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BACKGROUND: Exposure to food additives is widespread but up-to-date and accurate intake estimates are rarely available. The
safety of the food additive aspartame is the subject of recent controversy and intake estimates for this nonnutritive sweetener are
typically derived from surrogates such as diet soda consumption.
OBJECTIVE: We describe an approach for developing nationally representative dietary exposure estimates for food additives that
combines intake from dietary recalls and grocery purchasing information.
METHODS: We combined NielsenIQ Homescan Consumer Panel purchasing data with the USDA Global Branded Food Products
database and the National Health and Nutrition Examination Survey to estimate aspartame intake and prevalence of consumption
for the US population. We examined points of departure for aspartame from CompTox Chemicals Dashboard to provide context for
exposures and potential effects.
RESULTS: Mean, 90th percentile, and 95th percentile aspartame intake estimates are below the acceptable daily intake (50 mg/kg/
day) and are lower than estimates from previous decades. Groups with the highest aspartame intakes are non-Hispanic whites, 60-
to 69-year-olds, and individuals on diabetic diets. Aspartame exposure is highly prevalent (62.6%) in the US including sensitive
populations such as pregnant women and children.
IMPACT STATEMENT: Exposure to the widely consumed food additive aspartame is not well characterized, and concerns about
potential health effects remain despite assurances of safety when consumed under conditions of intended use. This work provides
current intake estimates for the US population with important comparisons across demographic groups and individuals on special
diets. The approach includes ingredient statement and grocery purchasing data to capture all aspartame-containing products,
beyond diet soda, in intake estimates. This framework also has the potential for application to other food ingredients.
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INTRODUCTION
Aspartame is a nonnutritive artificial sweetener approved by the
US Food and Drug Administration (FDA) as a direct food additive
in 1981 [1]. It is made of two amino acids found in food, aspartic
acid, and phenylalanine, but aspartame is not naturally occurring
and must be synthesized. Aspartame is used as a tabletop
sweetener and in a wide variety of food and beverages including
soft drinks, fruit juice, oatmeal, candy, multivitamins, chewing
gum, yogurt, and ice cream. Aspartame is listed as an ingredient
on over 900 on-market dietary supplement labels and is approved
for use in 19 different types of FDA-approved drug products such
as chewable tablets, syrups, and lozenges [2, 3].
Since the submission of the first food additive petition by G.D.

Searle and Co. (Searle) in 1973, the safety of aspartame has been

challenged repeatedly. Initial concerns about the potential for
intellectual disability and endocrine disruption in children from
phenylalanine and aspartic acid metabolites and the induction of
brain tumors were raised in an objection to FDA’s approval of the
petition [1]. A Public Board of Inquiry was appointed to review key
studies and issue a decision on whether aspartame should be
allowed in the food supply. The Board found aspartame
consumption would not increase the risk of intellectual disability
or endocrine disruption but may be associated with brain tumors
and should not be approved without additional testing. FDA
disagreed with the Board and issued a final decision approving
aspartame in 1981 [1].
On July 14th, 2023, the International Agency for Research on

Cancer issued a conclusion classifying aspartame as “possibly
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carcinogenic to humans” (IARC classification Group 2B), based in
part on a review of more recently published studies [4]. After the
release of IARC’s conclusion, the FDA issued a statement
maintaining aspartame’s safety as a food additive [5]. As of the
date of publication, IARC Monograph 134 containing the full
aspartame assessment has not yet been released.
Acceptable daily intakes (ADIs) for aspartame have been set at

50 milligrams per kilogram bodyweight per day (mg/kg/day) by
the FDA and 40mg/kg/day by the Joint FAO/WHO Expert
Committee on Food Additives (JECFA). An ADI is the maximum
amount of a chemical that can be consumed daily for a lifetime
without appreciable health risks. FDA first issued a regulation on
aspartame use after approval of the first food additive petition in
1974 and derived an ADI of 20 mg/kg/day based on a no observed
effect level (NOEL, critical effect not specified) of 2 g/kg/day and a
safety factor of 100, but stayed the regulation after objections to
the reliability of the toxicity studies were raised [6]. Later in 1983,
after Searle submitted another petition to amend the aspartame
regulation for use in carbonated beverages, the FDA established
an ADI of 50 mg/kg/day [7, 8]. Traditional risk assessment methods
for ADI determination were not used in this instance, i.e., selection
of critical toxicity studies and effects and application of safety
factors. The FDA assessment detailing the decision to increase the
ADI is not publicly available. A detailed evaluation of all
unpublished and published studies of aspartame intake, expo-
sures to its metabolites phenylalanine, aspartic acid, and
methanol, degradation products, β-aspartame and 5-benzyl-3,6-
dioxo-2-piperazine acetic acid, and effects including reproductive
and developmental toxicity, neurotoxicity, genotoxicity, cancer,
and other endpoints is available elsewhere [9].
Before approving food additives, FDA calculates an Estimated

Daily Intake (EDI) and compares it to the ADI. If the EDI falls below
or is equal to the ADI, the food additive can be approved. The FDA
projected a consumption level of 8.3 mg/kg/day if aspartame is
substituted for all sucrose in the average diet of 60 kg man, and
25mg/kg/day if all carbohydrates were replaced with aspartame
[1]. Dietary surveys from Market Research Corporation of America
(MRCA) for 12,000 individuals were also used to estimate potential
consumption through all products in which Searle expected to
market aspartame, including carbonated soda. The FDA estimated
intake for all ages at the 99th percentile to be 34mg/kg/day using
the MRCA survey [1]. These projected EDIs were purposefully
exaggerated for safety evaluation. After FDA approved aspartame,
several studies estimated consumption in the US population
(Table 1). All intake estimates fell below the ADI. Studies on
aspartame intake in international populations prior to 2007 have

been summarized elsewhere [10, 11]. Dietary intakes for Irish
adults and pre-school children were estimated to be below the
ADI using nationally representative surveys from 2011 [12, 13].
Exposure to aspartame and other non-nutritive sweeteners was
also estimated for the Portuguese general population using
national dietary surveys from 2015–2016 and was found to be
below the ADI [14].
Methods for estimating aspartame consumption in the US have

