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ABSTRACT

Background: Limited data are available on the accuracy of 24-h
dietary recalls used to monitor US sodium and potassium intakes.

Objective: We examined the difference in usual sodium and po-
tassium intakes estimated from 24-h dietary recalls and urine
collections.

Design: We used data from a cross-sectional study in 402 partici-
pants aged 18-39 y (~50% African American) in the Washington,
DC, metropolitan area in 2011. We estimated means and percentiles
of usual intakes of daily dietary sodium (dNa) and potassium (dK)
and 24-h urine excretion of sodium (uNa) and potassium (uK). We
examined Spearman’s correlations and differences between esti-
mates from dietary and urine measures. Multiple linear regressions
were used to evaluate the factors associated with the difference
between dietary and urine measures.

Results: Mean differences between diet and urine estimates were
higher in men [dNa — uNa (95% CI) = 936.8 (787.1, 1086.5) mg/d
and dK — uK = 571.3 (448.3, 694.3) mg/d] than in women [dNa —
uNa (95% CI) = 108.3 (11.1, 205.4) mg/d and dK — uK = 163.4
(85.3, 241.5 mg/d)]. Percentile distributions of diet and urine esti-
mates for sodium and potassium differed for men. Spearman’s cor-
relations between measures were 0.16 for men and 0.25 for women
for sodium and 0.39 for men and 0.29 for women for potassium.
Urinary creatinine, total caloric intake, and percentages of nutrient
intake from mixed dishes were independently and consistently as-
sociated with the differences between diet and urine estimates of
sodium and potassium intake. For men, body mass index was also
associated. Race was associated with differences in estimates of
potassium intake.

Conclusions: Low correlations and differences between dietary
and urinary sodium or potassium may be due to measurement
error in one or both estimates. Future analyses using these
methods to assess sodium and potassium intake in relation to
health outcomes may consider stratifying by factors associated
with the differences in estimates from these methods. This trial
was registered at clinicaltrials.gov as NCT01631240. Am J
Clin Nutr 2015;101:376-86.

Keywords biomarker, diet, sodium, urine, validation study

INTRODUCTION

Sodium intake has been consistently associated with blood
pressure in a direct, positive relation (1-5) and with cardiovas-
cular disease and chronic kidney disease (6, 7). Conversely,
dietary potassium intake has been inversely associated with

cardiovascular disease and risk factors such as high blood
pressure and stroke (8—11). National estimates show that >95%
of American adults consume more than the recommended
amount of sodium and <5% consume the recommended amount
of potassium (12, 13). National initiatives and recommendations
focused on changing population intakes of sodium and potas-
sium in the United States need an accurate assessment of con-
sumption to monitor the impact of their efforts, to monitor
adherence to dietary guidelines, and to determine the association
of sodium or potassium with health outcomes.

Current national sodium and potassium intake estimates in US
adults are subject to bias. These estimates are obtained from 24-h
dietary recalls administered as part of the NHANES. Although
day-to-day variability in intake can be accounted for through the
use of measurement error models with an additional 24-h dietary
recall in a subset of the population, differential misreporting may
occur by demographic factors such as sex and BMI (14, 15),
which are associated with adherence to sodium or potassium
consumption guidelines or their related health disparities.

Although sodium and potassium intake estimates from 24-h
urine collections are objective measures (16), as opposed to
subjective estimates based on self-reported 24-h dietary recalls,
these have not previously been collected in US nationally rep-
resentative surveys. Although current monitoring relies on 24-h
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dietary recalls and nutrient databases, it is important to assess the
accuracy of dietary intake compared with urinary excretion for
sodium and potassium within subgroups with potentially dif-
ferent reporting, intake, and excretion. Some studies investigated
the accuracy of nutrient intake estimated from 24-h dietary re-
calls compared with urine excretion from 24-h urine collections
and found correlations ranging from 0.14 to 0.59 for sodium (15,
17-21) and from 0.31 to 0.69 for potassium (22, 23). Most of
these studies were conducted in other countries, in persons with
chronic diseases, or with limited race-ethnic diversity. Further-
more, only a few studies adjusted for day-to-day variability in
intake and compared accuracy by possible effect modifiers, in-
cluding sex, race-ethnicity, age, or BMI; and no studies con-
sidered both sodium and potassium in the same study.

The objectives of the current study were to compare estimates
of intakes of dietary sodium (dNa)® and potassium (dK) based on
24-h diet recalls with urinary excretion of sodium (uNa) and
potassium (uK) based on 24-h urine collections between sex,
race, age, and BMI subgroups as well as to determine factors
associated with the discrepancies between measures by using
a study in young adults, in which 50% of the participants were
African American. This trial was registered at clinicaltrials.gov
as NCT01631240.

