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Summary Table: Child demographic and parental socioeconomic characteristics of

incident stone formerswith 24-hour urine collections (n=366)

Variable Overall Adequate Inadequate p-value
(N=366) Collection Collection
(N=80%*) (N=286)
Race
e African-American 8(2.1%) 1(1.3%) 5(1.7%)
* Caucasian 357 77 (96.3%) 273 (95.5%) 0.3
«  Other (95.0%) 2 (2.5%) 2 (0.7%) '
+  Missing/Refused/Unknown 5(1.3%) 0 (0%) 6 (2.1%)
6 (1.6%)
Sex
«  Female 206 48 (60.0%) 151 (52.8%)
e Male (54.8%) 32 (40.0%) 135 (47.2%) 0.3
170
(45.2%)
Stone procedure
* Yes 139 33 (41.3%) 103 (36.0%)
. No (37.0%) 47 (58.8%) 183 (64.0%) 0.4
237
(63.0%)
Age (years) 11.1+39 11.9%+4.2 10.9+3.8 0.1
BMI Percentile 541+ 51.8+38.1 54.7 £34.2 0.5
35.0
Insurance Category
e Private 245 49 (61.3%) 192 (67.1%)
e Public (65.2%) 25 (31.3%) 80 (28.0%) 05
Self-Pay or Missing 111 6 (7.5%) 14 (4.9%) ’
(29.5%)
20 (5.3%)
Median income of zip code $53,952 + $53,480 + $54,449 + 0.7
16,859 16281 17,123 )
Median income of zip code
« 1% Quartile (lowest) 91 (24.9%) | 19 (24.4%) 68 (24.5%)
« 2™ Quartile 91(24.9%) | 18(23.1%) 68 (24.5%) 1.0
« 3Quartile 89 (24.3%) | 21(26.9%) 68 (24.5%)
« 4" Quartile (highest) 95(26.0%) | 20 (25.6%) 74 (26.6%)
Weekend collection**
* Yes 81(21.5%) 20 (25.0%) 60 (21.0%) 04
. No 295 60 (75.0%) 226 (79.0%) '
(78.5%)

*Ten patients are missing collection information

**Weekend collection includes Saturday and Sunday
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Summary
Introduction:

Approximately half of adult stone formers submiésimens that are either under- or over-
collections as determined by 24-hour Creatininefgviously identified predictors of
inadequate collection in adults include female séder age, higher body mass index (BMI),

vitamin D supplementation and weekday collection.
Objective:

The objective of this study is to determine risttéas for inadequate 24-hour urinary specimen

collection in the pediatric population.
Study Design:

We performed a retrospective analysis of all cleid{<18 years of age) with renal and/or
ureteral calculi evaluated at our tertiary careigteid center from 2005-2015. We included
those who had at least one 24-hour urinary metalpodifile after a clinical visit for kidney
and/or ureteral stones; we excluded children wiglddber stones. Adequate collections had a
urine creatinine of 10-15 mg/kg/24 hours. We penked a bivariate analysis of potential factors
associated with inadequate collection of the ihitrenary metabolic profile including child
demographics, parental socioeconomic factors, tyistbstone surgery and weekday vs.
weekend urine collection. We also performed a medelcts logistic regression, controlling for
correlation of specimens from the same patiendetermine whether an initial inadequate

collection predicted a subsequent inadequate ¢alfec

Results:
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Of 367 patients, 80 had an adequate collectior®f@).median age 13 years (interquartile range
8-16), 61.1% female, 93.5% white, 19.5% obese &4 overweight. No parental or child
factors were associated with inadequate colle¢ammary Table). Of inadequate collections,
over 80% were over-collections. In the 175 pasiewnith more than one 24-hour urinary
specimen collection, the effect of an initial ingdate collection on subsequent inadequate
collections was not significant after controlling the correlation of samples from the same

patient (p=0.8).

Discussion:

We did not find any parental or child factors asstatl with the collection of inadequate 24-hour
urine specimens in children. An initial inadequeddection does not predict subsequent
inadequate collections. We were surprised that >808tr inadequate collections were over-
collections rather than under-collections. Possslglanations are that children collected urine
samples for longer than the 24-hour period or sk@te-forming children produce more

creatinine per 24-hour period than healthy childtaa to hyperfiltration.

Conclusion:

Inadequate collections are very common and thefaistors for them are unclear. We would
suggest a repeat collection if the first is inadadgu We plan further studies to explore barriers t

accurate specimen collection using qualitativearsemethodology.

Introduction

Children with kidney stones and associated metalatinormalities have a high risk of
recurrence.[1]Therefore, the 2016 American Urolabfssociation guidelines recommend a
complete metabolic evaluation in all first-time pdc stone formers. [2] This evaluation

2
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consists of the measurement of serum electroly&den addition to a 24-hour collection of
urine. The serum studies include calcium, magmesphosphorus and creatinine. The urinary
studies assess the excretion of calcium, oxalateaaid, citrate, magnesium, phosphorus,
sodium and potassium. In addition, the evaluatictudes urine pH, volume, creatinine, sulfate,
urea nitrogen levels and supersaturation. Progidetermine the adequacy of this collection by
calculating the ratio of creatinine to patient wetig kilograms adjusted by sex and age in
children.[3]

Prior studies have identified two primary issuethwine collection of a 24-hour urine
specimen: a) non-completion and b) inadequateataie Ellison et al noted that only 12% of
children with incident stones completed a 24-haureaucollection within six months of their
diagnosis.[4] Younger patients (6-12 years old) #ose who underwent urologic or
nephrologic evaluation were significantly more like submit the specimen compared to
teenagers and those who did not have subspeciatyation.[4] Milose et al found that only
7.4% of adults at high risk for stone recurrencegleted a 24-hour urine collection within six
months of diagnosis.[5] Region of residence, typeomorbid illness and type of physician
were significantly associated with completion.[3}ifaldi and colleagues found that 43% of
adult stone patients living in an underserved, ndr@a submitted 24-hour urine specimens.[6]
Caucasians and those with a family history of saisease were more likely to submit a
specimen than African-Americans and those withdataily history.[6]

Several studies have demonstrated that approXyrz2&o of adult stone formers submit
inadequate 24-hour urine specimens.[7, 8] Prelyadsntified risk factors for inadequate
specimen collection in adults include female gerasher vitamin D supplementation.[7]

McGuire et al found that the laboratory was 1.6esmmore likely to receive adequate collections
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on a Sunday and twice as likely to receive thermfsedentary workers.[7] Patients with
diabetes mellitus were 1.4 times more likely toreitladequate samples.[7] Sawyer et al found
that under-collection was associated with incregasige and increases in body weight and body
mass index.[8] They also noted that median cal@uoretion increased significantly with
increasing Cr/kg (i.e. “over-collection”).[8] Afta review of the literature, we were unable to
identify any prior studies that determined predictors of inadedg specimen collection in
pediatric patients. Therefore, the purpose ofghisly was to examine potential patient- and
parent-level factors associated with inadequatecodn of 24hour urine specimens in a

sample of pediatric patients with incident kidnéynes.

Materials and Methods

We performed a retrospective analysis of all cleid{<18 years of age) with incident
renal and/or ureteral calculi evaluated at ourtusbn between 2005 and 2015. In order to
build a comprehensive stone database, we perfoanggery of our billing system for all
pediatric patients with a stone-related ICD-9 db{C0 diagnosis code associated with a clinical
visit at our institution during the study periotVe included ICD-9 codes for kidney, ureteral
and bladder stones. We also included ICD-10 codesrfkidney, ureteral and bladder
stones, urinary calculus unspecified, calculus inrathra, other lower urinary tract calculus

and calculus of lower urinary tract unspecified.

We also requested Litholink data for all pediap@tients from our institution during the
study period. The billing data and Litholink datare then merged based on name and date of
birth. We only included those who had at least 2hdnour urinary metabolic profile after a

stone-related clinical visit. We excluded patient® had their first clinical visit prior to 2005
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and patients who had a Litholink study performedrio their first stone-related clinical visit.

We also excluded children with only bladder stones.

Litholink distributed detailed, written instruction s on proper 24-hour urine
collection to all families prior to specimen colletton. The handout, consisting of an
illustrated 11-step process, instructs patients tlush their first morning urine in the toilet
prior to starting the 24-hour urine collection. The instructions also state that patients
should include the “very first urine the following morning” and then stop the collection.

Litholink provided a standard container for urine specimen collection to all patients.

We extracted child demographics (age, race, saly bwass index (BMI) percentile) and
parental socioeconomic factors (insurance statdsradian income by Indiana zip code). We
classified patients with 850 <98" body mass index (BMI) percentile as overweight tuse
with >95" percentile BMI as obese.[9)Ve included BMI percentile data because of the
association between under-collection and increasiri§MI and weight in adults.[8] We
obtained data on median income by Indiana zip ¢ae the 2014 United States Census
data[10] We included income and insurance data as markers sbcioeconomic status that
are likely correlated with parental educational lewel. We also determined whether the patient
had a history of stone surgery and whether thefppeed weekend or weekday specimen
collection. We evaluated the effects of a weekamtkwcollection due to possible impact of
school attendance on the proper collection of gezisnen. Adequate collections were defined
by a urine creatinine of 10-15 mg/kg/24 hours ie-pubertal patients defined as less than 16
years of age.[3] We used adult criteria (urineatirene 15-20 mg/kg/24 hours) to define an
“adequate collections in patients ages 16\ estimated the glomerular filtration rate

(GFR) using the updated bedside Schwartz formula:J.413 * height (cm)]/serum creatinine
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(mg/dl).[11] Wedefined glomerular hyperfiltration as a GFR >/= 140 ml/min per 1.73f
and chronic kidney disease as a GFR <90 ml/min pdr.73nf[11, 12]

We performed a bivariate analysis of potentialdestissociated with inadequate
collection of the first urinary metabolic profiledluding child demographics, parental
socioeconomic factors, history of stone surgeryweadkday vs. weekend urine collection. We
also performed a mixed effects logistic regressoomtrolling for correlation of specimens from
the same patient, to determine whether an inttiaflequate collection predicted subsequent
inadequate collectionWe analyzed whether renal function was associateditiv collection
adequacy on bivariate analysis in order to determia whether over collection could be due
to hyperfiltration. We also examined the associabin between collection adequacy and 24-
hour urine abnormalities on bivariate analysis. Inaddition, we performed a parallel
analysis, re-classifying the “over-collections” (ume creatinine >15mg/kg/24 hours) as
adequate collections in order to address the posdliby that over-collections were
erroneously labeled as inadequate. In this analysigve classified “under-collections” (urine
creatinine <10 mg/kg/24 hours) as inadequateThe Institutional Review Board approved the

study.

Results

Of the 376 children with incident kidney and/orteral stones and a 24-hour urine collection
during the study perio®66/376 (97.3%) had complete collection informatiomcluding a
urine creatinine. Of the 366 with complete information, 286/36®.1%) had an inadequate
initial collection and 866 (21.9%)had an adequate initial collection. Of these /248

(86.7®06) were inadequate due to over-collection an@88(13.3%) were due to under-
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collection. Mean agef the entire cohort of 366 childrenwas11.1 + 3.9 years54.8% were
female,95% wereCaucasianand65.2% had private insurance (Table 1) Patients with
inadequate collections were similar in age to thelsese collections were adequate (10.9 £+ 3.8
versus 11.9 + 4.2 years, p=0.1) (Table 1). Norgplaeental or child factors were associated with
inadequate collection. Of the 366 patients withhad+ urine collections, 175 of them had
specimen collection. Approximately 80% of the setepecimen collections were inadequate
(Table 2). If the initial collection wasadequate 100% of subsequent collections were also
inadequate. In contrast,if the initial collection wasdequate 72% of subsequent collections
wereinadequate(p=0.01). Initial adequacy persists: all patiemiih initial inadequate

collections had subsequent inadequate collections.

In the 175 patients who had repeated 24-hour urineollections, howeverjnitial
inadequate collection dibt predict subsequent inadequate collections aftetraiting for the
correlation of samples from the same patient (p=0l8is analysis examines the effect of an
inadequate first test on any subsequent test andkas into account all of the tests a patient
had.

We also examined whether urine collection adequaayas associated with specific
abnormalities on the 24-hour urine specimen (Tabl8). We noted that over collections
were more likely to have the following abnormalitis than under collections or adequate
collections: high calcium, low magnesium, low potasum, high sodium, low citrate, high pH
and high phosphorus. Under collections and adequatllections were more likely to have
low oxalate, low sodium and low phosphorus comparei over-collections. In the parallel
analysis with over-collections re-classified as adaate, we found that patients with an

inadequate collection were more likely to be femaland have a higher BMI percentile
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(Table 4). There was no significant difference in 6R between the collection groups (p=0.5)

(Table 5).

Discussion

In this study, we found that approximately 80% afignts submitted inadequate 24-hour
urine specimens that were mostly over collection& did not identify any specific child or
parental factors that predicted inadequate specouakection. Previously identified risk factors
in adults may be markers of immobility such asa@ased age and BMI and vitamin D
supplementation. These risk factors may not béiGgipe to the majority of pediatric stone-
formers. In contrast to the study by McGuire etnad did not find a “weekend effect” of
improved adequacy of specimen collection.[7] Tikisurprising given that weekday school
schedules could theoretically interfere with adégspecimen collection in children.

We also found that an initial inadequate collectias not predictive of subsequent
inadequate collections, taking into account alihef collections a patient performadd
accounting for correlation of specimens from the sae patient. Thus, we would suggest a
repeat collection if the first is inadequate. Teasons for inadequate collection may overlap
with reasons for non-completion of 24-hour urindlezdions. There is a high prevalence of non-
completion of 24-hour urine collections in adultlgrediatric stone-formers.[4, 5] Only 7.4% of
adult stone formers at high risk for recurrence pl@ted 24-hour urine testing within 6 months
of diagnosis.[5] In the pediatric population, paP% submitted a 24-hour urine collection
within 6 months of diagnosis.[4] Completion of 2dth urine collection was more common
among younger patients and those who visited uistiogr nephrologists.[4] We did not

examine the effect of subspecialty visit on adegudcollection since a urologist and/or
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nephrologist evaluated all of our patients in oediptric stone clinic. We also did not find any
association between patient age and adequacylettoh.[4] In a study of adult stone-formers
in an underserved area, Ghiraldi et al demonstthgdAfrican-American patients were half as
likely to submit an initial 24-hour urine specimesmpared to Caucasian patients.[6] We did
not find any association between race and adeqfamyllection although our sample included
very few non-Caucasian patients. Prior studie®lzdso shown that patients may not receive
adequate pre-collection instructions.[IBferestingly, when we re-classified over collectits

as adequate we found that patients with an inadeque collection were more likely to be
female and have a higher BMI percentile. These fiings are consistent with those of
previous studies in the adult population.[7, 8]

We were surprised that >80% of our inadequate ciidles were over collections rather
than under collections. This is in contrast toddealt data which indicated that approximately
three-fourths of samples were under-collectionsH&jh urine creatinine in the 24-hour
urine specimen could be caused by one or more ofetfollowing factors: 1) over collection,
2) body composition differences, 3) tubular secrain of protein, 4) high protein diet or 5)
hyperfiltration. One explanation for over collections in childisrthat they collect urine
samples for longer than the 24-hour period. In @aldi the creatinine level in a 24-hour urine
sample can be affected by several variables includ muscle mass, renal function and
protein intake.[14-16] Increased creatinine excrébn into the urine masking over collection
could theoretically be caused by increased muscleass, increased protein intake and/or
hyperfiltration. Conversely lower excretion of cretinine into the urine could be caused by
low muscle mass, lower protein intake or decreaseédFR. In our study, however,

hyperfiltration was not associated with over colletton of the 24-hour urine specimen. Of
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the patients with adequate collections, however, 8% of them were noted to have
hyperfiltration which is a novel finding. The over collected specimens contained clinically
relevant abnormalities whereas the under collectedpecimens did not. Therefore, over
collections are more concerning than under colleains because misinterpretation of the
data from an over collected sample may lead to erreeous prescription of medications such

as potassium citrate and/or diuretics to address tpocitraturia and/or hypercalciuria.

