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Abstract

The authors estimated the prevalence of taking action to reduce intake related to actual sodium
consumption among 2970 nonpregnant US adults 18 years and older with self-reported
hypertension by using data from the National Health and Nutrition Examination Survey 1999—
2004. Adjusted multiple linear regression assessed differences in mean sodium intake by action
status. A total of 60.5% of hypertensive adults received advice to reduce sodium intake. Of this
group, 83.7% took action to reduce sodium. Action to reduce sodium intake differed significantly
by age, race/ethnicity, and use of an antihypertensive. The mean (xstandard error) sodium intake
among hypertensive adults was 3341+37 mg and differed by sex, age, race/ethnicity, education,
and body mass index (#<.05), with the lowest intake among adults aged 65 years and older
(2780+48 mg). Mean intake did not differ significantly by action status either overall or by
subgroup except for one age category: among patients 65 years and older, mean intake was
significantly lower among those who took action (2715+63 mg) than among those who did not
(3401+206 mg; P=.0124). Regardless of action, mean intake was well above 1999-2004
recommendations for daily sodium intake and about twice as high as the current recommendation
for hypertensive adults (1500 mg).

An estimated 31% of US adults 18 years or older have hypertension, and 46% of this
population has controlled hypertension.! Hypertension is a major risk factor for heart disease
and stroke, end-stage renal disease, and peripheral vascular disease, and it is a chief
contributor to adult disability.2 It is well-known that reducing sodium intake can lower blood
pressure (BP)2~7 and thus the subsequent risk of cardiovascular disease (CVD) and stroke. In
the United States, one of the objectives of Healthy People 2010was to increase the
percentage of persons 2 years or older who consumed <2400 mg/d of sodium to 65%.8 In
2005 and again in 2010 the Dietary Guidelines for Americans recommended a target of 1500
mg of sodium per day for hypertensive adults.%-11 Despite these recommendations, mean
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sodium intake from foods and beverages in the United States has changed little since 1999,
and in 2007 to 2008 was about 2900 mg/d among women and 4000 mg/d among men 20
years and older.11.12

Perhaps surprisingly, there have been few reports on sodium intake among hypertensive
adults in the United States. One such report, which was based on data from the 1999-2000
National Health and Nutrition Examination Survey (NHANES), estimated that sodium
intake was lower among US adults with self-reported high BP than among normotensive
adults, but intake in both groups was above 2400 mg/d.13 Reports have been rare as well on
the prevalence of actions to reduce sodium intake among hypertensive adults.14-16 A 2008
health panel survey found that 57% of hypertensive adults reported being told by a doctor or
other health professional to cut down on salt or sodium and then following this advice,'* but,
to our knowledge, it is not known whether US hypertensive adults who receive advice and/or
take actions to reduce intake of sodium actually have lower intakes. In 1999 to 2004, but not
thereafter, the NHANES included questions on being advised to reduce sodium intake and
taking action to do so. In addition, NHANES 1999-2004 included (and it continues to
include) dietary data that allows for the assessment of daily sodium intake. Thus, our
objectives were to determine the prevalence of receiving advice and taking action to reduce
sodium intake among adults with self-reported hypertension (called simply “hypertension”
for the remainder of this report) and the associations between taking action and actual
consumption of sodium.

NHANES, conducted by the National Center for Health Statistics since 1960, is a nationally
representative, complex, multistage survey of the noninstitutionalized civilian population of
the United States. Detailed information on NHANES is available on the Web site of the
Centers for Disease Control and Prevention (CDC) (http://www.cdc.gov/nchs/nhanes.htm).
17.18 since 1999, NHANES has been conducted on a continuous basis and released in
biennial cycles. For this study, we combined 6 years (1999-2004) of data from three cycles.

We considered participants to have hypertension if they had made an affirmative response to
the question “Have you ever been told by a doctor or other health professional that you had
hypertension, also called high blood pressure?” Hypertensive participants were classified as
taking an antihypertensive if they answered “yes” to the question “Are you now taking
prescribed medications?” Participants with hypertension were classified as having received
advice to reduce their sodium intake if they answered “yes” to the question “Because of your
(high blood pressure/hypertension), have you ever been told to cut down on salt or sodium in
your diet?” Only those who reported that they received advice were asked whether they took
action to reduce their sodium intake. Participants were classified as taking action to reduce
their sodium intake if they answered “yes” to the question “Are you now cutting down on
salt or sodium in your diet?” These questions were dropped after NHANES 2003-2004.

