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Abstract

Background—For many environmental chemicals, concentrations in spot urine samples are
considered valid surrogates of exposure and internal dose. To correct for urine dilution, spot urine
concentrations are commonly adjusted for urinary creatinine. There are, however, several concerns
about the use of urine creatinine. While urine osmolality is an attractive alternative; its
characteristics and determinants in the general population remain unknown. Our objective was to
describe the determinants of urine osmolality and to contrast the difference between osmolality
and creatinine in urine.

Methods—From the National Health and Nutrition Examination Survey (NHANES) 2009-2012,
10,769 participants aged 16 years or older with measured urine osmolality and creatinine were
used in the analysis. Very dilute and very concentrated urine was defined as urine creatinine lower
than 0.3 g/l and higher than 3 g/I, respectively. Linear and logistic regression analyses were
performed to investigate the associations of interest.

Potential conflicts of interest: All authors: no conflicts.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yeh et al.

Page 2

Results—Urine osmolality and creatinine were highly correlated (Pearson correlation coefficient
= 0.75) and their respective median values were 648 mOsm/kg and 1.07 g/l. The prevalence of
very dilute and very concentrated urine samples was 8.1% and 3.1%, respectively. Factors
associated in the same direction with both urine osmolality and urine creatinine included age, sex,
race, body mass index (BMI), hypertension, water intake, and blood osmolality. The magnitude of
associations expressed as percent change was significantly stronger with creatinine than
osmolality. Compared to urine creatinine, urine osmolality did not vary by diabetes status but was
affected by daily total protein intake. Participants with chronic kidney disease (CKD) had
significantly higher urine creatinine concentrations but lower urine osmolality. Both very dilute
and concentrated urine were associated with a diverse array of sociodemographic, medical
conditions, and dietary factors. For instance, females were approximately 3.3 times more likely to
have urine over-dilution than male [the adjusted odds ratios (95% CI) = 3.27 (2.10-5.10)].

Conclusion—Although the determinants of urine osmolality were generally similar to those of
urine creatinine, the relative influence of socio-demographic and medical conditions was less on
urine osmolality than on urine creatinine. Protocols for spot urine sample collection could
recommend avoiding excessive and insufficient water intake before urine sampling to improve
urine adequacy. The feasibility of adopting urine osmolality adjustment and water intake
recommendations before providing spot urine samples for environmental biomonitoring merits
further investigation.
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Background

For many environmental chemicals including metals, drugs, and pesticides, measurement in
urine is a useful non-invasive method to assess external exposure and internal dose (Barr et
al., 2005; Lin et al., 2005; Navas-Acien et al., 2005). Twenty-four hour urine samples are
commonly regarded as the “gold standard” to quantify environmental exposures but are
often cumbersome and expansive to collect, thereby, preventing its practical application in
large population studies. Spot urine samples, with or without correction for urine dilution,
are therefore commonly utilized in environmental monitoring. The adjustors commonly used
to standardize the concentrations of chemicals in urine include urine creatinine, specific
gravity, and osmolality. In the 1950-70s, urine specific gravity and osmolality were widely
used in occupational medicine (Elkins, 1969; Elkins and Pagnotto, 1965). Following the
validation of the urine albumin-creatinine ratio in clinical medicine in the early 1980s
(Barratt et al., 1970; McCrory et al., 1959), urine creatinine adjustment gradually replaced
urine specific gravity and osmolality in environmental science (Barr et al., 2005). However,
there are growing concerns about the non-random variability introduced by correction with
urine creatinine and the possibility that this correction biases exposure-response relationship
estimates (Sieniawska et al., 2012; Suwazono et al., 2005).

