Acceptability of Sodium-Reduced Research
Diets, Including the Dietary Approaches to
Stop Hypertension Diet, among Adults with
Prehypertension and Stage 1 Hypertension
The Harvard community has made this
article openly available. Please share how
this access benefits you. Your story matters
Citation

Karanja, Njeri, Kristie J. Lancaster, William M. Vollmer, PaoHwa Lin, Marlene M. Most, Jamy D. Ard, Janis F. Swain, Frank
M. Sacks, and Eva Obarzanek. 2007. “Acceptability of SodiumReduced Research Diets, Including the Dietary Approaches to Stop
Hypertension Diet, Among Adults with Prehypertension and Stage 1
Hypertension.” Journal of the American Dietetic Association 107 (9)
(September): 1530–1538. doi:10.1016/j.jada.2007.06.013.

Published Version

doi:10.1016/j.jada.2007.06.013

Citable link

http://nrs.harvard.edu/urn-3:HUL.InstRepos:30085348

Terms of Use

This article was downloaded from Harvard University’s DASH
repository, and is made available under the terms and conditions
applicable to Other Posted Material, as set forth at http://
nrs.harvard.edu/urn-3:HUL.InstRepos:dash.current.terms-ofuse#LAA

NIH Public Access
Author Manuscript
J Am Diet Assoc. Author manuscript; available in PMC 2011 November 17.

NIH-PA Author Manuscript

Published in final edited form as:
J Am Diet Assoc. 2007 September ; 107(9): 1530–1538. doi:10.1016/j.jada.2007.06.013.

Acceptability of Sodium-Reduced Research Diets, Including the
Dietary Approaches to Stop Hypertension Diet, among Adults
with Prehypertension and Stage 1 Hypertension
NJERI KARANJA, PhD[senior investigators]
Kaiser Permanente Center for Health Research, Portland
KRISTIE J. LANCASTER, PhD, RD[associate professor]
Department of Nutrition, Food Studies, and Public Health, New York University, New York
WILLIAM M. VOLLMER, PhD[senior investigators]
Kaiser Permanente Center for Health Research, Portland

NIH-PA Author Manuscript

PAO-HWA LIN, PhD[associate research professor]
Department of Medicine, Duke Hyptertension Center and the Sarah W. Stedman Center for
Nutritional Studies, Duke University Medical Center, Durham, NC
MARLENE M. MOST, PhD, RD, FADA[associate professor, research]
Pennington Biomedical Research Center, Baton Rouge, LA
JAMY D. ARD, MD[assistant professor]
Department of Nutrition Sciences, University of Alabama, Birmingham
JANIS F. SWAIN, MS, RD[bionutrition manager]
National Institutes of Health General Clinical Research Center, Brigham and Women's Hospital,
Boston, MA
FRANK M. SACKS, MD[professor]
Department of Medicine, Brigham and Women's Hospital and Harvard Medical School, and
Nutrition Department, Harvard School of Public Health, Boston, MA
EVA OBARZANEK, PhD, RD[research nutritionist]
National Heart, Lung, and Blood Institute, Bethesda, MD

NIH-PA Author Manuscript

Abstract
Objective—Examine the acceptability of sodium-reduced research diets.
Design—Randomized crossover trial of three sodium levels for 30 days each among participants
randomly assigned to one of two dietary patterns.
Participants/setting—Three hundred fifty-four adults with prehypertension or stage 1
hypertension who were participants in the Dietary Approaches to Stop Hypertension (DASHSodium) outpatient feeding trial.
Intervention—Participants received their assigned diet (control or DASH, rich in fruits,
vegetables, and low-fat dairy products), each at three levels of sodium (higher, intermediate, and
lower) corresponding to 3,500, 2,300, and 1,200 mg/day (150, 100, and 50 mmol/day) per 2,100
kcal.
Copyright © 2007 by the American Dietetic Association
Address correspondence to: Eva Obarzanek, PhD, RD, Research Nutritionist, National Heart, Lung, and Blood Institute, 6701
Rockledge Dr, Room 10018, Bethesda, MD 20892. obarzane@nhlbi.nih.gov.
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Main outcome measures—Nine-item questionnaire on liking and willingness to continue the
assigned diet and its level of saltiness using a nine-point scale, ranging from one to nine.
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Statistical analyses performed—Generalized estimating equations to test participant ratings
as a function of sodium level and diet while adjusting for site, feeding cohort, carryover effects,
and ratings during run-in.
Results—Overall, participants rated the saltiness of the intermediate level sodium as most
acceptable (DASH group: 5.5 for intermediate vs 4.5 and 4.4 for higher and lower sodium; control
group: 5.7 for intermediate vs 4.9 and 4.7 for higher and lower sodium) and rated liking and
willing to continue the DASH diet more than the control diet by about one point (ratings range
from 5.6 to 6.6 for DASH diet and 5.2 to 6.1 for control diet). Small race differences were
observed in sodium and diet acceptability.
Conclusions—Both the intermediate and lower sodium levels of each diet are at least as
acceptable as the higher sodium level in persons with or at risk for hypertension.

