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Second morning urine method is superior to the
casual urine method for estimating daily salt intake
in patients with hypertension

Minoru Kawamura, Akihiro Ohmoto, Tomoko Hashimoto, Fukuko Yagami, Masahiko Owada and
Takashi Sugawara

The accuracy of the casual urine (CU) method for estimating daily salt intake was compared with the second morning urine

(SMU) method and with 24-h urine collection (24UC) method as the gold standard. Data were obtained from three previously

reported studies, in which we evaluated the daily salt intake by the SMU method. Using SMU samples from 1315 outpatients,

the estimated salt intake was lower with the CU method than the SMU method. In inpatients with a daily salt intake of 7, 8 or

18 g, the CU method was applied to SMU specimens. It underestimated salt intake compared with the 24-h collection method

whereas the SMU method and 24UC method gave similar results. In the present study, 24UC was done and then urine was

collected at 0800, 1100, 1400, 1700 and 1900 hours, with a daily salt intake of 6 g in 8 inpatients, 10 g in 11 inpatients or

15 g in 5 inpatients. In comparison with the 24UC method, the CU method underestimated a high salt intake (15 g) when

morning specimens were used and overestimated a low salt intake (6 g) when afternoon specimens were used. The correlation

between the CU method and 24UC method was weaker (R¼0.57) than that between the SMU method and 24UC method

(R¼0.85). In conclusion, the CU method is heavily influenced by the timing of urine collection and by the actual daily salt

intake, so the SMU method provides a better estimate of individual salt intake.
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INTRODUCTION

It is known that excessive salt intake influences the risk of cardiovascular
diseases such as stroke, ischemic heart disease, heart failure and renal
failure, as well as non-cardiovascular diseases such as urolithiasis,
osteoporosis, stomach cancer and bronchial asthma.1–3 Guidelines for
the management of hypertension devised in many countries,4,5 including
Japan,6 recommend the restriction of salt intake to 4–6 g per day. In 98%
of outpatients from Morioka in the Tohoku District of Japan, daily salt
intake was 46 g,7 suggesting that physicians need to provide more
appropriate advice about salt restriction. As the first step, evaluation of
each patient’s daily salt intake is important. Measurement of salt
excretion by performing 24-h urine collection (24UC) is the most
reliable method of assessing daily salt intake,8,9 but it is too inconvenient
for general use.10 Therefore, many physicians do not assess the daily salt
intake of their patients.11 Kawasaki et al.10 developed a convenient
method for monitoring the daily salt intake of healthy persons by
using the second morning urine (SMU), which was collected after the
first voiding upon awaking, and they called this the SMU method.12

Daily salt intake is evaluated by measuring the ratio of sodium to
creatinine in the SMU specimen and by calculating daily creatinine

excretion as reported previously.13 We have found that the accuracy of
estimating the daily salt intake by the SMUmethod is equal to that of the
24UC method if the subject maintains the sitting or standing position
until the SMU sample is collected,14 and we have also shown that this
method was useful in patient on antihypertensive therapy.14,15 On the
other hand, Tanaka et al.16 have developed a simple casual urine (CU)
method for public health research. With the CUmethod, a urine sample
can be collected during the daytime between 0800 hours and 1900 hours,
whereas urine is generally collected between 0800 hours and 1000 hours
for the SMU method. Also, the equation for predicting daily creatinine
excretion is the same for men and women with the CUmethod, whereas
different equations for each sex are needed with the SMU method. The
2009 Guidelines for Management of Hypertension from the Japanese
Society of Hypertension adopted the CUmethod for evaluating daily salt
intake at general medical institutions.6 At the 2010 Japanese Society of
Hypertension meeting, it was reported that 83% of general physicians
followed the Japanese Society of Hypertension Guidelines.17 Although
physicians who estimate the salt intake of their patients would like to
know how reliable the CU method is and the effect of urine collection
time on estimated salt intake, there have been no data available.
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Therefore, we compared the CU and SMU methods for estimating daily
salt intake in relation to the 24UC method as a gold standard.