Criticism of urine creatinine standardization stems from two fairly well-established
observations. First, although relatively constant, since creatinine is metabolized from
creatine in muscle, differences in muscle mass and diet cause variation in daily urine
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creatinine excretion that is depend on age, gender, race, and body mass index (Barr et al.,
2005). Second, biosynthesis of creatinine is related to methylation processes including
detoxification of many toxicants. For instance, the formation of creatinine may interfere with
arsenic metabolism by competing for methyl groups yielded from one-carbon metabolism
(Hall and Gamble, 2012; Nermell et al., 2008). Adjusting for urine creatinine may thus
introduce measurement errors that are differential by disease status (e.g. kidney disease) or
dependent on exposure levels or metabolism. Recent environmental studies have therefore
explored correcting for urine dilution using urine specific gravity or osmolality (Shelley et
al., 2014; Suwazono et al., 2005; Yassine et al., 2012). However, the determinants of these
two markers of urine concentration remain largely unknown in population-based surveys.
Also, the performance of these two historical methods to correct for urine dilution in
environmental biomonitoring has not been systematically evaluated.

In 2009, the National Health Nutrition Examination Survey (NHANES), a representative
sample of the civilian U.S. population, began measuring urine osmolality routinely in
addition to urine creatinine. Our study objective was to characterize determinants of urine
osmolality in NHANES 2009-2012 participants and to compare these determinants with
those of urine creatinine. We also examined characteristics of participants who provided
very dilute and concentrated urine samples as defined by the WHO guidelines for
occupational biomonitoring(World Health Organization (WHQ), 1996).

Study population

NHANES is a continuous nationally-representative survey conducted by the U.S. National
Center for Health Statistics (Hyattsville, MD) using a stratified multistage sampling design.
A total of 20,293 individuals participated in the NHANES 2009-2012 in-home interview
and the medical evaluation at the mobile examination center. The participation rate was
73.6%. For urine osmolality, NHANES 2009-2012 selected study participants aged 6 years
and older. For this study, we restricted the analysis to participants 16 years and older
(N=13,064). Among 11,979 participants who had urine osmolality measured, we excluded
participants who had missing urine creatinine (n=8), missing serum creatinine or blood
osmolality level (n=746), those who were pregnant (n=109), and those with missing
covariates of interest (e.g., body mass index or diabetes status, n=347), leaving a final
sample of 10,769 participants for this analysis. For analyses of the association of urine
osmolality or creatinine with dietary factors and medications, we further restricted our
analysis to the 5,810 participants with information available on detailed dietary intake and
daily medication use. The NHANES 2009-2011 cycles were approved by the institutional
review board of the National Center for Health Statistics. Oral and written informed consent
was obtained from all participants.

Measurement of urine osmolality and creatinine

In NHANES 2009-2012, osmolality was measured in spot or timed urine samples directly at
the mobile examination center within 4 hours of collection, which conforms with current
practice, to ensure the stability of measurements (Curria, 2011; The National Health and
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Nutrition Examination Survey (NHANES), 2010). In this study, 14.3% of urine specimens
were derived from multiple urine collections. Urine osmolality was measured by Osmette 11,
Model 5005 Automatic Osmometer utilizing the freezing point depression method.
Osmolality is expressed in units of milliOsmoles (mOsm) per kilogram of water. The
interassay coefficients of variation of quality control-pooled samples analyzed throughout
2009-2010 ranged between 0.8% and 2.7%. For urine creatinine analysis, spot or timed
urine samples were stored at 2-8 °C until analysis within 36 hours of receipt in the
laboratory. Urine creatinine was measured by an enzymatic (creatinase) method by Roche/
Hitachi Modular P Chemistry Analyzer in 2009-2012. The interassay coefficients of
variation for urine creatinine throughout 2009-2010 ranged between 1.4% and 4.4%.

Adequacy of urine specimens

The World Health Organization (WHO) has established guidelines to determine the
adequacy of spot urine samples in occupational biomonitoring (World Health Organization
(WHO), 1996). Following the WHO guidelines, we defined urine specimens as adequate for
environmental biomonitoring if the urine creatinine concentrations were between 0.3 and 3
g/l. Very dilute and very concentrated urine was defined as urine creatinine level less than
0.3 g/l, and higher than 3 g/I, respectively (Barr et al., 2005; World Health Organization
(WHO), 1996).

