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Abstract	

The objective of this report is to describe (a) the basis for and implementation of a data 
processing step called salt adjustment that was performed on designated foods in United States 
Department of Agriculture (USDA) dietary intake surveys from 1985 through 2008, (b) the 
rationale for discontinuing the step, and (c) the impact and implications of its discontinuation. As 
implemented in What We Eat in America (WWEIA), the dietary intake interview component of 
the National Health and Nutrition Examination Survey (NHANES), salt adjustment was a post-
collection data processing step that was based on the respondent’s reply to a question about the 
use of salt in household cooking or food preparation. It was applied only to foods likely to be 
home prepared, i.e., foods that (a) generally have salt added during preparation and (b) were 
obtained from the store. For individuals who reported that salt was used occasionally or less 
often in cooking or food preparation in their household, salt adjustment removed some or all of 
the salt attributable to home preparation. Reasons for discontinuing this procedure include 
secular changes that call into question the appropriateness of using store purchase as a proxy 
indicator of home food preparation, a decrease in the proportion of food obtained from the store 
and therefore eligible for salt adjustment, and research indicating that USDA’s Automated 
Multiple-Pass Method (AMPM) for the 24-hour dietary recall provides valid sodium intake 
estimates without application of the salt adjustment step. WWEIA, NHANES 2007-2008 is the 
final data release to contain sodium data that were salt adjusted; the step was not applied to 
WWEIA, NHANES 2009-2010 data and will not be performed in future survey cycles. To 
provide appropriate baseline estimates for tracking the success of initiatives aimed at lowering 
sodium intakes, this report includes 2007-2008 sodium intake estimates (mean intakes, percentile 
distributions of usual intakes, and percentages of the population with intakes above tolerable 
upper intake levels) calculated both with and without the salt adjustment processing step. In 
addition, files listing the salt adjustment levels for eligible foods in survey cycles from 2003-
2008 are provided for use by analysts. 

Introduction	

Estimating the sodium intake of the United States population using nationwide dietary data is a 
complex task. Some factors involved are extrinsic to data collection and processing (e.g., the 
foods survey respondents eat and their knowledge about the salt in those foods) and others are 
intrinsic (e.g., the dietary data collection method, the sodium data in national nutrient databases, 
and the procedures used in calculating the sodium content of dietary intakes).  

Dietary sodium comes from several sources. Some sodium is inherent in foods and water, but 
most sodium is consumed in the form of salt (sodium chloride). The sources of sodium intake in 
the U.S., in order of predominance, are sodium added in food processing (77 percent), sodium 
inherent in foods (12 percent), salt added at the table (6 percent), salt added in cooking (5 
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percent), and sodium inherent in water (less than 1 percent; 1). This report concerns only one of 
those sources, salt added during cooking or food preparation.  

Recently, national attention has focused on strategies to lower sodium intakes (2). Despite long-
standing national recommendations to decrease sodium intake in the United States, it remains 
much higher than recommended, regardless of age, gender, race/ethnicity, or income (2-5). The 
Dietary Guidelines for Americans 2010 advise all individuals to reduce daily sodium intake to 
less than 2,300 mg (4). Further reducing intake to 1,500 mg is recommended for those who are 
age 51 years and over and those of any age who are African American or have hypertension, 
diabetes, or chronic kidney disease. The 1,500 mg recommendation applies to about one-half of 
the U.S. population age 2 years and over, including the majority of adults (6).  

What We Eat in America (WWEIA), the dietary component of the National Health and Nutrition 
Examination Survey (NHANES), provides the data necessary for monitoring progress toward 
meeting the sodium intake recommendations outlined in the Dietary Guidelines. In 2007-2008, 
mean daily sodium intake was 3,330 milligrams (mg) for all individuals age 2 years and over (7). 
The Institute of Medicine used the same data source in assessing intake of sodium in 2003-2006 
and recommended that “these surveys should continue to collect estimates of dietary sodium 
intake by multiple 24-hour recalls” (2).  

In 2010, the Institute of Medicine published Strategies to Reduce Sodium Intake in the United 
States, based on the findings of a 14-member committee convened at the request of Congress (2). 
Fundamental to this report was the agreement that achieving lower sodium intakes is a critical 
public health focus for all Americans (2). In order to track progress toward reducing sodium 
intake, accurate population estimates of sodium intake are essential. Both this renewed focus on 
sodium and marketplace changes to the sodium content of foods have prompted the U.S. 
Department of Agriculture (USDA) Food Surveys Research Group (FSRG) to review multiple 
aspects of WWEIA dietary data collection and processing related to sodium intake. Results of 
that review include findings presented in this report, which led to the decision to discontinue the 
salt adjustment procedure. 

Methods used in WWEIA, NHANES have evolved over time with constant efforts to improve 
their ability to reflect the food and nutrient intakes of the U.S. population. Salt adjustment in 
home-prepared foods, a step in the post-collection processing of survey data, is a procedure that 
has been used for over 25 years as a way of accounting for respondents’ reports of using salt only 
occasionally or less often in home food preparation. A number of considerations have called into 
question the appropriateness and value of continuing the procedure. These considerations include 
an increase in the purchase of fully-prepared foods to which the consumer is unlikely to add 
more salt in cooking and results from a study that suggest that salt adjustment could produce 
estimates less reflective of actual intake as measured by urinary sodium.  

This report describes (a) the basis for and the process of salt adjustment, which has been applied 
in USDA food surveys since 1985, (b) the rationale for discontinuing it in WWEIA, NHANES 
2009-2010 and all subsequent surveys, and (c) the impact and implications of its discontinuation. 
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Salt	adjustment	in	designated	foods	likely	to	be	home	prepared	in	
WWEIA,	NHANES	

What	is	salt	adjustment?	

In all USDA nationwide food surveys since 1985 and in WWEIA, NHANES 2002 through 2008, 
during the processing of survey data, the amount of salt in eligible foods has been subject to 
adjustment based on respondents’ answers to questions about their use of salt in cooking. 
Eligible foods are those that (a) are reported as being obtained from the store rather than from 
any type of restaurant or other location and (b) generally have salt added during 
cooking/preparation. Eligible foods are discussed in more detail in the next section. 

The practice of salt adjustment in USDA food surveys was instituted shortly after the publication 
in 1980 of the first edition of the Dietary Guidelines for Americans. At that time, the Dietary 
Guidelines advised consumers to “avoid too much sodium” mainly through decreasing the use of 
salt in cooking and at the table, as well as avoiding excessive amounts of salty foods (8). The 
idea behind salt adjustment was to “give credit” to survey respondents who reported that their 
households cooked/prepared foods with salt only occasionally or less often.  

Only salt used in food preparation has been part of the salt adjustment process used by FSRG. 
Although respondents are asked about salt shaker use at the table, they have never been asked to 
quantify the amount of salt added to their food at the table; there has never been any adjustment 
during processing of USDA or WWEIA, NHANES intake data based on information about 
salting at the table; and no change in these practices is currently envisioned for future surveys. 
Information on the amounts of sodium-containing condiments (e.g., soy sauce, gravy, and 
catsup) added to food at the table has been collected in the same manner as for food and drinks. 
It is worth noting that there has never been any adjustment during processing of USDA or 
WWEIA, NHANES intake data in the direction of adding more salt for respondents whose 
households use more than the typical amount of salt (nor any question that would serve as a basis 
for such an adjustment). 

In WWEIA, NHANES 2002 through 2008, after the 24-hour recall (24HR), respondents 
answered a question about the frequency of salt use in food preparation in their household. If a 
respondent’s answer indicated that the household used salt only occasionally or less often, then a 
portion of the sodium in eligible foods in that respondent’s intake was lowered. Only the sodium 
from salt added during typical home food preparation, or optional salt, was lowered. 

For each food, the baseline (“no adjustment”) level of sodium per 100 grams of food is the same 
as the level contained in the USDA Food and Nutrient Database for Dietary Studies (FNDDS; 9), 
which is the database used to code dietary intakes and calculate nutrients for WWEIA, 
NHANES. The underlying source of food composition data for the FNDDS, including sodium 
values, is the USDA National Nutrient Database for Standard Reference (10). The use of salt in 
widely available recipes for a multitude of foods – for example, eggs (11), pasta (12), rice (13), 
and vegetables cooked from fresh form (14) – is accounted for in FNDDS levels of salt. Table 1 
shows the wording of the salt-in-cooking question and the levels of salt adjustment associated 
with specific responses. All of a respondent’s eligible foods had their optional salt adjusted (or 
not adjusted) according to the answer to this question.  
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Table 1. Percentages of individuals with specified responses to the question “How often is 
ordinary salt or seasoned salt added in cooking or preparing foods in your household?” 
and associated levels of salt adjustment applied to eligible1 foods, 2007-2008 

Response Percent of individuals  Level of salt adjustment applied to eligible foods 

Very often 40  No adjustment (all optional salt included) 

Occasionally 37  Half the optional salt removed 

Never/rarely 24  All optional salt removed 

Source: What We Eat in America, NHANES 2007-2008, all individuals (excluding breastfed children), Day 1 
dietary intake data, weighted.  
1For a discussion of eligible foods, see section headed “Eligibility for salt adjustment in WWEIA, NHANES 2002-
2008.” 
 
In 2007-2008, 40 percent of respondents reported that salt was used “very often” in household 
cooking and food preparation; no adjustment was applied to reduce the optional salt content of 
any of the eligible foods they consumed. Thirty-seven percent of respondents reported that salt 
was used “occasionally” in household cooking or preparation; half the optional salt was removed 
from the eligible foods consumed by these individuals. The remaining respondents (24 percent) 
reported that salt was “rarely” or “never” used in cooking or food preparation in their 
households; all of the optional salt was removed from the eligible foods consumed by these 
individuals.  

Foods with all the optional salt removed still contain the sodium that is inherent in the other 
ingredients. It is only the optional salt that is lowered or removed, not the total sodium content of 
the food. For example, the FNDDS level of sodium in 100 grams of carrots cooked from fresh 
form is 296 mg. Of that amount of sodium, 58 mg is inherent in the carrots and the remaining 
238 mg is from optional salt. For respondents reporting occasional household salt use, the 
adjustment level with half the optional salt removed is 177 mg of sodium per 100 grams of 
carrots (i.e., the 58 mg sodium inherent in the carrots + 238/2 = 119 mg sodium from optional 
salt). The sodium level for respondents whose households rarely or never use salt in cooking is 
58 mg per 100 grams (i.e., only the amount of sodium that is inherent in the carrots).  

Eligibility	for	salt	adjustment	in	WWEIA,	NHANES	2002‐2008	

Criteria for applying the process of salt adjustment include the food being (a) likely to be home 
prepared rather than processed or restaurant prepared and (b) of a type to which salt is commonly 
added in home preparation.  