METHODS

Subjects
Data were obtained from three previously reported studies (A,18 B14 and C19),

in which we evaluated the daily salt intake by the SUM method. In addition, to

examine the effects of urine sampling time and actual salt intake on estimation

of the daily salt intake by the CU method, we selected 30 hypertensive patients

who were admitted to hospital for lifestyle modification and/or to receive

treatment for hypertension and/or diabetes mellitus. In the present study, they

were assessed at our clinic during a 2-month period before admission, under-

going blood pressure measurement on at least two occasions, and estimation of

salt intake by the SMU method with blood and urine tests at least once.

Methods
Study A was done in 1315 outpatients without restriction of their salt intake.

Each subject discarded the first voided urine at awakening, and the second

voided urine was collected when they visited hospital (from 0800 to 1000

hours). They did not eat breakfast, did not take any medicines and did not

adopt a recumbent posture in the morning before urine collection. Using the

SMU sample, daily salt intake was estimated by the CU equation and the SMU

equation. In study B, 100 inpatients were given a daily salt intake of 7 g. In

study C, 22 inpatients received a daily salt intake of 18 g for a week, followed by

a daily salt intake of 8 g for another week. Study C was performed in 1994–1995

at Iwate Medical University to which the authors MK and MO belonged. The

daily salt intake was estimated as the amount of salt added to food for

seasoning. A the salt content of the meals was approximately 1 g, the actual

daily salt intake in study C was approximately 8 and 18 g, although it was

reported to be 7 and 17 g. In both studies, daily salt intake was estimated by the

24UC method. The SMU was also collected at 0800 hours, before breakfast and

morning medications, and the daily salt intake was estimated by the equations

for the CU and SMU methods. In the present study, the daily salt intake of the

patients after admission was set below that estimated by the SMU method

before admission, and the same intake was continued after discharge from

hospital. In brief, daily salt intake was set at one of the three levels (6, 10 or 15 g

per day) during admission. The salt content of breakfast, lunch and dinner was

adjusted to be similar. Thus, the salt content of breakfast, lunch and dinner over

the 7 days of the study was 35±6%, 31±4% and 33±4% in the 6 g group,

33±3%, 33±2% and 34±3% in the 10 g group, and 32±4%, 34±3%

and 34±3% in the 15 g group, respectively. Daily calorie intake was set at

one of five levels from 1200 to 2000kcal (at intervals of 200 kcal) according to

the following equation: 25–30�ideal body weight (22�height (m)2). Calories

were principally adjusted by changing the amount of rice in the meals. Daily

intake of potassium, calcium and magnesium was not adjusted to remain

constant among the three salt intake groups. While in hospital, each patient was

required to get up at 0600 hours, eat meals at 0800, 1200 and 1800 hours,

and go to bed at 2100 hours. By 1 week after admission, it was considered

that equilibration of the sodium balance had been achieved,20 so urine was

collected for 2 days by the following procedure. On Day 1, after voiding at 0600

hours, urine was collected for 24h, until urine voiding at 0600 hours on the

next day. On Day 2, urine was collected at 0800, 1100, 1400, 1700 and 1900

hours. Between 0600 and 0800 hours, the patients were ordered to not to

adopt the recumbent position. After 0800 hours, there was no restriction on

posture, and voided urine was discarded except at the specified times. Using

the 24-h urine sample, salt intake was estimated by the 24UC method.

In addition, using the urine samples voided at the specified times, salt intake

was estimated by the CU equation. Furthermore, salt intake was estimated by

both the CU and SMU equations using the urine sample obtained at 0800

hours.

Approval for this study was granted by the ethics committee of Iwate

Prefectural Central Hospital. All subjects were given detailed information about

the protocol before enrollment and written consent was obtained from all

of them.

Measurements and calculations
Daily salt intake was calculated by the equations of the CUmethod16 and SMU

method,10 which are shown in Table 1. Daily salt intake and daily excretion of

creatinine were also determined from the 24-h urine specimens. Because 90%

of dietary sodium intake is excreted in the urine,21 daily sodium excretion is

considered to be a surrogate for daily salt intake. Daily sodium intake was

expressed as grams of sodium chloride (NaCl), as suggested by the Japanese

guideline.6 The percent increase of the salt intake estimated by the CU method

from morning to afternoon was calculated as follows: 100�(the average of the

estimated salt intakes at 1400, 1700 and 1900 hours)C(the average of the

estimated salt intakes at 0800 and 1100 hours).

