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Abstract
Introduction
Renal disease is commonly suspected in patients with proteinuria. Renal biopsy might be considered based
on the patient’s clinical history and the results of diagnostic tests. However, as orthostatic proteinuria is
benign and requires no treatment, it is important to obtain a diagnosis without renal biopsy whenever
possible. Therefore, up to now, for the diagnosis of orthostatic proteinuria, in addition to resting urinalysis
evaluation (disappearance of proteinuria), we have performed the lordosis load test and urine biochemistry
of the samples showing peak proteinuria in a lordosis load test.

Method
We retrospectively enrolled all patients who visited the pediatric department and underwent the lordosis
load test at Kanazawa Medical Center between 2011 and 2020. In the present study, samples with the highest
concentrations of protein after the lordosis load test were subjected to general urinary biochemistry and
urinary sediment analysis. Patients were followed up with the lordosis load test for several years.

Results
Enrolled in the study were 68 patients with OP. The mean age at the time of diagnosis was 11.5 years (range,
six to 16 years). General urinary tests, urinary sediment, and urinary biochemistry including N-acetyl-beta-
D-glucosaminidase (NAG), alpha1-microglobulin(α1MG), and beta 2-microglobulin (β2MG) were normal in
all patients with orthostatic proteinuria except one case who was a premature baby.

Conclusion
If proteinuria disappears after two hours of rest, and urinary biochemistry of the samples showing peak
proteinuria in the lordosis load test is normal, orthostatic proteinuria can be diagnosed more accurately.

Categories: Pediatrics, Nephrology
Keywords: 　 chronic glomerulonephritis, congenital anomalies of the kidney and urinary tract (cakut), lordosis load
test, orthostatic proteinuria, urinary biochemistry

Introduction
Proteinuria is an important prognostic marker of kidney disease, but benign proteinuria is also common.
Orthostatic proteinuria (OP) is a typical example of this condition. OP is benign proteinuria that does not
require treatment [1]. It has a peak incidence in adolescents and is rare after 30 years of age [2,3]. It has been
reported in a limited number of studies that the prevalence of OP in children and adolescents ranges
between 1% and 5%, respectively [2,4]. In Japan, urine testing is performed as part of the school health
examination system. In these school urinary screening tests, OP accounts for a large proportion of those who
are positive for proteinuria alone. One of the reasons for the large number of OP cases is the urinary
collection method. In urine testing, it is important to empty the bladder completely before going to bed and
collect urine immediately after waking up. If this is not possible, OP can be diagnosed by observing changes
in urinary protein during lordosis loading and resting in an outpatient setting. In Japan, the lordosis load
test is often used to diagnose OP [5]. We administer the lordosis load test with the consent of the parents
and the children of the subjects.

While there may be many opinions on the status of OP, many OPs are thought to be most likely caused by
stagnation of the renal veins [6-9]. However, few studies have evaluated the underlying pathological
condition. Especially, it is said to be the same condition as Nutcracker syndrome, but this has not been
clearly elucidated. Subclinical nephritis (chronic fixed-stage nephritis) may be mixed with conditions
considered OP. Proteinuria in the lordosis test is not specific, because it is also seen in patients with chronic
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nephritis when viewed as the total amount of excreted urinary protein [5].

Therefore, we perform urinary biochemistry tests including N-acetyl-beta-D-glucosaminidase (NAG), alpha
1-microglobulin (α1MG), beta 2-microglobulin (β2MG), and proteinuria concentration, in addition to the
lordosis load test, in pediatric patients with suspected OP. We retrospectively investigated the association
between urinary biochemistry test results and proteinuria in patients with OP who visited our institution in
the last 10 years.

This article was previously posted to the “Research Square” preprint server on August 16, 2023.

Materials And Methods
Participants and samples
In our department, in children who visit with the chief complaint of proteinuria, if urine protein is negative
in the first urine in the early morning and positive in outpatient urine, OP is suspected, and the next test is
recommended. We perform the lordosis load test in patients in whom it is possible to rule out congenital
anomalies of the kidney and urinary tract (CAKUT) or obvious renal disease by blood tests and abdominal
ultrasound examination.