PARTICIPANTS AND METHODS

Participants

Participants were drawn from a calibration study conducted
from June to August 2011 by the National Center for Health
Statistics and previously described in detail (24). Briefly,
participants were recruited from the Washington, DC, met-
ropolitan area. A convenience sample of 500 young adults
(18-39 y old) with diverse sodium intakes (assessed by question-
naire) was recruited such that 50% were African American and
50% were women. Participants were excluded if they were
pregnant, taking loop diuretics, reported chronic kidney dis-
ease, or were prescribed new or recently modified hypertension
treatment.

A total of 481 participants were scheduled for an initial
visit, and 402 (84%) participants provided at least one com-
plete 24-h urine sample and a 24-h dietary recall. A complete
urine sample was defined as follows: I) a total 24-h urinary
volume >500 mL, 2) no menstruation during the collection
period, 3) a reported length of collection >20 h, and 4)
missing one void (n = 7) or less during collection. Both urine
collection and dietary recall measured the same 24-h period,
with the 24-h dietary recall administered on completion of the
24-h urine collection. Of the 402 participants, 219 were
women and 196 were African American. A convenience
subsample of 133 participants completed a second dietary
recall and a 24-h urine collection 4-11 d after the first mea-
sure and not on the same day of the week.

Urine and dietary measures

Values for uNa and uK were estimated from the 24-h urine
collection by using an ion-selective electrode Na* and K* assay

% Abbreviations used: dK, dietary potassium intake; dNa, dietary sodium
intake; uK, urinary potassium excretion; uNa, urinary sodium excretion.

(Roche Diagnostics). Estimates of uNa and uK were adjusted for
the length of time urine was collected. Further adjustments were
made to reflect extrarenal losses of sodium and potassium esti-
mated at 90% (25-27) and 77% (25, 28, 29), respectively, by
dividing total daily uNa by 0.90 and uK by 0.77. dNa and dK
were obtained from standardized interviewer-administered 24-h
dietary recall by using the Automated Multiple-Pass Method
(14). Sodium and potassium contents of each food and beverage
including water were calculated by using the USDA’s Food and
Nutrient Database for Dietary Studies, version 5.0 (30). Esti-
mates of intake included salt added in cooking and food prep-
aration as assumed in the nutrient profiles for foods. Discretionary
salt used at the table was not included.

Other measurements

Body weight and height were measured by using a standard
protocol and used to calculate BMI (in kg/mz). BMI was cate-
gorized as follows: normal (18.5 to <25), overweight (25 to
<30), or obese (=30). Underweight participants (BMI <18.5;
n = 5) were excluded from the analysis considering BMI. Race
was self-reported as African American or other.

Statistical methods

Usual dNa, dK, uNa, and uK were calculated by using
PC-SIDE (Software for Intake Distribution Estimation; Iowa State
University), which implements the Iowa State University method
to account for day-to-day variation. This method transforms data
into the normal scale and allows adjustment for covariates. As
long as a subsample has at least 2 repeated measures, a mea-
surement error model that removes the within-person variation
from observed measurements can be fitted (31). The estimated
usual intakes are then transformed back into the original scale.
Because of different distributions of dNa, dK, ulNa, and uK for
men and women, measurement error models were fitted sepa-
rately for each sex and adjusted for day of the week and par-
ticipant age in years. Analytic exclusion included influential
outliers for dNa, dK, uNa, and uK estimates (n = 1). In PC-SIDE,
the best linear unbiased predictors of usual dNa, dK, uNa, and
uK were calculated for individuals. Study population percentiles
with 95% ClIs were also calculated (32). Best linear unbiased
predictors of usual total caloric intake and urinary creatinine
excretion were obtained as well. These estimates of usual
quantities were used in all further analyses.

Spearman’s correlation between dNa and dK from 24-h di-
etary recall compared with uNa and uK from 24-h urine col-
lection and the difference (dNa — uNa and dK — uK) were
estimated by using STATA 12.0 (StataCorp). Variations in cor-
relations and differences between measures were calculated by
sex and then by race (African American or other race), BMI
(normal, overweight, and obese), and age group (18-39 y).
Bland-Altman plots were used to examine whether the differ-
ence between measures varied across the range of consumption
by plotting the difference for each individual against the mean
of both measures. In Bland-Altman plots, the 95% limits were
calculated by the mean difference = 1.96 X SD. Multiple
linear regression was used to evaluate associations between the
difference in sodium measures and covariates [race (African
American or other races), age (y), and BMI (kg/mz)], urine
measures (total 24-h urine volume and urine creatinine), and
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dietary components [total caloric intake, weekend vs. weekday,
and percentage of sodium or potassium from food groups
(dairy, protein, mixed dishes, grains, fruit and vegetables,
beverages, and other foods)], with adjustment for each of the
other covariates. Significance was denoted as a 2-sided P value
<0.05.

