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Estimation of 24-Hour Sodium Excretion
from Spot Urine Samples
Samuel J. Mann, MD;1 Linda M. Gerber, PhD1,2

Despite the effects of sodium intake on blood
pressure and on response to antihypertensive
medication, sodium intake is rarely monitored in
clinical practice. The current method, the 24-hour
urine collection for sodium excretion, is cumbersome, often incorrectly performed, and not commonly ordered. Further, its results have limited
meaning because of the substantial day-to-day
variation in sodium intake. A spot urine test to
enable convenient, inexpensive, and serial monitoring of sodium excretion would be desirable. In
this study, the accuracy of predicting 24-hour
sodium excretion from a spot urine sample was
assessed. The urine sodium ⁄ creatinine ratio was
determined from the following urine samples: an
‘‘AM sample,’’ submitted at the beginning of the
24-hour urine collection; a ‘‘PM sample’’ collected in the later afternoon ⁄ early evening before
dinner, at roughly the midpoint of the collection;
and a ‘‘random sample,’’ collected after its completion. The ratio was then corrected for 24-hour
creatinine excretion. The strongest correlation
between predicted and actual 24-hour sodium
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excretion was observed with the PM sample
collected near the midpoint (r=0.86, P<.001).
This sample also identified persons with sodium
excretion <100 mEq ⁄ d with a sensitivity of 100%
and specificity of 82%. The sodium ⁄ creatinine ratio
from a spot urine sample collected in the late
afternoon ⁄ early evening at roughly the midpoint of
the 24-hour collection, and adjusted for 24-hour
creatinine excretion, strongly correlated with
24-hour sodium excretion. Additional studies are
merited to further evaluate the role of the spot
urine sample in assessing sodium intake. J Clin
Hypertens (Greenwich). ****;**:**–**.

T

he important effects of sodium intake on
blood pressure (BP) and on response to antihypertensive drug therapy have been widely recognized. Despite this, few physicians objectively
measure or monitor the sodium intake of their
hypertensive patients.
The main methods in current use for assessing
sodium intake are dietary recall and measurement
of 24-hour urine sodium excretion. Dietary recall
is often inaccurate, and many patients are truly
unaware of the amount of sodium they consume.1–3 Measurement of 24-hour urine sodium
excretion has major drawbacks. It is cumbersome
and inconvenient. Many patients will not do it,
and among those who do, many perform the collection incorrectly. As many as 30% submit undercollections, understating actual sodium intake.4
Further, results reflect the intake of only the preceding day or two, which, because of the considerable day-to-day variability in sodium intake, often
is not representative of that individual’s usual
sodium intake.
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Currently, hypertension is usually managed without knowledge of patients’ sodium intake. This can
affect both control of hypertension and risk of
adverse effects. For example, when diuretics are
prescribed, the risk of adverse effects is magnified if
a high dose is given to patients who consume little
sodium, and the risk of inadequate BP control is
magnified if a low dose is given to patients with a
high sodium intake. Level of sodium intake can
play an important role in resistant hypertension
and the need for, and efficacy of, high-dose diuretics in its treatment.5,6
A preferable method, from a perspective of ease
and convenience, to serially monitor sodium excretion, would be assessment of sodium excretion
from spot urine samples. This would require measurement of the spot urine sodium concentration
along with a measure of the state of concentration
or dilution of the urine, such as the urine creatinine
concentration, as is currently used to estimate 24hour excretion of other analytes such as albumin
and catecholamines.
Unfortunately, the spot urine sodium ⁄ creatinine
ratio has inherent limitations in estimating 24-hour
sodium excretion. First, sodium excretion varies
considerably from day to day and hour to hour,
and, therefore, spot urine results can differ substantially from results of 24-hour collections. Second,
the accuracy of the sodium ⁄ creatinine ratio is
reduced by the considerable interindividual differences in 24-hour creatinine excretion. Thus, for
example, if one individual excreted 800 mg ⁄ d of
creatinine daily while another excreted 2400 mg,
and both had the same sodium ⁄ creatinine ratio, the
ratio would be misleading in that it would indicate
the same 24-hour sodium excretion for both, even
though sodium excretion would actually be 3-fold
higher in the individual who excretes 2400 mg. The
use of a spot urine method, or a brief timed collection, for assessing sodium excretion has previously
been examined.7–9 Nevertheless, the spot urine
method has not been adopted for clinical use. We
have undertaken studies to reassess its accuracy and
usefulness in estimating 24-hour sodium excretion.
PARTICIPANTS AND METHODS
Study participants were recruited between July
2006 and September 2007. Informed consent was
obtained, as approved by The New York HospitalWeill Cornell Medical Center Committee on
Human Rights in Research. Patients older than 21
were recruited irrespective of hypertensive status
and renal function, as long as renal function and
appetite were stable. The following information