NIH-PA Author Manuscript

Reducing salt consumption lowers blood pressure both in short- and long-term studies (1,2).
The effect is greater among individuals with hypertension than those with normal blood
pressure and among African Americans compared with whites (1–3). However, adherence to
reduced sodium regimens has generally been low. Simple advice provided at health care
settings, even when given at every visit, tends to have low effectiveness (4–7). With
intensive counseling, only 20% to 40% of participants in sodium reduction trials reduce their
sodium intakes to below the recommended upper limit of 2,300 mg/day (100 mmol/day) (7–
10).
Researchers speculate that patients and research participants have difficulty adopting
reduced-sodium diets because they are largely asymptomatic and may fail to perceive a
benefit from a diet that they may consider too restrictive (4). Also, because individuals'
preferred level of salt appears to be largely learned, salt levels that deviate the most from
customary levels are likely to be less preferred (11) and reduced-sodium diets may have low
palatability. The lack of sodium-reduced products in the food supply may also serve as a
difficult barrier for individuals as well as counselors who try to promote reduced-sodium
diets (12). Efforts to provide affordable, low-sodium foods would be aided by assessing the
level of sodium that is acceptable to the consumer.
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The importance of lower sodium intakes to reduce blood pressure was clearly shown by the
Dietary Approaches to Stop Hypertension (DASH)-Sodium trial. The DASH-Sodium trial
tested the effects on blood pressure of three levels of sodium (higher, intermediate, and
lower, proportional to energy intake, and corresponding to 3,500, 2,300, and 1,200 mg/day
[150, 100, and 50 mmol/d] per 2,100 kcal) in 412 adults consuming two types of diets that
were prepared in research kitchens (13–16). The two diets were a control diet, similar to
what many Americans consume, and the DASH diet, rich in fruits, vegetables, and low-fat
dairy products. The primary outcome of the trial was systolic blood pressure. The main
results were previously published and showed that reducing sodium intake from higher to
lower levels significantly decreased systolic and diastolic blood pressure by an average of
6.7/3.5 mm Hg (P<0.0001) in those consuming the control diet and by 3.0/1.6 mm Hg
(P<0.0001) for participants consuming the DASH diet (14). In each diet for similar
reductions in sodium intake of about 50 mmol per 2,100 kcal, systolic blood pressure was
reduced twice as much at the lower sodium level compared with the intermediate level than
at the intermediate level compared with the higher level. In addition, the DASH diet
significantly lowered blood pressure at each of the three levels of sodium (5.9/2.9 mm Hg
for higher, 5.0/2.5 mm Hg for intermediate, and 2.2/1.0 mm Hg for lower sodium) (14).
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The DASH-Sodium protocol included a self-administered questionnaire to assess
participants' acceptability of the diets provided to them. Thus, data gathered from the trial
provided the opportunity to examine acceptability of sodium levels as well as of the two
diets among individuals with, or at risk for, hypertension and to evaluate if sodium and diet
acceptability is influenced by demographic characteristics. This report presents the findings
from the acceptability questionnaire from the DASH-Sodium trial.

