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ABSTRACT

Health system administrative databases are valuable sources of data about health system
use. Most of these databases now extend multiple decades and therefore can be used to perform
birth cohort studies on children, youth and young adults. The goal of this thesis was to use the
administrative data available in Manitoba, Canada to assess the incidence of mental health
disorders, suicide attempts, and deaths, as well as to assess the validity of detecting suicide

attempts with these data.

Chapter | examined the incidence of diagnosis with anxiety, mood and adjustment,
personality, schizophrenia, and substance use disorders in a cohort of individuals born in
Manitoba who were living in the city of Winnipeg on their tenth birthday. The estimates were
higher than those provided by studies relying on recall of diagnosis. The results supported the
idea that recall for diagnosis with mental disorders might be a poor method of determining

lifetime history of these illnesses.

Chapter Il examined the occurrence of suicide attempts/deaths in the cohort from Chapter
I. This chapter showed that the suicide attempts were fairly common in the sample. It also noted
that individuals with personality and schizophrenia disorders had the highest occurrence of
attempts/deaths and that the occurrence of behaviours was particularly high after the first

instance of diagnosis with one of the five disorders examined in the previous chapter.

Chapter I11 assessed the validity of using International Classification of Diseases (ICD)
codes for detecting suicide attempts from hospital discharge abstracts. We found that these codes
have good specificity and positive predictive validity, but miss most of the suicide attempts that

are admitted.
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Chapter 1V used latent class analysis to examine whether the current data in the hospital
discharge abstracts, medical claims and emergency department information system (EDIS) can
accurately identify individuals presenting with self-harm to the emergency department. This

study found that these data sources are currently insufficient at identifying these individuals.

Overall, this thesis used administrative data to perform an epidemiological cohort study
on mental illness and suicide attempts, but also highlighted some of the limitations of this

method of epidemiological study.
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CHAPTER 1: INTRODUCTION

1.1  Background and Overview of the thesis

1.1.1 Background

Suicide and self-harm is a leading cause of mortality and morbidity for adolescents and young
adults.™? Determining risk factors for suicide and suicidal behaviours has been a major portion of
research on suicide.”* Mental illnesses have been found in over 90% of suicide deaths.>® Mental
ilness often manifest in adolescence and the affected individuals often suffer for decades and
experience high risk of mortality.”*° There has been some dispute over the use of retrospective
methods for research on mental illness.** Undercounting is a potential issue with these
methods.""

Administrative data derived from government provided services have been used to study
mental illness and suicidal behaviours. In publically-funded systems, such as those in Manitoba,
these data can provide the framework for comprehensive population-based analysis. However,
there are limitations to using these data for research purposes. These data were not collected for
research purposes and conditions and events of interests are not always explicitly coded in these
data. Determining the occurrence of physical conditions using these data has been shown to have
acceptable validity,"**" but there have been few projects examining the validity of detecting
suicide attempts using these codes.'® The studies that have been done have generally been small
and have not provided exhaustive statistics for the validity of the codes.

This thesis will focus on two main projects, which are further subdivided into two sub-

projects. These projects will focus on using administrative health records for mental health

research. The first project will validate the coding of self-harm in administrative records and in a
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clinically collected dataset used for research. The second project will estimate the cumulative
incidence of treated mental illness and suicide attempts in a recent birth cohort.

1.1.2 Definitions and terminology

There has been some disagreement on terminology in the suicide research literature and various
methods of classifying suicidal and self-harming behaviours have been suggested.’** This
thesis will use clear and specific definitions. Proper definitions in this area need to differentiate
the lethality and intent of the behaviours. Behaviours that involved an intent to die will be
discussed using the terms ‘suicide,’ ‘suicide attempt,” ‘death(s) from suicide,” and ‘suicidal
behaviour(s).” ‘Suicide attempts’ specify non-lethal actions and ‘death(s) from suicide’ specifies
lethal actions, other terms will refer to both non-lethal and lethal behaviours, together.

The term ‘self-harm’ is often used to mean different outcomes by researchers. Since the
term ‘self-harm’ is non-specific, it will be used to refer to any self-injury without respect to
lethality or intention. ‘Self-harm’ will be used as the general catch-all phrase to denote the full
spectrum of self-directed violence behaviours. For non-lethal behaviours without suicidal intent
the term ‘non-suicidal self-injury’ (NSSI) will be used.

The term ‘serious suicide attempt’ is used to refer to attempts that result in death, or fail
to result in death through chance (i.e. surviving a jump from a fatal height). ‘Medically-treated’
should be interpreted to mean that a particular incident of self-harm resulted in medical
treatment, without clear indication of the severity of the injury/attempt. Due to limitations
inherent to the administrative data available the severity of attempts is difficult to ascertain and
will not be a focus of this thesis. However, the self-harm examined in this thesis will be entirely

‘medically-treated’ incidents of self-harm. A small part of this thesis will explore whether
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current methods identify suicide attempts specifically and distinctly from other types of self-
harm.

1.1.3  Overview of the thesis

This thesis will be composed of four papers subdivided into two sections. Each section will
contain two related papers. The first section will contain papers detailing the epidemiology of
several mental disorders and admission to inpatient units for suicide attempts or other forms of
self-harm for a birth cohort between the ages of 10 and 25 years old. The second section will
contain papers assessing the validity of identifying instances of suicide attempts that result in
inpatient treatment using the diagnostic codes available in the hospital discharge records. The
conclusion will summarize the results and their possible implication for mental health
epidemiology, and discuss the potential strengths and limitations of using administrative data
sources for long-term epidemiological research on suicide attempts and deaths.

1.1.4 Data sources

This thesis utilizes data from the Population Research Data Repository (the Repository) housed
at the Manitoba Centre for Health Policy. The Repository contains the administrative data
records for the publically administered health services in the province of Manitoba, Canada.
Individuals within the data are identified and linkable using their Provincial Health Insurance
Number. A de-identified version of this number is used to link individuals in the Repository to
help protect the anonymity of individuals in the data. The specific datasets used included the
medical claims records which contain the records of physician treatment in the fee-for-service
single-payer health insurance program of the province of Manitoba. Also included were the
hospital discharge abstracts dataset which contained data on inpatient treatment in the province.

Vital statistics records were included to identify deaths. The Provincial Health Insurance
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Registry data set, which includes coverage dates, birth dates, sex, and postal codes, was also used
to identify individuals that matched the inclusion criteria for the papers in the epidemiology
section of the thesis. The Emergency Department Information System (EDIS) contains records
for individual presenting to emergency department and records triage information for these
individuals. Lastly, the Suicide Assessment form in the Emergency Department (SAFE), a non-
administrative clinical data set collected from routine psychiatric assessment in the two largest
hospitals in Winnipeg, will be used in the validation section.

1.2 Epidemiology of mental health and suicidal behaviour

1.2.1 Emergence of psychiatric conditions in adolescence

Prior studies have shown that adolescence and early adulthood is a critical time of risk for new
disorders.?*%' These disorders not only emerge in youth, but frequently cause a significant
burden of morbidity.” Studies on disability-adjusted life years have estimated that almost half
of all disability in people aged 20-24 is due to mental and substance use disorders.” In the U.S.,
mental disorders are the third leading cause of hospital stays among youth.?

The National Comorbidity Survey Replication Adolescent Supplement estimated the 12-
month prevalence of any DSM-1V disorder at 40.3% among 12-17 year olds and estimated the
30-day prevalence at 23.4%.%* The mental illnesses of interest in this thesis are five groups of
disorders; mood and adjustment disorders, anxiety, schizophrenia, personality disorders,
substance use disorder. The 12-month prevalence of mood disorders in the National Comorbidity
Survey was estimated at 10%.%* This was considerably lower than the estimated prevalence for
anxiety disorders during the same period (24.9%). Substance use disorder was almost as
common as mood disorder with 8.3% experience a disorder within the last 12 months.

Schizophrenia is widely considered to have a lifetime incidence of approximately 1%, but some
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recent studies suggest the real incidence may be lower.?** However, these recent studies may be
affected by poor methodology.?®

A prospective administrative data-based study in Denmark estimated the lifetime
treatment incidence of disorders at different ages.*! They estimated an incidence of 3-4% for
mood disorders and 6-7% for anxiety disorders at age 25. Personality disorders and
schizophrenias were estimated to have occurred in 2% and 1.6% percent of individuals by age
25. The pattern of new incidences in Pedersen et al.** showed an increase in incidence around
age 14 which peaked around the age of 20. The results for the Pedersen et al. and the National
Comorbidity Survey illustrate the sharp difference in the prevalence of treated disorders and the
much higher rate from surveys.

Disorders have differential incidence and prevalence between the sexes.? Young females
have higher prevalence of mood, and anxiety disorders.* Other disorders are more common
among young males, including substance use disorders.?* Schizophrenia is considered more
commonly diagnosed among males than females, but a systematic review of prevalence studies
did not support this.** Some specific personality disorders are more commonly diagnosed among
women, whereas other personality disorders are more common among men.*

Some research has suggested that mental illnesses are becoming more common in this
age group in recent years.***® However, not all research has supported this claim — including
longitudinal research using Canadian data.**** More research is needed to determine whether
there is a trend, whether the trend if not consistent across western countries, and what the

underlying causes of the trend could be.
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1.2.2 Emergence of self-harm in adolescence

Adolescence presents an opportunity to examine the earliest emergence of self-harm.
Unfortunately, much of the research that has been done in this area has focused on western,
developed countries and information is scarce or inaccurate for Africa, the Middle East, and
India.* Until puberty these behaviours are uncommon.* Little research focuses on self-harm
before age 14.1%® Previous research has detected a range of prevalence rates for adolescents.
One-year prevalence rates for developed countries have been estimated to be in the range of 3%
to 10%.° Lifetime prevalence rates for adolescents has been estimated to be between 1.9-
19%.14* This wide range of prevalence estimates suggests that larger and better quality studies
are needed to estimate these rates.

There are many risk factors for suicide. Distal risk factors include genetics, personality,
fetal and perinatal issues, early traumatic events, and neurobiological disturbances.* Proximal
risk factors include psychiatric disorder, physical disorders (e.g., cancer), psychosocial crises,
access to lethal means of suicide, and exposure to models of suicidal behaviour.**® Much
research on suicide and self-harm has been directed toward the causal effect of mental illness on
these behaviours.»*? Approximately 90% of deaths from suicide had psychiatric conditions
based on a systematic review of psychological autopsies.>® This rate may be lower in among
adolescent suicide deaths.>>*>’

Non-fatal self-harm has generally been found to be more common among females,*® but
males are more likely to die from suicide.’® The male-to-female ratio is higher in western
countries than Asian countries, and in China more women than men die from suicide.* In western

countries, including Canada, approximately 80% of suicide deaths have been among males.>®®°
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It is possible that rates of self-harm have been increasing recently, including death from
suicide, after several decades of apparent decline.»****%%2 The decline in suicide death in
Canada during the 1990’s was driven specifically by a decrease in the rate of suicide among
males.” The most recent year of data (2012) from Statistics Canada estimated the rate of death by
suicide at 1.8 per 100,000 for those aged 10 to 14, 10.2 per 100,000 for those aged 15 to 19, and
12.1 per 100,000 for those aged 20 to 24.%°

This thesis assesses the cumulative treatment incidence of suicidal behaviour for those
with 5 groups of disorders; mood and adjustment disorders, anxiety, schizophrenia, personality
disorder, and substance use disorder. There is a substantial body of research linking these groups
to suicidal behaviours.>>*%*"* Therefore, knowing the cumulative incidence of these disorders
can not only aid in the treatment of these disorders but also inform prevention and treatment of
self-harm.