Dietary intake and medication databases

The NHANES 2009-2010 cycle included two 24-hour dietary recalls for about 82% of total
study participants. Participants were asked to list the types and amounts of all food and
beverages consumed during the previous 24-hours with the goal of obtaining data
representative of usual dietary intake for the US population (Dwyer et al., 2003). Data from
the first dietary recall completed at the mobile examination center following standardized
protocols by NHANES trained dietary interviewers were used to estimate total intake of
energy, nutrients, and non-nutrient food components from food and beverages that were
consumed during the 24-hour period prior to the exam (midnight to midnight) for all
participants. Total plain water intake (gm/day) was defined as the 24-hour amount of water
consumed (including plain tap water, water from a drinking fountain, water from a water
cooler, bottled water, and spring water). Total protein intake (gm/day) was defined as the
daily aggregates of protein from all food and beverages as calculated using USDA’s FOOD
and Nutrient Database for Dietary Studies 5 (FNDDS 5.0).

Information on prescription medications was collected during the household interview by
trained interviewers using a Computer-Assisted Personal Interviewing (CAPI) system. In
NHANES 2009-2010 cycle, 92% of all reported drugs were automatically matched to the
data collection drug database (National Health and Nutrition Examination Survey, 2012).
Diuretic usage was defined as participants taking thiazide-type, loop-active agents, and
potassium-sparing agents given in monotherapy or in combination.

Other variables

ociodemographic variables collected during the interview included age, race/ethnicity,
gender, education, cigarette smoking, and alcohol consumption. Smoking was categorized as
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current and non-current (including former or never smoking) by self-report. Alcohol
consumption was categorized as never (< 12 drinks in any 1 year in life), former (= 12 drinks
in any 1 year in life and not drinking now), and current (=12 drinks in any 1 year in life and
drinking now) drinking.

Body mass index was calculated as measured weight in kilograms divided by measured
height in meters squared. Diabetes mellitus was defined by self-reported diagnosis by a
physician, diabetes medication use, or glucose levels higher or equal than 126 mg/dL
(fasting 8 hours or more) or than 200 mg/dL (fasting less than 8 hours). 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. Urine
albumin was determined using fluorescein immunoassay by Sequoia-Turner digital
fluorometer (model 450). Albuminuria was defined as urine albumin-creatinine ratio greater
than 30 gm/g creatinine. Serum creatinine was measured by the Jaffé rate method (kinetic
alkaline picrate) at the Collaborative Laboratory Services at Ottumwa, lowa, using a
Beckman Coulter UniCel® DxC800 Synchron in 2009-2012. Kidney function was assessed
by calculating the estimated glomerular filtration rate (eGFR) using the equation provided
by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula. Chronic
kidney disease (CKD) was defined as eGFR less than 60 ml/min/1.73m?2(Levey et al., 2009).

Statistical analysis

Statistical analyses were performed using the sample survey commands in STATA version
12.0 statistical software (StataCorp LP, College Station, Texas) to account for the complex
sampling design and to incorporate appropriate weights, primary sampling units, and strata
in NHANES 2009-2012 and obtain unbiased point estimates and robust linearized standard
errors. In the current study, sample weights for NHANES 2009-2012 analyses were
computed by combining the sample weights for each individual survey cycle (2009-2010
and 2011-2012) following the NCHS analytical guidelines (National Health and Nutrition
Examination Survey (NHANES), 2013). The 2-sided statistical significance level was set at
a=0.05.