2

THE JOURNAL OF CLINICAL HYPERTENSION

was recorded: weight, height, body mass index
(BMI), serum creatinine level obtained within
3 months of the urine collection, and casual office
BP measurement. Participants were considered to
be hypertensive if treated or untreated office BP
was 140 ⁄ 90 or if the participant was normotensive but reported a history of hypertension and was
taking antihypertensive medication.
All study participants were given a 3-L jug and
instructed to collect a 24-hour urine sample by discarding the first voided urine upon arising in the
morning and then collecting all voided urine up to
and including the first void the following morning.
The first 36 patients were asked to submit a random
sample, collected when bringing in the completed
24-hour urine collection. The next 36 patients were
instructed instead to submit two spot samples
obtained during the 24-hour collection: an ‘‘AM
sample,’’ consisting of the second morning void (ie,
the first urine included in the 24-hour collection and
a ‘‘PM sample,’’ collected in the late afternoon or
early evening, prior to the evening meal, near the
midpoint of the 24-hour collection. An additional 9
patients submitted only the PM sample.
The volume of the 24-hour collections and of
the random, AM, and PM samples were recorded,
and aliquots were sent to The New York Hospital
Laboratories for measurement of sodium, chloride,
and creatinine concentration by standard laboratory
methods. In calculating the 24-hour excretion of
sodium and creatinine, the amount excreted in the
AM and PM samples was added to that contained
in the 24-hour jug.
Statistical Analysis
The sodium ⁄ creatinine ratio of the random, AM,
and PM samples was determined from their respective sodium and creatinine concentrations. Pearson
correlation coefficients were calculated for the relationship between sodium ⁄ creatinine ratio and 24hour sodium excretion.
The predicted 24-hour sodium excretion was
then calculated from the sodium ⁄ creatinine ratios
of the random, AM, and PM samples by adjusting
them for the participant’s 24-hour creatinine excretion, using the following formula:
Predicted 24-hour Na excretion (mEq)
Spot urine [Na] (mEq/L)
¼
Spot urine [creatinine] (mg/L)
 24-hour creatinine excretion (mg)
The correlation between 24-hour sodium excretion predicted from the random, AM, and PM

Table I. Characteristics of the Study Sample (N=83)
Characteristic

No.

Age, y
Body mass index, kg ⁄ m2
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Serum urea nitrogen, mg ⁄ dL
Serum creatinine, mg ⁄ dL
Male, %
Race ⁄ ethnicity, %
White
Black
Other non-white
Hypertensive
Taking a diuretic

81
77
80
80
77
78
81
80

Mean  Standard
Deviation

Range

59.212.2
28.55.7
129.416.0
83.411.8
17.97.2
1.10.4
55.3

21–82
18.4–45.4
95.0–180.0
50.0–120.0
6.0–38.0
0.7–2.3

63.8
25.0
11.3
91.6
56.8

81
81

Table II. Correlations Between Spot Urine Sodium ⁄ Creatinine Ratio and 24-Hour Sodium Excretion
Correlation of 24-H
Sodium Excretion With:
Urine sample
Random
Morning
Evening
a

Unadjusted Sodium ⁄ Creatinine
Ratio

Adjusted Sodium ⁄ Creatinine
Ratio = Predicted 24-H Sodium
Excretiona

R

P Value

No.

