflect increased
duration and/or severity of disease that prompts medical care
or increasing independence in social activities that increases
degree of bother.

Treatment of pLUTS consists of behavioral and lifestyle
modifications to improve voiding, stooling and hydration
habits. Effective application and adherence to these changes
may be influenced by social determinants of health includ-
ing availability of healthy foods, housing factors, and access
to healthcare and education. Other studies have shown that
low levels of parental education, double-income families and
household factors such as increased number of siblings or
family members or increased number of people sleeping in
the child’s room, were more likely to have pLUTS. However,
direct associations between low-income households, pres-
ence or absence of insurance have not been observed [9, 10,
17, 18]. Housing factors such as number of people per room
or number of siblings may play a role in NE, potentially
reflecting crowding at home that limits bathroom access.
In our study, families with fewer children and > 3 adults in
the family had higher proportion of pLUTS diagnoses. This
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could represent lack of knowledge of pLUTS with fewer
children, and household crowding factors, though this popu-
lation generally fell above the federal poverty line.

Prevalence of constipation in the general population var-
ies from 0.7 to 29.6% [19]. It is higher within the pLUTS
population; 34% of children with constipation experience
NE and 29% experience DUI [20]. The bladder and rectum
are situated next to each other in the pelvis, sharing similar
innervation for urethral and anal sphincter control and higher
pelvic floor tone, leading to symptoms [21]. Children who
have a large stool burden may develop a distended rectum
that stimulates detrusor muscle contractions, experienced as
pain, urgency, incontinence [21] and fear of painful elimi-
nation. We found that 19.49% of children in our pLUTS
population had a diagnosis of constipation and a higher
proportion of children with pLUTS were found in Southern
US regions, where higher rates of constipation are observed
[22]. This may reflect factors that link both presentations
together, such as diet or water consumption, versus the above
internal factors.

Behavioral problems, such as ADHD, are also comorbid
with pLUTS presentations. Following a systematic review,
an overall pooled estimate of ADHD prevalence in the com-
munity is 7.20% [23]. A study of > 8000 children found a
nearly double rate of externalizing problems related to atten-
tion and activity problems, oppositional behavior and con-
duct disorders in children with DUI versus those without
DUI [24]. In our cohort of children with pLUTS, 16.88%
had a diagnosis of ADHD. This may be related to the sec-
ondary effects of wetting on the development of behavioral
symptoms or psychological problems [24].

The rates of comorbid constipation and ADHD are impor-
tant to note due to the potential for these patients to experi-
ence lower compliance and less successful outcomes with
treatment outcomes. Specific outreach and education pro-
grams may be required to address additional needs within
these children.

Our description of patients seeking medical care for
their symptoms has limitations in its application to a
national population. Claims databases are subject to inac-
curate and/or missing data [25]. Our choice of pLUTS
ICD codes is based on prior literature, however, sensi-
tivity and specificity in the accuracy of coding has not
been investigated for these diagnoses. To obtain a picture
of healthy children seeking medical care for these diag-
noses, we excluded clinical conditions such as transplant
and neurogenic bladder, however, the role of additional
conditions such as developmental delay and presence of
absence of urinary tract infection were not investigated.
Limitations of our cohort design include (1) an underesti-
mate of the prevalence of pLUTS due to physicians’ cod-
ing practices related to diagnostic sub-types of pLUTS and
existing co-morbidities, and (2) the exclusion of patients

with conditions such as vesicoureteral reflux and UTI who
may have an accompanying pLUTS diagnosis leading to an
underestimation of disease burden. Additionally, we chose
to present descriptive data of overall utilization as opposed
to rates within subpopulations, which limits more specific
interpretations of the data.

The CDM database is a national sample of patients who
are privately insured. It therefore represents a subset of a
much larger population, specifically families who may be
overall healthier and able to seek medical care. While this
limits generalizability, our research question benefits from
this cohort since we assume this is closer to the maximum
number of patients who would seek care as opposed to an
underestimate due to poor access to education or health-
care resources.

Conclusion

In conclusion, a rate of approximately 1% annual preva-
lence of pLUTS in the CDM database points to a large
and consistent burden to the healthcare system that would
benefit from further studies. It is likely that the preva-
lence of pLUTS is underestimated here due to coding
practice and, exclusion of patients with vesicoureteral
reflux and UTI who may also have pLUTS. This could sug-
gest that annual prevalence and associated burden could
be greater than reported. An improved understanding of
clinical and demographic risk factors for pLUTS using
longitudinal study methods in a population with a broad
range of insurance providers will help to inform effective
treatment and prevention strategies. Further investigation
into healthcare resource utilization using claims data will
allow these programs to target areas of improvement to
reduce healthcare spending and prompt investment into
preventative programs.

Appendix

Description ICD-9 code Code description

pLUTS diagnosis codes

pLUTS 307.6 Enuresis
590.0 Chronic pyelonephritis
without lesion of renal
medullary
595.0 Acute cystitis
595.3 Trigonitis
595.9 Cystitis, unspecified
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Description ICD-9 code Code description Description ICD-9 code Code description
596.0 Bladder neck obstruction 966.81 Complications of trans-
596.51 Hypertonicity of bladder planted kidney
599.0 Urinary tract infection, site Urologic conditions
not specified Vesicoureteral reflux 593.70 Vesicoureteral reflux,
599.89 Other specific disorders of (VUR) unspecified or without
urinary tract reflux nephropathy
599.9 Unspecified disorder of 593.71 Vesicoureteral reflux with
urethra and urinary tract reﬂux nephropathy,
625.6 Stress incontinence (female) unilateral
. 593.72 Vesicoureteral reflux with
788.1 Dysuria
reflux nephropathy,
788.21 Incomplete bladder empty- bilateral
ne 593.73 Other vesicoureteral reflux
788.30 Urinary incontinence with reflux nephropathy
unspecified NOS
788.31 Urge incontinence Ureterocele 753.23 Congenital ureterocele
788.33 Mixed incontinence (male/ Posterior urethral valves 753.6 Atresia and stenosis of ure-
female) (PUV) thra and bladder neck
788.34 Incontinence without sen- Hypospadias 58.45 Repair of hypospadias and
sory awareness epispadias
788.35 Post-void dribbling Description CPT code  Code description
788.36 Nocturnal enuresis
788.38 Overflow incontinence Renal transplant 50360 Renal allotransplanta-
788.39 Other Urinary Incontinence tion; 1mplem§ ntation of
) graft, excluding donor
788.41 Urinary frequency and recipient nephrec-
788.62 Slowing of urinary stream tomy (without recipient
788.63 Urgency of urination nephrectomy)
788.64 Urinary hesitancy 50365 Renal allotransplantation,
788.65 Staining on urination 1ml?lgntat10n of graft; with
. . recipient nephrectomy
788.69 Other abnormality of uri- . ..
o Urologic conditions
nary stream/urination
Comorbidities in pLUTS cohort Vesicoureteral reflux 50660 Ureterectomy, ‘totgl, ectopic
. Lo (VUR) ureter, combination
ADHD 314 Attention deficit disorder of abdominal, vaginal and/or
childhood perineal approach
314.01 Attention deficit disorder of 50780 Ureteroneocystostomy;
C.h‘_]dhOOd with hyperac- anastomosis of single
tivity ureter to bladder
Constipation 307.7 Encopresis 50781 Ureteroneocystostomy
560.32 Fecal impaction 50782 Ureteroneocystostomy;
564 Constipation anastomosis of duplicated
564.01 Slow transit constipation ureter to bladder
564.02 Outlet dysfunction constipa- 50783 Ureteroneocystostomy; with
tion extensive ureteral tailoring
564.09 Other constipation 50785 Ureteroneocystostomy;
787.6 Full incontinence of feces with vesico-psoas hitch or
. S . bladder flap
Exclusion criteria diagnostic codes .
. . 50947 Laparoscopy, surgical; ure-
Neurogenic bladder 344.61 Cauda equina syndrome teroneocystostomy with
with neurogenic bladder cystoscopy and ureteral
596.4 Atony of bladder stent placement
596.54 Neurogenic bladder 50948 Laparoscopy, surgical; uret-
unspecified eroneocystostomy without
Renal transplant V42.0 Kidney replaced by trans- cystoscopy and ureteral