METHODS
DASH-Sodium Trial Design and Study Participants

NIH-PA Author Manuscript

The DASH-Sodium trial was a multicenter, randomized, controlled trial that compared the
effects on blood pressure of two diets at three sodium levels in adults with prehypertension
or stage 1 hypertension. It was an out-patient feeding study, a design that promotes high
adherence and control of dietary intake (17). Clinical centers located in Baltimore, MD;
Baton Rouge, LA; Boston, MA; and Durham-Raleigh, NC; a coordinating center located in
Portland, OR; and the National Heart, Lung and Blood Institute, in Bethesda, MD,
collaborated on the study. The study design has been reported elsewhere (13,14). Briefly,
eligible participants were aged 22 years or older and had a systolic blood pressure of 120 to
159 mm Hg and a diastolic blood pressure of 80 to 95 mm Hg. We excluded individuals
taking blood pressure medications; those with a history of heart disease, renal insufficiency,
hyperlipidemia, or diabetes mellitus; those receiving special diets; and those consuming
more than 14 alcoholic drinks per week. Participants were recruited by the four clinical
centers primarily from mass mailings.
The control diet, similar to what many Americans consume, had 3.6 servings per day of
fruits and vegetables and 0.5 serving per day of dairy food at 2,100 kcal. In contrast, the
DASH diet emphasizes fruits and vegetables (9.6 servings per day at 2,100 kcal) and low-fat
dairy foods (2.7 servings per day at 2,100 kcal), which are the key defining DASH food
groups. In addition, compared with the control diet, the DASH diet had higher amounts of
whole grains (4.1 vs 0 servings per day), fish (0.5 vs 0.2 servings per day), and nuts and
seeds (0.6 vs 0 serving per day), and fewer servings of fats (2.5 vs 5.8 servings per day), red
meat (0.5 vs 1.5 servings per day), and sweets (0.5 vs 3.2 servings per day) per 2,100 kcal
(18).
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After a 2-week run-in period during which prospective participants consumed the control
diet containing 3,500 mg/day (150 mmol/day) sodium per 2,100 kcal, 412 participants were
randomly assigned to receive either the DASH diet (15), or to continue on the control diet
for 90 days. All participants consumed their assigned diet at three levels of sodium for 30
days each in random order in a crossover design. The higher level approximated slightly
lower-than-average American consumption, the intermediate level was similar to the upper
limit of US recommendations (19,20), and the lower level was close to sodium consumption
in non-Westernized societies (21) and expected to lower blood pressure further (14).
All meals and snacks were prepared in research kitchens at the collaborating clinical centers.
Participants consumed lunch or dinner onsite and took home their remaining meals and
snacks for the next 24 hours or for the weekend. Similar foods were used for each sodium
level; however, the lower sodium diet used unsalted or low-sodium varieties of several
foods, and the higher sodium diet used the salted versions. To attain the higher sodium level,
weighed table salt was added to entrees, recipes, or unsalted broth. Foods notably high in
sodium due to processing or foods with salt topically added were either avoided (eg, pickles,
salted pretzels, and salted nuts) or used in their low-salt or unsalted version throughout all
sodium levels to reduce sodium variability within the product and reduce the potential for
topically added salt being lost during distribution and handling. We monitored adherence by
J Am Diet Assoc. Author manuscript; available in PMC 2011 November 17.
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taking attendance of participants consuming their weekday onsite meals. Participants
completed daily checklists, reviewed by study food and nutrition professionals, asking about
their consumption of study meals, consumption of nonstudy foods, and non-consumption of
study foods.
The institutional review boards of the five participating institutions approved the protocol,
and all participants provided written informed consent.
Assessment of Acceptability of Salt Levels and Diets
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As part of the DASH-Sodium trial protocol, we developed a brief semiquantitative
questionnaire (Figure) to evaluate the acceptability of the experimental diets to which
participants were assigned, as defined by their liking and willingness to continue after the
study was completed. The questions evaluated the saltiness and acceptability of the saltiness
of the diet, of the overall diet, and of eating two key components of the DASH diet (ie, the
number of fruits and vegetables servings and the number of dairy servings). These two food
groups would likely be the focus of a nutrition education program for teaching individuals to
follow the DASH diet, in addition to promoting overall lower intake of total and saturated
fat and sweets (22). The questions were scored using a nine-point scale ranging from one to
nine, where the higher number indicated greater liking or willingness, except for the
saltiness rating question, where the higher number indicated greater perception of the salt
taste. A rating of four and five indicated a neutral response. Because salt acceptability may
increase as individuals become acclimated to a different sodium level (11,23), and one small
study suggested that salt taste can change within 2 weeks (24), changes in salt acceptability
between the beginning and end of 30 days of intake at a particular sodium level were also
assessed.
All participants were requested to fill out the questionnaire at the end of the 2-week run-in
period (baseline) during which they consumed the control diet at higher sodium and again at
the beginning and end of each of the 30-day feeding periods. A total of 354 participants
(86% of those randomized) completed the questionnaire on all seven occasions and were
used for these analyses. The other 58 participants completed fewer than seven (average of
4.6) administrations of the questionnaire due to time constraints and logistic reasons.
Statistical Methods
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To determine the influence of sodium level and the DASH diet on diet acceptability, we
used generalized estimating equations (25) to fit linear models that examined end-of-sodium
period acceptability ratings as a function of sodium level (lower, intermediate, and higher)
and diet (DASH or control). Estimates of the DASH diet effect (vs the control diet), which
are between-subject comparisons, were adjusted for differences between the two diet groups
in acceptability ratings during the run-in period. We tested for interactions between DASH
diet effects and sodium level. We also examined responses to the questionnaire by
subgroups defined by sex, age (45 years or younger vs older than 45 years, which was the
approximate median age; actual median was 47.0 years), obesity status (body mass index
[BMI], calculated as kg/m2; BMI <30 vs BMI ≥30), hypertension status, and race (African
American vs non-African American). We included interaction terms of these subgroups with
indicators of diet and sodium level to test between-subgroup differences in acceptability
ratings.
To assess if diet acceptability changed during the course of each sodium period, we fit an
expanded model that included diet acceptability ratings taken at the beginning and at the end
of each sodium period and, through suitable parameterization of the DASH, sodium, and
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time effects, estimated the change in acceptability between beginning and end-of-sodium
period ratings for each diet-sodium combination.
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All analyses were performed using SAS (version 8.2, 2001, SAS Institute Inc, Cary, NC)
and included adjustment for site, feeding cohort, and carryover effects. An exchangeable
covariance matrix was assumed for the repeated measurements for each person. F tests were
used to test statistical significance. The term significant refers to a P value <0.05.