R

)0.01
0.14
0.67

.97
.42
<.001

36
36
45

0.17
0.31
0.86

Predicted 24-hour Na excretion (mEq) ¼

P Value
.33
.06
<.001

No.
36
36
45

Spot urine [Na] (mEq/L)
 24-hour creatinine excretion (mg)
Spot urine [creatinine] (mg/L)  10

samples, and actual 24-hour sodium excretion, was
then assessed. Two-tailed probability levels for statistical significance tests are reported, with P<.05
considered statistically significant.
Correlations between predicted and actual
sodium excretion were also assessed in subgroups
defined by hypertension status (normotensive vs
hypertensive), BMI (normal [<25 kg ⁄ m2], overweight [25–29.9 kg ⁄ m2], and obese [30 kg ⁄ m2]),
age (dichotomized at 60 years), and creatinine
(dichotomized at 1.5 mg ⁄ dL). Correlations were
also assessed in diuretic subgroups (diuretic vs no
diuretic and thiazide diuretic vs no diuretic). The
correlations were quantified by Pearson correlation
coefficients.
Finally, participants’ results for 24-hour sodium
excretion were dichotomized into ‘‘low’’ (<100
mEq ⁄ d) or ‘‘not low’’ (100 mEq ⁄ d). The j statistic was computed to assess the level of agreement
between the dichotomized predicted 24-hour excretion from the random, AM, and PM spot samples
and the dichotomized 24-hour excretion.

RESULTS
Demographic characteristics of the 81 study participants are summarized in Table I. Ninety-one percent were hypertensive. Correlations between spot
urine sodium ⁄ creatinine ratios and 24-hour sodium
excretion are shown in Table II. As is seen, without
adjustment for 24-hour creatinine excretion, the
sodium ⁄ creatinine ratio derived from PM samples
correlated strongly with 24-hour sodium excretion
(r=0.67, P<.001), whereas the ratios from the random and AM samples did not demonstrate any
correlation with the 24-hour sodium excretion.
When sodium ⁄ creatinine ratios were adjusted for
24-hour creatinine excretion (Table II and Figure),
all correlations were strengthened. For PM samples,
the correlation between predicted and actual 24hour sodium excretion increased from 0.67
(P<.001) to 0.86 (P<.001). For AM samples, the
correlation approached statistical significance
(r=0.31, P=.06), whereas sodium excretion predicted from random samples was still not significantly correlated with actual 24-hour sodium
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further demonstrates the close relationship between
predicted and actual 24-hour sodium excretion in
terms of the similar mean values, as seen particularly with the PM samples.
Finally, as shown in Table IV, there was good
agreement between the PM samples and 24-hour
sodium excretion in identification of patients with
sodium excretion > or <100 mEq ⁄ d (j=0.71). Specifically, sensitivity in identifying patients with
sodium excretion <100 mEq ⁄ d was 100% (12 of
12) and specificity was 82% (27 of 33). The random and AM samples performed less well (j=0.38
and 0.33, respectively).
Correlations between predicted and actual 24hour sodium excretion were not modified by age or
BMI. The number of patients who were normotensive or who had a serum creatinine >1.5 was too
small to permit subset analysis.
Regarding diuretic treatment status, correlations
were equally strong among patients taking a diuretic and those not taking a diuretic (r=0.86, n=22
and r=0.81, n=13, respectively, for PM samples).
For patients taking a thiazide diuretic, correlations
were also strong (r=0.94, n=17, for PM samples).
The small number of patients taking a loop diuretic
(n=8) precluded meaningful assessment of the effect
of loop diuretics. Of 14 patients who were taking a
potassium-sparing diuretic, 11 were concomitantly
taking a loop diuretic or thiazide diuretic, precluding assessment of the effect of potassium-sparing
diuretics.
DISCUSSION
The results indicate that the sodium ⁄ creatinine ratio
from a spot urine sample collected in the late afternoon or early evening before dinner (the PM sample), and adjusted for 24-hour creatinine excretion,
accurately predicts 24-hour sodium excretion. It
also enables differentiation of patients with low
sodium intake (<100 mEq ⁄ d) from those with
higher sodium intake, with an accuracy, considering both sensitivity and specificity together, of
87%.
Figure. Correlation between actual 24-hour sodium
excretion and sodium excretion predicted from random
sample (panel A), morning (AM) sample (panel B), and
evening (PM) sample (panel C).

excretion. The Figure presents the individual data
points, illustrating the relationship between actual
24-hour sodium excretion and excretion predicted
from random, AM, and PM samples. Table III

4

THE JOURNAL OF CLINICAL HYPERTENSION

Variability of Sodium Intake
It is impossible for an estimate of sodium excretion
from a spot urine sample to correlate precisely with
24-hour excretion, because sodium intake and
excretion constantly change. The variability of
sodium intake also affects 24-hour collections, as
anywhere from three to eight 24-hour collections,
an obviously unrealistic option, have been suggested as necessary to provide a representative estimate of sodium excretion.10–12

Table III. Mean Values for Predicted and Actual 24-Hour Sodium Excretion
24-H Sodium Excretion Predicted From
Spot Samples
Spot Urine Sample
Random
Morning
Evening

No.

