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Abstract

Introduction: The purpose of this study was to perform a systematic review to assess
the validity of administrative database algorithms used to identify cases of autism spec-
trum disorder (ASD), attention-deficit/hyperactivity disorder (ADHD) and fetal alcohol
spectrum disorder (FASD).

Methods: MEDLINE, Embase, Global Health and PsycInfo were searched for studies
that validated algorithms for the identification of ASD, ADHD and FASD in administra-
tive databases published between 1995 and 2021 in English or French. The grey litera-
ture and reference lists of included studies were also searched. Two reviewers
independently screened the literature, extracted relevant information, conducted report-
ing quality, risk of bias and applicability assessments, and synthesized the evidence
qualitatively. PROSPERO CRD42019146941.

Results: Out of 48 articles assessed at full-text level, 14 were included in the review. No
studies were found for FASD. Despite potential sources of bias and significant between-
study heterogeneity, results suggested that increasing the number of ASD diagnostic
codes required from a single data source increased specificity and positive predictive
value at the expense of sensitivity. The best-performing algorithms for the identification
of ASD were based on a combination of data sources, with physician claims database
being the single best source. One study found that education data might improve the
identification of ASD (i.e. higher sensitivity) in school-aged children when combined
with physician claims data; however, additional studies including cases without ASD
are required to fully evaluate the diagnostic accuracy of such algorithms. For ADHD,
there was not enough information to assess the impact of number of diagnostic codes
or additional data sources on algorithm accuracy.

Conclusion: There is some evidence to suggest that cases of ASD and ADHD can be
identified using administrative data; however, studies that assessed the ability of algo-
rithms to discriminate reliably between cases with and without the condition of interest
were lacking. No evidence exists for FASD. Methodologically higher-quality studies are
needed to understand the full potential of using administrative data for the identifica-
tion of these conditions.

Keywords: autism spectrum disorder, attention deficit disorder with hyperactivity,
fetal alcohol spectrum disorders, algorithms, validation study, administrative data,
public health surveillance

Highlights

e Few studies have validated admin-
istrative database algorithms for
the identification of ASD and
ADHD. No validation studies were
found for FASD.

e Extensive heterogeneity in study
design and conduct across the
included studies precluded a quan-
titative synthesis of the results.

e There is evidence to suggest that
ASD and ADHD can be identified
using administrative data; how-
ever, studies that assessed the abil-
ity of algorithms to discriminate
reliably between cases with and
without the condition of interest
were lacking.

e The best-performing algorithms used
to identify ASD are based on a
combination of administrative data
sources, with physician claims data
being the single best source.

e Higher-quality studies are essential
to fully leverage administrative data
for surveillance and research on
these conditions.

Introduction

Neurodevelopmental disorders, a group of
conditions with onset early in life, are
characterized by impairments in physical
development, learning, language and/or
behaviour.! Despite the wide-ranging per-
sonal and societal impacts that these
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disorders have, early detection and inter-
ventions have been shown to improve
outcomes in those with certain types of
neurodevelopmental disorders, including
autism spectrum disorder (ASD), atten-
tion-deficit/hyperactivity disorder (ADHD)
and fetal alcohol spectrum disorder
(FASD).*® In light of this, a better under-
standing of the epidemiological burden of
these disorders in Canada is essential in
the implementation of public policy,
including the establishment of programs
and services.

Population-based administrative databases,
designed for health system management
and physician remuneration, offer an effi-
cient and inexpensive way of providing
longitudinal epidemiological data. As a
result, these data are being increasingly
used as a way to conduct chronic disease
surveillance,*® disease and treatment out-
come research’ and quality of care stud-
ies.’®  However, along with these
advantages, health administrative data-
bases have limitations, including the
potential for misclassification.!?

The accuracy of the diagnostic codes or
their combination (algorithm) for surveil-
lance or research purposes'® depends on
multiple factors, including database qual-
ity, the specific condition being identified
and the validity of the diagnostic codes
within the patient group.!? Therefore, vali-
dation studies are necessary to evaluate
the accuracy of algorithms used for case
ascertainment.' Validation involves quan-
tifying the number of instances in which
the algorithm matches a reference stan-
dard, such as a medical record diagnosis.'*
In this way, the algorithm can be treated
like a diagnostic test, and measures of
diagnostic accuracy can be calculated.
The results of these validation studies are
typically reported as estimates of the sen-
sitivity and specificity of the algorithm,
which express how good the algorithm is
at correctly identifying individuals with
and without the target condition, respec-
tively.'>!¢ Other diagnostic accuracy statis-
tics can be used, including positive
predictive value (PPV) and negative pre-
dictive value (NPV).

To our knowledge, there are no published
reviews that have evaluated the validity of
health administrative database algorithms
for the surveillance or research of neuro-
developmental disorders, specifically ASD,
ADHD and FASD. Thus, the primary
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objective of this systematic review was to
address this shortcoming. The secondary
objective was to examine the impact of
linking health to non-health (i.e. educa-
tion or social services) administrative data
on the accuracy of these algorithms.

Methods

This systematic review is reported accord-
ing to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) statement.'” Ethics approval
was not required, as primary data were
not collected.

Protocol and registration

The protocol for this systematic review
has been registered in the International
Prospective Register of Systematic Reviews
(PROSPERO 2019 CRD42019146941), was
published on 16 December 2019 and is
available from https://www.crd.york.ac
.uk/prospero/display record.php?ID
= CRD42019146941.

Search strategy

A systematic search of MEDLINE, Embase,
Global Health and PsycInfo was con-
ducted to identify all validation studies
using administrative data to ascertain
cases of ASD, ADHD or FASD published in
English or French from January 1995 to
March 2021. A start year of 1995 was cho-
sen for the database searches in order to
align with the start year for data collection
in the Canadian Chronic Disease Surveillance
System, a collaborative network of provin-
cial and territorial health administrative
surveillance systems supported by the
Public Health Agency of Canada. A refer-
ence librarian developed the search strat-
egy using medical subject headings and
keywords related to the target conditions
(e.g. “exp autism spectrum disorder/”),
administrative data (e.g. “exp insurance,
health/”), reference standard (e.g. “exp
medical records/”) and validation testing
(e.g. “sensitivity and specificity/”). The
initial search strategy was developed in
MEDLINE and was peer reviewed before
being adopted for the other databases
(Appendix A). Additionally, the grey liter-
ature was searched via two mechanisms:
an advanced Google search and searching
websites of relevant agencies and organi-
zations. Furthermore, reference lists of
relevant surveillance reports found in the
grey literature as well as articles that met

the eligibility criteria of the review were
manually searched for additional studies.

Eligibility criteria

To be included, studies of any design type
had to report

e the assessment or validation of one or
more health administrative database
algorithms against a reference stan-
dard (i.e. established clinical criteria,
medical record diagnosis, electronic
medical record or patient self-report
measure) for identifying a case with
ASD, ADHD or FASD; and

® at least one measure of diagnostic
accuracy (i.e. sensitivity, specificity,
PPV, NPV, area under the receiver
operating characteristic curve [or
C-statistic], Youden’s index, kappa sta-
tistic or likelihood ratio).

An administrative database algorithm was
defined as a set of rules for identifying
disease cases from administrative data,
with elements including type of data
source, number of years of administrative
data, diagnostic or medication code(s)
and number of administrative data records
(i.e. contacts) with diagnostic or medica-
tion code(s).’* While the administrative
database algorithm had to include health
administrative data, it could also include
other types of administrative data, such as
education or social services data.

These algorithms could be based on admin-
istrative data from either a health admin-
istrative database or a clinical or health
information system. A health administra-
tive database was defined as information
that is routinely or passively collected
solely for administrative purposes in man-
aging the health care of patients,'® and a
clinical/health information system was
defined as administrative data supple-
mented with detailed clinical information
by way of electronic health records.”

Abstracts, editorials and commentaries
were excluded from the review, as well as
studies published before 1995 or in a lan-
guage other than English or French.

Study selection and data extraction

Two reviewers (CL and SO) independently
screened the titles and abstracts of all bib-
liographic records and articles identified
through electronic database searches, grey
literature and reference lists of surveillance

Vol 42, No 9, September 2022



https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019146941
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019146941
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019146941

reports for eligibility. When consensus
could not be reached on a given study, it
was retained for the next stage of screen-
ing. For every study that passed the title
and abstract level of screening, full-text
articles were assessed for eligibility by
two reviewers (ML and SO) independently
and the reason for exclusion was recorded.
When reviewers did not agree on the
inclusion or exclusion of an article, a third
reviewer (CL) was consulted. The refer-
ence lists of all articles that passed full-
text review were manually searched using
the same two level screening process con-
ducted by two reviewers (SO and SP).

Relevant information was extracted from
included articles using a template devel-
oped for this systematic review and
piloted before use that included author,
year, geographic location, study cohort,
type of administrative data source(s),
administrative database algorithm(s) and
related elements, reference standard, ref-
erence diagnostic criteria and measures of
diagnostic accuracy. One reviewer (ML)
completed the extraction, which was veri-
fied by a second (SO). Any disagreement
was resolved by consensus, or when
required, by a third party (CL).

Reporting quality, risk of bias and
applicability assessments

Included studies underwent a reporting
quality assessment using the 40-point,
modified Standards for the Reporting of
Diagnostic Accuracy Studies (STARD)
checklist!? (Appendix B) and risk of bias
and applicability assessments using the
revised Quality Assessment of Diagnostic
Accuracy Studies (QUADAS-2) tool®
(Appendix C). These assessments were
completed by one reviewer (ML) and veri-
fied by a second (SO). Any disagreements
were resolved by consensus, or if neces-
sary, by a third reviewer (CL).

Data synthesis and analysis

Extensive heterogeneity in study design
and conduct across the included studies
precluded a quantitative synthesis; there-
fore, results were synthesized narratively
using text and tables for the conditions of
interest. Findings both within and
between studies were explored as per
guidance from the Centre for Reviews and
Dissemination.?  While the diagnostic
accuracy of the administrative database
algorithms in all included studies were
considered, our final recommendations
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also took the reporting quality, risk of bias
and applicability concerns of each study
into account.

Results
Search results

The PRISMA flow diagram in Figure 1
documents the study screening process.!”
A total of 5918 records were identified
through database searching and 11 addi-
tional records through other sources (grey
literature and surveillance report reference
lists). After duplicates were removed,
4133 records identified from database
searching were screened (title and
abstract), of which 4085 were deemed
ineligible and excluded. Of the remaining
48 records that underwent a full-text
review for eligibility, 34 were excluded (17
did not use a health administrative data-
base, 6 used a health administrative data-
base, but were not validation studies, 8
did not validate a health administrative
database algorithm, and 3 were excluded
for other reasons) and 14 records (studies)
were included in the review. None of the
11 records identified through grey litera-
ture and surveillance report reference lists
were included in the review. No additional
studies were found from manually search-
ing reference lists of included articles.

Characteristics of included studies

The characteristics of the 14 included
studies®** are provided in Table 1. Ten
studies focussed on ASD?*3' and the
remaining four on ADHD.?*3° There were
no studies identified for FASD.

ASD studies

Studies that validated algorithms to iden-
tify ASD were published between 2009
and 2021.%2%* Five studies were performed
in Canada,??*¥® two in the United
States,*?® one in the United Kingdom,*
one in Denmark?®® and one in Norway.* All
10 studies included children and youth as
their study population,*? although only
seven reported the age range.?>%"3!

