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Abstract

Among individuals with hypertension, the prevalence of secondary hypertension has been reported to be =10%. More than
half of individuals with secondary hypertension have associated hyperaldosteronism. However, given the current clinical
environment, these patients often remain undiagnosed. We hypothesized that the urinary sodium/potassium ratio (Na/K)
could be used as a simple, low-cost method of screening for hyperaldosteronism among individuals with hypertension in
primary care and health examination settings. We recruited hypertensive individuals aged 30-69 years old who were not
taking any antihypertensive medications from among participants in health examinations. Urinary Na and K were measured
using second morning urine samples, and the plasma aldosterone concentration (PAC) was also measured. We evaluated the
association of the second morning urine Na/K ratio (SMU Na/K) with a high PAC, defined as >90th percentile (24.3 ng/dL),
using receiver operating characteristic (ROC) curves. Overall, 160 participants (108 men and 52 women) with a mean age of
54.3 years were eligible for this study. The area under the ROC curve for the relationship between SMU Na/K and high PAC
was 0.77 (95% confidence interval [CI]: 0.59—-0.95) in men and 0.64 (95% CI: 0.36-0.93) in women. In men, SMU Na/K
values <1.0 could detect hyperaldosteronism with a sensitivity of 45.5%, a specificity of 97.9%, a positive predictive value
of 71.4%, and a negative predictive value of 94.1%. The use of the urinary Na/K ratio may be appropriate as a method of
screening for hyperaldosteronism in hypertensive men.
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Introduction the distal tubules and collecting ducts of the kidney.
Aldosterone affects blood pressure increases, Na reabsorp-
Aldosterone is a mineralocorticoid hormone that regulates  tion, and K excretion. In some diseases, such as primary
blood pressure and sodium (Na)—potassium (K) exchange in ~ aldosteronism and renovascular hypertension, aldosterone is
inappropriately secreted, which leads to hypertension [1, 2].
These conditions are called hyperaldosteronism or aldos-

. . . . . terone excess.
Supplementary information The online version contains . .
supplementary material available at https://doi.org/10.1038/s41440- The prevalence of primary aldosteronism, a representa-

021-00663-9. tive cause of hyperaldosteronism, has been reported to be
4.6-16.6% among individuals with hypertension worldwide
[3]. In Japan, the prevalence of secondary hypertension has
been reported to be 9.1%; more than half of patients with
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Fig. 1 Flow diagram of study

Screened candidates for the study

participant recruitment. We
recruited hypertensive
individuals aged 30 to 69 years

. (n=958)
old who were not taking any

Inclusion criteria:

antihypertensive medications 1)

from among participants in consecutive 2 years
health examinations. Overall, 2)  age 30 to 69 years old
160 participants (108 men and !

52 women) were eligible for 4 fmorning

inclusion in this study

Health examination participants at the Takeda
Hospital Medical Examination Center, from April
2016 to February 2017.

hypertensive without use of medication for

3)  Having undergone a health examination in the

estimated glomerular filtration rate (eGFR)
calculated using serum creatinine (sCr) > 45
mL/min/1.73m?2.

Individuals who didn’t undergo health
‘\ examination during the recruitment period.

(n=229)

Health examination participants from October 2017
to March 2018 (recruitment period).

(n=729)

Individuals who didn’t agreed with the
l study concept.

in the study.
(n=200)

Health examination participants agreed to participate

(n=29)

Participants who didn’t meet the criteria for

T hypertension (systolic blood pressure > 140
‘ mmHg and/or diastolic blood pressure > 90

Study participants
(n=160)

mmHg in hospital) during the recruit period.
(n=40)

specific therapies, such as surgical treatment for
aldosterone-producing adenoma and endovascular treatment
for renovascular hypertension caused by fibromuscular
dysplasia [9]. Mineralocorticoid receptor antagonists can be
used as a noninvasive treatment for people with hyperten-
sion who have hyperaldosteronism [8]. Thus, early diag-
nosis and treatment are important for hyperaldosteronism.

