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A spot urine creatinine-to-osmolality ratio (sUCr/Osm) is proposed as a surrogate of the urinary excretion rate of creatinine (Cr)
and convenient for forecasting serum Cr (SCr) trends. The lower the sUCr/Osm, the lower the excreted Cr amount accompanied
by per unit of osmoles, the higher the risk of Cr accumulation. For exploring the reference intervals of sUCr/Osm in general
adults, a cross-sectional analysis was performed on a subset of data from the National Health and Nutrition Examination
Survey (NHANES) 2011-2012. Of the eligible 3,316 adults aged 18.0 to 79.9 years, the age (mean + SD) was 45.2 + 17.2 years
old, women was 45.02%, body weight (BW) was 76.1 + 14.5kg, and African Americans was 23.6%. Blood urea nitrogen (BUN)
was 12.6 +4.7mg/dL; SCr was 0.89 + 0.34 mg/dL. As spot urine Cr and osmolality were 127.1 + 84.0 mg/dl and 649 + 266
mOsm/kg, respectively, sUCr/Osm was 0.19 + 0.08. With adjustment of factors related to personal urinary excretion of Cr and
osmoles by multivariable regression analysis, the estimated sUCr/Osm (esUCr/Osm) for an individual was 0.153 X
(age inyear) "7 x (BW inkg)"*** x 1.244 [if African American] x (BUN in mg/dL)™**'* x (SCrin mg/dL)**®". The index of
sUCr/Osm to personalized esUCr/Osm was 1.05+0.39. When only low urinary excretion of Cr is likely to be of clinical
concern, further analysis showed 157 individuals (4.7%, outside the 5th percentile) had their original sUCr/Osm < 0.08; 157

had the sUCr/Osm indexed for personalized esUCr/Osm < 0.50.

1. Introduction

Renal clearance rate of creatinine (Cr), the ratio of urinary
excretion rate to plasma concentration in terms of Cr, has
been conventionally regarded as a clinical surrogate of glo-
merular filtration rate (GFR). In an individual with homeo-
stasis of Cr, the amount of production or renal excretion
load is supposed to be steady and equal to the amount of uri-
nary excretion during a certain period. On the assumption
that the urinary excretion rate of Cr in a stable individual
is steady, serum Cr (SCr) related inversely to GFR is conse-
quently steady. Thus, SCr-based definitions of renal excre-
tion function are dominantly in practice. Nowadays, widely
accepted estimated GFR (eGFR) formulas, such as MDRD
equation [1], MDRD-EPI Creatinine equation [2], and
MDRD-EPI Creatinine-Cystatin equation [3], are all devel-

oped for conditions with assumptively steady SCr levels.
However, for a situation with ever-changing SCr levels as
in acute kidney injury (AKI), few suitable manners for the
evaluation of instant renal excretion function have been pro-
posed [4, 5].

A spot urine creatinine-to-osmolality ratio (sUCr/Osm)
is the ratio of the Cr concentration to osmolality in a urine
sample, independent of the actual urine volume, urination
interval, and concurrent SCr level. The daily urinary excre-
tion of Cr and renal osmolar loads in an individual is pre-
sumed stable and estimable. The endogenous Cr
generation, almost excreted in the urine, is largely a function
of muscle mass, affected by age, sex, race, and body weight
(BW) [6, 7]. When an individual has usual diet and no
excessive catabolic loads due to diseases or medication use,
his or her daily renal load and urinary excretion of osmoles
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TaBLe 1: Demographics, comorbidities, and medication use
(N =3,316).

Mean + SD (range) or number (%)
452 +17.2 (18.0-79.9)
1,493 (45.0)
76.1 +14.5 (39.3-125.7)
26.8 +4.0 (18.5-34.9)

Age, year

Female sex

Body weight, kg

Body mass index, kg/m’

Races
Mexican American 361 (10.9)
Other Hispanic 483 (11.6)
Non-Hispanic White 1172 (35.3)
Non-Hispanic Black 781 (23.6)
Non-Hispanic Asian 526 (15.9)
Other races 93 (2.8)

Comorbidities
Hypertension 834 (25.2)
Diabetes mellitus 392 (11.8)
Coronary artery disease 146 (4.4)
Congestive heart failure 63 (1.9)
Cerebrovascular disease 81 (2.4)
Active liver disease 57 (1.7)
Cancer 213 (6.4)

Medication use
ACEI/ARB 477 (14.4)
B-Adrenergic blocker 255 (7.7)
Calcium channel blocker 209 (6.3)
Diuretics 280 (8.4)
Other antihypertensives 87 (2.6)

Abbreviations: ACEL angiotensin converting enzyme inhibitor; ARB:
angiotensin II receptor blocker; SD: standard deviation.

are also assumed stable [8, 9]. These fundamental rationales
have been applied in the studies about spot urine albumin/
protein to Cr ratio [10-12] and albumin/protein to osmolal-
ity ratio [13, 14]. In addition, the urinary excretion rates of
Cr and osmoles are in concordance with each other during
a typical day [15]. Then, sUCr/Osm is a plausible surrogate
of urinary Cr excretion rate. The lower the sUCr/Osm, the
lower the excreted Cr amount accompanied by per unit of
osmoles, the higher the risk of Cr accumulation in the body.

Reference intervals, based on the results that are seen in
95% of the healthy reference population, are the most com-
mon decision support tool used for the interpretation of
numerical pathology reports before clinical decision limits
are defined in further validation trials [16-18]. When an
individual’s sUCr/Osm is lower than the lower reference
limits, they may be at the highest risk of acute accumulation
of Cr in the body, increasing SCr levels, and even meeting
the SCr criteria of AKI [19].

Therefore, to provide a cornerstone for further valida-
tion trials in various clinical conditions, in this study, we first
tried to explore the reference intervals of sUCr/Osm in ordi-
nary adults in stable condition. Besides, the physiological
rationale of sUCr/Osm as a surrogate of the instant urinary
excretion rate of Cr is to be elaborated in Discussion.

Disease Markers

TABLE 2: Laboratory data (N = 3,316).