Validation cohort sample sizes ranged
from 37% to 10 000.%%* Patients were ini-
tially selected from diagnostic codes in the
administrative database for five stud-
ies?>20:2931 and for one of the two samples
used in one study.?” Only five studies
included a comparator group without
ASD.?*%>28 The prevalence of ASD in the

validation cohort ranged from 1.1%%* to
67.9%.%

Six studies used health administrative
databases,??2325:283031 two used a clinical/
health information system,**? one used
both health administrative databases and
a clinical/health information system?® and
one used health administrative databases
combined with an education data source.?”
The most common data source included a
combination of outpatient and inpatient
data.22,23,28,30,31

A variety of diagnostic codes were used:
International Classification of Diseases,
Eighth Revision (ICD-8),° International
Classification of Diseases, Ninth Revision
(ICD-9),%232528 International Classification
of Diseases, Tenth Revision (ICD-10),%%23-27-28:30:31
Ontario Health Insurance Plan physician
billing codes,*** Read codes* and unique
codes for education and mental health
services.” The number of algorithms vali-
dated within each study ranged from 123
to 153.3

Several reference standards were used,
with the most common being a medical
chart diagnosis.?*-427%

The PPV was the most commonly reported
measure and was reported in 9 of the
10 studies.?>??*3!  Only three studies
reported at least four measures of diag-
nostic accuracy.?2*

ADHD studies

Studies that validated algorithms to iden-
tify ADHD were published between 20143
and 2020.® Two studies were performed
in the USA,**3 one in Canada® and one in
Denmark.** Three studies included chil-
dren and youth as their study popula-
tion,3*3* two of which reported the age
range.’>* One study included adults and
children aged four years and older.*

Validation cohort sample sizes ranged
from 37234 to 2837.% Patients were initially
selected from diagnostic codes in the
administrative data source for three stud-
ies®3 and from diagnostic codes and
medication prescriptions in the adminis-
trative data source for one study.*® Only
two studies included a comparator group
without ADHD.***® The prevalence of
ADHD in the validation cohort ranged
from 50.0%%* to 56.7 % .*
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FIGURE 1
PRISMA flow diagram

Identification of studies via databases and registers

Identification of studies via other methods

=
.g Records removed before Records identified from:
E Records identified from: screening: Grey literature and
‘E Databases (n = 5918) - Duplicate records surveillance report
2 removed (n = 1785) reference lists (n = 11)
\J
Records screened (n = 4133) [——» Records excluded
(n = 4085)
= Reports sought for retrieval Re;iorts not retrieved REP_OﬁS sought for retrieval —» | Reports not retrieved (n = 0)
= (n=148) (n=0) (n=11)
L
v
n
;:e;iozt;)assessed for eligibility > Reports excluded: :{ne[i(JrltS; )alssessed for eligibility > Reports excluded:
- * Did not use health B * Duplicate of database
admin database (n = 17) search results (n = 5)

* Used health admin « Did not include
database, but not a conditions of interest
validation study (n = 6) i.e. ASD, ADHD and/or

* Did not validate health FASD (n=1)
admin database « Did not use health
algorithm(s) (n = 8) admin database (n = 2)

* Other (e.g. abstract, « Did not validate health

editorial) (n = 3) admin database
3 algorithm(s) (n = 3)
§ Studies included in review P
S (n=14) -

Note: PRISMA template from Page M) et al."”

One study used a health administrative
database, including inpatient and outpa-
tient psychiatric hospital data** and three
studies used a clinical/health information
system, specifically, electronic health
records.33%:3%

Two studies used ICD-9 codes,*** one
used ICD-10 codes,** and one used ICD-9
codes and medication prescriptions.** Each
study validated one algorithm only.3*%
One study captured incident, rather than
prevalent, cases of ADHD.3?

Various reference standards were used.
One study used clinical classification cri-
teria documented in the medical chart.®
One used a medical chart ADHD diagno-
sis.®* One used a clinical case definition
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that required a combination of evidence
from the electronic health record, and in
the absence of this evidence, a manual
review of the electronic health record.*
Lastly, one used a combination of clinical
classification criteria, medical record diag-
nosis and standardized screening check-
list documented in the medical chart.?

The PPV was reported in all four stud-
ies,?*% while only one reported at least
four measures of diagnostic accuracy.*

Reporting quality of included studies

The number and percentage of included
studies meeting reporting criteria using the
modified STARD checklist for validating
health administrative data are summarized

in Table 2."* The quality of reporting was
variable. Highlighted below are areas
where the reporting quality was especially
suboptimal, that is, where less than half
of the studies met the criterion. For full
details of the reporting quality results for
each included study, see Appendix B.

ASD studies

Concerning the methods used, none of the
ASD studies described the severity of the
patients, only one re-validated the algo-
rithms using a separate cohort®® and just
three of eight that included reviewers of
the reference standard reported that the
reviewers were blinded to the patient clas-
sification by administrative data.?*?** In
terms of the results, only four included a
study flow diagram,*?2>%' none reported
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First author, year

TABLE 1
Characteristics of included studies

Validation population Sample size

Administrative

Years of

Diagnostic codes included

Country Age data source(s) administrative data in algorithm(s)
ASD
Bickford, 20207 Children aged 1 to 14 years, born in 8670 (cases and  Health administra-  2000-2014 Hospital discharge abstracts:
Canada British Columbia between 1 April 2000  non-cases) tive databases™: 1CD-9 299.x; ICD-10-CA F84.x
and 31 December 2009, assessed in one hospital discharge Physician claims: 1CD-9 299.x
of the British Columbia Autism abstracts and
Assessment Network centres between 1 physician claims
April 2004 and 31 December 2014 or
with a Ministry of Education
designation of ASD between 1
September 2004 and 30 June 2015.
1-14 years.
Brooks, 2021% Children and youth aged 1to 24 asof 10 000 (cases and Health administra- NR Hospital discharge abstracts/
Canada 31 December 2011, within the non-cases) tive databases®: emergency department visits/
Electronic Medical Record Primary Care hospital discharge outpatient surgery: ICD-9
database (from over 350 Ontario family abstracts, 299.x; ICD-10-CA F84.x
physicians) with a valid date of birth, emergency Physician claims: OHIP
registered with an active/practising department visits, physician billing code 299
physician who has used EMR for more outpatient surgery,
than 2 years, alive as of load date, and physician claims
present in EMR for at least 1 year.
1-24 years.
Brooks, 20212** Children and youth aged 1 to 24 as of 10 000 (cases and ~ Clinical/health NR OHIP physician billing codes
Canada 31 December 2011, within the non-cases) information 299, 315
Electronic Medical Record Primary Care system: electronic
database (from over 350 Ontario family health records
physicians) with a valid date of birth,
registered with an active/practising
physician who has used EMR for more
than 2 years, alive as of load date, and
present in EMR for at least 1 year.
1-24 years.
Burke, 2014% Children and youth aged 2 to 20 years 432 (cases and Health administra-  2001-2009 ASD: 1CD-9 299.00-299.01,
USA at time of first ASD or ASD-associated non-cases) tive database®: 299.80-299.81, 299.9
claim, insured through a large national private medical, (in any position)
private health plan. Eligible cases had pharmacy, and
to have at least 6 months of continuous behavioural ASD-associated conditions:
enrolment pre- and post-first ASD or insurance claims 1CD-9 317.00, 318.00, 318.10,
ASD-associated claim and not have any 318.20, 319.00, 759.50,
claims with a diagnosis of childhood 759.83, 771.00, 348.30,
disintegrative disorder or Rett’s 348.80, 348.90, 783.42,
syndrome. Vv79.80, V79.90, 315.30,
315.31, 313.32, 315.40,
315.50, 315.80, 315.90, 330.8,
2-20 years. 299.1
Coleman, 2015% Children and youth aged < 18 years 1272 (cases only)  Health administra-  1995-2010 1CD-9 299.0, 299.9, 299.8

USA

with current membership in one of the
participating health care plans as of
December 2010, with at least one ASD
diagnostic code, that were not
diagnosed in a specialty ASD centre.

<18 years.
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tive database? and
clinical/health
information
system®:
insurance claims
and electronic
health records

Continued on the following page
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TABLE 1 (continued)
Characteristics of included studies

First author, year Validation population Sample size Administrative Years of Diagnostic codes included
Country Age data source(s) administrative data in algorithm(s)
Coo, 2017% Children aged 2—14 years, born 2610 (cases only)  Health administra-  1997-2011 Hospital discharge abstracts:
Canada between 1997 and 2009 with an tive databases® and 1CD-9-CM 299.0, 299.8, 299.9;
administrative diagnosis of ASD and/or education 1CD-10-CA F84.0, F84.1, F84.5,
who were confirmed as a case by a database: hospital F84.8, F84.9 (in any diagnostic
Manitoba child/youth behavioural or discharge field)
disability service provider on or before abstracts, Physician claims: ICD-9-CM
31 December 2011. physician claims, 299.x (“most responsible”
mental health diagnosis)
services and Education data:
el education data CATEGORYN=ASD (child
received funding under special
needs category for ASD)
Mental health services: NDC-A
312 0.92 (enrolment in autism
treatment program)
Dodds, 2009% Children born between 1989 and 2002, 264 (cases and Health administra-  1989-2005 1CD-9 299.x or ICD-10 F84.x
Canada and assessed for ASD by a team of non-cases) tive databases®: (primary or secondary
specialists between 2001 and 2005. hospital discharge diagnostic field)
abstracts,
hysician claims
Age not provided. gng mental health
outpatient data
Hagberg, 2017% Singleton children born between 1990 37 (cases only) Clinical/health 1990-2014 Read codes: E140.00, E140000,
United Kingdom and 2011, with at least three years of information E140100, E140.12, E140.13,
follow-up from birth. system: electronic E140z00, Eu84000, Eu84011,
health records Eu84012, Eu84100, Eu84z11,
. Eu84500, Eu84.00, Eu84y00,
Age not provided. Eu84z00
Lauritsen, 2010%° Children born between 1990 and 1999, 499 (cases only) ~ Health administra-  1990-2001 1CD-8 299.00 or ICD-10 F84.0
Denmark whose parent(s) or legal guardian(s) tive database®: (main or subsidiary diagnosis)
resided in Denmark, with a reported psychiatric
diagnosis of childhood autism. inpatient and
outpatient data
Age not provided.
Surén, 2019*' Children born 1999-2009, enrolled in 553 (cases only)  Health administra- 2008-2014 1CD-10 F84.x
Norway the Norwegian Mother, Father and tive database®:
Child Cohort Study, with a reported mental health care
autism diagnosis in Norwegian Patient provider, somatic
Registry between 2008 and 2014, aged hospital, and
5-15 years at end of follow-up, with specialist private
patient records available and who did consultant data
not undergo a clinical assessment as
part of the Autism Study.
5-15 years.
ADHD
Daley, 20142 Children aged 3-9 years at time of first 500 (cases only)  Clinical/health 2004-2010 1CD-9-CM 314.0x
USA diagnosis, insured at one of eight information

managed care organizations or who
sought care at one of two community
health sites between 2004 and 2010,
who met the case definition for
incident ADHD and were without a
diagnosis of mental retardation or
pervasive developmental disorder.

3-9 years.
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system: electronic
health records

Continued on the following page
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TABLE 1 (continued)
Characteristics of included studies

First author, year Validation population Sample size Administrative Years of Diagnostic codes included
Country Age data source(s) administrative data in algorithm(s)

Gruschow, 2016% Patients of the Children’s Hospital of 2030 (cases) Clinical/health 2001+ ICD-9-CM 314.x
USA Philadelphia health care network, born 807 (non-cases) information

between 1987 and 1995 (median age system®: electronic

17.9 years) with > 2 visits and who were health records

New Jersey residents at the time of

their last visit, that were not identified

as having an intellectual disability and

had their last visit at > 12 years of age.

Children with a recorded ADHD

diagnosis in their electronic health

record vs. children without were

identified.

Median age (IQR): 17.9 (15.9-19.1)

years
Mohr-Jensen, Children and youth aged 4-15 years 372 (cases only)  Health administra-  1995-2005 ICD-10 F90.x
2016* with a reported diagnosis of hyper- tive database®:
Denmark kinetic disorder, diagnosed for the first psychiatric hospital

time in 1995-2005. data

4-15 years.
Morkem, 2020%* Children and adults aged 4 and older 246 (cases) Clinical/health NR ICD-9 314.x
Canada identified from a single clinic, with a 246 (non-cases) information

valid entry for year of birth and gender,
and a primary care encounter in the
year of study or previous year (from
2008-2015). Patients with certain
medical conditions were excluded.

system®: electronic
health records

Prescriptions of ADHD-related
medications

> 4 years.

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; EMR, electronic medical record; ICD-8, International Classification of Diseases, Eighth Revision;
ICD-9, International Classification of Diseases, Ninth Revision; ICD-9-CM, International Classification of Diseases, Ninth Revision, clinical modification; ICD-10, International Classification of
Diseases, Tenth Revision; ICD-10-CA, International Classification of Diseases, Tenth Revision, Canada; NR, not reported; OHIP, Ontario Health Insurance Plan.

