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OBJECTIVE To inform the development of strategies to improve adherence to guidelines, we sought to identify char-
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acteristics of pediatric patients with nephrolithiasis associated with completing 24-hour urine analyses.

MATERIALS AND
METHODS
We performed a retrospective cohort study of patients with nephrolithiasis aged 3-18 years treated
in a large pediatric healthcare system from May 2012 to May 2017. Multivariable Cox models
were fit to estimate the association between patient characteristics and completion of a 24-hour
urine analysis.
RESULTS
 Among 623 patients, 317 (50.9%) completed a 24-hour urine collection. Median age was 14.4 years
(interquartile range [IQR] 10.5, 16.3). In adjusted analyses, age at diagnosis (hazard ratio [HR] 1.03;
95% confidence interval [CI] 1.01-1.07), renal colic on presentation (HR 1.72; 95% CI 1.15-2.58),
and family history of nephrolithiasis (HR 1.50; 95% CI 1.17-1.93) were associated with an
increased likelihood of completion of a 24-hour urine. Public/government assistance insurance (HR
0.68; 95% CI 0.48-0.96) was associated with decreased likelihood of completing a 24-hour urine.
CONCLUSION
 Patients who had prior painful experiences with stones (renal colic), and potential better under-
standing of nephrolithiasis (family history, older age on presentation) were more likely to com-
plete a 24-hour urine. Those patients with public insurance/government assistance were less likely
to complete a 24-hour urine. These results can be used to develop strategies to improve pediatric
patients’ adherence to completing 24-hour urine collections. UROLOGY 127: 102−106, 2019.
© 2019 Published by Elsevier Inc.
The prevalence of nephrolithiasis has increased
rapidly over the last 20 years.1,2 The greatest
increase in incidence has been observed among

females and adolescents, and also African-Americans.1,3

Kidney stone recurrence in pediatric patients was previ-
ously thought to be lower than adults, but recent studies
have demonstrated the risk of recurrence is up to 50%
within 5 years of initial stone presentation.4,5 This high
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risk of recurrence is due, in part, to the finding of abnor-
mal urine chemistries in approximately 50% of pediatric
patients with nephrolithiasis.6,7 The earlier age of onset
and high prevalence of metabolic abnormalities suggest
that kidney stone disease in childhood may represent a
more severe phenotype.

Accordingly, the European Association of Urology
guidelines recommend metabolic evaluation (including a
24-hour urine collection) of all high-risk patients, which
includes pediatric patients.8 This evaluation is designed
to reduce the risk of recurrence of what historically was
considered an adult disease.9-11 Indeed, completion of
24-hour urine collections has been associated with a lower
risk of recurrence among children and adolescents.5 How-
ever, completion of 24-hour urine collections is extremely
low in both the pediatric and adult populations, with only
12% of pediatric patients obtaining 24-hour urine analy-
ses within 6 months of an emergency department
visit.12,13 Prior studies in adults have reported that
patients with family history of nephrolithiasis have a
higher probability of completing 24-hour urine collections
whereas African-American race is associated with lower
adherence to completion.14 However, factors associated
© 2019 Published by Elsevier Inc.
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with completion of 24-hour urine collections among pedi-
atric patients with nephrolithiasis are unknown.
Therefore, the aim of this study was to identify patient

characteristics associated with completing a 24-hour urine
analysis. We hypothesized that, similar to adult stone for-
mers, characteristics of pediatric patients such as family
history of nephrolithiasis would be associated with adher-
ence to completing a 24-hour urine collection.
MATERIALS AND METHODS

Study Design and Patient Population
We performed a retrospective cohort study of all patients diag-
nosed with kidney stone disease between 3-18 years of age who
were evaluated and treated from May 2012 to May 2017 at the
Children’s Hospital of Philadelphia (CHOP). CHOP is a large
pediatric healthcare system that serves a regional, national, and
international patient population. Patients were identified by
searching the Kidney Stone Registry, a prospective database of all
patients with nephrolithiasis treated at our institution since 2012
and maintained in Research Electronic Data Capture.15 All
patients with kidney or ureteral stones confirmed with ultrasound
or CT were prospectively included in the database. Patients were
included regardless of symptoms on diagnosis. For this study, we
identified patient demographics, kidney stone specific history, lab-
oratory results, and radiology results. Cost information and reason
for not completing 24-hour urine was not routinely documented
in the chart and thus were not available for analysis. This study
was approved by the CHOP Institutional Review Board.