We retrospectively enrolled all patients who visited the pediatric department and underwent the lordosis
load test at Kanazawa Medical Center from 2011 to 2020. We reviewed the following data from patients’
medical records: sex, age at the time of the examination, and past medical history. Patients with a history of
renal disease, such as chronic glomerulonephritis, were excluded.

After collecting urine just before the test, the patient drinks a cup of water and then holds a lordotic posture
(approximately 15 degrees) for five minutes while standing (Figure 1A). A urine sample is collected at the
end of this time, and the patient then rests. Further samples are collected at 30-minute intervals over the
next 120 minutes. In the present study, samples with the highest concentrations of protein after the lordosis
load test were subjected to general urinary biochemistry and urinary sediment analysis. Patients were
followed up with the lordosis load test for several years (until two or three years later).

FIGURE 1: Lordosis load test.
(A) Position under lordosis load. (B) A typical example of changes in proteinuria (qualitative) is the lordosis load
test.

This case is a 12-year-old girl who was diagnosed with OP.

OP - Orthostatic proteinuria

Measurement method
Urinary NAG levels were determined by enzymatic assay (N-assay L NAG; Nittobo Medical Co., Ltd.,
Fukushima, Japan). Urinary α1-MG and β2-MG levels were determined by latex turbidimetric immunoassay
(LZ test “Eiken” α1-M; Eiken Chemical Co., Ltd., Tokyo, Japan; and LZ test “Eiken” β2-M; Eiken Chemical
Co., Ltd., respectively). Urinary creatinine levels were determined by enzymatic assay (Aqua-auto Kainos
CRE-III plus Test Kit; KAINOS Laboratories, Inc., Tokyo, Japan). All measurement results were corrected
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for urinary creatinine levels.

Representative case 
A representative case of OP seen at our hospital is presented. A 12-year-old girl visited our hospital with the
chief complaint of proteinuria found on school screening. Her protein in early morning urine was negative,
and it was positive in outpatient urine. Abdominal ultrasound showed no abnormalities. Blood tests showed
no abnormal findings. Based on these results, OP was suspected, and a load test was conducted. The results
are shown in Figure 1B. Proteinuria immediately before and after the test was negative, but proteinuria 30
min after the test was 3+ and became negative 90 min after the test. The protein-to-creatinine (Pro/Cr) ratio
in the urine sample at 30 min, which is the peak of proteinuria, was 8.6, and urine biochemistry tests were all
normal.

Statistical analysis
Data values are expressed as means ± SD. We analyzed the correlation between urinary protein and
biochemistry. Statistical analyses were conducted using Excel statistical software to perform linear
regression analysis.

Ethics
This study was approved by the Kanazawa Medical Center Ethics Committee (protocol number: R04-
047). Patients retained the right to opt-out.

Results
Enrolled in the study were 68 patients with OP (23 males, 45 (66.2%) females). Some patients underwent
repeated lordosis load tests, and 168 samples were collected and analyzed. The mean age at the time of
diagnosis was 11.5 years (range, six to 16 years). Most patients were elementary or junior high school
students and were followed up for several years: 11 for two years, 11 for three years, six for four years, and
12 for over five years. 

Peak proteinuria values were found immediately after the lordosis load test in 67 (39.9%) samples, 30
minutes after loading in 99 (58.9%) samples, and 60 minutes after loading in two samples. The mean peak
concentration of proteinuria was 319 ± 296 mg/dL. Thus, proteinuria was found to be induced in early phases
after the lordosis load test. Urine sediment values were normal in all samples, regardless of the degree of
proteinuria. Furthermore, the urinary biochemistry results were as follows: urinary α1-MG, 2.2 ± 1.2 mg/g.Cr
(normal value <3.8); β2-MG, 199± 139 μg/g.Cr (normal value <600); and NAG, 5.7± 4.7 IU/g.Cr (normal value
<10.0) (Table 1). The above results show that the lordosis load test induces a large amount of proteinuria,
but the urinary sediment and urine biochemistry tests were almost normal. Of course, as is involved in the
definition of OP, all patients disappeared the proteinuria within two hours after rest.

Data N (%) or mean (SD) Normal value

Patients 68 ー

Female 45 (66.2) ー

Female/male 1.96 ー

Peak proteinuria (mg/dL) 319 (296) < 30.0

Urinary Pro/Cr 3.5 (3.5) < 0.15

Urinary α1MG (mg/g.Cr) 2.2 (1.2) < 3.8

Urinary β2MG (μg/g.Cr) 199 (139) < 600

Urinary NAG (IU/g.Cr) 5.7 (4.7) < 10.0

TABLE 1: Patient demographics and clinical data
Urinary biochemistry presents peak data after the lordosis load test.

