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ABSTRACT

INFORMATICS PROFESSIONALS. LEADING THE WAY.

Objective Accurate food adverse sensitivity documentation in electronic health records (EHRS) is crucial to patient safety. This study examined,
encoded, and grouped foods that caused any adverse sensitivity in a large allergy repository using natural language processing and standard
terminologies.

Methods Using the Medical Text Extraction, Reasoning, and Mapping System (MTERMS), we processed both structured and free-text entries stored
in an enterprise-wide allergy repository (Partners’ Enterprise-wide Allergy Repository), normalized diverse food allergen terms into concepts, and
encoded these concepts using the Systematized Nomenclature of Medicine — Clinical Terms (SNOMED-CT) and Unique Ingredient Identifiers (UNII)
terminologies. Concept coverage also was assessed for these two terminologies. We further categorized allergen concepts into groups and calcu-
lated the frequencies of these concepts by group. Finally, we conducted an external validation of MTERMS's performance when identifying food al-
lergen terms, using a randomized sample from a different institution.

Results We identified 158 552 food allergen records (2140 unique terms) in the Partners repository, corresponding to 672 food allergen concepts.
High-frequency groups included shellfish (19.3%), fruits or vegetables (18.4%), dairy (9.0%), peanuts (8.5%), tree nuts (8.5%), eggs (6.0%), grains
(5.1%), and additives (4.7%). Ambiguous, generic concepts such as “nuts” and “seafood” accounted for 8.8% of the records. SNOMED-CT cov-
ered more concepts than UNII in terms of exact (81.7% vs 68.0%) and partial (14.3% vs 9.7%) matches.

Discussion Adverse sensitivities to food are diverse, and existing standard terminologies have gaps in their coverage of the breadth of allergy
concepts.

Conclusion New strategies are needed to represent and standardize food adverse sensitivity concepts, to improve documentation in EHRs.

Keywords: food hypersensitivity, natural language processing, allergy and immunology, electronic health records, systematized nomenclature of

medicine, vocabulary, controlled

OBJECTIVE, BACKGROUND, AND SIGNIFICANCE

Food allergies affect a significant portion of the global population, with
a reported prevalence of between 1% and 10%."? Food allergies are
among the most common causes of Emergency Department visits, ac-
counting for an estimated 525 600 Emergency Department visits an-
nually in the United States.>* The International Codex Alimentarius
guidelines and the US Food Allergen Labeling and Consumer
Protection Act (FALCPA) require food manufacturers to label any prod-
uct that contains an ingredient (eg, milk) or a food protein (eg, milk
protein) derived from one or more of the eight major food allergen
groups (eggs, fish, milk, peanuts, shellfish, soy, tree nuts, and wheat),
which trigger an estimated 90% of food allergy reactions.>~'" Allergen
labeling increases consumer awareness and is an important part of
consumer-based avoidance strategies to prevent fatal anaphylactic
and other types of allergic reactions from hidden allergens.>>?
Documenting food allergy information in electronic health records
(EHRs) is important for patient care and safety. This documentation
can trigger automated clinical decision support alerts in real time, to
reduce adverse events'*>™'® caused by, for instance, food-derived
products provided in the hospital.’® Although EHRs document different
types of adverse sensitivities (including intolerances, idiosyncratic re-
actions, immune-mediated reactions, and other hypersensitivities), in
this article, we use the term “food allergen” to represent food sub-
stances or sensitivities documented in the EHR’s allergy module.'®

Representing and encoding allergy information using a common,
standard terminology allows for data interoperability and continuity of pa-
tient care across heterogeneous systems and different organizations.
The Systematized Nomenclature of Medicine — Clinical Terms (SNOMED-
CT) is recommended by multiple organizations, including the National
Quality Forum Quality Data Model, the Office of the National Coordinator
Vocabulary Task Group, and the Individual Care Standards Collaborative
Working Group (Canada) for encoding non-medication allergen con-
cepts."”" In addition to SNOMED-CT, the Health Level 7 Consolidated
Continuity of Care Document?>?® allows the use of the Federal Drug
Administration (FDA) Unique Ingredient Identifiers (UNII) for food aller-
gens.2* The Centers for Disease Control and Prevention released a value
set mapped to SNOMED-CT that includes food allergens.'® A recent
study found that, while gaps still exist, SNOMED-CT satisfies most desir-
able terminology characteristics (eg, content coverage, concept orienta-
tion, formal definitions, multiple granularities, vocabulary structure, and
subset capability) for encoding common food allergens.'” However, it is
still unclear how well SNOMED-CT and UNII classify and encode a wide
variety of free-text allergens documented in EHR systems.