1.2.3 Potential issues with prior research

A paper by Scott Patten, and echoed by other researchers, illustrates the fundamental concern
with lifetime incidence results derived from retrospective methods.*?” The specific concern
discussed was that the lifetime incidence of mental health disorders derived from retrospective
studies was similar across the ages. The expected result was that lifetime incidence would
continue to increase throughout life. Two main causes were identified by Patten that could
explain the flat trend in lifetime incidence; recall failure and excess mortality in those with the
condition. Patten’s paper used equations proposed in a paper by GB Hill for estimating incidence
from prevalence in order to estimate the rate of recall failure per year that could explain a flat
trend in lifetime incidence by age.”” The mathematical modelling showed that the annual recall

failure needed to explain the flat incidence was less than 1.5% per year, and this number
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decreased with age. This number was also consistently lower for men, drastically so for the
model with high relative mortality. This indicates that estimates for men may be more biased
than women. There have been studies that illustrate that recall failure is common for conditions
like depression.”™ Therefore the relatively low rate of recall failure required by Patten’s
estimation is highly plausible.

There have been several notable long-term birth cohorts that have examined incidence of
mental disorders. However, there are some notable limitations to these disorders which may bias
their results and interpretation. One issue is that they frequently experience significant loss to
follow-up.” Since individuals with mental disorders or histories of self-harm are at increased
risk of death, or otherwise being lost to follow-up, then this could cause a significant
undercounting. Another issue is that the follow-up periods are often uneven, or span one or more
years. These long periods between assessment risk increasing recall failure for disorders and self-
harm. The previously discussed paper by Pedersen et al., while not strictly speaking a birth
cohort, provides good prospective data on the population of Denmark.*! The main drawback to
this study is that it focuses on a strict definition of disorders and likely only captures disorders of
higher severity. More research is needed that uses prospective data methods in order to estimate
the true incidence rate. Administrative data are potentially a very strong source of data for this
purpose since they are both prospective and do not suffer from the issue of loss to follow up as
severely as traditional survey-based birth cohort studies. Using administrative data to derive an
estimate of cumulative incidence that can be compared to self-reported incidence is a potential

method for examining and addressing the issues just discussed.
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1.2.4 Project papers

Paper | examines the cumulative incidence of several major mental illness groups in a birth
cohort spanning the fiscal years of 1979 to 1992. These groups are; mood and adjustment
disorders, anxiety, psychosis, substance use, and personality disorders. These groups are
common and/or serious mental illnesses that are associated with a considerable portion of self-
harm and death from suicide. Cumulative incidence is determined by using the cumulative
incidence function, sometimes referred to as the cumulative incidence competing risk
method.”®"" This method adjusts for competing risks, in this case death, to provide a more
accurate estimate of the cumulative incidence of these disorders. Incidences for the disorders at
age 15, 20, and 25 will be produced. Further incidences will be produced based on sex and by
grouping individuals based on whether they were born in the early or late half of the birth cohort.
Paper Il will examine the cumulative incidence of suicide attempts using the same cohort.
Incidence will be shown both in the whole population, and by the mental disorders examined in
Paper I. The analysis will also be performed grouped by sex and early/late birth periods.

1.3 Validation issues in administrative research

In order to utilize administrative data for research purposes; algorithms need to be derived to
identify and classify patients. Administrative data do not clearly delineate whether a person has a
specific condition. During treatment, physicians assign diagnostic codes to patients. These codes
are recorded in the administrative data and used to identify people with the conditions of interest.
Someone’s condition may be improperly coded according to the ICD-9/10 framework. This

thesis is interested in identifying self-harm presentations to the emergency department.
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1.3.1 Signal detection theory and validation research

Signal detection theory is the foundation of validation research. Signal detection theory
describes how to make decision during uncertainty.”® Administrative data contain a degree of
‘noise’ that obscures the true occurrence of diseases and events. What researchers are interested
in is the ‘signal’ within the data. Methods of interpreting the data are needed in order to separate
the signal from the noise. This paper will refer to these methods as criterion or algorithms.
Several methods have developed to assess how effectively algorithms and criterion separate the
signal from the noise and detect a condition. The main statistics in use are sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV).”*® Sensitivity is the
percent of positive individuals that are detected by the screen. Specificity is the percent of
negative individuals that are correctly identified as negatives by the screen. PPV is the percent
with the condition among those screened as positive. NPV is the percent of individuals that are
negative among those screened as negative. Another method is to use the Kappa statistic.®* This
method compares the observed accuracy with the expected accuracy that would occur through
random chance. A kappa of 0.0 indicates random chance at detection the condition, whereas a
kappa of 1.0 indicates perfect detection of cases and non-cases. Kappa values of less than O are
also possible if disagreement occurs above chance levels.

There has been some research on validation of mental health coding in hospital discharge
abstracts and emergency department data that used chart reviews to examine agreement between
the original coders and expert reviewers.®? They found good agreement for main diagnosis and
major comorbidities, but suggested that there is potential for miscoding of comorbid conditions.
The emergency department report found that although the main presentation issue was identified

with high agreement, there was some difference in the specific codes used to describe the main

10|Page



issue due to uncertainty over the proper coding of some issues.®® Other research specifically on
case identification for mental health disorders in administrative data has found the accuracy of
these data sources to be acceptable, but have noted a trade-off between requiring multiple
diagnosis codes to be assigned a case (which produces good specificity, but lower sensitivity) or
requiring as few as one code (which produces good sensitivity, but lower specificity).3*®°
Research validating suicide attempt and self-harm harm related coding has been conducted that
has shown that these codes under-identify true cases of suicide attempt. One specific issue is that
apparent suicide attempts and self-harm are being categorized as injuries of undetermined intent.
However, a major limitation of this prior research has been small sample sizes and a lack of a
18,87,88

good gold standard to establish the validity of these codes.

1.3.2 Validation research when there is no gold standard

There are many possible ways of deriving a criteria or algorithm.”® The main issue with
validating administrative data is that there is usually no gold standard available. Methods exist
for validation when there is no gold standard. One method is to use Latent Class Analysis
(LCA).” The main advantages of the LCA method is that it is a flexible, data driven method of
validation. It also allows validation without having to perform a chart review with expert coders
to re-abstract the admission records, which is a costly and time consuming procedure. Also, if
poor documentation is a main source of poor accuracy then re-examining the charts may
overestimate the validity of codes if the reviewers consistently make the same errors as the
original medical coders.

LCA validation, in contrast, can be performed with data already present in the
administrative records. LCA assumes that variables that are derived from data, in this case

administrative records, are indicators of membership in a unmeasured class — a latent class.®® For
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example, if a researcher is interested in alcohol and drug use classes then they can perform a
latent class analysis using indicators of frequency of use for drugs and alcohol. The LCA would
then group people in classes based on the pattern of their drug and alcohol use, allowing the
researcher to identify the major groups of substance users and obtain estimates for the proportion
in each of the classes. For this study, potential indicators for the occurrence of a suicide attempt
presenting to the emergency department can be entered into a LCA model to attempt to identify
the members of one or more suicide attempter latent classes. The effectiveness of these
indicators at identifying suicide attempt presentations can be assessed using this latent class. The
proportion of class members that are identified by the indicator variables is the sensitivity of the
specific indicator. The specificity, NPV and PPV of the indicators can also be assessed.

The latent class of suicide attempt presentations can also be used as a pseudo-gold
standard.” This pseudo-gold standard can then be used to assess the validity of tests and
variables at detecting cases. LCA methods are frequently used to validate methods of detecting
infectious diseases.” In that scenario, the interest is in determining the effectiveness of specific
tests in isolation. However, once the latent class of suicide attempters has been identified then
methods such as regression can be used to derive mathematical models predicting membership in
the suicide attempters’ latent class. These models can be used to predict who is a case and then
the validity statistics of the models can be assessed.

1.3.3 Project papers

Paper | examines the validity of administrative data at detecting suicide attempts using variations
of current coding methods for suicide attempts in hospital data.'® It produced sensitivity,
specificity, PPV, NPV, and Kappa statistics for ICD-10-CA codes to assess the validity of

identifying patients admitted with self-harm or a suicide attempt. This paper adds to previous
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results by using a good gold standard (clinician assessment of suicidality during presentation)
combined with a sample large enough to make accurate estimates of the validation statistics.
Paper Il aims to determine the comprehensiveness of the available administrative datasets
assessment of suicide attempters. Specifically, it uses LCA to determine the latent class of
suicide attempters using the C-CASA classification from a linked clinical assessment form, as
well as other injury and mental health indicators derived from administrative data. This will
allow an estimation of the number of suicide attempters and self-harmers that are not identified
in the SAFE data. It will also provide the framework, based on the use of the suicide attempter
latent class as a pseudo-gold standard, to derive better methods of detecting suicide attempts and
self-harm presentation to the emergency department. It will also provide estimates for the
proportion of self-harmers with each of the indicator variables. No prior research using LCA to
validate administrative data sources was found prior to this study. Therefore this study is a novel

attempt to examine how to identify cases in imperfect administrative data using LCA.
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CHAPTER 2: INCIDENCE OF DIAGNOSED MENTAL DISORDERS DURING
ADOLESCENCE AND EARLY ADULTHOOD IN A POPULATION-BASED BIRTH
COHORT

2.1 Chapter overview

This manuscript describes a birth cohort of individuals born in Manitoba between the years of
1979 and 1993 who lived within the city of Winnipeg on their tenth birthday. Administrative
data on diagnoses from medical claims and hospital discharge abstracts were used to estimate
cumulative incidence of diagnoses between the age of 10 and 25 years old for five mental
disorder clusters (anxiety, mood and adjustment, personality, substance use, and schizophrenia).
Previous research on the incidence of these disorders has relied heavily on self-reported lifetime
incidence which has been criticized as potentially undercounting true incidence. Using diagnoses
recorded in administrative data sets may be a method of estimating these incidences with less

bias.
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2.2 Abstract

Objective: Mental disorders often emerge during adolescence and early adulthood. Previous
research has relied on self-reported diagnosis to determine lifetime incidence, but this
significantly underestimates true incidence. The objective of this study was to use administrative
data to estimate the cumulative incidence of 5 groups of mental disorders and therefore provide
estimates that do not rely on individual self-reported diagnosis.

Methods: This study used administrative data, including physician billing claims and hospital
admission records, from Winnipeg, Canada to estimate incidence of diagnosed mental disorders
in the general population. Individuals born in Manitoba between the fiscal years of 1979/1980
and 1992/1993 were included in the sample cohort if they were living in the city of Winnipeg on
their tenth birthday. Cumulative incidence rates and their 95% confidence intervals (Cls) were
estimated at 15, 20 and 25 years of age for: mood and adjustment, anxiety, personality,
schizophrenia, and substance use disorders.

