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Original Report:

Cardiovascular Disease

and Risk Factors

Introduction

	 Cardiovascular disease is the lead-
ing cause of death in the United 
States (US)1 and hypertension is a 
leading risk factor. A positive and 
continuous relationship between 
sodium intake and blood pressure 
is well established,2 yet 89% of US 
adults consume more sodium than 
recommended by the US Depart-
ment of Health and Human Services 
and the US Department of Agricul-
ture’s (USDA) Dietary Guidelines for 
Americans.3 Existing estimates of so-
dium intake measured by self-report 
show that US adults consume an 
average of 3,552mg/day (SE 32.2),4 
well above recommendations (1,500-
2,300mg/day), and public health 
efforts aim to reduce sodium con-

sumption.5-7 Salt sensitivity, defined 
as greater blood pressure response to 
sodium intake than average, is more 
prevalent in non-Hispanic Blacks 
and Asian populations;8-10 thus, an 
understanding of racial/ethnic varia-
tion in sources of dietary sodium 
and salt behaviors has important im-
plications for public health practice.
	 Asians, particularly those in East 
and Central Asia, have the highest 
sodium intakes in the world.11 Mean 
sodium intake in East Asia, high-
income Asia Pacific (mainly Japan 
and South Korea) and Central Asia 
were 4,800mg/day, 5,000mg/day and 
5,510mg/day, respectively; out of all 
regions, East Asia experienced the 
largest increases from 1990 to 2010 
(430mg/day). Sodium intakes in Asia 
may inform US recommendations, 
but an understanding of sodium in-
takes among Asian Americans who 
have different dietary patterns based 
on American influences is necessary. 
Despite this, few data exist on Asian 
American diets. A 2011-2012 analy-
sis of National Health and Nutrition 
Examination Survey (NHANES) 
data showed non-Hispanic Asian 
Americans had greater sodium intake 
compared with non-Hispanic Blacks 
(3,630 vs 3,310 mg/day), and only 8% 
consumed the recommended amount 
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of sodium/day (≤2,300 mg/day) com-
pared with 13%, 16% and 12% of 
non-Hispanic Whites, non-Hispanic 
Blacks and Hispanics, respectively.12 
While sodium policy in the US tar-
gets processed and packaged foods, 
the majority of sodium ingested in 
East Asian countries is added during 
cooking, or at the table in the form 
of soy sauce or other condiments.2,13 
	 Understanding whether and how 
sources of sodium intake vary by 

aimed to identify the top 10 food 
category sources of sodium and salt 
behaviors for Asian Americans com-
pared with other racial/ethnic groups.

Methods

Study Design and Population
	 NHANES is a nationally repre-
sentative, multi-stage complex sur-
vey designed to assess the health and 
nutritional status of the non-institu-
tionalized, civilian US population. 
As detailed elsewhere,15 NHANES 
participants completed a household 
interview to collect demographic and 
general health information followed 
by a visit to a Mobile Examination 
Center for a physical examination, 
anthropometric measures, and a 24-
hour dietary recall administered by 
a trained interviewer using the US-
DA-multiple pass method. Signed 
informed consent was obtained 
from all participants or their proxies.
	 The USDA Food and Nutri-
ent Database for Dietary Studies 
(FNDDS) 2011-2012 was used to 
code dietary intakes and calculate nu-
trient intakes. Each food in the 24-
hour dietary recall is assigned to one 
of more than 7,000 food codes. Nu-
trient values for FNDDS are from the 
USDA National Nutrient Database 
for Standard Reference.16 FNDDS 
food categories were linked to one 
What We Eat in America (WWEIA) 
category to analyze sodium intake in 
the previous 24 hours from food and 
beverages. The WWEIA classification 
scheme includes approximately 150 
food categories and does not disag-
gregate into ingredients (ie, pizza vs 
cheese, tomatoes, etc.).17 Sodium es-

timates did not include adjustments 
for discretionary salt use, as salt 
added at the table or during cook-
ing, in the average American diet is 
estimated to make up 6% and 5% 
of sodium intake, respectively.16,17

	 The 2011-2012 NHANES had 
a sample size of 9,756 and was the 
first wave to include an oversample 
of non-Hispanic Asian Americans.15 
Participants were excluded if they 
were aged <18 years (n=3,892) or 
were missing the first dietary re-
call (n=788). The final analytic 
sample included 5,076 individuals. 