Sensitivity analysis

All analyses were repeated after excluding participants with
potentially incomplete 24-h urine collection based on creatinine
concentrations [i.e., a creatinine ratio (observed:expected) <0.6].
Expected creatinine excretion was calculated by using 2
methods: Joossens and Geboers (33) and Mage et al. (34). In the
Joossens and Geboers algorithm, expected 24-h creatinine ex-
cretion (mg/d) = G X body weight (kg), where G = 21 for
women and 24 for men. Mage’s algorithms are as follows: for
men, expected 24-h creatinine (mg/d) = 0.00179 X [140 — age
(y)] X [weight (kg)' X height (cm)®] X [1 + 0.18 X (African
American = 1, other races = 0)] X [1.366 —0.0159 BMI (kg/mz)];
for women, expected 24-h creatinine (mg/d) = 0.00163 X [140 —
age (y)] X [weight (kg)' X height (cm)*’] X [1 + 0.18 X
(African American = 1, other races = 0)] X [1.429-0.0198 BMI
(kg/m®)]. Participants with potentially incomplete 24-h urine
collection were defined as having creatinine ratios <0.60 by
using one or both methods. Therefore, the sensitivity analysis
only included those creatinine ratios =0.60 from both methods.
In addition, for comparison with results using the usual intake/
excretion analyses, results from 1-d measures were calculated
and are provided in Supplemental Table 1.

RESULTS

Demographic, dietary, and biomarker measures for the study
participants are presented in Table 1. By design, approximately
half of the participants were women (54%) or African American
(49%). More women (35%) were obese than men (21%). Mean
dNa and dK were greater for men (4827 and 3277 mg/d, re-
spectively) than for women (3507 and 2544 mg/d, respectively).
Mean dNa was significantly greater than mean uNa in men
(4827 vs. 3891 mg/d; P < 0.0001) and women (3507 vs. 3399
mg/d; P = 0.03). Mean dK was significantly greater than mean
uK for men and women (P < 0.0001).

Cumulative population percentiles for dNa and uNa as well as
dK and uK are shown for men and women in Figure 1. Dis-
tributions for sodium and potassium measures for women were
generally similar because ClIs were overlapping throughout the
entire distributions. For men, dietary distributions were shifted
to the right of, or greater than, their respective urine measures,
with 95% ClIs only overlapping at the tail ends.

Correlation coefficients and the difference between measures
(diet minus urine estimates) are shown in Table 2. Correlations
between sodium measures were 0.16 (P = 0.03) for men and
0.25 (P < 0.001) for women. Among men, these correlations
were highest for those aged 23-29 y (p = 0.29) compared with
those aged 30-39 y (p = 0.03). Among women, the correlations
between sodium measures were higher for women of other race-
ethnicities (p = 0.30) and lowest among African Americans (p =
0.15). dNa was, on average, greater than uNa for men, with
a mean difference of 936.8 mg/d (95% CI: 787.1, 1086.5 mg/d).
This difference did not vary by race (P = 0.93) or age group (23—
29 vs. 1822y, P = 0.91; 30-39 vs. 1822y, P = 0.83) but did

TABLE 1
Demographic characteristics, dietary nutrient intake, and biomarkers by sex: Washington, DC, metropolitan area in 201 1!
Men (n = 183) Women (n = 219) P
Race, n (%) 0.964>
African American 89 (49) 107 (49)
Other 94 (51) 112 (51)
BMI category,® n (%) 0.004*
Underweight 1(1) 4(2)
Normal 77 (42) 86 (39)
Overweight 66 (36) 52 (24)
Obese 39 (21) 77 (35)
Age category (y), n (%) 0.994°
18-22 51 (28) 60 (27)
23-29 72 (39) 87 (40)
30-39 60 (33) 72 (33)
Total kilocalories 2862.5 *+ 44.59* 2157.4 = 33.00 <0.001°
Dietary sodium intake, mg/d 48273 = 73.22 3507.3 £ 47.65 <0.001°
Adjusted urinary sodium excretion,® mg/d 3890.6 = 31.53 3399.0 = 35.84 <0.001°
Dietary potassium intake, mg/d 3277.0 = 58.96 2544.0 = 34.00 <0.001°
Urinary potassium excretion, mg/d 2705.7 = 50.89 2380.6 = 32.84 <0.001°
Urinary creatinine excretion, mg/d 1916.6 = 30.82 1342.4 = 15.08 <0.001°