As mentioned above, urinary biochemistry values were within the normal ranges in most
patients. All urinary biochemistry values and proteinuria were positively correlated (Figures
2A-2C). So, urinary biochemistry values were highest in patients with advanced proteinuria. Urinary
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biochemistry tests with values above the upper limit of normal were the following: urinary α1-MG 14
samples; β2-MG, two samples; and NAG, 15 samples. Furthermore, changes over time were measured in
those who had elevated urine biochemistry results at the time of the initial the lordosis load
test approximately one year later. The normalization of urinary biochemistry was confirmed in all but one of
the patients (cases of prematurity) by repeating the lordosis test (Figures 3A-3C). Patients with a history of
prematurity who presented with this OP pattern were assumed to have some tubular dysfunction present,
but this is not confirmed by renal biopsy or other means.

FIGURE 2: Correlations of urinary protein and biochemistry values.
(A) α1MG, (B) β2MG, (C) NAG

The shaded areas indicate the normal ranges. The filled markers are normal value data, and values higher than
normal range are shown as the open markers. Urinary biochemistry values are within the normal ranges in most
patients. The correlation coefficient “r” was determined by Spearman’s rank test (“n” - number of cases).

FIGURE 3: Initial and re-test urinary biochemistry values.
(A) α1MG, (B) β2MG, (C) NAG

Of the cases with abnormal values, five cases of urinary α1MG (n=5), two cases of urinary β2MG (n=2), and six
cases of urinary NAG (n=6) were each retested approximately one year later. Repeat urinary biochemistry results
became normalized in all but one of the patients (cases of prematurity). The dashed lines indicate the upper limits
of normal for α1MG, β2MG, and NAG, respectively.

Discussion
The present study is the first to report correlations between urinary protein and urinary biochemistry results
in patients with suspected OP. In OP, proteinuria occurs in the standing position, but not in the resting
supine position, and it is found most commonly in young people [10]. The actual prevalence of pediatric OP
is uncertain. In the present study, children aged six to 16 years had OP. This was the same age group as
reported previously [11]. Most cases of elevated urine protein alone detected at school urine examinations
(by dipstick) are OP [12], and the cause is not evident [13]. OP is considered a transient proteinuria that
requires no treatment [10]; however, it is difficult to establish the diagnosis. The present study was
conducted to test the hypothesis that urinary biochemistry results of urine with a high protein
concentration would not be elevated in patients with OP.

Although it is most convenient to compare urinary Pro/Cr at rest and standing, our hospital conducts a
lordosis load test to make a diagnosis. Indeed, if early morning urine is negative, no further testing may be
necessary. However, it is also true that many children have urinated completely before going to bed on the
previous day and have not been able to accurately collect the first urine when they wake up. Therefore, we
perform a lordosis load test at an outpatient clinic and use it for the diagnosis of OP. In addition, when
comparing two points at rest and standing, even patients with subclinical nephritis may show positive
results when standing. We are conducting a lordosis load test and also evaluating urine biochemistry during
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lordosis load.

The present results showed that a large amount of urinary protein was discharged under loading in many OP
patients, but the urinary biochemistry remained at normal levels even at times of peak proteinuria. This
finding reconfirms that OP is a benign disease. Urinary biochemistry is useful in the differential diagnosis of
other renal diseases. However, the urinary biochemistry values were elevated in the present patients who
presented with massive proteinuria. A previous study reported that massive glomerular proteinuria may
cause marked U-NAG excretion and moderate urinary U-beta 2M elevation independent of primary renal
disease [14]. Therefore, the recovery stage of chronic glomerulonephritis cannot be ruled out in such a case.
To investigate this problem, we repeated the lordosis load test and evaluated the results. Following re-
examination at follow-up (six months to one year later), all values were normal except for one examination
(α1-MG) in one patient. This patient was born prematurely and with an extremely low birth weight. This
patient might have an abnormally low number of nephrons rather than OP. Based on the present results, we
consider that it would be useful to assess the recovery phase of pure OP and chronic glomerulonephritis with
the lordosis stress test and urine biochemistry, as well as follow-up for several years. 