Future studies that compare healthy versus kidtene patients and/or control for
estimated GFR and collect 24-hour urine sampl@sdantrolled inpatient setting will lend
insight into whether our definitions of an adequadltection apply to the kidney stone
population. If the inadequate collection is doenot all urines being collected or the time of
collection not being a precise 24-hour period,réasons for inadequate collection are likely
multifactorial. The limitations of our study in@la itsretrospective nature andsmall sample
size with lacking racial and ethnic diversity. Gample may lack the statistical power to
determine an association between race/ethnicityspedimen adequacy. There may be other
unmeasured socioeconomic factors that could impacadequacy of specimen collection.
Although we attempted to measure as many relevanbdraphic and socioeconomic factors as
possible, the information available in the patientedical records was a limitation of the study.
Other potential factors may include the level afgodéal support in the home (e.g. single vs. dual
parent household), parental work schedules, trategpm issues and parental education level.
We were not able to examine parental educatiorl Bree this information is not typically
available in the child’s medical record. We attéedpto use proxies for education level,
however, such as median income by zip code andansa statug-inally, we do not know

specifics of the verbal instructions the parents mahave received about the proper

10
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technique of specimen collectionFuture directions include a qualitative studgétermine
barriers to adequate specimen collection from #rergal and child perspective. We hope to
develop an intervention to address these barmessder to improve the quality of care for

children with stone disease.

Conclusions

The vast majority of patients submit an inadeqsaecimen for their initial 24-hour
urine collection with over collection being morenrwmon than under collection. An initial
inadequate collection does not predict subseguandieiquate collections. Thus, we would
suggest a repeat collection if the first is inadeqult is often impossible to have a perfect 24-
hour urine collection and therefore, more than oneollection may be necessary to

adequately evaluate a child’s metabolic situation.
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Table 2: Percentage of inadequate collections in initial and subsequent specimens

Inadequate N (%)
collection #

1% 287 (76.3%)
2m 139 (79.4%)
3 87 (79.8%)
4™ 52 (71.2%)
5" 40 (74.1%)
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Table 3: Association of collection adequacy and 24-hour urine abnormalities

Abnormality Under Adequate Over p-value
collection N=80 collection

N=38 N (%) N=248

N (%) N (%)
High calcium 3(7.9%) 18 (22.5%) 85 (34.3%) 0.001
Low calcium 0 0 0 -
High magnesium 3(7.9%) 1(1.3%) 9 (3.6%) 0.2
Low magnesium 26 (68.4%) 57 (71.3%) 221 (89.1%) <0.0001
High oxalate 6 (15.8%) 12 (15.0%) 48 (19.4%) 0.6
Low oxalate 4 (10.5%) 5 (6.3%) 3(1.2%) 0.002
High potassium 0 0 2 (0.8%) 1.0
Low potassium 27 (71.1%) 61 (76.3%) 223 (89.9%) 0.0005
High sodium 7 (18.4%) 20 (25.0%) 141 (56.9%) <0.0001
Low sodium 1(2.6%) 2 (2.5%) 0 0.03
High uric acid (no lower 3(7.9%) 2 (2.5%) 18 (7.3%) 0.3
limit)
Low citrate (no upper 26 (68.4%) 55 (68.8%) 109 (44.0%) <0.0001
limit)
High pH 14 (36.8%) 27 (33.8%) 40 (16.1%) 0.0003
Low pH 4 (10.5%) 12 (15.0%) 21 (8.5%) 0.2
High phosphorus 1(2.6%) 7 (8.8%) 63 (25.4%) 0.0001
Low phosphorus 18 (47.4%) 14 (17.5%) 12 (4.8%) <0.0001
Hyperfiltration* 4 (14.3%) 7 (11.3%) 5(2.7%) 0.006

data available from 275 patients (hyperfiltration defined as GFR 2 140)

*Base
don
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Table 4: Child demographic and parental socioeconomic characteristics of incident stone
formerswith 24-hour urine collections: over collectionsre-classified as adequate (n=366*)