The levels of urine osmolality and creatinine were summarized in a scatter plot with density
distributions (figure 1). Following the approach used by Barr et al (Barr et al., 2005), we
used linear regression models to examine the influence of a set of proposed parameters on
the levels of urine osmolality and creatinine. The proposed adjustment variables included
age (per 10-year change), gender, race, body mass index, hypertension, diabetes, chronic
kidney disease, diuretics usage, daily total protein intake (in tertiles), total water intake (in
tertiles), and blood osmolality (in tertiles). Because both dependent variables (urine
creatinine and urine osmolality) are right-skewed, we log-transformed them to improve
normality and to estimate their percent change attributed to the proposed independent
variables. We used multiple logistic regression models to evaluate the determinants of very
dilute urine or very concentrated urine in separate analyses. Regression analyses were
conducted with and without adjustment using the same variables mentioned above.
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Characteristics of urine osmolality

Urine osmolality and creatinine were strongly correlated with each other (Pearson
correlation coefficient = 0.75). The median (interquartile range [IQR]) were 648 (393, 838)
mOsm/kg for urine osmolality and 1.07 (0.6, 1.66) g/l for urine creatinine (Figure 1). The
median (IQR) urine osmolality concentrations were summarized by age groups across
sociodemographic factors, medical conditions, dietary intake and diuretics usage (Table 1-
3). An inverse association of decreasing urine osmolality with increasing age was observed
(Dsrena < 0.001). Regardless of age, male participants generally had higher urine osmolality
than females (Figure 1). Non-Hispanic blacks and Mexican Americans tended to have
significantly higher urine osmolality compared to Non-Hispanic whites across all age
categories(Table 1). Urine osmolality was also higher in adult obese participants (BMI = 30
kg/m?2) compared to those with normal BMI (p < 0.001) (Table 2).

Medical conditions including diabetes, hypertension, and albuminuria were not associated
with the level of urine osmolality. However, participants with chronic kidney disease (CKD)
tended to have lower urine osmolality. Among dietary factors, higher protein intake was
significantly associated with higher urine osmolality across all age groups. For daily water
intake, urine osmolality was significantly lower only among participants 20 to 59 years of
age with higher daily water intake (Table 3).

Effect size comparison: Urine osmolality vs. urine creatinine

In multiple linear regression analysis with urine osmolality as the dependent variable in the
original scale among participants with complete data available, independent variables that
were statistically significant included age, gender, race/ethnicity, body mass index, daily
total protein, water intake, blood osmolality and CKD. Diabetes was not associated with
urine osmolality. For urine creatinine concentration in the original scale, the independent
variables that were statistically significant included age, gender, race/ethnicity, body mass
index, water intake, diabetes and CKD. Daily total protein intake and diuretics were not
statistically significant. For CKD, the association with urine osmolality was negative and
with urine creatinine it was positive. The estimated coefficients for urine osmolality (in
mOsm/kg) and for urine creatinine (in g/l) are summarized in table 4.

When using log-transformed dependent variables (urine osmolality and urine creatinine) in
multiple linear regression modeling, we can evaluate percent change due to unit increase or
categorical change in the independent variables (Figure2a and 2b). Compared to urine
creatinine, the percent change in urine osmolality was less noticeable in participants that
were female, non-Hispanic blacks, obese, diabetic, and with CKD (Table 4).

Very dilute and very concentrated urine specimens

The estimated prevalence for very dilute and very concentrated urine was 8.1% and 3.1%,
respectively (Table 5). Overall only 88.8% of urine samples in NHANES would be
considered adequate specimens based on WHO guidelines for occupational monitoring. Very
dilute urine tended to be more prevalent among the elderly, females, and subjects with BMI
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<25 kg/m?2. These factors were associated in the opposite direction with very concentrated
urine. Compared to race/ethnicity of participants providing adequate urine samples, very
dilute urine was more common among non-Hispanic whites and less common among non-
Hispanic blacks and Mexican Americans. Very concentrated urine was more common
among non-Hispanic blacks and less common among non-Hispanic whites and Mexican-
Americans.