A 24-hour dietary recall was administered to NHANES participants during the Mobile
Examination Center (MEC) examination. Detailed information about the MEC examination
and dietary recall protocols can be found at the CDC Web site (http://www.cdc.gov/nchs/
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nhanes.htm). 17.18 Total intake of dietary sodium (mg/d) and calories were estimated for
each individual based on her/his reported consumption of foods and beverages in the day
before the survey (24-hour dietary recall) using the Food and Nutrient Databases for Dietary
Studies for the sodium content of foods.19

Sociodemographic characteristics used in this investigation included sex, age (18-44 years,
45-64 years, and 65 years and older), race/ethnicity (non-Hispanic white, non-Hispanic
black, Mexican American, and other), attained educational level (less than high school, high
school graduate [including GED], and more than high school), and poverty: income ratio
(ratio of family income to the poverty threshold for a family of that size) with three groups
(<1.0 [below poverty], 1-3.74, and =3.75). Among the other covariates were participation in
any leisure-time activity, current smoking status, and diagnosed diabetes, all based on self-
reports. Participants were defined as heavy alcohol drinkers if they reported an average of >1
drinks per day (women) or =2 drinks per day (men). Body mass index (BMI) was calculated
from measured weight and height ([weight in kg)/(height in m2]). We used three categories
for BMI:29.21 ynderweight and normal weight (<25.0), overweight (BMI 25.0-29.9), and
obese (=30). Chronic kidney disease was defined as either (1) a glomerular filtration rate
<60 mL/min/1.73 m2 of body surface area estimated with the Modification of Diet in Renal
Disease Study equation using serum creatinine and other variables, or (2) a urinary
albumin:creatinine ratio >30 mg/g.22 Control of hypertension (“hypertension control”) was
considered to be an average systolic BP <140 mm Hg and an average diastolic BP <90 mm
Hg (average of up to three BP measurements obtained during the physical examination).

There were 15,871 adults 18 years and older examined in NHANES 1999-2004, an
examination response rate of 77%. We excluded from the analysis those with a self-reported
history of heart disease (n=1652), pregnant women (n=862), and women missing pregnancy
status (n=339), yielding 13,018 adult participants. In that group, 3306 had hypertension.
Among these 3306 persons, 151 were excluded for missing or incomplete 24-hour dietary
recall data. We also excluded participants missing BP measurements or information on use
of antihypertensives (n=154), height or weight measurements (n=111), or information on
education (n=6), physical activity (n=2), or current smoking (n=3). With some participants
excluded based on more than one criterion, the final analytic sample was 2970 adults with
hypertension.

Statistical Analyses

We estimated the prevalence with associated 95% confidence intervals (Cls) of receiving
advice to reduce sodium intake and taking action to do so. Satterthwaite adjusted chi-square
tests were used to estimate significant differences in the prevalence of receiving advice or
taking action by selected characteristics and were adjusted for sex, age, race/ethnicity, and
education. We estimated mean dietary sodium intake; multiple linear regression analyses
were used to determine significant differences in mean sodium intake and were adjusted for
age, sex, and race/ethnicity. We used SUDAAN with a 6-year combined sampling weight
(from the 2-year medical examination center sample weights) (Research Triangle Institute,
Research Triangle, NC) to account for the complex sample design.
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Prevalence of Receiving Advice and of Taking Action to Reduce Sodium Intake

Of the 2970 hypertensive adults included in this analysis, based on self-reports, 60.5%
received advice to reduce sodium intake (Table I). Of that group, an estimated 83.7% took
action to reduce sodium intake. After adjustment for sex, age, race/ethnicity, and education,
the prevalence of receiving advice to reduce sodium intake differed significantly by age,
race/ethnicity, education, diagnosed diabetes, BMI, use of antihypertensives, and
hypertension-control status. Only 44.5% of patients not taking an antihypertensive agent
were advised to reduce sodium intake. Overall, among those advised to reduce their sodium
intake, taking action was most common among adults who were 65 years and older (90.7%),
non-Hispanic blacks (90.6%), and those with diagnosed diabetes (90.4%) and least common
among those not taking an antihypertensive agent whose BP was controlled (69.8%).
However, the lowest rate for taking action (69.8%, as aforementioned) was not a significant
finding. Even though the rate of taking action was 90.4% among hypertensive adults with
diabetes, this percentage was not significantly higher than the rate (82.5%) among
hypertensive adults who were not diagnosed with diabetes.