The urinary albumin concentration was measured by SRL Laboratories

(Tokyo), using part of each urine specimen. Hypertension, diabetes and

dyslipidemia were defined according to the Japanese Guidelines for

Hypertension,6 the Diabetes Society22 and the Atherosclerosis Society,23 respec-

tively. Blood pressure was determined as the mean of the values measured at the

last two clinical appointments. Subjects who were using antihypertensive drugs

were classified as having hypertension irrespective of their actual blood

pressure. When creatinine excretion exceeded ±30% of the predicted excre-

tion, patients were considered to have performed incorrect urine collection.24

Five patients had a creatinine excretion that was X30% below the predicted

value, whereas none had an excretion 430% above the predicted value. One

patient could not void urine easily because of prostatic hypertrophy. These 6

patients were excluded and the remaining 24 patients were subjected to further

analysis.

Statistics
Results were expressed as the mean±s.d. Differences between groups were

analyzed by the Wilcoxon signed-rank test. The difference in the percent

increase of the salt intake estimated by the CU method from morning to

afternoon among the three different salt intake groups (6, 10 and 15 g per day)

was analyzed by the Kruskal Wallis signed-rank test. Linear regression was

performed and correlation coefficients were calculated by the least squares

method. In all analyses, a probability (P) value of o0.05 was accepted as

indicating statistical significance.

RESULTS

Using SMU samples from 1315 outpatients (study A), the relation
between the daily salt intake estimated by the CU equation and the
SMU equation is shown in Figure 1a for men and Figure 1b for
women. The regression equation was y¼0.58x+2.19 for men, and
y¼0.63x+1.84 for women. For y¼x, the value was 5.1 g in men and
5.0 g in women. Thus, if the daily salt intake calculated by the SMU
equation was 13 g, it would be 9.7 g per day in men and 10.0 g in
women by the CU equation. If the daily salt intake calculated by the
SMU equation was 6 g, however, it would be 5.6 g per day for either
sex by the CU equation.

Table 1 Equations for estimating daily salt intake

(a) Second morning urine (SMU) method

Estimated daily salt intake (g per day)¼0.96�(UNa/UCr/10�predicted CrV)0.5

Male predicted CrV (mg per day)¼15.12�body weight (kg)+7.39�
height(cm)�12.63�age (years)�79.90

Female predicted CrV (mg per day)¼8.58�body weight (kg)+5.09�
height(cm)�4.72�age (years)�74.95

(b) Casual urine (CU) method

Estimated daily salt intake (g per day)¼1.29�(UNa/UCr/10�predicted CrV)0.392

Predicted CrV (mg per day)¼14.89�body weight (kg)+16.14�
height(cm)�2.04�age (years)�2244.45

Abbreviations: Predicted UcrV, predicted daily creatinine excretion (mg per day); Ucr, urinary
creatinine concentration (mg dl�1); UNa, urinary sodium concentration (mEq l�1).
SMU equation from reference 10 and CU equation from reference 16.
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Daily salt intake was estimated by the CU equation or the SMU
equation using the SMU sample, and was compared with that
estimated by the 24UC method in inpatients who had a daily salt
intake of 7 g in study B, and 8 or 18 g in study C. As a result, the salt
intake estimated by the CU equation, SMU equation and 24UC
method was 5.5±1.2, 6.2±1.7 and 6.6±1.5 g, respectively, when
the actual daily salt intake was 7 g (study B). The salt intake estimated
by the CU equation, SMU equation and 24UC method was 6.5±1.2,
8.0±1.9 and 7.3±1.6 g, respectively, when the actual daily salt intake
was 8 g (study C), whereas the respective values were 11.3±1.3,
16.2±2.3 and 15.7±2.1 g for an intake of 18 g (study C). Thus, for
a daily salt intake of 7, 8 or 18 g, the intake estimated by the CU
equation was significantly lower (all Po0.05) than that obtained with
the 24UC method or the SMU method, whereas no significant
difference was observed between the SMU and 24UC methods.
The 24 subjects (13 men) in the present study had an age of 59±16

years, body mass index of 24.6±5.1 kgm�2, systolic blood pressure of
148±10mmHg and diastolic blood pressure of 87±9mmHg. Their
hemoglobin A1c was 7.3±2.1%, low-density lipoprotein cholesterol
was 117±28mgdl�1, high-density lipoprotein cholesterol was
59±22mgdl�1, triglycerides were 112±39mgdl�1, serum creatinine
was 0.7±0.2mg dl�1 and urinary albumin concentration was
56±108mgg�1 creatinine. Diabetes mellitus and dyslipidemia were
found in 70% and 50% of the patients, respectively. In all, 19 patients
were taking antihypertensive drugs (one drug in 14 patients and two
drugs in 5 patients). A total of 12 patients were using calcium channel
blockers (amlodipine, manidipine, cilnidipine, azelnidipine or nifedi-
pine), 11 were taking angiotensin II receptor blockers (candesartan,
losartan, olmesartan or valsartan), 5 were prescribed the diuretic

hydrochlorothiazide (12.5mg per day), 1 was taking the b-blocker
betaxolol and 1 was using the a, b blocker carvedilol. A total of 15
patients were receiving anti-diabetic agents (one drug in 4, two drugs
in 7 and three drugs in 4 patients). In all, 10 patients took metformin,
7 used sitagliptin, 6 received glimepiride, 5 took pioglitazone and 1
each used mitiglinide and miglitol. The daily salt intake was 6, 10 and
15 g in 8, 11 and 5 patients, respectively.
The influence of the urine collection time on estimation by the

CU equation is shown in Table 2. The sodium/creatinine ratio of urine
collected at 0800 hours was significantly lower than that of urine
collected at any other time, and the sodium/creatinine ratio of
urine collected at 1100 hours was significantly lower than that of
urine collected in the afternoon. Daily salt intake estimated by the CU
equation showed a similar pattern to the sodium/creatinine ratio.
After stratification of subjects by their daily salt intake (6, 10 or 15 g),
daily salt intake was estimated by the CU equation using urine samples
collected at different times of the day, and the salt intake was
compared with the daily salt intake estimated by the 24UC method
in subjects with an actual intake of 6 g (Figure 2a), 10 g (Figure 2b)
and 15 g (Figure 2c). The daily salt intake estimated by the 24UC
method was 4.7±1.3, 7.6±1.9 and 12.7±1.8 g, respectively. When
the morning urine sample was employed, the daily salt intake
estimated by the CU equation was approximately 3 g lower than
that obtained by the 24UC method in subjects with an actual salt
intake of 15 g per day, whereas it was not significantly different for the
6 g per day intake. When the afternoon urine sample was used, the
daily salt intake estimated by the CU equation was approximately 3 g
higher than that obtained by the 24UC method in subjects with an
intake of 6 g per day, but was not significantly different with the 15 g
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Figure 1 Relation between estimates of daily salt intake by the casual urine (CU) method and the second morning urine (SMU) method using SMU samples

from 629 male patients (a) and 686 female patients (b).

Table 2 Influence of the time of urine sampling on estimation of salt intake by the casual urine (CU) method

Urine collection time (hours)

0800 1100 1400 1700 1900

Sodium (mEq l�1) 90.4±54.0 81.5±49.8 94.1±64.2 98.9±68.1 99.3±75.0

Creatinine (mg dl�1) 175.9±92.1 104.8±56.8* 69.6±43.4*,# 69.4±46.3*,# 71.4±40.7*,#

Sodium: creatinine (mEq g�1) 66.6±50.3 92.1±58.8* 146.2±78.6*,# 160.8±96.3*,# 143.2±69.4*,#

Intake (g per day) 6.7±2.1 7.7±2.2* 9.5±2.2*,# 9.8±2.4*,# 9.6±1.9*,#

*Po0.05 compared with 0800 hours by the Wilcoxon signed-rank test. #Po0.05 compared with 1100 hours by the Wilcoxon signed-rank test.
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per day intake. The percent increase of the salt intake estimated by the
CUmethod from morning to afternoon was 16.3±4.2% in the 6 g per
day group, 12.5±2.2% in the 10 g per day group and 13.1±1.6%
in the 15 g per day group. There were no significant differences
(P¼0.06), but the percent increase was higher at 6 g per day than at
10 or 15 g per day.

