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Abstract

Healthy diet and dietary behaviors are key components in prevention of chronic disease and management of chronic
illness. Nutritional literacy has been associated with dietary behaviors and consumer choice of healthy foods.
Nutritional literacy can be measured, for example, by examining consumer food label use, but current research focuses
largely on the Nutrition Facts panel of a food product. Ingredients lists are critical for communicating food
composition but are relatively unstudied in existing literature. The goal of this work is to measure the readability of
ingredients lists on branded food products in the United States using existing metrics. We examined ingredients lists
for all 495,646 products listed in the USDA Food Data Central database using four existing readability measures for
text written in natural language. Each of these indices approximates the grade level that would be expected to
comprehend a text; comparatively, patient consent forms are considered acceptable at an 8" grade reading level or
lower. We report a broad variability for in readability using different metrics: ingredients lists recorded at a 9" grade
reading level or higher to comprehend are found at rates of 16.5% (Automated Reading Index) to 74.9% (Gunning-
Fog Index). Ingredients lists recorded at a 10" grade reading level or higher to comprehend are found at rates of
84.2% (using FRE Index). These results demonstrate the need to further explore how ingredients lists can be measured
for readability, both for the purposes of consumer understanding as well as for supporting future nutrition research
involving text mining.

Introduction

Nutrition is a known factor in the prevention and management of chronic diseases and impacts both short- and long-
term health outcomes. Food label use is an important facet for many consumers when making nutritional choices for
themselves and their families. In the United States, a food product label or food label is required to have 5 components,
including: (1) product name or identity, (2) the package contents, (3) contact information for the food manufacturer,
(4) the Nutrition Facts panel (NFP), and (5) a list of ingredients sorted in order of decreasing composite weight of the
product.

Over 75% of consumers report that they read the ingredients list on the product label “sometimes” or “often” when
they purchase a product for the first time per the 2019 Food Safety and Nutrition Survey Report (FSNSR). One major
reason consumers read food labels is to identify unfavorable and potentially harmful ingredients. For example, the
2019 FSNSR indicates that consumers largely want to detect the presence of artificial ingredients in a food product:
47% of consumers surveyed were either very or extremely concerned about the use of artificial ingredients. Other
reasons for focus on the ingredients list is to avoid or reduce intake of certain nutrients or ingredients, such as those
with food allergies, individuals with cardiac disease managing their sodium, or a parent nursing an infant with food
intolerances.

Poor nutrition is one of the key underlying causes of heart disease and improving nutritional literacy has been
suggested as a way for individuals with heart disease improve their condition [1]. A study using a Healthy Eating
Index (HEI) on US community-dwelling adults aged 70-79, found that 79.7% had a diet ranked as “poor” or “needs
improvement” [2]. Approximately 25% of participants in this study later developed malnutrition. A more recent 2019
study found that 19% of US adults reported a food allergy, and around 11% of US adults are reported have a physician-
diagnosed food allergy. 51.1% of physician-diagnosed food allergies were classified as severe, with 24% of
individuals with physician-diagnosed food allergies having epinephrine pen prescriptions [3]. It is critically important
for food labels to be understandable to the consumer at the point of first purchase.
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Nutrition literacy can be generally described as the capacity an individual has for gathering and synthesizing nutrition
information to make healthy decisions in their daily lives [4]. Higher nutrition literacy is associated with positive
health behaviors, including making healthier dietary choices (i.e. eating more fruits and vegetables), and increasing
one’s daily activity. Nutritional literacy falls under the larger umbrella term of health literacy, or one’s ability to make
decisions impacting their overall health (Figure 1). Lower health literacy has been demonstrated to be associated with
increases in emergency room visits and hospitalization, as well as higher mortality rates, and also with lower rates of
preventative screening, medication adherence, label interpretation, and health messaging comprehension [5].

Five US Food Product Label Requirements:
1. Identity/Product Name

2. Package Contents (i.e. ‘NET WT’)

3. Contact Information

4. Nutrition Facts Information
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5. Ingredients List

Figure 1. An overview of the relationship between health literacy, nutrition label literacy, and how they are
measured against the 5 required components of a food product label in the US.

