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Abstract

The aim of this study was to characterize the 24-h and diurnal variability of urinary protein
excretion and identify the prevalence of orthostatic proteinuria (OP) in healthy children. Upright,
supine, and 24-h total urinary protein (UrTP) and creatinine clearance (CrClI) were measured in 91
healthy children ages 6-19 years. Urinary protein and creatinine excretions were calculated and
examined by gender, age, Tanner stage, and body mass index (BMI). Orthostatic proteinuria (OP)
was defined as a 24-h UrTP >100 mg/m? with a normal supine UrTP (<4 mg/m?/h). There exists a
marked diurnal variability in UrTP. The upright UrTP rate was three to four-times greater than the
supine rate. UrTP, adjusted for body surface area, is higher in boys than girls and increases with
age and BMI. There is a similar increase in upright CrCl compared with supine. Urinary protein to
creatinine ratio (UPcr) is strongly correlated with UrTP. OP is common, being found in 20% of
children in this cohort, and is more common in boys and associated with age >10 years and BMI
>85%. In children with OP, a first morning UPcr shows a value in the normal range, whereas a
random daytime UPcr is elevated. There exists a diurnal variability in urinary protein excretion
that is exaggerated in participants with OP. UPcr reliably estimates 24-h UrTP. Using current
pediatric criteria, OP is very common, particularly in boys. A normal first morning UPcr ratio
indicates that a child with elevated random urinary protein has OP.
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Introduction

Methods

Whether a urinalysis is performed as part of routine screening or because of suspicion of
renal disease, proteinuria is a common finding in children. Although the cost effectiveness
of routine screening for proteinuria in healthy participants is questionable, many
pediatricians screen asymptomatic children regularly [1]. Studies in school-age children
show a prevalence of proteinuria of 5-10% on a single urinalysis [2—4]. The discovery of
proteinuria requires the primary care provider to distinguish between normal variants such
as orthostatic proteinuria (OP) and pathologic renal disorders.

Non-OP is recognized as a marker of chronic kidney disease (CKD) and future
cardiovascular disease risk [5, 6]. Urinary protein excretion is also known to be effected by a
variety of factors, including illness, physical activity, gender, and body habitus. In children,
normal urinary protein excretion is <100 mg/m2/24 h (or 4 mg/m?2 /h) [7]. Normal ranges of
urinary protein excretion in children were established in the 1970s and 1980s [8, 9]. In 2000,
consensus guidelines for defining normal urinary protein excretion rates and OP in children
were set by the National Kidney Foundation Conference on Proteinuria, Albuminuria, Risk,
Assessment, Detection, and Elimination (PARADE) [7]. Since then, there has been a dearth
of studies evaluating urinary protein excretion in the normal pediatric population. Over the
past 30 years, there have been broad demographic changes in the normal pediatric
population with respect to physical activity and body composition [10-12]. In the
intervening time span, children in the general US population have become less physically
active and are more overweight compared with “normal” children 30 years ago. Among
normal pediatric participants without CKD in New Mexico, we sought to characterize
urinary protein excretion and determine the association between diurnal variability in
urinary protein excretion with age, gender, body mass index (BMI) and Tanner staging.

Study population

This was a prospective cohort study designed to examine the range of normal urinary protein
excretion in healthy children. Inclusion criteria were age 6-18 years at enrollment, urinary
continence, and ability to provide assent/consent. Exclusion criteria were children with
temperature >37.9°C, metabolic disease, circulatory disease, liver disease, known history of
urinary tract infections, renal disease, chronic illness known to have renal involvement, and
strenuous exercise 24 h prior to the study. The study protocol was reviewed and approved by
the Human Research Review Committee at the University of New Mexico.