Results: Cumulative incidence rates were highest for diagnosed mood disorders at 445 (95%CI:
432 to 458) per 10,000 at age 15; rates increased to 2440 (95%CI: 2410 to 2470) per 10,000 at
age 25. Diagnosed anxiety disorders incidence rates were similar, with 351 (95%CI: 339 to 363)
at 15, rising to 1960 (95%CI: 1930 to 1980) at age 25. Diagnosed substance use disorder rates
were estimated at 84 (95%CI: 78 to 90) per 10,000 at age 15 and 896 (95%CI: 876 to 916) at age
25. Personality disorders and schizophrenia were the least common diagnoses.

Conclusion: Mental disorders affect many adolescents and young adults. Some estimates of
lifetime incidence relying on self-report may be underestimating diagnosis of these disorders and
birth cohorts research using administrative data is a potentially useful method of obtaining

epidemiological data.
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2.3 Background

Mental disorders are associated with a significant burden of disease. Unlike many other illnesses
associated with a high level of morbidity, these disorders frequently emerge in adolescence and
cause a substantial burden among the young.* Many individuals who have these disorders
experience their effects for decades, while others will die prematurely due to the excess risk of
mortality from suicide and other causes associated with these conditions.?* Previous studies
have reported estimates of lifetime prevalence of mental disorders between 26% and 50% in
adults. >° These estimates have proven to be contentious. Some researchers have claimed that
the estimates are inflated by the inclusion of non-clinical personalities or the inclusion of mild
disorders.'® Others have suggested that the incidence of disorders is often underestimated due to

methodological flaws.** 2

Previous epidemiological research has frequently relied on self-reported lifetime
incidence of mental disorders.***%** This method of estimating lifetime incidence has been
criticized as being vulnerable to significant bias with even minor rates of recall failure, or other
causes of underreporting of mental disorders such as a lack of self-identification as having a
disorder even after a physician diagnosis.*> People admitted to hospital with depressive
disorders often fail to recall them years later, even when they are serious enough to warrant
admission.™ One study estimated that retrospective studies provide estimates that are half the
size of those found using prospectively collected data.**This bias will cause a significant
underestimation of the occurrence of disorders. Such bias has resulted in a jarring disconnect
between fairly high estimates of short-term incidence and prevalence with unexpectedly low

rates of lifetime prevalence, particularly among middle-age and older individuals.** This effect is
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compounded by the high mortality rates of individuals with a mental disorder. People who die
from suicide at age 17 cannot complete a survey questionnaire about their lifetime history of
mental disorder when they are 25. Therefore long-term cohort studies that involve repeated or
continuous measurement of outcomes and focus on cumulative incidence are required to derive
estimates for the true incidence of mental disorders. The incidence of these disorders during
adolescence and young adulthood are particularly important since this is when most mental
disorders begin to manifest. Treatment in this period of life has the potential to significantly
affect the life trajectory of individuals with mental disorders, allowing them to establish
functional adult lives. Many studies of this group have estimated prevalence at specific times,'®
2! hut comprehensive information on cumulative incidence from childhood into adulthood is
lacking. Information on incidence and prevalence of these disorders is useful for decisions about

resourcing mental health care.”

Administrative health data provides a source of data on the occurrence of physician
diagnosed disorders. These data are also suitable at determining cumulative incidences for the
first occurrence of a mental disorder diagnosis. However, there has been little validation research
of ICD-based identification of mental disorder from administration data, and there is no accepted
standard for classifying individuals from administrative records using ICD codes.?* > One study
assessed the accuracy of similar codes for depression, anxiety, and psychosis using American
Veterans Health Administration data on diabetic patients.”? A noticeable discrepancy between
administrative data and self-report was found with particular error in false positives for psychosis
and anxiety disorders. However the use of a reference standard that likely undercounts cases
(self-report) and a population with significant morbidity may be affecting that validation and

makes conclusion from that study difficult. A systematic review on depression coding by
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Townsend et al. suggested that detection of depression is poor due to a substantial number of
untreated individuals not being detected, but agreement is better when compared against medical
charts.?* This suggests that ICD coding may be a reasonable method of detecting diagnosed cases
of depression. However a key difference between estimates using administrative data and
survey-derived estimates is that administrative data estimates are based on treated and diagnosed
conditions. Survey-based research relies either on self-reported and self-identified occurrence of
mental illness or an approximation of a clinical assessment through a structured assessment or
interview. Since the two methods do not measure exactly the same underlying construct this may

result in additional differences in estimates.

This paper aims to assess the lifetime incidence of diagnosed mental disorder among a
youth birth cohort in Winnipeg, Canada by using a comprehensive population-based repository
of administrative health records, with physician diagnosis of mental illness. The study aims to
estimate the cumulative incidence of diagnosed mental disorders in this cohort and test for

differences by sex, and birth year.
2.4 Methods
2.4.1 Data sources

Data were acquired from the Population Research Data Repository at the Manitoba Centre for
Health Policy. The Data Repository contains linked data for multiple government agencies and
services located in the province of Manitoba, with a focus on health service data. Included are
records for births that occur within the province. The medical claims database contains records
for all service billed by physicians within the province. These records include dates, tariff codes

for treatment, and diagnostic codes. The diagnosis is coded according to the International
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Classification of Diseases version 9 clinical modification (ICD-9-CM; National Center for
Health Statistics 2005; Canadian Institute for Health Information n.d.). The hospital discharge
abstract database contains information on inpatient treatment in the province. This includes 25
diagnostic fields coded using ICD-10-CA since April 1, 2004. Prior to April 1, 2004 these
records were coded using ICD-9-CM. Data up to and including fiscal year 2013 were used. The
Provincial Health Insurance Registry includes information on all individuals registered in the
provincial health insurance plan, incorporating data on when individuals begin and end their

healthcare coverage.
2.4.2 Cohort creation

Individuals with birth dates spanning the fiscals years of 1979 to 1992 were identified from the
registry. These records identify approximately 98% of births occurring within the province?’
with the missing births occurring among those born to Canadian Military and Royal Canadian
Mounted Police. These birth years were chosen due to previous research with this cohort, the
ages between 10 and 25 years old being of particular interest, and due to data being only
available until March 31%, 2014.This study focuses on the population living within the Winnipeg
Metropolitan area on their 10" birthday. This focus was chosen due to the unique environment
and health care issues that affect the northern and remote regions of the province, whereas the
Winnipeg metropolitan area should be more generalizable to other Western nation’s urban
centres. This region comprises Winnipeg and other communities in its metropolitan area with a
population of more than 700,000 people according to the 2011 Statistics Canada Census.?
Individuals within the cohort were followed until one of the following events occurred: death,

out of province migration, or their 25" birthday.
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2.4.3 Variable coding

Age was calculated using birth date provided in the registry. Visit dates from hospital discharge
abstracts and physician claims and birth dates from the registry were used to derive the dates of
diagnosis required to estimate cumulative incidence. Sex was also recorded in the registry file.
Physician diagnosed mood and adjustment disorders, anxiety disorders, psychotic disorders,
personality disorders, and substance use disorders were derived based on ICD codes recorded in
physician billing claims and hospital discharge abstracts. Only diagnosis codes occurring after
the age of 10 were used. Individuals could be included in multiple disorders groups if they meet
the criteria for more than one disorder. The codes used to determine mental disorders, based on
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previous work at the Manitoba Centre for Health Policy,” " are reported in Appendix 2-A.

2.4.4 Statistical analysis

Frequency of individuals in the Winnipeg cohort, and diagnosis of the disorders was calculated.
Disorder-specific follow-up percentages, medians and ranges were determined. Since data ended
before the 25" birthday of some individuals, the percent with follow-up until the end of available
data was also calculated. In order to examine the lifetime incidence of these disorders between
ages 10 and 25 a method of calculating incidences across time was needed. Kaplan-Meier
estimation of survival functions can estimate the cumulative incidence of an outcome over time.
However, the Kaplan-Meier method cannot account for competing risks, which are events that
prevent the outcome of interests from occurring for an individual.®* Due to the length of the
follow-up period, death is a competing risk that may slightly bias estimates upward if those

deaths are treated as censoring events.*® A nonparametric extension of the Kaplan-Meier survival
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analysis known as the cumulative incidence function calculates the probability of a specific

outcome prior to each time point while adjusting for the occurrence of competing risks.>

Cumulative incidence rates were calculated. Graphs of cumulative incidence were
derived for the study cohort. Cumulative incidence was estimated per 10,000 at ages 15, 20, and
25 for the overall sample, by sex, and by year of birth. Birth year effect was assessed by splitting
the sample into early births (pre-1987) and late birth (1987 and later), with roughly equal
numbers in each group. The counting process method of determining variance for cumulative
incidences was used to calculate 95% Cls.*"% Tests of differences between sexes and birth year

groups was conducted using Gray’s method.*3*

The Epanechnikov Kernel-smoothed Hazard functions for the mental disorders were

plotted by age.* All analyses were conducted with SAS software version 9.4.%
2.4.5 Ethical approval

Ethical approval was obtained from the University of Manitoba’s Health Research Ethics Board
(HREB #: H2015:009) and approval for data access was obtained from the Manitoba Health

Information Privacy Commission (HIPC #- 2014/2015 — 41).

2.5 Results

2.5.1 Study Cohort

The cohort contained 92,890 individuals; frequency of the disorders in the sample and the
outcome specific follow-up rates are reported in Table 2-1. Approximately half (51.1%) of the

cohort members were male. The 13 fiscal years in the data included between 5748 (1980) and
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7240 (1990) individuals. Median follow-up time was 15 years (range: 1 week to 15 years) for

each disorder-specific analysis.

2.5.2 Mental disorder diagnosis incidence

A total of 30,661 (33%) cohort members had a diagnosis for at least one of the five examined
disorders (Table 2-1). Anxiety and mood disorders were more common than the other disorders
with 16176 (17.4%) and 19736 (21.4%) individuals respectively with an incident diagnosis.
Schizophrenia was uncommon with only 795 (0.9%) diagnosed incident cases. Substance use
disorders and personality disorders had 6981 (7.5%) and 2014 (2.2%) incident cases,

respectively.