To increase the generalizability of the results, the only exclu-
sion criteria for the primary analysis was age. To examine a purely
pediatric population that was likely toilet trained, we included
patients between 3 and 18 years of age. Age was used as a proxy
since toilet training status was not consistently documented.
Outcome
The outcome was completion of at least one 24-hour urine col-
lection after initial presentation with nephrolithiasis. As part of
the clinical pathway developed at our institution's Kidney Stone
Center, a metabolic evaluation is discussed and ordered for all
patients at the first visit after stone passage, surgical intervention,
or diagnosis of nonobstructive renal stones.16 The clinical care
pathway was developed to improve quality of care and consis-
tency among all pediatric urologists or pediatric nephrologists
who treat children with nephrolithiasis. A single 24-hour urine
analysis is ordered for patients who are toilet trained with
instructions to complete the urine collection prior to their next
appointment. The treating physician counseled the patient and
caregivers about the determinants of kidney stone disease and
the recommended evaluation. Counseling was provided through
a medical interpreter if English was not the primary language of
the patient and/or caregiver. Educational pamphlets on nephro-
lithiasis and an order for a 24-hour urine collection were pro-
vided to the patients. The laboratory preferred by the patient's
insurance was used. These laboratories were Litholink, Quest,
and Labcorp for over 99% of patients.

The patient completed the 24-hour urine collection at home
with collection materials provided to the patient from the collec-
tion laboratories. After completion, the patient mailed the col-
lection back to the laboratory. For first time, stone formers
regardless of symptoms upon diagnosis, 24-hour urine collections
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were obtained every 6 months for at least 2 years and then yearly
until 24-hour urine if no recurrences developed. For recurrent
stone formers, 24-hour urine collection was repeated every 6
months if abnormal urine chemistries persisted and then yearly
for at least 3 years. All pediatric patients are seen in the clinic
every 6 months with a renal bladder ultrasound and are accom-
panied by at least 1 adult family member or caregiver.

Covariates
Patient characteristics obtained from the Kidney Stone Registry
included age at stone presentation, sex, race, body mass index
percentile, neurogenic bladder, medical comorbidities, and payer
status. Stone-specific characteristics including symptomatic pre-
sentation (defined as abdominal pain, flank pain, and/or nausea/
vomiting), history of spontaneous passage, prior surgical inter-
vention, family history of nephrolithiasis, and length of follow-
up are recorded in the Registry and were also included in the
analysis. Length of follow-up was defined as the date of initial
evaluation to last follow-up in Urology, Nephrology, or the
Comprehensive Pediatric Kidney Stone Center. Body mass
index percentile was determined using Centers for Disease Con-
trol and Prevention growth curves. Payer status was categorized
into self-pay (without any form of insurance), public/govern-
ment assistance (defined as any form of governmental insurance
assistance such as Medicaid, Medicare, state assistance program,
or Children's Health Insurance Programs) and private insurance.
Neurogenic bladder was defined as any condition that resulted
in neurologic condition that resulted in abnormal bladder func-
tion (eg, myelomeningocele).

