Article

Association of Urinary Sodium/Potassium Ratio
with Blood Pressure: Sex and Racial Differences
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Summary

Background and objectives Previous studies reporting an association between high BP and high sodium and low
potassium intake or urinary sodium/potassium ratio (U[Na*]/[K*]) primarily included white men and did not

control for cardiovascular risk factors.

Design, setting, participants, & measurements This cross-sectional study investigated the association of U[Na*]/
[K*] with BP in 3303 participants using robust linear regression.

Results Mean age was 43+10 years, 56% of participants were women, and 52% were African American. BP was
higher in African Americans than in non—-African Americans, 131/81+20/11 versus 120/76+16/9 mmHg
(P<<0.001). Mean U[Na*]/[K*] was 4.4+3.0 in African Americans and 4.1%2.5 in non—African Americans
(P=0.002), with medians (interquartile ranges) of 3.7 (3.2) and 3.6 (2.8). Systolic BP increased by 1.6 mmHg (95%
confidence interval, 1.0, 2.2) and diastolic BP by 1.0 mmHg (95% confidence interval, 0.6, 1.4) for each 3-unit
increase in U[Na*]/[K*] (P<<0.001 for both). This association remained significant after adjusting for diabetes
mellitus, smoking, body mass index, total cholesterol, GFR, and urine albumin/creatinine ratio. There was no
interaction between African-American race and U[Na*]/[K*], but for any given value of U[Na*]/[K*], both
systolic BP and diastolic BP were higher in African Americans than in non—-African Americans. The diastolic BP
increase was higher in men than in women per 3-unit increase in U[Na*]/[K*] (1.6 versus 0.9 mmHg, interaction

P=0.03).

Conclusions Dietary Na* excess and K+ deficiency may play an important role in the pathogenesis of hyper-
tension independent of cardiovascular risk factors. This association may be more pronounced in men than in

women.
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Introduction

Hypertension affects 50 million people in the United
States and 1 billion worldwide and is associated with
an increased risk of ESRD and significant morbidity
and mortality (1-4). The cardiovascular risk associated
with BP is, in fact, continuous, independent of other
risk factors, and increases beginning at a BP as low as
115/75 mmHg (4). Although the pathogenesis of pri-
mary hypertension is still not well understood, a va-
riety of modifiable factors such as diet, especially one
high in sodium (Na*) and low in potassium (K*) con-
tent, have been implicated as mechanisms. Classic
studies and observational data implicate that the com-
bined effect of low K* and high Na* on BP seems
greater than either alone, especially in blacks or African
Americans (5-13). We suggested a role for WNK1 (with
no lysine [K]) as a mediator of renal Na* retention and
salt-sensitive hypertension in a state of dietary K* de-
ficiency (12,13). However, observational data indicat-
ing an association between high Na* and low K* intake
or a high urinary Na*/K* ratio and high BP or cardio-
vascular disease were limited by the use of imperfect
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measures of Na* and K* intake, such as dietary recall
questionnaires (14,15), lack of control for confounding
variables such as cardiovascular risk factors (16-19),
and inclusion of predominantly white male partici-
pants (16,17,20).

The purpose of our study was to investigate the
association of urinary Na*/K* ratio (U[Na*]/[K*])
with increased systolic and diastolic BP independent
of cardiovascular risk factors, albuminuria, and esti-
mated GFR (eGFR), and to further delineate whether
an interaction by race or sex exists. We examined a
multiethnic sample of community-dwelling partici-
pants oversampled for African Americans, with ap-
proximately equal numbers of men and women.

Materials and Methods
Study Participants

The Dallas Heart Study is a cross-sectional population-
based, probability sample of Dallas county residents
aged 30-65 years (21). This study was approved by the
institutional review board and participants gave
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informed consent. An initial in-home visit was made to 6101
participants to obtain demographic and health-related data.
A second in-home visit was performed for fasting venous
blood and first-void morning urine samples in 3557 partic-
ipants. Our analyses include 3303 participants with data for
estimations of serum and urine creatinine, urine electrolytes,
urine microalbumin, and eGFR.