Mean + SD (range)

Blood biochemistry
Urea nitrogen, mg/dL
Creatinine, mg/dL

MDRD eGFR, ml/min/1.73 m>

Albumin, g/dL

GOT, IU/L

GPT, IU/L

Total bilirubin, mg/dL
Uric acid, mg/dL
CPK, TU/L

Glucose, mg/dL
Osmolality, mOsm/kg

12.6 + 4.7 (2-57)
0.89 +0.34 (0.38-7.46)
93.2 +23.8 (7.4-206.9)

43+0.3 (3.5-5.5)
24.4 +8.8 (7-120)
23.6+12.9 (5-116)
0.7 0.3 (0.1-2.0)
5.4+ 1.4 (0.4-11.0)
159 + 143 (21-1488)
98 + 32 (47-526)
278 + 4 (270-299)

Na, meq/L 139.2 + 1.7 (135-144)
K, meq/L 4.0+0.3 (3.5-5.5)
Ca, mg/dL 9.4+0.3 (8.0-11.3)
P, mg/dL 3.7+0.6 (1.6-6.6)

Urine profile

Creatinine, mg/dL 127.1 £ 84.0 (5-641)

649 + 266 (59-1292)
0.19 +0.08 (0.02-0.90)
33.0 +323.0 (0.61-13333)

Abbreviations: CPK: creatine phosphokinase; GOT: glutamic oxaloacetic
transaminase; GPT: glutamic pyruvic transaminase; MDRD eGFR:
estimated glomerular filtration rate derived with Modification of Diet in
Renal Disease (MDRD) Study equation; SD: standard deviation; sUCr/
Osm: spot urine creatinine-to-osmolality ratio;, UACR: urine albumin-to-
creatinine ratio. To convert albumin to g/L, multiply by 10; Ca to mmol/
L, 0.25; creatinine to ymol/L, 88.4; glucose to mmol/L, 0.0555; P to mmol/
L, 0.323; total bilirubin to pmol/L, 17.1; urea nitrogen to mmol/L, 0.357;
and uric acid to mmol/L, 0.059.

Osmolality, mOsm/kg
sUCr/Osm
UACR, mg/g

2. Methods

2.1. Study Population. Conducted by the U.S. National Cen-
ter for Health Statistics, NHANES is a continuous nationally
representative survey. However, urinary Cr and osmolality
were measured only for individuals enrolled in NHANES
2009-2010 and 2011-2012. In 2011-2012, 13,431 individuals
were selected. Of those selected, 9,756 completed the inter-
view and 9,338 were examined. The data of the 9,756 partic-
ipants in the NHANES 2011-2012 were first openly
published in September 2013 and last revised in January
2015 (https://wwwn.cdc.gov/Nchs/Nhanes) [20]. All defini-
tions of the following parameters of demographics, comor-
bidities, and medication use, as well as details in
measurement of blood biochemistry, urine Cr, and osmolal-
ity, were summarized from the open-source documents
available on the same website.

In the present secondary analysis study to investigate the
reference values of sUCr/Osm in general adults, we
restricted the analysis to participants between the ages of
18 to 79.9 years, considering that individuals aged 80 and
over were all coded as 80 in the original data set of NHANES
2011-2012. To exclude extraordinary or diseased conditions
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TaBLE 3: Comparisons of spot urine creatinine according to conditions of demographics, comorbidities, and medication use.
T
Sex
Male vs. female 143.2 + 87.6 vs. 107.5 + 75.0 <0.001
Races
Mexican American 121.9+73.6
Other Hispanic 118.2+71.1
Non-Hispanic White 115.5+78.3 .
Non-Hispanic Black 168.0 £ 95.0 <0.001
Non-Hispanic Asian 101.0+£72.7
Other races 135.7+84.3
African American (yes vs. no) 168.0 +95.0 vs. 114.5 +76.1 <0.001
Comorbidities (yes vs. no)
Hypertension 124.0 £ 76.1 vs. 128.2 + 86.5 0.185
Diabetes mellitus 115.1 £66.2 vs. 128.7 + 86.0 <0.001
Coronary artery disease 126.9 £ 69.6 vs. 127.1 + 84.6 0.968
Congestive heart failure 126.0 £ 65.1 vs. 127.1 + 84.4 0.911
Cerebrovascular disease 114.8 + 85.0 vs. 127.4 + 84.0 0.217
Active liver disease 113.5+77.7 vs. 127.4 + 84.1 0217
Cancer 106.2 +67.1 vs. 128.6 + 84.9 <0.001
Medication use (yes vs. no)
ACEI/ARB 122.8 +75.8 vs. 127.9 + 85.3 0.186
B-Adrenergic blocker 119.5+72.5 vs. 127.8 + 84.9 0.085
Calcium channel blocker 132.3+81.1 vs. 126.8 +84.2 0.358
Diuretics 116.6 +71.8 vs. 128.1 + 85.0 0.012
Other antihypertensives 133.1 +68.8 vs. 127.0 + 84.4 0.502

Abbreviations: ACEI angiotensin converting enzyme inhibitor; ARB: angiotensin II receptor blocker; sUCr: spot urine creatinine concentration. To convert
creatinine to gmol/L, multiplied by 88.4. *As indicated, a comparison for the means among the various ethnic groups is performed using the one-way analysis
of variance (ANOVA) along with the Bonferroni method as the post hoc test.

known with interference with the urinary excretion load of
Cr and osmoles (such as extreme body mass, malnutrition,
severe liver dysfunction, rhabdomyolysis, abnormal serum
osmolality, dysnatremia, and dyskalemia), further filtration
was performed with reasonable ranges of the following rele-
vant anthropometrics and laboratory tests: body mass index
(BMI, kg/m?), 18.5-34.9 (World Health Organization [21]
and Centers for Disease Control and Prevention [22]: nor-
mal weight to obesity class I); albumin (g/dL), >3.5 (35 in
g/L); glutamic oxaloacetic transaminase (GOT, IU/L) and
glutamic pyruvic transaminase (GPT, IU/L), <120; total bil-
irubin (mg/dL), <2 (34.2 umol/L); creatine phosphokinase
(CPK, IU/L), <1,500; serum osmolality (mOsm/kg), 270-
299; serum Na (meq/L), 135-144; and serum K (meq/L),
3.5-5.5. The final data set of 3,316 eligible participants was
used for analysis in this cross-sectional study.