up to this point not included retail purchasing data. Strategies for
estimating population-level intake of nonnutritive sweeteners
have relied on government or industry sponsored dietary surveys
alone or combined with sweetener concentrations [10, 15, 16]. The
third National Health and Nutrition Examination Survey (NHANES
III, 1988–1994) included aspartame as a variable in the total
nutrient file based on concentrations in the University of
Minnesota Nutrition Coordinating Center (NCC) nutrient database
[17]. The University of Minnesota NCC nutrient database has been
continuously updated and is available for licensing [18]. Text in
NHANES food code descriptions or other dietary surveys can be
searched using terms such as “diet” or “low sugar” to identify
foods containing at least one nonnutritive sweetener, or to target
product groups such as beverages [10, 19–21]. Amounts
consumed of selected food codes can then be multiplied by a
predetermined aspartame concentration to estimate intake over
all foods reported in the dietary recall. These methods are
generally worst-case scenarios designed for safety assessment and
compare consumption estimates with the ADI using the highest
reported use levels. No biomarker of exposure is available for
aspartame.
While schemas for integrating nutrition and consumption

datasets have been proposed previously and for different
purposes [22–24], we found no published studies with food
additive exposure estimates using merged purchasing, ingredient,
and dietary recall datasets. Here, we present a method for
combining aspartame concentrations from published literature,
NielsenIQ grocery purchasing data, product ingredient statements
from the USDA Global Branded Food Products database, and 24-
hour dietary recalls from the 2017–2020 National Health and
Nutrition Examination Survey (NHANES). This method applies
lower aspartame use levels when other sweeteners are present in
ingredient lists for more realistic intake estimates, and enables a
better understanding of exposure prevalence which is under-
estimated when exposure assessment is focused on a narrow
spectrum of products such as diet soda. Updated intake estimates
are presented for aspartame in a nationally representative, non-
institutionalized sample of the US population.

Table 1. Summary of studies with aspartame intake estimates for the US population.

Study Survey Population Aspartame intake
(mg/day)

Aspartame dose (mg/
kg-BW/day)

Kuk & Brown (2016)
[15]

NHANES 1988–1994, 2-day
24- hour dietary recall

Eaters-onlya 252.0 (11.1) (mean
(SE))

Not provided

Magnuson et al.
(2007) [10]

NHANES 2001–2002, 2-day
24- hour dietary recall

Eaters-only, population size =
130,357,042

330.2 (mean)
939.0 (95th percentile)

4.9 (mean)
10.4 (90th percentile)
13.3 (95th percentile)

Butchko & Stargel
(2001) [67]

MRCAb 14-day food intake
survey, 1992

Eaters-only Not provided 3.0 (90th percentile)

Heybach and Smith
(1988) [16]

CSFII, 1998, 1-day 24- hour
dietary recall

Women, 19–50 years old; 25%
reported consuming aspartame

Not provided 0–16.6 (range)
5.0 (90th percentile)c

NHANES National Health and Nutritional Examination Survey. MRCA Market Research Corporation of America, CSFII Continuing Survey of Food Intakes by
Individuals.
a
“Eaters-only” means intakes are calculated only with data from individuals who reported consuming a food or beverage containing aspartame.
bMRCA is not a nationally representative survey but was used to monitor the intake of aspartame in the “general population” [68].
cReported as “over 90%” of consumers “had intake <5mg/kg”.
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METHODS
Data Sources
National Health and Nutrition Examination Survey. The National Health
and Nutrition Examination Survey (NHANES) is a national health and
nutrition survey of the civilian, non-institutionalized US population
conducted by the National Center for Health Statistics of the Centers for
Disease Control and Prevention [25]. NHANES uses a complex multistage
cluster sampling design to collect a nationally representative sample of
about 5,000 people in 15 different locations per year and includes an in-
person interview and an examination at mobile examination centers. The
most recent pre-pandemic cycle from 2017–2020 was selected for up-to-
date consumption estimates. This cycle combined one full 2-year cycle
from 2017–2018 with an incomplete pre-pandemic sample. NHANES
operations were suspended in March 2020 due to the COVID-19 pandemic
and as a result the nationally-representative sample could not be collected.
This sample was combined with the previous cycle to make a nationally
representative sample from 2017–2020. The dietary interview component
of NHANES, also called “What We Eat in America”, included two 24-hour
dietary recalls. The first recall is collected in-person in mobile examination
centers along with other laboratory and examination data, and the second
24-hour recall is collected by phone three to ten days later. Reported foods
are assigned a USDA food code from the Food and Nutrient Database for
Dietary Studies (FNDDS) which contains descriptions, nutrient data, and
standard recipes. The FNDDS is updated every two years to reflect changes
in dietary patterns and the food supply.

NielsenIQ Homescan Consumer Panel. The NielsenIQ Homescan Consumer
Panel dataset (NielsenIQ Homescan) is a longitudinal survey of 40,000 to
60,000 US households. Panelists use Universal Product Code (UPC)
scanners or a mobile app to report all food and non-food purchases from
any US retail outlet. Demographic information is provided for each
household and sampling weights are assigned for nationally representative
purchasing estimates. Datasets from 2017 through March 2020 were
combined aligning with NHANES pre-pandemic cycles also used in this
analysis.

USDA Global Branded Food Products Database. The U.S. Department of
Agriculture (USDA) Global Branded Food Products Database is a public-
private partnership that provides UPCs, ingredients, nutrients, and other
brand information for over 400,000 food products from US, Canada, and
New Zealand markets [26]. The database became publicly available online
in 2019 and is updated monthly. The October 2022 file release was used in
this analysis.

Approach for combining NielsenIQ Homescan, Branded Foods,
and NHANES datasets
Approach for assigning food codes and linking datasets. Food and
beverage products in US markets with aspartame in the ingredient
statement were identified in the BFD. Products containing other non-
nutritive sweeteners including sucralose, acesulfame potassium, saccharin,
stevia, neotame, cyclamate, monk fruit, thaumatin, luo han guo, sugar
alcohols (e.g., xylitol), and caloric sweeteners were also identified to enable
categorization and mapping of products to NHANES. All products were
categorized as either containing (0) or not containing [1] each of the
sweeteners.
To merge NHANES dietary recalls with the products in the BFD (Fig. 1),

aspartame-containing (n= 4071) products were assigned a USDA food
code. Food code names, additional descriptions, and if applicable, calorie
content (kcal/100 g) [27] were used alongside brand, sweetener categories,
and ingredients to assign food codes. Next, for each product UPC/food
code combination, all similar items fitting the food code profile were
assigned the same food code. For instance, all nonfat fruit yogurts were
assigned the food code for “yogurt, nonfat milk, fruit” regardless of
aspartame content.
USDA food codes were transferred to the NielsenIQ Homescan dataset

by merging UPCs with the BFD (Fig. 1). UPC standards (synonymous with
Global Trade Item Number (GTIN)) include UPC-A, UPC-E, EAN-8, EAN-13,
GTIN-14 and can be converted to a single standard for merging purposes.
UPCs in the BFD were in several different formats and were cleaned and
standardized to match the UPC standard used in the NielsenIQ Homescan
dataset. Following analysis of purchasing data and calculation of market
share, the BFD and NielsenIQ Homescan combined dataset was merged
with NHANES dietary recall by food code.