One important measure of nutritional literacy is usage of the food product label, or the frequency with which one uses
a food label. A 2015 review of the effects of nutritional literacy on food label usage found that consumers who are
familiar with how to read a food label are more likely to use its information to make healthy decisions [6]. Food label
usage predicted dietary quality in 18- to 29-year-old persons (n=103), with increased usage expected to improve health
outcomes such as dietary quality [7]. Women are known to be more frequent users of food labels [8], and there is
some evidence to suggest that consumers identifying as Hispanic are frequent users as well [9]. Food label use is
especially important for those trying to avoid or manage the incorporation of a nutrient or ingredient in their diet:
Older adults are also more likely to avoid foods associated with known personal health issues than younger adults [9].
Low food label usage was found to be associated with difficulty following gluten-free diets for individuals with
diagnosed Celiac Disease or Gluten Sensitivity [10]. The 2019 FSNSR notes that consumers read the food label upon
first purchase, indicating that label readability is an important facet of consumer behavior [11]. Eighty-three percent
of consumers checked the ingredient list upon first purchase of a product [11]. Therefore, it is critically important for
food labels to be readable at the point of purchase so that consumers will be encouraged to use them.

In the United States, a food product label or food label is required to have 5 components, including: (1) product name
or identity, (2) the package contents, (3) contact information for the food manufacturer, (4) the Nutrition Facts panel
(NFP), and (5) a list of ingredients sorted in order of decreasing composite weight of the product. Consumer
understanding of the composite food product label has been found to be correlated with income and education, but
even highly educated subjects display difficulty understanding a food label (n=100) [12]. The NFP is definitively the
most studied component of a food label in current literature, and was recently updated in 2016 to help consumers
better understand the dietary implications of a product. Recent studies on the NFP have found evidence that supports
a relationship between NFP use and positive dietary behaviors in young adults [8], in prediabetic adults [13], and in
Latinx adults diagnosed with Type II diabetes [14]. However, readability of ingredient lists on a food label has not
been extensively studied. The main purpose of this work is to explore the way ingredients are currently presented to
consumers on packaged food products in the United States using existing measures of readability.
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Methods

A flow diagram of the overall approach used in this method is shown in Error! Reference source not found.. The
October 2020 release of the Branded Foods dataset from the USDA Food Data Central database [9] was downloaded
via https:/fdc.nal.usda.gov/download-datasets.html as a .CSV file. Information for a total of 498,182 products is
contained in the Branded Foods dataset. Ingredients lists that were empty (n = 2,536, 0.51%) were removed, leaving
a total of 495,646 food products to be analyzed. Ingredients lists for these products were pulled from the CSV file,
tokenized, and analyzed using the readability [1] and Natural Language Toolkit [2] libraries with Python version
3.6.10. The full process and Python scripts used to perform these tasks, along with data availability, can be found at
https://github.com/kmcooper/il_readability existing_measures. Ingredients lists were unaltered other than
tokenization for the purpose of readability analysis. The goal was to analyze the readability of an ingredients list as it
would be observed by the consumer without modification.

Readability Measures

Readability measures are used to determine the FoodData Central
difficulty with which one can expect when database
reading a selection of text written in natural

language. A number of readability metrics exist

already; most of these incorporate factors such as

word length, word complexity, number of =
syllables, text length, and others to determine Branded Foods
readability, and are applied to documents such as .Csv
manuals, textbooks, and patient consent forms,

where an individual would be reading the

document for comprehension. For context, in  puepedient List,
healthcare it is generally accepted that documents ={
should be written at an 8" grade reading level or

lower to be considered acceptable for documents

needing to be written in plain language, such as

consent forms [15].

EEERERRES

lTokenize ingredients lists

token; | token, ; | | token,

Measure readability

. . . . . . Gunning Fog ARI LIX FRE
In this analysis we examined ingredients lists of = ] ] ]

496,646 distinct food products listed in the e |
Branded Foods dataset from the USDA FoodData = =
central database using four existing readability

measures: the Flesh-Kincaid Reading Ease,  Figure 2. A high level overview of the methods used to
Gunning-Fog, LIX, and the Automated measure readability. All preprocessing and analysis was
Readability Index (ARI). Each of these indices  performed using GNU bash and Python 3.6.10.

approximates the grade level that would be

expected to comprehend a text. After readability measures were calculated for each ingredients list, metrics were
aggregated into grade levels according to the scale given by each measure; for example, the ARI measure ranks from
Kindergarten to College. Each of those ranks are described below.