The goals of this study were to: 1) determine what terms healthcare
providers use to document adverse sensitivities related to food in a pa-
tient’s list of allergies, 2) encode these extracted terms using standard
terminologies and assess the terminologies’ coverage, and 3) report, at
a high level of abstraction, a population-level analysis of food concepts
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contained in a large allergy repository. In this study, we examined,
encoded, and grouped foods that caused any adverse sensitivity in an
allergy repository. We used a generic natural language processing (NLP)
application, called the Medical Text Extraction, Reasoning, and Mapping
System (MTERMS),?>2% to process and map local allergy entries to the
standard terminologies. Our group previously demonstrated MTERMS’s
ability to encode allergy information in clinical notes.?®

MATERIALS AND METHODS
We used a two-phase approach to examine a large repository of food
allergens (Figure 1).

Setting and Corpus

In the Partners Healthcare System, patients’ allergy information is
entered by healthcare providers into the allergy module of the EHR sys-
tems used by each affiliated institution. Patients’ allergy data are inte-
grated and stored in the Partners’ Enterprise-wide Allergy Repository
(PEAR), so that each patient has a common allergy record that is shared
within the federated provider/hospital network.?” As of October 26,
2014, PEAR consisted of 3949 996 active records, including food, drug,
and environmental allergies documented since the late 1980s. There
are a number of ways to enter food allergens into our EHR systems’ al-
lergy modules. One method is to use the “quick pick list,” which con-
sists of a short list of commonly selected allergens. For example, the
current food quick pick list includes 13 allergens: beef, caffeine, carbo-
hydrate, chocolate, dairy products, eggs, fish, milk protein, peanuts,
shellfish, soy, strawberries, and wheat. Clinicians can also utilize the
“Drug Lookup” search box on the drug tab (unavailable on the food tab),
which contains a dictionary of 335 food terms encoded using a com-
mercial terminology. Alternatively, allergies can be entered as free text.
Converting free-text entries to structured entries has historically relied
on an existing string-match conversion tool and manual review, resulting
in about 6% of total entries persisting as free text in the system.

For external validation, we collected 900 randomly selected allergy
entries from the Emergency Department EHR at Tufts Medical Center
between January and June 2012. Most of the allergy entries in the
Tufts Medical Center EHR are coded to a commercial terminology;
however, the system does include some local concepts for frequently
seen allergens that are not included in the commercial terminology
and some entries are free text.

This study was approved by both the Partners Healthcare System
and Tufts Medical Center Institutional Review Boards.

Definitions

We define a “token” as a single word. We define a “term” as a collec-
tion of tokens (words) that are not normalized and may contain mis-
spellings, acronyms, or plural versions. We define a “concept” as a
representation of a collection of terms that represent the same allergy
causative agent, with the term chosen to represent this collection of
terms being a “normalized term.” We define a “group” as a collection
of concepts that represent similar types of allergy causative agents.
We define a “record” as an individual allergy. In contrast, an “entry”
may contain multiple records or no records (ie, the entry does not rep-
resent an allergy). Cross-sensitivity is defined as “sensitivity to one
substance that renders an individual sensitive to other substances of
similar chemical structure.”?%2°

Phase 1: Data Processing and Lexicon Refinement

In the first phase of this study, we iteratively developed an MTERMS
lexicon by: 1) processing PEAR entries, then manually reviewing the
output to find food terms; 2) adjusting the granularity of terms and
mapping the resulting concepts to SNOMED-CT and UNII; and 3)
grouping food terms at a high level of abstraction.

Processing PEAR Entries Using MTERMS

Free-text entries in PEAR contain diverse information relevant to drug,
food, and environmental adverse sensitivities. At a more detailed level,
this information includes allergies, intolerances, hypersensitivities, ad-
verse reactions, criticality, severity, negations, and exceptions.
MTERMS uses rules and a lexicon to: 1) tag individual allergens and
reactions, 2) correct misspellings, and 3) handle contextual informa-
tion (eg, negations, temporality, and exceptions) and other issues (eg,
abbreviations and punctuations). MTERMS includes local and standard
terminologies — SNOMED-CT (US version September 1, 2014),2" UNII
(version November 20, 2014),24 and the Public Health Information
Network Vocabulary Access and Distribution System (PHIN VADS) (ver-
sion June 17, 2011),19 and other variations — in its lexicon and con-
ducts a lexical look-up when processing free text. We enhanced the
MTERMS lexicon by adding local interface terminology dictionaries,