Salt adjustment is based on the assumption that when food is cooked at home, the cook or meal 
preparer controls the amount of salt added to the food, whereas someone outside the household 
controls the amount of salt in processed and restaurant foods. For that reason, only foods that 
were likely to have been home prepared were eligible for salt adjustment. In WWEIA, NHANES 
2002-2008, only limited information was available to determine whether a food was likely to 
have been cooked/prepared at home or not. Obtaining an item from a store rather than from any 
other venue (including restaurants, fast food places, cafeterias, and other places) was used as a 
proxy indicator of probable home preparation.  
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Additionally, salt levels were only adjusted in specified types of food. Certain types of food are 
likely to have salt added during home preparation, but others are not. In general, foods likely to 
have been purchased in ready-to-eat form are not eligible for salt adjustment, but those likely to 
have been cooked after purchasing are eligible. For example, canned vegetables are not eligible 
for salt adjustment, but most fresh and frozen vegetables are eligible. Foods described in the 
FNDDS as salt free, low sodium, or reduced sodium are not eligible for salt adjustment during 
post-collection data processing. The FNDDS 4.1 (9) includes approximately 150 such food 
codes.  

Over the years, as the food market has changed, there have been some differences in the specific 
foods eligible for salt adjustment, but the general categories of foods that are eligible have 
remained the same. On the whole, the types of food considered likely to have salt added in home 
preparation are cooked cereals, rice, and pasta; eggs; potatoes, dry beans, and other vegetables; 
meat, poultry, and fish; and home-made mixed dishes, casseroles, stews, and soups. On the other 
hand, some examples of categories that are never eligible for salt adjustment include beverages, 
fruits, cheese, baby food, salad dressings, and candy. It is worth noting that among the ineligible 
foods are not only items that are low in salt or sodium (such as beverages and fruits), but also 
items that are high in salt or sodium (such as cheese and salad dressings).  

A	brief	chronology	of	salt	adjustment	in	USDA	surveys	

The specifics of salt adjustment have varied from survey to survey, as illustrated briefly in table 
2. Notable developments in selected surveys are described in subsequent sections. 
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Table 2. Process used by USDA to adjust optional salt in eligible foods: Selected U.S. nationwide food surveys conducted in 
1985-1986; 1994-1996, 1998; and 2002-2008 

Years 
Survey name/ 
acronym Informant Salt question and placement 

Salt adjustment 
level(s)

Foods to which salt 
adjustment was 
applied

1985-
1986 

Continuing 
Survey of Food 
Intakes by 
Individuals 
(CSFII) 
 

Main meal 
planner-
preparer 

Placement: During the 24-hour recall 
(24HR): For each eating occasion with 
any food from the home food supply1 
Question: “Did you use salt or a salt 
substitute in preparing any of these 
items? During preparation, which 
foods/drinks did you use salt in and 
which ones did you use a salt substitute 
in?” 

If no salt in 
cooking, removed 
all optional salt 

Only foods from the 
home food supply1 that 
were specifically 
identified as being 
prepared without salt or 
with salt substitute 

1994-
1996, 
1998 

CSFII Each 
respondent2 

Placement: During the 24HR: Question 
included in the Food Instruction Booklet 
for specific categories of foods  
Question:  “Was salt used in cooking or 
preparing the (FOOD)?” Answer options 
were “don’t know,” “no salt,” and “salt 
used.”3 

If no salt in 
cooking, removed 
all optional salt 

Only foods specifically 
identified as being 
prepared without salt, 
regardless of whether 
they were from the 
home food supply or 
not 

2002-
2008 

What We Eat 
in America 
(WWEIA), 
NHANES  

Each 
respondent2 

Placement: After the 24HR  
Question: “How often is ordinary salt or 
seasoned salt added in cooking or 
preparing foods in your household? Is it 
never, rarely, occasionally, or very 
often?” 

If rarely or never, 
removed all optional 
salt; if occasionally, 
removed half the 
optional salt 

Only foods purchased 
from the store and 
likely to be cooked at 
home 

1Foods and beverages from the home food supply are items which were either eaten at home or brought into the home but later eaten away from home. 
2Interviews were conducted for survey participants less than six years of age with a proxy who was generally the person most knowledgeable about the survey 
participant’s intake. Child respondents ages 6 to 11 years were asked to provide their own food intake data assisted by an adult familiar with the child’s intake. 
3In NHANES 1999-2000, a similar question was asked with similar response options (15), and CSFII sodium data were used to modify sodium values when 
respondents specified that they did not use salt in preparation (16). In 2001, before the full integration of WWEIA, NHANES, the method remained the same as 
in NHANES 1999-2000.
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1985:	Salt	adjustment	applied	to	intakes	of	main	meal‐planners/preparers	only	

It is important for readers to be aware of the aspects of salt adjustment outlined in this and the 
two other survey-specific sections that follow, because several of the reasons for discontinuing 
salt adjustment involve considerations described in these sections.  

The Continuing Survey of Food Intakes by Individuals (CSFII) 1985 was the first USDA survey 
to report on dietary sodium intakes of the U.S. population. Respondents were asked to report 
foods and drinks they consumed sequentially through the day. Each distinct time of eating and/or 
drinking was considered to be an “eating/drinking occasion.” For each item within each 
occasion, the respondent was asked whether it was “eaten at your home, brought into your home 
but later eaten away from home, or never brought into your home.” If the respondent said the 
item was eaten at home or brought into the home but eaten away from home, then that item was 
considered to be from the home food supply.  

In each household, a main meal-planner/preparer (i.e., the person most responsible for planning 
and preparing the household’s meals) was identified. If, for a given eating/drinking occasion, a 
main meal-planner/preparer had any foods/drinks identified as being from the home food supply, 
the respondent was asked, “Did you use salt or a salt substitute in preparing any of these items?” 
If the answer was yes, an additional question was asked: “During preparation, which 
foods/drinks did you use salt in and which ones did you use a salt substitute in? I have listed 
(FOODS/DRINKS identified as being from the home food supply).” Items prepared without salt 
or with a salt substitute had all their optional salt removed before their nutrient contributions 
were calculated. Household members other than the main meal-planner/preparer were not asked 
about salt in preparation, so the salt adjustment process was not applied to their intake data. 

1994:	A	shift	to	food‐specific	questions	

Starting in the CSFII 1994, the interview method shifted away from asking salt questions for 
each eating occasion and toward asking them only for targeted types of food. As in earlier 
surveys, a Food Instruction Booklet (FIB) was used to help interviewers ask appropriate 
questions for various categories of foods and drinks, in order to elicit the type of detail needed 
for coding (17). An innovation in the FIB for CSFII 1994-1996, 1998 was the inclusion of an 
added salt question in the probes for several food categories (cooked cereals; pasta, noodles, and 
macaroni; rice; eggs and egg substitutes; white potatoes; French fries and tater tots; sweet 
potatoes; vegetables and dry beans; beef, lamb, veal, and game meats; ham and pork; liver and 
organ meats; poultry; fish; and home-made mixed dishes, casseroles, stews, and soups).  

This change affected respondent burden in two opposing ways. On the one hand, respondent 
burden was eased by restricting questions on the use of salt in cooking to a subset of foods – i.e., 
only those foods for which the use of salt in cooking is common. On the other hand, respondent 
burden was increased by asking these questions for all instances of consuming these types of 
foods, without regard to whether they were from the home food supply or not. 

The question was “Was salt used in cooking or preparing the (FOOD)?” and the answer options 
were “don’t know,” “no salt,” and “salt used.” If a respondent reported that no salt was used in 
preparation, then during data processing all the optional salt was removed from the food item 
before its nutrient contributions were calculated.  
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Another change that was initiated in 1994 concerned the survey sampling unit. Formerly, 
households had been sampled. Starting in 1994, selected individuals within a household were 
sampled. For this reason, there was no assurance that a household’s main meal-planner/preparer 
would be among the members of the household who were eligible for the survey. Additionally, 
beginning in 1994, questions about the use of salt in preparation were asked of all respondents, 
not just main meal-planner/preparers as in previous surveys. This change had implications for the 
validity of responses to questions about the use of salt in cooking and will be discussed later.  

2002:	Reducing	respondent	burden	in	the	automated,	integrated	survey	

In preparation for any new round of data collection, many aspects of survey methodology are 
examined. One tool used in attempting to improve survey methods is interviewer debriefing. As 
explained in the Encyclopedia of Survey Research Methods, “As the project staff members who 
most closely interact with respondents, interviewers provide a unique perspective on how 
questions are answered by respondents and which questions may be difficult to ask or answer” 
(18). Structured debriefing sessions conducted with the dozens of interviewers who collected 
over 41,000 days of intake data in the CSFII 1994-1996, 1998 indicated that the question on salt 
in preparation was repetitive and slowed down the interview. Examination of survey data 
revealed that nearly 60 percent of the time, respondents answered “yes” or “no” to the question 
about use of salt in cooking when the food in question had been obtained from a restaurant – a 
situation in which they could not realistically be expected to know the answer (19).  

Pilot studies are often used to test the effectiveness of proposed changes in survey methods. One 
question addressed by a pilot study conducted in 1999-2000 was whether the method used to 
collect salt intake data could be streamlined. Rather than asking a question about salt in cooking 
for each food, the Pilot Study 1999-2000 interview method included a single question on salt in 
cooking that was asked after the entire day’s food intake data collection was completed. That 
question was, “How often is ordinary salt or seasoned salt added in cooking or preparing foods in 
your household? Is it never, rarely, occasionally, or very often?” The answer to that question 
determined the level of optional salt that was applied to all of a respondent’s foods that were 
eligible for salt adjustment.  

Those adjustment levels were derived through determining, for each respondent in the CSFII 
1994-1996, 1998, the proportion of eligible foods with salt added in cooking. For example, for a 
person who reported 4 foods eligible for salt adjustment and who said salt was used in preparing 
2 of those foods and not in the other 2, the proportion of eligible foods with salt added in cooking 
was 50 percent. About one-third of all Pilot Study 1999-2000 responses to the household salt use 
question fell into each of the categories “never/rarely,” “occasionally,” and “very often.” For that 
reason, respondents in the CSFII 1994-1996, 1998 were divided into three groups based on their 
proportion of eligible foods with salt added in cooking. The percentage at the midpoint of the 
intakes for each group was used as the basis for setting the adjustment level for the 
corresponding Pilot Study response option. In the CSFII, one-third of respondents had no eligible 
foods (0 percent) with salt added in cooking, so the “never/rarely” adjustment level omitted all 
optional salt. The midpoint of the second CSFII group was 33 percent of eligible foods with salt 
added in cooking, so the “occasionally” level was set at 67 percent of optional salt omitted. The 
midpoint of the third group was 88 percent of eligible foods with salt added in cooking, so the 
“very often” level was set at 12 percent of optional salt omitted. As shown in table 3, the method 
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used in the Pilot Study 1999-2000 yielded mean sodium intake estimates that did not differ 
significantly from the CSFII 1996 estimates. 