The NHANES 2011-2012 was approved by the institu-
tional review board of the National Center for Health Statis-
tics. Oral and written informed consent from all participants
was obtained by the National Center for Health Statistics.
According to the U.S. Federal Policy for the Protection of

Human Subjects (45 CFR 46), the secondary analysis of pub-
licly available, existing deidentified data, such as NHANES
2011-2012, does not fall within the regulatory definition of
research involving human subjects and not require Commit-
tee for Protection of Human Subjects (CPHS) review. We
declare all methods of data processing and result interpreta-
tion in the present secondary analysis study have been per-
formed in accordance with the Declaration of Helsinki.

2.2. Demographics, Comorbidities, and Medication Use.
Demographic variables including age, sex, and race were col-
lected during the interview. The body measure examination
was performed with identical equipment.

Hypertension was defined as a self-reported physician
diagnosis, use of antihypertensive medication, mean
systolic blood pressure > 140 mmHg, or mean diastolic blood
pressure > 90 mmHg. Diabetes mellitus was defined as a
self-reported physician diagnosis, use of diabetic medication,
or glucoselevels > 126 mg/dL (7.0 mmol/L) (fasting 8 hours
or more) or >200mg/dL (11.1 mmol/L) (fasting less than 8
hours). Other comorbid medical conditions were based on
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TaBLE 4: Comparisons of spot urine osmolality according to conditions of demographics, comorbidities, and medication use.

sUOsm, mOsm/kg

Mean + SD P value

Sex

Male vs. female 682.1 +256.9 vs. 609.0 +270.4 <0.001
Races

Mexican American 694.5+261.9

Other Hispanic 655.7 +268.9

Non-Hispanic White 611.9 +261.6 .

Non-Hispanic Black 709.9 +253.8 <0.001

Non-Hispanic Asian 600.5 £ 269.9

Other races 682.5 +259.9

African American (yes vs. no) 709.9 +253.8 vs. 630.5 £ 266.3 <0.001
Comorbidities (yes vs. no)

Hypertension 622.8 +£223.2 vs. 658.1 +277.8 <0.001

Diabetes mellitus 627.1 +222.6 vs. 652.1 +270.7 0.043

Coronary artery disease 631.8 +£214.8 vs. 650.0 +£267.7 0.325

Congestive heart failure 612.1 +227.2 vs. 649.9 +266.2 0.262

Cerebrovascular disease 566.2 +247.4 vs. 651.3 +£265.7 0.004

Active liver disease 621.7 +249.9 vs. 649.7 +265.8 0.430

Cancer 576.8 +231.7 vs. 654.2 + 267.0 <0.001
Medication use (yes vs. no)

ACEI/ARB 617.1 +214.7 vs. 654.6 £272.8 0.001

B-Adrenergic blocker 582.3+211.1 vs. 654.8 +268.9 <0.001

Calcium channel blocker 597.5+192.8 vs. 652.7 +269.4 <0.001

Diuretics 588.4 +212.6 vs. 654.8 +269.2 <0.001

Other antihypertensives 607.5 +192.8 vs. 650.3 +267.2 0.046

Abbreviations: ACEIL: angiotensin converting enzyme inhibitor; ARB: angiotensin II receptor blocker; sOsm: spot urine osmolality. “As indicated, a
comparison for the means among the various ethnic groups is performed using the one-way analysis of variance (ANOVA) along with the Bonferroni

method as the post hoc test.

self-reported personal interview data on a broad range of
health conditions.

Information on prescription medications was collected
by trained interviewers during the household interview.
We explored the use of angiotensin converting enzyme
inhibitors (ACEIs), angiotensin II receptor blockers (ARBs),
and diuretics, as well as other antihypertensive medications.
Diuretic use was defined as participants taking thiazide-like
agents, loop-diuretics, or potassium-sparing agents given in
monotherapy or in combination.

2.3. Measurement of Blood Biochemistry, Urine Creatinine,
and Osmolality. In NHANES 2011-2012, serum specimens
were processed, stored, and shipped to the Collaborative
Laboratory Services for analysis. Detailed specimen collec-
tion and processing instructions were available in the
NHANES Laboratory/Medical Technologists Procedures
Manual (LPM). Vials were stored under appropriate frozen
(-30°C) conditions until they were shipped to the National
Center for Environmental Health for testing. SCr was mea-
sured by the Jaffé rate method (kinetic alkaline picrate) using

a Beckman Coulter UniCel® DxC800 Synchron at the Col-
laborative Laboratory Services at Ottumwa, Iowa, in 2011-
2012.

For urine Cr analysis, spot or timed urine samples were
stored at 2-8°C until analysis within 36 hours of receipt in
the laboratory. Urine Cr was measured by an enzymatic
(creatinase) method with Roche/Hitachi Modular P Chemis-
try Analyzer. For urine osmolality, spot or timed samples
were analyzed directly at the mobile examination center
within 4 hours of collection. Urine osmolality was measured
by the freezing point depression method with Osmette II,
Model 5005 Automatic Osmometer.

2.4. Statistical Analysis. Statistical analyses of the original
data in NHANES 2011-2012 were performed using the sam-
ple survey commands in STATA version 12.0 statistical soft-
ware (StataCorp LP, College Station, Texas). The data in the
present study were processed, filtered, and analyzed with
IBM® SPSS® Statistics 22.0 (New York, United States).
Unless otherwise stated, continuous variables are pre-
sented as mean * standard deviation (SD) and categorical
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TaBLE 5: Comparisons of spot urine creatinine-to-osmolality ratio according to conditions of demographics, comorbidities, and medication

use.
sUCr/Osm P value
Mean + SD
Sex
Male vs. female 0.20 £ 0.09 vs. 0.17 +0.08 <0.001
Races
Mexican American 0.17+0.07
Other Hispanic 0.17 £0.07
Non-Hispanic White 0.18£0.08 .
Non-Hispanic Black 0.23+0.10 <0.001
Non-Hispanic Asian 0.16 £0.07
Other races 0.19+0.08
African American (yes vs. no) 0.23+0.10 vs. 0.18 £0.07 <0.001
Comorbidities (yes vs. no)
Hypertension 0.19+0.09 vs. 0.19 £0.08 0.054
Diabetes mellitus 0.18 £ 0.09 vs. 0.19 +0.08 0.123
Coronary artery disease 0.20+0.08 vs. 0.19 +0.08 0.199
Congestive heart failure 0.21 +0.09 vs. 0.19 +0.08 0.104
Cerebrovascular disease 0.20+0.11 vs. 0.19 +0.08 0.305
Active liver disease 0.18 £ 0.09 vs. 0.19 +0.08 0.240
Cancer 0.18£0.08 vs. 0.19 +£0.08 0.080
Medication use (yes vs. no)
ACEI/ARB 0.19£0.10 vs. 0.19+£0.08 0.186
B-Adrenergic blocker 0.20+0.10 vs. 0.19 £ 0.08 0.027
Calcium channel blocker 0.22+0.12 vs. 0.19+£0.08 <0.001
Diuretics 0.20+0.10 vs. 0.19 £ 0.08 0.315
Other antihypertensives 0.22+0.10 vs. 0.19 £0.08 0.002