Subjects who provided either very dilute or very concentrated urine were less likely to have
CKD (Table 5). Blood glucose and blood osmolality were significantly lower among
participants with very dilute urine. Compared to adequate urine samples, urine osmolality
was 176 mOsm/kg and 990 mOsm in very dilute and very concentrated samples,
respectively. On average, total daily plain water intake in participants with very dilute urine
was 267 gram greater than participants providing adequate urine specimens and 533.2 gram
greater than those providing over-condensed urine samples.

The adjusted odds ratios (95% CI) of urine over-dilution were 1.10 (1.00-1.21) for every 10-
year increase in age, 3.27 (2.10-5.10) for female versus male, 0.40 (0.27-0.61) for non-
Hispanic blacks versus non-Hispanic whites, 0.36 (0.26-0.51) for obese participants versus
normal BMI, 0.40 (0.19-0.85) for CKD versus non-CKD, and 1.02 (1.00-1.05) for every
100 gram increase in daily total plain water intake (Figure 3a). The adjusted odds ratios
(95% CI) of providing over-condensed urine specimens were 0.65 (0.570.75) every 10-year
increase in age, 0.29 (0.21-0.40) for female versus male, 3.69 (2.50-5.45) for non-Hispanic
blacks versus non-Hispanic whites, 1.49 (0.84-2.66) for obese participants versus normal
BMI, 2.27 (1.01-5.10) for CKD versus non-CKD, and 0.95 (0.92-0.98) for every 100 gram
increase in daily total plain water intake (Figure 3b).

Discussion

To our knowledge, this is the first large scale population-based study to characterize urine
osmolality and explore predisposing factors that influence spot urine samples that are very
dilute and very concentrated. The current analyses showed that urine osmolality was
associated with age, gender, race, body mass index, chronic kidney disease status, daily total
protein intake, plain water intake, and blood osmolality. Our study also found that older age,
female gender, non-Hispanic white race/ethnicity and increased water intake were associated
with higher likelihood of having a urine sample that was very dilute. In contrast, younger
age, male gender, non-Hispanic blacks, CKD, and decreased water intake were associated
with urine samples that were very concentrated. The influence of demographic factors and
medical conditions on urine osmolality was less dramatic compared to the associations
between those factors and urine creatinine. However, urine osmolality was more strongly
associated with daily protein intake.

The success of using urine creatinine to standardize spot urine albumin concentration in
clinical medicine makes it a widely adopted method in urine dilution correction in
environmental biomonitoring. However, the biosynthesis and degradation of creatinine is
tightly coupled with creatine metabolism, which mainly depends on the mass of muscular
tissues, dietary creatine input, the synthesis capacity of the liver, and overall kidney function
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(Wyss and Kaddurah-Daouk, 2000). The kidney plays a dominant role in creatinine
excretion. In addition to being filtered by glomerulus, creatinine is actively secreted into the
proximal tubule adding another process through which its concentration in urine can be
affected (Breyer and Qi, 2010; Ciarimboli et al., 2012). Urine creatinine concentrations are,
therefore, very different depending on age, gender, race/ethnicity, body mass index, medical
conditions including diabetes and kidney disease, and nutritional condition (Barr et al.,
2005). This raises concern about the validity of using urine creatinine to standardize spot
urine toxicant concentration, particularly at low exposure levels, most common among the
general population. Some researchers suggest that urine specific gravity may perform better
than urine creatinine based on limited evidence, mostly cross-sectional and descriptive in
design and lacking a reference 24-hour urine specimen for measurement comparison (Ikeda
et al., 2003; Nermell et al., 2008; Suwazono et al., 2005; Yassine et al., 2012). Specific
gravity is the ratio of the density of urine compared to distilled water and is commonly
measured in urine to approximate osmolality (Fogazzi, 2005). In general, urine osmolality is
more accurate than urine specific gravity to quantify urine concentration and there is
generally a good correlation between them (Cook et al., 2000). Urine osmolality is also less
interfered by glucosuria and/or albuminuria (Fogazzi, 2005).