Measuring plasma renin activity (PRA) and the plasma
aldosterone concentration (PAC) is essential for the detec-
tion and classification of hyperaldosteronism. For example,
primary aldosteronism is suspected when the PAC/PRA
ratio is >20 and the PAC is >12-15 ng/dL, according to the
Japanese guidelines for the management of hypertension
[9, 10]. Various methods of identifying primary aldoster-
onism have been proposed [11, 12]. The Japan Endocrine
Society recommends the measurement of PAC and PRA in
all patients initially diagnosed with hypertension [10].
However, these measurements are cumbersome and
expensive and often omitted in primary care settings, which
results in the underdiagnosis of hyperaldosteronism [5].
Thus, easy, practical, and inexpensive screening methods
that can be used in primary care or health examination
settings are needed.

Because hyperaldosteronism causes excessive Na reab-
sorption and K excretion, we hypothesized that individuals
with a high PAC have a low urinary Na/K ratio. Urinary Na/
K has been used as an indicator of the PAC in the clinical
environment [13]. However, the usefulness of the spot
urinary Na/K ratio for detecting a high PAC has not been
evaluated. The aim of this study was to assess whether the
urinary Na/K ratio can be used to identify individuals with a
high PAC from those with hypertension.
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Methods
Participants and measurements

First, we ascertained the number of candidates for
inclusion in the study from among the participants in
health examinations at the Takeda Hospital Medical
Examination Center from April 2016 to February 2017.
Individuals were considered candidates if they met the
following criteria: (1) hypertension without the use of
medication for two consecutive years, (2) aged 30-69
years old, (3) underwent a health examination in the
morning, and (4) available estimated glomerular filtration
rate (eGFR) calculated using serum creatinine (sCr) 245
mL/min/1.73 m>. Second, we sent recruitment documents
to candidates who underwent a health examination from
October 2017 to March 2018 (recruitment period). As a
result, 200 individuals (135 men and 65 women) agreed
to participate in our study (Fig. 1). It was confirmed that
none of the participants were taking antihypertensive
medications. Participants who did not meet the criteria for
hypertension (systolic blood pressure 2140 mmHg and/or
diastolic blood pressure 290 mmHg in the hospital) dur-
ing the recruitment period were excluded from the present
study.

The gold standard method for measuring excreted Na
or K is a 24-h urine collection test. However, this method
is cumbersome; therefore, 24-h urinary Na excretion is
often estimated using the concentrations of Na and crea-
tinine in second morning urine [14]. Similarly, a previous
report showed that the urinary Na/K ratio in second
morning urine is closer to that in 24-h urine than that in
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first morning urine [15]. Therefore, we used the second
morning urine Na/K ratio (SMU Na/K) in this study.
Participants were instructed to void their first morning
urine soon after awakening, and second morning urine
was collected on-site during their health examination. The
Na/K ratio in each urine sample was calculated using
the Na and K concentrations. Laboratory tests associated
with the health examination were conducted at the labora-
tories of Kouseikai Takeda Hospital and Hoken Kagaku
Nishi-Nihon. PRA and the PAC were measured using a
radioimmunoassay. Na and K were assessed using an elec-
trode method, and sCr was assessed using an enzymatic
method. The assay kit used for the measurement of the
PAC was the SPAC-S Aldosterone Kit (TFB, Inc. Tokyo,
Japan). We calculated the eGFR using the following equa-
tion: eGFR (mL/min/1.73 m?) = 194 x sCr (mg/dL) 1% x
age %% 0.739 (for women) [16]. Blood sampling was
performed after 10 min of rest in a seated position. Baseline
blood pressure was measured on-site twice by clinical
staff using an automated sphygmomanometer after 10 min of
rest in a seated position. The mean of the two blood
pressure measurements was calculated and used for each
participant. Body mass index was calculated as the weight
divided by the height squared (kg/m?). In the present
study, diabetes mellitus was defined as a glycated hemo-
globin level of 6.5% or higher, the use of diabetes medica-
tion, or both.

We asked all participants to complete a self-administered
questionnaire to collect information regarding hypertension
onset, medication, and lifestyle. The intake frequencies for
fruit, vegetables, legumes, and salty food were reported by
participants, according to the following response options:
3/day, 2/day, l/day, 3-5/week, 1-2/week, or rarely; the
frequency of sweating was also reported according to the
following response options: >5/week, 3—4/week, 1-2/week,
or rarely. Drinking habits were reported according to the
following response options: every day, sometimes, or
rarely. Habitual skipping of breakfast (=3/week), current
smoking, and sweating the day before the examination were
reported as yes or no.