Measures
	 Means and standard errors for 
sodium (mg), energy (kcal) and so-
dium density (mg/1,000kcal), a mea-
sure that accounts for differences in 
calories consumed, were calculated 
by race/ethnicity and food source. 
	 To determine the top 10 dietary 
sources of sodium, population pro-
portions (%) were calculated for 
each food category by summing the 
amount of sodium consumed within 
each category for all persons within 
each racial/ethnic group and divid-
ing that by the sum of all sodium 
consumed for all foods for all per-
sons within each racial/ethnic group 
multiplied by 100.18 Salt behav-
iors were determined by two ques-
tions that asked respondents to rate 
how often they add ordinary salt to 
their food at the table and how of-
ten they add ordinary salt/seasoned 
salt while cooking/preparing food. 
	 Demographic variables included 
sex, age, race/ethnicity, education, 
poverty/income, and nativity. Race/
ethnicity was divided into five cat-
egories: Hispanic, non-Hispanic 

A 2011-2012 analysis 
of National Health and 
Nutrition Examination 
Survey (NHANES) data 

showed non-Hispanic 
Asian Americans had 
greater sodium intake 
compared with non-

Hispanic Blacks (3,630 vs 
3,310 mg/day).

race/ethnicity could inform the de-
velopment of culturally appropriate, 
effective sodium reduction strate-
gies. Public health strategies could 
refine approaches (ie, encouraging 
industry participation, sodium re-
duction targets for food manufac-
turers, nutrition label modifications, 
consumer education, and/or taxa-
tion on high-sodium foods) based 
on top dietary sources of sodium 
in target populations.14 Our study 
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White, non-Hispanic Black, non-
Hispanic Asian and other (includ-
ing mixed race) (hereafter referred 
to as Hispanic, White, Black, Asian 
American and other). Education was 
restricted to adults aged >25 years.

Statistical Analyses
	 Food categories were ranked based 
on population proportion and the 
top 10 are reported. Mean differences 
comparing Asian Americans to other 
race/ethnicities were calculated 
using t-tests. Tests were considered 
statistically significant if P<.05. 
Correction for multiple comparisons 
was not included given the small 
number of planned comparisons.19 

Calculations were estimated using 
SAS-callable SUDAAN v.11.0.0 
(RTI International, Research 
Triangle Park, NC) to adjust for 
the complex survey design. Sample 
weights accounted for the probability 
of selection, non-response, and 
day of the week of dietary recall.

Results

Demographic Characteristics
	 The analytic sample was 14.5% 
Hispanic (95%CI: 9.8, 20.9), 
66.0% White (95%CI: 57.2, 73.9), 
11.8% Black (95%CI: 7.5, 18.0), 
5.1% Asian (95%CI: 3.7, 7.2), 

and 2.6% other (95%CI: 1.7, 3.8). 
Over half had more than a high 
school education; 29.9% had some 
college (95%CI: 26.8, 33.3) and 
32.9% had a college degree or more 
(95%CI: 26.9, 39.5). The major-
ity of the sample (82.9%) was US-
born (95%CI: 78.3, 86.6) (Table 1). 

Mean Sodium, Energy and 
Sodium Density
	 Mean absolute sodium consump-
tion did not vary significantly by race/
ethnicity; however, mean differences 
in energy and sodium density by race/
ethnicity were observed (Figure 1). 
Asian Americans consumed the few-
est calories (1957.3, 95%CI: 1900.4, 

Table 1: Demographic characteristics, NHANES 2011-12, n=5,076

Weighted na n % 95% CI

Total 233,250,000
Sex
   Male 114,610,000 2,535 49.1 (47.2, 51.1)
   Female 118,640,000 2,541 50.9 (48.9, 52.8)
Age group
   18-24 years 32,784,000 757 14.1 (9.7, 19.9)
   25-44 years 76,917,000 1,625 33.0 (29.1, 37.1)
   45-64 years 84,170,000 1,662 36.1 (33.1, 39.2)
   ≥65 years 39,371,000 1,032 16.9 (14.7, 19.3)
Race/ethnicity
   Hispanic 33,772,000 1,008 14.5 (9.8, 20.9)
   Non-Hispanic White 154,020,000 1,905 66.0 (57.2, 73.9)
   Non-Hispanic Black 27,442,000 1,366 11.8 (7.5, 18.0)
   Non-Hispanic Asian 11,999,000 639 5.1 (3.7, 7.2)
Other 6,010,000 158 2.6 (1.7, 3.8)
   Educationb