There are some limitations of this study. There is a limitation because OP is determined based solely on the
results of the lordosis load test and history of kidney disease, etc. Furthermore, occult blood was observed in
some patients, but a change in its occurrence was not evaluated during follow-up. In addition, the method
used to diagnose OP differs from that used in Europe and the United States, in which proteinuria is assessed
at rest by dipstick, without a lordosis load test. Incorporating a lordosis load test is more complicated than
the method of confirming urinary protein disappearance by rest alone. It has been reported that people with
lower BMI show persistent OP as opposed to those with higher BMI [15]. We were unable to evaluate the BMI
of the patients in this study. However, we consider that, even with these limitations, this report is
worthwhile because it is the only report evaluating urine biochemistry in a large number of OP cases.

Conclusions
When diagnosing benign OP, the disappearance of proteinuria with rest alone is not sufficient. Confirmation
of an increase in proteinuria by the lordosis load test and normal urinary biochemistry in the urine sample
will aid in a more accurate diagnosis. Evaluation of urinary biochemistry, including repeat lordosis load
testing, can also help differentiate patients with stable chronic glomerulonephritis from OP.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Kazuhide Ohta, Yuko Tasaki, Mari Yamamiya, Ria Kasahara, Shinobu Sakazume

Acquisition, analysis, or interpretation of data:  Kazuhide Ohta, Yuko Tasaki, Mari Yamamiya, Takafumi
Fukuda, Akane Iwasaki, Misato Obata, Mari Nakano, Mika Inoue, Shinobu Sakazume

Drafting of the manuscript:  Kazuhide Ohta, Yuko Tasaki, Mari Yamamiya

Critical review of the manuscript for important intellectual content:  Kazuhide Ohta, Ria Kasahara,
Takafumi Fukuda, Akane Iwasaki, Misato Obata, Mari Nakano, Mika Inoue, Shinobu Sakazume

Supervision:  Kazuhide Ohta, Shinobu Sakazume

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board of Kanazawa Medical Center issued approval Protocol number: R04-047. Animal subjects: All authors
have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
We would like to express our deep gratitude to the staff of the Clinical Laboratory Department of the
Kanazawa Medical Center for measuring various biomarkers.

 

2024 Tasaki et al. Cureus 16(10): e71800. DOI 10.7759/cureus.71800 5 of 6

javascript:void(0)
javascript:void(0)


References
1. Brandt JR, Jacobs A, Raissy HH, Kelly FM, Staples AO, Kaufman E, Wong CS: Orthostatic proteinuria and the

spectrum of diurnal variability of urinary protein excretion in healthy children. Pediatr Nephrol. 2010,
25:1131-7. 10.1007/s00467-010-1451-z

2. de Joode AAA, Sluiter HE: Orthostatic proteinuria: a harmless variant of protein loss? . Netherlands J Med.
2011, 69:62-5.

3. Uehara K, Tominaga N, Shibagaki Y: Adult orthostatic proteinuria. Clin Kidney J. 2014, 7:327-8.
10.1093/ckj/sfu040

4. Park YH, Choi JY, Chung HS, et al.: Hematuria and proteinuria in a mass school urine screening test . Pediatr
Nephrol. 2005, 20:1126-30. 10.1007/s00467-005-1915-8

5. Ishimoto F, Shibasaki T, Murai S, et al.: Studies of urine protein components of orthostatic proteinuria
changes in forced lordosis. Nihon Jinzo Gakkai Shi. 1988, 30:23-31.

6. Niu XL, Wu Y, Hao S, et al.: Value of micro-proteinuria in combination with ultrasonography of the left
renal vein in the diagnosis of orthostatic proteinuria. Ann Transl Med. 2019, 7:780.
10.21037/atm.2019.11.23

7. Mazzoni MB, Kottanatu L, Simonetti GD, Ragazzi M, Bianchetti MG, Fossali EF, Milani GP: Renal vein
obstruction and orthostatic proteinuria: a review. Nephrol Dial Transplant. 2011, 26:562-5.
10.1093/ndt/gfq444

8. Mahurkar SD, Dunea G, Pillay VK, Levine H, Gandhi V: Relationship of posture and age to urinary protein
excretion. Br Med J. 1975, 1:712-4. 10.1136/bmj.1.5960.712

9. Ragazzi M, Milani G, Edefonti A, Burdick L, Bianchetti MG, Fossali EF: Left renal vein entrapment: a
frequent feature in children with postural proteinuria. Pediatr Nephrol. 2008, 23:1837-9. 10.1007/s00467-
008-0909-8

10. Leung AK, Wong AH, Barg SS: Proteinuria in children: evaluation and differential diagnosis . Am Fam
Physician. 2017, 95:248-54.