Intake of Sodium

In the study, the mean (+standard error) intake of sodium was 3341+37 mg (Table I1).
Because mean intake differed by sex, age, and race/ethnicity, all statistical tests for
differences in mean intake were adjusted for these variables as applicable. Women had a
significantly lower sodium intake (285349 mg) than men (3916+72 mg) (A<.0001).
Compared with those who were aged 18 to 44 years (mean intake of 3893+86 mg), mean
sodium intake (in mg) was significantly lower among those who were 45 to 64 years
(3334+57) or 65 years or older (2780+48) (~£<.0001 for all comparisons). Compared with
non-Hispanic whites (3462+45), all other racial/ethnic groups had a significantly lower
mean intake. In addition, compared with those with less than a high school education
(2889+62), mean sodium intake was significantly greater for those with more than a high
school education (3495+57; P=.0001). Sodium intake did not significantly differ by CVD
risk factors except for BMI, where mean intake was significantly higher (£=.0101) for obese
adults (3543+69) than for those of hormal weight (3181+£104). Sodium intake did not
significantly differ by hypertension-control characteristics or the receipt of advice or taking
action to reduce intake.

Sodium Intake by Response to Advice (Taking Action, No Action)

On average, sodium intake was 259 mg lower among hypertensive adults who took action to
reduce their sodium intake (3304+49) than among those who did not take action
(3563+145), but the difference was not significant (P=.5497) (Table Il1). In addition, among
patients advised to reduce sodium intake, mean intake varied significantly within a specific
characteristic in only one instance: the intake of those 65 years and older who took action
was significantly lower (2715+63) than that of their counterparts who did not take action
(3401+206; P=.0124). Although they were not significant findings, differences of >500 mg
in intake (takers of action having lower values) were observed among non-Hispanic blacks
(811 mg less), those with less than a high school education (500 mg less), those with a
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poverty:income ratio <1.0 (524 mg), current smokers (616 mg), heavy drinkers (1046 mg),
persons with diabetes (967 mg), those with chronic kidney disease (681 mg), normal-weight
adults (1265 mg), persons whose hypertension was not controlled (508 mg), and those
taking antihypertensive medication whose BP was not controlled (847 mg).

DISCUSSION

Our study indicates that in 1999 to 2004, the majority of US hypertensive adults (an
estimated 61%) not living in institutions received advice to reduce their sodium intake and
that, of those receiving advice, the majority (an estimated 84%) took action. The results
suggest that hypertensive adults who are older or are non-Hispanic blacks (both are at
relatively greater risk of CVD) are more likely to be advised and to take action to reduce
sodium intake than are younger adults (ages 18-44 years) and non-Hispanic whites,
respectively. For US adults with hypertension (as determined by self-reports) both overall
and in almost all subgroups (adults 65 years and older being the exception), taking action
was not associated with significantly lower mean sodium intake. Other lifestyle actions to
control BP such as increased physical activity may have been taken but was not part of this
analysis. In addition, the mean sodium intake in 1999 to 2004 of 3341 mg did not meet
guidelines for the time period and was 2.2 times as high as the 1500 mg specified by the
current Dietary Guidelines for Americans for people with hypertension.1-12.19

Although our findings are not directly comparable because of differences in the populations
surveyed and the wording and order of questions, our estimate of the proportion of US adults
with hypertension who received advice to cut down on salt intake was in the range of
estimates from two previous surveys from HealthStyles mailed survey and telephone survey
Behavioral Risk Factor Surveillance System (48%-86%).14:15 Our results also confirm
previous reports that hypertensive adults who were non-Hispanic black or were in older age
groups were more likely to receive advice about reducing sodium intake and to do so. Our
finding that hypertensive adults who took antihypertensives were more likely to receive
advice and take action to reduce their sodium intake than those who did not take these drugs
may be a reflection of the first group’s having more severe hypertension, being more
motivated, or some other cause. It also suggests that there is a large opportunity in the
United States to counsel hypertensive adults who are not taking antihypertensive drugs about
reducing their sodium intake to help control their BP. Among people who were not taking
antihypertensives, we estimate that <50% were receiving advice to reduce their sodium
intake.

We found that mean sodium intake of US adults with hypertension did not differ between
those receiving advice or taking action to reduce their sodium intake and those not receiving
advice or taking action. This is an important negative finding that should alert clinicians to
aggressively follow-up the amount of sodium consumption in their hypertensive patient’s
diet. In addition, consistent with the mean intake for all US adults during the same period,
9-12.19 \we found that mean sodium intakes for all subgroups were more than 2 times above
recommended amounts even for those who took action, demonstrating at least two things:
(1) Americans in general consume far too much sodium, as on average their intakes are a
long way above recommendations, and (2) even those who try to reduce their intake usually
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have difficulty in doing so. One is struck by how far above the recommendation hypertensive
adults are. Thus, many hypertensive patients who take in huge amounts of salt as their
starting point may find it too far from their goal that they have to gradually adapt their diet to
achieve slow reductions. To our knowledge, this is the first epidemiologic report of actual
sodium intake related to receiving advice and subsequent actions to reduce dietary sodium
among US hypertensive adults. Although NHANES did not continue to obtain information
on advice and actions to reduce sodium intake after 2004, we know that mean intake has not
changed.10-12