Figure 1: Overview of data processing, lexicon development, and evaluation.
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local allergy order sets (ie, serum allergen tests), a literature re-
view,”®30=%¢ and a spelling checker.®” We did not consider vitamins,
herbals, enteral nutrition, or parenteral nutrition as part of the food al-
lergy list, because these substances are typically entered as drug al-
lergies. We considered all color additives to be food additives, even
though there could be other types of exposures from these sub-
stances.>® We recognize that insects (eg, grasshoppers and bees) are
a food substance in some parts of the world; however, in our analysis
we considered these to be environmental allergens rather than food
allergens, because environmental exposure was the more common
type of exposure for our patient population.

Manual Review of MTERMS Output to Find Food Terms

We manually reviewed the output from MTERMS to verify whether or
not a term was a food term. First, we reviewed terms tagged by
MTERMS as food terms, to validate that they represented foods and
were not misclassified (eg, were actually drug allergens). Next, we re-
viewed terms tagged by MTERMS as another type of term (eg, drug al-
lergens) to check for food terms that were misclassified. Then, we
reviewed misspellings and acronyms that were corrected by the
MTERMS spelling checker to an identified food concept, to determine
whether these made sense to add as verified terms. We also reviewed
cases in which negations and exceptions were present within the en-
try, to determine whether we were able to manually disambiguate
whether a concept was negated, a true allergen, or resulted in an
unidentifiable subgroup that did not represent an actual substance.
For example, in the entry “all nuts except almonds,” we placed nuts
into the “Exceptions” category, because the resulting subgroup is
undefined, and placed almonds into the “Negated” category, because
the patient in this example tolerates almonds. Finally, we reviewed
untagged tokens to see whether they corresponded to an unidentified
food term. We iteratively refined MTERMS’s lexicon and algorithms by
performing a manual review and repeated the above steps until there
were no detectable errors in the free-text PEAR entries.

Mapping of Concepts to SNOMED-CT and UNII and Adjusting
Granularity of Food Terms to Concepts
Synonyms for some foods were not included in the standard terminol-
ogies (eg, SNOMED-CT includes “Isurus oxyrinchus,” but “mako
shark” was not included in the terminology as a synonym for this
term). In such cases, we manually mapped concepts without a syno-
nym in the terminologies and added these synonyms to their corre-
sponding concepts. In choosing between similar SNOMED-CT
concepts in different hierarchies, we selected the substance level first.
The terms “cream,” and “syrup” require semi-manual disambiguation
due to multiple contexts of use in PEAR (ie, as a drug form, such as
cough syrup, or as a food context, ie, “refers to cow milk fat”). We
purposefully excluded the generic term “liver,” which does not (by it-
self) change clinical decision-making, because what animal the liver
came from (eg, chicken or cow) is unknown; however, more specific
concepts (eg, cod liver oil) were included.*®

Adjustment of the terms’ granularity was done by merging terms
that corresponded to the same substance into a single reference con-
cept. If a term had an exact lexical match in SNOMED-CT or UNII, then
we assigned it as a food allergen concept. We used the verified map-
pings for misspellings and acronyms, described above, to map the set
of terms to their corresponding concepts. We mapped unmatched
terms to existing concepts based on a semantic match (ie, the terms
are synonyms at a level of granularity appropriate for clinical decision-
making; eg, Macintosh apple = apple). Although there is little clinical
evidence supporting allergies to flavor additives,>® this case presents

a unique challenge to the task of granularity adjustment, due to its
ambiguity. Several specific food flavoring agents exist in SNOMED-CT
(eg, “apple flavor,” “mixed fruit flavor,” “orange flavor”); however,
when there were gaps (eg, “banana flavor”), we mapped to a generic
term (“food flavoring agent”), because we do not know how similar
the protein structure of these natural and artificial flavors are to the
causative agent (eg, “banana”).

” o«

Development of Food Allergen Groups

We further classified the individual allergen concepts into high-level
food allergen groups, based on an extension and modification of
FALCPA,>® cross-sensitivity findings,”®“**' a review of SNOMED-
CT’s structure and content regarding food allergen classes, and a liter-
ature review® '35 (Table 1).