The Automated Readability Index (ARI): The Automated Readability Index or ARI was developed in 1967 by Smith
and Senter [16]and has been used to measure readability of online websites for consumers on topics related to
epilepsy[17], otolaryngology [18], breast lesions [19], hip surgery [20], and privacy policies [21]. The ARI measure
is based on the number of words per sentence in text written in natural language, as well as characters per word to
approximate word complexity [16]. The ARI index reports measures that align with readability from Kindergarten
through College Students and Professorial Levels [16].

The Flesch-Kincaid Reading Ease Index (FRE): The Flesch-Kincaid Reading Ease Index, or FRE, was developed
in 1975 to help the US Navy author technical documents and ranks texts from 5" grade up through College levels
(College, College Graduate, and above) [22]. It is a popular index for measuring the readability of consent forms, with
notable use in validating consent form reading levels for vulnerable individuals [23], for those participating in DNA
sequencing analyses [24], and HIPAA compliant consenting materials [15], [25]-[27].
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The Lasbarhetsindex Swedish Readability Formula (LIX): The Lasbarhetsindex Swedish Readability formula, or
LIX, was developed in 1983 for measuring readability of newspapers and is applied to rank texts from 1* grade up
through 12" grade, in addition to a final College reading level [28]. The LIX score is based on the number of words,
and periods in a text, as well as word length (i.e. a “long word” is sometimes defined as one having 6 or more
characters). It is noted for its applicability in readability analyses that are not necessarily rooted in syllable count [29]
and has been used to measure readability in consent forms and online health information [30], [31], similar to other
measures presented here.

The Gunning-Fog Readability Index: The Gunning-Fog Readability formula was developed in 1952 for measuring
readability of newspapers upon first exposure to the text and is applied to ranks texts from 6 grade up through College
Graduate level [32]. The Gunning-Fog index is based on word count, sentence count, and complex word count in a
text, where complex words contain >= 3 syllables. Similar to the other measures reported here, it is a popular measure
of readability for health information presented to consumers and patients alike [33]-[37].

Mean and median scores as well as standard deviation for all readability metrics are automatically reported by the
readability Python library. Conversion of readability scores to grade level is metric-specific and was performed using
Python. Code to perform conversions for the measures reported here is also available on our Github repository for this
project at https://github.com/kmcooper/il_readability _existing_measures.

Results

The mean and median scores for the four readability metrics used in our analyses are reported in Table 1. Mean,
median scores for the 4 readability metrics, including mean reading level according to each metric, and the percent
total of 495,696 ingredients lists analyzed falling at or below an 8th or 9th grade reading level.Table 1. Broadly, the
median score reported by the four indices ranges between the 6 grade reading level and a college reading level, with
little consensus between metrics. The Automated Reading Index (ARI) is by far the most magnanimous measure,
reporting that ingredients lists for 83.5% products fall at or below an 8" grade reading level. By contrast, the Flesch-
Kincaid Reading Ease metric is by far the most conservative measure, reporting that ingredients lists for 84.23% of
products fall at or below a 10" grade reading level (FRE groups 8" and 9™ grade together). At large, three of the four
measures reported describe a mean reading level of 8™ grade or higher for ingredients lists on branded foods.

Table 1. Mean, median scores for the 4 readability metrics, including mean reading level according to each metric,
and the percent total of 495,696 ingredients lists analyzed falling at or below an 8% or 9™ grade reading level.

. . % of IL % of IL above
g/i‘:::: Meallielt,eez;dmg Néig:in Std. Dev at/below 8th 8th Grade
Grade Level Level
Gunning-Fog 11.983  11-12th Grade 11.916 5611 25.14% 74.86%
Index
ARI 6.539 6th-7th Grade 6.474 3.357 83.50% 16.50%
LIX 37.295 8th Grade 36.694 15.558 61.57% 38.43%
. . % of IL % of IL above
g/i‘:::: Meallielt,eez;dmg Néig:in Std. Dev at/below 9th 10th Grade
Grade Level Level
Flesch-Kincaid = 55 931 gjjege Level  37.026 26889 15.77% 84.23%

Reading Ease

The reading level distributions for each of the reported metrics are shown below in Figures 2-6. These distributions
are presented as a total count of ingredients lists reported at each reading level using the given metric. It is not effective
to compare metrics by their distributions due to their different reading level categorizations, however, visualizing their
distributions in this way highlights the disagreement between metrics. For example, both the LIX and the Gunning-
Fog indices capture ingredients lists at higher-than-normal-levels at the extreme ends of their distributions, and the
Flesch-Kincaid Reading Ease is skewed toward the college ranked reading levels.
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Figure 3. Ingredient list reading level distribution using the ARI measure. All ILs were analyzed using the ARI
measure and categorized into grade levels between Kindergarten and Professor using the ARI. According to this
measure, 83.5% of ingredients lists are presented at an 8" grade or lower reading level.