STUDY STRENGTHS AND LIMITATION

The strengths of our study include the use of a large, nationally representative sample of US
adults; the oversampling of population subgroups by age, race/ethnicity, and socioeconomic
strata; and adjustment for potential confounders. Potential limitations include our inability to
examine temporal associations because of the cross-sectional design of the survey, and the
use of a single 24-hour dietary recall, which does not account for within-individual day-to-
day variability in intake. It is reasonable, however, to use such data for estimating population
means when there is an adequate distribution of days of the week and seasons as in
NHANES.23-25 On the other hand, 24-hour dietary recall underestimates caloric intake by
approximately 11%,26 and thus it likely also underestimates sodium intake.

Another concern is that our analyses were based on self-reported data for hypertension,
receiving advice, and taking action to reduce sodium intake. These responses undoubtedly
contain some degree of error, given the tendency to give socially desirable answers and
inevitable shortcomings in recall. In addition, because of the skip pattern of the questions,
we were unable to examine actions among adults who were not advised to reduce sodium
intake. Finally, lack of statistical power since the sample of adults with hypertension who
reported being advised to reduce sodium intake but not taking action was small, increased
the error around the estimates of mean sodium intake and decreased our ability to detect
significant differences, particularly within population subgroups.

Our report provides additional evidence that achieving lower sodium intake is not a simple
task, even for adults with hypertension who are advised to reduce their sodium intake and
then take action to do so. A key problem is that more than 75% of sodium intake in the
United States has been estimated to come from processed and restaurant foods,27+28 and it
has been estimated that 37% of meals are consumed away from home.28 Given these
situations, it is not surprising that cutting down on sodium intake is a daunting proposition
for many Americans. This does not mean that physicians should not counsel their patients to
reduce their sodium intake; they should certainly do so, but they should also recognize the
difficulty in achieving substantial reductions given the current state of the food supply. As
indicated in the recent recommendations from the Institute of Medicine,28 along with the
ubiquity of sodium in the food supply, preferences for salty foods may drive the
consumption of sodium. Even among highly motivated individuals, substantial decreases in
sodium intake may require sustained efforts at gradual reductions to adjust their taste
preferences and achieve more control of their sodium intake by either preparing more foods
at home or becoming more knowledgeable about the content of foods they eat away from
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home. Physicians and other health care providers can help their patients by advocating for
nutrition labeling and for reductions in the sodium content of packaged and restaurant foods.

CONCLUSIONS

Our study indicates that the majority of US hypertensive adults during 1999 to 2004 received

ad
co

vice to reduce their sodium intake and took action to do so. Even so, actual average
nsumption was more than twice than the current recommended daily sodium intake of

1500 mg for the 1999 to 2004 periods across all demographic subgroups. Thus, health care
providers need to actively counsel or refer to dietitian/specialist for in-depth counseling of
patients as to how to reduce sodium intake.

References
1.

10

11.

12.

13.

14.

Gillespie C, Kuklina EV, Briss PA, et al. Vital signs: prevalence, treatment and control of
hypertension — United States, 1999-2002 and 2005-2008. MMWR Morb Mortal WKkly Rep
2011;60(4):103-108. [PubMed: 21293325]

. Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the Joint National Committee on

Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. JAMA.
2003;289:2506-2572.

. Appel LJ, Moore TJ, Obarzanek E, et al. DASH Collaborative Research Group. N Engl J Med.

1997;336:1117-1124. [PubMed: 9099655]

. Appel LJ, Brands MW, Daniels SR, et al. Dietary approaches to prevent and treat hypertension: a

scientific statement from the American Heart Association. Hypertension. 2006;47:296-308.
[PubMed: 16434724]

. Bibbins-Domingo K, Chertow GM, Coxson PG, et al. Projected effect of dietary salt reductions on

future cardiovascular disease. N Engl J Med. 2010;362:590-599. [PubMed: 20089957]

. Karanja NM, Obarzanek E, Lin PH, et al. Descriptive characteristics of the dietary patterns used in

the Dietary Approaches to Stop Hypertension Trial. DASH Collaborative Research Group. J Am
Diet Assoc. 1999;8(suppl):S19-S27.