Mean

Standard Deviation

Mean

Standard Deviation

36
36
45

181.53
187.98
164.55

165.08
173.96
142.46

160.53
176.24
157.88

66.44
89.76
91.79

Table IV. Classification of Patients With Low
(<100 mEq ⁄ d) vs Not Low (100 mEq ⁄ d) Sodium
Excretion

Table V. Barriers to Development of a Spot Urine Test
for Assessment of 24-Hour Urine Sodium Excretion

24-H Urine Na
Excretion
<100

100

excretion <100
excretion 100

4
1

7
24

excretion <100
excretion 100

5
2

8
21

excretion <100
excretion 100

12
0

6
27

a

Random sample
Predicted 24-h Na
Predicted 24-h Na
Morning sampleb
Predicted 24-h Na
Predicted 24-h Na
Evening samplec
Predicted 24-h Na
Predicted 24-h Na

Actual 24-H
Sodium Excretion

a

j=0.38, P=.01. bj=0.33, P=.03. cj=0.71, P<.001.

In this context, the strong correlation between
the PM sample and the 24-hour sodium excretion
and the option of conveniently obtaining serial spot
samples on different days, as often as desired, argue
that spot urine testing might actually be superior to
a once-only 24-hour collection in characterizing an
individual’s usual level of sodium intake.
The results are consistent with previous studies
that examined spot urine sodium ⁄ creatinine ratio
adjusted for estimated creatinine excretion among
normotensive Japanese persons, and extend those
findings to a population of hypertensive white and
African American persons.7–9 Tanaka and colleagues7 reported a correlation coefficient of 0.54
between predicted and actual 24-hour sodium
excretion, examining spot urine values submitted at
random times of day, coinciding with initiation of
24-hour collection.7 In the present study, the correlation between the AM sample, which was collected upon initiation of the 24-hour collection, and
24-hour sodium excretion was 0.31, whereas the
correlation for the PM sample was stronger.
Kawasaki and colleagues,9 using the second
morning void on the day the 24-hour urine collection was completed, reported a correlation coeffi-

Interindividual differences in 24-hour creatinine excretion
Time of day
Variability of sodium intake
Effect of meals and intense exercise
Effect of incomplete collections