2Health administrative database is defined as information passively collected, often by government and health care providers, for the purpose of managing the health care of patients (e.g. claims

data).

"This study also tested algorithms that included case identification information from a keyword search of the cumulative patient profile in the electronic health record; however, these algorithms
were not included, as they did not meet the review’s definition of an administrative database algorithm.

¢Clinical/health information system is defined as administrative data incorporating electronic health records, or, administrative data supplemented with detailed clinical information.

test results by disease severity, just three
reported at least four measures of diag-
nostic accuracy,*? only four reported the
diagnostic accuracy by subgroup of inter-
est?>28 and just two of nine that reported
the PPV and/or NPV reported a ratio of
cases to controls in the validation cohort
that approximates the prevalence of ASD
in the population.?***

ADHD studies

With respect to the methods used, none of
the ADHD studies described the severity
of the patients, none re-validated the algo-
rithms using a separate cohort and only
one reported that the reviewers of the ref-
erence standard were blinded to the
administrative data classification.* Con-
cerning the results, none reported test
results by disease severity, just one
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reported at least four measures of diag-
nostic accuracy,* only one stated the diag-
nostic accuracy by subgroups of interest,*
and none reported a ratio of cases to con-
trols in the validation cohort that approxi-
mated the prevalence of ADHD in the
population.

Risk of bias and applicability concerns of
included studies

An overview of the risk of bias and appli-
cability concerns of the included studies
by QUADAS-2 domain is shown in Figure
2.2 Assessments revealed either “high” or
“unclear” risk of bias in patient selection,
reference standard and flow and timing
domains in 5 or more of the 14 studies. All
studies had a low risk of bias on the index
test domain because of the objectivity of

administrative database algorithms. There
were no applicability concerns with
respect to the patient selection, index test
or reference standard differing from the
review question. For complete risk of bias
and applicability assessments for each
included study, see Appendix C.

ASD studies

Patient selection

Three studies had a high risk of bias,>*3
one had a high risk in one of the two sam-
ples within the study,”” and one had an
unclear risk.?® These evaluations were either
due to the sampling approach,*~" insuffi-
cient information,* the use of a case-con-
trol design® or inappropriate exclusions.*

Reference standard
Two studies had an unclear risk of bias,?>*
and one study had an unclear risk in one
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TABLE 2

Number and percentage of included studies meeting individual modified STARD? reporting criteria for validating health administrative data

Section, topic and item

ASD studies® ADHD studies®
TITLE, KEYWORDS, ABSTRACT
1. Identifies article as study of assessing diagnostic accuracy? 10 (100) 4 (100)
2. Identifies article as study of administrative data? 8 (80) 3 (75
INTRODUCTION
3. States disease identification and validation as one of goals of study? 10 (100) 4 (100)
METHODS
Participants in validation cohort
4. Describes validation cohort (cohort of patients to which reference standard was applied)? 10 (100) 4 (100)
4a. Age? 10 (100) 4 (100)
4b. Disease? 10 (100) 4 (100)
4c. Severity? 0 (0) 0 (0)
4d. Location/jurisdiction? 7 (70) 2 (50)
5. Describes recruitment procedure of validation cohort? 10 (100) 4 (100)
5a. Inclusion criteria? 10 (100) 4 (100)
5b. Exclusion criteria? 5 (50) 4 (100)
6. Describes patient sampling (random, consecutive, all, etc.)? 9 (90) 4(100)
7. Describes data collection? (n = 8 ASD studies) 8 (100) 4 (100)
7a. Whj) identified patients and ensured selection adhered to patient recruitment criteria? 8 (100) 4 (100)
(n = 8 ASD studies)
7b. Who collected data? (n = 8 ASD studies) 8 (100) 4(100)
7c. A priori data collection form? (n = 8 ASD studies) 5(62.5) 2 (50)
7d. How was disease classified? 10 (100) 3 (75
8. Was there a split sample (i.e. re-validation using a separate cohort)? 1(10) 0(0)
Test methods
9. Deicribe numbe.r, training and expertise of persons reading reference standard? 6(75) 3 (75)
(n = 8 ASD studies)
10. If > 1 person re:?ding reference standa!rd, measure of consistency is reported (e.g. kappa)? 3 (50) 266.7)
(n = 6 ASD studies; n = 3 ADHD studies)
11. Were the readers of the reference (validation) test blinded to the results of the classification
by administrative data for that patient? (e.g. Was the reviewer of the charts blinded to how 3 (37.5) 1(25)
that chart was billed?) (n = 8 ASD studies)
Statistical methods
12. Describe methods of calculating/comparing diagnostic accuracy? 10 (100) 3 (75)
RESULTS
Participants
13. Report when study done, start/end dates of enrolment? 8 (80) 2 (50)
14. Describe number of people who satisfied inclusion/exclusion criteria? 10 (100) 4 (100)
15. Study flow diagram? 4 (40) 3 (75)
Test results
16. Report distribution of disease severity? 0(0) 0(0)
17. Report cross-tabulation of index tests by results of reference standard? 9 (90) 3 (75
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TABLE 2 (continued)

Number and percentage of included studies meeting individual modified STARD? reporting criteria for validating health administrative data

Frequency (%)
Section, topic and item
ASD studies® ADHD studies*
Estimates
18. Reports at least 4 estimates of diagnostic accuracy? (Estimates reported in included studies) 3 (30) 1(25)
18a. Sensitivity 5 (50) 1(25
18b. Specificity 4 (40) 1(25)
18c. PPV 9 (90) 4 (100)
18d. NPV 4 (40) 2 (50)
18e. Likelihood ratios 0(0) 0(0)
18f. Kappa 1(10) 1(25)
18¢. Area under the ROC curve / C-statistic 2 (20) 0 (0)
18h. Accuracy/agreement 0(0) 1(25)
19. Was the accuracy reported for any subgroups (e.g. age, geography, different sex etc.)? 4 (40) 1(25)
20. If PPV/N?V rfaported, does .ratio of cases/contro[s of validation cohort approximate prevalence 222.2) 00)
of condition in the population? (n = 9 ASD studies)
21. Reports 95% Cls for each diagnostic accuracy measure? 6 (60) 3 (75
DISCUSSION
22. Discusses the applicability of the findings? 10 (100) 4 (100)

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; Cl, confidence interval; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver

operating characteristic.

Note: Modified STARD reporting criteria are from Benchimol et al."

2 Standards for the Reporting of Diagnostic Accuracy Studies (STARD): method of assessing reporting quality of validation studies using administrative data.

n = 10 unless otherwise stated.

°n = 4 unless otherwise stated.

of its two samples.”’ These judgments
were either due to insufficient information
about the rigour of the reference stan-
dard,”* a lack of information as to
whether the reviewers were blinded to the
results of the algorithm* or the reference
standard being partly based on parent-
reported diagnosis.*”

Flow and timing

Five studies had a high risk of bias,28:30:31
as not all patients were included in the
analysis,?*-283931 or not all patients were
evaluated using the same reference
standard.”

ADHD studies

Patient selection

Three studies had a high risk of bias due
to inappropriate exclusions.?*333

Reference standard

One study had a high risk of bias, as the
reference standard was not likely to clas-
sify cases correctly and reviewers were
not blinded to the algorithm results,* and
one study had an unclear risk of bias due
to insufficient information.**®

Vol 42, No 9, September 2022

Flow and timing

Two studies had a high risk of bias,?3 as
not all patients were included in the
analysis® or not all patients were evalu-
ated using the same reference standard.*

Diagnostic accuracy of administrative
database algorithms

Given the heterogeneity found in study
design and conduct across the included
studies, the following synthesis highlights
findings on the diagnostic accuracy of
algorithms tested within, rather than
between, studies. The diagnostic accuracy
estimates of the algorithms varied sub-
stantially between studies, likely due to
the observed between-study heterogene-
ity. Sources of this heterogeneity included
differences in how cases were initially
selected, administrative data sources, ref-
erence standards and algorithms tested.
For example, two studies*»* with the
same validation cohort and similar algo-
rithms used different administrative data
sources (health administrative database
vs. clinical/health information system),
observed very different performance

metrics, namely sensitivity and PPV. For
the diagnostic accuracy of the algorithms
validated in each included study, refer to
Table 3.

ASD studies

For studies on ASD, the diagnostic accu-
racy of the algorithms tested was summa-
rized in three different ways.

By health administrative database algorithm

Seven studies tested and compared multi-
ple algorithms, each requiring more or
fewer diagnostic codes from a specific
health administrative data source (i.e.
physician claims) over a comparable time
frame.?*?8 In general, these studies found
that increasing the number of ASD diag-
noses required from physician claims
increased the specificity and PPV of the
algorithm, at the expense of sensitivity.
For example, one study found a sensitivity
of 62.5% and specificity of 83.0% when
using an algorithm that required at least
one ASD code from either the hospital or
physician claims database.®® However,
when the same algorithm required at least
two ASD codes from the physician claims
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FIGURE 2

Risk of bias and applicability concerns of included studies by QUADAS-2* domain

Risk of bias Applicability concerns
Study Patient Index test Reference Flow and Patient Index test Reference
selection standard timing selection standard

ASD

Bickford, 20202 ® © © © © © ©
Brooks, 20217 @ @ @ @ @ @ @
Brooks, 2021%* @ @ @ @ @ @ @
Burke, 2014 ® © ? © © © ©
Coleman, 20157 ? © © ® © © ©
Coo, 20177 ®» ©« © G ® © © ©
Dodds, 2009 © © © ® © © ©
Hagberg, 20177 ) ®) ? © © © ©
Lauritsen, 2010% © © © ® © © ©
Surén, 2019" ® © © ® © © ©
ADHD

Daley, 20147 ® © © © © © ©
Gruschow, 20163 ® © @ @ © © ©
Mohr-Jensen, 2016 ) © © ® © © ©
Morkem, 2020% ® © ? © © © ©

© Low risk ® High risk ? Unclear risk

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder.

2 Revised Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool: method of assessing the risk of bias and applicability of diagnostic studies through four key study domains, with

each domain rated as having low, high or unclear risk of bias, and with low, high or unclear applicability to the research question.

bThe risk of bias for the portion of the study evaluating sensitivity using the “sensitivity cohort” from the study.

“The risk of bias for the portion of the study evaluating positive predictive value (PPV) using children with an administrative diagnosis of ASD.

database, the specificity improved (93.2%)
at the cost of a dramatic reduction in sen-
sitivity (36.9%).

Three studies tested the value of addi-
tional health administrative data sources
in their algorithms.?>*2® Two of these
studies did not find a significant improve-
ment in the diagnostic accuracy of those
algorithms that required diagnostic codes
from a combination of hospital discharge
abstracts or physician claims (with or
without emergency department visits or
outpatient surgery) compared to physician
claims alone.??? One study that required
at least one diagnostic code from one of
three data sources (hospital discharge
abstracts, mental health outpatient data or
physician claims) increased the sensitivity
of the algorithm by 9.6%, at the expense
of specificity (7.9% decrease), compared

Health Promotion and Chronic Disease Prevention in Canada
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to physician claims only.?® Additionally,
upon testing the accuracy of algorithms
based on these three data sources sepa-
rately (i.e. physician claims only, hospital
discharge abstract only, mental health
outpatient data only), the same study
found that ASD diagnostic codes from
physician claims led to the best-
performing algorithm.

Two studies varied the number of years in
which ASD diagnostic codes from physi-
cian claims were required in their algo-
rithms (e.g. two or more codes in two
years vs. two or more codes in three
years).?*?* Both of these studies found that
increasing the number of years in which
the codes could be found did not result in
significant improvement in the diagnostic
accuracy.

By reference standard

Of the 10 included studies, two varied the
diagnostic criteria required for ASD case
confirmation from more to less strin-
gent.”>?¢ Both of these studies found that
when the evidence of ASD required in the
medical chart was less stringent, the PPV
increased substantially. For example, one
study increased the PPV from 27% to
72% for an algorithm requiring at least
one ASD code, and from 36% to 87% for
an algorithm requiring at least two ASD
codes.?