'Usual dietary intakes from the PC-SIDE (Software for Intake Distribution Estimation; lowa State University) output
are presented for total kilocalories, potassium, and sodium intakes. Usual biomarker excretion was estimated from PC-SIDE
and included potassium, sodium, and creatinine excretions.

Derived by Pearson’s chi-square test for differences in proportions between sex groups.
SBMI categories (in kg/mz): underweight (<18), normal (18 to <25), overweight (25 to <30), and obese (=30).

“Mean = SE (all such values).

SDerived by unpaired ¢ test for differences in means between sex groups.
Sodium excretion measures were corrected to account for 90% excretion of all sodium consumed (26, 35).
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FIGURE 1 Cumulative percentiles of dietary intake and urinary excretion for sodium and potassium: Washington, DC, metropolitan area in 2011. Shown
are cumulative percentiles (solid lines) with 95% ClIs (dashed lines) of dietary intake and urinary excretion for sodium in women (A) and men (B) and for

potassium in women (C) and men (D).

appear to vary by BMI category, with significantly smaller mean
differences for obese participants compared with participants
with a normal BMI (overweight vs. normal, P = 0.18; obese vs.
normal, P = 0.002). Compared with men, the mean difference
was smaller for women at 108.3 mg/d (11.1, 205.4 mg/d).
Within race and age, mean differences for women were mini-
mal, with 95% CIs near or crossing zero. Similar to men, there
was some variation in the difference by BMI category in women,
with overweight women having a significantly smaller differ-
ence than those with normal BMI (overweight vs. normal, P =
0.03; obese vs. normal, P = 0.31).

For potassium, correlations between measures were 0.39 (P <
0.0001) for men and 0.29 (P < 0.0001) for women (Table 2).
For men, correlation coefficients were highest for those who
were obese (p = 0.51) and lowest among African Americans (p =
0.31). For women, correlations were higher among women of
other race-ethnicities (p = 0.44) and lowest among African
Americans (p = 0.10). On average, dK was greater than uK, with
mean differences of 571.3 mg/d (95% CI: 448.3, 694.3 mg/d) for
men and 163.4 mg/d (95% CI: 85.3, 241.5 mg/d) for women. In
men, this difference varied by race (P = 0.002) and BMI (normal
vs. overweight, P = 0.17; normal vs. obese, P = 0.04) but did not
vary by age group (23-29 vs. 18-22 y, P = 0.74; 30-39 vs. 18-
22y, P =0.75). However, mean differences within subgroups of

race (P =0.07), age (23-29 vs. 18-22 y, P = 0.40; 30-39 vs. 18—
22y, P = 0.61), or BMI (normal vs. overweight, P = 0.17;
normal vs. obese, P = 0.54) were not significant for women.
The difference in estimated usual individual sodium intake
from diet vs. urine excretion was fairly consistent across amounts
of sodium and potassium intakes for women (Figure 2A, C). For
men, diet measures generally overestimated sodium intake
compared with urine measures, and this overestimation was
greater at higher intakes, with several individuals falling outside
the upper limit of agreement (2948 mg) at an average intake of
~4500 mg or more (Figure 2B). For estimated usual potassium
intake, individuals also fell outside the limits of agreement, but
diet measures appeared to more consistently overestimate urine
measures in the middle of the distribution (Figure 2D).
Demographic characteristics (race and age), BMI, urine
measures (total 24-h urine volume and urinary creatinine), and
dietary components [total caloric intake, weekend vs. weekday,
and percentage of sodium or potassium from food groups (dairy,
protein, mixed dishes, grains, fruit and vegetables, beverages, and
other foods)] associated with the difference between sodium
measures (dNa — uNa) are presented in Table 3. BMI in men was
significantly associated with the difference in sodium measures,
but race and age were not. Of the urine measures, after all of the
covariates were controlled for, urine creatinine was significantly
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FIGURE 2 Bland-Altman graphs for assessing bias between dietary intake and urinary excretion measures for sodium and potassium: Washington, DC,
metropolitan area in 2011. Shown are Bland-Altman graphs with mean differences and 95% limits of agreement (means = 1.96 SDs) for sodium in women (A)

and men (B) and for potassium in women (C) and men (D).

associated with the difference in men and women as well as
urine potassium in men. Most of the dietary components were
significantly associated with the mean difference between so-
dium measures in men and women.