Table 3. Sodium intakes from food: Mean amounts consumed per individual, CSFII 1996 
and Pilot Study 1999-2000 

Gender and age 
(years) 

CSFII 1996 Pilot Study 1999-2000 Difference 

Sample 
size 

Sodium 
(mg) 

Sample 
size 

Sodium 
(mg) 

Sodium 
(mg) 

P 
value 

Males 20+ 1704 4009  225 4068 59 0.8434 

Females 20+ 1532 2768 227 2798 30 0.8166 

Source: Continuing Survey of Food Intakes by Individuals 1996 and Pilot Study 1999-2000, adults age 20 years and 
over, Day 1 dietary intake data, weighted. 
 
In 2000, a Dietary Methodology Review Panel composed of five university-affiliated researchers 
who were not Federal employees convened to assess the effectiveness of the AMPM in 
collecting accurate and complete dietary data. As part of their assessment, the panel was 
presented with the results displayed in table 3 and asked to comment on the validity of replacing 
food-specific questions about the use of salt in cooking with one general question. As stated in 
the 2001 final report (unpublished), they concluded that “using default values for … amount of 
salt used during cooking is an appropriate way to streamline the dietary interview and the 
processing of the data.” The application of the response to a single question on household salt 
use to modify the optional salt in all foods eligible for salt adjustment was implemented in 
WWEIA, NHANES 2002-2008.  

There were slight differences between the adjustment levels associated with the question’s 
response options in the Pilot Study and those actually used in WWEIA, NHANES (as outlined in 
table 1). The adjustment level used when the respondent said salt was “never” or “rarely” used in 
household food preparation was the same in WWEIA, NHANES as in the Pilot Study – i.e., all 
optional salt (100 percent) was omitted. There were two reasons for modifying the adjustment 
levels applied to the other response options: (a) to make them more intuitive and easily 
interpretable than those used in the Pilot Study and (b) to accommodate a change in the rationale 
for setting the adjustment level associated with the “very often” response option. Regarding the 
second reason, since “always” is not among the response options for this question, it is 
reasonable to assume that respondents in households where salt is always or nearly always used 
in cooking will choose the “very often” option. In the CSFII 1994-1996, 1998, the proportion of 
eligible foods with salt added in cooking was 100 percent for the majority of respondents in the 
highest intake group. In other words, for most individuals in the highest intake group, all foods 
eligible for salt adjustment had salt added in cooking. For that reason, it was considered 
reasonable to retain all optional salt for respondents who chose “very often,” the highest 
available response option. The remaining adjustment level, corresponding to a response of 
“occasionally,” was then set at the midpoint of the range between the “never/rarely” and “very 
often” levels, i.e., 50 percent. WWEIA, NHANES 2003-2004 was the first data release that had 
these levels of salt adjustment applied throughout the entire survey cycle. For that period, salt 
intake was 4,090 mg for men age 20 years and over and 2,911 mg for women the same age.   
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With respect to identifying foods that require salt adjustment, the USDA Automated Multiple-
Pass Method (AMPM) recall used in WWEIA, NHANES since 2002 includes a question “Did 
you eat this meal at home?” but does not collect information on which foods were brought into 
the home and eaten elsewhere. For that reason, it is no longer possible to identify all foods that 
were from the home food supply (and, therefore, likely to have been prepared at home) in the 
same manner as in earlier surveys. Beginning in 2002, the criterion that determined whether a 
food was considered likely to have been cooked or prepared at home was whether it was 
obtained from the store rather than any other location (e.g., a restaurant, fast food place, school 
cafeteria, and so forth).   

Factors	prompting	discontinuation	of	salt	adjustment	of	eligible	foods	in	
What	We	Eat	in	America,	NHANES	

A number of considerations have called into question the value, as well as the validity, of 
continuing the salt adjustment procedure.   

Use	of	store	purchase	as	a	proxy	indicator	of	home	preparation	is	no	longer	
appropriate	

Developments in food marketing have blurred the line between “home” and “away” food. A 
dramatic increase has occurred not only in the range of stores that sell food (e.g., superstores, 
food/drug combination stores, convenience stores) but also in the availability of fully- and 
partially-prepared foods from those stores (20). As expressed by the Food Marketing Institute, 
“Many food retailers today … are entering the foodservice business” with expanded offerings of 
entrée and meal options (20). In a 2006 ACNielsen survey of internet users, nearly two-thirds of 
North American consumers said they purchased ready-to-eat meals from a store (including 
restaurants, but not fast food places) either frequently or occasionally (21). In that study, for the 
U.S. consumers who said they buy ready-to-eat meals from a store, a grocery store was the type 
of store from which they are most often purchased (21). Another survey, conducted by Packaged 
Facts (a division of MarketResearch.com) in 2010, reported that 64 percent of adult consumers 
had purchased a ready-to-eat or heat-and-eat food from a grocery store or supermarket in the 
previous month (22). In rural Texas, Creel et al. found that nearly 60 percent of the opportunities 
for obtaining fast food were offered by convenience stores or supermarkets/grocery stores (23).  

Increased use of ready-to-eat foods suggests the likelihood that fewer store-bought foods are 
being cooked or prepared at home. It is known that less time is spent on cooking now than in 
1985. Time use studies indicate that in 1985 women spent on average approximately 80 minutes 
per day on food preparation, including cleanup (24). By 2006-2008, time allotted to this task had 
decreased to 47 minutes per day (25). Time spent in food preparation by men (<20 minutes per 
day) remained low throughout the time period and did not compensate for the decrease noted 
among women.   

This greater use of ready-to-eat foods from the store has important implications, since store-
purchased foods that are in categories considered likely to be home-prepared are eligible for salt 
adjustment. For example, if purchased from a grocery store, a food described as roasted chicken 
is eligible for salt adjustment – even though it is now possible to buy a ready-to-eat roasted 
(“rotisserie”) chicken from the store. The recent trend toward increased purchases of prepared 
foods from stores calls into question the assumption that the level of salt in “home” foods is at 
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the discretion of a cook within the household. If the criterion of being purchased from a store is 
no longer a good indicator that the food is home-prepared, then the application of the salt 
adjustment procedure could be leading to underestimation of total sodium intake. 

Compounding the problem of the availability of foods in stores in varying states of preparedness 
(from basic ingredients to ready-to-eat form) is the fact that many respondents may not be 
knowledgeable about their households’ food preparation practices (including whether items are 
cooked “from scratch” and, if so, how they are prepared). In earlier USDA surveys, the 
interviewer visited the home, and it was possible to compensate for a non-cooking respondent’s 
lack of knowledge about household food preparation by consulting the main meal-
planner/preparer. Now, with WWEIA interviews being conducted with selected household 
members in the Mobile Examination Center (day 1) or over the telephone (day 2), there is little 
chance of being able to supplement the respondent’s knowledge by consulting another, more 
knowledgeable household member. Yet, as mentioned earlier, it is known from previous USDA 
surveys that participants will provide a response to the salt-in-cooking question even when it is 
highly unlikely that they really know the answer, thus compromising the validity of its 
application in the salt adjustment procedure.  

Shift	toward	eating	away	from	home	translates	into	decreased	contribution	of	
home	food	to	total	sodium;	smaller	role	for	salt	adjustment	

A substantial increase in eating away from home took place between the late 1970’s and the mid-
1990’s (26) and continued through the beginning of the 21st century (27). Even though a slight 
recession-driven decrease occurred in food away from home beginning in 2007 (28-29), away-
from-home eating still constitutes a significant proportion of food intake, accounting for nearly 
half of all food dollars in 2010 (29). The percentage of total daily calories eaten away from home 
more than doubled over a 30-year period, from 17 percent in 1977-78 to 35 percent in 2007-2008 
(30-31).  

Many of the foods and beverages consumed away from home are obtained from restaurants and 
fast food places. In 2007-2008, the top sources of food/drink other than stores were fast food 
places and restaurants (unpublished data). At that time, 53 percent of individuals age 2 years and 
over obtained at least 1 item from a restaurant or fast food place on any given day (32). The 
sodium density (mg/1,000 kcal) of foods from restaurants and fast food places is higher than that 
of foods purchased at the store (as shown in reference 2, page 145, table 5-9). This higher density 
is reflected in these foods’ disproportionate contribution to daily sodium intake. For individuals 
who reported consuming food/drink from restaurants/fast food establishments in 2007-2008, 
items from these sources accounted for 43 percent of daily food energy but 50 percent of sodium 
(32).  

Since salt adjustment applies only to foods likely to be cooked at home (see table 2), the shift 
toward eating away from home means that a lower proportion of food overall is eligible for salt 
adjustment. Due to the higher sodium density of away-from-home food relative to food from 
home, the shift toward eating away from home means that a lower percentage of daily sodium 
intake is attributable to food from home. The combined effect of these factors has been to 
diminish the impact of salt adjustment since the time when the procedure was instituted.  
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AMPM	sodium	intake	estimates	compare	favorably	to	urinary	biomarker	
when	salt	adjustment	is	not	applied	 

For estimating sodium intake, the analysis of urine collected during a 24-hour period is widely 
accepted to be the “gold standard,” i.e., more accurate and reliable than dietary self-reports (2). 
Likewise, the AMPM has been called “the current state-of-the-art 24-hour dietary recall 
instrument” (33). Although 24-hour urinary sodium data are not available from nationally 
representative surveys in the U.S., a large validation study using this biomarker evaluated the 
accuracy of the AMPM method for the collection of sodium intakes (34).  

The USDA AMPM Validation Study was conducted from 2002-2004 with a sample of 524 
volunteers age 30 to 69 years. The primary objective of the study was to validate the AMPM 24-
hour dietary recall method as a means of collecting energy intakes using the doubly-labeled 
water technique (35). Using data from the 472 subjects who completed at least one 24HR and 
collected a complete 24-hour urine corresponding to the dietary recall period, the validity of 
sodium intake as measured by the AMPM was assessed.  

Dietary sodium intakes were estimated using the sodium values released in FNDDS 1.0 (36), 
which included the salt assumed to be added in cooking – in other words, without applying the 
salt adjustment step described in this paper. At the time when AMPM Validation Study data 
were collected, intake of tap and plain bottled water was not collected in the AMPM recall (37). 
Salting at the table was not quantified, nor was intake of sodium-containing supplements and 
medications collected.  