The performance and validity of urine osmolality adjustment in environmental
biomonitoring has not been evaluated, although a few studies have supported that aloumin-
to-osmolality ratio or protein-to-osmolality ratio correlates closely with 24-hour
measurements (Gyamlani et al., 2003; Kim et al., 2001; Morgenstern et al., 2003). In our
study, we found that the variation in urine osmolality related to socio-demographic
background and medical conditions was less dramatic compared to urine creatinine.
However, urine osmolality varied significantly by daily total protein intake. In addition,
urine osmolality and urine creatinine were associated in opposite directions in participants
with and without CKD. The higher urine creatinine concentrations in CKD patients is likely
reflective of higher plasma concentrations and can be explained by hyperfiltrated remnant
nephrons and compensatory increases in proximal tubular secretion when blood creatinine
concentration reaches a higher steady state (Breyer and Qi, 2010; Ciarimboli et al., 2012).
Urine concentrating ability declines in the early stages of CKD; therefore, urine osmolality
in participants with CKD is lower compared to that of participants with normal renal
function (Combs and Berl, 2014). This finding has important implications on studying CKD
in environmental science because the impact of CKD on urine creatinine and urine
osmolality may introduce differential measurement error when we apply osmolality- or
creatinine-based adjustment, especially in cross-sectional studies. It is not possible to
conclude whether urine osmolality adjustment is more appropriate than urine creatinine
according to our findings. More systematic research using 24-hour urine samples is
necessary to assess the validity of spot urine osmolality adjustment in environmental
biomonitoring.

Adequate urine sampling is the cornerstone to minimize information bias in both
environmental biomonitoring and clinical studies. In occupational monitoring, urine samples
with urine creatinine less than 0.3 g/l and higher than 3 g/l are classified as very dilute and
very concentrated urine specimens, respectively (World Health Organization (WHQ), 1996).
Nevertheless, the definitions of very dilute and concentrated urine remain under debate and,
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currently, there are no cut-offs for extremes of urine concentration based on urine osmolality
in environmental biomonitoring. For instance, for urine drug screens in the health care and
criminal justice systems, urine samples with urine creatinine levels of less than 0.2g/l are
considered very dilute (Moeller et al., 2008). To be consistent with WHO, urine creatinine of
0.3 g/l was used as a cut-off to define very dilute urine in this study. The prevalence of very
dilute urine was 8.0% in NHANES Il (Barr et al., 2005) and 8.1% in NHANES 2009-2012
samples. Our study showed that participants with female gender, non-Hispanic whites, BMI
less than 25 kg/m2, and greater daily water intake were more likely to provide very dilute
urine specimens. In contrast, factors including younger age, male gender, non-Hispanic
blacks, CKD status, and less daily water intake were associated with very concentrated urine
specimens. Whether different cut-offs should be applied to these specific subgroups remain
controversial (e.g., age- or sex-dependent cut-offs). However, the only external factor that
could be practically modified is water intake. In population-based research, participants are
commonly asked to fast to analyze glucose and lipids. Generally, drinking water during the
fasting period is not restricted, as it does not affect the blood test results. This is because the
stability of blood concentration is tightly regulated through adjusting the amount of water in
the urine. Therefore, this practice may introduce non-random variation into measurements of
urine concentration. Prescripted water intake before urine sampling during fasting period
may be considered to improve urine adequacy. More studies are needed to evaluate the
performance and applicability of this approach and the amount of water that should be
recommended.