Results from the regression analysis testing the factors associated
with the difference between potassium measures (dK — uK) are
presented in Table 4. In the full model that adjusted for all co-
variates, measures significantly associated with the difference in
potassium measures were race for both sexes and BMI in men.
Similar to the sodium analysis, urine creatinine was significantly
associated with the difference between potassium measures for
men and women as well as with urine sodium for men. Many of
the dietary components were significantly associated with the
difference between potassium measures for men and women.

In the sensitivity analyses with the removal of all participants
with potentially incomplete 24-h urine collections based on
creatinine concentrations (31 men and 35 women), the results did
not substantially change. Also, the results did not differ when
removing those who were missing one void (n = 7) in their urine
collection.

DISCUSSION

In this study in young adults (18-39 y), dNa and dK from 24-h
dietary recalls were significantly greater than uNa and uK from

24-h urine collections. For sodium measures, the difference was
small or nonsignificant in most subgroups of women. Sodium
differences did not vary by race or age group but did vary by
BMI, with greater differences between measures among those
with a normal BMI. The differences between potassium mea-
sures were smaller than sodium differences for men but not for
women. The magnitudes of the correlation coefficients were
overall higher between potassium measures than were those for
sodium.

Our findings of greater mean dNa and dK than uNa and uK
were not anticipated. Although limited studies have compared
sodium or potassium estimates from a 24-h dietary recall with
24-h urine collections, most have found mean estimates from
urine collection to be greater than those from dietary recall (15, 17,
20, 23, 36-41). We would expect estimates to be greater from
a biomarker because these are objective measures that capture
nutrients from nondietary sources (water, supplements, and
medication), and people are more likely to underreport diet due to
recall bias (e.g., misreporting portion size, omitting foods that
were consumed or salt added at the table) (42). One study in
adults aged 30-69 y (37) using the same dietary method as in this
study and another in postmenopausal women aged 50-79 (41)
compared dietary estimates with those from 24-h urine collections
and found that dNa estimates were <9% lower than uNa esti-
mates. The study in postmenopausal women also considered
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TABLE 3

Linear regression coefficients (8) from univariate and multivariate analyses of differences between dietary sodium intake
and adjusted urinary sodium excretion according to demographic, diet, and biomarker covariates: Washington, DC,
metropolitan area in 2011

Men (n = 183) Women (n = 219)
Difference as a dependent variable? B 95% CI1 P B 95% CI P
Univariate analysis
Race® —13.6 —314.4,287.2 0.93 -1.7 —197.0, 193.6 0.99
Agelty —3.8 —31.8,24.2 0.79 —14 —18.3,15.5 0.87
BML* kg/m? —47.7 —68.9, —26.5 <0.001 -7.2 —22.5,82 0.36
Total 24-h urine volume,” mL 0.1 —0.1, 0.3 0.34 —0.05 —0.2, 0.1 0.57
Urinary potassium, mg/d —-0.1 —-0.3, 0.1 0.46 -0.2 —0.4, 0.03 0.09
Urinary creatinine, mg/d —-04 —0.7, 0.03 0.07 —0.6 —1.1, —0.2 0.007
Total kilocalories 1.2 1.0, 1.5 <0.001 0.9 0.7, 1.0 <0.001
Percentage of sodium from®
Dairy 0.8 04, 1.1 <0.001 0.6 0.2, 0.9 0.001
Protein 0.3 0.2, 04 <0.001 0.2 0.1, 0.3 0.001
Mixed dishes 0.3 0.2, 0.4 <0.001 0.2 0.1,0.3 <0.001
Grains 04 0.3, 0.5 <0.001 0.3 02,04 <0.001
Fruit/vegetables 04 0.1, 0.6 0.005 0.5 0.3, 0.7 <0.001
Beverages 1.5 1.0, 2.0 <0.001 0.7 03,1.2 0.002
Other foods 0.6 0.2, 1.1 0.004 0.3 —0.03, 0.6 0.07
Weekend vs. weekday’ —119.0 —427.7, 189.7 0.45 —-37.2 —236.6, 162.3 0.71
Full model
Race® 23.7 —107.6, 154.9 0.72 34.8 —116.4, 186.0 0.65
Agety 7.7 -2.6,17.9 0.14 —4.1 —15.1, 6.9 0.47
BML,* kg/m* —-20.9 —-32.6, 9.2 0.001 —-8.6 —-19.5,23 0.12
Total 24-h urine volume,5 mL —-0.1 —0.1, 0.02 0.17 —=0.1 —0.3, 0.03 0.11
Urinary potassium, mg/d —-0.2 —0.3, —0.1 0.002 —0.1 —0.3, 0.04 0.13
Urinary creatinine, mg/d —-0.3 -0.5, —0.1 0.008 -0.7 —1.0, —=0.3 <0.001
Total kilocalories 04 0.2, 0.6 <0.001 04 0.2, 0.6 <0.001
Percentage of sodium from®
Dairy 04 0.3, 0.6 <0.001 -0.03 -0.3,0.3 0.85
Protein 0.3 0.3, 0.4 <0.001 0.2 0.1, 0.3 <0.001
Mixed dishes 04 0.3, 04 <0.001 0.2 0.2,0.3 <0.001
Grains 04 0.4, 0.5 <0.001 0.3 02,04 <0.001
Fruit/vegetables 0.4 0.2,0.5 <0.001 0.4 0.3, 0.5 <0.001
Beverages 0.002 -0.2,0.2 0.98 0.7 0.3,1.0 <0.001
Other foods 0.5 0.3, 0.7 <0.001 0.1 -0.1,04 0.29
Weekend vs. Weekday7 —259.6 —389.8, —129.5 <0.001 —148.5 —285.3, —11.7 0.03