Figure 2-1 shows the smoothed hazard function for a new diagnosis of the 5 disorders
while cumulative incidence by age is presented in Table 2-2. Anxiety and mood disorders were
diagnosed at an earlier age than other disorders with many new diagnoses occurring shortly after
age 10. Anxiety and mood disorder diagnoses had cumulative incidence rates of 351 (95%Cl:
339 to 363) and 445 (95%CI: 432 to 458) per 10,000 by age 15, respectively. The rate of new
diagnoses increased significantly for anxiety, mood disorders, and substance use around 12 years
of age and peaked near age 18. At this point mood disorders and substance use had a steady rate
of new diagnoses until age 25, but the rate for anxiety dropped below the rate for substance use
disorder shortly before the end of the follow-up time. The cumulative incidences of these
disorders at age 25 were 24.4% for mood disorders and 19.6% for anxiety. Personality disorders
and schizophrenia do not change dramatically in hazard rate by age, but instead show a slow
increase until around age 15 (personality disorders) and age 18 (schizophrenia) and a stable rate

afterwards.
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Sex stratified analyses are shown in Table 2-3. Substantial differences in incidence
between the sexes across these disorders were observed. Anxiety disorders had a cumulative
incidence of 2530 diagnoses per 10,000 (95%CI: 2490 to 2570) among females, but only 1370
diagnoses (95%CI: 1340 to 1400) among males at age 25. The estimated incidence of diagnosed
mood disorders was 3050 (95%CI: 3000 to 3090) and 1800 (95%CI: 1760 to 1840), respectively.
Personality disorders were also more common among females, 281 (95%CI: 265 to 298) versus
220 (95%Cl: 207 to 235) per 10,000 individuals. Schizophrenia and substance use disorders
were more commonly diagnosed among males. Schizophrenia was diagnosed in 143 per 10,000
males (95%CI: 132 to 155) and 53 per 10,000 females (95%CI: 46 to 61) at age 25. Substance
use was diagnosed in 918 males per 10,000 (95%CI: 890 to 946) and 845 per 10,000 females

(95%Cl: 818 to 873).

Comparing those born before 1987 and those in 1987 onward produced some differences
in cumulative incidence for these disorders (depicted in Table 2-4). The later cohort had higher
diagnosed incidence of anxiety (375 per 10,000; 95%CI: 357 to 392 versus 330; 95%ClI: 314 to
346) and mood disorders (475 per 10,000; 95%CI: 453 to 492 versus 420; 95%CI: 402 to 438) at
age 15. Substance use disorder diagnosis was also higher at age 15 in the later cohort (96 per
10,000; 95%CI: 88 to 106 versus 72; 95%CI: 65 to 80). At age 20, anxiety disorders were no
longer more commonly diagnosed in the later cohort, but mood (1480 per 10,000; 95%CI: 1450
to 1510 versus 1430; 95%CI: 1400 to 1460) and substance use (470 per 10,000; 95%CI: 450 to
490 versus 440; 95%CI: 420 to 460) retained slightly higher incidences. The incidence of
diagnosed personality disorders was similar at age 15, but lower in the later cohort (127 per
10,000; 95%CI 117 to 138) than the early cohort (150 per 10,000; 95%CI: 140 to 160) at age 20.

Schizophrenia diagnosis had similar incidences in the two cohort strata.

30| Page



2.6 Discussion

Our estimates for diagnosed mental disorder incidence ranged from 24.4% and 19.6% for
diagnosed mood and anxiety disorders down to 2.5% and 1.0% for diagnosed personality
disorder and schizophrenia at age 25. These estimates are in one sense higher than expected
based on some previous estimates of lifetime risk.>® Earlier research on the lifetime incidence
of mental disorders has relied heavily upon self-reported lifetime incidence, which may be biased
due to poor recall.***> The diagnosed incidence presented here represents a likely more accurate
assessment of diagnosed mental disorders than self-reported lifetime incidence. However,
interpreting these results requires considering undiagnosed disorders that are missed, these could
consist of a large number of individuals.>” This means it is possible that the combined incidence
of diagnosed and undiagnosed disorders is higher. However, the issue of undercounting due to
individuals that do not seek treatment can be contrasted with individuals that are misclassified as
having disorders they do not. This is potentially an issue with physicians giving patients
provisional diagnoses during the initial stages of a disorder before correctly diagnosing the true
condition later. These data do not provide any information that could be used to identify these
provisional diagnoses or to rule out previously incorrect diagnostic coding. These results also
provide incidence estimates at several age points. The incidence of diagnosed anxiety and mood
and adjustment disorders affects a substantial percentage of the population by age 25, suggesting
that previous estimates of these disorders may be undercounting the true lifetime incidence.?
However, comparisons between prevalence estimates based on survey data (survey prevalence)
and estimates based on treatment prevalence (such as this study using administrative data) may
be different because they are measuring different constructs. Survey estimates may reflect self-

perception of mental illness or the presence of symptom clusters, while administrative data
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studies only detect individuals that seek treatment and assign diagnosis based on clinical

judgment.

This study indicates that a substantial portion of the population received a physician
diagnosis for a mental disorder at a young age. Incidence rates of anxiety and mood disorders
were particularly high and affected approximately one fifth and one quarter of the cohort,
respectively, by age 25. Approximately 9% of individuals were also diagnosed with a substance
use disorder. The difference in incidence of new cases of depressive disorders and anxiety
disorders is particularly interesting. While mood disorders have a fairly consistent occurrence of
new cases by age, new cases of anxiety disorders increase rapidly until age 18 before declining.
The estimated incidence of a new diagnosis of anxiety at age 25 is much closer to the hazards for
schizophrenia or personality disorder than for substance use and mood disorders. This peak in
anxiety incidences might be driven by the stresses of transitioning into adulthood — including
employment-related issues, college pressures, moving away from home and changes in social
circles after the end of high school. These ages in particular may be worth more thorough

examination with respect to the epidemiology and treatment of anxiety disorders.

An American study estimated that 20.4% of 14 to 18 year olds had experienced at least one
major depressive disorder episode.*® Another American survey found adolescent estimates in line
with ours by surveying both the adolescents and their parents, though this research had an
extremely high prevalence of anxiety disorders due to the inclusion of untreated phobias.”* Many
of the identified individuals in that study might not have sought treatment; therefore the
similarity to our results for diagnosed cumulative incidence might still indicate undercounting of
the total lifetime incidence. The estimates for disorders here are lower than those found by a

prospective American study.* The use of repeated mental assessment may have identified more
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cases of untreated mental disorder. This study also started at age 9 and provided an estimated
incidence at age 16 — a longer time span than the 10 — 15 age period being compared to in this

research.

A noticeably higher incidence of mood disorders is reported here than has been previously
noted for depression and related disorders in Canada. Survey-based Canadian studies estimated
the lifetime incidence of a major depressive episode to be 11.3% and 12.2% and a major
depressive disorder to be 9.9% and 10.8%.**“° The 1-year prevalence of depression was
estimated at 14% in other work using Canadian electronic medical records.** Our study found
that by age 25, 24.4% of those in the cohort had received at least one diagnosis of a mood or
adjustment disorder. Explanations for the higher rate in our research include the wider definition
of mood disorders, accounting for individuals with a diagnosis who did not live to age 25, the
high risk of recall bias in the previous studies, and the differences in self-reported mental

disorders from survey studies and treated mental disorders.

Administrative data have been used to examine the diagnosis incidence of several major
mental disorder clusters.® This study is the most likely to agree with our study due to its
measurement of treatment incidence rather than survey incidence/prevalence. Our study found
lifetime cumulative incidences higher than some of the incidences found at 25 years in Pedersen
et al;” they estimated a cumulative incidence of ~3-4% for mood disorders, and anxiety disorders
with ~6-7%. Their estimates of personality disorders at ~2% and schizophrenia and related
disorders at ~1.6% at age 25, findings that are very close to the 2.5% and 1.0% found in this
research. Pedersen et al’s more restrictive method of identifying individuals diagnosed with
mental disorder likely undercounts individuals with disorders, since many never require inpatient

treatment. Similar patterns of new cases were obtained in both studies. A large increase in new
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cases starting around age 14/15 which peaks at around 20 years of age was found for these
disorders.> Our work noted a very pronounced peak around age 18 for anxiety disorders with a
rapid decline afterwards. The decline in new cases after the peak was much slower among the
other disorders in our study compared to Pedersen et al. We also showed an early separation
between males and females with respect to schizophrenia incidence, while Pedersen et al. found
cumulative incidence to begin to diverge only during the early twenties. Previous research in the
province of Manitoba (Martens et al. 2004) had estimated a 5-year cumulative prevalence of
24% for these disorders in those aged 10 and older (compared to the 24.4% with mood disorders
alone in this study, and 33% being diagnosed with any disorder without adjustment for
censoring). Since mental disorders are often episodic many individuals with a lifetime history

would not be identified within the 5-year window.

The major strength of this study is that a population-based birth cohort was used to derive
incidence estimates. The use of comprehensive, population-based administrative data ensures the
capture of all diagnoses made by healthcare providers within the province. Competing risks and
censoring events were taken into account during the estimation of the cumulative incidence.
Previous work using adult self-report to determine lifetime incidence are potentially biased due
to the increased mortality associated with these disorders. Long term birth cohorts have also
suffered substantially from loss to follow-up and uneven occurrence of follow-up assessments.*?
The population of Winnipeg is relatively stable with less people lost to follow-up compared to
prospectively collected birth cohorts, resulting in over 86% of people being followed to the end
of the observation period. The use of administrative data means that the exact dates of diagnosis

are known; this avoids the issues of uneven follow-up and missed events due to recall error.
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One study limitation is the coding of mental disorders in administrative data is subject to
misclassification bias. Some conditions might be misdiagnosed or some people diagnosed with a
mental disorder when they do not fulfil the accepted DSM criteria for that illness. These data do
not allow the coding of provisional diagnoses which might result in additional misclassification
that could be inflating the estimates. The exact date of onset is also uncertain due to potential
delays in seeking treatment. It is unclear whether misdiagnosed disorders or missed disorders
causes a larger bias, therefore the net bias of overall incidence of disorders is uncertain. Males
seek treatment less for these disorders and therefore may be undercounted. Decreased stigma
over time may increase the diagnosis and treatment of these disorders without representing an
actual increase in incidence. Information about severity of diagnosed conditions is not available
in administrative data. Diagnosis of personality disorders in adolescents is contentious, with
some clinicians and researchers believing that only adults should be diagnosed with these
disorders.*® It is possible that this may lead to adolescents not being diagnosed with a personality
disorder even though they meet the criteria. Physician claim codes are not sufficiently specific to
isolate bipolar disorders from unipolar depressive disorders. Therefore these disorders need to be
combined when using physician claims data to determine incidence. This study uses one
physician visits to diagnosis most conditions whereas coding diagnosis using multiple visits may
reduce the occurrence of misclassification. The reduction in prevalence estimates between using
a single-encounter coding method (as is being done for most conditions in this study) and more
restrictive methods is around 25.7% to 34.9%.%* Another limitation is that knowing these
cumulative incidence rates may not have direct clinical implications because these conditions are
frequently episodic and often do not require lifetime treatment. Another issue is that ICD-10-CA

coding is used in hospital discharge abstracts starting in 2004 in Manitoba instead of ICD-9-CM.
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Coding of mental disorders is not identical between the two systems and this may affect the
estimates of mental disorders for individuals born later in the cohort. Improvement in the coding
schema should result in more accurate diagnosis using ICD-10-CA, however agreement between
ICD-10 and ICD-9 was high for mental disorders in validation assessment by the WHO.*
Another issue is the diagnoses occurring before the age of ten were not included. The
relationships between paediatric, adolescent, and adult disorders is still not fully understood.
Including diagnoses occurring before age 10 would increase the incidence estimates for the
disorders, but these paediatric diagnoses may not be sufficiently similar to later onset diagnoses.
Only diagnosis after age 10 was used in order to minimize the blurring of paediatric and
adolescent/adult disorders and to be consistent with prior research using these data.”** This age
should help to maintain good specificity at detecting non-paediatric conditions without causing a

marked decrease in incidence estimates.
2.7 Conclusions

These data provide a better understanding of the cumulative incidences of mental disorders in
youth and underscore the importance of policy initiatives to identify, prevent, and treat mental
disorder early. A large portion of individuals receive one or more psychiatric diagnoses at a
young age. These conditions emerge early in life; without successful treatment, many
adolescents and young adults are at risk of engaging in serious suicidal behaviour and dying at a
young age.* The acuity of the risk for serious suicidal behaviour after initial diagnosis

underscores the clinical importance of early interventions that target this population.*®
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Table 2-1: ICD codes and number of visits used to determine diagnoses of mental disorder

