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ABSTRACT
Background: For decades, dietary sodium intake in the United
States has remained high, and few studies have examined strategies
for maintaining recommended intakes.
Objective: We examined the effects of a behavioral intervention,
which emphasized spices and herbs, on the maintenance of sodium
intake at the recommended intake of 1500 mg/d in individuals to
whom the US Dietary Guidelines for Americans apply.
Design: We conducted a 2-phase study that included adults $18 y of age
for whom Dietary Guidelines for Americans recommends 1500 mg Na/d.
The study was conducted in Baltimore, Maryland, from 2012 to 2014.
In phase 1, 55 individuals consumed a low-sodium diet for 4 wk.
Participants were provided all foods, snacks, and calorie-containing
drinks. In phase 2, 40 participants from phase 1 were randomly assigned to either a behavioral intervention to reduce sodium intake
(n = 20) or a self-directed control group (n = 20) for 20 wk. The
primary study outcome was the change in mean 24-h urinary sodium
excretion during phase 2. Linear regression analyses were used to
determine intervention effects on urinary sodium excretion.
Results: Participant characteristics were as follows: women: 65%;
African American: 88%; hypertension: 63%; diabetes: 18%; mean
age: 61 y; and mean body mass index (in kg/m2): 30. At the end of
phase 2, mean 24-h sodium excretion was lower in the behavioral
intervention than in the self-directed group (mean difference:
2956.8 mg/d; 95% CI: 21538.7, 2374.9 mg/d) after sodium intake
at screening was controlled for (P = 0.002). These findings persisted
in sensitivity analyses that excluded potentially incomplete urine
collections [Mage’s equation mean difference: 21090 mg/d (P =
0.001); Joosens’ equation mean difference: 2796 mg/d (P = 0.04)].
Conclusions: A multifactorial behavioral intervention emphasizing
spices and herbs significantly reduced sodium intake. Because of
the ubiquity of sodium in the US food supply, multilevel strategies
addressing individual behaviors and the food supply are needed to
improve adherence to recommendations. This trial was registered at
clinicaltrials.gov as NCT01615159.
Am J Clin Nutr doi: 10.
3945/ajcn.114.100750.
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INTRODUCTION

For decades, dietary sodium consumption in the United States
has exceeded recommendations (1). Excessive sodium intake has
been shown, in a substantial body of clinical research, to increase
blood pressure (2–5), and high blood pressure is the leading
cause of preventable morbidity and mortality (6). Furthermore,
excessive sodium intake is a substantial public health problem
because of the relation, shown in general population studies, of
high blood pressure to increased risks of heart disease (7–9) and
stroke (10, 11). Data have suggested that reducing the population
sodium intake from current to recommended intakes will reduce
cases of hypertension by 11 million, save $18 billion in health
care dollars, and gain 312,000 quality-adjusted life-years (12–14).
The sodium intake recommended in the US Dietary Guidelines
for Americans is ,2300 mg/d for the general population (15); for
certain population subgroups (i.e., individuals with hypertension,
prehypertension, diabetes, heart failure, or chronic kidney disease),
the recommendation is #1500 mg/d. The American Heart Association also recommends that Americans consume #1500 mg Na/d
for a greater reduction in blood pressure (16). The adherence to
recommended sodium intake is extremely low in the United
States, with ,10% of the population meeting the recommendation for ,2300 mg/d and,2% of the population meeting the
recommendation for ,1500 mg/d (17).
Because of the ubiquity of sodium in the US food supply, attaining the recommended sodium intake is challenging.
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Furthermore, most dietary sodium comes from commercially processed and restaurant foods (18–20), making it challenging for
individuals who do not cook most of their meals from scratch at
home to meet their intake goals. A few behavioral intervention
studies with blood pressure reduction as a primary endpoint
have been effective in helping individuals reduce sodium intake
(21, 22). In addition, data from the Trials of Hypertension
Prevention suggested that sodium reduction has long-term
benefits for cardiovascular health (23). However, to our knowledge, randomized clinical trials that explicitly tested strategies
for adherence to recommended sodium intake have not been
conducted.
In this randomized clinical trial, we examined the effects of
a behavioral intervention, which emphasized spices and herbs, on
the maintenance of sodium intake at the recommended intake of
1500 mg/d in individuals to whom US Dietary Guidelines for
Americans apply. We hypothesized that the intervention would
facilitate adherence to the current sodium recommendation.