Study participants were seen in the University of New Mexico’s Clinical Translational
Science Center (CTSC) for a monitored 24-h urine sample and were admitted in the evening
prior to the study day. Age, gender, height, weight, blood pressure, and temperature were
recorded. A recent symptom history and physical exam was performed by an investigator to
assess for any signs of acute illness. Blood pressure was measured again each morning and
evening for a total of four measures. The morning following admission, immediately upon
rising, the participants’ urine was collected to measure protein and creatinine concentration.
One blood sample to measure serum creatinine concentration was obtained. After this initial
void, the time was recorded as the start of the 24-hour timed urine collections for total
protein, and creatinine. Participants were allowed out of bed and permitted to ambulate
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around the CTSC and adjacent hospital or stay in their rooms in a bed or chair. No strenuous
physical activity was permitted. All urine following the first morning void was collected
until the child retired for sleep, with a final sample taken just prior to lying down to sleep.
This sample was labeled “upright urine”. A second collection was initiated once the
participants went to sleep for the evening. If there was a need to void overnight, the urine
sample was collected at the bedside in this second collection. Upon awakening the following
morning, the final urine sample was recovered in the second collection container as well.
Time of completion and vital signs were recorded and the participants discharged. This
second collection was labeled “supine urine”. Urinary creatinine clearances, urinary protein
excretion, and OP were assessed in all participants. Tanner staging was determined using a
validated self-assessment tool [13].

Definition of terms

Urinary total protein (UrTP) and urinary creatinine (UrCr) excretion are expressed by the
following units: 24-h UrTP (milligrams per 24 h) and urinary protein to creatinine ratio
(UPcr: milligram per milligram). To determine comparison of participants of varying body
size [14], UrTP and UrCr were adjusted for body surface area (BSA) by the following units:
UrTP mg/24 h adjusted for BSA (mg/m2/24 h) and UrTP excretion rate per BSA per hour
(mg/mé/h). UrCr is expressed as milligram per kilogram body weight (mg/kg) or as
milligrams/1.73 m? (mg/1.73 m2). Creatinine clearance (CrCl) is expressed as milliliters/
min/1.73 m2. Variability is expressed as either standard deviation (SD) or the upper limit of
the 95% confidence interval (UL 95% CI). The UL 95% CI is used to express the maximum
value expected in the healthy population. UrTP was considered elevated if >100 mg/m?2/24 h
[7]. OP is defined as elevated 24-h UrTP excretion rate >100 mg/m?%/24 h with a normal
supine UrTP excretion rate (<4 mg/m2/hr) [7]. Any participant whose total protein exceeded
established norms, including those with OP, were referred to their personal physician for
further evaluation. BSA was calculated using the geometric method [15]. Body mass index
(BMI) was calculated as weight (kg) divided by height (m2). The BMI percentile was
calculated using the methods established by the Centers for Disease Control and Prevention
2000 growth charts [16].

Laboratory assays

UrTP concentration (mg/dl) was measured using a pyrocatechol violet method (Ortho
Clinical Diagnostics, Rochester, NY, USA). This assay’s limit of detection is 5 mg/dl. When
urinary protein was below this limit, a value of 2.5 mg/dl was assigned. UrCr was measured
using an enzymatic, isotope dilution mass spectroscopy traceable method (Ortho Clinical
Diagnostics).

Statistical analysis

We used two-sided beta expectation tolerance intervals for normally distributed data to
estimate that a sample size of the 103 participants were optimal to establish a range of
normal values [17]. A total of 139 participants were enrolled to obtain 95 participants with
complete data on upright, supine, and 24-h urine collections. Summary statistics of urinary
protein and creatinine excretions were calculated for each collection interval and for the total
collection time adjusted to 24-h. Four (0.7%) participants were found to have non-OP,
defined as both a UrTP excretion >100 mg/m?%/24 h and an elevated supine UrTP excretion
rate. These participants were excluded from the final statistical analysis due to suspected
undiagnosed renal disease, leaving 91 participants for analysis of diurnal urine excretions.
Paired ftest or analysis of variance (ANOVA) was used to examine protein excretion in
groups defined by gender, age, Tanner stage, and postural status (supine and upright).
Ordinal data was compared using tests of proportions or logistic regression. The threshold
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for significance was set to a Pvalue <0.05. STATA v8.1 (College Station TX, USA) was
used for all analyses.