Hospital records (1+ visits):
ICD—-9-CM: 300.0, 300.2, 300.3;
Anxiety ICD-10—-CA: F40, F41.0, F41.1,F41.3, F41.8, F41.9, F42
Physician claims (3+ visits):
ICD-9-CM: 300

Hospital records(1+ visits):

ICD-9-CM: 296.2-296.8, 300.4, 309, 311;

ICD-10—-CA: F31, F32, F33, F34.1, F38.0, F38.1, F41.2, F43.1,
F43.2, F43.8, F53.0, F93.0

Physician claims (1+ visits):

ICD-9-CM: 296, 309, 311

Mood and adjustment disorders

Hospital records or physician claims (1+ visits):
Personality disorders ICD-9-CM: 301;
ICD-10-CA: F34.0, F60-F62, F68.1,F68.8, F69

Hospital records or physician claims (1+ visits):
Substance use ICD-9—-CM: 291, 292, 303, 304, 305;
ICD—10—CA: F10-F19, F55

Hospital records or physician claims (1+ visits):
Schizophrenia ICD—9—-CM: 295;
ICD-10-CA: F20, F21, F23.2, F25

Number of visits indicates how many physician claims, or inpatient records with the diagnosis are required before classifying an
individual as a case
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Table 2-2: Study cohort characteristics and follow-up

Study cohort (age 10)
Mental disorder diagnosis*
Anxiety
Mood and adjustment
Personality
Schizophrenia
Substance use

N

92890

16176
19736
2014
795
6981

%

100

17.4
21.2
2.2
0.9
7.5

Outcome-specific follow up (%)

Until age 25

65.1
66.7
60.2
59.8
62.0

To end of study

87.7
88.4
86.7
86.6
87.3
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Table 2-3: Cumulative Incidence per 10,000 of selected diagnosed mental disorders at three ages

Mental disorder diagnosis Age 15 95% Cl Age 20 95% ClI Age 25 95% Cl
Anxiety 351 339to363 1270 1250 to 1290 1960 1930 to 1980
Mood and adjustment 445 432 to 458 1450 1430 to 1480 2440 2410to0 2470

Personality 41 37to 45 139 132 to 147 254 244 to 265
Schizophrenia 5.5 41to7.1 51 46 to 55 101 94 to 108
Substance use 84 78 to 90 452 438 to 465 896 876 t0 916
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Table 2-4: Cumulative incidence per 10,000 of selected mental disorders at three ages by sex

Mental disorder diagnosis

Anxiety
Mood/adjust.
Personality
Schizophrenia
Substance use

Mental disorder diagnosis

Anxiety
Mood/adjust.
Personality
Schizophrenia
Substance use

Age 15
240
366
41
7.4
67

Age 15
461
517
39
35
100

95% CI
226 to 254
350 to 383

36to 47
5.3t010.3

60 to 74

95% Cl
442 to 480
497 to 538

34 to 46

2.1to5.7
91 to 109

Males
Age
20 95% ClI
813 788 to 848
1060 1030 to 1080
121 111to 131

70 63to 78

439 421 to 458
Females

Age

20 95% Cl

1720 168 to 175
1840 181 to 188
154 143 to 165
29 24to 34
453 434 to 473

Age
25
1370
1800
220
143
918

Age
25
2530
3050
281
53
845

95% Cl
1340 to 1400
1760 to 1840

207 to 235
132 to 155
890 to 946

95% Cl
2490 to 2570
3000 to 3090

265 to 298
46 to 61
818 to 873
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Table 2-5: Cumulative incidence per 10,000 of disorders by birth cohort

1979-1986
Age Age
Mental disorder diagnosis 15 95% Cl 20 95% ClI

Anxiety 330 314t0 346 1260 1230 to 1290
Mood/adjust 420 402to 438 1430 1400 to 1460

Personality 41 36to 47 150 140 to 160
Schizophrenia 6.3 4.4t08.9 49 43 to 56
Substance use 72 65 to 80 439 421 to 458

1987-1993
Age Age
15 95% CI 20 95% ClI

Anxiety 375 357t0392 1280 1250to 1310
Mood/adjust 475 453t0492 1480  1450to 1510
Personality 40 35to0 46 127 117 to 138
Schizophrenia 4.5 2.9t06.9 52 45 to 59
Substance use 96 88 to 106 470 450 to 490
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Figure 2-1: Epanechnikov kernel-smoother hazard functions for diagnosis with a mental disorder
with 95% confidence limits
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CHAPTER 3: INCIDENCE OF SUICIDE AND SUICIDE ATTEMPTS IN A
POPULATION-BASED ADOLESCENT BIRTH COHORT

3.1 Chapter overview

Suicidal behaviour is a significant concern among adolescents and young adults. These
behaviours emerge in young adulthood and are responsible for a disproportionate amount of
mortality and morbidity. Part of the reason for the emergence of these behaviours at this age is
because it is also a period for diagnosis of mental disorders. The previous paper showed that the
cumulative incidence of anxiety, mood and adjustment disorders, personality disorders,
schizophrenia, and substance use disorders increases around 15 years of age and remains high
thereafter (with the sole exception of anxiety disorders). Given that previous research shows risk
of suicide and suicide attempt is particularly high in the first year after diagnosis there should be

a concurrent rise in suicide attempts along with the diagnosis of new mental disorders.

The next paper seeks to examine the incidence of hospitalized attempts and deaths from
suicide. This paper will determine at what age the hospitalized attempts and deaths begin to
occur and whether the incidences differ by year of birth, and sex. It will also examine the
incidence of suicidal behaviours after the first recorded treatment of the disorders examined in
the previous paper. The results of this paper will illustrate how the occurrence of suicidal
behaviours and show how they are associated with the emergence of mental disorders during this

developmental period.
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3.2 Abstract

Objective: The emergence of adult mental disorders in adolescence coincides with an increase in
suicide attempts and deaths. Suicide attempts and deaths are common among youths, but
challenging to accurately estimate. Previous incidence estimates using self-report methods may
be underestimating the true incidence. This study aimed to estimate the incidence of suicide
deaths and hospitalized suicide attempts among youth.

Method: A birth cohort of individuals born between the fiscal years of 1979/1980 and 1992/1993
and living in Winnipeg, Manitoba on their 10" birthday was derived from administrative data.
This cohort allowed the first occurrence of mental disorder diagnosis and hospitalization due to a
suicide attempt after age 10 to be identified for members of the cohort. Administrative data from
vital statistics, medical claims and hospital discharge abstracts was used to identify deaths,
hospitalized attempts and mental health diagnosis. The incidence of hospitalized suicide attempts
and suicide death between ages 10 and 25 years was estimated. Incidence within 10-years of
diagnosis for anxiety, mood and adjustment disorders, schizophrenia, personality and substance
disorders were also estimated.

Results: Approximately one-percent (1.03%; 95% confidence interval: 0.97% to 1.11%) of
individuals had a hospital admission for a suicide attempt by age 25. Incidence was higher
among the mentally ill — particularly within 1 year of diagnosis. 129 individuals (95%
confidence interval: 106 to 156) per 100,000 died from suicide. Suicide death occurred
particularly more often among those with personality, schizophrenia, and substance use (1-2%
after 10 years).

Conclusions: Suicidal behaviours are common, particularly within one year of a new mental

illness diagnosis.
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3.3 Background

Suicide and suicide attempts are a major cause of mortality and morbidity among youth.>* Youth
suicide rates increased between 1960 and 1990 but have seen a decline since 1990.%* However, a
CDC report suggests that this trend has reversed in recent years in the United States.* The rate of
adolescent suicide in Canada, specifically, decreased between 1991 and 1997, but this was driven
by a decrease in the rate among males.> Mental illnesses are often considered a major, if not the
primary, underlying force that leads to suicidal behaviour. Mental illnesses have been found to
occur in over 90% of those who have died from suicide.>® Mental health research frequently
relies on self-report for estimating the incidence and prevalence of suicidal behaviour.”® This
method is prone to undercounting due to recall bias.”® As an example, people admitted with
depressive disorders serious enough to warrant inpatient admission often fail to recall being
diagnosed with depression.® In addition, the high mortality rates of individuals with histories of
suicidal behaviour can exacerbate this bias since they may not survive long enough to be
surveyed. Therefore, estimates of lifetime incidence of suicidal behaviour, and specifically for

those with mental illnesses, should be obtained using methods that do not rely on patient recall.

This study examines a birth cohort in Manitoba, Canada containing births in the fiscal
years of 1979/80 to 1992/93. The study aims to examine the cumulative incidences for suicide
and hospital-treated suicide attempts and how they vary based on birth year, sex, and mental

illness diagnosis within this cohort between the ages of 10 and 25 years old.
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3.4 Methods
3.4.1 Data sources

Data were acquired from the Population Research Data Repository (The Repository) at the
Manitoba Centre for Health Policy. The Repository holds linkable administrative data from
government agencies and services in the province of Manitoba, Canada, including the province’s
publically-funded health system. The specific data sources used were the hospital discharge
abstract, medical claims, and Provincial Health Insurance Registry databases. Births in the
province are recorded in the Provincial Health Insurance Registry database. The hospital
discharge abstract database contains information on inpatient treatment in the province. These
data capture up to 25 diagnosis fields coded using the Canadian version of the 10" edition of the
International Classification of Diseases (ICD-10-CA) since April 1, 2004. Prior to April 1, 2004
these abstracts were coded using the Clinical modification of the 9" edition of the International
Classification of Diseases (ICD-9-CM). Data up to and including fiscal year 2013 were used.
The medical claims database contains records for all services billed by physicians within the
province. These records include treatment dates and diagnostic codes. Diagnosis is coded using
(ICD-9-CM).™ The registry database has information on all individuals registered in the
provincial health insurance plan. This includes data on place of residence and when individuals
begin and end their coverage. The Repository contains records for 98% percent of births that
occur within the province, individuals born to parents working for the Canadian Military, and the
Royal Canadian Mounted Police may be missed due to health care for these individuals being

provided via federal funding.

3.4.2 Cohort creation
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Individuals born between April 1% 1979 and March 31* 1993 were included in the cohort if they
resided in the Winnipeg Regional Health Authority region, the largest health region in the
province, on their 10" birthday. Winnipeg and its metropolitan area have a population of
approximately 793,000 people.™ Individuals were followed until one of the following occurred:

death, moving out of the province, or their 25" birthday.
3.4.3 Variable coding

Age was taken from the birth date in the registry. Physician-diagnosed mood and adjustment
disorders, anxiety, psychotic disorder, personality disorder, and substance use disorder were
derived based on ICD coding in medical claims and hospital discharge abstracts. Only diagnostic
codes which occurred after the age of 10 years were used. The codes used to determine mental
illness, suicide attempt hospitalization and suicide deaths, based on previous work at the

1213 are located in Table 3-1. Individuals could be classified

Manitoba Centre for Health Policy,
as having multiple disorders. Dates from hospital discharge abstracts and medical claims, and
birth dates from the registry were used to derive the dates required to calculate the cumulative

incidences. Sex was recorded in the registry file.
3.4.4 Statistical analysis

Frequencies were estimated for births in the province, Winnipeg residents at age 10, attempt
hospitalizations, deaths from suicide, and diagnosis of the mental disorders. Information on
follow-up were examined for the sample by outcome. The percent of individuals followed until
age 25 or until an outcome occurred was estimated. Since the data did not incorporate all

individuals until their 25" birthday, the percent of individuals followed until the end of available
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data was also determined. Follow-up was also examined within the mental disorder groups using

suicide death as the outcome.

A graph of the cumulative incidence was derived for both outcomes using the cumulative
incidence function method of estimating cumulative incidence.* This method is also known as
the cumulative incidence competing risk method and is a non-parametric method of estimated
incidence in the presence of competing risks.'** This method adjusts the cumulative incidence
estimates to reflect that those with competing events, in this instance death, are no longer at risk
for the event of interest, rather than censoring them.' Additional graphs were produce by sex,
birth year (1979 to 1986, 1987 to 1993), and mental health diagnosis. For the mental health
diagnoses, start time for the survival analysis was the date of first recorded diagnosis after the
age of 10. For the other graphs the starting time was age 10. Cumulative incidence was extracted
from the graphs at ages 15, 20, and 25 for the overall sample and the demographic groups.
Cumulative incidence functions were estimated by mental health group at 1-year, 5-year, and 10-
year time points after first recorded diagnosis. Individuals with multiple diagnoses were included
in estimation for all their diagnosed disorders. Additional cumulative incidences for suicide
deaths and suicide attempts were derived starting from the date of first attempt among the suicide
attempters. These incidences show the cumulative incidence of second and third admitted
attempts. These incidences were also calculated using 1-year, 5-year, and 10-year time points
after the first detected admission. A graph of the Epanechnikov Kernal-Smoothed Hazard
functions by sex was obtained for the suicide attempt outcome.® This graph shows the rate of
new incidences of suicide attempt admissions at each age point. Statistical significance of
demographic differences was derived using the Fine and Gray test for Equality of Incidence

Functions.'” Analyses were performed using SAS software version 9.4.'8
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3.4.5 Ethical approval

Approval was obtained from the University of Manitoba’s Health Research Ethics Board (HREB
#: H2015:009) and approval for data access was provided by the Government of Manitoba’s

Health Information Privacy Commission (HIPC #- 2014/2015 — 41).

3.5 Results

3.5.1 Sample

The birth cohort contained 92,890 individuals; descriptive statistics and outcome specific follow-
up rates are located in Table 3-2. A total of 47,428 (51.1%) cohort members were male. The 13
full fiscal years in the data included between 5748 (1980) and 7240 (1990) individuals. Due to
the large sample and high follow-up rate the median follow-up time was 15 years with a range of

0 to 15 years.

3.5.2 Mental health diagnosis incidence

One or more of these five disorders were found among 30,661 (33%) individuals (Table 3-2).
Anxiety and mood and adjustment disorders were common, with 17.4% and 21.4% individuals
having a recorded diagnosis. Substance use disorders and personality disorders had 7.5% and

2.2% cases. Schizophrenia was the least common diagnosis with only 0.9% incidences.

3.5.3 Suicidal behaviour by birth cohort and sex

There were 105 suicide deaths identified for the cohort. Table 3-3 contains the estimated
cumulative incidence for suicide deaths. There were 8.9 (95%CI= 4.3 to 17.0) suicide deaths per
100,000 at age 15; this number increased to 60 (95%CI= 46 to 78) and 129 (95%CI= 106 to 156)

per 100,000 at ages 20 and 25. There was no significant difference in suicide incidence based on
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year of birth (p=0.77). The incidences of suicide at age 15 were similar for males and females,
but by age 25 there was a significantly higher occurrence of suicide death among males

(p=0.0378).

Among those in the cohort 875 hospitalized attempts were recorded. Table 3-4 contains
the estimates for suicide attempt admissions. The incidence per 10,000 was 20 at age 15,
increasing to 71 and 103 at ages 20 and 25. Figure 3-1 shows the Epanechnikov Kernal-
Smoothed hazard rate by sex. This figure reveals a rapid increase in the occurrence of first
admissions for suicide attempts starting around age 11 for females and growing rapidly till age
15. The rate then decreases with similar rapidity until it approximates the hazard among males
around age 18. Admissions begin to increase for males around age 13, reach a peak around age
17, and begin a slow decline. The incidence of suicide attempt admissions for those born in 1986
or later (92 per 10,000) decreased significantly compared to the earlier half of the cohort (114
per 10,000; p=0.0011). The difference is largest at age 15 (15 per 10,000 versus 24 per 10,000)

and shrinks over time.

3.5.4 Mental disorder and suicidal behaviour

The incidence of both suicide attempt admission and suicide deaths were elevated among those
diagnosed with any of the 5 investigated mental disorders. The 1-year cumulative incidence of
suicide deaths for the personality disorders and substance use groups both exceeded the
estimated incidence at age 25 for the population as a whole (190 and 150 versus 129 per
100,000). Attempt admissions were high for those with personality disorders or schizophrenia
during the first year (271 per 10,000 for both). Anxiety disorders were associated with the lowest

occurrence of both suicide deaths and attempts at all three time points. Schizophrenia and
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personality disorders showed the highest incidence of attempts. These disorders and substance
use disorder had the highest incidence of suicide death within 10-years of diagnosis.
Schizophrenia had the highest incidence of deaths (2103 per 100,000) but also a large confidence
interval (552 to 5678) due to the small number of people diagnosed with the condition and

having a sufficient follow-up period.

3.5.5 Incidence of suicide admissions and deaths after first suicide attempt

The incidence of repeat attempt admission and of suicide death was calculated for the 875
individuals with attempt admissions. The cumulative incidence for death was 4.6 (95%Cl: 1.6 to
11.3) deaths per 1,000 individuals within one year of admission, increasing to 13.2 (95%CI: 6.7
to 23.5) and 28.6 (95%CI: 15.4 to 48.3) suicide deaths by 5 and 10 years. Males with an attempt
admission were more likely to die from suicide compared to females (p=0.0346). Incidence for
males was 9.6 (95%CI: 2.7 to 26.1) cases per 1,000 after 1-year compared to 1.8 (95%CI: 0.2 to
9.7) cases for females. These incidences increased to 27.1 (95%CI: 11.7 to 53.4) and 34.1
(95%CI: 15.3 to 65.1) for males at 5 and 10 years from first attempt. Females had incidences of
6.1 (95%CI: 1.7 to 16.8) and 22.6 (95%CI: 9.4 to 46.1) at 5 and 10 years. The incidence of
deaths between those born early or late in the cohort (p=0.1429) showed no significant

differences.

The incidence of a second attempt admission was 9.1 (95%CI: 7.3 to 11.1) cases per 100
during the first year after the first admission. This increased to 13.6 (95%CI: 11.3 to 16.1) and
17.2 (95%Cl: 14.3to 20.4) after 5 and 10 years. The incidence of a third admission was 2
(95%CI: 1.2 to 3.1) cases per 100 after 1 year, and 4.7 (95%CI: 3.3 to 6.4) and 6.8 (95%CI: 5.0

to 9.0) cases after 5 and 10 years. The sexes did not differ significantly in the incidence of a
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second attempt admission (p=0.2), but females showed a significantly higher incidence of a third
admission (p=0.0349). There were 0.6 (95%CI: 0.1 to 2.2) cases with three admissions per 100
for males compared to 2.7 (95%CI: 1.6 to 4.4) cases per 100 for females. These increased to 2.7
(95%CI: 1.1 to 5.5) and 5.2 (95%CIl: 2.0 to 10.6) for males, and 5.8 (95%CI: 4.0t0 8.1) and 7.9
(95%CI: 5.6 to 10.7) for females at 5 and 10 years. There was a significantly higher incidence of
two admissions for those born early in the cohort (p=0.0257), but no difference for the incidence
of three admissions. Those born before 1987 had second attempt incidence of 9.7 (95%Cl: 7.3 to
12.4) and 15.8 (95%Cl: 12.7 t0 19.2) at 1 and 5 years from the first admission. Second attempt
incidence was 8.3 (95%CI: 5.7 to 11.5) and 10.4 (95%ClI: 7.4 to 13.9) for those born in 1987 or

later.

3.6 Discussion

This study provides estimates for the cumulative suicide attempt admission incidence using
administrative data not prone to recall bias. Serious suicidal behaviour was common. Previous
research on the lifetime incidence of suicidal behaviour has relied heavily upon self-reported
lifetime incidence, which is heavily biased due to poor recall.”® Suicide was responsible for
approximately 1 death per 1,000 individuals by age 25, and 1 out of every 100 people were
hospitalized due to a suicide attempt. Death by suicide is particularly high among those with
personality disorders and schizophrenia, with 1 and 2 out of every 100 individuals with a
diagnosis for these disorders dying from suicide within 10-years of diagnosis. These results

illustrate the importance of treatment and prevention efforts for suicidal behaviour in this group.

The estimates for cumulative incidence of suicide agree with the rates of suicide found
across Canada in Statistics Canada data.?* The incidence of suicides and attempts by sex agrees

with previous research showing more suicides deaths among males, but more suicide attempts
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among females.? In our study males had a significantly higher incidence of deaths, whereas
females had a higher occurrence of attempts. Rates of suicide among 15 to 24 year old males
was estimated at 20.2 per 100,000, compared to 5.5 for females in Canada for the year 2000,
which is greater than the 156 to 101 disparity incidence in our study. The rates across Canada
were more similar among 5-14 to year olds, 1.4 and 0.9 respectively, which agrees with our
findings in this cohort. Recent American data show that youth suicides for males decreased by
approximately 1.5 percent per year between 1994 and 2012.%” Females had a non-significant
increase of 0.7 percent per year. The incidence of suicide deaths grew among the later cohort,
though this increase is not significant. The population of Winnipeg may also be experiencing an
increase in suicide deaths recently among females, but this trend is not detectable due to
insufficient power. Previous research has suggested that males comprise around 80% of deaths

from suicide, > but our study found males to comprise around 60% of deaths by age 25.

The pattern of serious suicidal behaviour following diagnosis varies by diagnosed mental
disorder. Personality disorders and schizophrenia are marked by particularly acute short-term
risk. Mood disorders closed some of the gap with both personality disorders and schizophrenia
around 10 years post-diagnosis. Previous research has also suggested a period of acute risk
within the first year after a diagnosis is made.?* These results suggest that 20% of the suicide
mortality for personality disorders over the first 10 years occurs within the first year. Around
15% of suicide deaths among those with substance use disorders occur within the first year,
compared to 10% for anxiety and mood disorders. The finding of a U-shaped mortality pattern
for mood disorders, and to a lesser extent anxiety, is interesting. Suicide risk may increase over
time for those with poorly controlled anxiety or mood disorders. This may partially explain the

occurrence of a peak in suicide rate in the 20-24 age group in Canada followed by a decline in
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the 25-29 age group and increasing rates from 30-34 onward.?! These results should be
interpreted with the understanding that individuals can be included in multiple diagnosis groups.
This could mean that a significant portion of the incidence of attempts and deaths after diagnosis

could be driven by comorbid individuals who are being counted in multiple diagnosis categories.

Previous work has shown that the risk of repeated suicide attempt or death from suicide is
high among those with previous attempts. This study found 9.1% of individuals admitted with
suicide attempts were re-admitted due to a second attempt within 1 year. After the first detected
attempt admission 0.46% of attempters died due to suicide within 1 year and 1.3% within 5
years. These incidence rates are high, but lower than incidence found in another study using
register data.”> Christiansen and Jensen® found repeat attempts in 31.3% of their sample and
deaths in 2.33% despite mean follow up periods of only 2.88 and 3.88 years. That study used all
presenting attempts between 1995 and 2001 for that sample. Therefore age and cohort effects
may explain the large difference in risk between the two samples. Another study found that
25.1% of their admitted attempters had a repeat admission.? Research in Taiwan found rates that
were close to this study.?” A systematic review determined that the median repeat rate within 1
year was 16% (IQR= 12 to 25%).%° Median rate of death from suicide within 1 year was 1.8%
(IQR= 0.8 to 2.6%). This study’s use of first lifetime occurrence of suicide attempt to form the
sample may explain the lower rates. Other work that relies on hospital-based sampling, or the
inclusion of all attempts within a small cross-section of years, will likely oversample individuals

with chronic suicidal behaviours.

A major study strength is the population-based birth cohort. The occurrence of suicidal
behaviours treated in inpatient wards can be counted for cohort members throughout their life.

Therefore the measured incidence should be a less hiased estimate of the true occurrence of
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treated disorders, treated suicide attempts, and deaths. The use of administrative data for
outcome measures ensures the capturing of all hospitalizations within the province. Prior
research using self-report of adults to estimate cumulative incidence may not fully account for
the occurrence of mortality and how excess mortality will affect suicidal individuals more than
people with no history of suicidal behaviour. This excess mortality will cause people with history
of suicidal behaviour to be less likely to be sampled in retrospective studies. Competing risks and
censoring events were taken into account during the estimation of the cumulative incidence.
Capturing events in the data as they occurred represents an improvement over using birth cohorts
with uneven follow-ups.®® This study also does not experience the significant attrition found in
many previous birth cohort studies,* with 86.5% or better follow-up until the end of available

data.

One limitation of this study is in not including suicide attempts that present to the
emergency department but are not admitted or are not treated medically. This group of patients is
also of interest, since the emergency department is a key location for interventions. This group
was omitted due to the lack of injury intent codes from emergency department treatment in the
province, and because no validated method of detecting attempts in the emergency department is
available that does not use ICD injury intent codes. Moreover, although all the hospitalizations in
the province will be captured in the data, ICD codes do not detect all occurrences of suicide
attempts.®* Of particular concern is that the codes used will not detect some cases, and therefore
will underestimate the actual cumulative incidence.®* Another limitation is that the codes used to
detect an attempt do not attempt to separate self-injury based on the intent of the injury and

therefore may contain various types of self-harm as well as suicide attempts.
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The coding of mental illnesses may be subject to misclassification error in hospital and
physician records® and this may bias the analysis. This misclassification is compounded by the
potential for disorders to be initially misdiagnosed by the physician. There is no indicator in the
records to indicate a provisional diagnosis or a prior misdiagnosis. Therefore the diagnostic
categories likely contain some individuals that do not have the disorder of interest, but rather a
disorder with similar symptoms. The diagnosis of personality disorders during adolescence is
controversial; this may affect the diagnosis of these disorders in the administrative data.** The
physician claims in the Repository cannot separate bipolar disorder from other mood disorders.
The incidences associated with mental illnesses only show the occurrence of suicidal behaviours
after a diagnosis. However, the incidence after diagnosis is clinically useful information. The
actual onset of these disorders may have occurred well before the first diagnosis date. Moreover,

individuals with these disorders who do not receive a diagnosis will be missed.
3.7 Conclusions

The incidence of admission for a suicide attempt after a first diagnosis with a mental disorder
was between 1% (anxiety disorder) and 5.7% (personality disorder and schizophrenia) during the
first 5 years. These conditions emerge early in life and, without successful treatment, many
adolescents and young adults are at risk of engaging in serious suicidal behaviour with potential
long-term consequences — including a high risk of death at a young age. The acuity of the risk for
serious suicidal behaviour after initial diagnosis underscores the clinical importance of early
interventions that target this population. Our study results underscore the need for policy

initiatives to address risk factors for suicidal behaviour.
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Table 3-1: ICD codes and number of visits used to determine diagnoses of mental disorder

Hospital records (1+ visits):
ICD-9-CM: 300.0, 300.2, 300.3;
Anxiety ICD-10—CA: F40, F41.0, F41.1,F41.3, F41.8, F41.9, F42
Physician claims (3+ visits):
ICD-9-CM: 300

Hospital records(1+ visits):

ICD—9-CM: 296.2-296.8, 300.4, 309, 311;

ICD-10—CA: F31, F32, F33, F34.1, F38.0, F38.1, F41.2, F43.1,
FA3.2, F43.8, F53.0, F93.0

Physician claims (1+ visits):

ICD—9-CM: 296, 309, 311

Mood and adjustment disorders

Hospital records or physician claims (1+ visits):
Personality disorders ICD-9-CM: 301;
ICD-10-CA: F34.0, F60-F62, F68.1,F68.8, F69

Hospital records or physician claims (1+ visits):
Substance use ICD-9-CM: 291, 292, 303, 304, 305;
ICD-10—-CA: F10-F19, F55

Hospital records or physician claims (1+ visits):
Schizophrenia ICD-9—-CM: 295;
ICD-10—-CA: F20, F21, F23.2, F25

Hospital records or vital statistics records(1+ visits):
Suicide death/attempt ICD-9-CM: E950-E959, E980-E989;
ICD-10-CA: X60-X84, Y10-Y34

Number of visits indicates how many physician claims, or inpatient records with the diagnosis are required before classifying an
individual as a case

64| Page



Table 3-2: Birth cohort characteristics and follow-up

Total births
Study cohort (age 10)
Suicide attempt
Suicide death
Mental disorder diagnosis**
Anxiety
Mood and adjustment
Personality
Schizophrenia

Substance use
* % of study cohort

** physician diagnosis by age 25; follow up calculated using suicide death outcomes by disorder
Note: some members of the cohort were younger than 25 at the end of data, therefore attrition
rates are shown for age 25 and for attrition before the end of available data.

N

236809

92890
875
105

16176
19736
2014
795
6981

(%)*

()
(100)
(0.9)
(0.1)

(17.4)
(21.2)
(2.2)
(0.9)
(7.5)

59.8
59.5

68.1
66.2
69.4
68.3
66.8

Outcome-specific Follow up (%)

Until Age 25 Until end of study

86.6
86.5

92.8
90.9
90.1
91.7
89.5
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Table 3-3: Cumulative incidence of suicide deaths per 100,000 population

Full study cohort

Birth cohort 1979-1986
1987-1993

Sex Male
Female

Mental disorder diagnosis
Anxiety
Mood and adjustment
Personality
Schizophrenia
Substance use

Age 15
8.9
8.5
9.3
8.7
9.1

1-year**

30
50
190

*

150

95%Cl
4.3to 17
3.0to 22
3.3to24
3.1to 22
3.2to 23

95%Cl

12to 70
26to 90
60 to 480

*

80to 270

Age 20
60
50
71
71
48
5-year**

132
177
519
575
500

95%CI
46to 78
33to 74
49 to 100
50 to 102
31to 734

95%CI

81to 223
122 to 252
256 to 967
158 to 610
333 to 728

Age 25
129
127

*
156
101
10-year**

318
491
1005
2103
967

95%Cl P-Value
106 to 156 N/A
97 to 164 0.77

*

121 to 199 0.0378
74 to 137
95%CI

201 to 488
354 to 668
492 to 1870
552 to 5678
668 to 1361

* estimates unreliable due to small number of events

** years from initial diagnosis

66 |Page



Table 3-4: Cumulative incidence of suicide attempt per 10,000 population

Full study cohort

Birth cohort 1979-1986
1987-1993

Sex Male
Female

Mental disorder diagnosis
Anxiety

Mood and adjustment
Personality
Schizophrenia
Substance use

Age 15
20
24
15
7.2
33

1-year*

29
82
271
271
104

95%Cl
17to 23
20to 29
12to 19
5t0 10
28t0 38
95%Cl

22 to 38
70 to 95

207 to 348
175 to 400
82to 130

Age 20
71
81
59
42
101

5-year*

98
213
573
568
302

95%Cl
65to 76
73 to 89
52 to 67
36to 48
92 to 110

95%Cl

83to 116
192 to 236
470 to 688
406 to 767
259 to 349

Age 25
103
114
92
76
133

10-year*

203
389
838
961
643

95%Cl P-Value
97 to 111 N/A
104 to 124 0.0011
83 to 103
68 to 84 <0.0001
121to 144
95%ClI

172 to 238
350to 432
684 to 1010
575 to 1470
527 to 773

*years from initial diagnosis
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Figure 3-1: Epanechnikov kernel-smoother hazard functions for first suicide attempt admission
with 95% confidence limits
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CHAPTER 4: EMERGENCY DEPARTMENT AND INPATIENT CODING FOR SELF-
HARM AND SUICIDE ATTEMPTS: VALIDATION USING CLINICIAN ASSESSMENT
DATA

4.1 Chapter overview

The previous two chapters examined the epidemiology of diagnosed mental illness and
hospitalized suicide attempts. Administrative data were the source of information on diagnosis
and suicide attempt-related hospitalization. Some health researchers have questioned how well
these data can identify those with mental illnesses and suicide attempts. Although some
validation work has been done in this area more research is needed to guide use of data,
particularly for suicide attempts where validation research is sparse and heavily focused in the
United States.

This chapter assesses the agreement between hospital coded cause of injury codes and
psychiatrist determined suicide attempt and self-harm presentation status from a clinical dataset.
In addition to assessing agreement between these two methods of determining the suicidality of
presentation, this chapter will use the psychiatrist determined presentation status as a gold
standard to determine the sensitivity, specificity, and negative/positive predictive values for

hospital coding of self-harm and suicide attempts.

Publication details:
Randall JR, Roo LL, Lix LM, Katz LY, Bolton JM (2017). Emergency department and
inpatient coding for self-harm and suicide attempts: validation using clinician assessment data.