Abbreviations: ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin II receptor blocker; sUCr/Osm: spot urine creatinine-to-osmolality ratio.
*As indicated, a comparison for the means among the various ethnic groups is performed using the one-way analysis of variance (ANOVA) along with

the Bonferroni method as the post hoc test.

variables as a number (%) for each item. As indicated, the
differences within binary or categorial variables were com-
pared using the Student t-test, the Chi-square test, or the
one-way analysis of variance (ANOVA) along with the Bon-
ferroni method as the post hoc test. For exploring factors
related to spot urine Cr concentration (sUCr), spot urine
osmolality (sUOsm), and sUCr/Osm, univariable and then
multivariable regression models were tested with demo-
graphic and laboratory variables as independent variables.
Since the logarithmic models were found to fit better to the
univariable regression models, the data of all variables were
processed first with logarithmic transformation for further
linear regression analysis. Unless specifically stated, a P level
< 0.05 for two-tailed tests was considered statistically
significant.

3. Results

3.1. Demographics, Comorbidities, and Medication Use. Of
the 3,316 eligible adults without extraordinary conditions

predefined in Methods, the age was 45.2+ 17.2 years old.
Women were 1,493 (45.02%). The BW was 76.1 + 14.5kg.
Non-Hispanic Blacks (African Americans) were 781
(23.6%). Hypertension was noted in 834 (25.1%); diabetes
mellitus was noted in 392 (11.8%). Of them, 477 (14.4%)
individuals took angiotensin-converting-enzyme inhibitors
(ACEIs) or angiotensin II receptor blockers (ARBs) and
280 (8.4%) took diuretics. Other details are shown in
Table 1.

3.2. Blood Biochemistry and Urine Profile. Of the 3,316 indi-
viduals, blood urea nitrogen (BUN) was 12.6 + 4.7 mg/dL;
SCr was 0.89 +0.34mg/dL. In spot urine samples, sUCr
was 127 + 84 mg/dl; sUOsm was 649 + 266 mOsm/kg; urine
albumin-to-creatinine ratio (UACR) was 33.0 + 323.0 mg/g.
Thus, their sUCr/Osm was 0.19 £ 0.08, with the median as
0.1761. Other details are shown in Table 2.

3.3. Factors Related to Spot Urine Profile. To investigate fac-
tors related to the spot urine profile, the binary/categorical
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TaBLE 6: Standardized () coefficients of univariable linear regression models® for spot urine profile.
sUCr P sUOsm P sUCr/Osm P
Age -0.152 <0.001 -0.158 <0.001 -0.067 <0.001
Body weight 0.267 <0.001 0.173 <0.001 0.247 <0.001
Body mass index 0.151 <0.001 0.122 <0.001 0.109 <0.001
Blood biochemistry
Urea nitrogen 0.084 <0.001 0.193 <0.001 -0.092 <0.001
Creatinine 0.259 <0.001 0.062 <0.001 0.365 <0.001
MDRD eGFR -0.043 0.013 0.088 <0.001 -0.180 <0.001
Albumin -0.045 0.009 -0.052 0.003 -0.014 0.428
GOT 0.027 0.121 -0.006 0.724 0.053 0.002
GPT 0.041 0.017 0.040 0.022 0.022 0.201
Total bilirubin 0.084 <0.001 0.028 0.111 0.109 <0.001
Uric acid 0.185 <0.001 0.070 <0.001 0.230 <0.001
CPK 0.200 <0.001 0.121 <0.001 0.193 <0.001
Glucose 0.029 0.097 0.066 <0.001 -0.031 0.070
Osmolality 0.090 <0.001 0.134 <0.001 -0.011 0.540
Na 0.069 <0.001 0.057 0.001 0.048 0.005
K 0.006 0.738 0.017 0.322 -0.011 0.527
Ca -0.025 0.153 -0.050 0.004 0.018 0.295
P -0.054 0.002 -0.038 0.031 -0.047 0.007
Urine profile
sUCr NA NA- 0.815 <0.001 0.712 <0.001
sUOsm 0.815 <0.001 NA NA 0.173 <0.001
sUCr/Osm 0.712 <0.001 0.173 <0.001 NA NA
UACR -0.056 0.001 -0.046 0.008 -0.039 0.024

Abbreviations: CPK: creatine phosphokinase; MDRD eGFR: estimated glomerular filtration rate derived with Modification of Diet in Renal Disease (MDRD)
Study equation; GOT: glutamic oxaloacetic transaminase; GPT: glutamic pyruvic transaminase; NA: nonapplicable; sUCr: spot urine creatinine; sUCr/Osm:
spot urine creatinine-to-osmolality ratio; sUOsm: spot urine osmolality; UACR: urine albumin-to-creatinine ratio. *Performed with natural logarithm-

transformed data of all variables.

variables were analyzed first. The women had lower sUCr,
sUOsm, and sUCr/Osm. African Americans had higher
sUCr, sUOsm, and sUCr/Osm than the other races. Individ-
uals with diabetes mellitus, cancer, or diuretics use had lower
sUCr. On the other hand, those with hypertension, diabetes,
cerebrovascular accident, cancer, or use of any kind of anti-
hypertensives had lower sUOsm. As to sUCr/Osm, only the
individuals taking f-adrenergic blockers, calcium channel
blockers (CCBs), or other antihypertensive agents had
higher values. The details of comparisons are shown in
Tables 3-5.