   <High school 34,172,000 1,044 17.1 (13.7, 21.1)
   High school 40,354,000 904 20.1 (16.9, 23.8)
   Some college 60,019,000 1,210 29.9 (26.8, 33.3)
   ≥College graduate 65,857,000 1,158 32.9 (26.9, 39.5)
Household income (% federal poverty level)
   <200% FPL 87,871,000 2,440 40.1 (33.7, 46.7)
   200%-399% FPL 57,393,000 1,092 26.2 (22.2, 30.6)
   ≥400% FPL 74,105,000 1,146 33.8 (28.1, 40.0)
Nativity
   US-born 193,230,000 3,636 82.9 (78.3, 86.6)
   Foreign-born 39,969,000 1,437 17.1 (13.4, 21.7)

a. Rounded to the nearest  1,000.
b. Restricted to aged >25 years.
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2014.2) compared with other racial/
ethnic groups (Hispanics: 2220.1, 
95%CI: 2124.2, 2316.0; Whites 
2225.3, 95%CI: 2179.4, 2271.2; 
and Blacks 2197.6, 95%CI: 2121.2, 
2274.0; P for all <.01). Yet, sodium 
density (mg/1000kcal/day) was signif-
icantly higher among Asian Americans 
(2031.1, 95%CI: 1911.2, 2150.9) 
compared with Hispanics (1691.6, 
95%CI: 1648.6, 1734.5), Whites 
(1666.5, 95%CI: 1638.0, 1694.9), 
Blacks (1655.5, 95%CI: 1627.2, 
1683.7) and other (1650.4, 95%CI: 
1520.9, 1779.8) (P for all<.01).

Food Category Sources of 
Sodium
Half of the sodium consumed by Asian 
Americans was from the top 10 food 
categories, compared with 43.6% for 

Hispanics, 39.0% for Whites, 36.8% 
for other, and 36.0% for Blacks (Ta-
ble 2). Three food categories ranked 
in the top ten sources of sodium for 
every race/ethnicity: soups; chicken, 
whole pieces; and yeast breads. Four 
food categories were a top sodium 
source for Hispanics, Whites, Blacks, 
and other, but not Asian Americans: 
cold cuts and cured meats; meat 
mixed dishes; eggs and omelets; and 
cheese. There were six food catego-
ries that only appeared in the top 10 
sources for Asians: rice; stir-fry and 
soy-based mixtures; fish; fried rice and 
lo/chow mein; soy-based condiments; 
and dips, gravies and other sauces.

Salt Behaviors
	 Overall, 57.3% (95%CI: 51.4%, 
63.1%) of Asian Americans re-

ported rarely adding salt at the ta-
ble, significantly more than Whites 
(41.7%, 95%CI: 37.5%, 46.0%; 
P<.01), Blacks (48.5%, 95%CI: 
42.7%, 54.4%; P=.03) and other 
(48.3%, 95%CI: 41.4%, 55.3%; 
P=.01). By contrast, 57.4% (95%CI: 
52.4%, 62.3%) of Asian Americans 
reported using salt in preparation 
‘very often,’ which is significantly 
higher than reported by Whites and 
Blacks (P for both<.01). (Table 3)