Missing data approach and market share estimation. Since the BFD is not a
complete database of all UPCs for retail items in the US, approximately
52% of UPCs (or 42% of the share of sales by price) in relevant food and
beverage categories in the NielsenIQ dataset were not matched to BFD
UPCs and did not have ingredient information. We used an imputation
approach to address the unmatched UPCs with no ingredient information
based on the percent of aspartame-containing products within a category
and random assignment of unmatched UPCs to present or absent
categories. In NielsenIQ Homescan datasets, we first created subcategories
using grocery category (e.g., low calorie carbonated beverages), and
existing brand categories combined with brand information derived from
UPCs for private label products since the brand names were masked. Some
brands make many different types of foods and beverages, necessitating
subdivision by grocery category. If all UPCs matched within a food type
and brand category contained aspartame, we assumed the rest of the
UPCs in the brand category also contained aspartame. For categories
containing a variety of products with aspartame or sweetened with other
sweeteners, we assigned a probability equal to the percentage of matched
products containing aspartame. For example, if 30% of UPCs in a
subcategory of low-calorie fruit drinks were unmatched and missing
ingredient data, and 25% of the matched products in the subcategory
contained aspartame, a probability of 0.25 was assigned to each of the
unmatched UPCs with missing ingredient information. Unmatched UPCs
with missing ingredient information were then randomly allocated to the
group of products containing aspartame using the assigned probability.
Food codes were also missing when UPCs were unmatched. To account

for as much purchased product as possible we assigned food codes to
unmatched UPCs. We assigned the most frequent food code in the
product category to the rest of the unmatched UPCs. For example, if the
majority of matched UPCs in a product category were assigned the food
code for diet root beer, then all remaining unmatched UPCs were assigned
as diet root beer.
We generated market share percentages for each NHANES food code

using NielsenIQ Homescan survey weights. The percentage represents the
market share of sales by price or volume purchased in the US from 2017 to
2020 of a food or beverage (e.g., fruit flavored soft drink) that contained
aspartame. “Market share” is used as a broad term to refer in general to the
share of sales. For consistency, share of sales by price is reported in the
main text since this metric covers all of the purchased product and is not
dependent on the unit of sale. Share by volume was calculated to compare
coverage of beverages in the BFD and performance of the imputation
method to published per capita purchasing estimates. Product units were
converted to ounces and powdered drinks were converted to the diluted
amount where applicable. Some products such as chewing gum were sold
in “count” units and were not converted to ounces as long as all units were
the same for the food code. In some instances, we could not standardize all
units, most frequently being “count” when all other units were “ounces”,
and the inconsistent units were dropped. In most cases, the share by price
for the odd unit was less than 5% (n= 73). In n= 6 cases, the share by
price was between 5 and 20%. Even when the share by price for an odd
unit was relatively high, share by volume for the aspartame-containing
products was similar across units. For instance, light ice cream sold in
“count” units captured ~10% of the market share, however, the volume
share for aspartame-containing ice cream was 0.04% in products sold by
count compared to 0.05% in product sold in ounces. Although volume
percentages may not represent all product sold, particularly for non-
beverage items, results for volume are available in the Supplemental
Information for informational purposes.
Food codes for sushi, breaded shrimp, and borscht were dropped from

the analysis because the recipes can vary widely depending on the food
source, the purchasing data only represent grocery purchases, and the
market share percentages were likely artificially high due to the small
number of competing products available in grocery stores. Generally,
pickled ginger was the ingredient in sushi that contained aspartame and
would therefore not make up a significant portion of the dish. The borscht
was a pre-made grocery item with a very low market share compared to
other borscht without aspartame as an ingredient, as was a frozen coconut
breaded shrimp product.

Aspartame use levels. Aspartame concentrations were selected from
published literature, ingredient statements, and patents [10, 21, 28–31]. In
some instances (e.g., frozen strawberries) aspartame concentrations were
calculated based on a sucrose to aspartame conversion factor. Aspartame
is about 200 times sweeter than sugar [5] and concentrations for products
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with nonnutritive sweeteners added to replace sugar can be calculated
based on added sugars listed in the nutrition fact panel for similar full-
calorie products. Since many products contain combinations of sweeteners
and not exclusively aspartame, we used low-end and high-end concentra-
tions to account for sweetener blends. One common blend is a mixture of
aspartame and acesulfame potassium in a 70:30 proportion [32]. Use levels
for aspartame used in this analysis are listed in Table 2. When aspartame
was the sole sweetener in the ingredient list, we applied the highest use
level. The low-end use level was applied to products listing aspartame and
other sweeteners. Concentrations used in this analysis are similar to values
collected from Ireland’s National Chemical Food Sampling Program, a
study monitoring artificial sweeteners in target retail items from 2008 to

2011 on the Irish market [12]. Beverages contained aspartame at levels
ranging from 0.0075% to 0.061% (n= 167), dairy products from
0.004–0.035% (n= 24), edible ices from 0.005–0.013% (n= 4), jams from
0.004–0.029% (n= 12), and sauces from 0.008–0.047% (n= 42) [12].
Likewise, a sample of 68 of the most consumed soft drinks on Portuguese
retail markets in 2019 were analyzed for sweetener content and found to
contain between 0.002% and 0.023% aspartame [33]. Although these use
levels are from international products, we assume sweet taste preferences
and product formulations would not differ substantially from US markets.
Use levels are also similar to those reported by industry and collected by
EFSA for an exposure assessment to aspartame-containing products on
European markets [9].