Studies have shown that there is a high rate of coexistence be-
tween peanut and tree nut allergies (~25-50%) in some populations
and homologous proteins between these foods by in vitro inhibition.”"
Peanuts and soybeans are members of the legume family, but studies
suggest that the in vitro cross-reacting antibodies are not clinically rel-
evant, because patients with peanut allergy generally tolerate other le-
gumes and soy.”® Although legumes are often considered to be
vegetables, studies have found that legume-induced adverse reactions
(eg, anaphylaxis) are often more severe than those caused by other
vegetables.”® We therefore created a group called “Fruit or
Vegetable,” because these foods often cause oral allergy syndrome or
other mild adverse reactions.”*®

Because there is no evidence that shellfish cross-react with verte-
brate fish,” we categorized “Fish” and “Shelifish” as individual groups.

Phase 2: Evaluation Methods
Once our lexicon reached stability, we moved on to the evaluation
phase and gleaned clinical insights from our corpus.

Assessment of Concept Mapping to SNOMED-CT and UNII

We assessed the concept mapping results and the coverage of
SNOMED-CT and UNII for food terms in PEAR using the methods dem-
onstrated in similar studies by Zhou.?>?6*2 Mapping was assessed
using four levels: exact match, narrower partial match, broader partial
match, and no match. Percentages of concepts matched at each level
were calculated.

Frequency Analysis

We calculated the frequency of food allergens within PEAR by group, as
defined above. Free-text and structured entries were analyzed sepa-
rately and were presented alongside the combined total for each group.

Assessing MTERMS Performance in Identifying Allergen Concepts

The allergy entries from the Emergency Department at Tufts Medical
Center were used as external validation of MTERMS and our lexicon.
The commonly used statistical measures of precision, recall, and F-
measure were calculated.*®

RESULTS

There were 2730250 patients with 3949996 active allergy records
(including drug, food, and environmental allergies) in PEAR. Among
these records, 93.7% (n=3 701 332; unique = 5705) of the informa-
tion on allergens was found to be in the form of structured entries,
compared with 6.3% (7= 248 664; unique = 88 686) that was in the
form of free-text entries. About 3.7% (100 194) of patients had at least
one food allergy record. We identified 158 552 food allergy records
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Table 1: Food Allergen Groups

Group Grouping rationale notes and examples

Shellfish? The “Shellfish” group includes various species of mollusks, crustaceans, and echinoderms. Considerable cross-sensitivity exists be-
tween crustaceans (eg, shrimp, crab, and lobster), while a moderate risk of cross-sensitivity exists between crustaceans and mol-
lusks (eg, clams and oysters).®

Fruit or The “Fruit or Vegetable” group does not include grains (eg, corn) or legumes (eg, beans), but does includes tea, jasmine, and cham-

Vegetable omile, which may cause similar allergic reactions.

Dairy? The “Dairy” group includes various dairy products, such as cow milk, lactose, milk protein, cheese, butter, etc.

Generic We created a “Generic” umbrella group for ambiguous and multi-ingredient food allergens. The concept “nuts” is broad, because it
may refer to peanuts and tree nuts, and, thus, belongs in the “Generic” group. “Seafood” is another umbrella term that includes
fish and shellfish, and so we placed it in the “Generic” group. Other concepts that contain multiple ingredients or refer to a type of
cuisine or food, such as Chinese food, baklava, pizza, ravioli, and chocolate, were classified in the “Generic” group.

Peanut? The “Peanut” group includes peanuts, peanut butter, peanut oil, and grease.

Tree nuts® Cross-sensitivity and co-allergy among tree nuts (eg, pistachios — cashew, and walnut — pecan) is common, as demonstrated
through IgE binding to multiple tree nuts in serologic studies.” 4%

Egg® The “Egg” group includes egg components/products such as egg white, egg yolk, mayonnaise, eggnog, etc.

Grain® While there is extensive in vitro cross-sensitivity between grains (eg, wheat and corn) and grass pollens,” clinically, there is little
cross-sensitivity; thus, we categorized grass pollens as environmental allergies.

Additive The “Additive” group includes monosodium glutamate, dyes (eg, food coloring, Yellow Dye #5, and FD&C Blue No. 2), food preser-
vative, sweeteners (eg, aspartame, sucrose, and artificial sweetener), caffeine, etc.

Fish? The “Fish” group includes various species of fish, including salmon, tuna, swordfish, cod, anchovy, etc.

Soy? The “Soy” group includes various soy preparations, such as soy milk, soy sauce, tofu, soybean oil, frosting, soy protein, etc.

Seed The “Seed” group includes various seeds, such as sesame seed, sunflower seed, cocoa, coffee, quinoa, etc.