Reporting accuracy was calculated as the ratio of sodium intake estimated using data collected 
by the AMPM dietary recall to that estimated using the urinary sodium biomarker (34). As 
shown in table 4, the AMPM-derived mean dietary sodium estimates reflected 92% and 90% of 
the biomarker-based estimates for men and women, respectively (34). Thus, the study 
demonstrated that the USDA AMPM is a valid measure for estimating sodium intakes at the 
group level. 
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Table 4. Sodium intakes (mg/day) estimated by dietary recall1 and urinary biomarker2 and 
reporting accuracy of recall, by gender, USDA AMPM Validation Study  

  Males (n=232) Females (n=233) 

  Sodium intake (mg/day) 

Based on: 
Geometric 

mean 95% CI 
Geometric 

mean 95% CI 

 Dietary recall1 4182 (3989, 4385) 3177 (3030, 3332) 

 Urinary biomarker2 4546 (4334, 4768) 3534 (3368, 3707) 

      

  Ratio of sodium intake estimated by dietary recall to that 
estimated by urinary biomarker 

  Ratio 95% CI Ratio 95% CI 

Reporting accuracy 0.92 (0.88, 0.96) 0.90 (0.86, 0.94) 
Source: USDA AMPM Validation Study (34), adults age 30-69 years, 2-days. 
1Dietary recall data collected via USDA Automated Multiple-Pass Method (AMPM). 
2Sodium intake based on urinary biomarker was calculated as 24h urinary sodium divided by 0.86, based on the 
assumption that 86 percent of ingested sodium is excreted in the urine (38). 
 
Due to the AMPM Validation Study’s exclusion of sodium from salting at the table, tap and 
plain bottled water, supplements, and medications (which would all be reflected in the urinary 
biomarker but not the dietary recall sodium estimate), the finding of reporting accuracy ratio 
estimates lower than 1.00 was as expected.  The degree of agreement between the recall-based 
and biomarker-based estimates may also be affected by other factors. The dynamic nature of the 
U.S. food supply can result in mismatches between the amount of sodium in foods eaten by 
individuals and the FNDDS sodium values assigned to those foods during the coding process, 
potentially leading to either over- or underestimates of dietary sodium. Routine updating to keep 
food composition databases current is essential. Although both over- and underreporting occur 
when dietary intake methods rely on self-reports, on the whole the 24HR tends to underestimate 
total caloric intake (33, 35, 39), and sodium intake is highly correlated with total caloric intake 
(2, 5, 40). The net effect of these factors on the reporting accuracy in the AMPM Validation 
Study – or in any study – is impossible to determine. That said, if the salt adjustment data 
processing step, which always lowers sodium intake estimates, had been applied to the estimates 
in table 4, it would have led to an apparent decrease in reporting accuracy.  

Process	of	salt	adjustment	is	not	congruent	with	Canadian	method	of	
estimating	sodium	intake	

In recent years there has been a move toward harmonization of dietary assessment methodology 
between the U.S. and Canada, such as in the development of the Dietary Reference Intakes 
(DRIs) (3). Despite some differences, many aspects of food consumption in Canada and the U.S. 
are relatively similar (41). In the 2004 Canadian Community Health Study, the USDA 
Automated Multiple Pass Method was used to collect dietary intakes. No adjustment of salt 
levels to reflect the frequency of salt use in cooking was done in the process of estimating the 
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sodium intakes of the Canadian population (42). Sodium intakes are slightly lower in Canada 
than in the U.S. for several age groups, and differences might have been slightly greater if salt 
adjustment had been performed on the Canadian data (42). Mean sodium intake for Canadians 
age 1 year and over is 3,098 mg/day (43). 

Discontinuation	of	salt	adjustment	in	WWEIA,	NHANES	2009‐2010	
onward:	Impact	and	policy	implications	 

It is worthwhile to collect general information about the use of salt in food preparation in order 
to address a number of research questions, such as whether behavior change occurs in the 
direction of following Dietary Guidelines messages on limiting sodium in the diet. For that 
reason, the question on use of salt in household food preparation will remain a part of the AMPM 
interview. However, application of this information in adjusting the salt content of selected foods 
in a specific day’s intake, as described in this report, is questionable at best. Due to the several 
reasons discussed that call into question the value and validity of salt adjustment as it has been 
implemented since 2002, this procedure has been discontinued. The final data release to contain 
sodium data that were salt adjusted is WWEIA, NHANES 2007-2008. This salt adjustment step 
was not applied during processing of the 2009-2010 WWEIA, NHANES dietary data, nor will it 
be done in later survey cycles. 

Due to the multitude of applications for which WWEIA, NHANES dietary data are used, it is 
important to consider how large an impact the process of salt adjustment has had and what the 
ramifications of ceasing this data processing step will be.  

Impact	on	mean	estimates	of	sodium	intake	

The effect of salt adjustment on 2007-2008 estimates of sodium intake is illustrated in table 5. 
With salt adjustment, the estimated mean daily sodium intake for all individuals age 2 years and 
over in 2007-2008 was 3,330 mg. Without salt adjustment, it was 3,460 mg, i.e., 3.9 percent 
higher. The pattern is similar across gender/age groups, and differences are statistically 
significant for all age groups (p<.001). 

Sodium intakes with and without salt adjustment are presented in appendix 1 by race/ethnicity 
and by income as a percentage of poverty. For the inclusive age group 2 years and over, for all 
race/ethnicity (table A1-1) groups and income categories (table A1-2), mean daily sodium 
intakes were 3 to 4 percent higher without salt adjustment.  
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Table 5. Sodium intakes from food: Comparison of mean daily amount (mg) with and 
without salt adjustment, by gender and age, 2007-2008 
  Mean daily sodium intake (mg) 

Gender and 
age (years) 

Sample 
size 

With salt 
adjust-
ment SE 

Without 
salt 

adjust-
ment1 SE 

Difference2  
(mg) 

Relative 
difference3 
(percent) 

Males:  
2-5 455 2265 (39.5) 2339 (44.7) 73 3.2 
6-11 550 3169 (104.4) 3238  (104.9) 69 2.2 
12-19 607 3990 (129.2)   4093  (131.1) 103 2.6 
20-29 409 4363 (174.1)   4561   (184.2) 198 4.5 
30-39 451 4231 (89.3) 4382 (89.5) 151 3.6 
40-49 412 4391 (156.9) 4591 (159.2) 200 4.6 
50-59 431 4030 (175.9) 4207 (175.7) 177 4.4 
60-69 459 3517 (123.1) 3678 (128.3) 161 4.6 
70 and over 500 3012 (116.8) 3215 (117.7) 203 6.7 
  
20 and over 2662 4043 (80.3) 4224 (81.3) 182 4.5 
  
Females:  
2-5 377 2189 (67.4) 2251 (67.7) 62 2.8 
6-11 571 2717 (95.9) 2802 (95.4) 85 3.1 
12-19 549 3013 (143.6) 3096 (137.3) 83 2.8 
20-29 409 3009 (119.6) 3107 (118.3) 99 3.3 
30-39 482 3058 (154.7) 3161 (161.6) 103 3.4 
40-49 466 3027 (121.4) 3143 (132.2) 116 3.8 
50-59 413 2936 (105.9) 3031 (108.3) 96 3.3 
60-69 465 2674 (71.6) 2795 (70.9) 121 4.5 
70 and over 523 2364 (57.5) 2543 (58.8) 179 7.6 
  
20 and over 2758 2884 (40.1) 3000 (42.7) 115 4.0 
  
Males and females:  
2 and over 8529 3330 (52.1) 3460 (54.1) 130 3.9 
Source: What We Eat in America, NHANES 2007-2008, individuals age 2 years and older (excluding breastfed 
children), Day 1 dietary intake data, weighted.  
1For each sex/age group, sodium mean without salt adjustment differs significantly from sodium mean with salt 
adjustment (p<.001). 
2Calculated as sodium mean without salt adjustment - sodium mean with salt adjustment.   
3Calculated as [(sodium mean without salt adjustment - sodium mean with salt adjustment) ÷ sodium mean with salt 
adjustment] x 100. 
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Impact	on	usual	intake	distributions	of	sodium	

In order to assess intake of a nutrient relative to DRIs such as the Adequate Intake (AI) or the 
Tolerable Upper Intake Level (UL), usual intake distributions should be calculated (44-45). 
Estimated usual intake distributions and the proportion of the population with intake above the 
AI and UL for sodium with and without salt adjustment applied are presented in appendix 2.  

Even with salt adjustment, the mean (and median) intakes of all sex/age groups greatly exceed 
the AI (table 2A-1). In fact, fewer than 5 percent of individuals in any lifestage/gender group 
have intakes that do not exceed the AI, even with salt adjustment (tables 2A-1 and 2A-2). The 
prevalence of inadequate sodium intakes in the U.S. is probably extremely low. 

Rather, given the nature of the concern about sodium and health in the U.S., i.e., the prevalence 
of high sodium intakes, the nutrition community will primarily be interested in the impact of 
discontinuing the salt adjustment processing step on the proportion of the population with 
sodium intake above the UL. As can be seen by comparing the “% above UL” columns of tables 
2A-1 and 2A-2, it is estimated that, for all individuals age 1 year and over, 88 percent of the 
population exceeds the UL for sodium when salt adjustment is not conducted, versus 84 percent 
when salt adjustment is conducted. For the 22 sex/age groups, when the salt adjustment step was 
performed on 2007-2008 intakes, the percentage of the group with intake above the UL ranged 
from 52 percent of women age 70 years and over to over 97 percent of boys age 9 to 13 and men 
age 19 to 50 years (table A2-1). When intakes for the same survey years were estimated without 
salt adjustment, the percentage of the group with intake above the UL was from 1 to 13 
percentage points higher in all groups (except those that had already reached the highest level 
presented, i.e., over 97 percent; table A2-2). The biggest difference was for women age 70 years 
and over.    

Implications	for	analysis	

As noted earlier, there is intense interest in the ability to monitor sodium consumption and track 
the success of efforts aimed at lowering intakes. Researchers and policymakers will wish to 
compare newer estimates of sodium intake against intakes prior to the initiation of various 
strategies aimed at reducing sodium.  

For any analysis using WWEIA, NHANES data to monitor sodium intake over time, it will be 
crucial to use baseline estimates that are calculated in a manner comparable to the new estimates, 
i.e., without the salt adjustment processing step. Failure to use comparable baseline estimates 
could result in spurious findings of a lack of effect of sodium reduction strategies. This report 
provides baseline estimates without salt adjustment for 2007-2008 in table 4 and appendixes 1 
and 2. In addition, tables are provided on the FSRG website displaying similar adjusted and 
unadjusted WWEIA, NHANES 2007-2008 sodium intake estimates along with 2009-2010  
estimates calculated in the new manner (i.e., without the salt adjustment procedure; 46). 

For researchers who wish to conduct their own analyses of WWEIA, NHANES data for any 
survey cycle up to 2007-2008, sodium values provided in the version of FNDDS corresponding 
to the relevant survey data release can be used to recalculate total sodium intakes for the 
population(s) of interest. The 2001-2002 survey cycle is not included due to confidentiality 
issues regarding slight differences in methodology between the survey years; see table 2, 
footnote 3.  Additionally, appendix 3 provides, by survey cycle, PDF files listing the food codes 
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that were eligible for salt adjustment in conjunction with the sodium values (per 100 grams) 
assigned to those foods during the adjustment procedure. As stated earlier in this report, the 
choice of which sodium value to employ depended upon the response to the question about salt 
use in cooking or preparing foods in the household – a reply of “very often” resulted in 100% of 
optional salt being included (this level corresponds to the FNDDS sodium value); 
“occasionally,” 50% of optional salt included; and “never” or “rarely,” 0% of optional salt 
included. These files of salt adjustment values, as well as this report, are being provided by 
FSRG to ensure that researchers have the tools needed to correctly interpret any observed change 
in sodium intakes.  