11. Arslan Z, Koyun M, Erengin H, Akbaş H, Aksoy GK, Çomak E, Akman S: Orthostatic proteinuria: an
overestimated phenomenon?. Pediatr Nephrol. 2020, 35:1935-40. 10.1007/s00467-020-04586-4

12. Chandar J, Gómez-Marín O, del Pozo R, et al.: Role of routine urinalysis in asymptomatic pediatric patients .
Clin Pediatr (Phila). 2005, 44:43-8. 10.1177/000992280504400105

13. Vehaskari VM: Orthostatic proteinuria. Arch Dis Child. 1982, 57:729-30. 10.1136/adc.57.10.729
14. Calişkan S, Hacibekiroğlu M, Sever L, Ozbay G, Arisoy N: Urinary N-acetyl-beta-D-glucosaminidase and beta

2-microglobulin excretion in primary nephrotic children. Nephron. 1996, 74:401-4. 10.1159/000189442
15. Milani G, Bianchetti MG, Bozzani S, Bettinelli A, Fossali EF: Body mass index modulates postural

proteinuria. Int Urol Nephrol. 2010, 42:513-5. 10.1007/s11255-009-9550-0

 

2024 Tasaki et al. Cureus 16(10): e71800. DOI 10.7759/cureus.71800 6 of 6

https://dx.doi.org/10.1007/s00467-010-1451-z
https://dx.doi.org/10.1007/s00467-010-1451-z
https://scholar.google.com/scholar?q=intitle:Orthostatic proteinuria%3A a harmless variant of protein loss%3F
https://dx.doi.org/10.1093/ckj/sfu040
https://dx.doi.org/10.1093/ckj/sfu040
https://dx.doi.org/10.1007/s00467-005-1915-8
https://dx.doi.org/10.1007/s00467-005-1915-8
https://scholar.google.com/scholar?q=intitle:Studies of urine protein components of orthostatic proteinuria changes in forced lordosis
https://dx.doi.org/10.21037/atm.2019.11.23
https://dx.doi.org/10.21037/atm.2019.11.23
https://dx.doi.org/10.1093/ndt/gfq444
https://dx.doi.org/10.1093/ndt/gfq444
https://dx.doi.org/10.1136/bmj.1.5960.712
https://dx.doi.org/10.1136/bmj.1.5960.712
https://dx.doi.org/10.1007/s00467-008-0909-8
https://dx.doi.org/10.1007/s00467-008-0909-8
https://scholar.google.com/scholar?q=intitle:Proteinuria in children%3A evaluation and differential diagnosis
https://dx.doi.org/10.1007/s00467-020-04586-4
https://dx.doi.org/10.1007/s00467-020-04586-4
https://dx.doi.org/10.1177/000992280504400105
https://dx.doi.org/10.1177/000992280504400105
https://dx.doi.org/10.1136/adc.57.10.729
https://dx.doi.org/10.1136/adc.57.10.729
https://dx.doi.org/10.1159/000189442
https://dx.doi.org/10.1159/000189442
https://dx.doi.org/10.1007/s11255-009-9550-0
https://dx.doi.org/10.1007/s11255-009-9550-0

	The Usefulness of Lordosis Load Test and Urinary Biochemistry in the Diagnosis of Orthostatic Proteinuria
	Abstract
	Introduction
	Method
	Results
	Conclusion

	Introduction
	Materials And Methods
	Participants and samples
	FIGURE 1: Lordosis load test.

	Measurement method
	Representative case
	Statistical analysis
	Ethics

	Results
	TABLE 1: Patient demographics and clinical data
	FIGURE 2: Correlations of urinary protein and biochemistry values.
	FIGURE 3: Initial and re-test urinary biochemistry values.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