1. Identify products containing
aspartame

4. Estimate market share of aspartame containing products
by USDA food code

USDA Global Branded Food
Products database (BFD)

NielsenIQ Homescan
Consumer Panel purchasing

database

NHANES dietary data

2. Assign USDA food code to each
product

6. Apply aspartame concentrations to
products by USDA food code

8. Estimate intake for each
survey participant

7. Calculate intake of each aspartame-
containing food code

3.
Merge by

UPC
code

5.
Merge by

USDA
food
code

4a. Estimate market
share using only BFD

UPC matches

4b. Estimate market
share using imputed

UPC matches plus BFD
UPC matches

Create grocery product subgroups

Randomly allocate unmatched UPC to
aspartame group with subgroup

specific probability

Assign the most frequent USDA food
code in subgroup to unmatched UPCs

Matched
UPC codes

Unmatched
UPC codes

Fig. 1 Overview of major databases and linkage steps. Products in the USDA Global Branded Food Products database (BFD) were tagged to
indicate the presence of aspartame in ingredient lists. USDA food codes were assigned to products in the BFD to enable linkage to the
NHANES dietary recall. The BFD was then merged with the NielsenIQ Homescan dataset by UPC. The market share of products by USDA food
code and aspartame category was estimated. Market share estimates were derived from BFD UPC matches only, and with additional imputed
matches. Market share percentages of aspartame-containing products were transferred to NHANES dietary data by merging USDA food codes.
The reported amount consumed of the food code was then multiplied by an aspartame concentration for the food type and the percent
market share.
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Consumption estimation in NHANES. We identified food codes in NHANES
dietary recall food descriptions that may contain a nonnutritive sweetener
using search terms including aspartame, sugar-free, artificial sweetener, no
calorie sweetener, low calorie sweetener, sugarless, diet, low sugar, no
sugar added, no added sugar, and dietetic. We also identified food code
ingredients that may contain nonnutritive sweeteners in FNDDS by
tagging food descriptions and ingredients using the search terms. Tagged
foods and ingredients were reviewed for inclusion against the list of food
codes generated from the BFD-NielsenIQ Homescan dataset. Those that
were unlikely to contain aspartame were excluded, for example, “diet”
frozen meals.
In a few instances, USDA food codes included aspartame in the

associated description file, but the food code was not matched with any
products in the BFD (e.g., “soft drink, chocolate flavored, diet”). When this
was the case, the food code was added (n= 4) and the share and volume
percentage were assigned 1 (all products contain aspartame as an
ingredient). When a food code had a recipe in FNDDS with an aspartame-
containing ingredient, for example, diet cola in a rum and coke, we
extracted the percentage of the relevant ingredient. For items such as
oatmeal and hot cocoa, NHANES lists multiple food codes by the type of
liquid added to reconstitute or cook the food, for instance, water or lowfat
milk. We duplicated purchasing percentages for each of the alternate food
codes. The final number of food codes with market share percentages was
n= 138.
The percent market share for a food code was multiplied by the use rate

specific to the product. For each individual (n= 10,830), an intake amount
was calculated for both days of dietary recall in NHANES by summing over
the aspartame content of all foods reported in the dietary interview using
the following equation:

Aspartamedose mg=kgBW=dayð Þ

¼
X market share %ð Þ � aspartameuse level %ð Þ � amount consumed gð Þ � 1000½ �

body weight ðkgÞ

Aspartame intakes (mg/kg/day) were averaged over the first and second
24-hour recalls. Some bodyweight measurements were missing making
the final sample size n= 10,723. Reported estimates are for “eaters-only”,

meaning the survey respondent reported eating a food containing
aspartame at least once over the two days of recall. Participants with
only one day of recall (did not participate in the follow up phone interview)
are excluded. Averaging over two days of 24-hour recalls is an
approximation of the usual intake, a measure of long-term exposure to
dietary elements consumed on a regular basis. Results estimated using
only the first 24-hour recall [16] represent intake on any “given day” in the
US population, but is not a measure of habitual exposure. More complex
methods [34] have been developed for estimating usual intake but we use
the averaging method, also called the within person mean, to be
consistent with methods used in previous exposure studies [10, 15].

Robustness checks
Since exposure estimates may be sensitive to the imputation approach for
missing ingredient information, we calculated market share percentages
with additional methods. Briefly, we randomly allocated unmatched UPCs
using an approach with lower probabilities, and created more specific
grocery subcategories based on further parsing of UPCs to decrease the
number of assigned USDA food codes. We also set all aspartame use levels
for all product categories to either the upper or lower end of the ranges
presented in Table 2, and estimated intake for the first 24-hour recall and
the second 24-hour recall separately. A more detailed description of the
methods and results of the robustness checks can be found in
the Supplemental Information.

Points of departure
In order to examine aspartame exposures in the context of existing
toxicological information, we compared exposure estimates to the current
ADI and other potential points of departure (PODs) using aspartame PODs
extracted from the US Environmental Protection Agency CompTox
Chemicals Dashboard [35, 36]. PODs from reproductive, neurotoxicity,
developmental, “special toxicology”, chronic, subchronic, repeat dose, and
clinical studies with administration via the oral route were selected for
analysis. We reclassified the three “special toxicology” study types under
existing categories (e.g., neurotoxicity, developmental, chronic) based on

Table 2. Aspartame use levels in foods and beverages.

Food item Description Use level range (%) Use levels from other studies (%)

Soda Soft drinks and other carbonated drinks 0.021–0.053 0.0075–0.061 [12]
0.002–0.023 [33]
0.026 (average) – 0.058 (max) [21]

Sweetener packets Equal, other aspartame-containing sweetener packets 1.0–3.5 0.87–3.6 [9]

Gelatin desserts Gelatin desserts, with or without fruit 0.04–0.12

Pudding desserts Instant pudding, flan 0.024–0.096

Yogurt Yogurt with or without fruit, frozen yogurt, kefir drinks,
cottage cheese

0.038–0.08 0.004–0.035 [12]
0.005–0.035 (flavored fermented
milk products) [9]

Gum Chewing gum 0.1–0.3 0.37–0.54 (without added sugar) [9]
0.06–0.15 (with added sugar) [9]

Ice cream Ice cream, whipped cream, ice cream sandwiches 0.035–0.1 0.004–0.035 [12]

Mints Breath mints, breath sweeteners 0.1–0.3

Candy Gummy candies, cough drops 0.1–0.3 0.05–0.1 (other confections without
added sugar) [9]

Dairy drinks Cocoa mix with milk, instant coffee with whitener,
nutritional beverages or mixes, chocolate milk drinks

0.021–0.053 0.0075–0.061 [12]
0.004–0.035 [12]
0.05–0.10 (cocoa and chocolate
products) [9]

Fruit Frozen or dried fruit 0.035–0.1 0.035–0.08 [9]

Grains and nuts Cakes, cookies, oatmeal, cereal, honey roasted nuts 0.01–0.15

Savory Instant noodle soup, chips, salad dressing, sandwich
spread

0.0015–0.035 0.008–0.047 [12]
0.02 [9]

Syrup and jam Pancake syrup, jams, jellies, other syrup 0.1–0.3 0.004–0.029 [12]
0.035–0.08 [9]

Other drinks Tea, fruit drinks, popsicles, fruit smoothies 0.021–0.053 0.0075–0.061 [12]
0.01–0.06 [9]
0.026–0.058 [21]
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review of the corresponding publications. We used study type and year to
characterize PODs and provide context for potential effects compared to
aspartame exposures.