By combining education and health administra-
tive data

Only one study validated algorithms using
education and health administrative data
to identify ASD.? In general, the algo-
rithms that combined education and
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TABLE 3

Diagnostic accuracy results of included studies

Measures of diagnostic accuracy

year Reference standard Administrative database algorithm(s)
(95% CI)?
Country
ASD
Bickford, Clinical diagnosis: > 1 hospital discharge or > 1 physician claim SENS: 75% (74%—76%), SPEC: 67% (65%—69%),
20202 . ) PPV: 82.7%, NPV: 55.6%, C-stat: 0.71 (0.70-0.72),
. Cllnlca!I'data on ASP statys from either Kappa: 0.40 (0.38-0.42)
the British Columbia Autism Assess-
ment Network or the Ministry of > 1 physician claim SENS: 74% (72%—75%), SPEC: 68% (66%—69%),
Education. All diagnoses made using a PPV: 82.7%, NPV: 54.7%, C-stat: 0.71 (0.70-0.72),
standard approach based on DSM Kappa: 0.39 (0.37-0.41)
:;’etecrl';;l’ d“ti':fz(')'r‘i gt'lrsl‘;t "’rsse.sj"('ft')" of 5 1 hospital discharge or > 2 general SENS: 67% (66%—69%), SPEC: 71% (69%-73%),
o provided by practitioner claims or > 1 pediatrician claim or ~ PPV: 83.1%, NPV: 50.8%, C-stat: 0.69 (0.68-0.70),
L eart hiatrist/neurologist claim or > 1 other ~ Kappa: 0.35 (0.33-0.37)
information. Diagnoses were made by 21 psychiatn N ppa: 5 ’ ’
L . . . ; specialist claim
clinicians using the Autism Diagnostic
Observation Schedule (ADOS) and the > 1 hospital discharge or > 3 general SENS: 64% (63%—66%), SPEC: 73% (71%—74%),
Autism Diagnostic Interview—Revised practitioner claims or > 1 pediatrician claim or ~ PPV: 83.2%, NPV: 49.1%, C-stat: 0.68 (0.67-0.69),
(ADI-R). > 1 psychiatrist/neurologist claim or > 1 other  Kappa: 0.33 (0.31-0.35)
specialist claim
> 1 hospital discharge or > 2 physician claims ~ SENS: 57% (56%—58%), SPEC: 84% (83%—86%),
PPV: 88.4%, NPV: 48.2%, C-stat: 0.71 (0.70-0.72),
Kappa: 0.35 (0.33-0.36)
> 2 physician claims SENS: 55% (54%—57%), SPEC: 85% (83%—86%),
PPV: 88.5%, NPV: 47.3%, C-stat: 0.70 (0.69-0.71),
Kappa: 0.33 (0.32-0.35)
> 1 pediatrician claim SENS: 54% (53%—56%), SPEC: 76% (75%—78%),
PPV: 82.8%, NPV: 44.2%, C-stat: 0.65 (0.64—0.66),
Kappa: 0.26 (0.24-0.28)
> 1 hospital discharge or > 2 general SENS: 52% (51%—54%), SPEC: 86% (85%—87%),
practitioner claims or > 2 pediatrician claims or PPV: 88.7%, NPV: 46.1%, C-stat: 0.69 (0.68-0.70),
> 2 psychiatrist/neurologist claims or > 2 other  Kappa: 0.31 (0.30-0.33)
specialist claims
> 2 general practitioner claims or > 2 SENS: 50% (49%-52%), SPEC: 87% (85%—88%),
pediatrician claims or > 2 psychiatrist/ PPV: 88.8%, NPV: 45.2%, C-stat: 0.68 (0.68-0.69),
neurologist claims or > 2 other specialist claims  Kappa: 0.30 (0.28-0.31)
> 1 general practitioner claim SENS: 44% (42%—45%), SPEC: 89% (88%—-90%),
PPV: 89.5%, NPV: 42.8%, C-stat: 0.66 (0.66—0.67),
Kappa: 0.26 (0.24-0.27)
> 1 psychiatrist/neurologist claim SENS: 14% (13%—15%), SPEC: 97% (96%—97%),
PPV: 89.6%, NPV: 34.8%, C-stat: 0.55 (0.55-0.56),
Kappa: 0.07 (0.07-0.08)
Brooks, 2021  Medical chart review—ASD diagnosis: > 1 hospital discharge or > 1 emergency SENS: 75.9% (68.0%—83.8%), SPEC: 98.9%
Canada department visit or > 1 outpatient surgery (98.6%-99.1%), PPV: 42.9% (36.0%—49.8%),

Manual review of electronic medical
record for diagnosis of ASD. Cases were
identified by a trained nurse chart
abstractor and confirmed by a family
physician.

Vol 42, No 9, September 2022

or > 1 physician claim

> 1 physician claim

> 1 hospital discharge or > 1 emergency
department visit or > 1 outpatient surgery
or > 1 physician claim by any specialist

> 1 physician claim by any specialist

> 1 hospital discharge or > 1 emergency
department visit or > 1 outpatient surgery; or >
2 physician claims in 3 years

NPV: 99.7% (99.6%-99.8%)

SENS: 74.1% (66.0%—82.2%), SPEC: 98.9%
(98.7%-99.1%), PPV: 42.6% (35.6%—49.5%),
NPV: 99.7% (99.6%-99.8%)

SENS: 67.9% (59.2%—76.5%), SPEC: 99.0%
(98.9%-99.2%), PPV: 44.7% (37.2%—52.2%),
NPV: 99.6% (99.5%-99.8%)

SENS: 66.1% (57.3%—74.8%), SPEC: 99.1%
(98.9%-99.2%), PPV: 44.3% (36.8%—51.8%),
NPV: 99.6% (99.5%-99.7%)

SENS: 59.8% (50.7%—68.9%), SPEC: 99.3%
(99.1%-99.5%), PPV: 49.3% (40.9%—57.7%),
NPV: 99.5% (99.4%-99.7%)

Continued on the following page
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Diagnostic accuracy results of included studies

First author,

TABLE 3 (continued)

Measures of diagnostic accuracy

year Reference standard Administrative database algorithm(s)
(95% CI)?
Country

> 1 hospital discharge or > 1 emergency SENS: 57.1% (48.0%—66.3%), SPEC: 99.3%
department visit or > 1 outpatient surgery; (99.1%-99.5%), PPV: 48.5% (40.0%—57.0%),
or > 2 physician claims in 2 years NPV: 99.5% (99.4%—99.7%)
> 1 hospital discharge or > 1 emergency SENS: 53.6% (44.3%—62.8%), SPEC: 99.4%
department visit or > 1 outpatient surgery; (99.2%-99.5%), PPV: 48.4% (39.6%—57.2%),
or > 2 physician claims in 3 years with > 1 from  NPV: 99.5% (99.3%-99.6%)
any specialist
> 1 hospital discharge or > 1 emergency SENS: 52.7% (43.4%—61.9%), SPEC: 99.4%
department visit or > 1 outpatient surgery; (99.2%-99.5%), PPV: 48.4% (39.5%—57.2%),
or > 2 physician claims in 2 years with > 1 from  NPV: 99.5% (99.3%—99.6%)
any specialist
> 1 hospital discharge or > 1 emergency SENS: 50.0% (40.7%—59.3%), SPEC: 99.6%
department visit or > 1 outpatient surgery; (99.4%-99.7%), PPV: 56.6% (46.8%—66.3%),
or > 3 physician claims in 3 years NPV: 99.4% (99.3%-99.6%)
> 1 hospital discharge or > 1 emergency SENS: 49.1% (39.8%—58.4%), SPEC: 99.6%
department visit or > 1 outpatient surgery; (99.5%-99.7%), PPV: 57.9% (48.0%—67.8%),
or > 3 physician claims in 3 years with > 1 from  NPV: 99.4% (99.3%—99.6%)
any specialist
> 1 hospital discharge or > 1 emergency SENS: 45.5% (36.3%—54.8%), SPEC: 99.6%
department visit or > 1 outpatient surgery; (99.4%—99.7%), PPV: 54.3% (44.2%—64.3%),
or > 3 physician claims in 2 years NPV: 99.4% (99.2%-99.5%)
> 1 hospital discharge or > 1 emergency SENS: 45.5% (36.3%—54.8%), SPEC: 99.6%
department visit or > 1 outpatient surgery; (99.5%-99.7%), PPV: 56.0% (45.8%—66.2%),
or > 3 physician claims in 2 years with > 1 from  NPV: 99.4% (99.2%—99.5%)
any specialist

Brooks, Medical chart review—ASD diagnosis: > 1 physician claim (299 or 315) SENS: 33.0% (24.4%—42.6%), SPEC: 98.8%

2021240 M [ revi fel i dical (98.5%-99.0%), PPV: 23.4% (17.1%—30.8%),

Canada anual review of electronic medica NPV: 99.2% (99.0%-99.4%)

record for diagnosis of ASD. Cases were
identified by a trained nurse chart
abstractor and confirmed by a family
physician.

Health Promotion and Chronic Disease Prevention in Canada
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> 2 physician claims (299 or 315) in 3 years

> 2 physician claims (299 or 315) in 2 years

> 2 physician claims (299 or 315) in 1 year

> 3 physician claims (299 or 315) in 3 years

> 3 physician claims (299 or 315) in 2 years

> 3 physician claims (299 or 315) in 1 year

> 1 physician claim (299 only)

> 2 physician claims (299 only) in 3 years

SENS: 14.3% (8.4%—22.2%), SPEC: 99.8% (99.7%—
99.9%), PPV: 44.4% (27.9%—61.9%), NPV: 99.0%
(98.8%—-99.2%)

SENS: 13.4% (7.7%—21.1%), SPEC: 99.8% (99.7%—
99.9%), PPV: 45.5% (28.1%—63.6%), NPV: 99.0%
(98.8%—-99.2%)

SENS: 11.6% (6.3%—19.0%), SPEC: 99.9% (99.8%—
99.9%), PPV: 52.0% (31.3%—72.2%), NPV: 99.0%
(98.8%—-99.2%)

SENS: 2.7% (0.6%—7.6%), SPEC: 99.9% (99.9%—
100%), PPV: 33.3% (7.5%—70.1%), NPV: 98.9%
(98.7%—-99.1%)

SENS: 2.7% (0.6%—7.6%), SPEC: 99.9% (99.9%—
100%), PPV: 33.3% (7.5%—70.1%), NPV: 98.9%
(98.7%—-99.1%)

SENS: 1.8% (0.2%—6.3%), SPEC: 100% (99.9%—
100%), PPV: 33.3% (4.3%—77.7%), NPV: 98.9%
(98.7%—-99.1%)

SENS: 28.6% (20.4%—37.9%), SPEC: 99.9% (99.9%—
100%), PPV: 86.5% (71.2%—95.5%), NPV: 99.2%
(99.0%—-99.4%)

SENS: 12.5% (7.0%—20.1%), SPEC: 100% (99.9%—
100%), PPV: 93.3% (68.1%—99.8%), NPV: 99.0%
(98.8%—-99.2%)

Continued on the following page
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TABLE 3 (continued)

