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ABSTRACT
Background: Previous studies that reported an association of di-
etary Na+ intake with metabolic syndrome were limited by the use
of imprecise measures of obesity, Na+ intake, or exclusion of mul-
tiethnic populations. The effect of dietary K+ intake on obesity is
less well described.
Objective: We hypothesized that high dietary Na+ and low K+,
based on the ratio of urinary Na+ to K+ (U[Na+]/[K+]) in a first-void
morning urinary sample, is independently associated with total body
fat.
Design: In a prospective population-based cohort, 2782 participants
in the community-dwelling, probability-sampled, multiethnic Dallas
Heart Study were analyzed. The primary outcome established a pri-
ori was total-body percentage fat (TBPF) measured by dual-energy
X-ray absorptiometry. The main predictor was U[Na+]/[K+]. Robust
linear regression was used to explore an independent association
between U[Na+]/[K+] and TBPF. The analyses were stratified by sex
and race after their effect modifications were analyzed.
Results: Of the cohort, 55.4% were female, 49.8% African Amer-
ican, 30.8% white, 17.2% Hispanic, and 2.2% other races. The
mean (6SD) age was 44 6 10 y, BMI (in kg/m2) was 30 6 7,
TBPF was 32 6 10%, and U[Na+]/[K+] was 4.2 6 2.6; 12% had
diabetes. In the unadjusted and adjusted models, TBPF increased by
0.75 (95% CI: 0.25, 1.25) and 0.43 (0.15, 0.72), respectively (P =
0.003 for both), for every 3-unit increase in U[Na+]/[K+]. A statis-
tically significant interaction was found between race and U[Na+]
/[K+], so that the non–African American races had a higher TBPF
than did the African Americans per unit increase in U[Na+]/[K+]
(P-interaction , 0.0001 for both). No interaction was found be-
tween sex and U[Na+]/[K+].
Conclusions: The ratio of dietary Na+ to K+ intake may be inde-
pendently associated with TBPF, and this association may be more
pronounced in non–African Americans. Future studies should ex-
plore whether easily measured spot U[Na+]/[K+] can be used to
monitor dietary patterns and guide strategies for obesity manage-
ment. Am J Clin Nutr 2014;99:992–8.

INTRODUCTION

Excess ingestion of Na+ in the diet leads to hypertension, and
a decreased Na+ intake leads to a reduction in blood pressure
(1). In the United States, there has been a significant increase in
Na+ intake of w55% from 1983 to 1998 with some stabilization
thereafter (2). An increased intake in dietary Na+ is associated
with increased thirst and ingestion of water and/or sweetened,
carbonated soft drinks (3, 4) that may be linked to the increased

prevalence of overweight and obesity (5). A question arises about
whether excess ingestion of dietary Na+ contributes directly to
obesity simply because of the physiologic renal response to
maintain extracellular and whole-body salt constant by excreting
excess dietary sodium intake or whether other mechanisms are
involved. For example, in the case of hypertension, classic studies
and observational data suggest that there is an interaction between
the roles of dietary Na+ excess and low K+ intake in the patho-
genesis of hypertension, such that the combined effect of diets
high in Na+ and low in K+ on blood pressure seem greater than
either alone, especially in those of the African race.

The combined role of dietary Na+ and K+ in the pathogenesis
of obesity is less clear. Although observational studies have
reported a high Na+ intake measured by 24-h urinary Na+ ex-
cretion to be associated with mortality and cardiovascular out-
comes independent of blood pressure (6–8), a similar consistent
association between dietary K+ and poor outcomes is less well
delineated (9–11). Few epidemiologic studies reported a positive
correlation between high dietary Na+ and low K+ and BMI (12),
the metabolic syndrome (13), and diabetes mellitus (5, 14).
However, studies were limited by using BMI (in kg/m2) as
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a measure of body fat content and by exclusion of various ethnic
groups or use of dietary diaries that are at risk of recall bias (15).

