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ABSTRACT 

Objective: Elevated urine albumin to creatinine ratio 
(ACR) of >30 mg/gm is a widely agreed upon indica- 
tor of pathologic albuminuria in children. However, 
the most reliable specimen to measure ACR in chil- 
dren remains undefined. We assess the range and lim- 
its of upright and supine total albumin and ACR in 
healthy children. Methods: Healthy children age 6 - 
18 years completed 24-hour and split upright and 
supine urine collections. Upright, supine and 24-hour 
protein, albumin and creatinine were measured. Pri- 
mary outcomes are range and variation in urine al- 
bumin by diurnal status, age, gender, BMI percentile 
and Tanner stage. Results: In healthy children, with 
mean age 12.9 year (sd 3.2), upright ACR was 2-fold 
greater than supine (13.9 vs 6.8 mg/gm, p = 0.02). The 
range of ACR was much greater in the upright (2 - 
323 mg/gm) compared to the supine (1.7 - 76 mg/gm) 
samples. The average total 24-hour urine albumin was 
8.4 mg (sd 9.8) and the mean ACR was 8.9 mg/gm (sd 
11.7). The 24-hour albumin increased with age and 
Tanner stage, but this relationship was not significant 
after adjusting for BSA or urine creatinine. A supine 
or upright ACR of >30 mg/gm was found in 5.4% of 
each group. However, in all subjects with an elevated 
ACR on an individual upright or supine sample, a 
second 1st am ACR sample was normal. Conclusions: 
In healthy children there is a marked diurnal vari-
ability in ACR with a higher value from a daytime 
sample compared to 1st morning specimen. Screening 
for pathologic albuminuria should always use a first 
morning urine specimen.  
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1. INTRODUCTION 

Urine albumin excretion is widely used as a marker for 
the progression of chronic kidney disease in both adults 
and children [1,2] and of future cardiovascular disease 
risk in adults [3,4]. The increasing prevalence of child- 
hood obesity, hypertension and metabolic syndrome over 
the last 30 years [5,6] predicts a future healthcare system 
burdened with cardiovascular, diabetic and kidney dis- 
ease; conditions in which urinary albumin excretion is an 
important marker of the clinical course of disease and the 
impact of therapeutic interventions. Recently, the Na- 
tional Kidney Foundation has recommended that the 
chronic kidney disease classification system should be 
modified to include the presence of albuminuria [7], 
emphasizing the critical importance of albuminuria in the 
prognosis of patients with chronic kidney disease. 

Albumin excretion is most accurately described using 
24 hours urine collection, but this test is cumbersome 
and prone to collection error. Because of these issues, al- 
buminuria is most commonly measured by a randomly 
collected urinary albumin to creatinine (ACR) ratio [8,9]. 
The first morning urine albumin collection has been 
promoted as the most accurate sample to use in detecting 
children with pathologic proteinuria [9]. Albumin excre- 
tion in children has been variously reported to be influ- 
enced by age, gender, pubertal stage and body mass [3, 
10-14]. However, the 24-hour diurnal variability in both 
total urine albumin and ACR in children has not been 
widely studied. 

Among normal pediatric subjects in New Mexico, with- 
out acute or chronic illness, we sought to primarily char- 
acterize the diurnal variability of urinary ACR. Secon- 
dary, aims of the study were to characterize associations 
between albumin excretion with age, gender, body mass 
index and pubertal stage.  
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2. METHODS 

2.1. Study Population 

This prospective cohort study was designed to examine 
the range of normal urine albumin excretion in healthy 
children. Inclusion criteria included age 6 - 18 years at 
enrollment, urinary continence, and ability to provide 
assent/consent. Exclusion criteria were children with 
temperature greater than 37.9˚C, metabolic, circulatory, 
or liver disease, a known history of urinary tract infec- 
tions, renal disease or any chronic illness known to have 
renal involvement, and strenuous exercise 24 hours prior 
to the study. The study protocol was reviewed and ap- 
proved by the Human Research Review Committee at 
the University of New Mexico.  

Investigations were performed at the University of 
New Mexico’s General Clinical Research Center (GCRC). 
Children were admitted in the evening prior to the study 
day. Age, gender, height weight, blood pressure and tem- 
perature were recorded. A recent symptom history was 
taken and physical exam performed by an investigator to 
assess for recent or acute illness. Blood pressure was 
measured each morning and evening for a total of 4 
measures.  

The morning following admission, immediately upon 
arising, the subject’s urine was collected for albumin, 
total protein and creatinine measurement and a blood 
sample for serum creatinine was obtained. The time of 
this initial void was recorded as the start of the 24-hour 
timed urine collection for albumin, total protein and 
creatinine. Subjects were allowed out of their beds and 
permitted to ambulate or remain 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 laying down to sleep. This sample was la- 
beled; “Upright urine”.  

A second collection was initiated once the subjects 
went to sleep for the evening. If there was a need to void 
overnight, the urine sample was collected at the bed-  
side in this second collection. Upon awakening the fol- 
lowing morning, the final urine sample was collected. 
Time of final void and vital signs were recorded. The 
subjects were then discharged. This second collection 
was labeled; “Supine urine”. The total volume of each 
urine collection was recorded and samples taken for 
measurement of urine creatinine, protein and albumin 
concentration. Subject’s pubertal stage was determined 
using a validated self-assessment questionnaire for Tan- 
ner staging [15]. 

Subjects were excluded from analysis if found to have 
non-orthostatic proteinuria (suggesting pathologic pro- 
teinuria).  

2.2. Definition of Terms 

Urine albumin (UrAlb), total protein (UrTP) and creat- 
inine (UrCr) excretion are expressed as total mg per 24 
hours and as urinary albumin to creatinine ratio (ACR) in 
milligram albumin per gram creatinine. In order to allow 
for comparison of individuals of varying body size, urine 
albumin (UrAlb) was also adjusted for standardized body 
surface area (BSA) in meter squared (1.73 m2). 

Variability is expressed as range, standard deviation 
(sd) or upper limit of the 95% confidence interval (UL 
95%CI). The UL 95%CI is used to express the maxi- 
mum value expected in the healthy population. UrAlb 
was considered to be elevated if >30 mg/1.73m2/24hours. 
Urine total protein (UrTP) was considered elevated if 
>100 mg/m2/24hours [16]. 

Orthostatic Proteinuria (OP) was defined as a 24-hour 
UrTP excretion rate >100 mg/m2/24hours with a normal 
supine UrTP excretion rate (<4 mg/m2/hour) [16]. Any 
subject 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 [17]. Body mass index (BMI) 
was calculated as weight (kg) divided by height2 (m2). 
The BMI percentile was calculated using the methods 
established by the Centers for Disease Control and Pre- 
vention 2000 growth charts [18]. 

2.3. Laboratory Assays 

All laboratory studies were performed at the central 
clinical laboratories at the University of New Mexico 
Hospital. Urine albumin was measured using a turbomet- 
ric/immunoturbometric method (Ortho clinical diagnos- 
tics, Rochester, NY, USA). This assay’s limit of detec- 
tion is 0.6 mg/dl. When urine albumin was below this 
limit the sample was assigned a value of 0.3 mg/dl. Urine 
Creatinine (UrCr) was measured using an enzymatic, iso- 
tope dilution mass spectroscopy traceable method (Ortho 
clinical diagnostics, Rochester, NY, USA). Urine total 
protein (UrTP) concentration (mg/dl) was measured us- 
ing a pyrocatechol violet method (Ortho clinical diag- 
nostics, Rochester, NY, USA). UrTP assay’s limit of de- 
tection is 5 mg/dl. When urine protein was below this 
limit the sample was assigned a value of 2.5 mg/dl.  