plant

stent placement
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Description CPT code  Code description Description CPT code  Code description
52327 Cystourethroscopy (includ- 54324 One stage distal hypospa-
ing ureteral catheteriza- dias repair (with or with-
tion); with subureteric out chordee or circumci-
injection of implant sion); with urethroplasty
material by local skin flaps (e.g.,
Ureterocele 50660 Ureterectomy, total, ectopic flip-flap, preputial flap)
ureter, combination 54326 One stage distal hypospa-
abdominal, vaginal and/or dias repair (with or with-
perineal approach out chordee or circumci-
51535 Cystotomy for excision, sion); with.urethroplasty
incision, or repair of by local skin flaps and
ureterocele mobilization of urethra
52300 Cystourethroscopy; with 54328 One stage diSt?I hy po-
resection or fulguration of spadias repair (with
orthotopic ureterocele(s), or without chordee or
unilateral or bilateral C}TCU?CISloF’); with exten-
. sive dissection to correct
52301 Cystour.ethroscopy, Wl.th chordee and urethroplasty
resection or fulguration . . .
K with local skin flaps, skin
of ectopic ureterocele(s), .
. . graft patch, and/or island
unilateral or bilateral flap
Posterior urethral valves 52400 Incision, destruction, or . .
; 54332 One stage proximal penile
(PUV) removal of congenital or penoscrotal hypo-
bladder and bladder canal s zfdia% repair rey?lirin
(urethra) defects using an ei tensive gissect(ilon J
endoscope to correct chordee and
Hypospadias 54304 Plastic operation on penis urethroplasty by use of
for correction of chordee skin graft tube and/or
or for first stage hypospa- island flap
dias repair v.mh or without 54336 One stage perineal hypo-
transplantation of prepuce . . T
. spadias repair requiring
and/or skin flaps . . h
extensive dissection
54308 Urethroplasty for second to correct chordee and
stage hypospgdias re.pair urethroplasty by use of
(including urinary diver- skin graft tube and/or
sion); less than 3 cm island flap
54312 Urethroplasty for. second‘ 54340 Repair of hypospadias
sFage hyposp.adlas repair complications (i.e., fistula,
({ncludmg urinary diver- stricture, diverticula); by
sion); greater than 3 cm closure, incision, or exci-
54316 Urethroplasty for second sion, simple
stage hypospadias repair 54344 Repair of hypospadias
(including urinary diver- complications (i.e., fistula,
smn} with free s'kln graft stricture, diverticula);
obtamed. frqm site other requiring mobilization of
than genitalia skin flaps and urethro-
54318 Urethroplasty for third plasty with flap or patch
stage hypospadias repair graft
to release penis from 543438 Repair of hypospadias
scrotum (e.g., third stage complications (i.e., fistula,
Cecil repair) stricture, diverticula);
54322 One stage distal hypospa- requiring extensive dis-

dias repair (with or with-
out chordee or circumci-
sion); with simple meatal
advancement (e.g., Magpi,
V-flap)

section and urethroplasty
with, flap, patch or tubed
graft (includes urinary
diversion)
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Description CPT code  Code description References
24352 Repair of hypospadias crip- 1. Nevéus T, von Gontard A, Hoebeke P et al (2006) The standardi-

ple requiring extensive
dissection and excision
of previously constructed
structures including
re-release of chordee and
reconstruction of urethra
and penis by use of local
skin as grafts and island
flaps and skin brought in
as flaps or grafts
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