. Svetkey LP, Simons-Morton D, Vollmer WM, et al. Effects of dietary patterns on blood pressure:

subgroup analysis of the Dietary Approaches to Stop Hypertension (DASH) randomized clinical
trial. Arch Intern Med. 1999;159:285-293. [PubMed: 9989541]

. US Department of Health and Human Services. Healthy People 2010, 2nd edn. With Understanding

and Improving Health and Objectives for Improving Health, 2 vols. Washington, DC: US
Government Printing Office; 2000 http://www.healthypeople.gov/2010. Accessed March 25, 2011.

. US Department of Agriculture and US Department of Health and Human Services. Nutrition and

Our Health: Dietary Guidelines for Americans, 4th edn. Washington, DC: US Department of
Agriculture; 1995.

. US Department of Agriculture and US Department of Health and Human Services. Dietary
Guidelines for Americans, 2010, 7th edn. Washington, DC: US Government Printing Office; 2010.
US Department of Agriculture, Agricultural Research Service. What We Eat in America
(WWEIA), NHANES Tables 1-36. Washington, DC: USDA; 2010 http://www.ars.usda.gov/
Services/docs.htmPdo-cid=18349. Accessed July 31, 2011.

Institute of Medicine. Dietary Reference Intakes for Water, Potassium, Sodium, Chloride and
Sulfate. Washington, DC: Institute of Medicine of the National Academies; 2004/2005.

Ajani UA, Dunbar SB, Ford ES, et al. Sodium intake among people with normal and high blood
pressure. Am J Prev Med. 2005;5(suppl 1):63-67.

Ayala C, Tong X, Valderrama AL, et al. Actions taken to reduce sodium intake among adults with
self-reported hypertension — HealthStyles Survey, 2005 and 2008. J Clin Hypertens (Greenwich).
2010;12:793-799. [PubMed: 21029342]

J Clin Hypertens (Greenwich). Author manuscript; available in PMC 2018 November 21.


http://www.healthypeople.gov/2010
http://www.ars.usda.gov/Services/docs.htmPdo-cid=18349
http://www.ars.usda.gov/Services/docs.htmPdo-cid=18349

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ayala et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 8

Ellis C, Grubaugh AL, Egede LE. The effect of minority status and rural residence on actions to
control high blood pressure in the U.S. Public Health Rep. 2010;125:801-809. [PubMed:
21121225]

Valderrama AL, Tong X, Ayala C, et al. Prevalence of self-reported hypertension, advice received
from health care professionals, and actions taken to reduce blood pressure among US adults —
HealthStyles, 2008. J Clin Hypertens (Greenwich). 2010;12:784-792. [PubMed: 21029341]

National Center for Health Statistics. Division of Health and Nutrition Examination Survey
Laboratory Procedures Used for the Third National Health and Nutrition Examination Survey
(NHANES I11), 1988-1994 Hyattsville, MD http://www.cdc.gov/nchs/data/nhanes/nhanes3/cdrom/
nchs/manuals/labman.pdf. Accessed July 31, 2011.

National Health and Nutrition Examination Survey National Center for Health Statistics, Data
Dissemination Branch. http://www.cdc.gov/nchs/data/nhanes/EnglishFactContinous040002.pdf.
Accessed September 1, 2004.

US Department of Agriculture, Agricultural Research Service. Product & Services. FNDDS (Food
and Nutrient Database for Dietary Studies). http://www.ars.usda.gov/services/docs.htm?
docid=12089 Updated August 12, 2010 Accessed April 23, 2011.

North American Association for the Study of Obesity (NAASO) and the National Heart, Lung, and
Blood Institute (NHLBI). The Practical Guide: Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults. 1998 http://www.nhlbi.nih.gov/guidelines/obesity/
prctgd_b.pdf. Accessed September 24, 2004.

World Health Organization. Physical Status: The Use and Interpretation of Anthropometry. WHO
Technical Report Series 854 Geneva: WHO; 1995.

Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration rate.
Ann Intern Med. 2009;150:604-612. [PubMed: 19414839]

Guenther PM, Kott PS, Carriquiry AL. Development of an approach for estimating usual nutrient
intake distributions at the population level. J Nutr. 1997;127:1106-1112. [PubMed: 9187624]
Thompson FE, Subar AF. Dietary assessment methodology In: Coulston A, Boushey C, eds.
Nutrition in the Prevention and Treatment of Disease, 2nd edn. Bethesda, MD: National Cancer
Institute; 2008:1-39.