Discussion

	 This study identified the top 10 
dietary sources of sodium and salt 
behaviors among Asian Americans 
compared with other racial/ethnic 
groups. While there were differences 
in the food category rankings for all 
racial/ethnic groups, the biggest dif-
ferences were observed among Asian 
Americans. The top 10 sources ac-
count for a greater proportion of 
dietary sodium for Asian Americans 
compared with other racial/ethnic 
groups – bearing implication that 
activities targeting very few prod-
ucts could have a large impact on 
sodium intakes in this group. Of the 
10 food categories most frequently 
cited by Asian Americans, six were 
not ranked in the top 10 of other ra-
cial/ethnic groups, including dietary 
staples for Asian Americans such as 
rice, fish and soy-based condiments.
	 This analysis is aligned with local 
and national activity around nutri-
tion improvements to reduce chronic 
disease risk. Over the last decade, 
the NYC Health Department intro-
duced innovative programming na-
tionally and locally to improve adult 

Figure 1. Blue, Hispanic; red, Non-Hispanic White; green, Non-Hispanic Black; 
purple, Non-Hispanic Asian; light blue, Other.
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diets. One example is the National 
Salt Reduction Initiative, a national 
effort to reduce population sodium 
intake through corporate commit-
ments to lowering sodium in pack-
aged and restaurant foods.20 Recent 
results demonstrate modest success 
in decreasing sodium content in these 
products, as well as decreases of sales-
weighted mean sodium density (by 
6.8%, P<.001) in nearly half of all 
food categories (43%).21 Companies 

continue commitments to reducing 
sodium in foods; PepsiCo recently 
announced it will have at least three-
quarters of its global foods portfolio 
volume restricted to ≤1.3mg of so-
dium/calorie.22 In 2016, the US Food 
and Drug Administration announced 
a voluntary sodium reduction strat-
egy for the food industry.23 Local 
sodium reduction strategies include 
introduction of nutrition standards 
at city agencies,24 educational me-

dia campaigns, and multiple efforts 
by community-based and other na-
tional organizations including the 
American Heart Association.23,25-27 
	 While increasing prioritization 
has been placed on reducing average 
population sodium intake,5-7,28 lim-
ited evidence to monitor intake sug-
gests no change or increases, which 
may in part be due to policies that, 
by design, may not reach all sub-
populations. In the United States, 

Table 2. Ranked population proportions of sodium consumed from food categories by race/ethnicity, NHANES 2011-12, 
n=5076

Hispanic White Black Asian Other

FC
% 

Total 
(SE)

%a FC
% 

Total 
(SE)

%a FC
% 

Total 
(SE)

%a FC
% 

Total 
(SE)

%a FC
% 

Total 
(SE)