In consideration of the need to continue providing accurate estimates of sodium intake to 
measure progress towards public health goals, a number of additional efforts are underway. 
FSRG and NDL have collaborated in identifying processed foods frequently reported in 
WWEIA, NHANES for analysis of their nutrient composition, including sodium. These foods 
have been sampled from across the country, from both retail stores and popular restaurants, so as 
to provide nutrient data that are more representative of the foods consumed. The new 
composition data will be disseminated, as usual, in successive SR and FNDDS releases. FSRG is 
also reviewing survey methodology to enhance dietary reporting of sodium. Each year, the 
AMPM is updated to assure that questions and response options elicit the necessary details about 
foods reported by survey respondents. Over the past few years, the AMPM updates have 
increasingly focused attention on sodium, as well as on food reformulations (including 
fortification and the incorporation of whole grains). The recipes that make up the foods in 
FNDDS also undergo continual review and updating to accurately reflect the most common 
current food preparation practices. All of these efforts support the ongoing assessment of sodium 
intake by the population. 

Summary	

The ability to estimate sodium intake accurately is of public health importance. The USDA 
24HR method (the AMPM) and its database for coding dietary intake survey data and calculating 
nutrient intakes (the FNDDS) are strong tools used in estimating population intakes to monitor 
the nutritional health of the nation. Adjustment of salt levels in home-prepared foods consumed 
by individuals who said their households cooked with salt only occasionally or less often was 
once considered to be a useful way to produce sodium intake estimates more reflective of actual 
intakes. Although the addition of salt in food preparation is a factor in sodium intake, it is a very 
minor one compared to the use of processed food. Secular changes in food preparation practices 
(such as the fact that about two-thirds of U.S. adults frequently or occasionally obtain ready-to-
eat meals from the store) call into question one of the assumptions on which the salt adjustment 
process was founded, namely, that individuals have control over the salt content of home-
prepared food. Current survey respondents may or may not be knowledgeable about cooking 
practices within their homes. The AMPM produces sodium intake estimates that reflect 90 
percent or more of sodium intake as estimated by the urinary sodium biomarker, and it does not 
appear as if application of salt adjustment, which has been shown to lower the AMPM-derived 
dietary sodium estimates by approximately 4%, would enhance the accuracy of those estimates. 
For those reasons, the process of adjusting optional salt in eligible foods is being discontinued in 
WWEIA, NHANES 2009-2010 and all subsequent surveys. Estimates of sodium intakes in 2007-
2008 calculated without the data processing step of salt adjustment are included in this report and 
its appendixes in order to provide comparable baseline values for monitoring changes in sodium 
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intakes. Additionally, listings of salt adjustment values for eligible foods in WWEIA, NHANES 
2003 through 2008 are included in an appendix. Among future efforts to enhance validity of 
sodium intake estimates, updating the food composition database will be a high priority. 

References	

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

2. Institute of Medicine. 2010. Strategies to reduce sodium intake in the United States. 
Washington, DC: National Academies Press. Available from: 
http://www.nap.edu/catalog.php?record_id=12818 [accessed December 2, 2011].  

3. Institute of Medicine. 2005. Dietary Reference Intakes for water, potassium, sodium, 
chloride, and sulfate. Washington, DC: National Academies Press. Available from: 
http://www.nap.edu/catalog.php?record_id=10925 [accessed December 2, 2011]. 

4. U.S. Department of Agriculture and U.S. Department of Health and Human Services. 2010. 
Dietary Guidelines for Americans, 2010 (7th edition). Washington, DC: U.S. Government 
Printing Office. Available from: http://www.cnpp.usda.gov/DietaryGuidelines.htm [accessed 
December 2, 2011].  

5. Hoy MK, Goldman JD, Murayi T, Rhodes DG, Moshfegh AJ. Sodium intake of the U.S. 
population: What We Eat In America, NHANES 2007-2008. Food Surveys Research Group 
Dietary Data Brief No. 8. October 2011. Available at: 
http://ars.usda.gov/Services/docs.htm?docid=19476 [accessed January 10, 2012]. 

6. Centers for Disease Control and Prevention. Usual sodium intakes compared with current 
dietary guidelines – United States, 2005-2008. MMWR Morb Mortal Wkly Rep 2011 Oct 
21;60(41):1413-1417. Available from: http://www.cdc.gov/mmwr/pdf/wk/mm6041.pdf 
[accessed March 29, 2012]. 

7. U.S. Department of Agriculture, Agricultural Research Service. 2010. Nutrient intakes from 
food: Mean amounts consumed per individual, by gender and age, What We Eat in America, 
NHANES 2007-2008. Available from: 
http://www.ars.usda.gov/SP2UserFiles/Place/12355000/pdf/0708/Table_1_NIN_GEN_07.pd
f [accessed January 10, 2012].     

8. Loria CM, Obarzanek E, Ernst ND. Choose and prepare foods with less salt: Dietary advice 
for all Americans. J Nutr 2001;131(2S-1):536S-551S. Available from: 
http://jn.nutrition.org/content/131/2/536S.long [accessed January 10, 2012].  

9. U.S. Department of Agriculture, Food Surveys Research Group. Food and Nutrient Database 
for Dietary Studies. Available from: 
http://www.ars.usda.gov/Services/docs.htm?docid=12089 [accessed January 10, 2012].  

10. U.S. Department of Agriculture, Agricultural Research Service. 2011. USDA National 
Nutrient Database for Standard Reference, Release 24. Available from: 
http://www.ars.usda.gov/ba/bhnrc/ndl [accessed May 22, 2012]. 



19 
 

11. Omelette for a crowd recipe: Paula Deen: Food Network. Available from: 
http://www.foodnetwork.com/recipes/paula-deen/omelette-for-a-crowd-recipe2/index.html 
[accessed January 10, 2012]. 

12. Simple summer spaghetti: Jamie Oliver Recipes (UK). Available from: 
http://www.jamieoliver.com/recipes/pasta-recipes/simple-summer-spaghetti [accessed 
January 10, 2012].  

13. Cilantro-lime rice recipe: Emeril Lagasse: Recipes: Cooking Channel. Available from: 
http://www.cookingchanneltv.com/recipes/emeril-lagasse/cilantro-lime-rice-
recipe/index.html [accessed January 10, 2012].  

14. Baby carrots recipe: Rachael Ray: Food Network. Available from: 
http://www.foodnetwork.com/recipes/rachael-ray/baby-carrots-recipe/index.html [accessed 
January 10, 2012].  

15. U.S. Department of Health and Human Services, Centers for Disease Control and Prevention. 
January 1999 (rev. January 2000). NHANES 1999-2000 Dietary Interviewer Procedure 
Manual (chapter 6). Available from: http://www.cdc.gov/nchs/data/nhanes/dr-6.pdf [accessed 
March 27, 2012].  

16. U.S. Department of Health and Human Services, Centers for Disease Control and Prevention. 
National Health and Nutrition Examination Survey 1999 - 2000 Data Documentation, 
Codebook, and Frequencies: Dietary Interview (Individual Foods File) (DRXIFF). Available 
from: http://www.cdc.gov/nchs/nhanes/nhanes1999-
2000/DRXIFF.htm#Data_Processing_and_Editing [accessed March 27, 2012]. 

17. U.S. Department of Agriculture, Agricultural Research Service. 1997. What We Eat in 
America food instruction booklet: Supplemental Children’s Survey [used in CSFII 1998]. 
Available from: http://www.ars.usda.gov/SP2UserFiles/Place/12355000/pdf/FIB.pdf 
[accessed December 1, 2011]. 

18. Carley-Baxter L. 2008. Interviewer debriefing. In: Encyclopedia of survey research methods 
[PJ Lavrakas editor]. Thousand Oaks, CA: SAGE Publications, Inc.  

19. Ahuja JKC, Steinfeldt LC, Perloff BP. Data needs versus outcomes in a national survey 
[abstract]. FASEB J 1999;13(4):A603 (abstract 465.2).  

20. Food Marketing Institute. 2007. Food retailing in the 21st century – Riding a consumer 
revolution. FMI Backgrounder. Available from: 
http://www.fmi.org/docs/media/bg/FoodRetailing.pdf [accessed December 1, 2011].  

21. ACNielsen. 2006. Consumers and ready-to-eat meals: A global ACNielsen report. Available 
from: http://dk.nielsen.com/reports/GlobalRTEReportDec06.pdf [accessed December 1, 
2011]. 

22. Packaged Facts (a division of MarketResearch Group, LLC). Prepared food and ready-to-eat 
foods at retail: The new competition to foodservice. Available from: 
http://www.packagedfacts.com/Prepared-Foods-Ready-2694891/ [accessed December 1, 
2011]. 



20 
 

23. Creel JS, Sharkey JR, McIntosh A, Anding J, Huber JC Jr. Availability of healthier options in 
traditional and nontraditional rural fast-food outlets. BMC Public Health 2008;8:395 (9 
pages). Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2614433/pdf/1471-
2458-8-395.pdf [accessed February 14, 2012]. 

24. Zick CD, Stevens RB. Trends in Americans’ food-related time use: 1975–2006. Public 
Health Nutr 2010;13:1064-1072. Available from: http://dx.doi.org/ 
10.1017/S1368980009992138 [accessed January 10, 2012]. 

25. Hamrick KS, Andrews M, Guthrie J, Hopkins D, McClelland K. 2011. How much time do 
Americans spend on food? U.S. Department of Agriculture, Economic Research Service, 
Economic Information Bulletin No. 86. Available from: 
http://www.ers.usda.gov/Publications/EIB86/ [accessed December 2, 2011].  

26. Guthrie JF, Lin BH, Frazao E. Role of food prepared away from home in the American diet, 
1977-78 versus 1994-96: Changes and consequences. J Nutr Educ Behav 2002;34:140-150. 
Available from: http://dx.doi.org/10.1016/S1499-4046(06)60083-3 [accessed January 10, 
2012]. 

27. Stewart H, Blisard N, Bhuyan S, Nayga RM Jr. 2004. The demand for food away from home. 
Full-service or fast food? U.S. Department of Agriculture, Economic Research Service, 
Agricultural Economic Report No. 829. Available from: 
http://www.ers.usda.gov/publications/aer829/aer829.pdf [accessed December 2, 2011]. 