Given the limitations of previous studies, we evaluated the
association between the ratio of dietary Na+ to K+ intake, based
on the ratio of urinary Na+ to K+ (U[Na+]/[K+])5 in a first-void
morning urine sample, and obesity in a multiethnic cohort
consisting of 50% females, 50% African Americans, and 20%
Hispanics and of other racial groups. In addition, we used total-
body percentage fat (TBPF) measured by dual-energy X-ray
absorptiometry (DXA) (16) as a measure of obesity, because
BMI does not clearly distinguish between fat and muscle mass,
especially in African Americans (17). We hypothesized that
U[Na+]/[K+] would be independently associated with TBPF,
even after adjustment for confounding variables such as blood
pressure, diabetes, blood glucose, serum triglyceride concen-
trations, and other clinical factors. We also explored whether
this association would vary based on racial and sex differences.

SUBJECTS AND METHODS

Study sample

The Dallas Heart Study is a single-site, multiethnic, population-
based probability sample of community-dwelling Dallas County
residents aged 18–65 y that was designed to study the differences
in social and biologic variables among various ethnic groups at
the community level to understand potential mechanisms for
cardiovascular disease (18). Enrollment began in July 2000.
Data collection was performed in 3 separate visits. An extensive
household computer-assisted 60-min interview by trained field
personnel was conducted in 6101 participants (visit 1) to collect
health-related data, vital signs, and weight measurements. A
probability-based subset of 3557 persons aged 30–65 y was
derived from visit 1, which provided in-home collection of fasting
venous blood and early-morning first-void urine samples (visit 2).
A third visit (visit 3) consisted of extensive clinic examinations
and advanced imaging conducted by trained personnel in the
clinical facilities of the University of Texas Southwestern Medical
Center, completed in 2971 participants. Our analysis included
2782 participants who completed visits 2 and 3, with data avail-
able for urinary electrolytes, and who underwent DXA to assess
total-body fat composition (18). The weighted estimates of mea-
sured variables derived from visits 1–3 in the Dallas Heart Study
cohort are consistent and congruent with the population estimates
of the general US population (18).

Clinical variables

Race and ethnic categories were self-assigned by using a similar
structured list of categories as used in the third NHANES (19). For
the purposes of this analysis, race was classified into 3 categories:
African American, white, and Hispanic and other. Five blood
pressure measurements were taken at each visit in the seated
position by using an automatic oscillometric device (series
52,000; Welch Allyn Inc), previously validated against direct
catheter-based intra-arterial pressure (18). Personnel were trained
to use the device and to select an appropriately sized cuff. The

mean of the third, fourth, and fifth measurements was used for
analysis. BMI was expressed as weight in kilograms divided by
height squared in meters. Diabetes mellitus was defined on the
basis of self-report combined with insulin or oral hypoglycemic
agent use, or fasting glucose $6.99 mmol/L, or nonfasting
glucose $11.10 mmol/L (18). An early morning first-void urine
sample was collected at visit 2 and maintained at 48C for #4 h
before processing in the central laboratory. The ratio of urinary
Na+ to K+ (U[Na+]/[K+]), the main independent variable, was
calculated by dividing urinary sodium by potassium concentra-
tions, each expressed as mEq/L. Fasting blood was drawn by
venipuncture at visit 2 and analyzed for a variety of laboratory
variables.

Outcome measures

The primary outcome measure established a priori for this
analysis was TBPF measured by DXA (Delphi W scanner;
Hologic) with Discovery software version 12.2 in kilograms,
normalized for total body weight, and expressed as a percentage
(16). The DXA scan is a modern validated method for estimating
total-body fat composition. It generates accurate body fat mea-
surements comparable with the standard 4-compartment model,
which although comprehensive, requires anthropometric mea-
surements, body density by hydrodensitometry, total body water
by radioisotope labeling, and total-body bone mineral mass. The
DXA scan is also comparable with multislice computed tomo-
graphic imaging for estimating body fat (20). In addition, the
DXA method is superior to BMI because previous studies have
shown that the diagnostic accuracy of BMI for obesity is limited
when compared with the 4-compartment and bioelectrical im-
pedance methods, particularly for individuals in the intermediate
BMI ranges (16–21).