A scatter plot of the relation between daily salt intake estimated by
the CU equation (using urine samples collected at various times) and
the corresponding salt intake estimated by the 24UC method is shown
in Figure 3a. The correlation coefficient was 0.57 (Po0.05). A scatter
plot of the relation between daily salt intake estimated by the CU
equation using urine samples obtained at 0800 hours and the
corresponding salt intake estimated by the 24UC method is shown
in Figure 3b. There was a significant positive correlation (r¼0.73,
Po0.05). A scatter plot of the relation between salt intake estimated
by the SMU equation using urine samples obtained at 0800 hours and
the corresponding salt intake estimated by the 24UC method is shown
in Figure 3c. There was also a significant positive correlation (r¼0.85,
Po0.05).

DISCUSSION

Although the CU method theoretically permits urine sampling at any
time between 0800 and 1900 hours, we found that the actual daily salt
intake was overestimated or underestimated depending on the urine
sampling time and the level of salt intake. First, when data on the
SMU specimens collected at 0800–1000 hours from outpatients in
study A were analyzed, the CU method gave lower estimates than the
SMU method if the salt intake was 45 g per day, and the difference
became larger at higher levels of salt intake. For example, the
difference was 3 g when the SMU method gave a daily intake of
13 g, whereas the difference was only 0.6 g when the SMUmethod gave
an intake of 6 g. Accordingly, the CU equation provides markedly
different estimates from those of the SMU equation in persons with a
high salt intake using urine collected during the morning. We
emphasize that this difference was found in a large group of
outpatients who had different lifestyles, indicating that choosing
between these two equations for estimation of salt intake can have a
marked impact in populations with a high salt intake.
Second, the salt intake estimated by the CU and SMU equations

with SMU samples were compared with that estimated by the 24UC
method using data from studies B and C. When the actual daily salt
intake was 7, 8 and 18 g, the CU equation underestimated the salt
intake in comparison with 24UC method, whereas the salt intake
estimated by the SMU equation corresponded with that obtained by
the 24UC method. Thus, the CU equation underestimated salt intake
when using urine collected during the morning, whereas the SMU
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Figure 3 Scatter plots of the relations between different estimates of salt intake. (a) Salt intake estimated by the casual urine (CU) method using urine
samples collected at different times vs. the corresponding salt intake estimated by the 24-h urine collection (24UC) method. (b) Salt intake estimated by
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the 24UC method. The correlation coefficients were 0.57 (Po0.05) (a), 0.73 (Po0.05) (b) and 0.85 (Po0.05) (c).
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equation gave accurate results. Third, the present study was performed
to examine the influence of urine sampling time and actual salt intake
on the CU method. It showed that the salt intake estimated with
morning urine by the CU method was significantly lower than that
obtained by the 24UC method when the actual salt intake was 15 g per
day, so a high salt intake was underestimated by the CU method if
urine was collected during the morning. This corresponded to the
results obtained from analyzing the data of studies A, B and C. On the
other hand, the salt intake estimated by the CU method with after-
noon urine was significantly higher than that obtained by the 24UC
method when the actual salt intake was 6 g per day, suggesting that the
salt intake was overestimated by the CU method in persons on a low
salt diet. Thus, salt intake was either overestimated or underestimated
by the CU method depending on the urine sampling time and the
actual salt intake status. Finally, the correlation between salt intake
estimated by the CU and by the 24UC method was only 0.57,
suggesting that the CU method is inaccurate for estimation of salt
intake in individual patients.
In the present study, the urine collected at 0800 hours was a SMU

sample, so the daily salt intake was also estimated from the SMU
equation and compared with salt intake estimated by the 24UC
method, yielding a correlation coefficient of 0.85. This was similar
to the correlation coefficient of 0.82 obtained by Kawasaki using
unrestricted subjects and urine collection for 3 days.10 It is evident that
the SMU method is superior to the CU method with regard to
estimation of the a daily salt intake. Tanaka et al.16 developed the
CU method and reported that it ‘is not suitable for estimating
individual sodium excretion, but useful for estimating population
mean levels of 24 h sodium excretion.’ Because an individual patient’s
estimated daily salt intake is important in clinical practice, the SMU
method should be used for estimation of salt intake.
Why did the urine collection time have a marked influence