Results

Participants

Between August 2005 and November 2008, the 91 participants were enrolled from an urban
area in the southwestern United States (Table 1). Participants were between 6 and 18 years
of age at enrollment (one was 19 at the time of the study). Participants were Hispanic and
non-Hispanic Caucasian. Girls comprised 42% of the study group. Mean age was 12.6 years
(SD 3.4) with a range from 6 to 19 years. Distribution of participants by Tanner stages 1
through 5 were, respectively, 21%, 14%, 17%, 28%, and 20%. All participants had normal
serum creatinine levels. Thirty-five percent of children had a BMI =85th percentile (Table
1). There was no gender bias in the prevalence of BMI >85%, but more boys (26%) than
girls (19%) had a BMI =95% (p=NS).

Urinary total protein of the cohort

The mean 24-h UrTP excretion was 64 mg/m?2 (SD 65). An elevated 24-h UrTP of >100 mg/
m? was found in 18 (19.8%) participants (Fig. 1). These 18 participants had orthostatic
proteinuria. Three participants (3%) had a normal 24-h protein but an elevated supine
protein excretion rate (range 4.1-5.5 mg/m?2/h), with a mean UrTP of 108 mg (69 mg/m?/24
h).

Variability of 24-h urinary protein excretion by age, gender, and BMI

Absolute UrTP excretion (mg/24 h) was higher in older compared with younger children
(p<0.05) and was higher in boys than girls (p<0.05) (Table 2). After adjustments for BSA
(mg/m2/24 h), boys still showed an increase in UrTP with age (<11 years 55 vs. >11 years
92 mg/m?2/24 h, p=0.1), whereas girls had no change in UrTP with age (<11 years 47 vs. >11
years 47 mg/m2/24 h, p=NS). However, the association between higher urinary protein in
boys remained statistically significant after adjustment for BSA (boys 80 vs. girls 44 mg/
m2/24 h, p<0.01). This gender variation existed in all age groups, but was significant only in
the 15 to 19-year-old group (UrTP boys 99 vs. girls 48 mg/m2/day, p<0.01).

Statistically significant trends were seen in urinary protein excretion (unadjusted and
adjusted for BSA) by BMI percentile. As seen in Table 2, we found that as the category of
BMI percentile increased, the level of proteinuria increased as well. Although there was a
statistically significant difference in urinary protein excretion by Tanner stage, the trends
were not significant after adjusting for BSA.

Orthostatic proteinuria

OP was found in 19.8% (/=18) of participants. Participants with OP had a mean UrTP of
170 mg/m? (SD 71). If participants with OP were excluded, the mean 24-h UrTP in
remaining participants was 37 mg/m? (7=73). In the 18 participants with OP, 13 (72%) had
UrTP <200 mg/m?2 and 16 (89%) had a UrTP <300 mg/m2. Only two participants (11% of
OP) had UrTP >300 mg/m?, with a maximum of 341 mg/m? or 606 mg/24 h (Fig. 1). In
examining OP by demographic factors, we found 14 of 18 (78%) OP participants were boys
(p<0.01) and 78% were > 10 years (p<0.01). OP was found in 13% of 6 to 10-year-olds
compared with 23% in 11- to 18-year-olds [odds ratio (OR) 6.3, p=0.2).] OP was seen in
30% of boys and 10% of girls (OR 3.8, p=0.02) and was found in only 15% of children with
self-reported Tanner stage 1-3 compared with 25% in Tanner 4-5 (OR 1.9, p=0.2).
Participants with a BMI >85% also had an increased prevalence of OP (29% vs. 16%; OR
2.1, p=0.2). In boys, the prevalence of OP increased with BMI; 24% when BMI <85%, 25%
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for BMI 85-94%, and 50% for BMI =95% (p=0.3). In girls, the corresponding prevalence of
OP by BMI (<85%, 85-95%, =95%) was 7%, 29%, and 0%, respectively. In addition, the
trend toward higher total protein in boys with an elevated BMI disappeared if participants
with OP were excluded. In a logistic regression model with age, gender, BMI percentile, and
Tanner stage as covariates, only male gender was significantly associated with OP (p<0.02).

Urinary protein to creatinine ratios

UPcr is used to offset body mass variations and provide a standard applicable to participants
of varying age and size. For all participants, mean UPcr was 0.10 mg/mg (upper limit 95%
Cl: 0.12). There was no increase seen in UPcr with age (Table 2). However, boys had a
higher UPcr than girls (0.11 vs. 0.08, p=0.05). This effect disappears if participants with OP
(78% boys) are excluded; boys 0.06 vs. girls 0.07 (mg/mg), p=0.7. In contrast, the increase
seen with absolute urinary protein excretion by BMI percentile did persist with UPcr but
was not statistically significant (p=0.11) (Table 2).

Relationship between 24-h urinary protein and the protein/creatinine ratio

The 24-h UrTP (mg/m?2) and UPcr (mg/mg) have a strong correlation (Pearson 2=0.96).
However, this association varies between the upright and supine collections. Upright UPcr
was a strong predictor of 24-h UrTP (mg/m?2) (2=0.95). However, supine UPcr is a poor
predictor of 24-h UrTP (/2=0.12). The time-specific association is very strong for upright
UrTP (mg/m2/h) and upright UPcr (/2=0.96). The supine UrTP (mg/m?2/h) and supine UPcr
have a less robust correlation (/2=0.75).

Diurnal urinary protein excretion

To further characterize the relationship of OP to 24-h UrTP, we looked at the difference in
supine and upright (diurnal) urinary protein excretion. There was a marked diurnal variation
in urinary protein excretion seen in the age, gender, and BMI percent categories (Fig. 2). For
all participants (7=91) mean upright UPcr was significantly higher than supine UPcr (0.13
vs. 0.05 mg/mg, p<0.001). This difference was diminished, but still persisted, after
excluding participants with OP (upright vs. supine: UPcr 0.08 vs. 0.04 mg/mg, p<0.001).

Urinary creatinine and creatinine clearance

The mean 24-h creatinine excretion was 18.8 mg/kg/24 h (SD 3.8), or 1,089 mg/1.73 m?
(SD 277). Mean creatinine excretion increased with age and was higher in boys than girls
(Table 2). Urinary creatinine excretion and CrCl was higher in boys than in girls in all age
groups, with more pronounced differences seen in the two older age groups (Table 3). CrCl
was higher in OP participants (OP 124 vs. non-OP 115 ml/min/1.73 m2, p=0.09).

In order to investigate whether changes in glomerular filtration rate (GFR) influenced
variability in UrTP excretion, CrCl was measured separately for each diurnal collection
period. The 24-h CrCl for all participants was 117 ml/min/1.73 m2 (SD 20). The upright
CrCl was significantly higher than the supine CrCl (upright 124 vs. supine 106 ml/min/1.73
m?2, p<0.01). This diurnal variation in CrCl was seen in all age groups but was greatest in the
11 to 14-year age group (Fig. 3). The diurnal variability of CrCl was also greater in
participants with OP compared with participants without OP. OP participants had a
significantly higher upright CrCl (OP 138 vs. non-OP 121 ml/min/1.73 m2, p=0.03). In
contrast, participants had no significant difference in supine CrCl based on OP status (OP
104 vs. non-OP 107 ml/min/1.73 m2, p=NS). The 11- to 14-year-old group had the greatest
disparity between upright and supine CrClI values (upright 133 vs. supine 108, p<0.01). This
middle age group also had the highest urinary protein excretion rate and the highest
percentage of boys.
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Discussion

Children who have proteinuria detected on a random urinalysis require further evaluation to
exclude significant renal disease. Proteinuria is a common finding on random urinalysis and
present in up to 10% of screening urinalysis in school-age children [2, 4]. However, when
repeated urinalysis is done or a first morning urine is used, the prevalence drops to about
0.1% [2, 18]. In population-based studies, the majority of children with proteinuria
identified by random urine screening are found to have transient or orthostatic proteinuria.
In participants with persistent, non-OP, most children with clinically meaningful renal
disease had heavy proteinuria (UPcr >3.5) or coincident hematuria [3]. When children with
isolated, nonnephrotic proteinuria have thorough evaluations, they typically have mild
glomerular abnormalities, minor structural anomalies, or OP [2—4, 18].

OP is a benign elevation in 24-h urinary protein excretion with normal supine UrTP
excretion rate. Previous studies have reported OP in 2-5% of children or young adults with
asymptomatic proteinuria [3, 19, 20]. OP often resolves in adulthood, but even when it
persists, it rarely indicates significant renal disease [20-22]. Using the definition of OP in
the PARADE study, we found a much higher prevalence (19.8%) of OP than previously
described. Our definition required a 24-h urine differentiating between upright and supine
urine collections. Prior studies used a variety of measures, including qualitative urinary
protein (urinary protein test strips) [18, 20, 23], urine collection periods <24 h [4], or spot
UPcr [3]. The majority of our OP participants had very mild proteinuria (<200 mg/m?/24 h
in 95%). Presumably, these methodological differences and the relatively modest threshold
for elevated daytime urinary protein in the PARADE study account for the higher
prevalence of OP in our group. Another study of timed 24-h urine collections in children
found that children >4 years had urinary protein as high as 230 mg/m?/day, but the study did
not measure diurnal protein variation [9]. Several authors have noted a link between OP and
left renal vein entrapment (nutcracker syndrome) in which glomerular pressure is
presumably elevated by compression of the renal vein between the aorta and superior
mesenteric artery [24]. However, we did not have the ability to investigate this relationship
in our study.

Young adults with obesity are known to have an increased risk of microalbuminuria and
glomerulosclerosis [25, 26]. A substantial number (35%) of our participants had an elevated
BMI. This is similar to current regional prevalence rates [27]. We found an increased
urinary protein excretion, predominantly boys with OP, in children with elevated BMI
(>85%). It is possible that the high prevalence of overweight participants is partly
responsible for the high prevalence of OP seen in our study. The potential relationship
between OP and obesity merits further study.

There was a pronounced diurnal variability in urinary protein excretion in all participants in
our study, even those without OP. This was matched by diurnal changes in CrCIl. Whereas
all children had a higher upright CrCL compared with supine CrCl, this increase was much
greater in those with OP, supporting the idea that hemodynamic factors play a role in diurnal
protein excretion and OP [19].

As previous studies have shown [7], we found a strong correlation between urinary protein
to creatinine ratio and timed urine collections. A daytime UPcr is a reliable indicator of 24-h
urinary protein and upright urinary protein excretion rate. A supine UPcr reliably predicts
only nighttime excretion rate. As the upright UrTP excretion rate is higher than the supine
and the upright daytime portion is greater for most children, upright UPcr will generally
provide a better estimate of total 24-h urinary protein than supine UPcr. However, whereas
supine UPcr will not reliably estimate the upright or 24-h urinary protein, this measure helps
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distinguish between orthostatic proteinuria (supine UPcr normal and upright elevated) or
pathologic proteinuria (supine and upright UPcr both elevated).

Total urinary protein excretion is variable in normal children and increases with age. This
age effect is strongly influenced by body size and gender; disappearing in girls but persisting
in boys after adjusting for BSA. Urine creatinine excretion also increases with age and body
size. The parallel changes in UrTP and UrCr keep UPcr fairly stable throughout school-age
years. However, there exists a significant difference in UrTP excretion by gender in all but
the youngest children. Although both UrTP and UrCr excretion are lower in girls than boys,
the difference in UrTP in girls compared with boys (45% lower) is larger than the difference
in UrCr (18% lower), leading to a lower UPcr in girls.

Our study had some methodological limitations. Missing data on body weight and height,
collection time, or serum creatinine limited our final sample size. However, the missing data
occurred in a minority of participants and appeared to be random, and thus was not felt to
represent a systematic bias substantially affecting the validity of our findings. This resulted
in variable sample sizes for different outcomes and reduced our study power. The reduction
in study power may have led to a type Il error of erroneously concluding no effect in some
comparisons. We also did not pursue further evaluation of children with elevated urinary
protein excretion to exclude nutcracker syndrome or underlying renal disease. However,
population-based school urine screening studies suggest the prevalence of underlying renal
disease in asymptomatic children is <1%, with most having mild renal disease. This
suggests that the majority of the four participants we excluded due to non-OP are unlikely to
have significant pathology. Those children (two boys and two girls) had only modest urinary
protein elevations, with UrTP of 209-327 mg/m2/day and UPcr of <0.5 in both upright and
supine collections.

In conclusion, there are two noteworthy findings from this study. First, there exists a marked
diurnal variability in UrTP excretion in children. Upright (daytime) urinary protein is higher
than supine (nighttime) excretion. This is mirrored by an upright increase in CrCl,
suggesting an effect of activity on GFR and urinary protein excretion. As a result of this
variability, a random daytime urine sample is more likely to give a false impression of a
pathologically elevated urinary protein level than is a first morning sample. Elevated protein
on a urine dipstick should be validated with UPcr to determine its importance. Second, using
the current pediatric standards for daily urinary protein, OP is a common finding,
particularly in boys with elevated BMI. Given the small sample size in this study, the diurnal
variability of urinary protein should be investigated further in a larger cohort of children. If
the variability in urinary protein seen here is confirmed, pediatricians may need to
reconsider the current definition of OP in children.

Children with mild, asymptomatic proteinuria (without other urine abnormalities or
extrarenal symptoms) should have a first morning urine UPcr to rule out OP before further
testing and referral is considered. Children with normal first morning urinary protein do not
require extensive testing for renal disease and can be monitored yearly for evidence of
changing urinary protein excretion.
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Fig. 2.

Diurnal urinary protein to creatinine ratio (UPcr) (mg/mg) by age, gender, and percent body
mass index (BMI). *p<0.05, error bars show upper limit of 95% confidence interval
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Table 2

Twenty-four-hour urinary total protein (UrTP), urinary protein to creatinine ratio (UPcr), and urinary
creatinine: mean and upper limit of 95% confidence interval (CI)

UrTPmg/day UrTPmg/m%day UPcr mg/mg Creatinine mg/1.73m%day

All 95.1 (117) 63.5 (77) 0.10(0.12) 1,089 (1,148)
Gender
Male 124 (160) " 80 (103) 011(014) 1189 (1,271)"
Female 62 (77) 44 (55) 0.08 (0.10) 976 (1,051)
Age years
6-10 53 (81) 51 (76) 0.10 (0.13) 851 (909)
11-14 114 (154) 71 (96) 0.10 (0.13) 1,192 (1,270)
15-19 119 (157)*  67(86) 0.09(011) 152 (1,372)*
Body mass index (BMI)
<85% 77 (97) 54 (66) 0.08(0.10) 1,068 (1,140)
85-94% 107 (158) 71 (101) 0.11 (0.16) 1,179 (1,380)
295% 157 (242)* 96 (151) * 0.14(021)  1,113(1,259)
Tanner stage
1 55 (78) 53 (76) 0.11 (0.15) 822 (894)
2 64 (125) 53 (106) 0.08 (0.15) 1,003 (1,151)
3 119 (212) 78 (133) 0.11 (0.19) 1,057 (1,164)
4 119 (152) 71(91) 0.10 (0.12) 1,256 (1,360)
5 106 (154) 59 (84) 0.08(0.10) 1 256 (1,388)
*P<0.05
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Table 3

Twenty-four-hour urinary creatinine (Cr) excretion and Cr clearance (CrClI): mean (upper limit 95%
confidence interval)

Age Male Female pvalue

Crmg/1.73 m?

6-10 929 (993) 762 (847) <0.01
11-14 1,272 (1,364) 1,050 (1,168)  <0.01
218 1,514 (1,667)" 1,122 (1,236)F <0.01

CrCI ml/min/1.73 m?

6-10 121 (131) 110 (126) NS
11-14 130 (138) 106 (119) <0.01
15 117 (130) 106 (115) NS

NS not significant

*
p<0.05 for gender-specific difference between three age groups
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