Statistical analyses

Baseline characteristics were stratified based on the 3 cate-
gories of race (African American, whites, Hispanics and others)
and 2 sex categories. Categorical variables were compared by
using the chi-square test and continuous variables by using
Student’s t test or 1-factor ANOVA, with Bonferroni adjustment
to P values. Robust linear regression was used to assess the
association of U[Na+]/[K+] as the main independent variable
with TBPF as the primary outcome. Robust regression, instead
of ordinary linear regression, was chosen to mitigate the po-
tential effects of the right-skewed distribution of U[Na+]/[K+] on
the regression fit (22). This method generates regression pa-
rameter estimates that are less sensitive to the effect of extreme
values of predictors than ordinary linear regression. Potential
outliers (influence points) were analyzed by using regression
diagnostics and were considered acceptable for the model.

Changes in the outcome variable were reported as a parameter
estimate for each 3-unit increase in U[Na+]/[K+]. Clinically
relevant and/or statistically significant covariates in univariate
analyses were included in the multivariable analyses. Partici-
pants with missing data for covariates were excluded from the
specific multivariable models that included those covariates. The
interaction of sex and U[Na]+/[K]+ was analyzed. The in-
teraction of race and U[Na]+/[K]+ was also tested in a separate
model, with African American as the referent race. Analyses

5Abbreviations used: DXA, dual-energy X-ray absorptiometry; TBPF, total-

body percentage fat; U[Na+]/[K+], ratio of urinary Na+ to K+.
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were then stratified by race and sex. To test whether a potential
clinically significant change in BMI in individuals between the
visits did not affect the results, sensitivity analyses were per-
formed by excluding participants who had a $5% change in
BMI between visits 1 and 3.

All statistical analyses used a 2-sided P value ,0.05 for
significance. For interaction terms, a P value ,0.1 was estab-
lished a priori for statistical significance to promote discovery of
potential interactions between variables of interest. All analyses
were performed by using SAS Enterprise Guide version 3.0 and
SAS version 9.1.3 software (SAS Institute).

RESULTS

Characteristics of study participants

The exclusionary cascade used to derive the sample is shown in
Figure 1. For the 2782 participants, the mean (6SD) age was
44.4 6 9.9 y, 55.4% were female, 49.8% were African Ameri-
cans, 30.8% were white, 17.2% were Hispanic, and 2.2% were
of other races. Twelve percent had diabetes mellitus, and 36%
had hypertension. The mean (6SD) BMI was 30.2 6 6.8, and
systolic and diastolic blood pressures were 125.0 6 18.9 and

78.4 6 10.2 mm Hg, respectively. TBPF by DXAwas 32.2% 6
9.9%, and U[Na+]/[K+] was 4.2 6 2.6 (Table 1).

Those of Hispanic origin or other races were about 4 y younger
than white and African American participants (P , 0.0001).
There was a significantly lower percentage of women and pa-
tients with diabetes in the white group than in the other race
groups. The prevalence of hypertension was highest among
African Americans, and this racial group also had the highest
systolic and diastolic blood pressures (P , 0.0001). BMI was
highest among African Americans, followed by Hispanics and
others (P value significant for all 2-way comparisons). Of the
cardiometabolic risk factors, the serum glucose concentration was
significantly lower in whites than in the other 2 racial groups, and
serum triglyceride concentration was lower in African Americans
than in other races. However, no statistically significant differ-
ence in U[Na+]/[K+] or TBPF was found (Table 1).

Men and women had similar ages, and the proportions of
patients with diabetes and hypertension were similar. However,
both systolic and diastolic blood pressures were higher in men
than in women (Table 1). Although women had a higher BMI and
TBPF (38.6 6 6.9% compared with 24.1 6 6.6% in men; P ,
0.0001), the triglyceride concentration was higher in men. No
statistically significant sex differences in the serum glucose
concentration or in U[Na+]/[K+] were found.