Clinical Variables

Race was dichotomized as African American or non-
African American on the basis of self-report. Five BP
measurements were taken by trained personnel with the
participant in the seated position using an automatic os-
cillometric device previously validated against direct
catheter-based intra-arterial pressure measurements (21).
The mean of the third, fourth, and fifth measurements was
used for analysis. Hypertension was defined as follows: (1)
self-reported diagnosis, (2) treatment for hypertension, (3)
systolic BP =140 mmHg, or (4) diastolic BP =90 mmHg.
Diabetes mellitus was defined on the basis of the following:
(1) self-report combined with insulin or oral hypoglycemic
use, (2) fasting glucose =126 mg/dl, or (3) nonfasting glu-
cose =200 mg/dl. The definition of hypercholesterolemia
was based on a fasting calculated LDL cholesterol =160
mg/dl, nonfasting direct LDL =160 mg/d]l, total choles-
terol =240 mg/dl, or the use of statin medication. Partic-
ipants who smoked at least 100 cigarettes in their lifetime or
who had smoked in the previous 30 days were classified as
smokers.

Urinary and Kidney Function Measurements

A first-void morning urine sample was used for urinary
parameters. Urinary potassium concentration U[K*] and
sodium concentration U[Na*] were analyzed and ex-
pressed as milliequivalents per liter. U[Na*]/[K*] was cal-
culated by dividing U[Na*] by U[K*]. The urine albumin/
creatinine ratio (UACR) was calculated by dividing urine
albumin by urine creatinine and was expressed as milli-
grams per gram. Albuminuria was defined as an UACR
of =17 mg/g in men and =25 mg/g in women (22). The
four-variable Modification of Diet in Renal Disease study
formula was used to estimate GFR (23).

Statistical Analyses

For bivariate comparisons, categorical variables were
compared using the chi-squared test, and continuous vari-
ables were compared using the ¢ test. Multivariable robust
linear regression was used to evaluate the association of
U[Na"]/[K*] with systolic and diastolic BP. To minimize
any potential effect of the right-skewed U[Na*]/[K"] distri-
bution on the regression fit, robust linear regression estima-
tion was used instead of classic linear regression. Robust
regression is less sensitive to the extreme values of predic-
tors and thus the regression fit is less affected by the skewed
U[Na*']/[K"] distribution. Regression diagnostics were used
to explore the presence and effect of potential outliers (in-
fluence points), and <2.5% of the sample was classified as
outliers, which is considered acceptable.

The association between U[Na*]/[K"] as an independent
variable and the presence of hypertension as the depen-
dent variable was explored using logistic regression. Other

candidate covariates were included in the multivariable
models if clinically relevant and/or statistically significant
in univariate analyses. The interactions of race X U[Na*]/
[K*] and sex X U[Na*]/[K*] were also tested.

To test that the potential effect of diuretics, angiotensin-
converting enzyme (ACE) inhibitors, and angiotensin re-
ceptor blockers (ARBs) on urinary Na* and K" excretion did
not significantly affect the results, sensitivity analyses with
the exclusion of participants receiving treatment with these
medications were performed. All statistical tests were two-
sided, were conducted at the 0.05 significance level, and
were reported using P values. Interaction term P values
<0.1 were considered statistically significant. All analyses
were performed using SAS Enterprise Guide software
(version 3.0; SAS, Cary, NC) and SAS software (version
9.1.3; SAS).

Results
Characteristics of the Cohort

Among the 3303 participants, the mean age was
43.0%10.1 years and 55.9% were women (Table 1). Fifty-
two percent were African Americans, 28.9% were Cauca-
sians, 17.1% were Hispanics, and 2.1% were of other races.
Thirty-six percent had hypertension and 21% were being
treated with antihypertensive medications (Table 1). Mean
systolic BP and diastolic BP were 125.2+19.0 mmHg and
78.5+10.3 mmHg, respectively.

The African-American group had a higher mean age than
the non-African-American group, but the proportions
of men and women did not significantly differ (Table 1).
A higher proportion of African Americans was diabetic,
hypertensive, and treated with antihypertensive medica-
tions. Mean systolic BP and diastolic BP were higher
among African Americans versus non—African Americans,
at 130.5/81.2+20.0/10.7 mmHg versus 119.5/75.5*16.1/
9.1 mmHg, respectively (P<<0.001). The mean UACR was
32.4 mg/g (in the range of microalbuminuria) in African
Americans and 10.4 mg/g in non—-African Americans
(P<0.001) (Table 1). U[Na*]/[K*] was 4.4+3.0 and 4.1+2.5
in the two racial groups, respectively (P=0.002). Correspond-
ing median (interquartile range) values were 3.7 (3.2) for
African Americans and 3.6 (2.8) for non—African Americans.