Statistical analyses
Analyses were performed using Stata v17.0 [37]. Survey weights were
applied in all NielsenIQ Homescan purchasing and NHANES dietary
analyses to provide nationally representative consumption estimates.
Mean, 90th percentile, and 95th percentile intakes were calculated for
pregnant women, women of reproductive age (15–49 years), and by sex,
race, age, income level, and for those reporting special diets (weight loss,
low sugar, or diabetic diet). The arithmetic mean is reported to be
consistent with previous exposure studies, however, the geometric mean
or median would better characterize the central tendency of the data
because the distribution of aspartame intake is right skewed. These
summary statistics were also calculated and can be found in the Supple-
mental Information. Income categories were defined as low if the poverty
income ratio (PIR) was less than or equal to 130%, middle if the PIR was 130
to 350%, and high if the PIR was above 350% [38]. Age is categorized as
6 months to 5 years, 6–11, 12–19, 20–29, 30–39, 40–49, 50–59, 60–69,
70–79, and over 80 years old. Since the American Academy of Pediatrics
and the Dietary Guidelines for Americans recommend exclusively feeding
infants breast milk or formula for the first six months of life, infants under
six months were excluded from the analysis [39, 40]. Prevalence of
aspartame exposure (% eaters) was calculated for each demographic
subgroup.
The influence of demographic variables on aspartame consumption was

examined with multiple linear regression analyses using natural log-
transformed intakes from the whole population (eaters and non-eaters).
Age and PIR were assessed as continuous variables. Age, sex, race, and PIR
were each modeled as independent variables adjusting for the others as
covariates. Each race (Mexican American, Hispanic/Other, non-Hispanic
Whites, non-Hispanic Black, non-Hispanic Asian, Other) was modeled as a
binary variable in separate regressions, adjusting for age, sex, and PIR.
Regression models for special diets were adjusted for age, sex, race, and
PIR. Associations or differences in mean intakes were considered
statistically significant at the p < 0.05 level. As a sensitivity analysis,
regressions were repeated excluding intakes above the 99th percentile.

RESULTS
Estimates of aspartame intake
Approximately 95.8% of aspartame intake in the US came from
beverages (Table 3). Soft drinks comprised 77.5% and other
beverages including tea, energy drinks, hot chocolate, fruit juice
drinks, carbonated water, nutritional shakes, coffee, chocolate milk,
and horchata beverages made up 18.3% of the beverage category.
Sweetener packets contributed 2.8% of aspartame consumption
and all other products including candy, chewing gum, mints, frozen
fruit, ice cream, yogurt, gelatin and pudding desserts, jams and
syrups, cakes and cookies, and vegetable chips and other savory
items contributed 1.4% of aspartame intake.

Mean, 90th percentile, and 95th percentile aspartame intakes for
the NHANES survey years 2017–2020 presented by sex, age
categories, race, income level, for pregnant women, and those on
special diets are presented in Table 4. Estimates are for eaters-
only, meaning survey participants that reported consuming a
product containing aspartame on either of the two days of 24-
hour recalls. Eaters-only population sizes and the percent eaters
are reported for data derived directly from the BFD and for the
imputed sales volumes. Highest intakes among consumers of
aspartame are in the 60- to 69-years-old age group, non-Hispanic
Whites, individuals on diabetic diets, and at higher income levels.
Older individuals are more likely to consume aspartame with an
increase in 10 years of age being associated with a 22.9% (β: 0.023,
p < 0.001) increase in aspartame intake. Differences in aspartame
intake by PIR were not significant across the whole population
(both eaters-only and non-eaters) (β: 0.068, p= 0.14). Adjusted
aspartame intakes were 91.6% higher in non-Hispanic Whites (β:
0.65, p= 0.00), and 74.8% lower in non-Hispanic Asian (β: −1.38,
p= 0.001) and 50.3% lower in non-Hispanic Black (β: −0.70,
p < 0.001) populations compared to other racial groups. Aspar-
tame intake is slightly higher in females than males though the
difference is not statistically significant (β: 0.056, p= 0.74). There
were no significant differences in intake comparing pregnant
women to all reproductive age women, nor was there a difference
between intake in reproductive age women and the rest of the
population. Finally, individuals reporting adherence to weight loss
(β: 0.54, p= 0.042) and diabetic diets (β: 1.95, p= 0.005) had
significantly higher intakes (corresponding to 71.6% and 603%
increases, respectively) than the rest of the population whereas
individuals on sugar free/low sugar diets (β: 1.04, p= 0.46) did not
consume substantially higher amounts of aspartame than those
not on a low sugar diet. Excluding intake values above the 99th

percentile did not substantively change results. Regression
analyses utilized the imputed dataset and did not differ in a
meaningful way from regression coefficients or p-values estimated
with the BFD values.
Aspartame consumption was most common among individuals

30- to 39-years old (69.5%), Mexican Americans (66.3%), people
adhering to a special diabetic diet (71.7%), and at the middle
income levels (64.2%). Trends are consistent across the data
generated from the BFD and imputed values. Imputed intake
values are slightly lower than those computed only from the BFD
while prevalences are slightly higher. The higher prevalence from
the imputed matches is due to the capture of UPCs with some
market share in the same food code category as BFD UPCs that
had zero sales for the time period. Individuals who reported eating
the food would therefore move into the eaters-only category
under the imputed method. All values are below established ADIs
(whole population mean: 0.40 mg/kg/day, 95th percentile: 2.2 mg/
kg/day) and are lower than all previous estimates (Table 1).
However, compared to previous estimates, it appears aspartame
exposure prevalence is higher, with pregnant women reporting
consumption in proportions (61.6%) similar to the rest of the
population (62.6%) albeit in smaller quantities (mean: 0.25 mg/kg/
day, 95th percentile: 1.01 mg/kg/day).

Market coverage of the BFD and imputed UPC matches
We compared volume per capita per day purchasing estimates for
aspartame-containing beverages using UPCs matched solely from
the BFD, for the BFD plus imputed matches, and for a previously
published study examining purchases of products with nonnu-
tritive sweeteners. We focused on evaluating the coverage of the
BFD and imputed matches only for beverages since the majority
of aspartame intake comes from beverages. The comparison
serves as an indicator of the performance of the imputation
method and for the coverage of aspartame containing UPCs
provided by the BFD compared to more complete commercial
nutrition databases. Dunford et al. (2020) combined NielsenIQ

Table 3. Contribution of product groups to aspartame exposure (%).