%a

1 Burritos 
and tacos

8.8 
(1.8) 8.8 Pizza 5.9 

(.8) 5.9
Chicken, 

whole 
pieces

6.6 
(.2) 6.6 Soups 16.0 

(2.0) 16.0 Burritos 
and tacos

5.0 
(2.3) 5.0

2 Soups 5.9 
(.8) 14.6

Cold cuts 
and cured 

meats

5.6 
(.6) 11.4 Pizza 4.4 

(.7) 11.0 Rice 9.0 
(.3) 25.0 Yeast 

breads
4.9 
(.6) 9.8

3 Pizza 4.4 
(1.0) 19.0 Yeast 

breads
4.5 
(.2) 15.9

Cold cuts 
and cured 

meats

4.2 
(.4) 15.1 Yeast 

breads
3.9 
(.5) 28.9

Chicken, 
whole 
pieces

4.0 
(1.0) 13.8

4
Chicken, 

whole 
pieces

4.2 
(.6) 23.3 Soups 4.0 

(.5) 20.0 Yeast 
breads

4.0 
(.2) 19.1

Stir-fry and 
soy-based 

sauces 

3.5 
(.6) 32.4

Cold cuts 
and cured 

meats

3.8 
(1.1) 17.6

5

Other 
Mexican 
mixed 
dishes

3.9 
(.8) 27.1 Cheese 3.6 

(.4) 23.6 Soups 3.2 
(.4) 22.4 Fish 3.4 

(.3) 35.7 Soups 3.6 
(1.1) 21.2

6
Cold cuts 
and cured 

meats

3.7 
(.4) 30.8

Meat 
mixed 
dishes

3.6 
(.6) 27.1

Pasta 
mixed 

dishes, no 
mac/ch

3.1 
(.5) 25.4

Chicken, 
whole 
pieces

3.3 
(.4) 39.0 Burgers 3.5 

(1.9) 24.7

7
Meat 
mixed 
dishes

3.5 
(.5) 34.3 Burritos 

and tacos
3.4 
(.3) 30.6 Cheese 3.0 

(.4) 28.5
Fried rice 
and lo/

chow mein

2.9 
(.5) 41.9

Meat 
mixed 
dishes

3.5 
(1.4) 28.2

8 Eggs and 
omelets

3.3 
(.3) 37.6

Pasta 
mixed 

dishes, no 
mac/ch

2.9 
(.4) 33.5 Eggs and 

omelets
2.7 
(.2) 31.2 Soy-based 

condiment
2.8 
(.5) 44.7 Eggs and 

omelets
3.2 
(.5) 31.3

9 Yeast 
breads

3.2 
(.3) 40.9

Chicken, 
whole 
pieces

2.8 
(.4) 36.3

Meat 
mixed 
dishes

2.6 
(.4) 33.8 Pizza 2.8 

(.5) 47.4

Pasta 
mixed 

dishes, no 
mac/ch

3.0 
(1.4) 34.3

10 Cheese 2.7 
(.3) 43.6 Eggs and 

omelets
2.7 
(.2) 39.0 Burgers 2.3 

(.3) 36.0

Dips, 
gravies, 
other 
sauces

2.6 
(.6) 50.0 Cheese 2.5 

(.5) 36.8

a. Cumulative %.
FC, food category; mac/ch, macaroni and cheese
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in a systematic review of 38 studies 
published from 1957 to 2003 report-
ing adult 24-hour urinary sodium 
values, authors estimated a mean 
sodium excretion of 3,526 mg/day, 
and reported that sodium intake has 
not significantly changed over time 
overall or in sex/race subgroups.29 
Changes in sodium intake over time 
have also been reported using repos-
itory-based analyses of spot urine 
samples and application of recalibra-
tion equations to estimate 24-hour 

excretion in NHANES.30 Between 
1988 and 2010, estimated 24-hour 
urinary sodium excretion increased 
by 130mg/day; however, increas-
ing BMI over the same time period 
likely contributed to these increases.30 
	 Current efforts for reducing pop-
ulation sodium intake are geared to-
ward reformulation and increasing 
consumer awareness of sodium in 
packaged and restaurant foods. How-
ever, the reach to Asian Americans, 
who have high sodium intakes,12 may 
be limited for two reasons. First, the 
primary sources of sodium consumed 
in Asian Americans appear to be salt 
added during cooking, not from 
packaged and restaurant foods;13,31,32 
and second, Asian Americans may re-
tain traditional dietary practices post-
migration to America.33,34 Examina-
tion of Asian American demographics 
in NHANES reveals that NHANES 
appears to have recruited one por-
tion of this population: highly edu-
cated, high-income earners35,36 – with 
these individuals likely being more 
acculturated,37 meaning they have 
adopted more US cultural practices. 

This implies that even among more 
acculturated individuals, dietary 
practices are retained. Further, data 
suggest increased consumption of tra-
ditional ‘festival foods’ (high in car-
bohydrates, animal protein, sugar and 
fat) as opposed to the traditional idea 
of a ‘Westernization of diet’ among 
Asian Americans and other immi-
grant groups as an explanatory factor 
in increased cardio-metabolic risk in 
these populations.33 Due to accul-
turative stress, immigrants may seek 
these foods as a source of comfort 
and maintenance of ethnic identity.33 
	 Our results offer preliminary sup-
port for these patterns, and demon-
strate the need for approaches that 
target sodium sources specific to Asian 
Americans, both through policy and 
coordinated programming. Strategies 
similar to those in China, Japan and 
South Korea, which focus on food 
preparation and education rather 
than product reformulation25 may 
be an additional way to reach Asian 
Americans. This offers an opportunity 
to improve sodium reduction initia-
tives by incorporating public health 