Univariate Associations between Risk Factors
and U[Na']/[K"]

Systolic and diastolic BP, body mass index (BMI), and
serum glucose were significantly and directly associated
with U[Na*]/[K"], and UACR was indirectly correlated.
Categorical variables significantly associated with higher
U[Na*]/[K*] in univariate models included African-
American racial group and presence of hypertension and
nonsmoker status (data not shown).

Relationships between U[Na*]/[K*] and BP

Systolic BP increased by 1.58 mmHg (95% confidence
interval [95% CI], 0.9, 2.2) per each 3-unit increase in
U[Na*]/[K"], and diastolic BP increased by 1.02 mmHg
(95% (I, 0.6, 1.4) (P<0.001 for both correlations) (Table 2).
In adjusted models, systolic BP was 1.16 mmHg (95% CI,
0.6, 1.7) and diastolic BP was 0.84 mmHg (95% CI, 0.5, 1.2)
higher for each 3-unit increase in U[Na*]/[K"] (P<0.001
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Table 1. Clinical characteristics of the cohort
. Entire Cohort LRI NforE e P
Variable (N=3303) Americans Americans Value?
(n=1713) (n=1590)
Age (y1) 43.0+10.1; 43.0 (16.0) 44.7+10.3; 44.0 (16.0) 43.0+9.9; 42.0 (15.0) <(0.001
Sex 0.06
men 44.1 42.5 45.8
women 55.9 575 54.2
Race
African American 51.9
Caucasian 28.9
Hispanic 17.1
other 2.1
Smoker 455 47.1 439 0.07
Hypertension 36.0 47.1 24.0 <0.001
Diabetes mellitus 12.0 14.5 9.3 <0.001
Hypercholesterolemia 13.0 12.7 13.3 0.59
Medications
all antihypertensives 20.9 26.1 15.3 <0.001
all diuretics 9.0 12.8 4.9 <0.001°
loop diuretics 25 3.7 1.2 <0.001°
thiazide diuretics 6.7 9.2 3.7 <0.001°
potassium-sparing 3.9 52 1.6 <0.001°
diuretics
ACE inhibitors 10.1 12.4 7.6 <0.001
ARBs 1.7 2.0 1.3 0.13°
Body mass index (kg/mz) 29.6+7.0; 28.5 (8.7) 30.5 £7.5;29.5 (9.7) 28.7+6.3; 27.7 (7.6) <0.001
Systolic BP (mmHg) 125.2+19.0; 124.7 (21.0)  130.5%20.0; 128.0 (24.3) 119.5%16.1; 121.7 (19.0) <0.001
Diastolic BP (mmHg) 78.5+10.3; 77.3 (13.0) 81.2+ 10.7; 80.0 (13.6) 75.5+9.1; 75.0 (12.0) <0.001
Serum glucose (mg/dl) 103.5£44.8; 93.0 (18.0) 105.7£49.7; 92.0 (20.0) 101.1£38.7; 93.0 (15.0) 0.003
Serum cholesterol (mg/dl) 180.4+39.8;177.0 (50.0) 177.8+40.3;174.0 (49.0) 183.2+39.1;179.0 (49.0) <0.001
GFR (ml/min per 1.73 mz)C 100.3+24.7; 104.8 (40.7)  103.2%+26.1; 98.8 (36.6) 97.1+£22.7,109.2 (41.0)  <0.001
UACR (mg/g) 21.8+191.0; 2.9 (3.5) 32.4%+250.1; 3.1 (4.9) 10.4+90.4; 2.8 (2.7) <0.001
Data are expressed as mean = SD, median (IQR), or percentage. IQR, interquartile range; ACE, angiotensin-converting enzyme; ARB,
angiotensin receptor blocker; UACR, urine albumin/creatinine ratio.
?P value is for the comparison of variables between African-American and non-African-American racial groups using a two-sample
t test for continuous variables and chi-squared test for categorical variables.
PFisher’s exact test was used for the comparison.
‘GFR was estimated using the four-variable Modification of Diet in Renal Disease Study formula.