28. Kumcu A, Kaufman P. 2011. Food spending adjustments during recessionary times. Amber 
Waves 2011; 9(3):10-17. Available from: 
http://www.ers.usda.gov/AmberWaves/September11/PDF/FoodSpending.pdf [accessed 
December 1, 2011]. 

29. U.S. Department of Agriculture, Economic Research Service. 2011. Food CPI and 
expenditures, table 10 – Food away from home as a share of food expenditures. Available 
from: 
http://www.ers.usda.gov/Briefing/CPIFoodAndExpenditures/Data/Expenditures_tables/table
10.htm [accessed December 1, 2011]. 

30. USDA, Human Nutrition Information Service. 1984. Nutrient intakes: Individuals in 48 
States, year 1977-78. NFCS Rep. I-2 (see table 5a). Available from: 
http://www.ars.usda.gov/SP2UserFiles/Place/12355000/pdf/7778/nfcs7778_rep_i-2.pdf 
[accessed February 13, 2012]. 

31. U.S. Department of Agriculture, Agricultural Research Service. 2010. Away from home: 
Percentages of selected nutrients contributed by foods eaten away from home, by gender and 
age, What We Eat in America, NHANES 2007-2008. Available from: 
http://ars.usda.gov/SP2UserFiles/Place/12355000/pdf/0708/Table_9_AWY_GEN_07.pdf 
[accessed January 10, 2012].  

32.  Rhodes DG, Clemens JC, Adler ME, Moshfegh AJ. Nutrient intakes from restaurants: What 
We Eat in America, 2007–2008 [abstract]. FASEB J 2012;26:1005.1. Available from: 
http://www.fasebj.org/cgi/content/meeting_abstract/26/1_MeetingAbstracts/1005.1?sid=f9e4
7c50-1f4d-4548-a28d-cf8f9921c752 [accessed May 17, 2012]. 



21 
 

33. Thompson FE & Subar AF. 2008. Dietary assessment methodology. In Nutrition in the 
Prevention and Treatment of Disease, 2nd ed.[AM Coulston and CJ Boushey, editors]. 
Boston, MA: Elsevier Academic Press. Available from: 
http://riskfactor.cancer.gov/diet/adi/thompson_subar_dietary_assessment_methodology.pdf 

34. Rhodes DG, Murayi T, Clemens JC, Baer DJ, Sebastian RS, Moshfegh AJ. 2012. The US 
Department of Agriculture Automated Multiple-Pass Method accurately assesses sodium 
intakes. Manuscript submitted for publication. 

35. Moshfegh AJ, Rhodes DG, Baer DJ, Murayi T, Clemens JC, Rumpler WV, Paul DR, 
Sebastian RS, Kuczynski KJ, Ingwersen LA, Staples RC, Cleveland LE. 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. Available from: 
http://www.ajcn.org/content/88/2/324.full.pdf [accessed January 10, 2012].  

36. U.S. Department of Agriculture, Food Surveys Research Group. FNDDS 1.0. Available 
from: http://www.ars.usda.gov/Services/docs.htm?docid=12082 [accessed May 23, 2012].  

37. Sebastian RS, Wilkinson Enns C, Goldman JD, Moshfegh AJ. Change in methodology for 
collection of drinking water intake in What We Eat in America/National Health and Nutrition 
Examination Survey: Implications for analysis. Public Health Nutr 2012 Feb 20:1-6. 
Available from: http://dx.doi.org/10.1017/S1368980012000316 [accessed May 23, 2012].  

38. Holbrook JT, Patterson KY, Bodner JE, Douglas LW, Veillon C, Kelsay JL, Mertz W, Smith 
JC Jr. Sodium and potassium intake and balance in adults consuming self-selected diets. Am 
J Clin Nutr 1984;40 Suppl 6:1390-1392. Available from: 
http://www.ajcn.org/content/40/4/786.full.pdf [accessed January 10, 2012].  

39. Livingstone MB, Black AE. Markers of the validity of reported energy intake. J Nutr 
2003;133 Suppl 3:895S-920S. Available from: 
http://jn.nutrition.org/content/133/3/895S.full.pdf [accessed March 29, 2012]. 

40. U.S. Department of Agriculture, Agricultural Research Service, Food Surveys Research 
Group. 2010. Estimated correlations: Energy & sodium and energy & potassium, 2005-2006. 
Available from: 
http://www.cnpp.usda.gov/Publications/DietaryGuidelines/2010/Meeting5/Correlations-
SodiumAndPotassium-2005-2006.pdf [accessed March 29, 2012].  

41. Agriculture and Agri-Food Canada, International Markets Bureau. 2010. Comparative 
consumer profile: Canada and the United States (see table 5). Available from: 
http://www.ats-sea.agr.gc.ca/info/5645-eng.htm#c [accessed March 29, 2012]. 

42. Garriguet D. Sodium consumption at all ages. Health Rep 2007 May;18(2):47-52. Available 
from: http://www.statcan.gc.ca/pub/82-003-x/2006004/article/sodium/9608-eng.pdf 
[accessed January 10, 2012].   

43. Fischer PW, Vigneault M, Huang R, Arvaniti K, Roach P. Sodium food sources in the 
Canadian diet. Appl Physiol Nutr Metab 2009;34(5):884-892. Available from: 
http://www.nrcresearchpress.com/doi/pdf/10.1139/H09-077 [accessed January 10, 2012]. 



22 
 

44. Barr SI, Murphy SP, Poos MI. Interpreting and using the dietary references intakes in dietary 
assessment of individuals and groups. J Am Diet Assoc 2002 Jun;102(6):780-8. Available 
from: http://dx.doi.org/10.1016/S0002-8223(02)90177-X [accessed May 29, 2012].  

45. Institute of Medicine. 2000. Dietary Reference Intakes: Applications in dietary assessment. 
Washington, DC: National Academies Press. Available from: 
http://www.nap.edu/catalog.php?record_id=9956 [accessed May 22, 2012]. 

46. U.S. Department of Agriculture, Agricultural Research Service. 2012. Sodium intake 
reassessed for 2007-2008: Result of discontinuation of data processing step on salt 
adjustment, mean amounts consumed per individual, in the United States, 2007-2008 and 
2009-2010. Available from: http://www.ars.usda.gov/Services/docs.htm?docid=18349 
[accessed June 30, 2012].   

47. Moshfegh A, Goldman J, Ahuja J, Rhodes D, LaComb R. 2009. What We Eat in America, 
NHANES 2005-2006: Usual nutrient intakes from food and water compared to 1997 Dietary 
Reference Intakes for vitamin D, calcium, phosphorus, and magnesium. U.S. Department of 
Agriculture, Agricultural Research Service. Available from: 
http://www.ars.usda.gov/SP2UserFiles/Place/12355000/pdf/0506/usual_nutrient_intake_vitD
_ca_phos_mg_2005-06.pdf [accessed May 22, 2012]. 



23 
 

Appendix	1.	Mean	sodium	intake	from	food	with	and	without	salt	
adjustment,	by	race/ethnicity	and	by	income	
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Table A1-1. Sodium intakes from food: Comparison of mean daily amount (mg) with and 
without salt adjustment, by race/ethnicity and age, 2007-2008 
  Mean daily sodium intake (mg) 

Race/ethnicity and age 
(years) 

Sample 
size 

With salt 
adjustment SE 

Without 
salt 

adjustment1 SE 
Difference2 

(mg) 

Relative 
difference3 
(percent) 

Non-Hispanic white:        
2-5 295 2111 (58.5) 2166 (58.6) 54 2.6 
6-11 336 2980 (111.4) 3063 (106.9) 83 2.8 
12-19 360 3705 (151.5) 3799 (157.3) 95 2.6 
20 and over 2548 3478 (67.3) 3631 (69.4) 153 4.4 
     2 and over 3539 3402 (65.8) 3539 (69.0) 137 4.0 
        
Non-Hispanic black:        
2-5 182 2389 (114.7) 2452 (109.3) 64 2.7 
6-11 295 3107 (98.7) 3173 (98.6) 66 2.1 
12-19 311 3154 (101.6) 3224 (108.5) 70 2.2 
20 and over 1136 3270 (92.0) 3389 (89.5) 119 3.6 
     2 and over 1924 3178 (58.4) 3281 (57.0) 103 3.2 
        
Mexican American:        
2-5 217 2228 (165.8) 2331 (174.9) 103 4.6 
6-11 291 2667 (114.7) 2731 (109.6) 64* 2.4 
12-19 270 3247 (106.1) 3337 (102.6) 90 2.8 
20 and over 930 3270 (70.3) 3370 (66.9) 100 3.1 
     2 and over 1708 3097 (49.8) 3192 (46.8) 95 3.1 
        
All Hispanic:        
2-5 308 2260 (132.4) 2355 (137.2) 95 4.2 
6-11 437 2715 (95.9) 2783 (95.4) 68 2.5 
12-19 431 3239 (84.3) 3322 (87.3) 83 2.6 
20 and over 1525 3269 (47.1) 3389 (47.1) 120 3.7 
     2 and over 2701 3114 (33.3) 3221 (32.4) 107 3.4 
Source: What We Eat in America, NHANES 2007-2008, individuals age 2 years and older (excluding breastfed 
children), Day 1 dietary intake data, weighted.  
1For each race/ethnicity/age group except non-Hispanic blacks age 6-11 years and Mexican Americans age 6-11 
years, sodium mean without salt adjustment differs significantly from sodium mean with salt adjustment (p<.001). 
2Calculated as sodium mean without salt adjustment - sodium mean with salt adjustment.   
3Calculated as [(sodium mean without salt adjustment - sodium mean with salt adjustment) ÷ sodium mean with salt 
adjustment]  x  100. 
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Table A1-2. Sodium intakes from food: Comparison of mean daily amount (mg) with and 
without salt adjustment, by family income (as % of Federal poverty threshold1) and age, 
2007-2008 
Family income as % of 
Federal poverty 
threshold and age 
(years) 

 Mean daily sodium intake (mg) 

Sample 
size 

With salt 
adjustment SE 

Without 
salt 

adjustment2 SE 
Difference3 

(mg) 

Relative 
difference4 
(percent) 

Under 131% poverty:        
2-5 386 2425 (73.6) 2514 (75.9) 88 3.6 
6-11 468 2931 (104.8) 3028 (105.3) 97 3.3 
12-19 450 3262 (133.6) 3395 (147.5) 133 4.1 
20 and over 1506 3152 (74.4) 3290 (80.9) 138 4.4 
     2 and over 2810 3086 (57.8) 3215 (64.8) 129 4.2 
        
131-185% poverty:        
2-5 90 2140 (149.7) 2222 (143.2) 82 3.8 
6-11 138 3598 (358.3) 3659 (355.1) 61 1.7 
12-19 129 3792 (275.3) 3873 (269.3)  81* 2.1 
20 and over 694 3273 (114.8) 3399 (111.1) 127 3.9 
     2 and over 1051 3289 (124.0) 3403 (120.1) 114 3.5 
        