Some limitations of our study should be considered. First, we had no information on some
factors that are important for urine osmolality such as sodium concentrations in urine.
Second, despite the biological plausibility and the efforts to control for confounding
variables (e.g., body mass index), the study is cross-sectional and it only allows the
investigation of associations, not causation, of host factors (e.g., CKD) with urine osmolality
and creatinine. Third, although this study benefits from standardized measurements from a
broad sample of the general population, the findings may not generalize to populations of
different socioeconomic backgrounds, nutrition status, and medical status. For instance, as
the study was conducted in a general non-institutionalized population, individuals with
serious medical conditions were less likely to be recruited into the study. Fourth, urine
creatinine or osmolality were measured in random urine samples (first sample in mobile
examination center (MEC) at a single time point (spot sample) or timed (pooled up to three
urine samples) urine collected in the MEC without information of water intake amount
during the fasting period before biospecimen collection. Also, no 24-hour urine samples
were available. Within-person variation in urine osmolality and creatinine measurements,
and likewise variations in the measurements of urine determinants (e.g., water intake), could
result in non-differential misclassification and might bias the observation towards null
(Thomas et al., 1993). Further study is warranted to validate the current findings, especially
the timing and frequency of urine collections, in larger datasets or cohort studies/clinical
trials.
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Conclusion

In this analysis of the US population, the characteristics of urine osmolality were generally
similar to urine creatinine. The relative influence of socio-demographic and medical
conditions on urine osmolality was generally less dramatic than on urine creatinine.
However, urine osmolality differed significantly with total protein intake in contrast to urine
creatinine. Given the known limitations of urine creatinine, the validity of urine osmolality
adjustment in environmental biomonitoring is worth further investigation. As CKD status
differentially affect levels of urine creatinine and osmolality, creatinine- or osmolality-based
adjustment strategy should be cautiously used to determine internal dose in participants with
CKD. Avoiding excessive and too limited water intake before urine sampling may improve
the adequacy of spot urine samples. More research is needed to understand the usefulness of
urine osmolality to adjust for urine dilution and to develop an appropriate urine collection
protocol for environmental biomonitoring in general populations.
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Figure 1.
The distribution of urine osmolality and urine creatinine by gender in NHANES 2009-2012.
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Percent change (95% confidence interval) in urine dilution markers (urine creatinine in red
and urine osmolality in blue) by participant characteristics. Panel A shows the results for
sociodemographic characteristics and comorbidities (NHANES 2009-2012, N=5,867).
Panel B shows the results for medication use and dietary intake (NHANES 2009-2010,
N=3,023). BMI: body mass index, CKD: chronic kidney disease, T: tertile.
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Odds ratios adjusted for all other variables for urine over-dilution in the figure (a) and for

urine over-condensation (b) with 95% confidence interval by demographics, comorbidities,

and daily water intake.
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Statistical difference of percent change in the influence of common determinants on urine osmolality and urine

creatinine.

Table 4

Leading influential factors

Percent change in
urine osmolality (%)

Percent change in

*
. % p-value
urine creatinine (%)

Age (per 10 years)
Sex (Male vs. female)
Race

Non-Hispanic whites

Non-Hispanic blacks

Mexican Americans

Others
Body mass index

<25 kg/m?

>25 & <30 kg/m?

>30 kg/m?
Hypertension (Yes vs. No)
Diabetes (Yes vs. No)
Chronic kidney disease (Yes vs. No)
Diuretic use (Yes vs. No)
Protein intake

1% tertile

2" tertile

31 tertile
Water intake

1% tertile

2" tertile

3" tertile
Blood osmolality

1% tertile

2nd tertile

3 tertile

-2.8 (-3.8~-1.8)
-19.4 (-22.6~-16.1)

0 (Ref)
10.6 (6.2-15.1)
7.1(3.0-11.2)
2.0 (-0.03-7.2)

0 (Ref)
11.0 (6.0-16.0)
21.7 (17.2-26.3)
-2.0(-7.2~32)
-1.1 (-4.7~2.4)
-5.0 (-9.7~-0.4)
-4.1(-9.7~15)

0 (Ref)
7.3 (1.6-13.0)
12.3 (6.5-18.0)

0 (Ref)
3.8 (-1.7-9.3)
-12.8 (-18.4~-7.3)