Product type Percent contribution (%)

Soft drinks 77.49

Other drinks 18.34

Sweetener packets 2.76

Gelatin and pudding 0.84

Dairy productsa 0.10

Syrup, jam, frozen/dried fruit 0.16

Grains, baked and savory itemsb 0.01

Gum, mints, and candy 0.29
aIncludes yogurt, frozen yogurt, cottage cheese, ice cream, whipped cream,
and ice cream sandwiches.
bIncludes cereal, nuts, cake, cookies, oatmeal, salad dressing, sandwich
spread, pickled ginger, and chips.
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Homescan data for the year 2018 with commercial nutrition
databases such as Gladson, Label Insight, and Mintel, which are
assumed to provide complete nutrition and ingredient informa-
tion for all UPCs in the Homescan dataset [41]. We use the
Dunford et al. (2020) volume per capita purchasing estimate for
beverages containing aspartame as a benchmark for market
coverage of the BFD and our imputation approach, assuming the
estimate includes all or the majority of aspartame containing
beverages on the market in 2018. We found the BFD to provide
ingredient information for approximately 70% of volume pur-
chased, or 55.3 ml per capita per day in 2018 for beverages
containing aspartame, based on an estimated 78.8 ml per capita
per day reported by Dunford et al. (2020). With additional volume
from UPCs captured using the imputation method, market
coverage increased to 98% (77.2 ml per capita per day). A similar

amount of market coverage is likely provided by the BFD and the
imputation method for all years included in this analysis since the
overall share of sales by price for beverages (2017–2020) with
matched UPCs from the BFD was 65%, and increased to 94% with
the addition of the imputed product. The BFD was reported to
cover approximately 85% of the total sales volume of food and
beverages in NielsenIQ retail sales databases as of 2022 (NielsenIQ
dataset is not specified) [42].

Points of departure
The PODs available for aspartame in CompTox Chemicals Dash-
board lacked entries for critical effects, did not include studies
conducted after 2006, and the information presented reflects FDA
grading criteria for toxicity studies which measures adherence to
the Toxicological Principles for the Safety Assessment of Food

Table 4. Aspartame intake (mg/kg/day) for eaters-only in NHANES 2017–2020 by demographic and special diet subgroups.

Estimation source Branded Foods Imputed values

Eaters-only population size 195,866,717 200,343,587

Maximum (mg/kg/day) 26.0 23.4

Characteristic na Mean 90th 95th Eaters (%)b na Mean 90th 95th Eaters (%)b

ALL 6,476 0.45 1.33 2.44 61.2 6,632 0.40 1.17 2.20 62.6

Sex

Male 3,188 0.44 1.27 2.30 62.1 3,262 0.39 1.15 2.16 63.3

Female 3,288 0.46 1.42 2.50 60.3 3,370 0.40 1.25 2.24 61.9

Age (years)

6 m to 5 yr 494 0.24 0.51 1.48 46.0 533 0.18 0.21 1.18 50.5

6–11 785 0.23 0.69 1.34 62.2 828 0.19 0.52 1.20 65.0

12–19 943 0.14 0.36 0.91 63.6 961 0.12 0.33 0.82 65.2

20–29 632 0.15 0.56 0.77 58.5 640 0.14 0.49 0.69 59.1

30–39 705 0.38 1.11 1.70 69.0 712 0.34 1.02 1.55 69.5

40–49 717 0.51 1.25 2.57 67.3 723 0.47 1.12 2.35 67.5

50–59 753 0.60 1.74 3.03 61.8 768 0.52 1.54 2.91 64.4

60–69 804 0.91 3.13 4.49 59.0 814 0.83 2.89 4.18 59.5

70–79 425 0.72 1.94 2.81 59.1 431 0.65 1.75 2.65 60.1

80+ 218 0.70 2.23 3.09 61.4 221 0.62 1.86 2.69 62.4

Race

Mexican American 844 0.18 0.56 1.12 64.9 863 0.16 0.51 1.01 66.3

Hispanic/Other 602 0.16 0.48 0.99 60.8 619 0.15 0.40 0.90 62.4

Non-Hispanic White 2,255 0.62 1.73 3.13 61.2 2,299 0.55 1.59 2.89 62.5

Non-Hispanic Black 1,888 0.14 0.29 0.72 64.8 1,933 0.12 0.22 0.65 66.0

Non-Hispanic Asian 453 0.17 0.52 1.18 44.9 470 0.15 0.35 1.08 47.0

Other 434 0.43 1.06 2.11 64.2 448 0.38 1.03 1.95 66.2

Pregnant women 47 0.26 0.76 1.03 61.6 47 0.25 0.70 1.01 61.6

Reproductive age women 1,350 0.35 1.02 1.70 63.4 1,364 0.32 0.82 1.55 64.0

Special diets

Weight loss/low calorie 436 0.71 2.17 3.59 58.9 440 0.64 1.91 2.80 59.3

Sugar free/low sugar 44 0.98 2.81 3.88 69.2 44 0.93 2.79 3.59 69.3

Diabetic 138 1.26 3.50 4.49 71.6 139 1.17 3.46 3.98 71.7

Income level

Low 1,945 0.26 0.54 1.30 61.8 2,000 0.23 0.46 1.22 63.5

Middle 2,226 0.43 1.25 2.12 62.9 2,271 0.38 1.10 1.98 64.2

High 2,305 0.54 1.69 3.07 59.8 2,361 0.48 1.51 2.69 61.2
aSample sizes are the number of participants who reported any consumption of aspartame.
bPercentage of participants reporting consumption of aspartame.
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Ingredients (Redbook) standards. The source database COSMOS,
which further sources data from the FDA Center for Food Science
and Nutrition Priority-based Assessment of Food Additive
database, supplied additional information but was generally not
specific enough to further categorize PODs based on critical
effects. For instance, for three entries labeled “special toxicology
study”, a reference to the original published paper was listed
[43–45] and further details on effects were provided for only one
of the study entries [43]. The majority of PODs (n= 54 out of 72)
were from studies submitted directly to FDA as part of the food
additive petition process and are not publicly available; n= 50 of
those PODs are from studies conducted before 1978. References
to published studies were listed for 18 PODs. All available PODs for
aspartame in CompTox are from studies conducted through 2006.
The latest study in the database is a carcinogenicity study from
Soffritti et al. (2006) [46], which was given a “C” grade meaning it
does not meet FDA’s core standards for oral toxicology studies
[47]. The PODs recorded for Soffritti et al. (2006) were 2500mg/kg/
day (highest no effect level) and 5000 mg/kg/day (lowest no effect
level) with decreased feed consumption and bodyweight noted as
effects. In contrast, Soffriti et al (2006) reports carcinogenic effects
at 20 mg/kg/day [46].
Since information on effects associated with the PODs was