Then, the continuous variables were analyzed with uni-
variate regression methods. The regression analysis was per-
formed on natural logarithm-transformed data, for they fit
better for further linear regression models. We found sUCr
was correlated negatively with age, MDRD eGFR, serum
albumin, phosphate, and UACR and positively with BW,
BMI, BUN, SCr, GPT, total bilirubin, uric acid, CPK, serum
osmolality, Na, and sUOsm. Similarly, sUOsm was corre-
lated negatively with age, serum albumin, calcium, phos-
phate, and UACR and positively with BW, BMI, BUN,
SCr, MDRD eGFR, GPT, uric acid, CPK, glucose, serum
osmolality, Na, and sUCr. As to sUCr/Osm, it was correlated

negatively with age, BUN, MDRD eGFR, serum phosphate,
and UACR and positively with BW, BMI, SCr, GOT, total
bilirubin, uric acid, CPK, Na, sUCr, and sUOsm. (Table 6).

For exclusion of possible confounding effects, the above-
mentioned binary variables with significant differences and
continuous variables with significant correlations were
adopted as independent variables in the multivariable
regression analysis with the spot urine profile as dependent
variables. Of note, BW, rather than BMI, was adopted as
the representative variable of body size, considering the
effect sizes estimated by the standardized coefhicients
(0.247 vs. 0.109). Conventionally, age, sex, BW, and race
are considered to be the main factors related to endogenous
Cr generation [6, 7]. When age, sex, BW, and race were
forced-in variables in the multivariable regression model,
sUCr was correlated negatively with age, BUN, and glucose
and positively with female sex, BW, African American race,
use of CCBs, SCr, total bilirubin, uric acid, and sUOsm. On
the other hand, sUOsm was correlated negatively with age,
female sex, use of -adrenergic blockers, SCr, serum albu-
min, uric acid, and phosphate and positively with BUN, glu-
cose, serum osmolality, and sUCr. As to sUCr/Osm, it was
correlated negatively with age, BUN, presence of diabetes
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TasBLE 7: Standardized () coefficients of multivariable linear regression models® for spot urine profile.
sUCr P sUOsm P sUCr/Osm P
Age -0.010 0.303 -0.088 <0.001 -0.070 <0.001
Sex (ref. male) 0.027 0.018 -0.059 <0.001 0.029 0.147
Body weight 0.053 <0.001 -0.002 0.848 0.110 <0.001
African American (ref. non-African American) 0.068 <0.001 -0.010 0.249 0.151 <0.001
Comorbidities (ref. no presence)
Hypertension b b b - - b
Diabetes mellitus b b b b -0.038 0.017
CVA b b b b b b
Cancer b b b b b b
Medication use (ref. no user)
B-Adrenergic blocker - b 0.022 0.019 - -
Calcium channel blocker 0.020 0.029 b b 0.034 0.031
Other antihypertensives b b b b b b
Blood biochemistry
Urea nitrogen -0.181 <0.001 0.250 <0.001 -0.247 <0.001
Creatinine 0.243 <0.001 -0.264 <0.001 0.384 <0.001
Albumin - b -0.032 0.001 - -
GOT b b b b b b
Total bilirubin 0.020 0.033 b b 0.037 0.021
Uric acid 0.055 <0.001 -0.051 <0.001 0.095 <0.001
CPK b b b b b b
Glucose -0.031 0.001 0.038 <0.001 b b
Osmolality b b 0.037 0.001 P b
Na b b b b b b
Ca b b b b -0.037 0.016
P b b -0.026 0.005 b b
Urine profile
sUCr NA NA 0.841 <0.001 NA NA
sUOsm 0.818 <0.001 NA NA NA NA
UACR b b b b b b
Adjusted R-square 0.752 0.744 0.257

Abbreviations: CPK: creatine phosphokinase; CVA: cerebrovascular accident; GOT: glutamic oxaloacetic transaminase; NA: nonapplicable; ref.: reference
group; sUCr: spot urine creatinine; sUCr/Osm: spot urine creatinine-to-osmolality ratio; sUOsm: spot urine osmolality; UACR: urine albumin-to-
creatinine ratio. *Performed with natural logarithm-transformed data of all variables. ®Omitted for conciseness, as the P value > 0.05.

mellitus, and serum calcium and positively with BW, Afri-
can American race, use of CCBs, SCr, total bilirubin, and
uric acid (Table 7). Furthermore, when only variables with
standardized coefficients > 0.10 and P values < 0.001 were
counted in using Goldilocks balance between the number
of predictors and the gain in adjusted R-square, the esti-
mated sUCr/Osm (esUCr/Osm) for an individual =0.153
x (age inyear) "% x (BW inkg)"** x 1.244 [if African

American] x (BUN in mg/dL) """ x (SCr in mg/dL)*%*",

with the adjusted R —square=0.247. Considering sUCr,
sUOsm, and sUCr/Osm varied with the abovementioned
personal features, it is reasonable that interpersonal compar-
isons about sUCr/Osm should include some adjustment for
the personalized factors as indicated, such as personalized
esUCr/Osm. Therefore, the adjustment method was to index
sUCr/Osm to personalized esUCr/Osm. The sUCr/Osm

indexed for personalized esUCr/Osm was 1.05 + 0.39, rang-
ing 0.14-4.74, with the median as 1.01.

Conventionally, the reference interval for a given test is
based on the results that are seen in 95% of the reference
population [16, 17]. Since only low renal excretion of Cr is
likely to be of clinical concern, a left-sided 95% reference
interval of sUCr/Osm and the use of the 5th percentile
as a one-sided lower reference limit make the most sense.
Therefore, further analysis revealed that 157 individuals
(4.7%, less than the 5th percentile) had their original abso-
lute values of sUCr/Osm < 0.08; 157 (4.7%) had the sUCr/
Osm indexed for personalized esUCr/Osm < 0.50. Of the
111 (3.3%) participants, the sUCr/Osm were simulta-
neously lower than both the lower reference limits of the
above two one-sided reference intervals. A visual summary
is shown as Figure 1.
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F1GURE 1: Relationship between spot urine creatinine-to-osmolality
ratio (sUCr/Osm) and the values indexed for personalized
estimated sUCr/Osm (ratio to esUCr/Osm). green dots, > both
5th percentiles; yellow dots, only < either 5th percentile; red dots,
< both 5th percentiles.