2.4. Statistical Analysis 

We used two-sided beta expectation tolerance intervals 
for normally distributed data to estimate that the sample 
size of 103 subjects was optimal to establish a range of 
normal values [19]. Total, upright or supine samples 
were available in 111 subjects. Paired t-test was used to 
examine albumin excretion in groups defined by the di- 
chotomous variables gender, BMI percentile, and diurnal 
status (supine and upright) for normally distributed data. 
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The Kruskal-Wallis rank test was used for comparing 
variables with three or more groups (Age and Tanner 
stage). Linear regression using a stepwise model (p-value 
for removal = 0.20, p for inclusion 0.05) was used to 
evaluate variables predicting 24-hour urine albumin ex- 
cretion. Ordinal data was compared using tests of pro- 
portions. Results were analyzed by age, BMI, gender and 
Tanner stage. The threshold for significance was set to a 
p-value less than or equal to 0.05. STATA v12.0 (Col- 
lege Station TX, USA) was used for all analyses and 
SPSS v19 (SPSS, IBM Inc, Somers, NY, USA) was used 
for graphical display of data. All statistical tests were 
two-tailed.  

3. RESULTS 

3.1. Subjects 

Between August 2005 and November 2008, subjects were 
enrolled from an urban area in the southwestern United 
States. A total of 139 subjects were enrolled for 24-hour 
urine studies. 27 were excluded for incomplete speci- 
mens. One subject was excluded for non-orthostatic pro- 
teinuria (563 mg/day). At study completion 75 subjects 
with 24 hours timed paired upright and supine ACR were 
available for analysis. An additional 22 subjects had com- 
plete paired upright and supine ACR samples (n = 97), 
but inadequate data on collection duration to calculate 
24-hour data. A supine or upright ACR was available in 
111 subjects. Subjects were of Hispanic and non-His- 
panic Caucasian ethnicity. Boys comprised 60% of the 
study group. Mean age was 12.9 years (sd 3.2) with a 
range of 6 to 18 years at enrollment. Tanner Stage dis- 
tribution was; Stage 1:13%, 2:15%, 3:18%, 4:30%, and 
5:22%. A BMI ≥ 85th percentile was present in 33% 
with no gender bias. A BMI > 95% was seen in 19% of 
all subjects, in 26% in boys and 19% in girls (p = ns). 
Mean blood pressure was 109/62 (sd 11.5/5.6) mmHg. 
Serum creatinine was within the normal range for all 
subjects with a mean of 0.7 (sd 0.14) mg/dl. 

3.2. 24-Hour Albumin Excretion 

Mean total UrAlb excretion for all subjects was 8.4 
(95%CI 6.2 - 10.7) mg per 24 hours. UrAlb adjusted for 
body surface area (BSA) was 9.3 (95%CI 6.7 - 12.0) 
mg/1.73 m2 per 24 hours. Mean 24-hour ACR was 8.9 
(95%CI 6.2 - 11.6) mg/gm (Table 1). Unadjusted Albu- 
min excretion showed a significant increase with age (p 
< 0.05). However, after adjusting for BSA or urine crea- 
tinine (UrCr), no statistically significant trend was seen. 
The UrAlb was higher at the extremes of the Tanner 
staging (stages 1 and 5), but lower for the middle stages 
(stages 2-4). There was no effect of gender or BMI per- 
centile seen on any measure of albumin excretion. A 

stepwise linear regression model was performed with 
covariates 24-hour UrCr, age, gender, Tanner stage and 
BMI percentile with p value for removal of 0.2. Only 
24-hour total UrCr was significantly associated with 24- 
hour albumin excretion (p < 0.01). 

3.3. Diurnal Albumin Excretion 

Paired upright and supine ACR samples were available 
in 97 subjects. Upright urine had a higher ACR com-
pared to paired supine samples. (13.9 vs 6.8 mg/gm, p = 
0.02) (Figure 1). The 95%CI for upright ACR was 6.9 - 
21 mg/gm and for supine ACR was 4.7 - 8.8 mg/gm. 
This diurnal variability was consistent across gender, age 
and BMI percentile groups (Table 2). The total range of 
ACR was greater in the upright (1.4 - 323 mg/gm) than 
supine ACR (1.6 - 76 mg/gm) samples.  

Two supine ACR specimens were available for each 
patient; a random 1st am sample collected prior to start- 
ing the 24-hour urine collection and the overnight collec- 
tion completed the following morning. The correlation 
between these samples was modest (r = 0.44). Paired 
values showed a random 1st am ACR of 5.0 mg/gm (sd 
3.8) vs, an overnight supine ACR of 7.3 mg/gm (sd 10.9) 
(p = 0.02). However, if samples were stratified by 24- 
hour ACR into high (>20 mg/gm) vs low (≤20 mg/gm) 
groups we found essentially no variability in sequential 
daily specimens in the low-normal group (4.6 vs 4.5 
mg/gm, p = 0.4, n = 78) while the high-normal group (n 
= 10) accounted for the majority of day to day variability 
(27.7 vs 8.1 mg/gm, p = 0.02). No subject had concurrent 
elevations of both supine and 1st am ACR. 

3.4. Outliers, Unpaired Data and  
Characterization of Elevated ACR 

An elevated upright ACR (>30 mg/gm) was seen in 5.4%  
 

 

F  igure 1. Upright and supine ACR (mg/gm). 
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Table 1. 24-hour total urine albumen (UrAlb), UrAlb adjusted for body surface area and urine albumin to 
creatinine ratio (ACR), mean and (sd).  

 N UrAlb mg/day N UrAlb mg/1.73m2/day N Ur ACR mg/gm

All 76 8.4 (9.8) 71 9.3 (11.1) 75 8.9 (11.7) 

Gender       

Male 45 8.6 (9.6) 42 8.4 (5.7) 44 7.8 (7.4) 

Female 31 8.2 (10.2) 29 10.6 (16.2) 31 10.4 (15.9) 

Age years       

6 to 10 22 6.5 (11.3) 20 10.5 (18.4) 22 11.4 (12.1) 

11 to 14 31 8.2 (6.8) 30 9.1 (7.5) 31 7.0 (5.0) 

15 to 19 23 10.6 (11.6)* 21 8.6 (6.0) 22 9.0 (10.3) 

BMI       

<85% 47 7.4 (8.5) 47 9.2 (12.6) 46 8.6 (13) 

>85% 23 9.0 (7.6) 23 9.7 (8.2) 23 8.0 (5.4) 

Tanner       

1 11 9.1 (15.6) 9 15.9 (27) 11 16.3 (25) 

2 11 4.0 (2.2) 11 5.5 (3.2) 11 5.6 (2.3) 

3 12 6.4 (4.2) 12 7.5 (4.2) 12 6.8 (3.1) 

4 24 9.2 (7.1) 23 9.9 (7.9) 24 7.6 (5.3) 

5 17 11.3 (13.5)* 16 8.8 (6.8) 16 10.1 (11.9) 

*p < 0.05. 

 
Table 2. Albumin to creatinine ratio (ACR) mg/gm, mean (sd). 

ACR (mg/gm) 

 
N 

Upright Supine 
p-value 

Control 97 13.9 (34.9) 6.8 (10.3) 0.02 

Age (yrs)     

6 to 10 26 9.5 (5.3) 8.5 (14.2) 0.4 

11 to 14 44 18.6 (7.6) 6.9 (10.2) 0.06 

15 to 19 26 10.6 (13.9) 4.9 (4.4) 0.02 

Gender     

M 58 11.1 (16.9) 7.1 (12.3) 0.07 

F 39 18.2 (51.1) 6.3 (6.4) 0.07 

BMI     

<85% 59 14.5 (41.8) 6.8 (11.3) 0.08 

>85% 29 8.1 (4.8) 6.9 (9.5) 0.3 

Tanner     

1 13 12.7 (6.7) 15.0 (22) 0.4 

2 15 9.5 (11.6) 5.1 ( 3.6) 0.08 

3 18 26.6 (74.3) 4.6 (3.5) 0.1 

4 28 7.3 (3.9) 7.1 (9.5) 0.5 

5 22 16.2 (27.1) 4.7 (4.4) 0.03 
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(n = 6, mean 105, range 32 - 323) of all subjects with an 
upright sample (n = 111). Paired supine ACR was avail- 
able for 5 of these upright samples, all of which were 
normal. In 4 of these 5 (67%), concurrent paired urine 
total protein samples indicated orthostatic proteinuria 
was present. An elevated supine ACR was also seen in 
5.4% (n = 6 mean 46, range 32 to 323 mg/gm) of all su- 
pine samples (n = 110). None of the elevated supine 
urines had an elevation of the matched upright ACR. 
Hence, in no subject was both supine and upright ACR 
elevated concurrently. 

When all complete collections were examined (n = 75), 
a 24-hour ACR above the clinical threshold for patho- 
logic albuminuria (>30 mg/gm) was seen in 2 subjects 
(2.7%). There was no difference in the prevalence of 
elevated ACR by gender, age or Tanner stage. In both 
samples with an elevated total ACR, the supine ACR 
was normal. 

4. DISCUSSION 

This study demonstrates three major findings: first, there 
is a natural and predictable diurnal variation in urine al- 
bumin excretion in healthy children. Albumin excretion 
is greater during the day when an individual is upright 
compared to the night when they are at rest. Second, this 
pattern does not vary appreciably by age, gender, tanner 
stage or body mass. Third: higher daytime albumin ex- 
cretion was correlated with higher creatinine excretion.  

Urine albumin excretion is an important clinical tool 
in assessing and following patients with chronic renal 
disease. Patients with diabetes mellitus, chronic kidney 
failure and solitary kidneys routinely have urine albumin 
measured as a marker of sub-clinical renal injury [20-22]. 
An understanding of the natural variability of urine al- 
bumin is critical for the appropriate use and interpreta- 
tion of this test. Daytime (upright) urine albumin excre- 
tion exceeds nighttime (supine) excretion by 50% - 100%. 
In healthy children, a single random upright or supine 
ACR, will be elevated in about 5% of samples. This 
variation must be taken into account when interpreting 
urine ACR specimens. 

Past studies have shown a similar variation in ACR 
levels between recumbency and ambulation or between 
rest and physical activity [13,23]. In a previous study on 
orthostatic proteinuria [24] in this cohort of subjects we 
found that measured CrCl was higher during the daytime 
compared to the night and a higher CrCl was associated 
with an increased risk of orthostatic proteinuria. Our 
finding of a correlation between total urine creatinine 
and albumin excretion suggests that the difference in 
albumin excretion between day and night may be medi- 
ated by changes in glomerular filtration rate.  

The day-to-day variability of the supine UrAlb is not 

insignificant. Sequential 1st am supine samples varied by 
a mean of 40% in our subjects. Most of this variation 
was seen in samples in the high normal range (>20 
mg/gm). Interestingly, no subject had an elevated ACR 
on two sequential supine samples, implying that a child 
with a single elevated ACR should always have a second 
sample performed before assuming pathologic proteinu- 
ria is present. 

In the past there has been conflicting findings regard- 
ing a gender difference in albumin excretion. Several 
studies have shown a higher ACR in girls compared to 
boys in both 24-hour and diurnal samples [13,23,25]. 
Houser found a higher ACR in girls only in upright or 
post exercise urine [23] but not supine samples. Other 
studies have shown conflicting results [14,26]. We saw a 
trend to higher ACR and BSA-adjusted UrAlb in girls, 
but our study power was not adequate to detect a statis- 
tical difference. We did not see trends of higher UrAlb 
with increased BMI and Tanner stage, though these fac- 
tors have been noted to be predictors of UrALB in some 
past studies [10,25-27]. It seems clear that gender, pu- 
bertal and BMI associated variations in urine albumin 
excretion in children are in need of further clarification. 

In this study, an elevated 24-hour urine albumin excre- 
tion was only seen concurrent with a normal supine 
(nighttime) urine albumin. This raises the question of 
whether these children have orthostatic proteinuria. Or- 
thostatic proteinuria is a benign increase in daytime urine 
protein excretion without renal pathology and has been 
described in 4% - 20% of healthy children [16,24]. In a 
previous study by our group, orthostatic proteinuria was 
associated with a proportional change in creatinine clear- 
ance, suggesting that changes in GFR mediate the varia- 
tion in protein excretion [24]. It seems reasonable to in- 
fer that urine albumin may also exhibit a similar benign 
orthostatic variability in a percentage of healthy indivi- 
duals. Hence, in healthy individual random upright urine 
ACR is more likely to show a concerning elevation in 
ACR compared to a 1st am specimen, leading to unnec- 
essary follow-up testing. We recommend the measure- 
ment of urine albumin excretion in children should al- 
ways utilize a first morning or supine urine collection 
and be confirmed with 2 samples before embarking on 
extensive evaluation. 
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