Meat The “Meat” group includes various preparations of meat, including beef, poultry, lamb, duck, ham, pepperoni, etc.

Spice The “Spice” group includes garlic, black pepper, cinnamon, curry powder, sage, ginger, paprika, red pepper, etc.

Alcohol The “Alcohol” group includes various ingestible alcohols, including fruit-based alcohols (eg, wine and red wine), grain-based alco-
hols (eg, beer and barley malt syrup), and liquors (eg, tequila).

Legume The “Legume” group includes members of the legume family (eg, bean, chickpea, snow pea, red bean, and kidney bean), except
peanut and soy, which are categorized into separate groups, based on previous cross-sensitivity studies. We placed the concept
“legume” in the “Generic” group, because it is unclear whether the concept referred to peanuts, soy, or another member of the le-
gume family.

Fungus The “Fungus” group includes cultivated mushrooms, yeast, truffles, Portobello mushrooms, etc.

Extract The “Extract” group includes types of edible cooking oils, such as olive oil, as well as other extracts, such as annatto, yeast extract,
etc.

Infant The “Infant formula” includes infant formulas, such as Enfamil Prosobee Lipil, Similac, Elecare Powder, Nutramigen, Enfacare, as

formulas well as breast milk and baby food.

Nutritional The “Nutritional supplement” group includes nutritional or dietary supplements, such as Ensure, red yeast, fiber, etc.

supplement

No known We captured “No known food allergy” as a category separate from food allergens, because this documentation is clinically useful.

food allergies

IgE, Immunoglobulin E.
This group is one of the eight major food allergens defined by the Food Allergen Labeling and Consumer Protection Act (FALCPA).
®A subgroup of “grain” corresponding to “wheat” is part of the eight major food allergens defined by FALCPA.

(2140 unique allergen terms), accounting for 4.0% of the total records,
of which 75297 (47.5%) were stored in a free-text format.

Normalization of Terms to Food Allergen Concepts Results

We converted the 2140 unique allergen terms into 672 concepts. Of
the 672 concepts in PEAR, 53 were only in the structured entries, 399
were only in the free-text entries, and 220 were found in both.
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Assessment of Concept Mapping Between SNOMED-CT and UNII
Results

We found that SNOMED-CT contained more food allergen concepts
documented in PEAR than UNIl (Table 2). Of the 672 total concepts,
only 35.6% are included in the Centers for Disease Control and
Prevention PHIN VADS subset. Investigation of the identified SNOMED-
CT concepts found that 90.2% are under the SNOMED-CT substance
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Table 2: Concept-Level Mapping for Food Allergens from PEAR to SNOMED-CT and from PEAR to UNII

Matching SNOMED-CT | UNII Examples

(n=672 total n (%) n (%)

concepts)

Exact 549 (81.7) 457 (68.0) | The fish “mahi mahi” is “mahi mahi — dietary” in SNOMED-CT and “mahi-mahi” in UNII.

Broader (Partial)® 65 (9.7) 27 (4.0) In SNOMED-CT, “crab — dietary” is the closest concept to “Dungeness crab” that is found in
UNII.

Narrow (Partial)® 31(4.6) 38(5.7) The closest match to “crab” in UNII is “crab leg, unspecified,” as we could not find a “crab,
unspecified” term.

Missing (No match) | 27 (4.0) 150 (22.3) “Gatorade,” “Mexican food,” “goose egg,” “Irish cream flavor,” “orange soda,” and “sprout”

are not found in either terminology. Several exotic fruits or vegetables (eg, “Pitaya,” “lemon-
grass,” “logan fruit,” “mangosteen,” “mustard greens,” “wasabi,” “acai,” “Asian pear,” and
“chayote”), a fish derivative (“caviar”), a shellfish (“langostino”), extracts (eg, “annatto ex-
tract”), additives (eg, “guarana,” “orange 5,” and “12-aminododecanoic acid”), a nutritional
supplement (“red yeast”), a seed (“cocoa”), a grain (“corn meal”), and a flower used in tea
(“Jasmine”) are not found in SNOMED-CT. UNII was the most deficient in multi-ingredient or
ambiguous concepts.

PEAR, Partners’ Enterprise-wide Allergy Repository; SNOMED-CT, Systematized Nomenclature of Medicine — Clinical Terms; UNII, Unique

Ingredient Identifiers.