Statistical Analysis
Differences in patient characteristics between patients who did and
did not complete 24-hour urine collections were assessed by t tests,
Mann-WhitneyU tests, or chi-square tests as appropriate for the dis-
tribution and nature of the data. Cox proportional hazard regression
models were fit to estimate the association between patient charac-
teristics and completion of a 24-hour urine analysis. Patients were
censored at completion of a 24-hour urine or last Urology or
Nephrology follow-up. Regression models were built using manual
backwards selection of covariates. Covariates assessed for inclusion
in the models were age, sex, race, family history of nephrolithiasis,
payer status, prior stone surgery, prior stone passage, multiple stone
occurrences, and neurogenic bladder.We included in the final mod-
els all covariates with face validity (sex, age) and those that were
associated with completion of 24-hour analyses on univariate analy-
ses at a P value<.1.

The following sensitivity analyses were performed: (1) inclu-
sion of the entire pediatric population, including those that
were not toilet-trained (newborn to 18 years of age); (2) inclu-
sion of all patients (including both those <3 years of age and
>18 years of age) to reflect the entire population presented to
our institution with nephrolithiasis; (3) exclusion of those with
neurogenic bladder. Statistical analyses were performed using
Stata version 13 (StataCorp, College Station, TX). All tests
were 2-sided and a P value <.05 was the threshold for statistical
significance.
RESULTS
A total of 794 patients with a diagnosis of nephrolithiasis were
identified, of which 49 patients >18 years old and 122 patients
<3 years old were excluded. This resulted in 623 patients in our
primary analysis. Of these, 317 (50.9%) completed at least
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Figure 1. Flow chart of patient population.

Table 2. Association between patient characteristics and
completion of 24-hour urine analysis

Patient
Characteristics Hazard Ratio

95% Confidence
Interval

Age (y) 1.04 1.01-1.07
Family history 1.50 1.17-1.93
Prior passage of
nephrolithiasis

1.07 0.84-1.37

Renal colic 1.72 1.15-2.58
Neurogenic bladder 0.56 0.30-1.03
Race (Caucasian referent)
Asian 1.42 0.51-3.93
Hispanic 1.42 0.91-2.20
African American 0.75 0.46-1.21
Other/unknown 1.25 0.86-1.81

Insurance (private insurance referent)
Medicaid/medical

assistance
0.68 0.48-0.96

Self-pay 1.04 0.33-3.32
Unknown 0.78 0.52-1.16
1 24-hour urine (Fig. 1). The median age of the overall popula-
tion was 14.4 years (interquartile range [IQR] 10.5, 16.3).
Patient characteristics and demographics are summarized in
Table 1. The median follow-up was 153 days.
Table 1. Patient characteristics

Patient
Characteristics

Obtained 24-hour
Urine (n = 317)

Did Not Obtain
24-hour Urine
(n = 306)

Median age in y
(IQR)

14.4 (11.0, 16.3) 14.4 (10.5, 16.3)

BMI (SD) 22.1 (6.7) 20.9 (4.9)
Sex
Female 161 (50.8%) 157 (51.3%)
Male 156 (49.2%) 149 (48.7%)

Insurance
Medicaid/ 46 (14.5%) 76 (24.8%)

Private 240 (75.7%) 165 (53.9%)
Self-pay/
unknown

31 (9.8%) 65 (21.2%)

Race
African-
American

19 (6.0%) 47 (15.4%)

Caucasian 245 (77.3%) 190 (62.1%)
Other 30 (9.5%) 34 (11.1%)
Unknown 33 (10.4%) 35 (11.4%)

Family history of stones
Yes 171 (53.9%) 103 (33.7%)
No 132 (41.6%) 178 (58.2%)
Unknown 14 (4.4%) 25 (8.2%)

Stone history
Recurrent stone

former
104 (32.8%) 33 (10.8%)

Medical comorbidities
Yes 115 (36.3%) 157 (51.3%)

BMI, body mass index.
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Multivariable Cox models demonstrated that age at diagnosis
(hazard ratio [HR] 1.03; 95% confidence interval [CI] 1.01-
1.07), renal colic on presentation (HR 1.72; 95% CI 1.15-2.58),
and family history of nephrolithiasis (HR 1.50; 95% CI 1.17-
1.93) were associated with an increased likelihood of completion
of a 24-hour urine. Public/government assistance insurance was
associated with decreased likelihood of completing a 24-hour
urine (HR 0.68; 95% CI 0.48-0.96; Table 2).