"Univariate analyses were linear regression models performed for each covariate (independent variable) and the
difference (dependent variable). The multivariate model or the full model was one linear regression model with all
covariates included. Best linear unbiased predictors derived from PC-SIDE (Software for Intake Distribution Estimation;
Towa State University) were used for dietary sodium intake (dNa) and urinary sodium excretion (uNa) in calculating the
difference and for the covariates: urinary potassium, urinary creatinine, and total caloric intake. Sodium excretion measures
were corrected to account for 90% excretion of all sodium consumed (26, 35).

“Difference between sodium measures = dietary sodium intake — urinary sodium excretion.

3The race variable was categorized as African American or other, with African American being the referent group.

“Continuous forms of age and BMI were used in the regression models.

STotal 24-h urine volume (mL) at the first visit was used in the regression analysis.

®Percentage of sodium from each food group (dairy, protein, mixed dishes, grains, fruit/vegetables, beverages, and
other foods) was the proportion of total daily sodium from that food group.

"Weekend days were Friday, Saturday, and Sunday. Weekdays (Monday through Thursday) represented the referent

group.

potassium and found that dK estimates were 12% higher than
those of uK (41), a greater overestimation than that observed in
the current study (dK estimates were 6% higher than uK among
women), possibly due to differences in age and menopausal
status of the study populations. The other study corrected for
86% excretion of all sodium consumed and observed greater
correlation coefficients between sodium measures (p = 0.18—

0.59) (37). The use of 86% excretion rather than the 90% in our
study would increase the sodium intake estimates from uNa and
therefore decrease the difference between measures in men and
possibly increase the absolute difference in measures for
women. The percentage of sodium and potassium excreted in
urine was estimated from studies conducted >20 y ago with
small study samples (n < 20) of non-Hispanic whites and did
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TABLE 4

Linear regression coefficients (8) from univariate and multivariate analyses of differences between dietary potassium
intake and urinary potassium excretion according to demographic, diet, and biomarker covariates: Washington, DC,
metropolitan area in 2011