Association between obesity and U[Na+]/[K+]

U[Na+]/[K+] was independently associated with TBFP. In the
unadjusted model (model 1), TBPF increased by 0.75 (95% CI:
0.25, 1.25; P = 0.003) for each 3-unit increase in U[Na+]/[K+].
This association remained significant even after adjustment for
age, race, sex, presence of diabetes mellitus, systolic and di-
astolic blood pressures, and serum glucose and triglycerides. In
the adjusted model (model 2), TBPF increased by 0.43 (95% CI:
0.15, 0.72; P = 0.003) for each 3-unit increase in U[Na+]/[K+]
(Table 2). A sensitivity analysis excluding participants who had
a change in BMI of .5% between visits 1 and 3 (model 3) did
not change the significance (Table 2). The variances in TBPF

FIGURE 1. Derivation of study sample. DXA, dual-energy X-ray
absorptiometry.

TABLE 1

Baseline characteristics of the cohort1

Variables

Entire cohort

(n = 2782)

African Americans

(n = 1386)

Whites

(n = 857)

Hispanics and others

(n = 539) P value

Men

(n = 1242)

Women

(n = 1540) P value

Age (y) 44.4 6 9.92 45.3 6 10.0a 45.2 6 9.8a 40.8 6 9.1b ,0.0001 44.3 6 9.7 44.5 6 10.1 0.78

Female [n (%)] 1,540 (55.4) 796 (57.4)a 442 (51.6)b 302 (56.0)a 0.02

DM [n (%)] 325 (11.7) 200 (14.4)a 58 (6.8)b 67 (12.4)a ,0.0001 144 (11.6) 181 (11.8) 0.90

HTN [n (%)] 1000 (36.0) 665 (48.0)a 232 (27.1)b 103 (19.1)b ,0.0001 433 (34.9) 567 (36.8) 0.29

BMI (kg/m2) 30.2 6 6.8 31.2 6 7.1a 28.8 6 6.1b 30.1 6 6.2c ,0.0001 28.8 6 5.2 31.3 6 7.6 ,0.0001

TBPF (%) 32.2 6 9.9 31.9 6 10.6a 32.0 6 9.3 a 33.0 6 8.9a 0.08 24.1 6 6.6 38.6 6 6.9 ,0.0001

Systolic BP (mm Hg) 125.0 6 18.9 130.5 6 19.9a 120.0 6 15.0b 118.9 6 17.4b ,0.0001 127.7 6 17.4 122.8 6 19.7 ,0.0001

Diastolic BP (mm Hg) 78.4 6 10.2 81.1 6 10.6a 76.0 6 8.7b 75.1 6 9.6b ,0.0001 79.3 6 10.0 77.6 6 10.4 ,0.0001

Urinary Na+ (mEq/L) 121.4 6 55.9 125.9 6 58.4a 111.1 6 50.5b 126.4 6 55.3a ,0.0001 123.8 6 54.8 119.5 6 56.7 0.04

Urinary K+ (mEq/L) 37.5 6 24.8 38.6 6 25.5a 34.0 6 22.7b 40.6 6 25.7a ,0.0001 39.3 6 25.8 36.1 6 23.9 ,0.001

Ratio of urinary Na+ to K+ 4.2 6 2.6 4.3 6 2.8a 4.2 6 2.5a 4.0 6 2.3a 0.07 4.1 6 2.7 4.2 6 2.6 0.39

Serum glucose (mmol/L) 5.7 6 2.4 5.9 6 2.8a 5.4 6 1.7b 5.9 6 2.4a ,0.0001 5.8 6 2.4 5.7 6 2.5 0.38

Serum triglycerides (mmol/L) 1.4 6 1.2 1.2 6 1.1a 1.6 6 1.2b 1.7 6 1.4b ,0.0001 1.6 6 1.4 1.3 6 1.0 ,0.0001

1Categorical variables were compared by using the chi-square test and continuous variables by using Student’s t test or one-factor ANOVA. Means with

different superscript letters are significantly different, P , 0.05 (Bonferroni-corrected t tests). BP, blood pressure; DM, diabetes mellitus; HTN, hypertension;

TBPF, total-body percentage fat.
2Mean 6 SD (all such values).
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explained by U[Na+]/[K+] for models 1, 2, and 3 were 0.32%,
0.01%, and 0.02%, respectively.