0 (Ref)
18.7 (10.8-26.7)
33.3(26.9-39.6)

-4.9 (-6.6--3.3) <0.01
-36.8 (-40.8~-32.9)  <0.01

0 (Ref)
31.1(26.3-36.0) <0.01
-1.7 (-7.4-4.1) <0.01
-3.4(-9.8-3.1) 0.01
0 (Ref)
13.5 (6.6-20.5) 0.15
26.3 (20.1-32.4) 0.04
-2.0 (-8.1~3.9) 0.96
-126(-17.7--75)  <0.01
14.1 (6.5-21.8) <0.01
-1.8(-11.9-8.2) 0.43
0 (Ref)
1.1 (-4.8-7.0) <0.01
-1.8 (-10.1-6.4) <0.01
0 (Ref)
42 (-3.1-115) 0.78

-13.9 (-21.2--6.6) 0.49

0 (Ref)
15.9 (5.0-26.7) 0.18
26.2 (18.0-34.4) <0.01

*
This p-value compared the effect estimates for urine osmolality and urine creatinine. It was estimated based on adjusted Wald test.
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Table 5

Characteristics of NHANES 2009-2012 participants by adequacy of the collected spot urine sample following
the WHO guidelines based on urine creatinine concentrations.

Over-diluted urine Adequate urine specimen Over-condensed urine p-value
specimen (urine creatinine 0.3 g/l &<3 specimen
(Urine creatinine <0.3 g/l) all) (Urine creatinine > 3 g/l)
N (%) =756 (8.1) N (%) =9601 (88.8) N (%) =412 (3.1)
Percentage (%) in Category

Male (%) 26.1 51.5 69.2 <0.01
Race (%) <0.01

Non-Hispanic white 76.7 67.4 50.3

Non-Hispanic black 33 10.7 34.8

Mexican American 4.3 9.0 5.8

Others 15.7 13.0 9.1
Hypertension (%0) 66.5 62.0 68.3 0.05
Diabetes (%) 14.3 18.8 12.6 0.08
Chronic kidney disease (%) 4.2 6.3 4.2 0.01
Diuretics usage (%0) 9.4 (N=405) 11.1 (N=5193) 4.2 (N=212) 0.01

Median (Interquartile range)

Age (year) 48 (35-59) 45 (30-59) 31 (23-46) <0.01
Body mass index (kg/m?) 25.3 (22.3-28.9) 27.5(23.9-32.0) 28.7 (24.6-33.1) <0.01
eGFR (ml/min/1.73m2) 98.8 (86.5-111.4) 97.3 (82.3-112.0) 100.4 (86.6-117.3) <0.01
Blood glucose (mg/dL) 96 (89-103) (N=278) 98 (92-107) (N=4809) 98 (90-104) (N=171) 0.004
Fasting time (min) 721 (637-781) (N=278) 701 (632-790) (N=4815) 687 (620-784) (N=171) 0.83
Urine osmolality (mOsm/kg) 176 (132-227) 666 (453-840) 990 (858-1076) <0.01
Blood osmolality (mmol/kg) 276 (273-279) 278 (275-281) 278 (275-281) <0.01
Total protein intake (gm/day)  73.4 (53.1-94.8) (N=384) 77.6 (55.2-104.1) (N=5023) 73.7 (49.0-104.5) (N=202) 0.1

Total water intake (gm/day) 948 (296.3-1866.4) (N=384) 681.4 (177.8-1481.3) (N=5023) 414.8 (0-1184) (N=202) <0.01

*
Median (interquartile range) and frequencies (percentages) are presented for continuous and categorical variables, respectively. P-values were
derived from ANOVA and chi-square test for continuous and categorical variables, respectively.

Abbreviation: eGFR, estimated glomerular filtration rate

The sample sizes for diuretic use and nutrient and water intake were smaller as the information was only available for participants in NAHNES
2009-2010 at the time of analysis.
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