METHODS

This study was approved by the institutional review board at
Johns Hopkins medical institutions. All study participants provided written informed consent. This trial was registered at
clinicaltrials.gov as NCT01615159.

Setting and study population
The study was conducted in Baltimore, Maryland, from 2012
to 2014. The study population consisted of men and women aged
$18 y for whom the Dietary Guidelines for Americans recommends 1500 mg Na/d (i.e., individuals with hypertension,
prehypertension, or diabetes). Participants were primarily recruited through a mass mailing of brochures with the supplemental use of flyers and advertisements on a local radio station.
We excluded individuals with weight .350 lb because of our
inability to obtain a measurement on the scale, with medical
conditions such as congestive heart failure and ischemic heart
disease that would require medical management beyond the
scope of the study, or who were using medications or warfarin
therapy that may require changes in dosing because of lower
sodium intake.

Study design
We conducted a 2-phase study. In phase 1, 55 individuals were
given an isocaloric, low-sodium diet for 4 wk for acclimatization
to lower sodium intake. Participants were provided all food,
snacks, and calorie-containing drinks. In phase 2, 40 participants
from phase 1 were randomly assigned to either a behavioral
intervention to reduce sodium intake (n = 20) or a self-directed
control group (n = 20) for 20 wk. Our predetermined sample size
of 40 provided $80% power to investigate the effects of our low
sodium behavioral intervention on 24-h urinary sodium excretion. With an estimated SD of 975 mg Na/d and a minimum
detectable difference in 24-h urinary sodium excretion between
study groups of 1800 mg/d at a = 0.05 and power of .80%,
a total sample size of 34 (17/arm) was needed. We intentionally
overrecruited to account for possible attrition.

Controlled consumption and study diet in phase 1
During controlled consumption, study participants were required to eat 1 meal/d at the research center 3 d/wk. We monitored meal attendance and consumption of on-site meals, and
participants completed a daily food diary.
Sodium and nutritional contents of diets consumed in phase 1
were determined by using nutrient composition analysis (Silliker
Inc.) (Tables 1 and 2). Diets were isocaloric to maintain participants’ initial body weights, and participants consumed one of
4 possible kilocalorie amounts. The recommended sodium intake was set at 1500 mg/d; however, there is a high correlation
between kilocalories and sodium (r = 0.80) (24). As such, from
a practical point of view, we calorie-adjusted sodium intake;
hence, mean sodium amounts varied by kilocalorie amounts
during phase 1 (1119 mg at 1600 kcal, 1413 mg at 2000 kcal,
1740 mg at 2500 kcal, and 2033 mg at 3000 kcal) that were used
during consumption. Throughout the 4 wk of phase 1, we rotated
through 7 d of meals with the same meal provided on each day
of the week. Two sample menus from phase 1 of the study are
provided in Supplemental Table 1.
Random assignment and masking
Participants were randomly assigned to the intervention or
control, and random assignments were generated in blocks of 4.
Random assignments were kept in a sealed envelope and in
a locked cabinet to conceal the sequence until interventions were
assigned. The random allocation sequence was generated by 2
study investigators (CAMA and ERM), a study staff member
enrolled participants (LT), and a study investigator (JC) assigned
participants to interventions. Data collectors for outcome measurements were masked to the random assignment.
Intervention group
The intervention group was asked to continue to eat a lowersodium diet by getting guidance from study counselors. Participants in the behavioral intervention group completed #18
contacts with the study interventionist either through individual
in-person visits at the ProHealth research center, group sessions,
or individual contacts by telephone, text, or e-mail. One-on-one
counseling sessions ranged from 15 to 60 min depending on
whether they were done in person or by telephone.
Intervention goals included adherence to a lower sodium intake at the recommended intake of 1500 mg/d per 2000-kcal
intake. To reinforce intervention goals, participants monitored sodium intake by using a sodium-specific tracking tool.
This tracking tool was in the form of a booklet and allowed
TABLE 1
Sodium content of meals fed in phase 1 by kilocalorie amount
Kilocalories
1600
2000
2500
3000
1

Sodium range,1 mg

Mean sodium, mg

1011–1290
1304–1533
1643–1838
1921–2238

1119
1413
1740
2033

Seven meals were consumed throughout the study. The range reflects
the lowest to highest amounts of sodium across the 7 d of meals in the
weekly cycle.
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TABLE 2
Nutritional contents of meals consumed in phase 1 at a 2000-kcal amount
Nutrient
Sodium, mg
Potassium, mg
Kilocalories
Protein, % of kilocalories
Carbohydrate, % of kilocalories
Fat, % of kilocalories
Total fat, g
Saturated fat, % of kilocalories
Monounsaturated fat, % of kilocalories
Polyunsaturated fat, % of kilocalories
Other fat, % of kilocalories
Grains, servings
Legumes, servings
Fruit, servings
Vegetables, servings
Added salt, mg
Added sugar, g
Total sugar, g

Range1

Mean

1304–1533
3083–3974
1837–2034
16–19
47–52
31–37
66–81
4–8
11–19
6–9
3–11
1–2
0.5–1
2–4
2–5
0–780
4–37
71–107

1413
3352
1968
17
49
34
76
6
15
7
6
2
0.2
3
3
380
18
98.4

1

Seven meals were consumed throughout the study. The range reflects
the lowest to highest amounts of the nutrient across the 7 d of meals in the
weekly cycle.

participants to record the food item, brand name and description,
and amount of sodium being consumed. The booklet was accompanied by a small book designed to inform individuals about
sodium and nutrient contents of a wide variety of foods.
Group counseling sessions were 90 min long. Standardized
materials and procedures were used in each session. Group
sessions covered topics such as goal setting, problem solving,
time management, the use of familiar and unfamiliar spices and
herbs in recipes, cultural influences on spice choices, selfmonitoring of sodium intake, overcoming barriers to making
dietary changes, how to choose and order foods when eating out,
strategies for eating with family and friends, how to make low
sodium intake permanent, and the prevention of a relapse. We
also provided small gifts as incentives at group sessions such as
spices and a cookbook. Group sessions included cooking demonstrations and provided an opportunity for participants to share
how they were changing personal recipes to lower the salt content
and include spices and herbs.
Control group
Participants in the control group received standard sodium
education materials. Participants were asked to continue to eat
a lower-sodium diet by following advice that was given by the US
CDC in 2 handouts (25, 26).
Measurements
Trained data collectors conducted visits for study eligibility and baseline and follow-up measures at Johns Hopkins
ProHealth, which is a community-based clinical research unit.
Measurements were conducted at screening (before phase 1) and
again at baseline (end of phase 1 and start of phase 2) and weeks
14 and 24.
The primary study outcome was the change in mean 24-h
sodium from random assignment (i.e., week 4) to the final study
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visit (i.e., week 24). Two complete 24-h urine samples were
collected at both weeks 4 and 24 for all participants. The 24-h
urine values at weeks 4 and 24 represents the mean of the 2
measurements. To ensure high-quality collections, participants
were provided detailed instructions. To be considered complete,
24-h urine samples had to be $500 mL in volume and had to be
reported to be complete by participants. Participants recorded
both start and stop times for each collection; all collections were
between 22 and 26 h long. To correct for the possibility that the
slight variation in collection times influenced sodium values, we
standardized each urinary sodium excretion value to what it
would be if collected for 24 h by first dividing by the number of
hours of collection and multiplying by 24. Two complete 24-h
urine collections were also collected at screening (before phase
1). The unit used for standard laboratory results for urine sodium
was the millimole. The molecular mass of sodium is 22.99 g/
mol, and we converted millimoles to milligrams by multiplying
the laboratory value in millimoles by 23. We present study
findings in millimoles per day in Supplemental Tables 2–4. In
keeping with convention, we used 24-h urinary sodium excretion
as a proxy for dietary sodium intake. It has been reported that
the normal human kidney filters w25,000 mmol Na/d and reabsorbs 98–99% of the filtered load (27–29). Thus, in individuals at steady state conditions of fluid and sodium balance
and who also have minimal sweat losses, the mean urinary sodium excreted is roughly equivalent (90–95% of total intake is
excreted in urine) to the ingested sodium.
A sensory test to measure the perception of saltiness was
administered at weeks 0 and 4. A series of 8 blind-coded solutions
of chicken broth (Pacific Natural Foods Organic Free Range Low
Sodium) with added sodium chloride were randomly presented in
a sequential monadic fashion. Sodium amounts of the samples
were as follows (%wt/wtNaCl/broth): 0.0%, 0.15%, 0.35%,
0.35% (repeated measure), 0.6%, 0.85%, 1.2%, and 1.5%. Participants were asked to mark along a 15-cm line anchored at 0,
7.5, and 15 cm with the words “not at all,” “moderately,” and
“extremely salty.” To minimize taste fatigue, participants were
given room-temperature bottled water and a 2-min break between each sample with a longer 5-min break halfway through
the test. Their mark was measured, which resulted in a potential
range of values from 0 to 15.
A symptom questionnaire was administered during phase 1 at
weeks 0 and 4. This self-administered checklist collected information on symptoms, including gastrointestinal problems
(diarrhea or loose stools, constipation, bloating or uncomfortably
full, and nausea or upset stomach). Each symptom was classified
by severity (mild, moderate, and severe).
Statistical analysis
Analyses were conducted under the intention-to-treat principle.
The primary study outcome was the change in mean 24-h sodium
during phase 2 (i.e., from random assignment to the final study visit
or week 24 minus week 4). Secondary study outcomes included the
perception of saltiness, the percentage of individuals who consumed ,2300 mg Na/d, and the percentage of individuals who
consumed 1500 mg Na/d (or the percentage of individuals who
consumed their kilocalorie-adjusted equivalent of 1500 mg Na).
A linear regression analysis was used to estimate the difference
in the primary outcome between randomized groups, which was
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adjusted for the 24-h urine value at screening. Paired t tests were
used to test for the difference in salt perception between weeks 4
and 0. All analyses were performed by using Stata version 12
software (Stata Statistical Software: Release 12; StataCorp LP).
Sensitivity analyses
We examined whether our primary results were robust under 2
additional analytic approaches as follows: a quantile regression
analysis and a linear regression analysis with robust SEs. We also
performed sensitivity analyses that focused on reducing the
impact of potentially incomplete 24-h collections because the
completeness of a urine collection is a limitation with the use of
24-h urinary excretion measures. We excluded potentially incomplete urine samples on the basis of the following 2 separate
criteria: 1) the CV and 2) expected creatinine values. For these
sensitivity analyses, participants with excluded urine collections
remained in the analysis as long as they had at least one valid
urine sample at both time points (i.e., weeks 4 and 24). We also
assessed the change in the sodium-to-creatinine ratio of the
sample.
Over the course of the study, each participant provided 7 urine
samples as follows: 2 samples at screening, 2 samples at week 4,
one sample at week 14, and 2 samples at week 24. For each

participant, we calculated a CV (i.e., SD divided by the mean) for
urinary creatinine excretion. In these sensitivity analyses, participants with a CV .30% were excluded on the premise that
they had incomplete collections (n = 7).
With regard to expected creatinine values, we calculated the
expected urinary creatinine-excretion amount for each participant on the basis of the following 2 different prediction equations:
1) Joosens’ and 2) Mage’s equations. The equation developed by
Joosens et al. (30) takes into account sex only, whereas the
equation developed by Mage et al. (31) includes age, weight,
height, sex, and BMI. We excluded participants with a ratio of
observed to expected creatinine ,0.6 because of potentially
incomplete collections (32); 9 participants were excluded on the
basis of Joosens’ equation (5 from the intervention group and 4
from the control group), and 2 participants were excluded on the
basis of Mage’s equation (1 from the intervention group and 1
from the control group).
RESULTS

As shown in Figure 1, 100 individuals were screened for
study eligibility, and 55 were enrolled in phase 1. There were
40 individuals recruited into the randomized trial. Of these
40 participants, 65% were women, and 88% were African

FIGURE 1 Participant flow in the SPICE study.
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either a ,2300- or 1500-mg/d intake per 2000-kcal diet. Although the 1500-mg/d recommendation applied to all participants
enrolled in the study, at the time of entry into the study (screening),
the percentage of individuals who consumed ,2300 mg/d per
2000 kcal or 1500 mg/d per 2000 kcal was low. For example, the
recommendation for 1500 mg/d was met by 0% of subjects in
the control group and by 10% of participants in the intervention
group.
At the end of phase 1, 55% of individuals in the control group
and 75% of individuals in the intervention group consumed
1500 mg/d per 2000 kcal. At the end of phase 2 (week 24), the percentage of individuals who consumed 1500 mg/d per 2000 kcal
was lower than at the end of phase 1 (controlled consumption);
however, more participants in the intervention group than in the
control group met either of these goals. At week 24, 25% of
participants in the intervention group consumed 1500 mg/d per
2000 kcal vs. 5% of participants in the control group. However,
our estimate of the percentage of individuals who met their goals
for sodium intakes may have been unstable, particularly in the
tails of the sodium distribution, because of the within-person dayto-day variability in sodium intake, which was not accounted for
by using the mean of two 24-h sodium collections.

American; mean 6 SD age was 61 6 9.7 y; mean 24-h urine
sodium excretion was 3496 6 1426 mg/d; and mean BMI
(in kg/m2) was 32.1 6 6.2 (Table 3).
Effects on 24-h urinary sodium excretion
During phase 1 (controlled consumption), the mean 24-h
urinary sodium excretion decreased (from 3496 to 1654 mg/d) in
the 40 participants who were subsequently randomly assigned to
the intervention or control. At the end of the 20-wk behavioral
intervention, the behavioral intervention group had lower urinary
sodium excretion than that of the self-directed group (Figure 2).
Specifically, the mean difference in 24 h urine sodium excretion was 2956.8 mg/d (95% CI: 21538.7, 2374.9 mg/d) after controlling for sodium intake at screening (P = 0.002) (Table 4). These
findings were robust in sensitivity analyses that excluded incomplete urine collections (Mage’s equation mean difference:
21090.2 mg/d; 95% CI: 21695.1, 2483 mg/d; P = 0.001;
Joosens’ equation mean difference: 2795.8 mg/d; 95% CI:
21545.6, 248.3 mg/d; P = 0.04). Findings were also robust by
using quantile regression and robust SEs and by using the sodium:creatinine ratio of the outcome (Table 4).
Percentage of individuals meeting sodium intake of ,2300
or 1500 mg/d

Effects on perception of saltiness and symptoms
As shown in Table 6, after phase 1, participants perceived
significantly more saltiness in our lowest-sodium solution (0%
added sodium) than they did at the beginning of phase 1 (mean
difference: 0.96; P = 0.04). For all other sodium concentrations
evaluated, there were no statistically significant differences in

During controlled consumption in phase 1, all participants
consumed diets with low sodium amounts. Sodium amounts
varied depending on the 3 kilocalorie amounts used (Tables 1 and
2). Table 5 shows the percentage of study participants who met

TABLE 3
Characteristics of study participants at screening (before phase 1)

Age, y
Women, %
Race
White
African American
Education, %
High school graduate
Attended college
College graduate
Hypertension, %
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Blood pressure medication use, %
Diabetes, %
Weight, kg
BMI, kg/m2
Alcohol intake, drinks/wk
Smoking status, %
Current
Former
Never
24-h sodium excretion,2 mg/d
24-h creatinine excretion, g/d
24-h sodium:creatinine, mmol/g
Total volume of urine collection, mL
1
2

Total (n = 40)

Intervention (n = 20)

Control (n = 20)

61.4 6 9.7
65

61.2 6 8.3
65

61.6 6 11.2
65

13
88

15
85

10
90

8
42
50
63
125.4 6 14.6
73.1 6 9.3
60
18
90.6 6 21.5
32.1 6 6.2
1.4 6 2.7

13
31
56
60
124.9 6 14.6
72.4 6 9.6
60
15
94.8 6 24.1
33.3 6 7.0
1.6 6 3.5

5
50
45
65
125.9 6 14.9
73.8 6 9.2
60
20
86.3 6 18.0
30.9 6 5.2
1.3 6 1.9

17
25
58
3496.0 6 1426.0
1.71 6 0.65
92.1 6 32.4
1612.8 6 532.1

13
31
56
3362.6 6 1269.6
1.64 6 0.47
87.0 6 24.1
1638.1 6 511.5

20
20
60
3627.1 6 1587.0
1.77 6 0.8
97.3 6 39.0
1587.5 6 564.0

Mean 6 SD (all such values).
Adjusted for the number of hours of collection.

1
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FIGURE 2 Twenty-four–hour urine sodium excretion (adjusted for the
number of hours of urine collection) over time by randomly assigned groups
(intervention group: n = 20; control group: n = 20).

the perception of saltiness in the same sample at the end of
phase 1 than at the beginning. Supplemental Table 5 displays
reported symptoms on a symptoms checklist. There were no
significant between-group differences.

DISCUSSION

In this study, we examined the effects of a behavioral intervention that emphasized spices and herbs on the maintenance
of sodium intake at the recommended intake of 1500 mg/d.
During phase 1 of the trial, which was a period of isocaloric
consumption, the mean 24-h urinary sodium excretion (a proxy
for dietary sodium intake) decreased from 3496 to 1654 mg/d
(range: 1119–2033 mg/d). During phase 2 of the trial, the mean
24-h urinary sodium excretion increased in both intervention
and control groups, but the increase in the mean 24-h sodium
excretion during phase 2 was 957 mg/d less in the intervention
group than in the control group.
The achieved difference in the change in 24-h urinary sodium
excretion between intervention and control groups of 2957 mg/d
at the end of the behavioral intervention is consistent with
large, well-conducted behavioral intervention studies focused
on sodium reduction (21–23). In the Trials of Hypertension
Prevention, the difference in the change in 24-h urinary sodium reduction between intervention and control groups was

21357 mg/d at the 6-mo follow-up time point and 21012 mg/d
at the 18-mo time point (21). Similarly, in the Trial of Nonpharmacologic Interventions in the Elderly study, the difference
in the change in 24-h urinary sodium excretion between intervention and control groups was 21081 mg/d at the 9-mo
follow-up time point, 21127 mg/d at the 18-mo follow-up time
point, and 2920 mg/d at the 30-mo time point (22). Our findings
complement published data on the efficacy of sodium reduction
on health outcomes (21–23) and contribute to the understanding
of strategies that may be used to achieve the recommended
sodium intake and promote adherence.
Our observations at screening regarding the percentage of
individuals who consumed ,2300 or 1500 mg/d are consistent
with national data suggesting that very few Americans meet recommendations for sodium intake (17). The guideline of 1500 mg/d
applied to everyone we enrolled in the study, and as would be
expected from our study design, we showed that participants
accomplished this intake while being fed in phase 1 of the study.
These findings are relevant to clinical settings where counseling
for sodium reduction occurs. Various components of our intervention may be helpful to dietitians and other clinicians in
their counseling efforts; specifically, individuals may benefit
from adopting behaviors such as goal setting, problem solving,
time management, and self-monitoring of sodium intake. In
addition, the use of spices and herbs in recipes may be a strategy
for maintaining flavor when cooking (34).
Adherence to recommended dietary sodium intake requires
extraordinary individual effort, and it has been documented as
being low in the American population (17). During phase 2 (the
20-wk intervention period after controlled consumption), we
observed an increase in sodium intake in both intervention and
control groups over time; however, the increase was lower in the
intervention group. These findings are relevant to public health
efforts to reduce sodium intake in that they highlight the enormous influence of the food environment, even for individuals who
have a heightened awareness about their sodium intake and who
are trying to meet recommendations. Although individuals made
efforts to modify their recipes for sodium reduction, their inability to maintain a previously accomplished low 24-h urinary
sodium-excretion concentration was likely because the amount of
salt added to foods at the table and during cooking contributes

TABLE 4
Differences in 24-h sodium excretion between intervention and control groups by using different approaches to account
for potential inaccuracies in urine collection
Analytic approach

n

Linear regression
Linear regression with robust SEs
Quantile regression
Drop CV .302
Drop on the basis of Joosens’ equation3
Drop on the basis of Mage’s equation4
24-h sodium:creatinine5

40
40
40
33
31
38
40

1

Difference in 24-h sodium excretion,1 mg/d
2956.8
2956.8
21221.3
21030.4
2795.8
21090.2
2740.6

(21538.7,
(21524.9,
(22086.1,
(21612.3,
(21545.6,
(21695.1,
(21209.8,

2374.9)
2388.7)
2356.5)
2448.5)
248.3)
2483.0)
2273.7)

P
0.002
0.002
0.007
0.001
0.04
0.001
0.003

Values are means; 95% CIs in parentheses.
Participant was removed from the analysis if the CV for creatinine excretion was .30%
3
Urine collection was removed from the analysis if the ratio of the observed-to-expected creatinine excretion value was
,0.6 on the basis of Joosens’ equation, which accounted for sex.
4
Urine collection was removed from the analysis if the ratio of the observed-to-expected creatinine excretion value was
,0.6 on the basis of Mage’s equation, which accounted for age, weight, height, sex, and BMI.
5
Not indexed to 24 h of collection.
2
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(0.04)
(0.25)
(0.11)
(0.26)
(0.20)
(0.85)
(0.79)
(0.49)
(0.07)

sodium diet after 4 wk of controlled consumption. These results
are similar to findings from other studies in which a reduced
preference for salt after reducing salt in the diet was observed
(48–51). However, it has been suggested that a shift in the
sensory response to salty taste occurs after 8–12 wk of consumption of a low-sodium diet (49). As such, the 4 wk of controlled consumption used in this study may have been too short
to truly affect participants’ perceptions of saltiness.
Our study had both strengths and limitations. First, a potential
limitation was our inability to isolate any one factor from our
multiple-factor behavioral intervention as being more important
than another in the intervention’s success. We placed particular
emphasis on the use of spices and herbs to maintain flavor when
sodium was reduced, but we also included other factors. Although single-factor studies would be needed to isolate individual strategies for sodium reduction, the process of changing
eating behavior is complex and addressing multiple, interrelated,
and supporting factors was previously shown to be effective (21,
22, 33). Second, we assumed that 24-h urinary sodium excretion
would reflect dietary intake. However, the utility of urine collections may be affected by the completeness of the collection,
variability in dietary intake, variability in excretion, and other
factors such as medication use (52–58). Third, 15 of 55 individuals did not get randomly assigned because they decided
not to participate, the reasons of which are provided in Figure 1.
This absence may have affected the generalizability of our
findings. Fourth, the difference in the number of contacts between intervention and control groups may have increased the
possibility that the difference in sodium excretion between the 2
groups may have been due to nondietary factors. Other limitations were our small sample size and our inclusion of only one
study center, which was located in Baltimore, Maryland. For
enhanced generalizability, a larger sample with greater geographic diversity is needed.
Our study had several strengths. First, before initiating the
randomized clinical trial, we conducted controlled consumption
to acclimatize individuals to lower sodium intake and enhance
our ability to study the maintenance of low sodium intake. This
design may be applicable to studying other nutrients for which
population intake is inconsistent with dietary guidelines. Second,
we focused on obtaining high-quality 24-h urinary sodiumexcretion collections and used 2 measurements as a proxy for our
primary outcome variable (i.e., dietary sodium intake). Our
analyses suggested that we obtained high-quality collections on
the basis of the total urine volume collected, which was consistent
with the sodium-to-creatinine ratio, and on sensitivity analyses
that account for potential inaccuracies in the urine collection (30–
32, 52–58). Third, study retention was high with 100% followup rates achieved.
In conclusion, a multifactorial behavioral intervention emphasizing spices and herbs has the potential to facilitate adherence to lower sodium intakes. Because of the ubiquity of sodium
in the US food supply, multilevel strategies that effectively address individual behaviors as well as the food supply are needed
to improve the adherence to sodium recommendations.