Table 2. Robust linear regression for systolic and diastolic BPs

bk Ve, Systolic BP Diastolic BP
UN2"]/[K°] Change (95% CI)? P Value Change (95% CI)? P Value
Model 1 1.58 (0.93, 2.23) <0.001 1.02 (0.64, 1.40) <0.001
Model 2 1.16 (0.63, 1.70) <0.001 0.84 (0.50, 1.18) <0.001
Model 3 1.36 (0.82, 1.90) <0.001 0.95 (0.95, 1.30) <0.001

Model 1: univariable model. Model 2: multivariable model, adjusted for age, sex, race, diabetes mellitus, smoking, body mass index,
total cholesterol, estimated GFR, and urine albumin/ creatinine ratio. Model 3: Sensitivity analysis excluding participants receiving
treatment with diuretic, angiotensin-converting enzyme inhibitors, and angiotensin receptor blocker medication. U[Na*]/[K*], urinary
sodium/potassium ratio; 95% CI, 95% confidence interval.

*Unit for change in BP is mmHg per each 3-unit increase in U[Na*]/[K*].

for both associations) (Table 2). Other factors associated BMI, total cholesterol, and UACR (Table 3). Smoker status
with both systolic and diastolic BP in multivariable was also associated with diastolic BP, and there was also a
models included increased age, male sex, African-American small but statistically significant correlation between eGFR
race, and presence of diabetes mellitus, as well as higher and systolic BP.
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Table 3. Multivariable robust linear regression for systolic BP
and diastolic BP
Independent Variable (g?%néf) Valiue
Systolic BP
urine [Na*]/[K*]* 1.16 (0.62, 1.70) <0.001
age 2.33 (2.06, 2.60) <0.001
male sex 8.10 (6.90, 9.30) <0.001
African-American race  7.37 (6.36, 8.39) <0.001
diabetes mellitus 4.27 (2.64, 5.90) <0.001
smoker status 1.01 (0.01, 2.01) 0.05
body mass index 2.81 (2.43,3.18) <0.001
(kg/m?)P
total cholesterol 0.13 (0.07, 0.19) <0.001
(mg/dl)°
GFR (ml/min per 0.10 (0.05, 0.20) 0.04
1.73 m?)P
UACR (mg/g)b 0.21 (0.18, 0.25) <0.001
Diastolic BP
urine [Na*]/[K']? 0.84 (0.50, 1.18) <0.001
age® 0.89 (0.72, 1.06) <0.001
male sex 2.96 (2.20, 3.72) <0.001
African-American race  4.12 (3.48, 4.76) <0.001
diabetes mellitus 1.07 (0.06, 2.09) 0.04
smoker status 0.66 (0.03, 1.29) 0.04
body mass index 1.59 (1.36, 1.83) <0.001
(kg/m?)°
total cholesterol 0.12 (0.08, 0.16) <0.001
(mg/dl)°
GFR (ml/min per 0.04 (—0.02, 0.10) 0.19
1.73 m?)°
UACR (mg/g)b 0.02 (0.01, 0.03) 0.001
95% CI, 95% confidence interval; U[Na*]/[K"], urinary sodium/
potassium ratio; UACR, urine albumin/ creatinine ratio.
“Per 3-unit increase.
PPer 5-unit increase.

Of the 3303 participants, 519 (15.7%) were receiving
treatment with one or more diuretic, ACE inhibitor, or ARB
medication classes that could potentially affect urinary
Na™ or K". Sensitivity analyses by the exclusion of partic-
ipants receiving treatment with these medications did not
significantly affect the results (Tables 2, 4, and 5). Finally,
U[Na*]/[K"] was significantly associated with the presence
of hypertension using logistic regression with an odds ratio
of 1.13 (95% CI, 1.05, 1.22) in the univariable model and 1.12
(95% CI, 1.02, 1.22) in the multivariable model, for each
3-unit increase in U[Na*]/[K"] (data not shown).

Race and Sex Interactions

There were 1713 African-American and 1590 non—African-
American participants. After stratification by race, in multi-
variable models systolic BP increased by 1.22 mmHg (95%
CI, 0.42, 2.01) for each 3-unit increase in U[Na*]/[K*]
(P=0.003), and diastolic BP increased by 0.75 mmHg (95%
CI, 0.27, 1.24) (P=0.002) in the African-American racial
group (Table 4). Corresponding values in non-African
Americans were 1.09 mmHg (95% CI, 0.35, 1.82) for systolic
BP and 0.91 mmHg (95% CI, 0.43, 1.40) for diastolic BP. For
any value of U[Na']/[K"], on average, African Americans
had an 11.0 mmHg higher systolic BP and 5.4 mm Hg higher

diastolic BP than their non-African-American counterparts
(data not shown). In addition, the presence of African-
American race (versus non—African-American race) increased
the odds of having hypertension by 2.5 (multivariable odds
ratio, 2.51; 95% CI, 2.11, 3.00) (data not shown).