Statistical analysis

First, we described participants’ physical characteristics
and lifestyles and compared these between men and
women. We also described participants’ physical char-
acteristics and lifestyles stratified by PAC level (= or
<90th percentile value) and compared them separately for
each sex. Student’s r-test was used for continuous vari-
ables, and either the chi-square test or Fisher’s exact test
was used for categorical variables. Second, we assessed
the associations of the SMU Na/K and other biologically
reasonable variables with the PAC using simple and

multiple linear regression analysis. We also evaluated the
interactive effect of the SMU Na/K and sex on the PAC.
In this analysis, the SMU Na/K was log transformed
because of its skewed distribution. Multiple regression
analysis model 1 was adjusted for all variables used in the
simple linear regression analysis, and multiple regression
analysis model 2 was adjusted for variables with p value
<0.10 in multiple regression analysis model 1. Third, we
used receiver operating characteristic (ROC) curves to
explore the relationship between the SMU Na/K and a
high PAC, defined as >90th percentile. Age and serum K
were also added to the logistic regression model used to
generate the ROC curves to assess the impact of those
covariates. We identified a reasonable cutoff point for the
SMU Na/K for the detection of individuals with a high
PAC. We then evaluated the sensitivity and specificity of
the SMU Na/K using this cutoff point. As a sensitivity
analysis, we performed a ROC curve analysis from which
we excluded 16 participants who had low levels of sodium
excretion (<10th percentile value) using the Kawasaki
equation [14]. Analyses were performed separately for
each sex because there was a significant interactive effect
of the log SMU Na/K and sex on the PAC. All p values
were two sided, and p <0.05 was regarded as statistically
significant. Statistical analyses were performed using JMP
version 14.3.0 (SAS Institute Inc., Cary, NC, USA) and R
version 3.4.3 (R Foundation for Statistical Computing,
Vienna, Austria).

Results
Descriptive statistics of study participants

Overall, 160 participants (108 men and 52 women) were
eligible for inclusion in this study (Fig. 1). Participants’
physical and lifestyle characteristics are shown in Table 1.
The mean ages for men and women were 53.2 and 56.7
years, respectively. The mean SMU Na/K values were 2.75
and 2.82 mmol/mmol, and the mean PACs were 16.8 and
17.3 ng/dL, respectively. No participants had an eGFR <45
mL/min/1.73 m%. When stratified by sex, women tended to
have a healthier lifestyle, with greater frequencies of the
intake of fruit, vegetables, and legumes, and a lower fre-
quency of skipping breakfast. The proportions of partici-
pants who smoked and drank were higher in men than in
women.

In the analysis stratified by PAC level, the urinary
Na and SMU Na/K were significantly lower and the
PRA was significantly higher in the high-PAC group
among men. The serum K level was significantly lower in
the high-PAC group among women (Supplementary
Table 1).
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Table 1 Physical and lifestyle
characteristics of participants,

Total (n=160) Men (n=108) Women (n =52) p value

2017-2018 Age (years)

Height (m)
Body weight (kg)
Body mass index (kg/m?)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Urinary sodium (mmol/L)*

Urinary potassium (mmol/L)*

Urinary sodium/potassium ratio (mmol/

mmol)*

Plasma aldosterone (ng/dL)

Plasma renin activity (ng/mL/hr)

Serum potassium (mmol/L)
Creatinine (umol/L)
eGFR (mL/min/1.73m?)

Sweating the day before the examination

Sweating >5/week
Vegetables intake >1/day
Fruit intake >1/day
Legumes intake >1/day
Salty food intake >1/day
Skipping breakfast >3/week
Diabetes mellitus
Current smoker
Drinking

-Every day

-Sometimes

-Rarely

54.3 (8.0) 53.2 8.1) 56.7 (7.4) <0.01
1.67 (0.09) 1.72 (0.05) 1.57 (0.06) <0.01
70.6 (13.9) 75.0 (12.6) 61.5 (11.9) <0.01
252 (3.9) 25.3 (3.8) 249 (4.2) 0.53
148 (12) 146 (12) 151 (11) <0.01
96 (8) 98 (6) 93 (9) <0.01
147.6 (50.4) 1502 (52.7)  142.2 (45.3) 0.32
63.3 (26.8) 65.5 (28.0) 58.9 (23.7) 0.12
2.77 (1.55) 2.75 (1.60) 2.82 (1.46) 0.78
17.0 (5.4) 16.8 (5.5) 17.3 (5.3) 0.59
1.10 (0.88) 1.25(0.94)  0.78 (0.63) <0.01
42 (0.3) 43 (0.3) 4.2 (0.3) 0.11
70.2 (14.3) 769 (11.9)  56.4 (7.0) <0.01
74.8 (12.7) 745 (13.2) 753 (11.9) 0.71
30 (18.9) 24 (22.2) 6 (11.8) 0.18
18 (11.3) 13 (12.0) 5 (9.6) 0.85
132 (82.5) 82 (75.9) 50 (96.2) <0.01
46 (28.8) 27 (25.0) 19 (36.5) 0.19
60 (37.5) 34 (31.5) 26 (50.0) 0.04
37 (23.1) 26 (24.1) 11 21.2) 0.83
31 (19.4) 26 (24.1) 5 (9.6) 0.05
12 (1.5) 11 (10.2) 1(1.9) 0.11
24 (15.0) 23 (21.3) 1(1.9) <0.01
<0.01

73 (45.6) 60 (55.6) 13 (25.0)

42 (26.3) 34 (31.5) 8 (15.4)

45 (28.1) 14 (13.0) 31 (59.6)

Continuous variables are described as mean (standard deviation); categorical variables are described as n (%)

eGFR estimated glomerular filtration rate

“Measured using second morning urine

Note: p values are calculated using Fisher’s exact test for dichotomic variables, %> test for multiple
categorical variable (drinking status) and -test for continuous variables

Linear regression analyses

Supplementary Table 2 shows the associations of the
variables with the PAC in the entire study population.
There was a significant interactive effect of the log SMU
Na/K and sex on the PAC. Table 2 shows the associations
of the variables with the PAC stratified by sex. In the
simple regression analysis, age, sweating 25/week,
and the log SMU Na/K were significantly associated with
the PAC in men; the serum K level also tended to show an
association. In multiple regression analysis, the serum K
level, vegetable intake frequency =>1/day and the log
SMU Na/K were significantly associated with the PAC in
men in models 1 and 2. Neither the log SMU Na/K
nor other variables were associated with the PAC in
women.

SPRINGER NATURE

ROC curve analyses

Participants with high PACs had values ranging from 24.3
to 39.2ng/dL. Figure 2 shows the ROC curves for the
association of the SMU Na/K with a high PAC stratified by
sex. The area under the ROC curve (AUC) for the rela-
tionship between the SMU Na/K and a high PAC was 0.77
(95% CI: 0.59-0.95) in men and 0.64 (95% CI: 0.36-0.93)
in women. After age and serum K concentration were
added, the AUC values became 0.80 (95% CI: 0.65-0.96)
and 0.82 (95% CI: 0.69-0.95) in men and 0.64 (95% CI.:
0.36-0.93) and 0.80 (95% CI: 0.61-1.00) in women,
respectively. In men, a SMU Na/K <1.0 (mmol/mmol)
predicted a high PAC, with a sensitivity of 45.5%, a spe-
cificity of 97.9%, a positive predictive value of 71.4%, and
a negative predictive value of 94.1% (Table 3). The positive
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Fig. 2 ROC curve analysis of the association of the SMU Na/K with a
high PAC (290th percentile) stratified by sex (108 men and 52
women).The SMU Na/K was significantly associated with a high PAC
in all models for men but only in the model including age and the
serum K level (dashed line) in women. ROC curve receiver operating
characteristic curve, SMU Na/K second morning urine sodium/potas-
sium ratio, K potassium, PAC plasma aldosterone concentration, AUC
area under the ROC curve, CI confidence interval

predictive values for a SMU Na/K <2.0 and <3.0 were
much lower than that of a SMU Na/K <1.0.

The sensitivity analysis, from which participants with
low sodium excretion (<10th percentile value) were exclu-
ded, showed that the AUCs for the relationships between
the SMU Na/K and a high PAC were 0.67 (95% CIL:
0.46-0.87) in men and 0.62 (95% CI: 0.33-0.90) in women
(Supplementary Figure).