Over 185% poverty:        
2-5 298 2158 (55.6) 2208 (56.2) 50 2.3 
6-11 446 2882 (74.4) 2943 (70.0) 61 2.1 
12-19 473 3583 (175.0) 3654 (170.9) 71 2.0 
20 and over 2735 3571 (54.8) 3724 (55.8) 153 4.3 
     2 and over 3952 3454 (46.5) 3587 (45.1) 133 3.8 
        
All incomes:        
2-5 832 2230 (45.1) 2298 (47.2) 68 3.0 
6-11 1121 2933 (71.4) 3010 (71.0) 78 2.6 
12-19 1156 3505 (100.9) 3599 (101.5) 93 2.7 
20 and over 5420 3430 (57.7) 3576 (59.8) 147 4.3 
     2 and over 8529 3330 (52.1) 3460 (54.1) 130 3.9 
Source: What We Eat in America, NHANES 2007-2008, individuals age 2 years and older (excluding breastfed 
children), Day 1 dietary intake data, weighted.   
1Percent of Federal poverty threshold is based on family income, family size, and composition using U.S. Census 
Bureau poverty thresholds. The poverty threshold categories are related to Federal Nutrition Assistance Programs, 
www.fns.usda.gov.  
2For each income/age group except the 131-185% poverty group age 12-19 years, sodium mean without salt 
adjustment differs significantly from sodium mean with salt adjustment (p<.001). 
3Calculated as sodium mean without salt adjustment - sodium mean with salt adjustment.   
4Calculated as [(sodium mean without salt adjustment - sodium mean with salt adjustment) ÷ sodium mean with salt 
adjustment] x 100. 
*Indicates an estimate with a relative standard error greater than 30% and/or small sample size.  
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Appendix	2.	Usual	intakes	of	sodium	with	and	without	salt	adjustment,	2007‐2008	
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Table A2-1: Sodium (mg)+: Usual intakes# from food and water, 2007-2008, compared to Adequate Intakes (AI)† and Tolerable Upper Intake 
Levels (UL)†, with salt adjustment 
 Day 1  Percentiles of usual intakes  

AI** 

% 
above 

AI SE 

 
 

UL** 

% 
above 

UL SE Age (years) N Mean* SE  5th 10th 25th  50th  75th  90th  95th    

Males:                    
1-3 383 1955 (88.3)  1109 1255 1535 1887 2296 2715 2970  1000 >97    1500 77 (5.8) 
4-8 502 2628 (57.1)  1604 1780 2125 2568 3089 3645 4025  1200 >97   1900 86 (3.1) 
9-13 412 3572 (172.9)  2345 2555 2947 3438 3991 4552 4929  1500 >97   2200 >97  
14-18 380 4047 (154.3)  2248 2546 3129 3876 4761 5682 6281  1500 >97   2300 94 (2.6) 
                    
19-30 518 4333 (166.7)  2511 2834 3448 4207 5057 5917 6459  1500 >97   2300 >97  
31-50 890 4328 (99.1)  2608 2929 3520 4249 5064 5880 6385  1500 >97   2300 >97  
     19-50 1408 4330 (105.0)  2586 2900 3506 4245 5073 5902 6423  1500 >97   2300 >97  
                    
51-70 869 3759 (112.8)  2171 2461 2999 3669 4419 5177 5650  1300 >97   2300 93 (2.0) 
71 and over 466 3004 (121.1)  1867 2070 2462 2940 3483 4029 4380  1200 >97   2300 82 (4.5) 
     51 and over 1335 3570 (111.2)  2038 2324 2843 3499 4220 4953 5416  -- >97   2300 91 (1.9) 
          19 and over 2743 4049 (79.8)  2311 2625 3217 3955 4775 5599      6119  -- >97   2300 95 (0.6) 
                    
Females:                    
1-3 349 1926 (52.0)  1078 1230 1527 1879 2275 2672 2913  1000   97 (2.4)  1500 76 (4.5) 
4-8 435 2443 (60.2)  1534 1697 1996 2382 2822 3276 3557  1200 >97   1900 80 (3.8) 
9-13 418 2918 (125.7)  2010 2180 2498 2871 3278 3685 3929  1500 >97   2200 89 (5.2) 
14-18 339 2935 (160.8)  1659 1867 2286 2801 3404 4049  4473  1500 >97   2300 74 (6.8) 
                    
19-30 456 3059 (116.1)  1858 2074 2477 2978 3556 4144 4508  1500 >97   2300 82 (6.2) 
31-50 914 3045 (84.6)  1642 1882 2342 2929 3610 4309 4753  1500   97 (1.2)  2300 77 (2.9) 
     19-50 1370 3050 (61.6)  1714 1944 2392 2949 3591 4250 4669  1500 >97   2300 79 (2.9) 
                    
51-70 872 2802 (64.4)  1754 1941 2302 2754 3265 3794 4136  1300 >97   2300 75 (2.8) 
71 and over 484 2357 (61.8)  1570 1717 1993 2329 2701 3072 3308  1200 >97   2300 52 (4.4) 
     51 and over 1356 2673 (48.7)  1653 1844 2195 2637 3127 3631 3941  -- >97   2300 69 (2.5) 
          19 and over 2726 2891 (42.0)  1675 1891 2299 2812 3394 3987 4374  -- >97   2300 75 (2.3) 
                    
Males and females:                    
          1 and over 8687 3311 (50.9)  1718 1983 2490 3166 3974 4807 5348  -- >97   -- 84 (1.4) 
Source: What We Eat in America, NHANES 2007-2008. Excludes breastfed children and pregnant or lactating females. 
+ # † * ** >97 See table notes. 
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Table A2-2: Sodium (mg) +: Usual intakes# from food and water, 2007-2008, compared to Adequate Intakes (AI)† and Tolerable Upper 
Intake Levels (UL)†, without salt adjustment 
 Day 1  Percentiles of usual intakes  

AI** 

% 
above 

AI SE 

 
 

UL** 

% 
above 

UL SE Age (years) N Mean* SE  5th 10th 25th  50th  75th  90th  95th    

Males:                    
1-3 383 2035 (86.8)  1173 1323 1611 1971 2387 2812 3070  1000 >97   1500 82 (5.2) 
4-8 502 2685 (62.0)  1627 1809 2164 2620 3156 3725 4114  1200 >97   1900 87 (2.9) 
9-13 412 3667 (179.5)  2416 2631 3032 3532 4092 4658 5036  1500 >97   2200 >97  
14-18 380 4141 (146.5)  2317 2619 3207 3963 4858 5792 6401  1500 >97   2300 95 (2.6) 
                    
19-30 518 4539 (169.2)  2660 2994 3629 4416 5297 6192 6756  1500 >97   2300 >97  
31-50 890 4501 (107.3)  2733 3063 3668 4415 5250 6084 6602  1500 >97   2300 >97  
     19-50 1408 4515 (107.9)  2724 3046 3669 4427 5279 6128 6666  1500 >97   2300 >97  
                    
51-70 869 3924 (117.4)  2343 2632 3168 3834 4580 5335 5807  1300 >97   2300 96 (1.5) 
71 and over 466 3206 (121.0)  2072 2276 2670 3148 3691 4237 4587  1200 >97   2300 89 (2.9) 
     51 and over 1335 3745 (115.2)  2223 2509 3025 3676 4392 5120 5579  -- >97   2300 94 (1.4) 
          19 and over 2743 4230 (80.7)  2471 2789 3388 4136 4966 5799 6327  -- >97   2300 97 (0.5) 
                    
Females:                    
1-3 349 1994 (49.9)  1142 1298 1598 1952 2347 2740 2978  1000 >97   1500 80 (4.5) 
4-8 435 2506 (58.7)  1590 1753 2054 2444 2890 3353 3641  1200 >97   1900 83 (3.7) 
9-13 418 3045 (123.0)  2114 2289 2617 3001 3420 3839 4090  1500 >97   2200 93 (4.3) 
14-18 339 2997 (147.1)  1690 1903 2333 2860 3478 4140 4576  1500 >97   2300 76 (6.1) 
                    
19-30 456 3147 (119.0)  1924 2145 2556 3065 3647 4238 4603  1500 >97   2300 85 (6.3) 
31-50 914 3160 (91.8)  1745 1989 2456 3047 3730 4428 4869  1500 >97   2300 80 (3.5) 
     19-50 1370 3155 (65.4)  1805 2041 2495 3056 3700 4358 4777  1500 >97   2300 82 (3.1) 
                    
51-70 872 2905 (65.0)  1901 2082 2430 2863 3349 3850 4172  1300 >97   2300 81 (2.8) 
71 and over 484 2536 (66.1)  1706 1862 2152 2504 2891 3273 3516  1200 >97   2300 65 (4.3) 
     51 and over 1356 2799 (47.3)  1806 1995 2338 2766 3238 3722 4017  -- >97   2300 77 (2.4) 
          19 and over 2726 3005 (44.5)  1793 2010 2419 2928 3502 4086 4465  -- >97   2300 80 (2.5) 
                    
Males and females:                    
          1 and over 8687 3440 (53.0)  1810 2083 2602 3292 4119 4969 5516  -- >97   -- 88 (1.4) 
Source: What We Eat in America, NHANES 2007-2008. Excludes breastfed children and pregnant or lactating females. 
+ # † * ** >97 See table notes. 
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Table A2-3: Sodium+ (mg): Usual intakes# from food and water, 2007-2008, percentiles and standard errors, with salt adjustment 
 Percentiles of usual intakes (SE)
Age (years) 5th 10th 25th 50th 75th 90th 95th 
Males:               
1-3 1109 (98.7) 1255 (99.6) 1535 (97.2) 1887 (98.6) 2296 (95.1) 2715 (98.2) 2970 (108.7) 
4-8 1604 (83.8) 1780 (81.3) 2125 (66.8) 2568 (58.5) 3089 (62.4) 3645 (87.3) 4025 (126.2) 
9-13 2345 (177.3) 2555 (151.9) 2947 (112.8) 3438 (130.5) 3991 (232.5) 4552 (380.2) 4929 (497.4) 
14-18 2248 (169.8) 2546 (175.6) 3129 (172.8) 3876 (174.2) 4761 (183.5) 5682 (205.5) 6281 (234.5) 
               
19-30 2511 (174.7) 2834 (163.7) 3448 (154.4) 4207 (164.7) 5057 (209.1) 5917 (274.2) 6459 (318.7) 
31-50 2608 (86.7) 2929 (80.1) 3520 (72.1) 4249 (88.1) 5064 (127.3) 5880 (182.1) 6385 (221.4) 
     19-50 2586 (96.7) 2900 (89.2) 3506 (83.0) 4245 (98.2) 5073 (137.1) 5902 (189.8) 6423 (222.7) 
               