The results were similar in sensitivity analyses that included
patients <3-18 years old, with neurogenic bladder now associ-
ated with decreased likelihood of completing a 24-hour urine
(HR 0.04; 95% CI 0.30-0.97; Table 3). Inclusion of patients of
all ages (<3 and >18 years of age; n=749) and excluding those
with neurogenic bladder (n = 538) yielded similar results
(Table 3).
DISCUSSION
In this study, we identified characteristics associated with
completion of 24-hour urine analyses among nearly 800
pediatric patients evaluated and treated for nephrolithiasis
over 5 years. Approximately 50% of our study population
obtained a 24-hour urine, which is markedly higher than
adherence reported previously in the United States, but
far lower than ideal considering that completion of 24-
hour urine collections has been associated with a lower
risk of recurrence.12,13 Adjusting for length of follow-up,
we found that age on presentation, renal colic on presen-
tation, and those with family history of stones were associ-
ated with increased probability of completion of 24-hour
urine analyses. On the other hand, public/government
assistance was associated with decreased probability of
completing a 24-hour urine. These results suggest that
patients who have had a painful experience (eg, renal
colic) or those with better understanding of the disease
(family history, older age) might be more likely to adhere
to completing a metabolic evaluation. Urine collections
in younger patients could also be more challenging and
UROLOGY 127, 2019



Table 3. Sensitivity analyses of association between patient characteristics and completion of 24-hour urine analysis

Patient Characteristics

Including Patients
<3 and >18 Y of
Age (n = 794)

Excluding Those
>18 Y of Age
(n = 745)

Excluding Those
With Neurogenic
Bladder (n = 538)

Age (y) 1.06 (1.03-1.09) 1.06 (1.03-1.09) 1.04 (1.00-1.07)
Family history 1.54 (1.21-1.96) 1.55 (1.21-1.98) 1.47 (1.14-1.89)
Prior passage of nephrolithiasis 1.54 (1.21-1.96) 1.08 (0.84-1.37) 1.08 (0.84-1.39)
Renal colic 1.82 (1.24-2.68) 1.78 (1.19-2.65) 1.69 (1.10-2.58)
Neurogenic bladder 0.47 (0.26-0.83) 0.54 (0.30-0.97) −
Race (Caucasian referent)
Asian 1.10 (0.40-3.01) 1.14 (0.42-3.14) 1.33 (0.48-3.69)
Hispanic 1.40 (0.91-2.15) 1.42 (0.92-2.19) 1.27 (0.78-2.07)
African American 0.67 (0.41-1.07) 0.73 (0.46-1.17) 0.77 (0.48-1.26)
Other/unknown 1.21 (0.85-1.73) 1.20 (0.83-1.73) 1.27 (0.87-1.85)

Insurance (private insurance referent)
Medicaid/medical assistance 0.76 (0.55-1.05) 0.75 (0.54-1.04) 0.72 (0.51-1.03)
Self-pay 1.25 (0.45-3.46) 1.23 (0.44-3.39) 1.33 (0.42-4.28)
Unknown 0.87 (0.61-1.25) 0.80 (0.54-1.17) 0.76 (0.50-1.15)
difficult, which could contribute to the lower completion
rate in younger patients. Conversely, we also found that
those with governmental insurance may be vulnerable
populations who could potentially benefit from strategies
designed to improve adherence.
The clinical care pathway for outpatient management

of nephrolithiasis at our institution is based on European
Association of Urology guidelines, which recommend
obtaining a metabolic workup for all pediatric stone for-
mers.8,16 To the best of our knowledge, this study is the
first to report characteristics associated with completion of
24-hour urine analyses in a pediatric population. Ellison
et al found that that only 12% of commercially insured
pediatric patients completed a metabolic work-up within
6 months of presenting to the emergency department.12