cient of 0.53. Among patients who provided three
24-hour collections, the correlation coefficient
increased to 0.82.9 Kamata and colleagues used
overnight collections and a sampling pipe, and
reported a correlation of 0.78.8
Overcoming Barriers to Spot Urine Testing of
Sodium Excretion
In this study we sought to maximize accuracy of
predicting 24-hour sodium excretion from a spot
urine by addressing interfering factors (Table V).
Among them, interindividual differences in 24-hour
creatinine excretion and time of day, are of particular importance.
Interindividual Differences in 24-Hour Creatinine Excretion. As discussed above, the meaningfulness of the sodium ⁄ creatinine ratio is considerably
reduced if it is interpreted without taking into
account the substantial interindividual differences in
24-hour creatinine excretion. This concern would
also be problematic in estimating the 24-hour
excretion of other analytes from a spot urine analyte ⁄ creatinine ratio. For example, the albumin ⁄
creatinine ratio overestimates microalbuminuria in
women more than it does in men, attributable to the
lower excretion of creatinine in women.13 The falsepositive rate also increases with aging, also likely
due to a fall in creatinine excretion.14
In this study, adjustment of the sodium ⁄ creatinine ratio for patients’ 24-hour creatinine excretion
improved correlations between predicted and actual
24-hour sodium excretion. Since the purpose of the
spot urine test is to eliminate the need for a 24hour urine collection, either a one-time 24-hour
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urine collection to assess creatinine excretion or,
much more conveniently, a reasonable estimation
of 24-hour creatinine excretion would be necessary.
The latter is being assessed in ongoing studies.
Effect of Time of Day. We sought to assess
whether the time of day of the collection of the
spot sample affects the accuracy of estimation of
24-hour sodium excretion. The first morning void,
or an overnight collection, was not assessed in this
study because of the known considerable differences between nocturnal and diurnal rates of
sodium excretion.15–18 In most normotensive individuals, nocturnal sodium excretion, and hence the
sodium content of the first morning void, are lower
than diurnal values, whereas in many hypertensive
individuals, they are considerably higher, particularly among those with a nondipping salt-sensitive
form of hypertension.15
In this study, the AM samples, ie, the second
morning void, obtained at the start of the 24-hour
collection, and the random samples, collected at or
after its completion, did not correlate as well with
24-hour sodium excretion as did the PM samples.
Although the PM sample performed better than the
AM sample, this seeming superiority might simply
reflect the timing of the PM sample near the midpoint of the 24-hour collection. It is possible that
AM samples might perform just as well in a study
examining evening-to-evening 24-hour collections,
in which the AM sample would be near the
midpoint.
Effect of Meals and Intense Exercise. Although
an individual’s 24-hour creatinine excretion is traditionally regarded as being constant, it does vary by
as much as 10% to 20%, largely attributable to
the level of protein intake and intense exercise on a
given day.19–23 Since urine creatinine concentration
increases during the first few hours after a highprotein meal or intense exercise, it would be preferable to obtain spot urine samples at least 3 to
4 hours after such activities.22,23 In this study, the
PM sample was collected prior to the evening meal
to avoid effects of a high-protein meal. Patients
were not specifically instructed to avoid strenuous
exercise prior to sample collections, and the performance of such exercise could have been a confounding factor. This, however, would have
weakened rather than overstated the observed correlations.
The Problem of Incomplete Collections. A major
problem in assessing the accuracy of the spot urine
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method is the inaccuracy of the 24-hour collection
with which it is being compared. Incomplete collections could reduce the correlation between the spot
urine and 24-hour results, regardless of the accuracy of the spot urine method.4 In this study, several collections appeared incomplete, based on 24hour creatinine values, which would, if anything,
have reduced rather than increased the strength of
the correlations observed, although re-analysis after
exclusion of data from patients whose 24-hour collections appeared incomplete (24-hour creatinine
<15 mg ⁄ kg in women and <20 mg ⁄ kg in men4)
did not affect the correlations.
Limitations
An important concern in estimating sodium excretion from a spot urine sample is the possible confounding effect of diuretic use, particularly loop
diuretics, which would initially increase and subsequently decrease the spot urine sodium excretion
rate. In this study, 57% of patients were taking a
diuretic, including 40% who were taking a thiazide
diuretic. The accuracy of the test did not differ
between patients taking a diuretic or thiazide diuretic and those not taking any diuretic. The effect of
loop diuretics and potassium-sparing diuretics could
not be meaningfully assessed because of the small
number of patients taking them. The effects of the
various diuretic classes on spot urine results, and
the effect of the interval since the most recent
diuretic ingestion need to be examined in a larger
study. The accuracy of the spot urine in individuals
with advanced renal insufficiency was also not
assessed, because of small numbers.
Estimation of sodium excretion from a spot
urine sample is best performed at a time of metabolic and hemodynamic stability. Sampling at times
of instability might provide misleading estimates.
CONCLUSIONS
The sodium ⁄ creatinine ratio of a late afternoon ⁄ early evening urine sample obtained near the
midpoint of the 24-hour collection strongly correlated with actual 24-hour sodium excretion. The
importance of adjusting the sodium ⁄ creatinine ratio
for the individual’s 24-hour creatinine excretion
was demonstrated, suggesting that a convenient
method for estimating 24-hour urine creatinine is
necessary in accurately estimating 24-hour excretion of sodium or any other analyte from a spot
urine sample. The strong correlations observed,
the convenience, the option of serial sampling, and
the low cost argue for renewed consideration of the
spot urine method for assessing sodium excretion

in clinical practice and in epidemiologic studies,
particularly given the rarity of monitoring of
sodium intake in clinical practice today.
Disclosures: Study funding was provided by the Julia and
Seymour Gross Foundation and by Allied Minds, Inc. The
authors have applied for intellectual property rights
concerning this and other related research directed toward
development of a method for estimation of sodium excretion
from spot urine samples.
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