RESULTS
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The demographic profile of the 354 participants who completed all seven diet acceptability
questionnaires was similar to the 412 participants (14) who were enrolled in the trial (data
not shown), resulting in an 86% response rate. Incomplete or nonrespondents (n=58) had
similar demographic characteristics as complete respondents (n=354) with respect to age,
BMI, sex, race, and hypertension status (data not shown), but were less likely to have had
some college education (70% of incomplete or nonrespondents had some college education
compared with 85% of complete respondents, P<0.01). Participants assigned to the DASH
(n=180) and control diets (n=174) had similar baseline characteristics. Women made up
61% of the DASH group and 55% of the control group, and African Americans made up
56% of the DASH group and 59% of the control group. Mean age was 47.8 years for the
DASH group and 49.2 years for the control group, and mean BMI was 28.9 and 29.5,
respectively. Forty-one percent of DASH participants and 39% of control participants had
hypertension, and at least some college education was attained by 89% of the DASH group
and 81% of the control group.
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Adherence was high. Mean attendance at onsite week-day meals was 92% at each sodium
level for DASH participants and 91%, 93%, and 91% for control participants at higher,
intermediate, and lower sodium levels, respectively. Based on daily self-reported checklists
that included both weekday and weekend days, DASH and control participants on average
were compliant (defined as missing no meals, eating only study foods, and eating no extra
nonstudy foods) 91% and 92% of the time, respectively. These percentages were virtually
identical for all three sodium levels in each diet group. In addition, 24-hour urine collections
showed that across all sodium levels participants on the DASH diet had higher mean
excretions of potassium (3,003 to 3,237 vs 1,560 to 1,599 mg/day [77 to 83 vs 40 to 41
mmol/day]), phosphorus (785 to 831 vs 645 to 670 mg/day [253 to 268 vs 208 to 216 mmol/
day]), and urea nitrogen (11.8 to 12.6 vs 9.6 to 10.1 g/day [0.42 to 0.45 vs 0.34 to 0.36 mol/
day]) than participants receiving the control diet. The mean sodium levels achieved by the
participants based on 24-hour urinary excretions, which reflect a range of energy levels,
were similar in each diet group: 3,312, 2,461, and 1,495 mg/day (144, 107, and 65 mmol/
day) for the DASH group and 3,266, 2,415, and 1,403 mg/day (142, 105, and 61 mmol/day)
for the control group at higher, intermediate, and lower sodium levels, respectively.
Salt and Overall Diet Acceptability by Sodium Level
Participants in each diet group successfully distinguished between the three different levels
of sodium (Table 1). Participants in each diet group consistently gave the highest
acceptability ratings to the intermediate sodium level (range in P values for differences
between intermediate and either lower or higher sodium levels in all eight possible
comparisons: 0.01 to 0.0001). Overall, differences in salt acceptability scores were not
dramatic between sodium levels for either diet: approximately one point. There was no
difference in salt acceptability between the higher and lower sodium level, except with the
DASH diet, where the higher sodium level received a poorer score than the lower sodium
level for willingness to continue with this level of saltiness (4.3 vs 4.9, P=0.02).
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For the overall diet, participants in both diet groups gave the highest acceptability scores to
the intermediate salt level, although statistical significance was achieved in only three of
eight possible comparisons with the intermediate level (intermediate vs lower sodium P
values: 0.01 to 0.0004). For liking the overall diet, DASH and control participants gave the
next highest acceptable rating to the higher sodium level (P=0.04 and 0.02, respectively, for
higher vs lower sodium). There were no significant differences between higher and lower
sodium levels for willingness to continue. Differences in overall diet acceptability scores
were generally small between sodium levels for both diets: approximately one-half point.
Change in Salt Acceptability with Time
We found no significant change in acceptability of sodium level with either the DASH or
control diet during the 4 weeks that participants were on each of the three sodium levels
(data not shown).
Acceptability of DASH Compared with Control Diet
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At all sodium levels, compared with the control diet, participants on the DASH diet liked
their overall diet more (by 0.9, 0.7, and 0.8 points for lower, intermediate, and higher
sodium levels, respectively, P<0.05 to <0.005), and were more willing to continue that diet
(by 0.9, 1.1, and 1.2 points, respectively, P<0.01 to <0.0001). Range in mean ratings
(unadjusted for run-in) was 5.6 to 6.6 for the DASH diet and 5.2 to 6.1 for the control diet.
Participants on the DASH diet also rated more highly at all sodium levels the components of
the DASH diet compared with control diet participants. For fruits and vegetables, mean
ratings ranged from 7.3 to 7.4 for the DASH diet and 5.4 to 5.7 for the control diet. For
dairy, mean ratings ranged from 6.3 to 6.4 for the DASH diet and 5.3 to 5.5 for the control
diet. Specifically, compared with control diet participants and adjusted for run-in, DASH
diet participants rated higher: the amount of fruits and vegetables by 2.3, 2.0, and 2.1 points
for lower, intermediate, and higher sodium levels (all P<0.0001); willing to continue that
level of fruits and vegetables by 1.9, 1.9, and 2.0 points, respectively (all P<0.0001); amount
of dairy by 1.4, 1.4, and 1.2 points, respectively (all P<0.0001); and willing to continue that
amount of dairy by 1.7, 1.4, and 1.2 points, respectively (all P≤0.0001). Interaction terms of
diet with sodium level were not significant.
Results of Subgroup Analyses
There were no significant differences in ratings between subgroups defined by obesity, age,
sex, and hypertension status. There were significant differences in acceptability by race.
Salt Acceptability According to Sodium Levels by Race Subgroups
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Within-race subgroup comparisons showed similar patterns to those reported in Table 1,
namely, for both races and both diets, the intermediate salt level was almost always rated
higher than either the lower or higher sodium level (significant for 75% [12 out of 16] of the
comparisons, see Table 2, upper half).
African Americans and non-African Americans receiving the DASH diet did not differ in
salt acceptability (Table 2, upper half), but there were race differences for the control diet.
Among those receiving the control diet, the second most acceptable salt level for African
Americans was the higher sodium level, whereas non-African Americans receiving the
control diet ranked the lower sodium level as the second most acceptable. Of six possible
comparisons, racial differences in salt acceptability ratings (liking and willingness to
continue) for the control diet were significant for four comparisons (lower vs intermediate
and lower vs higher; average difference among six scores was about one point). Differences
between African Americans and non-African Americans in overall diet acceptability ratings
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on the control diet (liking and willingness to continue) were smaller than those for salt
acceptability; just two out of six possible between-race subgroup comparisons—lower vs
intermediate—attained statistical significance (average difference in scores was about onehalf point).
Acceptability of the DASH Diet and Its Components by Race Subgroups
At all sodium levels, African Americans and non-African Americans liked the DASH diet to
a similar extent (Table 2, lower half). Diet acceptability scores ranged from 5.5 to 6.5 for
African Americans and 5.8 to 6.7 for non-African Americans. In contrast, diet acceptability
scores on the control diet ranged from 5.8 to 6.8 for African Americans but only 4.0 to 5.0
for non-African Americans (range in P values for between-race differences: 0.03 to
<0.0001). Thus, the higher acceptability of the DASH diet compared with the control diet
was seen only in non-African Americans.
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Acceptability scores for the number of servings of the key food groups that define the
DASH dietary pattern (eg, fruits and vegetables, low-fat dairy products) in both African
Americans and non-African Americans were almost always higher on the DASH diet than
control diet (significant for more than 75% [19 out of 24] of the comparisons, see Table 3).
Scores were similar between African Americans and non-African Americans receiving the
DASH diet at all three sodium levels (about 0.1 point different for fruits and vegetables and
about 0.3 point different for dairy servings). Compared with non-African Americans,
African Americans were more accepting of and gave higher scores to the number of servings
of fruits and vegetables and dairy products provided in the control diet. All 12 between-race
comparisons were significant (range in P values: 0.0004 to <0.0001). Thus, the magnitude of
acceptability for the DASH diet features compared with the control diet was greater for nonAfrican Americans than for African Americans.

DISCUSSION
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This study assessed the acceptability of sodium-reduced research diets by participants in the
DASH-Sodium trial (14). Participants on both the DASH and control diets gave relatively
high acceptability ratings to all levels of sodium, ranging on average from four to seven
points. The intermediate level received somewhat higher ratings than either the lower or
higher sodium. The DASH diet and its components received higher scores than the control
diet at all sodium levels. Overall diet acceptability scores were about 15% higher for the
DASH diet than the control diet, and the key components of the DASH diet (eg, fruits and
vegetables and dairy) were rated about 25% to 30% higher. Race differences were observed
whereby African Americans found the control diet more acceptable than the DASH diet
compared with non-African Americans.
In the DASH-Sodium trial, the intermediate sodium level may have provided the best mix of
sodium level with flavor and texture enhancement for the foods in the DASH-Sodium
research diets, making it the most acceptable sodium level. Particularly striking was the
finding that the lower sodium level was at least as acceptable as the higher sodium level in
both diets.
It is likely that participants' habituation to high sodium intakes before enrolling in this study
—mean urinary sodium excretion during screening was 3,565±1,725 mg/day (155±75
mmol/day) (3,634±1,725 mg/day [158±75 mmol/day] and 3,519±1,725 mg/day [153±75
mmol/day] for participants subsequently assigned to the DASH or control diet, respectively)
vs 3,289±1,725 mg/day (143±75 mmol/day) during the higher sodium level period—tended
to cause the lower sodium level to have somewhat lower acceptability ratings than the
intermediate level. Similarly, reduced preference for salt occurs when low levels of salt are
J Am Diet Assoc. Author manuscript; available in PMC 2011 November 17.
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consumed over a period of time (11,23,26,27). It appears that change in salt preference in
response to a low-salt diet may take 8 to 12 weeks (23). Thus, 30 days was probably too
short a time period to observe a change in salt acceptability in the DASH-Sodium trial.
Constraints on research diets could also affect salt and diet acceptability. For example, the
research menus were developed to provide a variety of food tastes and textures that would
accommodate a variety of tastes. Consequently, spices were limited in food preparation to
promote overall diet acceptability, and the numbers and types of foods, as well as the need
for controlled food production procedures in a research setting, reduced the number of
recipes and mixed foods provided that otherwise might be used by a free-living population.
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The lower sodium level was more acceptable with the DASH than the control diet, perhaps
because the DASH diet provided more acceptable flavor and texture combinations than the
control diet. Jeffery and colleagues (28) found that participants preferred to reduce sodium
intake by eating more foods that are naturally low in sodium, such as fruits and vegetables,
instead of using low-sodium processed foods that were considered less palatable. The
DASH-Sodium trial included both approaches for reducing sodium. Replacement of highsodium foods with lower-sodium versions may have reduced the palatability of the lowersodium diets, particularly with the control diet, which had fewer servings of fruits and
vegetables that are naturally low in sodium than the DASH diet. Nevertheless, differences in
scores among the three sodium levels were relatively small. A limitation of this study is that
it is not clear how these scores may be related to self-selected and self-prepared foods
outside of a research setting.
The finding that the higher sodium level ranked lower in acceptability than the intermediate
level was unexpected and, at first glance contradictory to the idea that habituation to higher
levels of sodium would increase acceptance of similarly high levels. It is possible that
participants, who were chosen for their risk of hypertension, were more prone to give the
“right” answer based on heightened awareness of the salt–hypertension relationship. Also,
the way the research diets were prepared may have contributed in part to the lower
acceptance of the higher sodium levels. In current food processing methods, salt is typically
added during food processing to serve as a texture-, color-, and flavor-enhancer. In contrast,
in the DASH-Sodium trial, to accurately control sodium levels, weighed salt was added
directly to certain foods after preparation or salted broth was given to increase the sodium
content of the diets (29). Participants anecdotally reported their food to be “too salty,”
consistent with the observation that surface-coating foods with salt increases the level of
perceived saltiness (30). The high-sodium foods, therefore, may have deviated from
expected flavors and textures and may have been perceived saltier than they really were.
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Although both DASH and control participants rated the intermediate sodium level the most
acceptable, differences in acceptability scores between intermediate and lower sodium levels
were small, about one point for salt acceptability and about one-half point for overall diet
acceptability on a one- to nine-point scale. The intermediate target sodium level of 2,300
mg/day (100 mmol/day) per 2,100 kcal corresponds to the upper limit of sodium intake
recommended by several public health organizations (19,20,31). If average sodium intake in
the US population is reduced to this level, substantial blood pressure reduction is likely (14).
However, the DASH-Sodium trial also showed that blood pressure was reduced twice as
much by consuming the lower sodium level (1,200 mg/day [50 mmol/day] per 2,100 kcal)
compared with the intermediate target level of 2,300 mg/day (100 mmol/day) per 2,100 kcal
(14). The US food production system, which makes prepared food convenient and readily
available, unduly relies on salt for flavor to enhance consumer acceptability. Some
difficulties people have with lowering dietary sodium intake include inconvenience, lack of
time to plan for and prepare meals, and low availability of low-sodium foods in grocery
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stores and low-sodium food choices when eating out (32,33). The future challenge is to
develop methods and procedures in culinary art and food processing that could lead to
greater acceptability of low-sodium diets.
Race was the only demographic characteristic that was associated with differences in
sodium and diet acceptability. For sodium level acceptability, African Americans and nonAfrican Americans assigned to the DASH diet rated the higher and lower sodium levels
similarly. However, with the control diet, African Americans generally gave the lowest
acceptability ratings to the lower sodium level, whereas non-African Americans generally
gave the lowest ratings to the higher sodium level. African Americans' greater acceptability
than non-African Americans of the higher sodium levels may reflect differences in flavor
preferences. Marketing data indicate that African Americans generally prefer spicier foods
with a higher salt content (34,35).
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For overall diet acceptability, African Americans rated the DASH and control diets
similarly, whereas non-African Americans rated the DASH diet more positively than the
control diet. However, both African Americans and non-African Americans rated the
likableness of the amounts of fruits and vegetables and dairy foods in the DASH diet higher
than the amounts of these foods in the control diet. The high acceptability of the DASH diet
components among African Americans implies that it is possible to alter diets for African
American to include more fruits, vegetables, and low-fat dairy products. The DASH diet
would represent an improved eating pattern for African Americans, who tend to eat fewer
fruits, vegetables, and dairy foods than the general US population (36–40).

CONCLUSIONS
This study found that during 30 days of consuming research diets at three levels of sodium,
the intermediate sodium level was slightly more acceptable than either the higher or lower
level, which generally had similar ratings. Whether or not acceptability was influenced by
the sodium levels themselves or by the manner in which the research diets were prepared
cannot be determined in this study. Nonetheless, these differences in salt acceptability
between sodium levels were small, and the overall acceptability ratings for lower and
intermediate sodium levels were relatively high, par ticularly with the DASH diet. We also
found the DASH diet more acceptable than the control diet at all sodium levels. We
conclude that both the lower sodium level, a level similar to that which is currently
recommended as adequate intake and a goal to aim for (41), and the intermediate level,
which is the safe upper limit (41), are acceptable to participants with, or at risk for,
hypertension.
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These results suggest that adults may be amenable to reducing their sodium intake,
particularly in the context of a diet rich in fruits and vegetables that is naturally low in
sodium, such as the DASH diet. The DASH diet meets the US Dietary Guidelines for
Americans and the Institute of Medicine nutrient recommendations (20,41) and is also
compatible with some therapeutic diets. As a first step, food and nutrition professionals can
emphasize to their patients the goal of 2,300 mg/day (100 mmol/day) sodium, a level that
was considered most acceptable in this study. To achieve that goal, food and nutrition
professionals can counsel their patients to consume more unprocessed foods and, especially,
increase their intake of fruits and vegetables. They should also stress to patients the
importance of reading food labels so that lower-sodium versions of foods can be identified
and selected. Food and nutrition professionals should inform their patients that preference
for salt taste will diminish over time as they begin to eat lower-sodium foods and that they
can creatively add nonsodium spices and herbs to foods to provide alternative flavors. Food
and nutrition professionals should also support public health approaches such as the effort of
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the American Medical Association Position Statement to reduce the population burden of
cardiovascular disease by reducing sodium intake through health policy and public health
education (42,43). In addition, food and nutrition professionals, patients, and consumers can
raise awareness in their communities of the need for more lower-sodium choices by
requesting more low-sodium food choices at their supermarkets, asking for salt-free
seasonings at restaurants and fast-food establishments, and buying products with no salt
added to give the food industry a message that reduced sodium food products and meals are
in demand.
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List of questions asked on the diet acceptability questionnaire. A 9-point scale was used to
elicit responses.
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4.7±2.4
4.9±2.6

Rate how you liked the overall saltiness of the diet

Rate willingness to continue eating this level of saltiness

6.1 ±2.2

Rate willingness to continue this type of diet

5.3±2.2
5.3±2.5

Rate how much you liked the diet overall

Rate willingness to continue this type of diet

Control participants (n=174)

5.6±2.2

Rate how much you liked the diet overall

DASH participants (n=180)

Overall diet acceptability

2.2±1.7

Rate how salty you thought the diet was
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DASH=Dietary Approaches to Stop Hypertension dietary pattern.

c
NS=not significant.

b

SD=standard deviation.

a

4.9±2.5

Rate willingness to continue eating this level of saltiness

Control participants (n=174)

4.4±2.4

Rate how you liked the overall saltiness of the diet

participants (n=180)
2.0±1.3

b

Lower

Rate how salty you thought the diet was

DASH

Salt acceptability

Acceptability question

5.7±2.5

6.1 ±2.1

6.6±1.9

6.2±1.8

5.7±2.4

5.7±2.0

4.2±1.8

5.8±2.2

5.5±1.9

3.8±1.9

mean± SD

a

Intermediate

5.2±2.5

5.6±2.2

6.2±2.2

5.9±2.0

4.7±2.5

4.9±2.2

6.1 ±2.0

4.3±2.6

4.5±2.2

6.2±2.1

Higher

Average Unadjusted Score by Sodium Level

NS

NS

NS

NS

0.0006

0.002

0.0001

0.0001

0.0001

0.0001

Intermediate vs higher

NS

0.0004

0.01

0.01

0.009

0.0004

0.0001

0.01

0.0001

0.0001

P value

Lower vs intermediate

Differences Between Sodium Levels

Ratings from the salt and diet acceptability questionnaire administered at end of 30 days of receiving a given sodium level

c

NS

0.02

NS

0.04

NS

NS

0.0001

0.02

NS

0.0001

Lower vs higher
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4.5±2.3

Non-African Americans

4.6±2.2

Non-African-Americans

5.0±2.5

Non-African Americans
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African Americans

DASH participants

Overall diet acceptability Rate how much you liked
this diet overall

5.5±2.2

4.9±2.6

Non-African Americans

c
P value between sodium levels

4.9±2.6

African Americans

Control participants

c
P value between sodium levels

4.9±2.5

African Americans

DASH participants

Rate your willingness to continue eating this level of
saltiness

c
P value between sodium levels

4.8±2.5

African Americans

Control participants

c
P value between sodium levels

4.3±2.4

6.0±2.0

4.7±2.4

6.4±2.1

5.6±2.2

5.9±2.2

5.0±1.8

6.1 ±2.0

5.3±1.9

5.7±2.0

5.9±2.2

4.0±2.5

5.2±2.5

4.1 ±2.5

4.4±2.6

4.0±2.0

5.5±2.2

4.4±2.2

4.5±2.2

0.0±0.2

0.2774

0.6±0.4

1.1 ±0.3***

−0.5±0.2*

0.0002

0.4±0.4

−1.4±0.3****

0.5247

−0.5±0.2*

0.0081

0.9±0.4*

−0.4±0.3

0.4527

0.8±0.4*

−0.5±0.4
1.3±0.4***
0.9071

0.4±0.3

−0.8±0.3*

0.0049

1.2±0.3***

0.0236

0.6±0.3

−0.3±0.3
0.8±0.3*
0.5798

−0.6±0.3*

−1.2±0.3****

0.3297

0.6±0.3*

0.1555

0.0±0.3

−0.9±0.3**

0.9±0.3**
0.6564

−0.4±0.3

−1.5±0.3****

Lower vs higher

1.1 ±0.3***

mean± standard deviation

Lower vs intermediate

Intermediate vs higher

Higher

Lower

Intermediate

b
Differences Between Sodium Levels in Acceptability Ratings

Unadjusted Acceptability Ratings by Sodium Level at End of
Sodium Period

African Americans

DASH participants

Salt acceptability

Americans

a

Salt acceptability and overall diet acceptability ratings and differences between sodium levels as reported by African Americans and non-African
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6.1 ±2.2

Non-African Americans

c
P value between diets
0.0004

4.2±2.4

Non-African Americans

c
P value between sodium levels

6.0±2.4

African Americans

Control participants

c
P value between sodium levels

6.0±2.3

0.0290

4.6±2.1

5.8±2.2

African Americans

DASH participants

Rate your willingness to continue this type of diet

c
P value between diets

c
P value between sodium levels

Non-African Americans

African Americans

Control participants

c
P value between sodium levels

<0.0001

4.2±2.4

6.7±2.0

6.7±1.9

6.5±2.0

0.0001

5.0±2.1

6.8±1.7

6.3±1.6

Intermediate

0.0002

4.0±2.5

6.0±2.2

6.1 ±2.1

6.3±2.3

0.0036

4.6±2.1

6.3±1.9

5.8±1.8

Higher

0.1690

0.1 ±0.3

0.5±0.2*

0.2396

0.4±0.3

0.0±0.2

0.6373

0.2±0.3

0.3±0.2

0.3666

0.3±0.3

0.0347

0.1 ±0.3

−0.6±0.2**

0.4607

0.2±0.3

−0.1 ±0.2

0.6377

−0.2±0.3
0.4826

−0.4±0.2
−0.7±0.3*

0.0660

−0.1 ±0.3

−0.7±0.2**

−0.4±0.2

0.0209

−0.2±0.3

−1.0±0.2****

0.3989

−0.2±0.2

−0.5±0.3
0.9556

Lower vs higher

Lower vs intermediate

Intermediate vs higher

5.8±2.2

Lower
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c
P value refers to African Americans vs non-African Americans.

P<0.0001.

****

P<0.001,

***

P<0.01,

P<0.05,

**

*

Differences between sodium levels in acceptability ratings at the end of 30 days of a sodium period within each race:

b

For African Americans, n=101 on Dietary Approaches to Stop Hypertension (DASH) diet and n=102 on control diet; for non-African Americans, n=79 on DASH diet and n=72on control diet.

a
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0.0004

c
P value between diets

7.3±1.7
<0.0001

b
Non-African Americans

c
P value between diets

6.3±2.2
0.0007

b
Non-African Americans

c
P value between diets

6.4±2.3
6.5±2.3
<0.0001

b
African Americans

b
Non-African Americans

c
P value between diets

Rate your willingness to continue eating this amount of dairy foods

6.4±2.4

b
African Americans

Rate how much you liked the amount of dairy foods

7.3±1.9

b
African Americans

4.5±2.5****

5.9±2.4*

4.7±2.4****

5.9±2.4*

4.6±3.0****

6.4±2.4*

4.5±2.7****

6.0±2.4****

Control

Control

<0.0001

6.5±2.2

6.1±2.4

<0.0001

6.6±1.9

6.2±2.2

<0.0001

7.5±1.7

7.3±1.8

<0.0001

7.5±1.5

7.3±1.9

4.4±2.5****

6.0±2.3

4.5±2.2****

6.0±2.4

4.3±2.8****

6.6±2.2

4.5±2.7****

6.4±2.3*

mean± standard deviation

DASH

Intermediate

<0.0001

6.5±2.0

6.0±2.5

<0.0001

6.7±1.9

6.2±2.3

<0.0001

7.3±1.8

7.5±1.8

<0.0001

7.3±1.7

7.4±1.8

DASH

Higher

4.6±2.6****

6.0±2.3

4.7±2.3****

6.0±2.2

4.6±2.9****

6.4±2.4**

4.4±2.7****

6.3±2.2***

Control

P<0.01,

**

P<0.05,

*

Differences between diet groups in acceptability ratings at the end of 30 days of a sodium period within each race, adjusted for run-in:

b

For African Americans, n=101 on Dietary Approaches to Stop Hypertension (DASH) diet and n=102 on control diet; for non-African Americans, n=79 on DASH diet and n=72 on control diet.

a

7.3±1.7

b
Non-African Americans

Rate your willingness to continue eating this amount of fruits and vegetables

7.4±1.8

DASH

Lower

b
African Americans

Rate how much you liked the amounts of fruits and vegetables

Acceptability question

Unadjusted Ratings by Sodium Level at End of Sodium Period

Diet component acceptability ratings by sodium level and differences between diet groups: African Americans and non-African Americansa

NIH-PA Author Manuscript

Table 3
KARANJA et al.
Page 17

Page 18

c
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P<0.0001.
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