Webster JL, Dunford EK, Neal BC. A systematic survey of the sodium contents of processed
foods. Am J Clin Nutr. 2010;91:413-420. [PubMed: 19955402]

Moshfegh AJ, Rhodes DG, Baer DJ, et al. The US Department of Agriculture Automated Multiple-
Pass Method reduces bias in the collection of energy intakes. Am J Clin Nutr. 2008;88:324-332.
[PubMed: 18689367]

Mattes RD, Donnelly D. Relative contributions of dietary sodium sources. J Am Coll Nutr.
1991;10:383-393. [PubMed: 1910064]

Institute of Medicine. Strategies to Reduce Sodium Intake in the United States. Washington, DC:
Institute of Medicine of the National Academies; 2010 http://www.iom.edu/Reports/2010/Strat-
egies-to-Reduce-Sodium-Intake-in-the-United-States.aspx. Accessed July 31, 2011.

J Clin Hypertens (Greenwich). Author manuscript; available in PMC 2018 November 21.


http://www.cdc.gov/nchs/data/nhanes/nhanes3/cdrom/nchs/manuals/labman.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes3/cdrom/nchs/manuals/labman.pdf
http://www.cdc.gov/nchs/data/nhanes/EnglishFactContinous040002.pdf
http://www.ars.usda.gov/services/docs.htm?docid=12089
http://www.ars.usda.gov/services/docs.htm?docid=12089
http://www.nhlbi.nih.gov/guidelines/obesity/prctgd_b.pdf
http://www.nhlbi.nih.gov/guidelines/obesity/prctgd_b.pdf
http://www.iom.edu/Reports/2010/Strat-egies-to-Reduce-Sodium-Intake-in-the-United-States.aspx
http://www.iom.edu/Reports/2010/Strat-egies-to-Reduce-Sodium-Intake-in-the-United-States.aspx

Page 9

J Clin Hypertens (Greenwich). Author manuscript; available in PMC 2018 November 21.

Ayala et al.

¢'88—608 6178 078 8179-€95 909 0¢€T SUON

1T98-C'6L 678 9€0T 0€9-L'/§ +09 089T Auy
Auanoe [eaishyd

¢'98-T'GL L'08 89F 9¢9-L2S 8.9 €8L GL'€<

9'88-9T8 G'G8 €€6 L'¥9-§'.G TT9 69YT GLe>010T

898-G¢€L 0718 Tc€ TIL=CLS VvVv9 €8y 01>
Sonel awoaul:Auanod

€/8-98L v¥€8 8.9 €09-8¢S 999 S8¥Il 100y2s YbiH<

6'68—6'8L <¢'S8 8G¥ ¥'99-G65 0€9 90 ayenpeld [ooyos ybiH

1'88—6'6,L 8V8 €19 x9'0/-6'C9 899 686 1004s ybIH>
uoleonp3

L'v6-€¢8 T06 GET 8/./-9¢9 <¢TL 66T Y10

L'88-¥'LL 6'€8 69€ 0/9-¢'65 ¢€9 0.9 UBJLIBWY/ UBDIX3N

L'€6-€98 906 TES §'9/-G'19 <¢'¢L <CEL >9e|q d1uedsIH-UON

xx0'G8-G'9L T'T18 1T¥8 »xx9'6G-CVS 695 69T a)ym o1uedsIH-uoN
Aoruyie/aoey

7'€6-1/8 L06 Tv. L'v9-€'.S TT9 08TT +G9

8'88-G'6L LV8 LS. ¢'[9-909 6€9 VETT ¥9-Gv

*»xx9'6/76'L9 <CV.L 8LE xxx (C6G-00S  9VS 999 81
A ‘9by

¢'68-0€8 ¥98 E€¥0T CYov'LS 609 T2l dlewa

¢v8-9'0L G08 €€8 0€9-6'95 009 6VET dleN
X85
7'98-G'08 L'€8 9/8T 1'29-¢'85 S09 0.6¢ leloL
Qo_o %56 % ‘'ON U>o_U %56 % "ON onstIvloRIRYD

uonoy 2IAPY
3>eju] WNIpOS 8dnpay

s8JeIS paluN 'y00Z-666T ASAINS UOIRUILEXT UONLINN pue
UeaH [euoneN :sansualoeteyD 19919S Aq Snpy %>_mcm:mo_>_._ Buowy ,&eul wnipos 2anpay 0} UOHIY Buijel O pue IAPY BUIAIBIRY JO 8oUB[eARld

131avlL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 10

Ayala et al.