Men (n = 183) Women (n = 219)
Difference as a dependent variable? B 95% CI P B 95% CI P
Univariate analysis
Race® —388.1 —628.6, —147.7 0.002 —143.7 —300.0, 12.5 0.07
Agety 3.7 —18.2,25.5 0.74 —1.1 —15.8, 13.6 0.88
BML* kg/m? —19.8 —41.1, 1.4 0.07 —4.7 —15.3,5.9 0.39
Total 24-h urine volume,’ mL —0.1 —0.3,0.1 0.27 0.02 —0.1,0.2 0.79
Urinary sodium, mg/d -0.6 -0.9, —0.3 <0.001 -0.1 -0.2, 0.03 0.13
Urinary creatinine, mg/d —-04 —0.8, —0.1 0.01 —-0.7 —-1.1, =04 <0.001
Total kilocalories 0.9 0.7, 1.1 <0.001 0.7 0.5, 0.8 <0.001
Percentage of potassium from®
Dairy 0.3 0.1, 0.6 0.01 0.2 -0.03, 0.4 0.09
Protein 04 0.2, 0.7 0.002 0.3 0.1, 0.5 0.01
Mixed dishes 0.3 0.1, 0.5 0.002 0.2 0.1, 0.3 0.003
Grains 0.3 —0.03, 0.6 0.07 0.4 —0.01, 0.7 0.06
Fruit/vegetables 0.2 0.01, 0.4 0.04 0.4 0.3, 0.5 <0.001
Beverages 0.5 0.3, 0.7 <0.001 0.5 0.2, 0.8 0.001
Other foods 0.5 0.2, 0.8 0.002 0.2 -0.3, 0.7 041
Weekend vs. weekday’ —-19.7 —280.8, 241.3 0.88 —75.1 —235.8, 85.5 0.36
Full model
Race® —337.3 —501.8, —172.7 <0.001 —234.8 —351.0, —118.5 <0.001
Agety -0.6 —13.7, 12.6 0.93 -7.1 —-159, 1.6 0.11
BML,* kg/m* 17.5 2.6, 325 0.02 0.3 —8.4,9.0 0.95
Total 24-h urine volume,5 mL 0.0 —-0.2, 0.1 0.49 —-0.03 -0.1, 0.1 0.61
Urinary sodium, mg/d —-0.4 —0.6, —0.2 <0.001 —-0.1 —0.2, 0.03 0.15
Urinary creatinine, mg/d —-0.5 —-0.8, —0.3 <0.001 —-1.0 —-1.3, =07 <0.001
Total kilocalories 0.6 0.3, 0.8 <0.001 0.5 0.3, 0.6 <0.001
Percentage of potassium from®
Dairy 0.3 0.1,0.4 0.01 0.1 —0.05, 0.2 0.22
Protein 0.3 0.2, 0.5 <0.001 0.2 —0.04, 0.3 0.11
Mixed dishes 0.3 0.1, 0.5 0.003 0.2 0.1, 0.3 0.004
Grains 0.03 -03,03 0.86 0.05 -0.2,03 0.66
Fruit/vegetables 0.1 -0.02, 0.2 0.09 0.3 0.2, 0.4 <0.001
Beverages 0.3 0.1, 0.5 0.002 0.3 0.1, 04 0.003
Other foods 04 0.2, 0.6 <0.001 0.2 -0.1,04 0.25
Weekend vs. Weekday7 —64.8 —228.1, 98.5 0.43 —54.3 —161.0, 52.4 0.32

"Univariate analyses were linear regression models performed for each covariate (independent variable) and the
difference (dependent variable). The multivariate model or the full model was one linear regression model with all
covariates included. Best linear unbiased predictors derived from PC-SIDE (Software for Intake Distribution Estimation;
Towa State University) were used for dietary potassium intake (dK) and urinary potassium excretion (uK) in calculating the

difference and for the covariates: urinary sodium, urinary creatinine, and total caloric intake.

“Difference between potassium measures = dietary potassium intake — urinary potassium excretion.

3The race variable was categorized as African American or other, with African American being the referent group.

“4Continuous forms of age and BMI were used in the regression models.

>Total 24-h urine volume (mL) at the first visit was used in the regression analysis.

®Percentage of potassium from each food group (dairy, protein, mixed dishes, grains, fruit/vegetables, beverages, and
other foods) was the proportion of total daily potassium from that food group.

"Weekend days were Friday, Saturday, and Sunday. Weekdays (Monday through Thursday) represented the referent

group.

not investigate potential differences in excretion between sex,
race, and BMI groups (25, 26, 35). Aside from the adjustment
factors used, differences in age, race, and education of partici-
pants could explain some of the differences observed between
this study and the study by Rhodes et al (36).

We found the difference between sodium and potassium es-
timates to be greater in men than in women and in those with
a normal BMI compared with overweight or obese participants.

Possible explanations for these findings include measurement
error in dietary or urine collection and physiologic reasons.
Dietary measurement error reflects potential inaccuracy of the
nutrient database used in this study to capture sodium or po-
tassium contents of foods consumed by the participants and
differential misreporting of dietary intake by sex and BMI. Al-
though the nutrient database used was the most up-to-date one
available at the time of the study, the percentages of sodium or



384

potassium from most of the 7 food groups considered in this study
were significantly associated with the difference between mea-
sures. Because the source of each food (grocery store, restaurant,
fast food, etc.) is not always considered in estimating the sodium
content of each food in the nutrient database and ~60% of the
sodium and 65% of potassium consumed by these participants
were from foods purchased at the grocery store, it is possible
that many of the foods were prepared at home or contained less
sodium than the estimated amount. In addition, differential
misreporting of dietary intake has been found by sex and BMI,
with women more accurately reporting total dietary intake than
men and overweight and obese participants more often under-
reporting intake compared with those with a normal BMI (14,
36). This may explain why men showed a much greater differ-
ence between measures than did women and the directionality of
the difference between BMI categories.