4. Discussion

From the subset of data extracted from the original
NHANES 2011-2012, we found the original sUCr/Osm
was 0.19+0.08 and the value indexed for personalized
esUCr/Osm was 1.05 + 0.39. Approximately, 4.7% ordinary
adults had their sUCr/Osm less than 0.08, whereas 4.7%
ordinary adults had the values indexed for personalized
esUCr/Osm less than 0.50. Besides, as explored in the multi-
variable regression model, age and BUN were the major
(with the standardized coefficients > 0.10), negatively corre-
lated factors of sUCr/Osm, whereas BW, African American
race, and SCr were the major, positively correlated factors
(Table 7).

Although few studies have reported the relationship
between Cr and osmolality in spot urine samples [23-25],
it is a novel concept regarding sUCr/Osm as a surrogate of
instant urinary Cr excretion rate. Now, the physiological
rationale is further elaborated as follows.

Spot urine Cr concentration, sUCr, is the amount of Cr
excreted in the urine during an uncertain urination interval
divided by the corresponding volume, even if there is resid-
ual urine. It is also independent of the concurrent SCr levels.
Theoretically, for keeping Cr homeostasis in the body, the
total amount of urinary Cr excretion, including glomerular
filtration and tubular secretion, must balance the estimated
load. The daily load of urinary Cr excretion in an individual
with stable SCr levels could be estimated by using various
equations considering age, sex, BW, body surface area, race,
and even serum phosphorus levels [7]. Recently, it has been
discovered that urinary excretion of Cr shows circadian
changes with a peak in the afternoon and evening [15].

Likewise, sUOsm is the number of osmoles of solute
excreted in the urine during an uncertain urination interval
divided by the corresponding weight (approximately urine
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volume). For keeping osmolar homeostasis in a steady state,
the amount of daily renal osmolar excretion is tailored to the
amount of daily osmolar load minus unregulated extrarenal
excretion and loss (mainly in feces and sweat). In general,
daily renal osmolar excretion in an adult is responsible for
more than 90% of the daily load. In individuals taking a typ-
ical Western diet, the daily renal osmolar excretion load is
estimated as 600 to 900 mOsm [8]. There are also circadian
variations in urinary osmolar excretion rates and approxi-
mately in concordance with those about urinary Cr excre-
tion rates [15].

However, neither sUCr nor sUOsm per se is a proper
surrogate of urinary excretion function, for there is no infor-
mation about the actual urination interval and volume.

By contrast, sUCr/Osm is the relative value of excreted
Cr amount to osmoles in a urine sample, independent of
actual urination intervals and SCr levels. The urinary excre-
tion rates of Cr and osmoles are in concordance with each
other during a typical day [15]. In addition, the daily urinary
excretion of Cr and renal osmolar load in an individual is
presumed stable, with the exception of specific conditions
listed in Table 8. Therefore, sUCr/Osm is a plausible surro-
gate of near real-time urinary Cr excretion rate. The lower
the sUCr/Osm, the less the urinary excretion of Cr in pro-
portion to accompanied osmoles, and the higher the possi-
bility of Cr accumulation in the body. No matter if the
reference intervals are determined using absolute values or
values indexed for personalized esUCr/Osm, an individual’s
instant urinary Cr excretion can be reasonably assessed. If
his or her sUCr/Osm is lower than the lower reference
limits, it is inferred the urinary Cr excretion rate has been
less than the 5th percentile at the sampling time. Then, they
are at the highest risk of acute accumulation of Cr in the
body and subsequently increased SCr levels.

On the basis of the present study, the lower reference
limits of sUCr/Osm in adults are proposed as 0.08 for the
absolute value and 0.50 for the value indexed for personal-
ized esUCr/Osm. As a result, less than 5% people will have
their sUCr/Osm lower than the lower reference limits. Fur-
thermore, about 3.3% of people’s sUCr/Osm are lower than
the above two lower reference limits at the same time.

Although there was a good positive correlation between
sUCr and sUOsm, the factors related to sUCr, sUOsm, and
sUCr/Osm were not always consistent in their respective
correlations (Table 6) First, in the present analysis, we found
the older the age, the lower the sUOsm and sUCr/Osm. Dur-
ing normal aging in people, urine concentrating ability is
known to reduce [26]. In a previous analysis with the data
of 10,769 participants aged 16 years or older in the
NHANES 2009-2012 [24], both of sUCr and sUOsm were
correlated negatively with the per 10-year increase in age.
Second, when women had lower sUCr and sUOsm, the effect
of sex differences on sUCr/Osm was eventually nonsignifi-
cant after adjustment for other confounding factors, such
as age, BW, BUN, and SCr. Third, the higher the BW, the
higher the sUCr and sUCr/Osm, in accordance with that
the fact daily production of Cr is positively correlated with
BW in adults [6]. Although daily renal osmolar load was
deemed to be positively correlated with individual BW [9],
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TaBLE 8: Special conditions about interpretation of spot urine creatinine-to-osmolality ratio (sUCr/Osm).

sUCr/Osm tends to underestimate instant urinary excretion rate when:

Lower-than-ordinary Cr excretion load: muscle wasting, obesity, fluid retention (edema or ascites), chronic liver disease, and vegetarians

Decreased tubular Cr excretion: trimethoprim, cimetidine, and famotidine

Increased extrarenal Cr elimination: chronic kidney disease stage 5

Higher daily osmolar load: glycosuria in poorly controlled DM or taking SGLT-2i, extraordinarily large meals, and recent diuretics use

sUCr/Osm tends to overestimate instant urinary excretion rate when:

Higher-than-ordinary Cr excretion load: cooked meats, and creatine supplements

Increased tubular Cr excretion: nephrotic syndrome

Significant extrarenal osmolar loss: diarrhea, vomiting, gastric juice drainage, and excessive sweating

Abbreviations: Cr: creatinine; DM: diabetes mellitus; SGLT-2i: sodium-glucose cotransporter-2 inhibitors.