Diagnostic accuracy results of included studies

Measures of diagnostic accuracy

year Reference standard Administrative database algorithm(s)
(95% CI)?
Country
> 2 physician claims (299 only) in 2 years SENS: 11.6% (6.3%—19.0%), SPEC: 100% (99.9%—
100%), PPV: 92.9% (66.1%—-99.8%), NPV: 99.0%
(98.8%—99.2%)
> 2 physician claims (299 only) in 1 year SENS: 9.8% (5.0%—16.9%), SPEC: 100% (99.9%—
100%), PPV: 91.7% (61.5%-99.8%), NPV: 99.0%
(98.8%—99.2%)
> 3 physician claims (299 only) in 3 years SENS: 1.8% (0.2%—6.3%), SPEC: 100% (99.9%—
100%), PPV: 66.7% (9.4%-99.2%), NPV: 98.9%
(98.7%—99.1%)
> 3 physician claims (299 only) in 2 years SENS: 1.8% (0.2%—6.3%), SPEC: 100% (99.9%—
100%), PPV: 66.7% (9.4%-99.2%), NPV: 98.9%
(98.7%—99.1%)
> 3 physician claims (299 only) in 1 year SENS: 0.9% (0.0%—4.9%), SPEC: 100% (100%—100%),
PPV: 100% (2.5%—100%), NPV: 98.9% (98.7%—99.1%)
Burke, 2014*  Medical chart review—clinical > 1 ASD-associated condition (no ASD NPV (level 1 or 2): > 98%
USA classification criteria, ASD diagnosis: insurance claim)
Criteria used to confirm ASD: (1) level > 1 ASD insurance claim PPV (level 1): 43.3% (38.2%—48.5%)
1—behavioural descriptions highly PPV (level 1 or 2): 74.2% (69.4%—78.6%)
indicative of ASD and consistent with
DSM-IV-TR criteria; or (2) level 2—pro-
vider documented diagnosis or some . fai tevel 1): ) Y 0
evidence of ASD behaviours consistent > 2 ASD insurance claims PPV (IeveI 1). 6(2)9:; (ZE.S;;%EJ gji .
with DSM-IV-TR criteria (but not enough PPV (level 1 or 2): 87.4% (81.6%-91.8%)
description to qualify as level 1).
Coleman, Medical chart review—clinical 1 insurance claim or outpatient diagnosis PPV¢ (confirmed): 27%
2015% classification criteria, ASD diagnosis: PPV (confirmed, probable and possible): 72%
USA
Criteria used to confirm ASD: (1)
confirmed—complete, documented
assessment using DSM-IV criteria; (2)
probable—diagnosis made by a credible
source, documented use of DSM-IV to
make diagnosis, and some documented
patient behaviours consistent with
DSM-1V criteria; or (3) possible—second-
hand reports of an ASD assessmentbya 2 2 insurance claims or outpatient diagnoses, PPV (confirmed): 36%
professional or some documented at least one day apart PPV¢ (confirmed, probable and possible): 87%
behaviours associated with ASD.
Coo, 20177 Medical chart review—ASD diagnosis: ~ Ages 2-5: Ages 2-5:
Canada

Review of chart/file for an ASD
diagnosis by one of four child/youth
behavioural or disability service
providers.

Parent-reported diagnosis:

For children with an administrative
diagnosis of ASD but no confirmed
diagnosis on chart/file, parent-reported
diagnoses were also considered true
positives.
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> 1 physician claim or > 1 “ASD” education
code or > 1 hospital discharge or > 1
adolescent treatment centre diagnosis

> 1 physician claim or > 1 “ASD”
education code

> 1 physician claim

> 2 physician claims or > 1 “ASD”
education code

> 2 physician claims

SENS: 88% (84%-91%), minimum PPV*: 73%
(68%—77%)

SENS: 88% (83%-91%), minimum PPV*: 73%
(69%—78%)

SENS: 85% (80%—88%), minimum PPV¢: 73%
(68%—77%)

SENS: 57% (51%—62%), minimum PPV: 89%
(84%—93%)

SENS: 50% (45%—56%), minimum PPV¢: 89%
(83%-93%)

Continued on the following page
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Diagnostic accuracy results of included studies

TABLE 3 (continued)

Measures of diagnostic accuracy

year Reference standard Administrative database algorithm(s)
(95% CI1)?
Country

Ages 6-9: Ages 6-9:

> 1 physician claim or > 1 “ASD” education SENS: 90% (88%-93%), minimum PPV¢: 65%

code or > 1 hospital discharge or > 1 (61%—68%)

adolescent treatment centre diagnosis

> 1 physician claim or > 1 “ASD” SENS: 89% (86%-92%), minimum PPV¢: 65%

education code (61%—68%)

> 1 physician claim or > 2 “ASD” SENS: 88% (85%—90%), minimum PPV‘: 65%

education codes (62%—69%)

> 2 physician claims or > 1 “ASD” SENS: 84% (81%-87%), minimum PPV¢: 78%

education code (75%—81%)

> 2 physician claims or > 2 “ASD” SENS: 81% (78%-84%), minimum PPV¢: 80%

education codes (77%—84%)

> 1 physician claim SENS: 77% (73%—80%), minimum PPV‘: 66%
(62%—69%)

> 1 “ASD” education code SENS: 68% (64%—72%), minimum PPV: 87%
(84%—90%)

>2 “ASD” education codes SENS: 66% (62%—70%), minimum PPV¢: 88%
(85%—91%)

> 2 physician claims SENS: 58% (54%—62%), minimum PPV‘: 83%
(79%—86%)

Ages 10-14: Ages 10-14:

> 1 physician claim or > 1 “ASD” education SENS: 88% (85%—90%), minimum PPV‘: 60%

code or > 1 hospital discharge or > 1 (57%—63%)

adolescent treatment centre diagnosis

> 1 physician claim or > 1 “ASD” SENS: 86% (83%—88%), minimum PPV¢: 61%

education code (58%—63%)

> 1 physician claim or > 2 “ASD” SENS: 84% (82%—87%), minimum PPV¢: 62%

education codes (59%—64%)

> 2 physician claims or > 1 “ASD™’ SENS: 80% (77%—83%), minimum PPV‘: 70%

education code (67%—73%)

> 2 physician claims or > 2 “ASD” SENS: 78% (75%-81%), minimum PPV*: 72%

education codes (69%—75%)

> 1 physician claim SENS: 73% (69%—76%), minimum PPV¢: 64%
(60%—70%)

>1 “ASD” education code SENS: 73% (70%—76%), minimum PPV¢: 75%
(72%—78%)

>2 “ASD” education codes SENS: 69% (66%—72%), minimum PPV¢: 78%
(74%—81%)

> 2 physician claims SENS: 56% (52%—59%), minimum PPV¢: 78%
(75%—82%)

Dodds, 2009  Clinical diagnosis: > 1 hospital discharge or > 1 physician claim SENS: 69.3%, SPEC: 77.3%, C-stat: 0.76
Canada or > 1 mental health outpatient diagnosis

Clinical diagnosis by a team of ASD
specialists; based on the Autism
Diagnostic Interview—Revised, the
Autism Diagnostic Observation
Schedule and clinical judgment
using DSM-IV-TR.

> 1 hospital discharge or > 1 physician claim
> 1 physician claim

> 1 hospital discharge or > 2 physician claims
or > 2 mental health outpatient diagnoses

> 1 hospital discharge or > 2 physician claims
> 1 mental health outpatient diagnosis

> 1 hospital discharge diagnosis

SENS: 62.5%, SPEC: 83.0%, C-stat: 0.74
SENS: 59.7%, SPEC: 85.2%, C-stat: 0.72
SENS: 42.6%, SPEC: 88.6%, C-stat: 0.67

SENS: 36.9%, SPEC: 93.2%, C-stat: 0.65
SENS: 16.5%, SPEC: 92.0%, C-stat: 0.54
SENS: 11.9%, SPEC: 97.7%, C-stat: 0.55

Continued on the following page
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TABLE 3 (continued)

Diagnostic accuracy results of included studies

Measures of diagnostic accuracy

year Reference standard Administrative database algorithm(s) 95% CI)?
Country ’
Hagberg, Medical chart review—ASD diagnosis: > 1 Read code PPV: 91.9%
2017%
United Review of original medical record for
Kingdom diagnosis confirmation, which included
detailed hospital clinical letters,
consultant reports, speech and language
assessments and/or specialist reports.
Lauritsen, Medical chart review—clinical 1 psychiatric inpatient or outpatient diagnosis ~ PPV: 97% (96%—99%)
2010% classification criteria:
Denmark . . .
Modified version of the CDC coding
guide based on DSM-1V, i.e. scored
positive on at least one social and either
one communication or one behavioural
criterion, with no diagnoses, history or
behavioural descriptions that
contradicted the presence of ASD.
Surén, 2019% Medical chart review—clinical > 1 diagnosis PPV: 86% (83%—89%)
Norway classification criteria:
Review of patient records to confirm if
child met 1CD-10 diagnostic criteria;
included results of standardized
interviews/tests and diagnoses received.
ADHD

Daley, 2014
USA

Gruschow,
2016%
USA

Medical chart review—clinical classifica-
tion criteria, ADHD diagnosis, standard-
ized screening checklist:

Criteria used to confirm ADHD: (1)
definition T—linician diagnosis in either
the index or follow-up window; (2)
definition 2—clinician diagnosis in either
the index or follow-up window, with
prevalent cases excluded; (3) definition
3—clinician diagnosis, prevalent cases
excluded, at least one positive ADHD

screening checklist; (4) definition 4—clini-

cian diagnosis, prevalent cases excluded,
at least 6 of 9 inattentive and/or 6 of 9
hyperactive/impulsive DSM-1V symptoms;
or (5) definition 5—clinician diagnosis,
prevalent cases excluded, at least one
positive screening checklist or at least 6 of
9 inattentive and/or 6 of 9 hyperactive/
impulsive DSM-IV symptoms.

Clinical case definition:’

Patients with ADHD confirmed if: > 3
ADHD-related visits, or 1 or 2
ADHD-related visits or a problem list
diagnosis and prescribed ADHD
medication, or evidence from an
independent source confirming ADHD
case status located through a manual
review of the electronic health record.

Patients without ADHD confirmed
when evidence from an independent
source indicated the patient did not
have ADHD through a manual review
of the electronic health record.

Vol 42, No 9, September 2022

2 outpatient diagnoses, between 7 and 365
days apart (incident ADHD)

> 1 inpatient or outpatient diagnosis or
problem list¢ diagnosis

Ages 3-5 at diagnosis:

PPVe (definition 1): 89.8% (80.6%—99.0%)
PPVe (definition 2): 71.5% (56.5%—86.4%)
PPVe (definition 3): 48.9% (33.4%—64.3%)
PPVe (definition 4): 32.8% (17.1%—48.5%)
PPVe (definition 5): 65.8% (52.2%—79.4%)

Ages 6-9 at diagnosis:

PPVe (definition 1): 94.2% (89.8%—98.5%)
PPVe (definition 2): 73.6% (65.6%—81.6%)
PPVe (definition 3): 59.1% (50.8%—67.5%)
PPVe (definition 4): 30.9% (22.2%—39.6%)
PPVe (definition 5): 68.5% (60.8%—76.1%)

SENS: 96%-97% (95%-97%), SPEC: 98%—99%
(97%-99%), PPV: 83%—98% (81%-99%), NPV: 99%
(99%-99%)," Kappa: 0.87 (0.75-0.99)

Continued on the following page
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TABLE 3 (continued)
Diagnostic accuracy results of included studies

Measures of diagnostic accuracy

year Reference standard Administrative database algorithm(s) 95% CI)?
Country
Mohr-Jensen, Medical chart review—clinical 1 psychiatric inpatient or outpatient diagnosis ~ PPV: 86.8%
2016% classification criteria:
Denmark . .
Patient files were systematically scored
for the presence of ICD-10 criteria for
hyperkinetic disorder and were
confirmed if patients presented with > 6
symptoms of inattention, > 3 symptoms
of hyperactivity and > 1 symptom of
impulsivity.
Morkem, Medical chart review—ADHD > 1 medical visit (ICD code) and > 1 prescrip- PPV: 95.9% (92.6%-98.0%), NPV: 96.3% (93.2%—
2020% diagnosis: tion of ADHD-related medications or > 2 98.3%)
Canada medical visits (ICD code)

Review of electronic medical record for

diagnosis of ADHD.

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ASD, autism spectrum disorder; CDC, Centers for Disease Control and Prevention; Cl, confidence interval; C-stat, C-statistic;
DSM, Diagnostic and Statistical Manual of Mental Disorders; DSM-1V, Diagnostic and Statistical Manual of Mental Disorders, Fourth Revision; DSM-IV-TR, Diagnostic and Statistical Manual of
Mental Disorders, Fourth Revision, Text Revision; ICD-10, International Classification of Diseases, Tenth Revision; ICD, International Classification of Diseases; Kappa, kappa statistic; NPV,
negative predictive value; PPV, positive predictive value; SENS, sensitivity; SPEC, specificity.

2 Where applicable.

bThis study also tested algorithms that included case identification information from a keyword search of the cumulative patient profile in the electronic health record; however,
these algorithms were not included, as they did not meet the review’s definition of an administrative database algorithm.

¢Cases without enough information were excluded from PPV calculations.

4Those for whom case status could not be ascertained were assumed to be false positives for the purpose of this calculation.