limited, Fig. 2 shows only PODs from study types labeled
“neurotoxicity”, “neurotoxicity subchronic”, “neurotoxicity
chronic”, “reproduction”, “developmental”, and “reproduction
developmental” conducted in animal models (rat (n= 12), rabbit
(n= 12), mouse (n= 4), monkey (n= 1), guinea pig (n= 1)). These

studies are coded by year, either before the FDA increased the ADI
from 20 to 50mg/kg/day in 1983 or after 1983. Of note are three
neurotoxicity studies conducted after 1983 with PODs at 13
(NOEL) [48], 71 (lowest observed effect level (LOEL)) [43], 133
(LOEL) [48], and 500 (NOEL) mg/kg/day [49]. More detail is
provided on these studies in the discussion.

DISCUSSION
We describe an approach for integrating nationally representative
retail purchasing and consumption datasets with a publicly
available ingredient database and concentrations of the artificial
sweetener aspartame. To our knowledge, this is the first attempt
to use these data sources together to estimate exposure to a food
additive.
Consumption of aspartame is widespread with almost two-

thirds of the of the US population reporting intake of a product
containing aspartame between 2017–2020. Research on aspar-
tame and other nonnutritive sweeteners (NNS) indicates this high
prevalence follows a trend of increasing use over time. A 1988
consumption analysis using the USDA Continuing Survey of Food
Intakes by Individuals, a nutrition survey that preceded NHANES,
reported 25% of surveyed women aged 19 to 50 years old
consumed aspartame (Table 1). Trend analyses of NNS consump-
tion in the US from 1999 through 2012 found drastic increases in
the percentage of adults and children consuming a food,
beverage, or packets with NNS. Among children, the prevalence
of NNS consumption increased from 6.1% in NHANES cycle
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1999–2000 to 25.1% in cycles 2009–2012, and in adults from
18.7% to 41.4% during the same time period [20, 50]. Respondents
from NHANES cycles 2009–2012 who were female, obese, non-
Hispanic white, or those with higher socioeconomic status were
more likely to report consumption of NNS [20]. Our prevalence
estimate of 62.6% for the entire population follows this trend of
increasing use over time although there were no major differences
between adults and children or across demographic subgroups
except in six months to five year olds (50.5%) and in non-Hispanic
Asians (47.0%).
The higher prevalence for aspartame exposure is attributed to

inclusion of products that are not labeled with terms such as “diet”
or “low sugar.” Previous analyses likely underestimated the
prevalence of nonnutritive sweetener consumption by selecting
foods and beverages from NHANES food codes and FNDDS
descriptions with specific adjectives [10, 20]. This analysis used the
same method to ensure all food codes with descriptions
indicating presence of aspartame were included, but also added
food codes that did not contain these terms based on ingredient
statements for purchased products. Soft drink manufacturers have
been rebranding beverages as “zero sugar” instead of “diet” due to
shifts in perceptions of dieting [51], and companies may add NNS
to “reduced sugar” foods and beverages to maintain palatability.
This may lead to unintentional purchase and consumption of
products with NNS that are perceived as healthier choices due to
labeling claims [52].
Aspartame consumption estimates in this study are lower than

intakes reported previously. As compared to earlier estimates of
aspartame exposure (e.g., mean: 4.9 mg/kg/day, 95th percentile:
13.3 mg/kg/day [10], Table 1), our lower intakes (mean: 0.4 mg/kg/
day, 95th percentile: 2.2 mg/kg/day) may be explained by
differences in estimation methods or the influence of ingredient
trends and changing health perceptions related to NNS. For
instance, the major yogurt manufacturer Yoplait replaced
aspartame with sucralose in their reduced calorie yogurts in
2014 due to declining sales and customer concerns about
aspartame [53]. Examining food code descriptions in NHANES
and assigning aspartame concentration by food type is a method
used to estimate intake and was replicated here to ensure
consistency with previous exposure studies. However, adding an
additional market-based exposure factor based on percentage of
sales for products with aspartame will result in lower intakes
unless all products in a category contain aspartame as the sole
sweetener. Only 13.8% of product with aspartame in BFD
ingredient lists had aspartame as the sole sweetener, and nine
out of 138 USDA food codes had a market share percentage of
100% (e.g., all sweetener packets sold contained aspartame).
The Supplemental Information contains a full list of food codes,
volume and price share and associated aspartame concentrations
used in this analysis.
Exposures to aspartame estimated in this analysis (mean: 0.4mg/

kg/day, 95th percentile: 2.2mg/kg/day) were well below the ADI of
50mg/kg/day established by the FDA. Maximum doses were
approximately half of the ADI (23.4mg/kg/day). We reviewed existing
PODs available in CompTox and identified three studies with four
PODs ranging from 13 to 500mg/kg/day that all indicate aspartame
exposure may result in reductions of important neurotransmitters
(Fig. 2) [43, 48, 49]. The first, which was not included in an evidence
review that determined aspartame is safe [10], is a rodent study on
the effects of chronic ingestion of aspartame. After rats were fed ad
libitum a solution containing 0.1% aspartame (equivalent to use levels
in chewing gum or syrup; POD recorded by FDA as 71mg/kg/day)
over a 14-week period beginning at weaning, neuropeptide Y levels
decreased by 23% at the site of its synthesis in the arcuate nucleus of
the hypothalamus [43]. Neuropeptide Y is a signaling molecule linked
to physiological functions including appetite control, anxiety, and a
variety of important metabolic pathways in the body [54]. The
European Food Safety Authority (EFSA) reviewed Beck et al. (2002) in