Discussion

We proposed a screening method using the spot urinary
Na/K ratio to detect a high PAC among individuals with
hypertension. In summary, the SMU Na/K had a significant
inverse association with the PAC in hypertensive men but
not in women. The AUC for the relationship between the
SMU Na/K and a high PAC (290th percentile) was 0.77
(95% CI: 0.59-0.95) in men and 0.64 (95% CI: 0.36-0.93)
in women. When the cutoff point was set to 1.0, the SMU
Na/K could predict a high PAC, with a sensitivity of 45.5%,
a specificity of 97.9%, a positive predictive value of 71.4%,
and a negative predictive value of 94.1% in men. The
positive predictive value was lower when the cutoff point
was set at 2.0 and 3.0 than when it was set at 1.0. Thus, a
low SMU Na/K could be a surrogate marker for a high PAC
in men with hypertension. To the best of our knowledge,
this is the first report to evaluate the association of the spot
urinary Na/K ratio with a high PAC.

The consideration of hypokalemia as a symptom of
hyperaldosteronism in the diagnosis of primary aldoster-
onism has been proposed. However, fewer than half of
patients with primary aldosteronism have hypokalemia,
according to a recent international multicenter study [17].

SPRINGER NATURE

A suboptimal method for detecting primary aldosteronism
suggested in previous studies is the use of the SUSPPUP
index, which is calculated as the serum sodium to urinary
sodium ratio divided by the (serum potassium) [2] to urin-
ary potassium ratio [18, 19]. However, the reliability of the
SUSPPUP index was unclear in a validation study [20].
Physiologically, the SUSPPUP is an index combining the
urinary Na/K ratio and serum K level because the serum Na
level does not usually change as a result of secondary
hypertension. Both the urinary Na/K ratio and serum K
level indicate a high PAC; thus, the SUSPPUP index can
detect hyperaldosteronism but not primary aldosteronism or
ARR. In the clinical setting, however, the independent
assessment of the urinary Na/K ratio and serum K level may
be more feasible than the calculation of the SUSPPUP
index, which is complex.

The urinary Na/K ratio is easy to obtain, inexpensive,
practical, and readily available in general outpatient clinics.
It has been introduced as a biological marker of dietary
quality because it indicates the balance between Na and K
intake. Individuals who consume too much sodium and
limited fruit and vegetables usually have a high urinary
Na/K ratio. Dietary intervention focusing on reducing blood
pressure could lower the urinary Na/K ratio in community-
dwelling hypertensive men [21]. Previous reports have
demonstrated associations of a higher Na/K ratio with
higher risks of hypertension [22], CVD [23, 24], and mor-
tality [24, 25]. In this context, a low urinary Na/K ratio
should be a favorable sign. However, some people with
sustained or progressive hypertension have a low urinary
Na/K ratio even though they do not restrict their sodium
intake or consume large quantities of fruit and vegetables.
Our findings suggest that such individuals may have
hyperaldosteronism if they are male. This insight may
prevent clinicians from missing inappropriate aldosterone
excretion among hypertensive men with a low Na/K ratio.

In our study, we defined a high PAC as >90th percentile
of PAC. Although the PAC cutoff point for identifying
primary aldosteronism in Japan has been discussed in pre-
vious reports [10, 26], we could not set specific cutoff
points for the following two reasons. (1) In this study, we
aimed to detect hyperaldosteronism not just primary
aldosteronism. (2) Prioritizing feasibility, we measured the
PAC in a seated position without a 30-min rest. We suggest
that hypertensive men with extremely low SMU Na/K (e.g.,
<1.0 mmol/mmol) should undergo detailed examinations
for hyperaldosteronism.

There was a significant interactive effect of the log SMU
Na/K and sex on the PAC. Unlike in men, we found no
significant association between the SMU Na/K and the PAC
in women. Although the reason for this is unclear, we
considered several possible explanations, which are as fol-
lows. First, the sample size of women was smaller than that
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Table 3 Sensitivities and
specificities of SMU Na/K for
high plasma aldosterone

SMU Na/K <1.0

(95% confidence interval)

SMU Na/K <2.0
(95% confidence interval)

SMU Na/K <3.0
(95% confidence interval)

concentration (290th percentile)

Sensitivity 45.5% (16.7-76.6)
among men .