It is also possible that the 24-h urine collections were in-
complete, because it is very difficult to collect all urine in a 24-h
period and we relied on self-report of urine collection completion
from participants. When considering total 24-h urine volume and
urinary creatinine as proxies for assessing completeness of 24-h
urine collections, urinary creatinine was associated with the
difference between sodium as well as potassium measures after
adjustment for covariates (Tables 3 and 4). It is possible that we
observed better agreement between measures in overweight and
obese women because they are more likely to underreport
diet along with the potential of incomplete urine collections.
However, it is important to note that in our sensitivity analysis the
results did not change after excluding those with potentially
incomplete urine collections based on creatinine concentrations
or when excluding those who reported missing any partial or
whole voids.

A physiologic possibility that may explain some of the findings
is the potential amount of sodium that could have been lost in
sweat. Estimates of the amount of sodium excreted in urine and
how much could be lost in sweat are variable (43, 44). A study
reported that as much as 33-57% of sodium consumed could be
lost in sweat, depending on climate and amount of physical
activity (45). This study was conducted during the summer
months in the Washington, DC, metropolitan area and a greater
than anticipated proportion of sodium could have been lost in
sweat, possibly explaining why dNa was greater than uNa. In
addition, men and those with a normal BMI in this study might
have been more physically active because of occupation or
lifestyle than women and those who were overweight or obese
(46), accounting for the greater difference between sodium
measures observed in these subgroups. Furthermore, differences
in the excretion of uK between racial groups were previously
documented (47-49), yet differential correction factors for the
percentage of extrarenal potassium loss have not been estimated,
and in this study we used the same correction factor of 77% of
potassium consumed is excreted in urine for all participants.

This study is subject to some limitations. First, dietary recall
measured the diet for the same 24-h period during which urine
was collected. Because the half-life of sodium in the body is ~24 h
(50, 51) and is 16 d for potassium (52), the urinary sodium and
potassium collected in this study may not be representative of
the dietary sodium measured because measures do not corre-
spond to the same reference period. Furthermore, participants
may have changed their eating and drinking patterns during the
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measurement period because they knew that their diet and urine
would be assessed. Our method attempted to address these is-
sues by calculating usual estimates and only using those as-
sessments. However, the correlation coefficients and mean
differences between measures were not greatly different when
considering only 1-d measures as opposed to the usual sodium
estimates (Supplemental Table 1). On average, correlations and
mean differences did not differ greatly between the usual esti-
mates and the 1-d values. Another limitation is the number of
repeated measures in this study, which was less than that re-
quired to accurately estimate individual intakes. Studies show
that =4 repeated measures are needed to capture individual
intake estimates (53). Furthermore, a recent study reported that
even at a constant sodium intake, individual day-to-day vari-
ability in uNa was large and a 24-h urine collection may not
accurately estimate dNa at the individual level (43). Therefore,
individual correlations between sodium measures were low due
to attenuation that was attributable to measurement error. Also,
data on potential confounders for the difference between diet
and urine measures, such as physical activity, education attain-
ment, or income, were not collected or considered in this study.
In addition, the difference between measures is potentially larger
than what was observed in this study due to the unmeasured
dietary use of sodium and potassium from supplements or use of
salt added at the table. Finally, measurement error from both
24-h dietary recall and urine collection could have influenced
the results of this study in other ways.

Strengths of the current study include a racially diverse sample
of young adults; the estimation of usual sodium and potassium
measures by nutrient distribution estimation software (PC-SIDE),
accounting for non-normal distributions and within-person var-
iability in intake; and investigation of factors associated with the
difference between sodium and potassium measures through
regression modeling. Contrary to previous studies, self-reported
sodium and potassium intakes from 24-h dietary recalls were
higher than intakes estimated from excretion. Although in-
dividual correlations between measures were low, at the pop-
ulation level intake estimates from 24-h dietary recall and urine
collection did not differ significantly for women. Although more
research is needed to understand differences in measures of
sodium and potassium intakes among young adults, future studies
should consider stratifying their findings by sex and BMI when
assessing sodium consumption as an exposure as well as by race
for potassium consumption investigations or include these factors
in calibration equations to estimate sodium and potassium intake.
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