sUOsm was not found to be correlated with BW in the
present study. Fourth, African Americans had not only
higher sUCr but also higher sUCr/Osm. It is compatible
with the presumption that African Americans have a
higher daily urinary excretion load of Cr, as supported
by the fact that higher eGFR for African Americans at a
given SCr level is consistent with various eGFR equations
[1-3]. When BUN, SCr, and their interactions were con-
sidered at the same time, the ratio of BUN to SCr
(BUN/SCr) was correlated negatively with sUCr as well
as sUCr/Osm and positively with sUOsm. Reasonably,
the higher the SCr, the higher the sUCr, even after correc-
tion for simultaneous urine osmolality. The positive corre-
lation between sUOsm and BUN/SCr is compatible with
the fact that increased urine concentration power or tubu-
lar reabsorption of UN leads to higher BUN/SCr as in the
case of prerenal azotemia. As to the correlations of uric
acid with sUCr, sUOsm, and sUCr/Osm, they would be
attributed to the status of food intake, intrinsic catabolism,
and renal absorption and excretion. For conciseness, other
possible minor factors merely related to sUCr or sUOsm,
and those for sUCr/Osm but with a P value > 0.001 are
not to be comprehensively discussed.

There are some limitations in the present study that need
to be noted. First, in the original NHANES 2011-2012, there
was no information about the major components contrib-
uting to urine osmolality such as concentrations of
sodium, potassium, and UN in urine. Second, despite
using multivariable regression models with adjustment of
available confounding variables, the findings in this
cross-sectional study only provided associations, not cau-
sation, about the relationship between the spot urine pro-
file and the features of demographics, medical conditions,
medication use, and laboratory tests. Third, for individuals
not within the reasonable ranges regarding relevant
anthropometrics and laboratory tests as listed in Methods,
the reference intervals or lower reference limits of sUCr/
Osm would not be applicable. Fourth, as race is a social
construct rather than a biological variable, race adjustment
about African Americans has been questioned recently
[27]. However, in the present study using the data from
NHANES 2011-2012, the actual effects of race differences
were still taken into account for data presentation, analy-
sis, and interpretation.

5. Conclusions

According to the Kidney Disease: Improving Global Out-
comes (KDIGO) definition and staging system guidelines
[19], the consensus on AKI definition is as follows: (1)
increase in SCr by >0.3mg/dL (>26.5umol/L) within 48
hours or (2) increase in SCr to >1.5 times baseline, which
is known or presumed to have occurred within the prior
seven days, or (3) urinevolume < 0.5mL/kg BW/hour for
six hours. Thus, based on the definition, increase in SCr
levels or decrease in urine volume, the diagnosis of AKI
must be deferred for at least six hours after entry, even in
emergency settings. Therefore, to meet the need of noninva-
sive diagnosis of early kidney injury, biomarkers of tubular
injury and/or damage have been extensively investigated
[28, 29]. However, acute dysfunction manifesting as increas-
ing SCr levels might occur without tubular damage indicated
by those injury biomarkers [29].

As introduced as a physiologically sound surrogate of
instant urinary Cr excretion rate, sUCr/Osm would be
promising as a practical tool for the assessment of risks of
acute accumulation of Cr in an individual originally
assumed in stable condition. If the sUCr/Osm is lower than
the lower reference limit, 0.08 for absolute values or 0.50 for
values indexed for personalized esUCr/Osm, it can be
inferred his or her urinary Cr excretion rate at the sampling
time would be below the 5th percentile. Then, they may be at
the highest risk of acute accumulation of Cr in the body,
increasing SCr levels, and meeting the SCr criteria of AKI.

The present study only provided the preliminary concept
of sUCr/Osm as a surrogate of instant urinary Cr excretion
rate and its reference intervals for ordinary adults in stable
condition. There are other clinical situations with various
interferences in urinary excretion of Cr and osmoles as listed
in Table 8. Therefore, further validation trials are advocated
for verification of sUCr/Osm employed for recognition of
true AKI risk in various clinical conditions.

Data Availability

The deidentified participant-level data of the 9,756 individ-
uals enrolled in the NHANES 2011-2012 were first openly
published in September 2013 and last revised in January
2015 (https://wwwn.cdc.gov/Nchs/Nhanes). The data sets
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naries will be shared by the corresponding author on
request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Dr. Hsu had full access to all data in the study and takes
responsibility for the integrity of the data and the accuracy
of the data analysis. Concept and design were done by Dr.
Hsu and Dr. Chien. Acquisition, analysis, or interpretation
of data was contributed by Dr. Hsu and Dr. Chien. Drafting
of the manuscript was undertaken by Dr. Hsu. Critical revi-
sion of the manuscript for important intellectual content was
performed by Dr. Hsu and Dr. Chien. Statistical analysis was
contributed by Dr. Hsu. Shih-Ping Hsu and Chiang-Ting
Chien contributed equally to this work.

References

(1]

(2]

(10]

A. S. Levey, J. P. Bosch, J. B. Lewis, T. Greene, N. Rogers, and
D. Roth, “A more accurate method to estimate glomerular fil-
tration rate from serum creatinine: a new prediction equation.
Modification of Diet in Renal Disease Study Group,” Annals of
Internal Medicine, vol. 130, no. 6, pp. 461-470, 1999.

A.S. Levey, L. A. Stevens, C. H. Schmid et al., “A new equation
to estimate glomerular filtration rate,” Annals of Internal Med-
icine, vol. 150, no. 9, pp. 604-612, 2009.

L. A. Inker, C. H. Schmid, H. Tighiouart et al., “Estimating glo-
merular filtration rate from serum creatinine and cystatin C,”
The New England Journal of Medicine, vol. 367, no. 1,
pp. 20-29, 2012.

S. Chen, “Retooling the creatinine clearance equation to esti-
mate kinetic GFR when the plasma creatinine is changing
acutely,” Journal of the American Society of Nephrology.,
vol. 24, no. 6, pp. 877-888, 2013.

A. T. Maciel and on behalf of the Imed Research Group of
Investigators, “Back to basics: is there a good reason to not sys-
tematically measure urine creatinine in acute kidney injury
monitoring?,” Nephron, vol. 133, no. 2, pp. 111-115, 2016.

D. Cockcroft and M. Gault, “Prediction of creatine clearance
from serum creatinine,” Nephron, vol. 16, no. 1, pp. 31-41,
1976.