The “food allergen” concept in our lexicon has a less specific meaning than the corresponding term in SNOMED-CT or UNII.
®The “food allergen” concept in our lexicon has a more specific meaning than the corresponding term in SNOMED-CT or UNII.

hierarchy, and the rest are under the organism (6.7%), product
(2.6%), qualifier value (0.3%; eg, “sprinkle” or “gum”), or finding
(0.2%; eg, “poisoning by sea cucumber”) hierarchies.

Frequency Analysis by Group Results

We analyzed the frequency of the PEAR food allergen records at
the group level (Table 3). Our deep analysis on subgroups of grain
and shellfish showed that 3111 (2.0% of total food terms) were
wheat, 879 (0.6%) were corn, 5642 (3.6%) were crustaceans, and
2613 (1.7%) were mollusks. We found that the FDA FALCA’s eight
food allergen groups (eggs, fish, milk, peanuts, shellfish, soy, tree
nuts, and wheat) account for a total of 58.2% of the food terms in
PEAR.

Results of Validation on External Corpus of Allergy Entries

MTERMS achieved 100% precision and 97.0% recall, yielding an F1-
measure of 98.5% on our external sample. We identified 169 food
terms in the 900 Tufts Medical Center EHR allergy entries. In this ex-
ternal sample, our lexicon covered the majority of food allergens. The
food allergen terms we manually identified as not being in PEAR were
misspellings (eg, “lactose intolerent,” “califlower,” “broccli,” and
“tomatoe soup”) and an abbreviation of “orange juice” (ie, “0J").

DISCUSSION

We developed a semi-automated approach to process and analyze
the large quantity of food allergen entries in EHRs using NLP. We pre-
sent an overview of food terms in the allergy repository and their re-
spective coverage across standard terminologies. The proposed
approach and the MTERMS NLP system achieved a high performance
when identifying food allergies using comparable data from a different
institution. Food allergies represented a substantial fraction of all the
allergens recorded. Similar to previous studies,'” we found that the
SNOMED-CT terminology had a higher coverage rate for food allergen
concepts documented in patients’ allergy lists than the UNII
terminology.

Food Allergens

To date, research on food allergies has largely been based on surveys,
self-reported data, and billing codes.*'%** The prevalence of food al-
lergies in our study was 3.7%, which is consistent with prevalence es-
timates made using clinically verified methods (eg, skin prick testing
[4-6%]).2 Although prior research suggests that the FDA FALCPA sub-
set accounts for 90% of food allergens,’"*® our results showed a
lower rate, of 58.2%. One likely explanation for the above difference is
that existing data reports are largely based on immune-mediated reac-
tions to food.“® In practice, we found that patients tend to report all
types of food adverse sensitivities (ie, any unpleasant reaction to
food). Clinicians (excluding allergists) input such patient-reported data
to PEAR via the EHRs allergy module. One unexpected finding was cli-
nicians’ documentation of patients’ various dietary preferences related
to food products (eg, vegetarian, gluten-free, Atkins diet, casein-free,
and kosher) in the PEAR free-text allergen field.

Knowing the source and clinical certainty of an allergy is important
in some clinical cases. One recommendation for EHR design to support
such cases would be to highlight those allergies that have been veri-
fied by a sensitization test or a documented severe allergic reaction, in
order to distinguish between true allergies and hypersensitivities, intol-
erances, or preferences. For example, in one of the commercial EHR
systems currently in use at our organization, a provider can specify in
a structured way whether the concept is an intolerance or an allergy;
however, this system lacks similar capabilities for specifying whether
a concept is a hypersensitivity or a preference.

SNOMED-CT and UNII for Representing Food Allergens

We examined the structure and content of SNOMED-CT (July 2014 re-
lease) to better understand how food allergies are documented. In
terms of content, SNOMED-CT contains both specific ingredients and
more generic multi-ingredient concepts from consumers’ vocabulary.
The concepts in SNOMED-CT tend to be less specific than UNII (eg,
“clam — dietary” vs “razor shell clam whole”), which may be sufficient
for most clinical food allergy documentation use cases. We found that
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Table 3: Frequency of Food Allergen Records by Group

in PEAR

Group Total Records | Structured Free-Text
Records Records

n (%) n (%) n (%)
Shellfish® 30522 (19.3) 20988 (25.2) 9534 (12.7)
Fruit or Vegetable® 29137 (18.4) 9875 (11.9) 19 262 (25.6)
Dairy? 14 291 (9.0) 11030 (13.2) 3261 (4.3)
Generic 13 969 (8.8) 1579 (1.9) 12 390 (16.5)
Peanut?® 13 554 (8.5) 12 524 (15.0) 1030 (1.4)
Tree nuts® 13 462 (8.5) 668 (0.8) 12794 (17.0)
Egg® 9548 (6.0) 8351 (10.0) 1197 (1.6)
Grain® 8157 (5.1) 6006 (7.2) 2151 (2.9)
Additive 7377 (4.7) 3987 (4.8) 3390 (4.5)
Fish? 4662 (2.9) 2910 (3.5) 1752 (2.3)
Soy? 3077 (1.9) 2512 (3.0) 565 (0.8)
Seed 2462 (1.6) 298 (0.4) 2164 (2.9)
Meat 2203 (1.4) 450 (0.5) 1753 (2.3)
Spice 1470 (0.9) 796 (1.0) 674 (0.9)
Alcohol 1428 (0.9) 687 (0.8) 741 (1.0)
Legume® 1279 (0.8) 67 (0.1) 1212 (1.6)
Fungus 1267 (0.8) 201 (0.2) 1066 (1.4)
Extract 600 (0.4) 319 (0.4) 281 (0.4)
Infant formulas 55 (0.0) 4(0.0) 51(0.1)
Nutritional supplement 32(0.0) 3(0.0) 29 (0.0)
Total foods 158 552 (100.0) | 83255 (100.0) | 75297 (100.0)
Exceptions® - 89 89
Negated® - 169 169
No known food allergy - 281 281

PEAR, Partners’ Enterprise-wide Allergy Repository.

#This group is one of the eight major food allergens defined by the Food Allergen
Labeling and Consumer Protection Act (FALCPA).

"The “Fruit or Vegetable” group does not include grains (eg, corn) or legumes (eg,
beans), but does include tea, jasmine, and chamomile, which may cause similar al-
lergic reactions.

°A subgroup of “grain” corresponding to “wheat” is part of the eight major food al-
lergens defined by the FALCPA. “Wheat” corresponds to 3111 (2.0%) of the total
food terms.

The “Legume” group includes members of the lequme family (eg, bean, chickpea,
snow pea, red bean, and kidney bean), except peanut and soy, which are catego-
rized as separate groups, based on previous cross-sensitivity studies. We placed the
concept “legume” in the “Generic” group, because it is unclear whether the concept
referred to peanut, soy, or another member of the legume family.

“We investigated patterns for exceptions and negations. Looking at the example “all
nuts except cashews,” we placed “nuts” into the “Exceptions” category, because
the resulting subgroup is undefined, and placed “cashews” into the “Negated” cate-
gory, because the patient in this example tolerates cashews.
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food allergy concepts are represented at both the substance (see
Figure 2 in the Appendix) and disorder (see Figure 3 in the Appendix)
levels.

At the substance level, food allergens are classified according to
allergen class. Granularity at this level is markedly higher, and, when
examining the SNOMED-CT hierarchy, we found approximately 900
food allergen terms (descendants of food allergen). Food concepts are
also included under the dietary substance sub-tree. However, 258 of
the 900 food allergens in SNOMED-CT are not descendants of the die-
tary substance sub-tree, indicating that future work is needed to check
the consistency between these two classes. Guidelines are also
needed for determining which concept (food allergen or dietary sub-
stance) should be used to encode food allergens documented in EHRs.

At the disorder level, allergens are described as a propensity to ad-
verse reactions. The concepts under the disorder classification are typi-
cally precoordinated with the term “allergy to” and the causative agent
(eg, “allergy to” + “cherry” = “allergy to cherry”). These concepts are
fewer in number (ie, 47 concepts, compared with the 900 substance-
level allergens). Interestingly, the substance used to define a food al-
lergy does not always come from the descendant of disorder, and, 24
of the 47 food allergen concepts under the disorder classification
belong to the dietary substance sub-tree (descendant of substance).

In UNII, food allergens are represented as a flat list, using the molec-
ular structure of the substance, or, alternatively, defined by descriptive
information (eg, “Chinese white shrimp”) in cases in which the structure
of the substance is not available. Because concepts in UNII are repre-
sented more at the ingredient or substance level, the terminology is
missing many of the multi-ingredient or ambiguous causative agents that
are common in consumers’ vocabulary. Adding terms outside of the cur-
rent substance-level scope of UNII to represent generic concepts would
be necessary. One notable limitation of UNII is that it does not support hi-
erarchical or semantic relationships between substance concepts.2*

Exceptions and Negations

There is a pattern for exceptions within PEAR: a clinician documents a
patient’s allergy at the class level but do not specify all of the allergens
the patient is allergic to and, instead, specifies what the patient toler-
ates (eg, “all fruit except berries and oranges”). Similarly, there are
patterns in PEAR free-text entries for tolerance (eg, “tolerates egg in
food”) and diagnostic investigations (eg, “rule out food allergy”).
Outside of “No known allergy,” negations within PEAR are very un-
common, because clinicians do not typically make lists of everything a
patient is not allergic to, except when discussing results of sensitiza-
tion tests (which are not documented in PEAR). There are cases in
which a physician will write “No known drug allergies” and then list
food allergens, which we can convert to food allergy concepts, be-
cause these terms are not a subset of drugs and are thus not negated.
In the Tufts Medical Center EHR entries, the phrase “No identified al-
lergies” shows up 42 times, often followed by a substance(s), which
indicates that this concept was added to the allergy database within
the EHR, allowing it to be selected. This suggests a need to reconcile
or auto-remove this concept if any allergens are present.

Impact on EHR User Interface Design and Terminology
Development

Compared to other types of allergens, food allergens are more likely to
be documented in free-text entries, which is indicative of the lack of a
comprehensive, controlled food allergen terminology. Several of the
most common free-text food allergen entries in PEAR are not present
in our EHR’s coded quick pick list (eg, “shrimp,” “walnuts,” and “lob-
ster”). Granularity in this list should be at the concept level rather than
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the term level, and concepts in the “Generic” group should not be in-
cluded on the list, to encourage more detailed documentation.

When entering a long list of patient-reported allergens, clinicians
may find it easier to enter these as a free-text list rather than clicking
through multiple tabs to document the allergens in a structured for-
mat. Implementing a more efficient user interface would reduce free-
text entries, encouraging structured data entry using concepts on
which clinical decision support rules can act.

SNOMED-CT could be improved by utilizing the disorder hierarchy
for the food groups (e.g., grain) or subgroups (eg, wheat, corn, mol-
lusks, and crustaceans) in which the children of these class-level
groups are in the substance hierarchy. This would create greater cohe-
sion between the hierarchies and enable group-level reporting using
precoordinated terms. Additional concepts and synonyms should be
added to both SNOMED-CT and UNII to fill the gaps we identified. It may
also make sense for the International Health Terminology Standards
Development Organisation to review SNOMED-CT’s food allergen cate-
gories to ensure that they are all at similar levels of granularity.

Limitations

From an allergist’s perspective, PEAR data represents unverified reported
hypersensitivities/allergies to foods. PEAR does not document true food
allergens, because allergists at our organization document verified food
allergies in the problem list instead of in PEAR. Therefore, we could not
differentiate between different types of adverse sensitivities to identify
which are true allergens, as opposed to intolerances, hypersensitivities,
or preferences. We used patient-reported data from a predominately
adult population that was entered by a clinician at the time of reporting
and may not capture reported allergies that occurred during childhood or
infancy. We surmise that many of the food allergies documented in
PEAR, especially those entered as free text, have not been clinically veri-
fied by, for example, sensitization tests. We assessed the coverage of
UNII and SNOMED-CT using a set of terms collected from only one insti-
tution’s data repository. Prevalence estimates are likely conservative, as
it is likely that many food allergens are not yet recorded.

There may be regional differences in the prevalence of specific
types of allergies.*® Our population is largely based in New England;
thus, the frequencies we report for various food allergens are influ-
enced by regional plant life and foods and may not be generalizable to
other regions of the world or other healthcare delivery systems.

FOOTNOTES

Contributions J.M.P. and F.R.G. contributed equally to this work. All
authors provided a substantial contribution to the conception and de-
sign of this work, its data analysis and interpretation, and helped draft
and revise the manuscript. All the authors are accountable for the in-
tegrity of this work.

CONCLUSION

We present a semi-automated approach to process, encode, and
group food adverse sensitivities in the EHR. We found that food aller-
gens are diverse, and there are knowledge gaps in existing documen-
tation standards. Strategies for representing and standardizing food
allergen concepts are needed to improve the documentation of this in-
formation in EHRs.
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APPENDIX

Figure 2: Systematic Nomenclature of Medical Terms — Clinical Terms (SNOMED-CT) hierarchy for|egg allergy (s
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- 3: Systematic Nomenclature of Medical Terms — Clinical Terms (SNOMED-CT) hierarchy for egg allergy (disorder).
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