However, there was no statistically significant interaction
detected between African-American race and U[Na™]/[K*]
in models of systolic or diastolic BP (interaction P values
0.7 and 0.4, respectively), or in models in which hyper-
tension was the outcome measure. To investigate whether
the absence of an effect of race on the correlation between
U[Na*]/[K'] and BP was not diluted by the mixed racial
composition of the non-African-American group, we per-
formed an exploratory analysis in which three racial
groups were considered separately: African Americans
(n=1713), Caucasians (1=956), and others (n1=634). In
this exploratory analysis, we did not find a significant
U[Na*]/[K*] X race interaction either (P=0.38; data not
shown). Sensitivity analysis by the exclusion of participants
receiving diuretics, ACE inhibitors, or ARBs attenuated the
magnitude of the association between U[Na*]/[K"] and both
systolic and diastolic BP in African Americans but not in
non—African Americans (Table 4).

There were 1847 female and 1456 male participants
in this study. Systolic BP increased to a greater degree in
men compared with women for every 3-unit increase in
U[Na*]/[K"], 1.57 mmHg (95% CI, 0.78, 2.36) versus 0.89
mmHg (95% CI, 0.18, 1.61) in the adjusted models (Table 5,
model 2). The magnitude of the increase in diastolic BP in
men was more than two-fold that in women (1.27 mmHg
[95% CI, 0.75, 1.78] versus 0.51 mmHg [95% CI, 0.06, 0.96]),
with an interaction P value that was statistically signifi-
cant (P=0.03 for the multivariable model). However,
the U[Na*]/[K*] X sex interaction P value for systolic
BP was 0.1 and did not reach statistical significance. The
U[Na*]/[K"'] X sex interaction terms were also statistically
significant after participants receiving treatment with di-
uretics, ACE inhibitors, or ARBs were excluded (P=0.09
for systolic and P=0.06 for diastolic BP) (Table 5, model 3).
Figure 1 illustrates the linear regression of U[Na*]/[K*] on
systolic and diastolic BP and reveals that for each value of
U[Na*]/[K*], African Americans had a higher BP than
non—-African Americans. Similar results were observed
for men compared with women.

Discussion

Our findings indicate a robust positive correlation
between U[Na*]/[K*] and prevalent BP independently of
most relevant clinical covariates. The unique advantage of
this study is the concurrent availability of data on kidney
function and albuminuria. Our results confirm the findings
reported by previous observational studies and extend
these findings utilizing a large multiethnic community-
dwelling group of participants, in which nonwhite racial
and ethnic groups were well represented, showing that
the ratio of Na*/K* intake may play a significant role in
the pathogenesis of primary hypertension. Although the
majority of participants were not hypertensive, our analysis
extends previous findings to nonhypertensive individuals
who may be at risk for the future development of hyper-
tension, and thus increases generalizability. In addition, we
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Table 4. Robust linear regression analysis for BP stratified by race

African American

Non-African American

Change (95%

Change (95%

Confidence Interval)® el Confidence Interval)® Vel
Systolic BP, U[Na*]/[K"]
model 1 1.23 (0.30, 2.17) 0.01 1.39 (0.51, 2.26) 0.002
model 2 1.22 (0.42, 2.01) 0.003 1.09 (0.35, 1.82) 0.004
model 3 1.53 (0.71, 2.36) <0.001 1.01 (0.27, 1.75) 0.008
Diastolic BP, U[Na*]/[K*]
model 1 0.77 (0.25, 1.29) 0.004 1.11 (0.56, 1.66) <0.001
model 2 0.75 (0.27, 1.23) 0.002 0.91 (0.43, 1.40) <0.001
model 3 1.00 (0.48, 1.52) <0.001 0.81 (0.32, 1.31) 0.001

sodium/ potassium ratio.