Table 3. Proportions of salt behaviors by race/ethnicity, NHANES 2011-12

Hispanic White Black Asian American 
(ref) Other

% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

Salt added at table, 
n=3,331
   Rarely 52.8 (47.3, 58.1) 41.7a (37.5, 46.0) 48.5a (42.7, 54.4) 57.3 (51.4, 63.1) 48.3a (41.4, 55.2)
   Occasionally 26.9 (22.0, 32.5) 38.1a (32.8, 43.7) 29.9 (25.5, 34.7) 26.2 (21.5, 31.5) 27.6 (18.9, 38.2)
   Very often 20.3 (16.0, 25.5) 20.3 (15.6, 25.8) 21.5 (17.7, 26.0) 16.5 (11.9, 22.4) 24.2 (16.1, 34.6)
Salt used in preparation, 
n=4,978
   Never 4.4a (3.2, 6.0) 8.6a (6.9, 10.6) 7.5a (5.9, 9.5) 2.4 (1.7, 3.5) 7.7b (3.3, 16.9)
   Rarely 15.2a (12.4, 18.5) 20.9a (18.9, 23.1) 14.9a (12.0, 18.4) 10.2 (7.3, 14.1) 16.8b (7.8, 32.4)
   Occasionally 29.8 (25.7, 34.3) 39.7a (36.2, 43.3) 32.6 (28.5, 37.1) 30.0 (26.7, 33.4) 33.8b (23.6, 45.8)
   Very often 50.6 (46.1, 55.1) 30.8a (26.7, 35.4) 44.9a (42.1, 47.8) 57.4 (52.4, 62.3) 41.8ab (28.7, 56.1)

a. Significant at P<.05 compared with Asian.
b. Estimate’s relative standard error (a measure of estimate precision) is >30% or the sample size is <50, making the estimate potentially unreliable.

Strategies similar to those 
in China, Japan and 

South Korea, which focus 
on food preparation and 
education rather than 

product reformulation,25 
may be an additional way 
to reach Asian Americans.



Ethnicity & Disease, Volume 27, Number 3, Summer 2017 247

Dietary Sources of Sodium, NHANES 2011-12 - Firestone et al

strategies and dietary messaging that 
are more likely to impact subgroups 
with the highest sodium intake levels.

Strengths and Limitations
	 Strengths of this study include a 
sample representative of the US non-
institutionalized population and an 
oversample of Asian Americans al-
lowing for comparisons of Asian 
Americans sources and salt behaviors 
to other racial/ethnic groups. Focus-
ing on Asian Americans compared 
with other racial/ethnic groups and 
including sodium density helps 
us to better understand factors ac-
counting for high sodium consump-
tion across racial/ethnic groups. 
	 There are several limitations that 
should be noted. A single dietary re-
call provided a preliminary snapshot 
of two years of a four-year NHANES 
cycle to include a representative sub-
sample of Asian Americans.38 Further-
more, the Asian Americans subsample 
was not large enough to distinguish 
between subpopulations (ie, Chinese, 
Indian, Filipino), potentially masking 
disparities by ethnicity and country 
of origin among Asian Americans.39,40 
Data from Asia indicates that high 
sodium intake exists across Asian sub-
groups.11,32 Although rigorous meth-
ods were used for dietary recall that 
allow for incorporation of diverse 
dietary patterns, a lack of representa-
tiveness for ethnic diets in FNDDS 
food codes may have resulted in mis-
classification, and data are subject to 
measurement error (ie, recall and cod-
ing errors). A validation study using 
24-hour urinary sodium as the refer-
ence measure found differential mis-
reporting of sodium intake by sex and 
BMI, but not race/ethnicity, although 

the sample was not large enough to 
allow for an Asian American sub-
category.41 Sodium added at the table 
and from supplements and medicines 
are not included, which may result in 
underestimations of consumption.42 
Lastly, it is unclear whether the Asian 
Americans sampled in NHANES are 
representative of all Asian Americans; 
NHANES recruited highly educated, 
high income earners37 – though a 
stark bimodal income distribution 
exists for Asian Americans.35 By po-
tentially missing less acculturated in-
dividuals, sodium intakes may not be 
generalizable to all Asian Americans.

Conclusion

	 This analysis highlights racial/
ethnic differences in top sources of 
sodium, which is important for de-
veloping targeted efforts to reduce 
sodium among high-risk subpopu-
lations. Public health strategies that 
encourage salt reduction in food 
preparation and condiments in 
Asian Americans have the potential 
to shift the overall population so-
dium intake distribution downwards.
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