Race interactions

Astatistically significant interaction between race andU[Na+]/[K+]
(P-overall interaction = 0.08) was found after adjustment for
age, race, sex, presence of diabetes mellitus, systolic and di-
astolic blood pressures, and serum glucose and triglycerides.
Specifically, for any given mean value of U[Na+]/[K+], TBPF
increased by a greater magnitude for whites and Hispanics and
others as compared with African Americans as the referent (P ,
0.0001 for both bivariate interaction terms). As seen in multi-
variable-stratified analyses (Table 3), TBPF increased signifi-
cantly by 0.65 and 0.73 for each 3-unit increase in U[Na+]/[K+]
in whites and Hispanics and others, respectively, which was not
observed in African Americans. In the sensitivity analysis, the
same pattern of association was observed.

Sex interactions

No statistically significant interaction between sex and
U[Na+]/[K+] was found on the association with TBPF
(P-interaction . 0.1). In the unadjusted analyses (Table 4), TBPF
increased by 0.59 and 0.62 for each 3-unit increase in U[Na+]/[K+]
in women and men, respectively. This association remained sig-
nificant for women, even after adjustment for covariates. However,
statistical significance was no longer observed in men in the ad-

justed model. Women showed a significant association, even in the
sensitivity analysis, when those with a change in BMI of $5%
were excluded.

The regression of U[Na+]/[K+] on TBPF and race interactions,
adjusted for age, sex, diabetes mellitus, systolic blood pressure,
diastolic blood pressure, and serum glucose and triglyceride
concentrations, is shown in Figure 2. The slopes of the re-
gression lines are different between African Americans (the
referent) and whites and Hispanics and others.

DISCUSSION

This study reports an independent direct association between
U[Na+]/[K+] and total body fat, measured by DXA, even after
adjustment for blood pressure, diabetes, and serum glucose and
triglyceride concentrations. Moreover, this study was conducted
in a multiethnic, population-based cohort in which we found
racial differences in the association of U[Na+]/[K+] with total
body fat. The rise in TBPF was greater in whites and Hispanic
and others than in African Americans for each unit increase in
U[Na+]/[K+].

More than 2 decades ago, the large epidemiologic INTER-
SALT study reported a bivariate positive correlation between
U[Na+]/[K+] and BMI (r = 0.06, P value not reported) (12).
However,,10% of participants were of African descent, and the
analysis was not adjusted for confounding clinical variables.
More recently, Hoffmann and Cubeddu (13) reported that uri-
nary sodium excretion was higher in those with metabolic
syndrome (defined by Adult Treatment Panel III guidelines) than
in those without it in 766 Venezuelan male and female partici-
pants. There was also a weak correlation between 24-h urinary
K+ excretion and body weight, BMI, and waist-to-hip ratio only
in women (r = 0.14, P = 0.001). Our study extends the observa-
tions on the association between U[Na+]/[K+] and percentage body
fat in a contemporary population-based cohort consisting of an
equal percentage of men and women, of whom w50% were of
African descent. In fact, the findings remained significant despite
adjustments for age, sex, race, blood pressure, diabetes mellitus,
and serum glucose and triglyceride concentrations.

Few other studies that reported an association of urinary Na+

and K+ measurements with type 2 diabetes mellitus or BMI were
instructive but had varying results. Hu et al (14) reported that
urinary Na+ but not K+ excretion was an independent predictor
of incident type 2 diabetes mellitus in Finnish participants (HR:

TABLE 2

Robust linear regression to show the association of total-body percentage

fat (dependent variable) with the ratio of urinary Na+ to K+ (independent

variable)

Independent variable1 n Change (95% CI)2 P value

Model 1 2782 0.75 (0.25, 1.25) 0.003

Model 2 2779 0.43 (0.15, 0.72) 0.003

Model 3 1741 0.42 (0.08, 0.77) 0.02

1Model 1: univariate model. Model 2: multivariate model adjusted for

age, sex, race, diabetes mellitus, systolic blood pressure, diastolic blood

pressure, and serum glucose and triglyceride concentrations. Model 3: sen-

sitivity analysis excluding participants who had a change in BMI $5%

between visits 1 and 3. Covariates in model 3 are the same as in model 2.
2Unit for change in total-body percentage fat is expressed as the per-

centage per 3-unit change in the ratio of urinary Na+ to K+.

TABLE 3

Robust linear regression, stratified by race, to show the association of total-body percentage fat (dependent variable) with the ratio of urinary Na+ to K+

(independent variable)

Independent variable1

African Americans Whites Hispanics and others

n Change (95% CI)2 P n Change (95% CI)2 P n Change (95% CI)2 P

Model 1 1386 0.65 (20.06, 1.37) 0.07 857 1.12 (0.27, 1.97) 0.01 539 0.30 (20.87, 1.46) 0.62

Model 2 1386 0.17 (20.24, 0.57) 0.41 855 0.65 (0.14, 1.17) 0.01 538 0.73 (0.10, 1.35) 0.02

Model 3 825 0.03 (20.48, 0.55) 0.90 619 0.66 (0.09, 1.24) 0.02 297 1.14 (0.35, 1.94) 0.005

1Model 1: univariate model. Model 2: multivariate model adjusted for age, sex, diabetes mellitus, systolic blood pressure, diastolic blood pressure, and

serum glucose and triglyceride concentrations. Model 3: sensitivity analysis excluding participants who had a change in BMI $5% between visits 1 and 3.

Covariates in model 3 are the same as in model 2. Adjusted for age, race, sex, presence of diabetes mellitus, systolic and diastolic blood pressures, and serum

glucose and triglyceride concentrations, there was a statistically significant interaction between race and the ratio of urinary Na+ to K+ (P-overall interaction =

0.08). The P values for bivariate interactions between the ratio of urinary Na+ to K+ and whites and between the ratio of urinary Na+ to K+ and Hispanics and

others, with African American race as the referent category, were both ,0.0001.
2Unit for change in total-body percentage fat is expressed as the percentage per 3-unit change in the ratio of urinary Na+ to K+.
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2.24; 95% CI: 1.32, 3.79), even after adjustment for age, sex,
blood pressure, obesity, physical inactivity, and antihypertensive
drug treatment. When compared with the US population, par-
ticipants in the Finnish study were more likely to be white and to
consume a diet higher in K+ content (68–90 mEq/d), but were
less likely to be obese (14). Colditz et al (23) reported that di-
etary K+ was inversely associated with the risk of developing
type 2 diabetes mellitus in 84,941 American women from the
Nurses’ Health Study followed for 6 y. This study relied on
dietary recall for estimations of K+ intake. Mente et al (24)
reviewed a highly selected cohort of 220 kidney stone patients
and reported that high 24-h urinary K+ inversely correlated with
BMI (r = 20.15, P , 0.05).

We also report a statistically significant interaction between
race and U[Na+]/[K+], so that for any given mean value of

U[Na+]/[K+], TBPF increased by a greater magnitude in whites
and Hispanics and other racial groups than in African Ameri-
cans, which indicated that a diet high in Na+ and low in K+ may
have a greater association with total body fat in non–African
American individuals than it does in African Americans. This
may also indicate that Hispanics and whites who make un-
healthy dietary choices may be more susceptible to obesity than
African Americans. Although higher BMIs have been reported
in certain ethnic groups, such as Hispanics (25)—similar to our
report from a multiethnic cohort—there is still a paucity of in-
formation regarding racial differences in the effect of the urinary
or dietary ratio of Na+ to K+ on measures of obesity.

The methods used in this study also differed from those used in
previous studies. First, we measured body fat by DXA—
a method that is increasingly preferred to the use of BMI,

TABLE 4

Robust linear regression, stratified by sex, to show the association of total-body percentage fat (dependent variable) with

the ratio of urinary Na+ to K+ (independent variable)

Independent variable1

Men Women

n Change (95% CI)2 P n Change (95% CI)2 P

Model 1 1242 0.62 (0.19, 1.05) 0.004 1540 0.59 (0.18, 1.00) 0.005

Model 2 1241 0.38 (20.03, 0.78) 0.07 1538 0.43 (0.04, 0.83) 0.03

Model 3 811 0.29 (20.20, 0.78) 0.24 930 0.51 (0.02, 0.99) 0.04

1Model 1: univariate model. Model 2: multivariate model adjusted for age, race, diabetes mellitus, systolic blood

pressure, diastolic blood pressure, and serum glucose and triglyceride concentrations. Model 3: sensitivity analysis exclud-

ing subjects who had a change in BMI$5% between visits 1 and 3. Covariates in model 3 are the same as in model 2. There

was no statistically significant interaction between sex and the ratio of urinary Na+ to K+ on the association with total-body

percentage fat (P-interaction . 0.1).
2Unit for change in total-body percentage fat is expressed as the percentage per 3-unit change in the ratio of urinary

Na+ to K+.

FIGURE 2. Linear regression of U[Na+]/[K+] on TBPF and race interactions, adjusted for age, sex, diabetes mellitus, systolic blood pressure, diastolic
blood pressure, and serum glucose and triglyceride concentrations (covariates from model 2). Values are plotted at the mean levels of the covariates. Lines
denoted by different letters have a significantly different slope (P-interaction , 0.10) from that of the referent category of African Americans. TBPF, total-
body percentage fat; U[Na+]/[K+], ratio of urinary Na+ to K+.
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principally because the latter fails to measure body fat in various
ethnic groups (26, 27). Our study population included .50%
African Americans, and others have shown that BMI is in-
adequate to assess body fat in this ethnic group (28) and that the
density of lean body mass is greater in those of African ethnicity
than in whites. Second, we used U[Na+]/[K+] as an index of the
dietary intake of Na+ and K+. Data derived by using this ap-
proach are preferred to data derived from 7-d dietary recalls
because it involves a biochemical measure of the nutrients of
interest. Spot urine samples can provide low-burden, low-cost
close approximations of dietary salt intake at the population
level, such as reported in an analysis of the INTERSALT study,
which provides better correlation coefficients for group-level
analyses involving population means (29). However, measure-
ments in spot urine samples compared with 24-h urine collec-
tions may have low levels of reproducibility and reliability at the
individual level, especially at very low and high salt intakes
(30). Although 24-h urine samples were not available for this
cohort to validate spot urine ratios, previous studies reported
a correlation between spot U[Na+]/[K+] and 24-h measurements
in pairs of urine samples from healthy individuals (30, 31).
Despite this limitation, we minimized measurement error by
calculating the early-morning spot U[Na+]/[K+]. Importantly,
the mean U[Na+]/[K+] in our study was 4.2, which reflects an
average American diet of 100 to 300 mEq Na+/d and 30 to
70 mEq K+/d (32, 33), and extends generalizability.

Another limitation of this analysis was that the percentage of
variance in body fat explained by U[Na+]/[K+] across models was
modest, although there was a statistically significant association
between U[Na+]/[K+] and total body fat, even after adjustment for
potential confounders. Hence, there may remain other unexplained
(and perhaps unmeasured) sources of variability that would lead to
a better model fit for predicting total body fat. Finally, although
50% of participants were African American, the lack of an asso-
ciation between U[Na+]/[K+] and total body fat in this subgroup
does not necessarily mean that this association does not exist given
the observational nature of the study, and these results need to be
confirmed in future longitudinal studies.

Why consider U[Na+]/[K+] in relation to obesity? First, salt
intake is a major determinant of sugar-sweetened soft drink
consumption (4), and soft drink consumption is associated with
weight gain and incident diabetes mellitus (3, 5). A diet high in
fat is generally high in Na+ and low in K+ (5, 34). Second, salt
sensitivity may be related to insulin sensitivity (35) through the
interplay of an abnormal renin-angiotensin system. Thus, a diet
high in Na+ and low in K+ may contribute to obesity.

In summary, we report an independent association between the
ratio of dietary Na+ to K+ intake and percentage body fat in
a large multiethnic population-based sample, even after control
for other cardiovascular risk factors. Our findings raise the
possibility of using easily measured U[Na+]/[K+] as a surrogate
of a poor-quality diet associated with obesity. We further report
a racial interaction so that the effect of dietary Na+ and K+ on
obesity may be more pronounced in non–African American
racial groups than in African Americans. Future large, pro-
spective, longitudinal studies should explore this interaction and
investigate whether easily measured spot urine U[Na+]/[K+]
could be used by clinicians to monitor dietary patterns in in-
dividuals and guide strategies for obesity management.
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