6'9.-G'T9 869 89¢ §'Sy—€9¢ 80r 119 psjjonuod
uonedlpaw Buixey 10N

6'06-1€8 G'/8 ¥99 9v.-€/9 TTIL L06 pajjosuooun

*€'¢6-C'98 ¢'68 V9L 9'T.=9'69 1'89 ¢80T psjjonuod
uoneaIpaw Burye] juswiealy/|onuod ainssaid poolg

L'98-v'6L V€8 v¥8 8'/9-9'19 LVv9 LldT ON

9'/8-1V'6L 6€¢8 <CEOT *G'09-T9S 8.9 €691 SOA
v\_o:coo uoisuauadAH

8'G/-G¥9 G0L 8S¥ 08y-1TTyr Gvr 186 ON

»xx6'06-9'G8 G'88 8IVT »xx1'CL7029 969 686T SOA
Uoneaipaw anisuauadAynue Buise|

8'G8—6'8L 9¢8 (16 G'69-6¢9 €99 80ET (0°0€<) 8s8d0

9'68—€18 098 ¥99 ¢'19-069 189 L.0T (6°62-0"52) WbremIano

088-Tv. T8 00¢ «xx9'GG-€'GF  ¥'0G G8S (0°SZ>) WbBIaM [ewloN
.\__>_m_

1'98-/'8L G¢8 9glT ¢'T96'G5 985 6T0C ON

T06-CT8 €98 ¥SS G'69-€09 099 6718 SOA
Qmmmmw_n Asupiy o1woIyd

¥'68-1'6L G¢8 V6Vl 0'T9-T9S9 G989 G.¥C ON

6'€6-198 ¥'06 ¢8€ *x1'6/-6'L9 6°€L SG6V SOA
F5o80eIp pasoubelq

¥'/8-8'08 t'¥8 609T L'€9-98G TT9 0¢S¢ ON

6'/8-1'TL 0718 <¢¢ 0€9-¥'19 €19 08€ SOA
\um:_v_c:u AnesH

8'98-G°08 6'€8 0.ST 8'€9-€65 9T9 <29r¢ JoXOWsSUON

2'/88'9L 928 90€ 979967y LGS B80S uaun)d
snyels Bupjows
ud_o %56 % ‘ON _u,u_o %56 % "ON onstavlIRIRYD

uondy 3VINPY

a>elu] Wnipos sonpay

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

J Clin Hypertens (Greenwich). Author manuscript; available in PMC 2018 November 21.



Page 11

Ayala et al.

‘suoledlpaw aAisusuadAynue Buixe) synpe aAisuaadAy Buowe ejep uoleulwexs [edlsAyd wouy BH ww 0/0rT> 8inssald poojq d1j0Iselp 4o 21|0ISAS abesane ue UO paseq Si 04U co_mcmtma\f«

¢3UIdIpaW paquiosald Buixey mou noA aly,, 01 asuodsal
SoA,, © pue ;auldIpaw paquiasald axe) 01 plo} uaaq Jana NoA aney ‘uoisusuadAysainssald poojq ybiy InoA jo asnedag,, uonsanb ay) 01 asuodsal ,S9A,, U0 paseq Si uoledIpaw aAIsualadAynue buel "

.RNEV\QVT 1NG ubiay pue 1ybram s, uosiad e wouy pare|nafes si (JINg) Xapul ssew %om_\

"B/Bw Qg< Ol3el BUIUNRaId/UILING|E 10 Bale 3delNS Apog JO ZWEL T/UIW/ W 09> SYes Uolen) iy Je|nJawo|f payewisa uo paseq si aseasip Asupiy o_:oEuQ
"85easIp SIy} Jo Hodal-4|as uo paseq si salaqelq 5
‘uswiom 1o} Aep Jad sabesansq 1joyodje TZ ‘uaw Joy Aep Jad safelanaq a1j0yodle g se pauyap Bunjuup >>$Ix

‘papnjoul A106e1ed s1yy ui erep mc_wm__\,_m

"TO00 >xxx PUB ‘TO0 >xx ‘TO>x AQ paleubisep sanfen s Buipiaik
‘uoiyeanpa pue ‘A1dIuyls/aael ‘abe ‘xas Joj paisnipe aiem pue sansLIaloRIeYd Pa1da|as AQ UOIII. 10 82IAPE JO 8dUa[eAald 8y} Ul SBOUBIBJIP JUBDIHIUBIS 81ewW IS 03 Pasn 8IaMm S1sa} Nx paisnlpe E_mgctmzmmh

"(12) [eAss)ul 30UBPIUOD %56,

“1ap1noad aled yyeay Aq uoisuanadAy 4o 1odai-}1as uo paseq si co_wcw:mq\fn

REllY

11341 Ul WNIPOS 10 1[es Jamo] 01 8dIApe BulAladal 01 ,SaA,, paiamsue oym asoy) Buowre AJuo payse ,.;181p INOA Ul WNIpos 10 3fes uo umop Buing mou noA aly,, uonsanb ayy 0} asuodsal ,SaA,, e Aq paulwlislep
SeM UOIIY ,¢181P JNOA Ul WNIPOS JO 3[BS U0 UMOP INJ 0} P|0} Usaq Jana noA aney ‘(uoisusuiadAuy/ainssaid poojq ybiy) JnoA o asnedaq,, uonsanb ayl 03 asuodsas S8k, e Aq paulwialop sem 8_>u<m_