¢All sampled cases were weighted by their inverse selection probability.

fClinical case definition was based on a medical chart review or electronic health record and was not as stringent as clinical classification criteria.

¢List of ongoing or historical problems in the patient’s electronic health record.

"Range depends on assumptions for inconclusive cases, i.e. true ADHD cases vs. true non-ADHD cases.

physician claims data demonstrated an
improvement in sensitivity, but the PPV
either remained the same or decreased
slightly compared to algorithms based on
physician claims data alone. For example,
in the group aged 6 to 9 years, requiring at
least one code from physician claims or
education data versus at least one physi-
cian code only caused a substantial
increase in sensitivity (from 77% to 89%)
and a nominal decrease in PPV (from 66 %
to 65%). A similar pattern was observed
in the oldest age group, those aged 10 to
14 years.

ADHD studies

For studies on ADHD, the diagnostic accu-
racy of the algorithms tested was summa-
rized in the same ways; however, none of
the studies on ADHD used education data
in addition to health administrative data,
therefore any benefit of this data cannot
be assessed.

By health administrative database algorithm

All four studies tested and reported results
for one algorithm only and each of these
algorithms included diagnostic codes from

one administrative data source only.?*%
As a result, there was not enough infor-
mation to assess the impact of requiring
more or fewer diagnostic codes or utiliz-
ing additional data sources in identifying
ADHD cases.

By reference standard

One of the four studies varied the diag-
nostic criteria required for the reference
standard and presented results for more
and less stringent requirements for inci-
dent ADHD case confirmation.** As more
documented evidence of incident ADHD
was required, the PPV decreased from
71.5% to 32.8% in children aged 3 to
S years at diagnosis and from 73.6% to
30.9% in children aged 6 to 9.

Discussion

A total of 14 studies met our eligibility
criteria,?*%> of which 10 focussed on the
validation of administrative database algo-
rithms to identify ASD**?*' and four on
ADHD.?*% Six of the 14 studies were con-
ducted in Canada and had generally a
higher reporting quality and lower risk of
bias compared to studies from other
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countries.?*24272835 There were no studies
identified for FASD that met the eligibility
criteria for our review. Other important
gaps identified included a lack of valida-
tion studies on adults, and the identifica-
tion of incident, rather than prevalent,
cases.

While there have been efforts to use
health administrative data to estimate the
prevalence of FASD in Canada,®® this work
has been done in the absence of any vali-
dated administrative database algorithms.
The lack of published validation studies
for FASD may be connected to several fun-
damental issues related to assigning an
FASD diagnosis, including:

e the need for a multidisciplinary assess-
ment and knowledge of prenatal alco-
hol exposure;3”-3

e the lack of diagnostic criteria or detailed
description for the diagnosis “neurode-
velopmental disorder associated with
prenatal alcohol exposure” in the
Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition;** and
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e the non-specific nature of International
Classification of Diseases diagnostic
codes that can be used for a primary
FASD diagnosis,* and the specificity of
codes required to capture diagnostic
entities associated with FASD, which is
not always available within health
administrative databases.

Given the evolving nature of FASD diag-
nostic practices and coding, the use of
administrative database algorithms to
identify FASD cases currently poses some
unique challenges.

Results from the quality assessments
revealed “high” or “unclear” risk of bias
in at least one domain of the QUADAS-2
tool for 12 of the 14 studies,?** indicat-
ing the measures of diagnostic accuracy
should be interpreted with caution.
Furthermore, significant heterogeneity in
terms of study design and conduct across
the included studies prohibited a quantita-
tive synthesis of the results on the accu-
racy of the algorithms tested. Of particular
importance were the differences in how
cases were initially selected (i.e. either by
diagnostic codes in the administrative
database or the reference standard) and
the inclusion or exclusion of cases with-
out the condition of interest. To ensure
unbiased estimates of diagnostic accuracy,
the disease prevalence in the validation
cohort must approximate the prevalence
in the population.*® This is achieved when
an appropriate reference standard is
applied (which accurately classifies cases
with and without the condition of inter-
est) and patients are randomly sampled,
ideally from the general population. In
addition, to compute the key diagnostic
accuracy estimates necessary to evaluate
the characteristics of a diagnostic test,
both cases with and without the condition
of interest are needed to populate all four
cells of a two-way contingency table.

Unfortunately, most studies in our review
(8 out of 14) used diagnostic codes in the
administrative database to initially select
cases with the condition of interest
only.262729323435 This approach can gener-
ate biased estimates of diagnostic accu-
racy, given the underlying prevalence of
the conditions of interest is unknown, and
it limits the diagnostic accuracy measures
that can be computed to PPV only.*
Although PPV defines the likelihood of
false-positive test results, alone it does not
provide information on the likelihood of

Vol 42, No 9, September 2022

false-negative test results or how many
cases are being missed by the algorithm.

Furthermore, while seven of the 14 stud-
ies included cases without the condition
of interest,?2?5283335 two drew their sam-
ples from specialty clinics or service pro-
viders,**?® and two oversampled children
more likely to have the disorder;*3* both
of these sampling methods can generate
falsely elevated PPV due to the high prev-
alence of cases. In addition, only four of
these studies reported the four key mea-
sures of diagnostic accuracy that can be
computed using this approach.?>2%3

Despite these limitations, findings from
our review suggest that increasing the
number of ASD diagnostic codes required
from physician claims database increases
specificity and PPV of an algorithm, at the
expense of sensitivity. In addition, the use
of multiple sources of health administra-
tive data in an algorithm designed to iden-
tify ASD cases (i.e. hospital, physician
claims and mental health services) may
increase sensitivity with only a slight cost
to the specificity and PPV, with physician
claims database being the best single
source.

Furthermore, the findings from one study
showed that the addition of education
data, in combination with physician claims
data, might improve case capture (sensi-
tivity) in school-aged children and youth
at a slight cost to precision (PPV).#”
However, the lack of cases without ASD in
this study limited the diagnostic accuracy
measures that could be computed.
Therefore, additional studies are required
to evaluate the full impact of including
education data in combination with physi-
cian claims data in administrative data-
base algorithms for ASD case ascertainment
purposes.

Due to the nature of the ADHD studies
included, there was not enough informa-
tion to assess the impact of number of
diagnostic codes or additional data
sources on algorithm accuracy. However,
based on the performance measures
reported, there was some evidence that
ADHD could be identified through health
administrative data sources.

To address the gaps uncovered by this
review, as well as the reporting quality
and risk of bias issues found, additional
high quality studies validating the use of

administrative database algorithms to
identify cases of the selected neurodevel-
opmental disorders are required. These
issues are not unique to this area of study,
and guidance on how to conduct and
report the findings from such validation
studies has been previously published.!?-204°
In light of all of this, we recommend
authors follow published recommenda-
tions on study methods*# as well as
reporting guidelines’? when validating
administrative database algorithms for
case identification purposes.

Another challenge associated with the use
of specific diagnostic codes for neurode-
velopmental disorders such as ASD,
ADHD and FASD relates to the fact that
the boundaries between these disorders
are often not clear and the presence of
comorbid disorders is common. While his-
torically neurodevelopmental disorders
have been categorically diagnosed based
on a constellation of signs and symptoms,
there is an evolving body of literature on
the need for new approaches to their diag-
nosis that involves conceptualizing these
disorders as lying on a neurodevelopmen-
tal continuum.* This shift will have
important implications on the classifica-
tion of these disorders, clinical practice,
research and surveillance.

Strengths and limitations

The strengths of this review include:

e its prospective registration with the
Prospective Register of Systematic
Reviews (PROSPERO), which helps to
reduce the potential for bias in the
conduct and reporting of systematic
reviews;*

e the development of a literature search
strategy by an experienced reference
librarian that included a systematic
search of multiple databases, the grey
literature and reference lists of
included articles;

e arigorous assessment of the reporting
quality as well as the risk of bias and
applicability of each included study
using the modified STARD checklist'?
and the QUADAS-2 tool,* respectively;
and

e the use of the PRISMA standards to
ensure full reporting and transparency.!”

However, there are some limitations worth
noting, such as:
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e challenges in conducting a compre-
hensive search for studies focussing on
administrative database algorithms,
given they are not well catalogued in
the databases we searched (i.e. no
medical subject headings on “adminis-
trative database” exist);

e the potential for language bias, as
studies published in a language other
than English or French were not con-
sidered, as well as publication bias,
since validation studies with poor
results may be less likely to be pub-
lished; and

e the significant heterogeneity between
included studies did not permit the
conduct of quantitative analyses such
as a meta-regression or meta-analysis.

Conclusion

To our knowledge, this is the first review
that has systematically appraised and
examined the empirical evidence on valid-
ity of administrative database algorithms
to identify ASD, ADHD and FASD. While a
few studies have validated algorithms for
ASD and ADHD case ascertainment pur-
poses, none have been performed for
FASD to date. Significant heterogeneity
across included studies limited our ability

Health Promotion and Chronic Disease Prevention in Canada

Research, Policy and Practice

to carry out quantitative analyses. Such
analyses would be beneficial to further
strengthen the evidence around the best-
performing algorithms for neurodevelop-
mental disorders surveillance and research,
should the quality of available studies
allow.

Nevertheless, there is some evidence to
suggest that ASD and ADHD can be iden-
tified using administrative data, although
information about the ability to discrimi-
nate reliably between individuals with
and without the disorder of interest is lim-
ited. Given the variations in reporting
quality and risk of bias issues found, addi-
tional high quality validation studies are
needed. To optimize the usefulness of
future studies, we recommend authors fol-
low published recommendations on study
design and conduct®*® and reporting
guidelines for validation studies involving
administrative data.'
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APPENDIX A
Electronic search strategy

INITIAL SEARCH

Database(s): Ovid MEDLINE(R) ALL 1946 to August 26, 2019
Search Strategy:

# Searches Results

exp autism spectrum disorder/ or (autism or autistic or (asperger* adj (syndrome or disorder or disease)) or kanner*
1 syndrome or childhood disintegrative disorder or (pervasive adj2 developmental disorder®) or heller* syndrome or 48476
disintegrative psychosis).tw,kf,kw.

Attention Deficit Disorder with Hyperactivity/ or “Attention Deficit and Disruptive Behavior Disorders”/ or ((attention

2 deficit adj4 disorder®) or (hyperkinetic adj2 (disorder or syndrome)) or minimal brain dysfunction or adhd or addh). 40083
tw, kf, kw.
Fetal Alcohol Spectrum Disorders/ or (f?etal alcohol or (alcohol related adj3 (neurodevelopment or birth)) or

3 “Neurobehavioral disorder associated with prenatal alcohol exposure” or “Growth Retardation, Facial Abnormalities, 5699
and Central Nervous System Dysfunction”).tw,kw,kf.

4 or/1-3 90368
diagnosis/ or incidence/ or prevalence/ or (diagnos™ or incidence” or prevalence® or new case?).tw,kw,kf. 3507353

6 4and5 27896

7 exp autism spectrum disorder/di, dg, ep or Attention Deficit Disorder with Hyperactivity/di, dg, ep or “Attention Deficit 22499
and Disruptive Behavior Disorders”/di, dg, ep or Fetal Alcohol Spectrum Disorders/di, dg, ep

8 6 or7 [Developmental disorders] 39288
exp medical records/ or international classification of diseases/ or exp diagnostic techniques, neurological/ or exp clinical

9 . A . . T 3030824
laboratory techniques/ or “diagnostic techniques and procedures”/

10 (((patient” or medical or health) adj3 record") or ((diagnos* or defin” or classificat’) adj2 disease list) or ((self report" or 248712

standard®) adj2 measure”) or (icd adj (cod” or classification®)) or (international adj3 classification)).tw,kw,kf.

medicaid/ or birth certificates/ or death certificates/ or hospital records/ or insurance claim reporting/ or exp insurance,
11 health/ or databases, factual/ or information systems/ or databases as topic/ or database management systems/ or software/ 472574
or insurance claim review/ or patient discharge/ or exp registries/ or utilization review/

(((@dministrat® or physician® or inpatient” or emergency” or hospital” or clinic or clinics or pharmac” or insurance) adj4
(admission” or data or dataset” or database” or data base? or data bank? or claim™ or billing" or record" or utilizat" or
utilisat)) or ((claim” or discharg’) adj2 data®) or ((database? or databank? or data base? or data bank?) adj4 (factual or

L administrat” or claim? or register” or registr* or topic? or system?)) or (claim? adj2 (analy” or review? or physician? or 2L
pharmac” or drug?)) or (insurance adj2 (claim* or audit’)) or medicaid or (health” adj2 plan) or ((death” or birth®) adj1
(certificate® or record®))).tw,kw,kf. or (database? or databank? or data base? or data bank?).ti.
13 0r/9-12 [Diagnosis Methods] 3827029
14 8and 13 5662
15 P Diagnostic Errors/ or Diagnosis, Differential/ or “Predictive Value of Tests”/ or “Sensitivity and Specificity”/ or ROC 1272706

Curve/ or Area under Curve/ or Bayes Theorem/ or algorithms/ or validation studies as topic/

((diagnos" adj3 (schedul” or clinical* or technique® or procedur” or assess" or standard" or error” or false or incorrect* or
wrong" or correct”)) or misdiagnos™ or (clinical® adj (standard” or criteri* or measure* or classifi* or technique” or assess")) or
16 ((positive or negative) adj2 (predict” or false)) or sensitiv* or specif* or accura” or valid” or reliab” or agree” or concord” or 5708365
misclass” or ((case or cases) adj2 ascertain®) or algorithm? or (bayes™ adj (theorem or analysis or approach or forecast or
method or prediction)) or (roc adj (curve or analysis)) or receiver operating characteristic).tw,kw,kf.

17 15o0r16 6369226
18 14and 17 2476
19 limit 18 to (yr="1995-2019” and (english or french)) 2196
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APPENDIX A (continued)
Electronic search strategy

FIRST SEARCH UPDATE

Database(s): Ovid MEDLINE(R) ALL 1946 to July 10, 2020
Search Strategy:

# Searches Results

1 P autism spectrum disorder/ or (autism or autistic or (asperger” adj (syndrome or disorder or disease)) or kanner* syndrome or childhood 53121
disintegrative disorder or (pervasive adj2 developmental disorder’) or heller* syndrome or disintegrative psychosis).tw,kf,kw.

2 Attention Deficit Disorder with Hyperactivity/ or “Attention Deficit and Disruptive Behavior Disorders”/ or ((attention deficit adj4 42517
disorder”) or (hyperkinetic adj2 (disorder or syndrome)) or minimal brain dysfunction or adhd or addh).tw,kf,kw.
Fetal Alcohol Spectrum Disorders/ or (f?etal alcohol or (alcohol related adj3 (neurodevelopment or birth)) or “Neurobehavioral disorder

3 associated with prenatal alcohol exposure” or “Growth Retardation, Facial Abnormalities, and Central Nervous System Dysfunction”). 5917
tw, kw,kf.

4 or/13 97183
diagnosis/ or incidence/ or prevalence/ or (diagnos™ or incidence” or prevalence” or new case?).tw,kw,kf. 3713126

6 4and5 30299

7 exp autism spectrum disorder/di, dg, ep or Attention Deficit Disorder with Hyperactivity/di, dg, ep or “Attention Deficit and Disruptive 23876
Behavior Disorders”/di, dg, ep or Fetal Alcohol Spectrum Disorders/di, dg, ep

8 6 or 7 [Developmental disorders] 42246
exp medical records/ or international classification of diseases/ or exp diagnostic techniques, neurological/ or exp clinical laboratory

9 . g . . ” 3106548
techniques/ or “diagnostic techniques and procedures”/

10 (((patient” or medical or health) ad;j3 record®) or ((diagnos* or defin” or classificat’) adj2 disease list) or ((self report” or standard") ad;j2 968618

measure”) or (icd adj (cod” or classification®)) or (international adj3 classification)).tw,kw,kf.

medicaid/ or birth certificates/ or death certificates/ or hospital records/ or insurance claim reporting/ or exp insurance, health/ or
11 databases, factual/ or information systems/ or databases as topic/ or database management systems/ or software/ or insurance claim review/ 498782
or patient discharge/ or exp registries/ or utilization review/

(((@administrat” or physician® or inpatient” or emergency” or hospital” or clinic or clinics or pharmac” or insurance) adj4 (admission® or data
or dataset” or database” or data base? or data bank? or claim™ or billing" or record" or utilizat" or utilisat’)) or ((claim” or discharg’) adj2
12 data’) or ((database? or databank? or data base? or data bank?) adj4 (factual or administrat™ or claim? or register” or registr* or topic? or 312830
system?)) or (claim? ad;j2 (analy” or review? or physician? or pharmac” or drug?)) or (insurance adj2 (claim™ or audit’)) or medicaid or
(health* adj2 plan) or ((death” or birth*) adj1 (certificate™ or record"))).tw,kw,kf. or (database? or databank? or data base? or data bank?).ti.

13 or/9-12 [Diagnosis] 3955207
14 8and13 6161
15 &P Diagnostic Errors/ or Diagnosis, Differential/ or “Predictive Value of Tests”/ or “Sensitivity and Specificity”/ or ROC Curve/ or Area 1317678

under Curve/ or Bayes Theorem/ or algorithms/ or validation studies as topic/

((diagnos™ adj3 (schedul” or clinical” or technique” or procedur” or assess* or standard" or error” or false or incorrect” or wrong” or correct’))
or misdiagnos” or (clinical” adj (standard” or criteri* or measure” or classifi* or technique” or assess’)) or ((positive or negative) adj2 (predict
16 or false)) or sensitiv* or specif* or accura® or valid” or reliab® or agree” or concord" or misclass® or ((case or cases) adj2 ascertain®) or 6045219
algorithm? or (bayes™ adj (theorem or analysis or approach or forecast or method or prediction)) or (roc adj (curve or analysis)) or receiver
operating characteristic).tw,kw,kf.

17 15o0r16 6721820
18 14and 17 2712
19 limit 18 to (yr="1995-Current” and (english or french)) 2429
20 (201908 or 201909 or 201910" or 201911" or 201912 or 202°).ez. 1099141
21 19and 20 99
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APPENDIX A (continued)
Electronic search strategy

SECOND SEARCH UPDATE

Database(s): Ovid MEDLINE(R) ALL 1946 to March 30, 2021

Search Strategy:

# Searches Results

1 P autism spectrum disorder/ or (autism or autistic or (asperger” adj (syndrome or disorder or disease)) or kanner” syndrome or childhood 57062
disintegrative disorder or (pervasive adj2 developmental disorder”) or heller” syndrome or disintegrative psychosis).tw,kf,kw.

2 Attention Deficit Disorder with Hyperactivity/ or “Attention Deficit and Disruptive Behavior Disorders”/ or ((attention deficit adj4 44499
disorder”) or (hyperkinetic adj2 (disorder or syndrome)) or minimal brain dysfunction or adhd or addh).tw,kf,kw.

3 Fetal Alcohol Spectrum Disorders/ or (f?etal alcohol or (alcohol related adj3 (neurodevelopment or birth)) or “Neurobehavioral disorder 6077
associated with prenatal alcohol exposure” or “Growth Retardation, Facial Abnormalities, and Central Nervous System Dysfunction”).tw,kw,kf.

4  or/13 102829
diagnosis/ or incidence/ or prevalence/ or (diagnos” or incidence” or prevalence” or new case?).tw,kw,kf. 3904190

6 4and5 32263

7 exp autism spectrum disorder/di, dg, ep or Attention Deficit Disorder with Hyperactivity/di, dg, ep or “Attention Deficit and Disruptive 25017
Behavior Disorders”/di, dg, ep or Fetal Alcohol Spectrum Disorders/di, dg, ep

8 6 o0r7 [Developmental disorders] 44704
exp medical records/ or international classification of diseases/ or exp diagnostic techniques, neurological/ or exp clinical laboratory

9 ] s q : z 3171646
techniques/ or “diagnostic techniques and procedures”/

10 (((patient” or medical or health) adj3 record") or ((diagnos® or defin* or classificat’) adj2 disease list) or ((self report"* or standard®) adj2 287276

measure’) or (icd adj (cod” or classification®)) or (international adj3 classification)).tw,kw,kf.

medicaid/ or birth certificates/ or death certificates/ or hospital records/ or insurance claim reporting/ or exp insurance, health/ or
11 databases, factual/ or information systems/ or databases as topic/ or database management systems/ or software/ or insurance claim review/ 519079
or patient discharge/ or exp registries/ or utilization review/

(((@dministrat” or physician® or inpatient” or emergency” or hospital or clinic or clinics or pharmac” or insurance) adj4 (admission” or data
or dataset” or database” or data base? or data bank? or claim” or billing" or record” or utilizat" or utilisat’)) or ((claim® or discharg") adj2
12 data’) or ((database? or databank? or data base? or data bank?) adj4 (factual or administrat” or claim? or register” or registr or topic? or 334466
system?)) or (claim? adj2 (analy* or review? or physician? or pharmac® or drug?)) or (insurance adj2 (claim* or audit’)) or medicaid or
(health™ adj2 plan) or ((death” or birth®) adj1 (certificate” or record"))).tw,kw,kf. or (database? or databank? or data base? or data bank?).ti.

13 0r/9-12 [Diagnosis] 4068131
14 8and 13 6575

exp Diagnostic Errors/ or Diagnosis, Differential/ or “Predictive Value of Tests”/ or “Sensitivity and Specificity”/ or ROC Curve/ or Area

i under Curve/ or Bayes Theorem/ or algorithms/ or validation studies as topic/

1352991
((diagnos™ adj3 (schedul” or clinical” or technique” or procedur” or assess” or standard” or error” or false or incorrect” or wrong" or correct’))
or misdiagnos® or (clinical” adj (standard” or criteri* or measure” or classifi* or technique” or assess”)) or ((positive or negative) adj2 (predict*

16 or false)) or sensitiv* or specif” or accura” or valid” or reliab* or agree” or concord” or misclass” or ((case or cases) adj2 ascertain®) or 6345372
algorithm? or (bayes™ adj (theorem or analysis or approach or forecast or method or prediction)) or (roc adj (curve or analysis)) or receiver
operating characteristic).tw,kw,kf.

17 15or16 7034188
18 14and 17 2895
19 limit 18 to (yr="1995-Current” and (english or french)) 2611
20 (202007 or 202008 or 202009" or 20201" or 202).ez. 1831745
21 19and 20 182
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APPENDIX B
Reporting quality assessment of included studies using modified STARD? checklist for validating health administrative data

Section. Topic and Item Bickford, Brooks, Brooks, Burke, Coleman, Coo, Dodds, Hagberg, Lauritsen,  Surén, Daley, Gruschow, MohrJensen, Morkem,
» 1oP 20202 20212 2021* 2014% 2015% 20177 2009% 20177 2010* 2019 2014* 2016% 2016* 2020%
TITLE, KEYWORDS, ABSTRACT
12 Identlfles HERERRI S Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
diagnostic accuracy?
2 ld.en.tlﬁes. article as study of Yes Yes Yes Yes Yes Yes Yes Yes No No Yes Yes No Yes
administrative data?
INTRODUCTION
3 stat('es ke TR i 210l Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
validation as one of goals of study?
METHODS
Participants in validation cohort
4. Describes validation cohort (cohort
of patients to which reference standard Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
was applied)?
4a. Age? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
4b. Disease? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
4c. Severity? No No No No No No No No No No No No No No
4d. Location/jurisdiction? Yes Yes Yes No No Yes Yes No Yes Yes No Yes Yes No
> l.)esc'rlbes UL TG Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
validation cohort?
5a. Inclusion criteria? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
5b. Exclusion criteria? Yes No No Yes Yes Yes No No No Yes Yes Yes Yes Yes
6 Desm.b es patient sampling (random, Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes
consecutive, all, etc.)?
7. Describes data collection? n/a Yes Yes Yes Yes Yes n/a Yes Yes Yes Yes Yes Yes Yes
7a. Who identified patients and
ensured selection adhered to patient n/a Yes Yes Yes Yes Yes n/a Yes Yes Yes Yes Yes Yes Yes
recruitment criteria?
7b. Who collected data? n/a Yes Yes Yes Yes Yes n/a Yes Yes Yes Yes Yes Yes Yes
7c. A priori data collection form? n/a No Yes Yes Yes Yes n/a No Uncertain Yes Yes No Yes No
7d. How was disease classified? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No
8. Was there a split sample (ie. No Yes No® No No No No No No No No No No No

re-validation using a separate cohort)?

Continued on the following page
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APPENDIX B (continued)
Reporting quality assessment of included studies using modified STARD? checklist for validating health administrative data

Section. Topic and ltem Bickford, Brooks, Brooks, Burke, Coleman, Coo, Dodds, Hagberg, Lauritsen,  Surén, Daley,  Gruschow, MohrJensen, Morkem,
» 0P 2020% 20212 2021* 2014* 2015% 20177 2009% 2017 2010%° 2019 2014* 2016* 2016* 2020%*
Test methods
9. Describe number, training and
expertise of persons reading reference n/a Yes Yes Yes Yes No n/a No Yes Yes Yes Yes Yes No

standard?

10. If >1 person reading reference
standard, measure of consistency is n/a No No Yes Yes n/a n/a No Yes n/a No Yes Yes n/a
reported (e.g. kappa)?

11. Were the readers of the reference

(validation) test blinded to the results of the

classification by administrative data for that n/a Yes Yes Uncertain No Yes n/a No No No No No No Yes
patient? (e.g. Was the reviewer of the charts

blinded to how that chart was billed?)

Statistical methods

12. Describe methods of calculating/

. . . Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes
comparing diagnostic accuracy?
RESULTS
Participants
LEh L AT 7 C OISR Yes No No Yes Yes Yes Yes Yes Yes Yes Yes No Yes No
dates of enrolment?
14'. Deschbe nL.lmber of [?eople. Who Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
satisfied inclusion/exclusion criteria?
15. Study flow diagram? No Yes Yes Yes No No No No No Yes Yes Yes Yes No
Test results
16. R'eports LR TLELIGHIES 2 No No No No No No No No No No No No No No
severity?
17. Report cross tabulation of index tests Yes No Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes

by results of reference standard?

Continued on the following page
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APPENDIX B (continued)
Reporting quality assessment of included studies using modified STARD? checklist for validating health administrative data

Section. Topic and ltem Bickford, Brooks, Brooks, Burke, Coleman, Coo, Dodds, Hagberg, Lauritsen,  Surén, Daley, Gruschow, Mohr-Jensen, Morkem,
»1op 20202 20212 2021* 2014% 2015% 20177 2009% 20177 2010 2019* 2014* 2016% 2016* 2020*
Estimates
18. Reports at least 4 estimates of
diagnostic accuracy? (Estimates Yes Yes Yes No No No No No No No No Yes No No
reported in included studies)
18a. Sensitivity Yes Yes Yes No No Yes Yes No No No No Yes No No
18b. Specificity Yes Yes Yes No No No Yes No No No No Yes No No
18c. PPV Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes
18d. NPV Yes Yes Yes Yes No No No No No No No Yes No Yes
18e. Likelihood ratios No No No No No No No No No No No No No No
18f. Kappa Yes No No No No No No No No No No Yes No No
18¢. Area under the ROC curve / c-statistic Yes No No No No No Yes No No No No No No No
18h. Accuracy/agreement No No No No No No No No No No No Yes No No
19. Was the accuracy reported for any
subgroups (e.g. age, geography, different No No No Yes Yes Yes Yes No No No Yes No No No
sex etc.)?
20. If PPV/NPV reported, does ratio of
cases/controls of validation cohort
. ORI No Yes Yes No No No n/a No No No No No No No
approximate prevalence of condition in
the population?
o . .
21. Reports 95% Cls for each diagnostic Yes Yes Yes No No Yes No No Yes Yes Yes Yes No Yes
accuracy measure?
DISCUSSION
gidanl;;I S G e Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Abbreviations: Cl, confidence interval; n/a, not applicable; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic.
2Standards for the Reporting of Diagnostic Accuracy Studies (STARD): method of assessing reporting quality of validation studies using administrative data.

bThis study re-validated one algorithm using a separate cohort; however, the algorithm did not include health administrative data and therefore was out of scope for this review.
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APPENDIX C
Risk of bias and applicability assessments using QUADAS-2° tool

SRy D OnTIne Bickford, Brooks, Brooks, Burke, Coleman, Coo, Dodds, Hagberg, Lauritsen,  Surén, Daley, Gruschow, Mohr-Jensen, Morkem,
2020% 20212 2021* 2014* 2015% 20177 2009% 2017% 2010 2019 2014* 2016* 2016* 2020%*
1. PATIENT SELECTION
A. Risk of Bias
Q1 Yes Yes Yes No Unclear No® Yes* Yes Yes Yes Yes Yes Yes Yes No
Q2 No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Q3 Yes Yes Yes Yes Yes Yes Yes Yes Yes No No No Yes No
Risk HIGH LOW LOW HIGH UNCLEAR HIGH® LOW* LOW LOW LOW HIGH HIGH HIGH LOW HIGH
B. Applicability Concerns
Concern LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
2. INDEX TEST
A. Risk of Bias
Q1 Unclear Unclear  Unclear Yes Yes No Unclear Yes Yes Yes Yes Yes Yes Yes
Risk LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW
B. Applicability Concerns
Concern LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW

3. REFERENCE STANDARD
A. Risk of Bias

Q1 Yes Yes Yes Yes Yes Unclear® No¢ Yes Unclear Yes Yes Yes No Yes Unclear
Q2 Yes Yes Yes Unclear No Yes® No¢ Yes No No No No No No Yes
Risk LOW LOW LOW UNCLEAR LOW UNCLEAR® HIGH® LOW UNCLEAR LOW LOW LOW HIGH LOW UNCLEAR
B. Applicability Concerns
Concern LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOW LOwW LOW LOW
4. FLOW AND TIMING
Risk of Bias
Q1 Yes Unclear  Unclear Yes Unclear Yes Yes Yes Unclear Yes Yes Yes Yes Unclear
Q2 Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes No Yes Yes
Q3 Yes Yes Yes Yes No Yes No Yes No No Yes Yes No Yes
Risk LOW LOW LOW LOW HIGH HIGH HIGH LOW HIGH HIGH LOW HIGH HIGH LOW

Revised Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool: method of assessing the risk of bias and applicability of diagnostic studies through four key study domains, with each domain rated as low, high or unclear risk of bias and low, high or
unclear applicability to the research question.

bThe risk of bias for the portion of the study evaluating sensitivity using the study’s “sensitivity cohort”.

“The risk of bias for the portion of the study evaluating positive predictive value using children with an administrative diagnosis of autism spectrum disorder.
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APPENDIX C (continued)
Risk of bias and applicability assessments using QUADAS-2° tool
Risk of bias and applicability concerns: Signalling questions and scoring guidelines
Study Domains
1. PATIENT SELECTION
A. Risk of Bias

Was a consecutive or random sample of patients enrolled?
Yes/No/Unclear

Q1  Select ‘Yes’ if consecutive or random sampling was used to select patients for the validation cohort.
» Select ‘No’ if non-consecutive or convenience sampling was used.
 Select ‘Unclear’ if insufficient information is reported.

Was a case-control design avoided?
Yes/No/Unclear

Q2  Select ‘Yes’ if a case-control design was avoided.
« Select ‘No’ if patients were selected based on known disease (i.e., confirmed as opposed to suspected cases) and non-disease status.
e Select ‘Unclear’ if insufficient information is reported.

Did the study avoid inappropriate exclusions?
Yes/No/Unclear

Q3 « Select ‘Yes’ if the study avoided inappropriate exclusions.
 Select ‘No’ if the study excluded patients inappropriately, such as excluding difficult to diagnose patients or suspected but uncon-
firmed diagnoses.
e Select ‘Unclear’ if insufficient information is reported.

Could the selection of patients have introduced bias?
LOW/HIGH/UNCLEAR?
B. Applicability Concerns

Risk

Is there concern that the included patients do not match the review question?

LOW/HIGH/UNCLEAR

Concern

2. INDEX TEST

A. Risk of Bias

Were the administrative database algorithm(s) results interpreted without knowledge of the results of the reference standard?
Yes/No/Unclear

Q1 « Select ‘Yes’ if the algorithm(s) results were interpreted without knowledge of the reference standard diagnosis.
 Select ‘No’ if it was reported that the algorithm(s) results were interpreted with knowledge of the results of the reference standard

diagnosis.

e Select ‘Unclear’ if insufficient information is reported.
Could the conduct or interpretation of the algorithm(s) have introduced bias?

Risk

LOW/HIGH/UNCLEAR?

B. Applicability Concerns
Is there concern that the algorithm(s), its/their conduct or interpretation differ from the review question?
LOW/HIGH/UNCLEAR

3. REFERENCE STANDARD

A. Risk of Bias

Concern

Is the reference standard likely to correctly classify the target condition?
Yes/No/Unclear

o Select ‘Yes’ if established clinical classification criteria, clinical case definitions derived from medical records or a medical record

diagnosis was used; if experienced or trained personnel carried out the record review/ abstractions (where applicable); and if
Q1 agreement was calculated to be high when more than one person reviewed/abstracted data.

* Select ‘No’ if the reference standard was patient self-report; the personnel reviewing/abstracting information from the reference
standard had insufficient experience or training (where applicable); or in cases where more than one person reviewed or abstracted
data, agreement between personnel was low.

 Select ‘Unclear’ if insufficient information is reported (e.g., no information was reported on interrater agreement when more than
one person reviewed).

Continued on the following page
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APPENDIX C (continued)
Risk of bias and applicability assessments using QUADAS-2° tool

Study Domains

Were the reference standard results interpreted without knowledge of the results of the algorithm(s)?
Yes/No/Unclear

Q2 « Select ‘Yes’ if the reference standard results were interpreted without knowledge of the algorithm(s) results.
« Select ‘No’ if the reference standard was applied with knowledge of the algorithm(s) results, including when only patients flagged by
the algorithm(s) received the reference standard.
e Select ‘Unclear’ if insufficient information is reported.

Could the reference standard, its conduct or its interpretation have introduced bias?

LOW/HIGH/UNCLEAR?

Risk

B. Applicability Concerns
Is there concern that the target condition as defined by the reference standard does not match the review question?

LOW/HIGH/UNCLEAR

Concern

4. FLOW AND TIMING
Risk of Bias

Was there an appropriate interval between ascertaining cases from the algorithm(s) and the reference standard?
Yes/No/Unclear

Q1 « Select ‘Yes’ if there was an appropriate time interval between the algorithm(s) and reference standard.
« Select ‘No’ if the time period between the reference standard diagnosis and algorithm(s) diagnosis was not appropriate.
* Select ‘Unclear’ if insufficient information is reported.

Did patients receive the same reference standard?
Yes/No/Unclear

Q » Select ‘Yes’ if patients received the same reference standard.
» Select ‘No’ if different reference standards were used.
e Select ‘Unclear’ if insufficient information is reported.

Were all patients included in the analysis?
Yes/No/Unclear

Q3 * Select ‘Yes’ if the number of patients enrolled (i.e., after exclusions) is the same as the number of patients included in the 2x2
table of results.
» Select ‘No’ if the number of patients enrolled differs from the number of patients included in the 2x2 table of results.
* Select ‘Unclear’ if insufficient information is reported (e.g., no information on how the final validation study population was achieved).

Could the patient flow have introduced bias?

LOW/HIGH/UNCLEAR?

Risk

2Scoring guidelines:

< If answers to all signalling questions within a domain were “yes” then risk of bias was judged as “LOW”.

« If answers to all signalling questions within a domain were “no” then risk of bias was judged as “HIGH”.

« If answers to all signalling questions within a domain were “unclear” then risk of bias was judged as “UNCLEAR”.

< If any one signalling question was “no” this flagged the potential for bias and the review authors decided on what basis a judgment of high risk of bias might be made under such

circumstances.
» The signalling question for “Index Test” (Q1) was considered a less important source of bias for this review. The second signalling question for “Reference Standard” (Q2) was

also considered a less important source of bias but a judgment was made on a study-by-study basis. For all other signalling questions, one “no” response was sufficient for a
judgment of high risk of bias.

< If any one signalling question was “unclear” this flagged the potential for bias and the review authors decided on what basis a judgment of unclear risk of bias might be made under
such circumstances.
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