Variable Adequate Inadequate p-value
Collection** Collection
(N=328) (N=38)***
Race
e African-American 6 (1.8%) 0 (0%)
e Caucasian 314 (95.7%) 36 (94.7%) 0.4
e  Other 3(0.9%) 1(2.6%)
e Missing/Refused/Unknown 5 (1.5%) 1(2.6%)
Sex
*  Female 171 (52.1%) 28 (73.7%) 0.01
e Male 157 (47.9%) 10 (26.3%)
Stone procedure
e VYes 124 (37.8%) 12 (31.6%) 0.5
. No 204 (62.2%) 26 (68.4%)
Age (years) 11.2+3.6 10.7+6.1 0.5
BMI Percentile 52.8+35.0 66.5+33.5 0.03
Insurance Category
e Private 220 (67.1%) 21 (55.3%)
.« Public 89 (27.1%) 16 (42.1%) 0.1
Self-Pay or Missing 19 (5.8%) 1(2.6%)
Median income of zip code $54,451 + 16,895 $52,388 +17,303 0.5
Median income of zip code
« 1 Quartile (lowest) 76 (23.8%) 11 (29.7%)
« 2" Quartile 79 (24.8%) 7 (18.9%) 0.4
. 37Quartile 77 (24.1%) 12 (32.4%)
4™ Quartile (highest) 87 (27.3%) 7 (18.9%)
Weekend collection****
e VYes 72 (22.0%) 8 (21.1%) 0.9
. No 256 (78.0%) 30 (78.9%)

*Ten patients are missing collection information

**Adequate collection includes patients with a urine creatinine >10 mg/kg/24 hours. This includes
patients’ collections previously classified as “over-collections” with a urine creatinine of >15 mg/kg/24
hours.

*** Inadequate collection is defined as a urine creatinine <10 mg/kg/24 hours

****Weekend collection includes Saturday and Sunday
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Table 5: Association of estimated glomerular filtration rate and urine collection adequacy

GFR by N Mean SD Median | Lower Upper | Minimum | Maximum
Collection Quartile | Quartile

Group*

Under collection | 28 118.1 51.2 105.8 85.1 125.7 72.0 309.5
Adequate 62 115.0 61.4 102.5 87.2 125.9 55.9 524.5
Over collection | 185 | 108.7 96.8 100.7 88.3 116.3 56.6 1388.4
*p=0.5
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Table 1: Child demographic and parental socioeconomic characteristics of incident stone
formerswith 24-hour urine collections (n=366)

Variable Overall Adequate Inadequate p-value
(N=366) Collection Collection
(N=80%*) (N=286)
Race
e African-American 8(2.1%) 1(1.3%) 5(1.7%)
* Caucasian 357 77 (96.3%) 273 (95.5%) 0.3
«  Other (95.0%) 2 (2.5%) 2 (0.7%) '
+  Missing/Refused/Unknown 5(1.3%) 0 (0%) 6 (2.1%)
6 (1.6%)
Sex
«  Female 206 48 (60.0%) 151 (52.8%)
e Male (54.8%) 32 (40.0%) 135 (47.2%) 0.3
170
(45.2%)
Stone procedure
* Yes 139 33 (41.3%) 103 (36.0%)
. No (37.0%) 47 (58.8%) 183 (64.0%) 0.4
237
(63.0%)
Age (years) 11.1+39 11.9%+4.2 10.9+3.8 0.1
BMI Percentile 541+ 51.8+38.1 54.7 £34.2 0.5
35.0
Insurance Category
e Private 245 49 (61.3%) 192 (67.1%)
e Public (65.2%) 25 (31.3%) 80 (28.0%) 05
Self-Pay or Missing 111 6 (7.5%) 14 (4.9%) ’
(29.5%)
20 (5.3%)
Median income of zip code $53,952 + $53,480 + $54,449 + 0.7
16,859 16281 17,123 )
Median income of zip code
« 1% Quartile (lowest) 91 (24.9%) | 19 (24.4%) 68 (24.5%)
« 2™ Quartile 91(24.9%) | 18(23.1%) 68 (24.5%) 1.0
« 3Quartile 89 (24.3%) | 21(26.9%) 68 (24.5%)
« 4" Quartile (highest) 95(26.0%) | 20 (25.6%) 74 (26.6%)
Weekend collection**
* Yes 81(21.5%) 20 (25.0%) 60 (21.0%) 04
. No 295 60 (75.0%) 226 (79.0%) '
(78.5%)

*Ten patients are missing collection information

**Weekend collection includes Saturday and Sunday
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