Model 1: univariable model. Model 2: multivariable model, adjusted for age, sex, race, diabetes mellitus, smoking, body mass index,
total cholesterol, estimated GFR, and urine albumin/ creatinine ratio. Model 3: sensitivity analysis excluding participants receiving
treatment with diuretic, angiotensin-converting enzyme inhibitors, and angiotensin receptor blocker medication. U[Na*]/[K*], urinary

“Unit for change in BP is mmHg per each 3-unit increase in U[Na*]/[K*].

Table 5. Robust linear regression analysis for BP stratified by sex

Female Male
Change Change
(95% (i,gl)a P Value (95% é:I)a P Value
Systolic BP, U[Na*]/[K"]
model 1 1.26 (0.36, 2.17) 0.006 1.86 (0.98, 2.74) <0.001
model 2 0.89 (0.18, 1.61) 0.01 1.57 (0.78, 2.36) <0.001
model 3 1.00 (0.24, 1.75) 0.01 1.85 (1.07, 2.62) <0.001
Diastolic BP, U[Na*]/[K*]
model 1 0.75 (0.23, 1.28) 0.005 1.30 (0.74, 1.86) <0.001
model 2 0.51 (0.06, 0.96) 0.03 1.27 (0.75, 1.78) <0.001
model 3 0.63 (0.14, 1.12) 0.01 1.31 (0.79, 1.83) <0.001

dence interval; U[Na*]/[K*], urinary sodium/potassium ratio.

Model 1: univariable model. Model 2: multivariable model, adjusted for age, sex, race, diabetes mellitus, smoking, body mass index,
total cholesterol, estimated GFR, and urine albumin/ creatinine ratio. Model 3: sensitivity analysis excluding participants receiving
treatment with diuretic, angiotensin-converting enzyme inhibitors, and angiotensin receptor blocker medication. 95% CI, 95% confi-

*Unit for change in BP is mmHg per each 3-unit increase in U[Na*]/[K*].

used direct measurements of U[Na*]/[K*], rather than indi-
rect measures such as dietary recall. We further substantiate
that this association is independent of other cardiovascular
risk factors and is intensified in men compared with women.
There was also a trend toward a larger BP effect in African-
American versus non-African-American participants.
Classic studies by Krishna et al. (6) and Morris et al. (7)
implicate that a combined effect of dietary Na* excess and
K* deficit is greater than either alone as a mediator of high
BP. Decreased efficacy of K* intake in lowering BP when
accompanied by low Na* intake has also been reported in
larger trials such as the Dietary Approaches to Stop Hy-
pertension (DASH) trial (9,24). Previous studies reported
an association between urinary Na*/K* ratio and BP but
had several limitations. For example, INTERSALT, a large
epidemiologic study, reported a positive correlation between
urinary Na*/K* ratio and BP, which after adjustment for

age, sex, BMI, and alcohol consumption was statistically
significant in only 8 of the 52 centers for systolic BP and
3 centers for diastolic BP (17). No adjustment was made for
eGFR and other cardiovascular risk factors and <10% of
participants were black (16,17). Similarly, no adjustment
was made for eGFR or cardiovascular risk factors in anal-
yses done by Hsiao et al. (18) and Kwok et al. (19). Cook
et al. (20) reported an association between urinary Na*/K*
ratio and subsequent cardiovascular risk among 2306 par-
ticipants of the Trials of Hypertension Prevention study
(TOHP), only 14% of which were African American. Fifty
percent of our cohort was African American, with equal
percentages of each sex. Inclusion of a large proportion of
African Americans is particularly important because this
racial group not only has higher hypertension prevalence,
but also has higher salt sensitivity (7,8) and lower dietary
K* intake (25). African Americans develop complications of
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Figure 1. | Association of urinary sodium/potassium ratio with blood pressure using linear regression: sex and race interactions. Linear
regression of urine [Na*]/[K*] on (A) systolic BPand (B) diastolic BP. AA, African American; Non-AA, non-African American; SBP, systolic BP;

DBP, diastolic BP.