51-70 2171 (118.2) 2461 (112.0) 2999 (110.7) 3669 (114.8) 4419 (142.5) 5177 (190.6) 5650 (231.0) 
71 and over 1867 (115.0) 2070 (114.2) 2462 (109.5) 2940 (116.3) 3483 (144.1) 4029 (187.2) 4380 (218.3) 
     51 and over 2038 (87.9) 2324 (88.8) 2843 (93.3) 3499 (108.9) 4220 (138.1) 4953 (178.6) 5416 (211.3) 
          19 and over 2311 (53.2) 2625 (51.1) 3217 (55.7) 3955 (72.4) 4775 (103.9) 5599 (142.6) 6119 (169.1) 
               
Females:               
1-3 1078 (121.4) 1230 (105.7) 1527 (75.0) 1879 (51.7) 2275 (69.5) 2672 (117.4) 2913 (150.5) 
4-8 1534 (73.9) 1697 (74.0) 1996 (70.3) 2382 (61.5) 2822 (64.5) 3276 (91.7) 3557 (111.8) 
9-13 2010 (161.6) 2180 (149.3) 2498 (127.6) 2871 (123.9) 3278 (146.1) 3685 (193.8) 3929 (229.5) 
14-18 1659  (190.2) 1867 (179.7) 2286 (152.3) 2801 (128.9) 3404 (132.0) 4049 (180.1) 4473  (228.3) 
               
19-30 1858 (187.7) 2074 (173.4) 2477 (149.3) 2978 (121.0) 3556 (116.5) 4144 (150.0) 4508 (185.4) 
31-50 1642 (106.4) 1882 (97.7) 2342 (78.7) 2929 (71.1) 3610 (109.1) 4309 (177.8) 4753 (232.8) 
     19-50 1714 (99.1) 1944 (91.5) 2392 (73.2) 2949 (54.7) 3591 (67.3) 4250 (113.9) 4669 (148.4) 
               
51-70 1754 (91.4) 1941 (78.4) 2302 (54.5) 2754 (49.0) 3265 (88.0) 3794 (151.7) 4136 (196.9) 
71 and over 1570 (92.8) 1717 (82.8) 1993 (61.8) 2329 (57.7) 2701 (88.1) 3072 (139.2) 3308 (175.5) 
     51 and over 1653 (82.7) 1844 (70.2) 2195 (47.8) 2637 (40.1) 3127 (76.8) 3631 (135.1) 3941 (175.4) 
          19 and over 1675 (76.5) 1891 (67.7) 2299 (50.6) 2812 (35.8) 3394 (54.9) 3987 (96.4) 4374 (127.8) 
               
Males and females:               
          1 and over 1718 (45.0) 1983 (42.9) 2490 (40.2) 3166 (44.6) 3974 (66.8) 4807 (102.6) 5348 (128.6) 

Source: What We Eat in America, NHANES 2007-2008. Excludes breastfed children and pregnant or lactating females. 
+# See table notes. 
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Table A2-4: Sodium+ (mg): Usual intakes# from food and water, 2007-2008, percentiles and standard errors, without salt adjustment 
 Percentiles of usual intakes (SE)
Age (years) 5th 10th 25th 50th 75th 90th 95th

Males:               
1-3 1173 (98.9) 1323 (100.0) 1611 (96.7) 1971 (97.2) 2387 (93.4) 2812 (99.1) 3070 (111.9) 
4-8 1627 (82.5) 1809 (81.4) 2164 (70.5) 2620 (65.2) 3156 (66.9) 3725 (83.6) 4114 (118.7) 
9-13 2416 (167.9) 2631 (144.5) 3032 (112.9) 3532 (137.0) 4092 (234.9) 4658 (373.7) 5036 (484.5) 
14-18 2317 (198.5) 2619 (200.0) 3207 (187.1) 3963 (172.8) 4858 (162.7) 5792 (176.9) 6401 (209.6) 
               
19-30 2660 (185.2) 2994 (175.2) 3629 (164.1) 4416 (166.9) 5297 (201.8) 6192 (261.4) 6756 (303.3) 
31-50 2733 (87.4) 3063 (78.2) 3668 (71.0) 4415 (93.6) 5250 (139.7) 6084 (198.2) 6602 (239.1) 
     19-50 2724 (99.0) 3046 (91.4) 3669 (84.8) 4427 (101.0) 5279 (140.0) 6128 (193.1) 6666 (225.3) 
               
51-70 2343 (113.1) 2632 (109.7) 3168 (112.7) 3834 (119.8) 4580 (146.5) 5335 (191.2) 5807 (228.0) 
71 and over 2072 (101.2) 2276 (99.9) 2670 (97.2) 3148 (116.1) 3691 (161.2) 4237 (219.7) 4587 (259.1) 
     51 and over 2223 (88.7) 2509 (89.9) 3025 (95.4) 3676 (113.4) 4392 (144.5) 5120 (185.4) 5579 (215.6) 
          19 and over 2471 (57.3) 2789 (55.0) 3388 (58.5) 4136 (74.8) 4966 (105.9) 5799 (143.9) 6327 (169.6) 
               
Females:               
1-3 1142 (122.4) 1298 (104.2) 1598 (71.2) 1952 (48.9) 2347 (72.6) 2740 (122.6) 2978 (155.7) 
4-8 1590 (77.0) 1753 (75.8) 2054 (69.9) 2444 (59.2) 2890 (65.6) 3353 (98.8) 3641 (122.0) 
9-13 2114 (161.1) 2289 (147.5) 2617 (124.6) 3001 (121.5) 3420 (147.4) 3839 (201.1) 4090 (240.1) 
14-18 1690  (182.1) 1903 (171.5) 2333 (142.8) 2860 (118.6) 3478 (121.3) 4140 (170.3) 4576  (219.3) 
               
19-30 1924 (209.5) 2145 (192.4) 2556 (162.8) 3065 (127.4) 3647 (117.3) 4238 (153.3) 4603 (193.7) 
31-50 1745 (127.1) 1989 (116.3) 2456 (93.8) 3047 (80.4) 3730 (116.7) 4428 (189.3) 4869 (247.3) 
     19-50 1805 (110.6) 2041 (101.3) 2495 (81.0) 3056 (59.9) 3700 (72.3) 4358 (120.6) 4777 (158.0) 
               
51-70 1901 (90.1) 2082 (75.3) 2430 (51.1) 2863 (50.3) 3349 (92.3) 3850 (154.1) 4172 (196.4) 
71 and over 1706 (93.4) 1862 (83.2) 2152 (63.0) 2504 (61.0) 2891 (93.1) 3273 (144.1) 3516 (180.3) 
     51 and over 1806 (77.2) 1995 (64.1) 2338 (41.8) 2766 (37.6) 3238 (75.2) 3722 (128.3) 4017 (166.0) 
          19 and over 1793 (86.0) 2010 (75.5) 2419 (55.5) 2928 (38.6) 3502 (57.4) 4086 (100.2) 4465 (131.5) 
               
Males and females:               
          1 and over 1810 (49.4) 2083 (47.1) 2602 (43.6) 3292 (47.1) 4119 (68.5) 4969 (105.1) 5516 (132.2) 

Source: What We Eat in America, NHANES 2007-2008. Excludes breastfed children and pregnant or lactating females. 
+# See table notes.  
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Table	Notes	

 

+ Sodium intake estimates include sodium that occurs naturally in food and beverages (including drinking water) and salt added during food 
processing and cooking or food preparation. Excluded are salt added at the table and sodium contributed by dietary supplements and 
medications.  

# The method used to estimate the usual nutrient intake distributions presented in this table was developed by the National Cancer Institute 
(NCI). An overview of the general method and the procedure for usual intake estimation is available from reference 47 (see appendix C, 
“Procedure for Usual Intake Estimation”).  

† For definitions, see reference 3. 

* Daily mean and standard error of the mean for sodium are estimated directly from day 1 intake data and do not reflect the NCI usual intake 
estimation approach used to estimate the distribution statistics. The conventional mean estimates are provided to be comparable to other 
tables produced by the Food Surveys Research Group. While the NCI method and the conventional method are both estimating the mean, the 
actual results may differ slightly. 

** Percentile of usual intake, as well as the estimates of the percentages less than or greater than the DRI and the standard error of the 
percentage, are the direct result of an estimation of the usual nutrient intake distribution for that specific gender/age/lifestage group. 
Exceptions were necessary for composite groups where the DRI value differs across the component groups including 19 and over, 51 and 
over, and 71 and over by gender, and for males and females 1 and over. For these composite groups, the estimated percentage less than or 
greater than the DRI value was computed as an average of the percentages for the gender/age/lifestage subgroups comprising the composite 
group weighted proportionally by population size. Because a single DRI value for these composite groups does not exist, a hyphen is 
displayed. 

>97 Percentages greater than 97 percent are represented by >97. Standard errors are not displayed in these cases. 
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Appendix	3.	PDF	files	containing	sodium	values	(per	100	grams)	
assigned	for	foods	eligible	for	salt	adjustment		

Each file name listed below is linked to a PDF file containing sodium values per 100 grams 
edible portion for those food codes that had salt as an optional component in previous surveys. 
These values were used to calculate the amount of total sodium in these foods as consumed in 
their respective WWEIA, NHANES survey cycles. File names together with their applicable 
survey cycles and the number of food codes eligible for adjustment are presented below. 

File name  
WWEIA, NHANES 

survey cycle 

Number of 
eligible food 

codes 
FNDDS2 – Foods Eligible For Sodium Adjustment 2003-2004 1,709 
FNDDS3 – Foods Eligible For Sodium Adjustment 2005-2006 1,708 
FNDDS4.1 – Foods Eligible For Sodium Adjustment 2007-2008 1,797 
 
Included in each file is a listing of food codes with main food descriptions. Each food code has 
three different sodium values and start and end dates. These are defined as: 

 SodiumDefault: This is the sodium value in the FNDDS version used in that survey 
cycle. For example, in FNDDS4.1-FoodsEligibleForSodiumAdjustment, the default is the 
sodium value included in FNDDS 4.1, which was used in coding the WWEIA, NHANES 
2007-2008 data. This default sodium value represents the amount of sodium in the food 
with all optional salt included. This value was applied when survey respondents 
reported that salt was used “very often” in cooking or preparing food in their household 
or when they reported that they didn’t know how often salt was used. It was also used 
when the respondent reported the food or beverage was obtained from a place other than 
the store. 

 SodiumNosalt: This sodium value represents the amount in the food with all optional 
salt excluded. This value was applied when survey respondents reported the food was 
obtained from the store and that salt was “never” or “rarely” used in cooking or 
preparing food in their household. 

 SodiumComb: This sodium value represents the amount in the food with one-half of the 
optional salt included. This value was applied when survey respondents reported the 
food was obtained from the store and salt was “occasionally” in cooking or preparing 
food in their household. 

 Start Date and End Date:  These are the main food description start dates and end dates 
corresponding to the beginning and end of that survey cycle’s data collection. 