their 2013 re-evaluation of aspartame as a food additive, agreeing
with the author’s conclusion that more investigation is warranted [9].
Also not included in evidence reviews or the EFSA re-evaluation are
results from Sharma and Coulombe (1987), which found reduced
levels of serotonin and its metabolite, 5-hydroxyindoleacetic acid, in
the hypothalamus of mice after administration of 130mg/kg/day
aspartame for 30 days [48]. The third study demonstrated that
prenatal exposure to aspartame decreased levels of excitatory
neurotransmitters, glutamic and aspartic acid, in the brains of rats
[49]. The changes were reversible when exposure ceased for three
weeks. A POD of 500mg/kg/day was recorded as a NOEL is CompTox
likely because the main effect under investigation was changes in the
kinetics of glutamatergic receptor binding [49]; the study was
initiated because of previous findings on reductions of glutamic and
aspartic acid in rat brains [55], which were duplicated in this follow-up
study [49]. We acknowledge the CompTox POD database for
aspartame is not complete and represents a wide range of studies
of varying quality conducted over four decades and that regulatory
agencies have drawn conclusions on the safety of aspartame based
on extensive review of select toxicity studies. Nonetheless, consump-
tion of aspartame by pregnant women and effects on the developing
fetus remains an important understudied population and at least one
epidemiologic study has suggested an association between maternal
consumption of diet soda and poorer performance on cognitive
functioning tests in offspring [56].
The FDA, EFSA, Health Canada, and industry associations

maintain the safety of aspartame when used under approved
conditions and when consumed in amounts within the ADI. The
ADI is not applicable to individuals with the genetic disease
phenylketonuria (PKU) [9], and products with aspartame are
require to bear a warning, “Phenylketonutrics: contains phenyla-
lanine.” PKU causes phenylalanine to build up in the body, and
aspartame consumption is a concern because it metabolizes to
phenylalanine, aspartic acid, and methanol. Increased levels of
phenylalanine can cause brain damage and intellectual disabilities
in individuals with PKU, infants born to mothers with PKU, and
individuals with advanced liver disease. Regulatory bodies have
acknowledged the possibility of developmental toxicity in animals
due to phenylalanine, but concluded that at exposure levels below
the ADI, plasma phenylalanine concentrations would not lead to
adverse effects in normal fetuses [1, 9]. FDA set a plasma
phenylalanine threshold level for pregnant women at 50 µmole/dL
to protect the fetus from intellectual disabilities, and in clinical
studies it took a dose of aspartame at approximately 200mg/kg/
day to create plasma phenylalanine levels of 50 µmole/dL [1].
Likewise, aspartic acid, alone or in combination with its conversion
product glutamate (i.e., found in MSG and naturally in many
foods), can also cause brain lesions and endocrine disorders at
high doses. FDA and EFSA also found that at aspartame doses
below the ADI, plasma levels of these amino acids stay within
normal ranges are not a cause for concern [1, 9].
Epidemiologic studies have highlighted the potential for

adverse effects from aspartame or diet soda consumption. IARC
reviewed three studies with four prospective cohorts conducted in
the US and EU all reporting positive associations between cancer
and consumption of diet beverages but concluded the evidence
supplied limited evidence for liver cancer and inadequate support
for other cancers [57–59]. Another large cohort study conducted
in France of over 100,000 adults found an association between
exposure to aspartame in food and beverages and increased
cancer risk [60]. Current summaries published in 2022–23 of the
epidemiological, toxicological, and mechanistic evidence for
aspartame consumption and cancer are available. The two reviews
were funded by industry trade associations and both concluded
aspartame is not carcinogenic [61, 62]. Although epidemiologic
studies using diet soda consumption as a proxy for aspartame
intake would include any blend of sweeteners present in the
beverage, we found no studies that measured a mixture of
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aspartame and other sweeteners with the intention to compare
independent effects to combined effects or to assess interactions
among sweeteners.
Food chemicals with problematic hazard profiles are consumed

daily in the US. Over 10,000 food additives are allowed in the food
supply, and more than 300 chemicals with evidence of adverse
effects on neurological development are permitted in food and
beverages [63]. Like aspartame, safety assessments for these
compounds are typically conducted in isolation, without considera-
tion for concurrent exposures from multiple chemicals that may
have cumulative effects on the same health outcome. Although
aspartame doses required to increase plasma levels above the
threshold for phenylalanine are beyond levels that would normally
be consumed, considering the multitude of chemicals that may
impact the same endpoint, it may be prudent to reduce the intake
of aspartame if it can be avoided. Furthermore, toxicity studies
suggest aspartame consumption may impact production of
neurotransmitters, which may have consequences for fetal brain
development and cognitive function [64]. The WHO recently issued
guidelines on NNS with a recommendation to avoid the use of NNS
for weight loss since undesirable consequences may outweigh any
short-term benefits [65].
This study had several limitations. The FNDDS is updated for

every 2-year NHANES cycle and USDA food codes will require
mapping to the BFD on a regular basis to track trends in
consumption. Manufacturers also frequently reformulate products
based on trends and consumer preference. Repeated matching of
the BFD to NHANES is also needed to update product ingredient
lists. In some cases, beverages are cross-over products that could fit
definitions for multiple food codes. For instance, a kombucha
beverage with added vitamins and minerals may fit the energy
drink or kombucha categories, or a beverage advertised as
sparkling water may better fit the definition of a diet soda.
Classification decisions for these types of products can be based
strictly on predefined variables (e.g., calorie content, primary
ingredient), however, NHANES dietary recalls are dependent on
the memory of the respondent and how the respondent reports the
product. So, a kombucha energy beverage could be classified as an
energy drink based on the ingredient statement but may be
recalled by the respondent as kombucha. NHANES dietary survey is
administered using the USDA Automated Multiple Pass Method
(AMPM) instrument where participants answer data retrieval
questions designed to improve accuracy in recalling foods and
beverages. The AMPM instrument was found in one study to
accurately elicit 83% of foods truly eaten by participants [66].
Aspartame intake may therefore be underestimated due to recall
errors or when products are mismatched to food codes relative to a
respondent’s memory. This analysis did not account for aspartame
consumed in dietary supplements and pharmaceuticals. Under-
estimation may also have occurred since the BFD does not contain
ingredient information for all possible UPCs sold during 2017–2020.
However, the method used to assign unmatched UPCs likely
mitigated the effects of this source of error.
In summary, we found aspartame intake to be lower than

estimates from past decades but the consumption of aspartame-
containing foods and beverages to be more common in the
population that previously estimated. We also highlight toxicity
studies reporting changes in neurotransmitters levels following
aspartame exposure, which may warrant further investigation. The
methods presented here can be applied to monitor trends and
consumption of other nonnutritive sweeteners and food additives.

DATA AVAILABILITY
The NHANES dataset analyzed is publicly available and can be found at https://
www.cdc.gov/nchs/nhanes/index.htm (accessed April 12, 2024). The USDA Global
Branded Food Products Database dataset analyzed is publicly available and can be
found at https://fdc.nal.usda.gov/ (accessed April 12, 2024). While NielsenIQ Datasets

are not publicly available, the dataset generated using NielsenIQ Homescan datasets
is available in the Supplemental Information.
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