J. H.Ix, C. L. Wassel, L. A. Stevens et al., “Equations to estimate
creatinine excretion rate: the CKD epidemiology collabora-
tion,” Clinical Journal of the American Society of Nephrology,
vol. 6, no. 1, pp. 184-191, 2011.

K. S. Kamel and M. L. Halperin, “chapter 12- Polyuria,” in
Fluid, Electrolyte and Acid-Base Physiology (Fifth Edition), K.
S. Kamel and M. L. Halperin, Eds., Elsevier, Philadelphia, 2017.
T. Berl and J. M. Sands, Comprehensive Clinical Nephrology: 8.
Disorders of Water Metabolism, Elsevier, Philadelphia, PA, 6th
ed edition, 2019.

W. F. Keane and G. Eknoyan, “Proteinuria, albuminuria, risk,
assessment, detection, elimination (PARADE): a position
paper of the National Kidney Foundation,” American Journal
of Kidney Diseases, vol. 33, no. 5, pp. 1004-1010, 1999.

(11]

(12]

(13]

(14]

(15]

(16]
(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

[25]

(26]

Disease Markers

M. Guy, J. K. Borzomato, R. G. Newall, P. A. Kalra, and C. P.
Price, “Protein and albumin-to-creatinine ratios in random
urines accurately predict 24 h protein and albumin loss in
patients with kidney disease,” Annals of Clinical Biochemistry,
vol. 46, no. 6, pp. 468-476, 2009.

P. Ruggenenti, F. Gaspari, A. Perna, and G. Remuzzi, “Cross
sectional longitudinal study of spot morning urine protein:
creatinine ratio, 24 hour urine protein excretion rate, glomer-
ular filtration rate, and end stage renal failure in chronic renal
disease in patients without diabetes,” BM], vol. 316, no. 7130,
pp. 504-509, 1998.

G. G. Gyamlani, E. J. Bergstralh, J. M. Slezak, and T. S. Larson,
“Urinary albumin to osmolality ratio predicts 24-hour urine
albumin excretion in diabetes mellitus,” American Journal of
Kidney Diseases, vol. 42, no. 4, pp. 685-692, 2003.

D. M. Wilson and R. L. Anderson, “Protein-osmolality ratio
for the quantitative assessment of proteinuria from a random
urinalysis sample,” American Journal of Clinical Pathology,
vol. 100, no. 4, pp. 419-424, 1993.

P. Eckerbom, P. Hansell, E. Cox et al., “Circadian variation in
renal blood flow and kidney function in healthy volunteers
monitored with noninvasive magnetic resonance imaging,”
American Journal of Physiology-Renal Physiology, vol. 319,
no. 6, pp. F966-F978, 2020.

P. S. Horn and A. J. Pesce, “Reference intervals: an update,”
Clinica Chimica Acta, vol. 334, no. 1-2, pp. 5-23, 2003.

G. Jones and A. Barker, “Reference intervals,” The Clinical Bio-
chemist Reviews, vol. 29, Suppl 1, pp. S93-S97, 2008.

n

F. Ceriotti and J. Henny, “"Are my laboratory results normal?”
Considerations to be made concerning reference intervals and
decision limits,” Ejifcc., vol. 19, no. 2, pp. 106-114, 2008.

J. A. Kellum, N. Lameire, P. Aspelin et al,, “Kidney disease:
improving global outcomes (KDIGO) acute kidney injury
work group. KDIGO clinical practice guideline for acute kid-
ney injury,” Kidney Intrernaltional Supplments, vol. 2, pp. 1-
138, 2012.

Centers fro Disease Control and Prevention, “NHANES ques-
tionnaires, datasets, and related documentation,” June 2021,
https://wwwn.cdc.gov/Nchs/Nhanes/.

World Health Organization, “Body mass index - BMI,” June
2021, https://www.euro.who.int/en/health-topics/disease-
prevention/nutrition/a-healthy-lifestyle/body-mass-index-
bmi.

Centers for Disease Control and Prevention, “Defining adult
overweight & obesity,” June 2021, https://www.cdc.gov/
obesity/adult/defining.html.

S. Godevithanage, P. P. Kanankearachchi, M. P. Dissanayake
et al, “Spot urine osmolality/creatinine ratio in healthy
humans,” Kidney ¢ Blood Pressure Research, vol. 33, no. 4,
pp. 291-296, 2010.

H. C. Yeh, Y. S. Lin, C. C. Kuo et al.,, “Urine osmolality in
the US population: implications for environmental biomon-
itoring,” Environmental Research, vol. 136, pp. 482-490,
2015.

S. Ozdemir, C. G. Sears, J. M. Harrington et al., “Relationship
between urine creatinine and urine osmolality in spot samples
among men and women in the Danish diet cancer and health
cohort,” Toxics, vol. 9, no. 11, p. 282, 2021.

J. M. Sands, “Urinary concentration and dilution in the aging
kidney,” Seminars in Nephrology, vol. 29, no. 6, pp. 579-586,
2009.


https://wwwn.cdc.gov/Nchs/Nhanes/
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.cdc.gov/obesity/adult/defining.html
https://www.cdc.gov/obesity/adult/defining.html

Disease Markers

[27] D. A. Vyas, L. G. Eisenstein, and D. S. Jones, “Hidden in plain
sight — reconsidering the use of race correction in clinical
algorithms,” New England Journal of Medicine, vol. 383,
no. 9, pp. 874-882, 2020.

(28] F. C. Luft, “Biomarkers and predicting acute kidney injury,”
Acta Physiologica, vol. 231, no. 1, article 13479, 2021.

[29] B. Desanti De Oliveira, K. Xu, T. H. Shen et al., “Molecular
nephrology: types of acute tubular injury,” Nature Reviews.
Nephrology, vol. 15, no. 10, pp. 599-612, 2019.

11



	Reference Intervals of Spot Urine Creatinine-to-Osmolality Ratio as a Surrogate of Urinary Creatinine Excretion Rate
	1. Introduction
	2. Methods
	2.1. Study Population
	2.2. Demographics, Comorbidities, and Medication Use
	2.3. Measurement of Blood Biochemistry, Urine Creatinine, and Osmolality
	2.4. Statistical Analysis

	3. Results
	3.1. Demographics, Comorbidities, and Medication Use
	3.2. Blood Biochemistry and Urine Profile
	3.3. Factors Related to Spot Urine Profile

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions

