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Introduction: Vaping and smoking are important health behaviours associated with many diseases. Evaluating the association of
smoking and vaping with diseases using electronic health record (EHR) data requires accurate codelists to determine smoking and
vaping status. However, codelists used in studies are not always published or consistent between studies. It is important to develop
standard codelists for use in future studies, and transparency is required to ensure consistency and standardization.

Purpose: To provide an overview of the codes used in both peer-reviewed scientific literature and codelist repositories to identify
smoking and vaping status in EHRs and derive a recommended codelist for use in EHRs to identify smoking and vaping status.
Methods: Publications (MEDLINE, Embase, and Scopus) and codelist repositories (LSHTM Data Compass, OpenCodelists, and the
HDR UK Phenotype Library) were searched from January 2010 to April 2024. All publications or codelist repositories with codes
referring to smoking/vaping status were included in this review (search terms are further addressed in Supplementary Table 1). All

codes were extracted to review the frequency and consistency between studies.

Results: There were 100 codelists across different coding systems: 55 codelists from publications and 45 codelists from codelist
repository entries. For vaping status, there were 23 codelists identified, 7 from publications, and 16 from codelist repositories. Only
10% of publications included codelists. A limited number of ICD codes were used, and more were reported using the Read or
SNOMED CT codes. The codelists we subsequently developed were based on those found in the review.

Conclusion: Very few studies have reported the use of codelists despite smoking status being a widely used variable in many
publications, and vaping status is increasing. Using the information from the review, we derived codelists for smoking and vaping
using a transparent methodology that can be used in future studies.
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Introduction

Smoking is a leading cause of preventable morbidity and mortality in the UK."™* Smoking led to 506,100 hospital
admissions in the UK during 2019/2020, contributing to 4% of total hospital admissions.” In the UK, smoking also
caused 74,600 (15%) deaths in 2019, and 32% of deaths are related to conditions caused by smoking.® Electronic
cigarettes (or vaping) are battery powered devices that provide nicotine and other chemicals by heating up a liquid. The
use of e-cigarettes or vaping was introduced to help smoking cessation,” however the use of e-cigarettes has been
increasing among former smokers and young people.®? Vaping is seen as less harmful than smoking, but it is still a risk

factor for cardiovascular and respiratory diseases, and the effect of vaping is still unknown.'®!
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Electronic Health Records (EHRs) provide longitudinal data that are routinely collected from patients during
healthcare use.'> The main purpose of which is to record individual patients’ healthcare information in clinical practice.
Although these records also provide a valuable source of data for health research, they are not designed primarily for use
in clinical research,'® and their use in research can pose methodological challenges. Therefore, clinical codes are
developed to select useful information from EHRs for clinical research.'® There are different coding systems designed
and used in EHRs. International Classification of Diseases and Related Health Problems (ICD) is used internationally in
secondary healthcare records and reporting causes of death.'* Read Codes were used by the National Health Service
(NHS) in the UK to record primary care data from 1985 till 2016.'>'® Built upon CTV3 (the third version of Read
codes), Systematized Nomenclature of Medicine Clinical Terms (SNOMED CT) adds many more codes/terms and
defines complex relationships between them, allowing much more patient information to be stored in EHRs in a coded
manner. SNOMED CT has also been adapted by the NHS after the retirement of Read Codes.'”'® As various codes can
refer to a specific health condition/behavior, list of multiple codes, forming a “codelist” to refer to/define one condition/
behavior. The use of codelists is important in clinical research to select samples from EHRs with certain types of health
information. Differences in codelists may lead to differences in the conditions/behaviors identified and can cause bias in
research, and poor-quality code lists can cause poor reporting quality.'”*® Therefore, it is important to develop a set of
accurate code lists for specific conditions/behavior that can be applied to all relevant studies to standardize the code lists
for specific conditions/behaviors.

The transparency and consistency of code lists are very important for observational studies using EHRs.?' Publishing the code
lists alongside the paper can add reproducibility to the work, allowing the same research methods to be adapted to different
EHRs, and also reducing the effort to create similar code lists in future studies'® More publications include code lists used for the
study, but these are mainly code lists for main exposures or outcomes. Despite calls for transparency and consistency in the code
lists, there are still a limited number of publications reporting the full code lists used in the study.'*'*!

As smoking is a commonly included confounding variable in studies, there is a need to review and evaluate the
codelists used to identify smoking status. While vaping is a new phenomenon, there has not yet been a code list that is
widely recognized and used in studies. This study aimed to provide an overview of the codes used in both the literature
and code-list repositories to identify vaping and smoking status in EHR and to estimate the frequency of the codes
reported in previous studies. This review also aimed to develop a recommended SNOMED CT codelist based on the
existing best practices.

Materials and Methods

Information Source

This review used literature databases and code-list repositories as sources of information to identify codes relevant to
smoking and vaping. This approach has been used previously in different studies to review the codes used in EHR.'*-**2
This systematic review searched for published papers in three literature databases: MEDLINE, Embase, and Scopus.
The code list repositories included in this systematic review were the HDR UK Phenotype Library (https://pheno

types.healthdatagateway.org/), the London School of Hygiene & Tropical Medicine (LSHTM) Data Compass (https://

datacompass.Ishtm.ac.uk/), and Open Codelists (https://www.opencodelists.org/).

Search Strategy

The medical codes for smoking and vaping in healthcare-related studies were searched for separately. The search terms
for codes to identify smoking were categorized into three groups according to their content: smoking, code, and database
(see Supplementary Table 1). After searching for terms in the three categories, the results were combined using AND.

To review the codes used to identify vaping status, the search terms were categorized into two categories based on
their content: vaping-specific and code/database-specific, and the two categories were combined using AND (see
Supplementary Table 1).

The code list repositories were searched separately for smoking and vaping. The repositories were searched using
search terms relevant to smoking or vaping. For a full list of search terms, see Supplementary Table 1.
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Eligibility Criteria

There were no restrictions on the research topic or methods in the literature in this systematic review. Code lists relevant
to identifying the smoking or vaping status were included in this study. All sources of information were written in
English and were published after 2010. All codes or code lists included in this review must be publicly available.

Data Extraction and Management

Literature Database

Papers searched for smoking and vaping status from literature databases (Embase, MEDLINE, and Scopus) were
exported separately into Covidence for further review. Duplicate papers were automatically removed using the
Covidence software.

The inclusion criteria of this review is publication or codelist repositories that include codes from ICD-9, ICD-10,
SNOMED CT, Read code, Medcode, Medcode ID coding systems to identify smoking/vaping status. The study method
of the publications and other criteria will not be considered in this review. This systematic review skipped title and
abstract screening because smoking and vaping status are often used as covariates instead of main exposures or
outcomes; therefore, it is less likely for papers to mention defining smoking and vaping status in titles and abstracts.

Papers were manually screened for full-text availability (Figures 1 and 2). Studies that were conference abstracts or
had no available full text were excluded from the review. The first reviewer (RD) and second reviewers (DS, YS, RA,
and SP) independently reviewed all papers for full-text review. The full-text review for both smoking and vaping
included any paper with codes relevant to identifying smoking or vaping status. Conflicts in the full-text review of the
first and second reviewers were resolved by a third reviewer (SC) (Fourteen conflicts identified for smoking and 5 for
vaping codelists). After any conflicts were resolved, the included articles and codelists were entered into
a spreadsheet.

There were a total of 1027 papers extracted from MEDLINE, Scopus and Embase to Covidence for smoking codes
review, 276 were deleted due to duplication and 751 were processed to screening for full text. There were in total 328
publications with full text available during the review for smoking codes, 423 were excluded due to either full text not
available or conference abstract. The rest 328 publications were processed for full text review, and 299 were excluded
either due to no clinical codes listed in publication or codes not relevant to smoking. Twenty-nine publications were
finally extracted from the smoking codes review (Figure 1).

There were a total of 512 papers extracted from MEDLINE, Scopus and Embase to Covidence for vaping codes
review, 53 were deleted due to duplication and 459 were processed to screening for full text. There were 375 publications
with full text available during the review for vaping codes, 84 were excluded due to either full text not available or
conference abstract. The rest 375 publications were processed for full text review, and 356 were excluded either due to no
clinical codes listed in publication or codes not relevant to smoking. Nineteen publications were finally extracted from
the smoking codes review (Figure 2).

The codes extracted into the spreadsheet were sorted into different categories (smoking/vaping status) and coding
systems (ICD-9, ICD-10, SNOMED CT, Read code, CPRD GOLD medcode, and CPRD Aurum medcodeid). Then, the
frequency of each code found in the literature databases was calculated to identify the most popular codes used to
identify smoking and vaping status.

Code List Repositories

The search in the code list repositories was conducted after searching literature databases. The code list repositories were
searched separately for smoking and vaping. The code lists extracted from the repositories were entered into StataMP 18
to review the frequency of each code.

Results
Code List Availability

A total of 48 publications reported code lists relevant to smoking and vaping. Of these, 29 publications were found in the
review for smoking, and 19 publications were found in the review for vaping. Of the 19 papers with codes presented in
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Systematic review for codes relevant to smoking
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Figure | PRISMA flow chart for smoking (n = number of papers).

the review for vaping, 14 contained codes relevant to smoking status and were further categorized into the review for
smoking (Figure 3). Finally, 43 publications contained 55 codelists relevant to smoking, and 5 publications contained 7
codelists relevant to vaping. Some publications contained multiple code lists for different coding systems.

A review of code list repositories found 45 codelists in 39 codelist repository submissions relevant to identifying
smoking status and 16 codelists in 13 codelist repository submissions relevant to identifying vaping status. All three
codelist repositories had codelists relevant to identifying smoking status; however, only the LSHTM Data Compass had
search results relevant to vaping status. The code lists relevant to vaping status were mixed with the general code lists for
smoking; however, only the codes relevant to vaping from these code lists were included in the review.
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Systematic review for codes relevant to vaping
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Figure 2 PRISMA flow chart for vaping (n = number of papers).

Smoking

In total, there were 100 codelists found relevant to smoking status: 55 from publications and 45 from codelist repositories
(Figure 4). Read codes and Medcodes were the most commonly used coding systems in codelist repositories, whereas
ICD codes were more common in publications. The reason for the large difference in the popularity of different coding
systems in publications and codelist repositories might be the preference at the level of detail. Publications included in
this review tended to include simpler codelists for example a shorter list of ICD-10 codes, whereas codelist repositories
included longer and more complicated codelists for example using Readcodes and Medcodes. Readcodes and Medcodes
are coding systems that have more detailed and specific codes for smoking as a health behavior. Another potential reason
is that the codelist repositories were all British codelist repositories that contained only UK studies; code and code coding
systems are used for primary care health recording in the UK, while ICD coding systems are used for secondary care

health records used internationally.
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Figure 4 Smoking code lists summary.

ICD-9

There were in total 9 ICD-9 codes found in the review (Table 1). Most popular code was 305.1 “nondependent tobacco
use disorder”. This code only represented tobacco use disorder, but was not accurate in recording smoking status. Codes
649.0-649.04 refers to “tobacco use disorder complicating pregnancy”, which did not clearly refer to smoking status.
Code V15.82 “history of tobacco use” was more relevant to recording smoking status in all ICD-9 codes presented.

(More details are provided in Supplementary Table 2).

Table | Summary of ICD-9 Codes Relevant to Smoking

ICD-9 Term Frequency

Codes

305.1 Tobacco use disorder 20

V15.82 History of tobacco use 13

649.0 Tobacco use disorder complicating pregnancy, childbirth, or the puerperium, unspecified as to episode of care or 2

not applicable

649.01 Tobacco use disorder complicating pregnancy, childbirth, or the puerperium, delivered, with or without 2

(Continued)
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Table | (Continued).

1ICD-9 Term Frequency
Codes
649.02 Tobacco use disorder complicating pregnancy, childbirth, or the puerperium, delivered, with mention of postpartum 2

complication

649.03 Tobacco use disorder complicating pregnancy, childbirth, or the puerperium, antepartum condition or complication 2
649.04 Tobacco use disorder complicating pregnancy, childbirth, or the puerperium, postpartum condition or complication 2
989.84 Toxic effect of tobacco |
V69.8 Other problems related to lifestyle |

Table 2 Summary of ICD-10 Codes Relevant to Smoking

ICD-10 Codes | Term Frequency
F17.2-F17.299 Mental and behavioural disorders due to use of tobacco: dependence syndrome 15
Z72.0 Tobacco use 7
787.891 Personal history of nicotine dependence 7
F17 Nicotine dependence 3
099.33 Tobacco use disorder complicating pregnancy, childbirth, and the puerperium 2
Z71.6 Tobacco abuse counselling 2
P04.2 Fetus and newborn affected by maternal use of tobacco |
P96.81 Exposure to (parental) (environmental) tobacco smoke in the perinatal period |
T65.2 Toxic effect: Tobacco and nicotine |
Z57.31 Occupational exposure to environmental tobacco smoke |
z72 Problems related to lifestyle |

ICD-10
There were in total 21 codelists found using ICD-10 coding system for smoking status (Table 2). Similar to the ICD-9

codes, the ICD-10 codes for “tobacco use disorder”, “tobacco use”, and tobacco exposure. There were also codes such as
Z72.0 “tobacco use”, just recording smoking status. (More details are provided in Supplementary Table 3).

Read Code
There were 28 codelists in total, and 288 codes relevant to smoking were identified using the read code V2 coding system
(Supplementary Table 4). The codes were in more detail and could be categorized into different categories, including

smoking status, smoking cessation, cigarette smoking amount, passive smoking, family smoking history, and smoking-
relevant referrals. However, the main issue with codelists in Readcode is low consistency. Only 100 (34.72%) codes were
used in 10 or more of the 28 codelists.

There were only two code lists using ReadcodeV3; therefore, we could not conclude or comment on the popularity of
the codes.

Medcode
There were 16 code lists and 187 codes in total using the Medcode coding system. As medcodes are just the CPRD’s
version of read codes, they were matched with description terms and Readcodes from the CPRD medical dictionary
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browser (Supplementary Table 5). Similar to the Readcode codelists, the Medcode codelists had more details about

smoking, relaying different aspects relevant to smoking behavior. The consistency of the Medcode codelists used in
studies was relatively high. Out of a total of 16 codelists, 148 (78.31%) codes were used in 10 or more codelists, and the
codelists from the codelist repositories were mostly consistent.

SNOMED CT

SNOMED CT is a coding system that is used internationally. There were in total 6 code lists, 284 codes found using
SNOMED CT coding system relevant to smoking (Supplementary Table 6). The SNOMED CT codelists used in different
studies have been inconsistent. Only 16 (5.63%) codes were included in all 6 code lists and only 99 (34.86%) codes were

used in two or more code lists. There were codes identifying the smoking status of patients and codes recording smoking
cessation and environmental smoking; therefore, not all codes in the codelists were used to identify smoking status.

Medcodeid

Medcodeid is used in the Clinical Practice Research Datalink Aurum, which contains data from GP practices in England,
using the EMIS software. A total of 420 codes were identified from the 5 Medcodeid codelists (Supplementary Table 7).
There are 85 (20.24%) codes were used by all 5 codelists, and 350 (83.33%) codes were found in two or more codelists.

The consistency of the codes used was relatively high among the five codelists; however, the number of codelists found
was very limited.

Vaping

Limited codes were found for vaping in the codelist repositories (Figure 5). The codes for vaping in codelist repositories

are normally listed in smoking codelists, and we only summarized the vaping codes for this section of the review.
Table 3 contains all codes that were found to be relevant to vaping (more details see Supplementary Table 8).

Combining the results from publications and repositories, there are some common codes used in both publications and
repositories for Medcodeid and Medcode, respectively. More Medcodeid codes were used to identify the vaping status
than the other coding systems. The vaping status identified from the codes listed (Table 3) were all codes to identify
current vaping and ex-vaping; no codes were to identify “non-vaping” in the review.

Codelist Development
Using information from this systematic review, we applied a standardized methodology (https://github.com/NHLI-

Respiratory-Epi/SNOMED-CT-codelists) to develop a smoking codelist. The clinical terms (ie, descriptions) associated
with the SNOMED CT codes found in this systematic review were searched using the NHS TRUD SNOMED CT UK

w

N

[EN

S m
0
ICD10 ReadcodeV?2 Medcode Medcode id

m Code lists in publications m Code lists in repositories

Figure 5 Vaping code lists summary.
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Table 3 Summary of Codes Relevant to Vaping

Code Definition Frequency
ICD 10 u07.0 Vaping-related disorder 4
Readcode IPD.00 Ex user of electronic cigarette 5
IPC.00 User of electronic cigarette |
Medcode 108503 Ex user of electronic cigarette 6
107292 User of electronic cigarette 3
Medcode id | 1879431000006110 User of electronic cigarette 5
22657110000001 17 Electronic cigarette user 5
23360910000001 17 Ex user of electronic cigarette 5
13653491000006110 | Nicotine-filled electronic cigarette vaper 3
13653481000006112 | Nicotine-filled electronic cigarette user 2
351380301 | Electronic cigarette liquid 2
78325210000061 15 Electronic cigarette 2
7832541000006110 | E-cigarette |

Monolith Edition to check for the accuracy of the terms.?” Then the codes from the systematic review were compared
with an existing codelist (https://github.com/NHLI-Respiratory-Epi/Uncontrolled COPD/blob/main/codelists/medical/

CSV/smoking status.csv). All codes present in existing codelists were found in this systematic review. The additional

codes found in the systematic review that did not match the existing codelists were reviewed based on their clinical terms
to determine whether the codes were used to identify the smoking status of the patients. These codes were found to focus
on other aspects of smoking rather than on identifying patients’ smoking status. Therefore, the codes present in the
original codelist can be recommended to identify the smoking status.

The Vaping code list was developed following a publicly available algorithm for creating SNOMED CT codelists
(https://github.com/NHLI-Respiratory-Epi/SNOMED-CT-codelists). As shown in Figure 6, the first step was to identify
search terms for vaping status and apply them to the TRUD SNOMED CT code dictionary.?® The search terms were the

terms used for vaping specifically in the systematic review. After the initial search, we excluded some broad or undesired
terms to limit search relevance. The codelists were then screened manually. The codes then were all identified into three
categories: “current vaper”, “ex-vaper” and “non-vaper” according to the meaning and key words included in the terms.
The codelists were then matched with Medcodeid by using the CPRD code browser. This study compares codelists with
existing codelists in a systematic review. However, some SNOMED CT codes do not match Medcodeid codes, and these
codes are still included in the list. Finally, the codelist was sent to a respiratory physician for review, and the final version
of the code list was edited according to the clinician’s advice.

A total of 23 SNOMED CT Concept ID codes and 91 SNOMED CT Description ID codes were found during the
search, all of which could be categorized into a relevant vaping status. The code list is available online at https://github.
com/NHLI-Respiratory-Epi. For excel spreadsheet version of codelist to identify vaping status, see Supplementary

Table 9.
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with SNOMED CT + Including “ex-vaper”,
Description ID and “current vaper” and “non-
Medcode id vaper”

* is wildcard matching while searching for key terms representing smoking status.

Figure 6 Flow chart of creating vaping codelist.

Discussion

We systematically reviewed the literature to identify smoking and vaporing codelists. There was a difference between the
codelists found in publications and those found in codelist repositories. The codes found in publications were more likely
to be listed in the main text, whereas the codelists found in codelist repositories were more comprehensive and consistent
with each other. One reason for this could be the difference in focus. The focus of publications is on reporting the codes
used, rather than evaluating the validity of codelists. Most publications do not include codelists for variables apart from
exposures and outcomes, and smoking status, mostly as a covariate, is more likely to be neglected. However, the
accuracy of defining covariates can make a difference to the study results.?’

Secondly, ICD codelists used in publications are shorter and can be easily listed in the main text, but it is not feasible
to list a SNOMED codelist or Readcode codelist in the main text. Furthermore, most publications reviewed in this
systematic review were American studies, and ICD codes are commonly used in America. Most publications have used
the ICD coding system. ICD coding systems are used in secondary care settings, while other coding systems are used in
primary care settings. This explains why ICD coding systems have fewer details and subcategories for smoking and
vaping behaviors. While the codelist repositories are all studies using the UK coding system, Readcode and SNOMED
CT are commonly used in UK primary care settings; they are common in repositories from UK institutions. Different
countries may have codelist repositories relevant to their healthcare systems.

Another finding during the review was the difference in codelists owing to differences in their focus. For example, all
the smoking-related codelists reviewed have slightly different focuses: some focus more on the smoking amount per day,
and some may include pregnancy smoking and secondhand smoke exposure. However, not all codes in the codelists can
identify the smoking status of patients. Vaping became a new phenomenon that became popular after 2010. There were
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far fewer codes relevant to vaping, and all codes were found among smoking codelists. Therefore, the codelist developed
for vaping status can be used in future studies.

The second part of this work has formed codelists to identify smoking and vaping statuses. The codelist used to
identify smoking status was based on the results of a systematic review and an existing codelist. This codelist was
compared with 114 codes found in the NHS Primary Care Domain Reference Set Portal®® to record smoking status; 97
codes were matched, and only 17 codes from the NHS Refsets did not match the codes in this codelist. The 17 codes that
did not match were those that did not refer to a clear smoking status. From the comparison, the similarity between the
current codelist and NHS refsets is high. This codelist can be used to identify the smoking status of patients in future
studies. The codelist to identify the vaping status was formed based on the TRUD SNOMED CT dictionary, which
identifies all SNOMED CT codes that are currently being used to represent the vaping status. No NHS Refsets for vaping
status were available for comparison.

Most publications (90.55% of smoking-related publications and 94.67% of relevant publications) did not publish
codelists on smoking/vaping status. According to the REporting of studies Conducted using Observational Routinely
collected Data (RECORD) checklist’?” and STrengthening the Reporting of Observational studies in Epidemiology
(STROBE) checklist,”® observational studies using routinely collected data should report their codelists for classifying
each variable. However, many publications only included codelists for the main exposure and outcome variables, or only
sent codelists on request.

Strengths and Limitations

This study systematically reviewed codelists used in publications and repositories for smoking and vaping. This review
also derived a SNOMED CT codelist to identify smoking status and developed a SNOMED CT codelist to identify the
vaping status of patients, which may benefit future studies.

One limitation of this study is the availability of code lists. Many publications found during the systematic review did
not have codelists available to the public; therefore, it was difficult to evaluate codelists from these studies. Second, this
review focuses on the frequency of codes used in each study but does not evaluate the quality of the codelists being used
or conduct a formal validation study.

Conclusion

Although smoking is a widely studied health behavior, the clinical codes used to identify smoking status vary among the
studies. This study compared the codelists used to identify smoking status and developed a recommended set of
SNOMED CT codes to form a codelist. Vaping is a new phenomenon that is becoming increasingly popular. To date,
there are few codelists regarding vaping status found in publications and codelist repositories. This study produced
a SNOMED CT codelist to identify vaping status based on the NHS SNOMED CT dictionary. Transparency among
codelists is essential for trustworthy, reproducible, EHR-based research. All codelists produced in this study are publicly
available at https://github.com/NHLI-Respiratory-Epi.
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