However, this prior study could not identify factors associ-
ated with adherence due to the nature of the claims data.
In this study, we identified factors that were associated
with completing 24-hour urine studies.
We found that patients who had renal colic were more

likely to complete a 24-hour urine analysis than those
who had asymptomatic, nonobstructive stones that may
have been detected incidentally. This finding is important
because regardless of symptoms, kidney stone disease is
associated with an increased risk of fracture among chil-
dren and adults, and an increased risk of hypertension,
chronic kidney disease, and heart disease among adults.
17-20 In addition, asymptomatic stones can grow and new
stones can form, which represents a metabolically active
disease. We also found that those with public/government
insurance were less likely to adhere to ordered evalua-
tions. These results are consistent with studies of other
pediatric diseases such as asthma that have reported that
patients with public/government assistance have lower
adherence to therapy.21 This could be a result of various
barriers to care often confronted by this population, such
as cost or literacy. Patients who are economically disad-
vantaged, from different racial or ethnic minorities, or
who have chronic comorbidities may represent vulnerable
UROLOGY 127, 2019
populations at risk for health-care disparities that result in
poor health outcomes.22,23 Consequently, our results sug-
gest that efforts to increase adherence to completing 24-
hour urine collections among patients with asymptomatic
stones and vulnerable populations is particularly impor-
tant in order to identify the primary modifiable determi-
nants of the disease, slow progression, and reduce the risk
of recurrence.

The results were generally unchanged in sensitivity
analyses, demonstrating the robustness of the findings to
different age groups and functional status. However, neu-
rogenic bladder was associated with a lower likelihood of
obtaining a 24-hour urine collection when patients from
birth to 18 years were included. It is likely that coordina-
tion of the various components of medical care, such as
obtaining 24-hour urine collections, pose a greater chal-
lenge in younger patients and greater dependence on care-
givers. Consequently, because of the potential increased
complexity and higher incidence of nephrolithiasis sec-
ondary to various physiologic changes and urinary stasis,
we performed a sub-analysis excluding patients with neu-
rogenic bladder.24,25 The results were similar to our pri-
mary analysis. These results support efforts to increase
adherence to obtaining 24-hour urine among patients
with neurogenic bladder, who are at particularly high risk
for stone recurrence.24

This study should be interpreted with respect to its limi-
tations. Our study included data from a single pediatric
health-care system, which may not be generalizable to
other healthcare systems. However, our institution cares
for a patient population of 1.45 million patients drawn
from a large geographic region and also national and inter-
national referrals, and reflects the typical population of
pediatric patients with nephrolithiasis. Future compari-
sons of prospectively collected data from different regions
and different practice settings would validate these results
and potentially identify other unique characteristics asso-
ciated with adherence. Second, the validity of our study
relied heavily on the accuracy and reliability of clinical
105



documentation by providers. Misclassification of patient
characteristics is possible, but unlikely, due to the utiliza-
tion of structured data fields in the electronic health
record for patients with stones. Third, we were not able to
analyze the cost of 24-hour urines as these data were not
available. Multiple factors would affect cost such as
patient co-pays, deductibles, and the preferred laboratory
for various types of insurance. In addition, each insurance
company administers numerous plans, each of which has
different co-pays and deductibles. Each component could
have an impact on patient's completion of 24-hour urine
and many of these could not be ascertained without
detailed family-level information on health-care expendi-
tures. For instance, a patient who has not met their
deductible may look at the test very differently from some-
one who has met the deductible. Future studies that
account for cost would build upon our findings. Finally, as
an observational study, causality cannot be inferred.
CONCLUSION
We identified various facilitators and barriers to obtaining
a 24-hour urine. Understanding these factors can aid in
the development of strategies to increase adherence to
pathways aimed to reduce stone recurrence.
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