Specificity 97.9% (92.7-99.7)

PPV 71.4% (29.0-96.3)

NPV 94.1% (87.5-97.8)

63.6% (30.8-89.1)
64.9% (54.6-74.4)
17.1% (7.2-32.1)

94.0% (85.4-98.3)

90.9% (58.7-99.8)
40.2% (30.4-50.7)
14.7% (7.3-25.4)

97.5% (86.8-99.9)

PPV positive predictive value, NPV negative predictive value, SMU Na/K second morning urine sodium/

potassium ratio

of men. Thus, it might have been difficult to detect an
association between the SMU Na/K and the PAC in women.
Second, women consumed more vegetables and legumes
than men, and these foods have high K levels (Table 1). It
has been reported that a high frequency of the intake of fruit
and vegetables is associated with a low urinary Na/K ratio
[27]. Vegetable intake might interact with the association
between the SMU Na/K and the PAC; thus, this association
might not be detectable in women. Third, the homeostasis
of Na and K may differ according to sex. The urinary Na
level was significantly lower in men with a high PAC than
in those without a high PAC; the same observation was not
made in women (Supplementary Table 1). Morimoto
reported that the rate of sweating among women was lower
than that among men who were exposed to heat [28].
Women might sweat less and excrete less Na via the skin
surface than men; thus, the urinary Na/K ratio might not
become extremely low in women. Additionally, the serum
K level in women with a high PAC was significantly lower
than that in women without a high PAC (Supplementary
Table 1). The AUC became significant when the serum K
level was included in the model for women (Fig. 2).
Although this could be a chance finding owing to the small
sample size, a combination of the SMU Na/K and serum K
level might improve the detection of hyperaldosteronism in
women. Hypokalemia is a classic characteristic of hyper-
aldosteronism [29]; therefore, it is important to assess the
serum K level together with the SMU Na/K. Further studies
with large sample sizes are needed to test this hypothesis.
This study has several limitations. First, this was a small-
sample study conducted at a single center. Thus, the feasible
cutoff point for the SMU Na/K and the reasonable range for
a high PAC for the detection of hyperaldosteronism should
be validated in a future study. Second, our findings were
obtained by a single measurement of the spot urinary Na/K
ratio. Although the SMU Na/K might be similar to the 24-h
urine Na/K ratio, the value in a single spot urine test
includes random error compared with the 24-hour Na/K
ratio in individuals. Repeated measurements of the spot
urine Na/K ratio have been reported to provide a good
estimate of the 24-h Na/K ratio [30, 31]. Considering the
feasibility of implementation, repeated measurements of
the SMU Na/K with a self-monitoring device could improve

the detection of hyperaldosteronism [32]. Further study is
needed to evaluate the usefulness of applying these findings
and methods. Third, the association between a low urinary
Na/K ratio and a high PAC may reflect compensation by the
PAC in response to low sodium intake. Sodium restriction
is usually recommended for hypertensive individuals to
lower their blood pressure; however, biologically, this
causes an increase in the PAC [33]. To validate how
the present result was affected by “reverse causality,” a
reliable way of measuring individual sodium intake is
essential. Unfortunately, we were unable to collect 24-hour
urine (the gold-standard method of estimating individual
sodium intake) in this study. However, we recruited
participants with persistent hypertension to exclude
individuals with a high PAC resulting from sodium
restriction. We also performed a sensitivity analysis, from
which we excluded participants who might have had low
sodium intake, as determined using the Kawasaki equation
[14] (Supplementary Figure). The results obtained were
similar to those of the main analysis, although the AUC of
the ROC curve was slightly smaller for men. However, it
was difficult to remove the influence of sodium intake on
PAC in the present study, and therefore, we should be
aware of the possibility of reverse causality when inter-
preting the association between the urinary Na/K ratio and
the PAC.

Conclusion

The urinary Na/K ratio in second morning urine was
inversely associated with the PAC in hypertensive men but
not in women. A low urinary Na/K ratio could be a surro-
gate marker for the detection of a high PAC in
hypertensive men.
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