1
All values are means; P values in parentheses. P values were significant at ,0.05.
2
Mean 6 SD (all such values).
3
C2 was a replicate of C.
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JC: designed the research; CAMA, LKC, ERM, AH, ARC, MM-C, KW, JC,
TT, LT, and LJA: conducted the research; CAMA, LKC, and MW: analyzed
data or performed the statistical analysis; CAMA, LKC, LJA, and AH:

TABLE 5
Study participants meeting sodium goals per 2000-kcal diet1

,2300 mg/d, %
Control
Intervention
1500 mg/d, %
Control
Intervention

Screening

Random assignment

Week 14

Week 24

20
35

85
85

20
40

25
55

0
10

55
75

10
25

5
25

1

Sodium values were adjusted for the number of hours of urine collec-

tion.

only minor amounts to the American diet with the mean sodiumintake density being lower in foods cooked at home and highest in
commercially prepared foods (18–20, 35).
Although very little sodium is added at the dining table,
contemporary guidelines advocate individual efforts for the
modification of sodium (15, 16, 36). In acknowledgment of the
significant influence of the food supply on sodium intake, a 2010
report by the Institute of Medicine recommended a regulatory
approach that supports the food industry in the reformulation of
foods (35). If these efforts were implemented, they should
provide greater flexibility for meeting recommendations when
individuals consume commercially prepared foods. Spices and
herbs may be one option for maintaining flavor when reformulating commercially prepared foods.
There are implications of this study for blood pressure and
cardiovascular disease reduction in that effective strategies for
dietary sodium reduction would likely affect cardiovascular health.
There has been convincing evidence from studies across populations (37–39) and within populations (40–44) that sodium intake is associated with blood pressure. Further, meta-analyses of
randomized clinical trials showed that persons with hypertension
had a greater response to a reduced sodium intake than do persons
with normal blood pressure (40, 43, 44). With a few notable
exceptions (45, 46), excess sodium consumption has also been
related to cardiovascular disease (8–11, 47). It has been projected
that even modest decreases in sodium would reduce annual new
cases of coronary heart disease by 60,000 to 120,000 (12).
Our findings about the perception of saltiness suggest that
individuals may begin to become sensitized to the taste of a lower
TABLE 6
Difference in perception of the intensity of saltiness before and after phase
1 (i.e., controlled consumption from weeks 0 to 4)
Sample (%wt/wtNaCl/broth)
A (0% Na)
B (0.15% Na)
C (0.35% Na)
C2 (0.35% Na)3
D (0.6% Na)
E (0.85% Na)
F (1.2% Na)
G (1.5% Na)
Perceived intensity

Week 0
1.1
2.2
3.9
4.3
6.1
7.7
9.6
10.7
5.7

6
6
6
6
6
6
6
6
6

1.42
2.5
3.2
3.0
3.3
3.8
3.0
3.3
2.0

Week 4
2.0
2.8
4.8
4.8
6.9
7.8
10.0
11.4
6.3

6
6
6
6
6
6
6
6
6

2.5
3.0
2.6
2.6
3.0
3.2
3.4
3.1
2.2

Difference1
0.96
0.64
0.92
0.25
0.78
0.15
0.39
0.71
0.60
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