Flesch-Kincaid Reading Ease

Above College Grad
College Grad
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Figure 4. Ingredient list reading level distribution assessed using the FRE measure. All ILs were analyzed using
the FRE measure and categorized into grade levels between 5" Grade and College Graduate. According to this
measure, 15.8% of ingredients lists are presented at an 10" grade or lower reading level.

LIX
College
12th Grade
11th Grade
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0 10000 20000 30000 40000 50000 60000 70000 80000
Number of Ingredients Lists

Figure 5. Ingredient list reading level distribution assessed using the LIX measure. All ILs were analyzed using
the LIX measure and categorized into grade levels between 1% Grade and College using the LIX. Using LIX,
61.6% of ILs are presented at an 8™ grade or lower reading level.
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Figure 6. Ingredient list reading level distribution assessed using Gunning-Fog measure (FOG). ILs were analyzed
using FOG and categorized into grade levels between 6" Grade and College Graduate. According to this measure,
25.1% of ILs are at an 8" grade or lower reading level.

Discussion

Specifically, this work examines the readability of ingredients lists using existing readability indices, where readability
can be generally defined to measure the level of education needed for an individual to understand a list of ingredients.
There are limited studies on the readability of food products labels and few studies examining the readability of other
commercial products, such as cosmetics [38] and dietary supplements [39]. This study highlights the documented
challenges of analyzing the readability of ingredients lists using existing metrics; generally, text mining challenges
such as these are already somewhat recognized in food composition research and information systems [40]-[43]. The
disagreement between these measures used in this research suggests that existing readability metrics may not be
sufficient to infer readability of ingredients lists, which are not traditionally written as natural language. Better metrics
for measuring readability of ingredients lists can be developed to more accurately reflect the text structure of
ingredients lists versus text written in natural language.

Another challenge directly impacting the consumer is that food production companies differ, sometimes widely, in
the terms they use to present ingredients on a food product label, the preparation of those ingredients, and the purpose
for which an ingredient is used. For example, soy lecithin is sometimes used as an emulsifier, in other foods it is used
as a flavor protection agent. Additionally, a label might say “chocolate”, “milk chocolate”, or “chopped chocolate”,
which could all be the same product, but prepared and or presented in different ways. A 2017 study on nutrition
modeling recommended that food labels should denote (1) the ingredients in the food product itself and (2) how the
ingredient was prepared to be used in the product, such as ‘“chopped”, “raw”, or
pureed” [44]. There is building evidence that food preparation affects the gut microbiome[45], [46], which has
implications for health outcomes. As the body of research in consumer access and use of nutritional information
continues to grow, it is expected that there will be consumer-demand for information on ingredient preparation and
provenance in food labeling policy. A 2014 review on challenges facing food science acknowledges the need for
multidisciplinary teams to address these and other challenges, incorporating the fields of computer science, text
mining, and informatics [47]. Resources and interdisciplinary teams are necessary to create consumer-centered

information systems.
Conclusions

More research is needed to fully understand the consumer experience with ingredients lists on the food products label.
With the digitization and aggregation of information on food products made and distributed in the United States, it is
possible to apply informatics approaches that will support consumers in the pursuit of healthy dietary behaviors, like
natural language processing. The study of the readability and consumer experience of ingredients lists can reveal
insights into how consumers use and experience food products in their daily lives, but remains an under-utilized tool
for improving health.
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Limitations

This work uses existing metrics for measuring readability but it is not readily clear when the application of readability
metrics becomes inappropriate, such as in the application of the metrics to a list of terms. There are a number of
readability metrics that were not used in this work because they count sentences and punctuation typically used in
narrative text [48, 49] that would not be appropriate in application to an ingredients list. The four metrics used here
were chosen as they focus largely on word and character counts which are applicable in this context, however, future
work could focus on the development of a readability metric specific to ingredients lists.
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