§'6.-6'T9 GT.L 06T 2'85-06y 919 0LE pajjonuodun
ud_o %56 % ‘ON ud_o %56 % ‘ON o1Is1I8)oRIRYD
uonoy INPY

>eju] WnIpos 8onpay

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2018 November 21.

in

available

1

J Clin Hypertens (Greenwich). Author manuscript



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Ayala et al. Page 12

TABLE Il

Sodium Intake From Foods and Beverages Among Hypertensivea Adults: National Health and Nutrition
Examination Survey 1999-2004, United States

Sodium Intake, mg/d

Characteristic Meanb (Standard Error) P value®
Total 3341 (37)
Sex
Male 3916 (72) Referent
Female 2853 (49) <.0001
Age,y
18-44 3893 (86) Referent
45-64 3334 (57) <.0001
65+ 2780 (48) <.0001
Race/ethnicity
Non-Hispanic white 3462 (45) Referent
Non-Hispanic black 2989 (77) <.0001
Mexican American 3094 (113) <.0001
Other 2986 (150) .0001
Education
<High school 2889 (62) .0001
High school graduate 3332 (92) .6294
>High school 3495 (57) Referent

Poverty:income ratiod

<1.0 3227 (125) 9366
1.0-<3.75 3249 (51) .6530
23.75 3542 (83) Referent

Physical activity
Any 3454 (59) Referent
None 3164 (55) .5196

Smoking status
Current 3388 (83) .0718
Nonsmoker 3330 (42) Referent

Heavy drinkingde
Yes 3482 (113) 7144
No 3321 (41) Referent

Diagnosed diabetesf
Yes 3240 (108) 3776
No 3355 (41) Referent

Chronic kidney disease?

Yes 3034 (71) 4141

J Clin Hypertens (Greenwich). Author manuscript; available in PMC 2018 November 21.
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Sodium Intake, mg/d

Characteristic Meanb (Standard Error) P Value®
No 3457 (47) Referent
BMI h
Normal weight (<25.0) 3181 (104) Referent
Overweight (25.0-29.9) 3157 (60) .1902
Obese (=30.0) 3543 (69) .0399

Taking antihypertensive medication’
Yes 3252 (51) .0904
No 3496 (70) Referent

Hypertension controt/

Yes 3399 (56) Referent

No 3249 (64) 3308
Blood pressure control/treatment Taking medication

Controlled 3289 (77) Referent

Uncontrolled 3199 (78) 2172
Not taking medication

Controlled 3571 (79) Referent

Uncontrolled 3352 (142) .9325

Advice to reduce sodium intakek
Yes 3346 (47) 1016
No 3333 (67) Referent

Took action to reduce sodium intake/
Yes 3304 (49) .5497
No 3379 (53) Referent

aHypertension is based on self-report of hypertension by health care provider.

bArithmetic mean for sodium intake.

cPvaIue based on multiple linear regression to test for difference in mean sodium intake adjusted for sex, age, race/ethnicity (when applicable).
dMissing data in this category included.

eHeavy drinking defined as =2 alcoholic beverages per day for men, =1 alcoholic beverages per day for women.

fDiabetes is based on self-report of this disease.

gChronic kidney disease is based on estimated glomerular filtration rate <60 mL/min/1.73m2 of body surface area or albumin/creatinine ratio >30
mg/g.

hBody mass index (BMI) is calculated from a person’s weight and height, BMI:[(kg)/(mZ)].

Taking antihypertensive medication is based on a “yes” response to the question “Because of your high blood pressure/hypertension, have you ever
been told to take prescribed medicine?” and a “yes” response to “Are you now taking prescribed medicine?”

ijpertension control is based on an average systolic or diastolic blood pressure <140/90 mm Hg from physical examination data among
hypertensive adults taking antihypertensive medications.

J Clin Hypertens (Greenwich). Author manuscript; available in PMC 2018 November 21.
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k. . . . . . .
Advice determined by a ‘yes’ response to the question “Because of your (high blood pressure/hypertension), have you ever been told to cut down
on salt or sodium in your diet?”

Action determined by a “yes” response to the question, “Are you now cutting down on salt or sodium in your diet?” asked only among those who
answered “yes” to receiving advice to lower salt or sodium in their diet.

J Clin Hypertens (Greenwich). Author manuscript; available in PMC 2018 November 21.
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