hypertension, such as stroke, left ventricular hypertrophy,
and ESRD, at disproportionately higher rates (26-28). There-
fore, insight into mechanisms that prevent or treat hyperten-
sion in this group could provide significant benefits.
Previous data raise the interesting question of whether
differences in intake between races are primary, or secondary
and subsequent to primary differences in renal tubular
handling and excretion, or due to differences in gastroin-
testinal absorption. Turban et al. (11) reported that base-
line urinary K* excretion was significantly lower in blacks
compared with whites, which was maintained after an
8-week consumption of the DASH diet. One proposed mech-
anism is augmented furosemide-sensitive Na*-K+*-2Cl~ co-
transporter activity in the thick ascending limb of Henle’s
loop in blacks, which leads to increased fractional Na*

reabsorption upstream to the location of the epithelium-
like sodium channel, reducing tubular flow and Na* deliv-
ery and resulting in less K* excretion (8). The observation
that furosemide inhibition of Na*-K*-2Cl~ co-transporter
results in a more significant increase in K* excretion in
blacks compared with whites supports this hypothesis
(8,29). Another potential mechanism as suggested by Lazrak
et al. (12) and Huang et al. (13), could be the increased ratio
of long WNKI1 kinase to kidney-specific WNKI, resulting in
renal Na* retention and salt-sensitive hypertension in those
with low dietary K* intake, such as African Americans.
We found a significant interaction between U[Na*]/[K*]
and sex, such that men had a higher diastolic BP compared
with women for each unit of increase in U[Na*]/[K*]. Sex
differences in salt sensitivity were not as extensively
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studied as racial differences. There were no significant sex
interactions reported in the DASH trial (10), but in the
DASH-Sodium trial, the effects of sodium intake were sig-
nificantly greater in women than men on the DASH diet
(9). Similarly, in phase I of the TOHP study, an interven-
tion to reduce dietary Na* intake resulted in a larger sys-
tolic BP effect in women than in men. However, women
had lower Na* intake at baseline and were more likely to
decrease urinary Na* to target, suggesting that better ad-
herence to the low-salt diet may have resulted in lower BP
in response to intervention (30). In 87 Japanese hyperten-
sive patients, salt sensitivity did not differ between sexes,
but the decrease in plasma renin activity after NaCl load-
ing was significantly smaller in women than in men, sug-
gesting that the mechanism of BP elevation after NaCl
loading may differ between sexes (31). It should be noted
that the TOHP I and DASH-Sodium studies only included
individuals with prehypertension and stage I hyperten-
sion, whereas a large proportion of our sample did not
have hypertension.

Although our population-based study allowed the eval-
uation of U[Na*]/[K*] and BP in a large multiethnic sam-
ple, participants were not on a prespecified controlled diet,
and 24-hour urine collection data were not available for
analysis. We could not, therefore, examine the dietary con-
tributions of Na* alone or K+ alone. To reduce this poten-
tial limitation, we analyzed U[Na*]/[K*] as a measure of
the ratio of dietary Na*/K* intake. Importantly, the positive
correlation of BP with U[Na*]/[K*] is consistent with the
INTERSALT study results (16), in which 24-hour urine
collection data were used as indices of intake. Given the
cross-sectional nature of this analysis, future studies need
to determine whether these relationships would hold longi-
tudinally, both by virtue of changes in diet (repeatability of
the measurements) and the variability of BP over time.

Furthermore, although the correlation that we report
between U[Na*]/[K*] and BP is modest, it is clinically rel-
evant from a population-based perspective given the im-
plications of small reductions in BP for primary prevention
of cardiovascular disease. Similarly to our results, the cor-
relation coefficients between urinary Na*/K* ratio and BP
were also modest in larger studies (16,32). Long-term data
from large observational and randomized trials suggest
that even a small 2-mmHg reduction in diastolic BP would
result in a 17% decrease in the prevalence of hypertension, a
6% reduction in coronary heart disease, and a 15% decrease
in stroke and transient ischemic attacks (33). In addition,
some data suggested that low Na* and high K* dietary con-
tent may have potential benefits beyond direct BP effects,
such as long-term favorable effects on cardiovascular out-
comes (20,34,35).

In summary, this analysis supports the hypothesis that
dietary Na* excess and K" deficiency may play an impor-
tant role in hypertension pathogenesis and extends these
findings across both sexes and racial groups in a multieth-
nic sample. It further demonstrates that this association
may be independent of other traditional cardiovascular
risk factors and measures of kidney function. Future studies
need to elucidate whether differences in urinary Na*/K*
ratio can be primarily explained by dietary Na* and K" in-
take or whether sex and racial differences in renal Na* and
K" handling are also implicated. Importantly, larger trials
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are necessary to evaluate whether long-term dietary mod-
ifications in prehypertensive participants would decrease
progression to hypertension and diminish long-term car-
diovascular events.
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