on estimation of salt intake by the CU equation? With all three levels
of salt intake tested, the intake estimated by the CU equation was
lower with morning urine samples than with afternoon samples
(Figure 2). This was probably related to the circadian rhythm of
urinary sodium excretion,25–28 which results in lower excretion during
the morning than during the afternoon. As the creatinine excretion
rate is almost constant throughout 24h,29 the urinary sodium/
creatinine ratio reflects the circadian rhythm of sodium excretion
and the estimated salt intake is lower when a morning urine sample
is employed than with an afternoon urine sample. Although the
timing of meals may also influence the urinary sodium excretion
pattern, Muratani et al.28 indicated that other factors are important for
setting the circadian rhythm of sodium excretion because it was
maintained in patients on total parenteral nutrition. These other
factors may include the sympathetic nervous system, the renin–
angiotensin system and atrial natriuretic peptide, all of which influ-
ence sodium handling by the kidneys and have their own circadian
rhythms.30,31

There are several possible explanations for the finding of a larger
percent increase of the salt intake estimated by the CU method from
morning to afternoon in the 6 g per day group compared with the
other groups, although it was not statistically significant. First,
hydrochlorothiazide may have been responsible for the larger percent
increase because four patients used this diuretic in the 6 g per day
group vs. one patient in the 10 g per day group and none in the 15 g
per day group. The peak of natriuresis induced by this diuretic was
reported to occur at 6–12h after administration, although the study
was performed with a high dose (50mg).32 A second possible
explanation is the effect of posture, as the difference between a

recumbent posture and standing is about twofold sodium excretion.33

This is equivalent to 1.3 (¼20.392) times the salt intake estimated by
CU method, suggesting that posture has a considerable impact on the
estimated intake. As there were no restrictions on posture except from
0600 to 0800 hours, changes of posture may have been responsible for
the different percent increases among the three different salt intake
groups. The third possibility is that a difference in potassium intake
may have altered sodium excretion34 because there was no attempt to
maintain a constant potassium intake among the three different salt
intake groups in the present study. The dietary approach to stop
hypertension diet, which has lower amounts of total and saturated fat
and cholesterol with larger amounts of potassium, calcium, magne-
sium, dietary fiber and protein than a typical diet, has been suggested
to cause natriuresis judging from the reported pressure–natriuresis
relationship.35 These food components could also influence sodium
excretion. Fourth, it is possible that anti-diabetic agents may have
influenced sodium excretion because insulin has been reported to be
involved in sodium excretion.36 Moreover, calorie restriction was
prescribed for the pre-obese and obese patients because their calorie
intake was determined on the basis of ideal body weight. However, it is
unlikely that mild calorie restriction caused natriuresis, because we
previously reported that reduction of calorie intake from
1500–2000 kcal per day to 900 kcal per day did not cause significant
natriuresis under a constant salt intake.37

There were several limitations of our study. First, the number of
subjects was small (24 patients) and there were only 5 patients with a
high salt intake (15 g per day). In spite of this small number, we found
that the salt intake was underestimated by the CU method (approxi-
mately 3 g too low) in patients with a high salt diet using morning
urine samples. This result was supported by our finding a difference of
3 g for estimation of the salt intake of 1315 outpatients when the SMU
method gave an intake of 13 g in study A. Second, we reported that the
posture before collection of the SMU sample was important for
correctly estimating daily salt intake by the SMU method.14 In studies
A and B, as well as the present study, the subjects did not adopt a
recumbent posture before the SMU collection. In study C, however,
urine collection was done without any restrictions on posture because
we did not recognize the importance of posture at that time (although
the patients did not adopt the recumbent position according to their
diary records). Third, the present study was performed in patients
who wanted to initiate lifestyle modifications with diet and exercise,
and they had comparatively mild target organ damage. Thus, it
remains unclear whether the present results would be applicable to
patients with severe target organ damage and patients with accelerated
hypertension, because such patients may have a different circadian
rhythm of sodium excretion.38

In conclusion, the CU method was shown to underestimate the
daily salt intake of persons with a high salt intake when morning urine
samples were employed, and this finding was supported by the
analysis of data from our previous studies A, B and C. On the other
hand, the CU method overestimated the salt intake of persons with a
low salt intake when afternoon urine samples were used. Correlations
with the 24UC method were weaker for the CU method (R¼0.57)
than the SMU method (R¼0.85). Because estimation of salt intake by
the CUmethod is influenced by both the urine sampling time and the
actual salt intake status, the SMU method should be used to estimate
the salt intake of individual patients in daily practice.
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