International Journal of Methods in Psychiatric Research.
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4.2 Abstract

Objective: Administrative data have been used to determine the occurrence of suicide attempts
and deliberate self-harm, but research about the accuracy of these sources is limited. This study
aimed to assess the accuracy of inpatient coding for individuals that were assessed by
psychiatrist for suicidality during an emergency department visit that resulted in hospitalization.
Methods: This study used a clinical sample (n=5719) containing psychiatry consultations from
the emergency departments and inpatient units of the two major tertiary hospitals in Winnipeg,
Canada to validate the accuracy of inpatient hospital diagnosis codes at identifying presentations
for self-harm and suicide attempts. The Columbia Classification Algorithm of Suicide
Assessment (C-CASA) was used as the gold standard. Administrative data from hospital
discharge abstracts provided International Classification of Diseases version 10-CA codes for
intentional self-harm, undetermined intent injury, and accidental poisoning were assessed.
Measures of validity included Kappa (K), sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV).

Results: Sensitivity of hospitalized attempts was low using intentional intent codes (36.9%, 95%
confidence interval [Cl]: 32.4% to 41.4%) but improved using unknown intent and accidental
poisoning codes (44.8%, 95%CI: 40.2% to 49.4%). Agreement for suicide attempts did not
increase with the addition of unknown intent and accidental poisoning codes (K = 0.465 to
0.481), but were better for any self-harm (K = 0.395 to 0.478).

Conclusion: Hospital diagnosis codes undercount attempts and self-harm admissions. Including

more data sources might improve the detection of events.
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4.3 Background
Suicidal behaviour has been the subject of a substantial amount of research. Many studies of
suicidal behaviour have focused on assessing potential risk factors.> Understanding the factors
leading to suicidal behaviour is expected to improve treatment for patients and to prevent the
occurrence of the significant morbidity and mortality associated with suicidal behaviour.® In the
last few decades research has increasingly used administrative databases and registries to provide
information on the occurrence of risk factors and suicide attempts and deaths.”*® These registries
contain records of the use of health services by individuals and allow population-based work
with significant power to be conducted. However, administrative data are not primarily intended
to be used for research and require validation of their contents and appropriateness for use as
research variables.'®'” Prior research has examined the accuracy of the coding in Canadian
hospitals for mental illnesses and found that accuracy was acceptable.’® 2

The validity of the occurrence of suicide attempts and deaths derived from these data is
important to the interpretation of work relying on this information. Research assessing methods
of identifying suicide attempts in administrative data is insufficient and a recent systematic
review determined that more research is needed.?? This review identified only six small sample
studies and none of which used the newest version of the International Classification of Disease
coding system, version number 10 (ICD-10). These studies also chiefly relied on chart reviews to
establish a gold standard; such work relies on proper documentation in the charts. Larger
samples with better gold standards are required to understand the validity of diagnostic coding
schemes for these outcomes.

Some prior research has suggested that many suicide attempts are not being detected in

administrative data.?? Attempts that are never treated medically will not be detected using these
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data. However, even when treated in the emergency department or an inpatient unit, a substantial
portion of suicide attempts might be missed. Analysis of Canadian emergency department data
found that the number of individuals recorded as having an injury of undetermined intent is a
noticeable portion of presentations and almost as many presentations as were classified as
intentional self-injury.?® This means that relying solely on individuals with intentional self-injury
codes and ignoring those coded with injuries of undetermined intent might lead to an
undercounting of self-harm in administrative data.”>**

This can be due to several factors including physicians listing underlying mental illnesses
as the diagnosis and not properly charting the occurrence of suicidal behaviour, and gaps in
administrative data (such as limited information on ED triage presenting complaint). Using
different combinations of ICD codes can improve the sensitivity of detecting suicide attempts but
may cause a high rate of false positives. Properly understanding the accuracy of identifying
suicide attempts with these codes is crucial to future work. Currently there is no evidence-based
consensus on the best way to code for suicide attempts and deliberate self-harm using ICD-10
diagnostic codes. Research on the relationship among ICD-10 codes for external cause of injury,
suicide attempts and deliberate self-harm is needed to guide researchers and understand the
strengths and limitations of studies using these outcomes.

This paper examined the validity of using ICD-10 diagnostic codes in hospital discharge
records to identify suicide attempts and deliberate self-harm presentations admitted to inpatient
units. It used clinician assessment of the occurrence of self-injury as a gold standard to determine
whether an admission was a suicide attempt and/or deliberate self-harm (including both suicidal
and non-suicidal self-injury). Diagnostic codes of interest included those for intentional self-

harm, self-harm of undetermined intent, and accidental poisonings derived from hospital
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discharge data. These analyses were focused on admitted patients due to ICD-10 codes not being
recorded for patients discharged from the ED. This study also examined the triage complaints
from the emergency department records and their occurrence among those presenting with
suicide attempts, self-harm, or with no self-harm. We hypothesized that the intentional self-harm
ICD codes would have high specificity but modest sensitivity, and that including ICD codes for
self-harm of undetermined intent and accidental poisoning codes in the definition would improve
the sensitivity slightly while reducing the specificity. We also hypothesized that triage
complaints would not be able to accurately identify those with suicide attempts and self-harm.
4.4 Methods

4.4.1 Sample

The study sample was obtained from emergency departments of the two tertiary care hospitals in
the city of Winnipeg, Manitoba, Canada. Due to the single-payer health care system in the
province, these hospitals are accessible to all residents of the province and are not limited to
individuals based on insurance coverage or other factors. Those hospitals have fulltime
psychiatrists and psychiatry residents. As part of their assessment, the psychiatric staff and
residents servicing these emergency departments are required to fill out the Suicide Assessment
Form in Emergency (SAFE). Data from all psychiatric consultations were collected between
January 1, 2009 and December 31, 2012. These consultations consisted of all consecutive adult
patients referred for psychiatry consultation after presentation to these emergency departments.
The first visit for each individual in the specified time period was selected to form the analysis

sample.
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4.4.2 Clinical assessment for suicide attempt and self-harm

SAFE contains several risk factor assessments as well as information on date of presentation and
the Columbia Classification Algorithm of Suicide Assessment (C-CASA). The C-CASA isa
standardized tool that classifies suicidal and self-harm behaviours, ideation and planning, sorting
individuals into mutually exclusive categories.”® The C-CASA classification served as the gold
standard in this study. The following C-CASA categories were used: suicide attempts, self-
injurious behaviour (no suicidal intent), self-injurious behaviour (intent unknown), suicidal
ideation, and preparatory acts toward imminent suicidal behaviour. Self-harm presentations
included any presentation assigned to the following C-CASA categories: suicide attempts, self-
injurious behaviour (no suicidal intent), self-injurious behaviour (intent unknown).
Classification is based on the current presentation, and past self-harming thoughts and
behaviours are not included in this assessment.

4.4.3 Administrative data linkage

Records from the SAFE data set were linked to administrative records housed at the Manitoba
Centre for Health Policy (the Repository) using patients’ Provincial Health Insurance Numbers
collected during the assessment. The Repository contains information on medical services
provided by the province of Manitoba’s single-payer health care system. The Repository
contains individual-level data on over 99% of the province’s population. Two databases from the
Repository were used: the Emergency Department Information System (EDIS), and the Hospital
Discharge Abstract Database. EDIS is used in both of the hospitals to track and record visits by
individuals to the emergency department. EDIS captures the triage presenting complaint;
relevant categories of complaints include ‘Mental health’, ‘Substance use’, and ‘Trauma’. More

specific categorizations within these categories include ‘Depression, suicidal, self-harm’,
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‘Overdose’, and ‘Laceration’. Moreover, supplementary information can be used to identify the
following: ‘Attempted suicide, clear plan’, ‘Active thoughts’, ‘High risk/unknown substance, and
‘Altered Level of Consciousness’. Only the chief complaint is recorded in EDIS, therefore
patients presenting with issues other than suicide attempts might have those issues listed as the
chief complaint.

The Hospital Discharge Abstract Database identified individuals admitted to inpatient
units following emergency department presentation and was the source of diagnosis codes for
validation. This database contains records for all admissions in the province and captures up to
25 diagnosis codes for each inpatient admission. The diagnoses are coded using International
Statistical Classification of Diseases and Related Health Problems version 10 Canadian
Enhancement (ICD-10-CA; CIHI 2001). Coding was performed by trained medical coders,
coding of disorders is thorough and comprehensive based on the documentation of clinicians.
The following codes were used to determine suicide attempts: Intentional self-harm (ICD-10-CA
codes X60-X84), injury of undetermined intent (Y10-Y34), and accidental poisoning (ICD-10-
CA codes X40-49). These codes were selected because of their use in previous validation and
epidemiology research.?%" All 25 diagnoses were scanned to detect the occurrence of these
codes. These codes are not available for patients discharged from the ED.

No variable recorded in the SAFE dataset can link individual SAFE records to specific
emergency department and inpatient visit records held in the Repository; only date and personal
health insurance numbers are available. Therefore, the administrative records were grouped
together based on dates. Emergency department visits were identified and records on the same
date or subsequent dates were combined into one record, or event. A space of two days without

any administrative record was used as an indication that an event had ended. Hospital records
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provide both admission and discharge dates for this purpose. All analysis is based on these
grouped records, which will be referred to as ‘events’ to differentiate them from ‘emergency
department presentations’. Since multiple emergency department visits are possible within the
same event, a specific event may have multiple triage codes. Between-facility transfers may lead
to one event being linked to multiple hospital records. All hospital discharge records were
scanned for the diagnostic codes of interest.

4.4.4 Statistical Analysis

Frequencies were calculated for individuals based on their EDIS complaint categorization and
whether they were coded as a suicide attempt or undetermined intent self-harm in hospital
records. The distribution of these classifications was assessed for those with a suicide attempt
and self-harm. The agreement of the ICD-10-CA codes from administrative records and suicide
attempts/self-harm determined by C-CASA was assessed using the kappa (K) statistic.?® Kappa
was interpreted using the following groups; K <0 — less than chance, 0.01 -0.20 — slight
agreement, 0.21-0.4 — fair agreement, 0.41-0.60 — moderate agreement, 0.61-0.80 — Substantial
agreement, >0.81 — Almost perfect agreement.?®* These heuristics should be used with caution
since one number statistics provide a limited assessment of validity and usefulness and the kappa
statistic weighs sensitivity and specificity equally. Three definitions of ICD codes were used —
X60-X84; X60-X84 and Y10-Y34; and X60-X84, Y10-Y34 and X40-49. Frequencies
comparing C-CASA classification with these codes were derived twice — once for all of the
emergency department events and again with the sample restricted to events with inpatient
admissions. Further validity statistics are determined for admitted patients since ICD-10 codes
are only available for admitted patients. Predictive statistics and their 95% confidence intervals

(Cls) were derived, including sensitivity, specificity, positive predictive value (PPV), and
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negative predictive value (NPV). Frequencies and standardized differences for the five most
relevant EDIS complaints among admitted patients were compared between the C-CASA
determined self-harm/attempt patients and those detected by the ICD coding algorithms to assess
for potential bias from using ICD codes.

3.4.5 Ethical approval

Ethics approval was obtained from the University of Manitoba’s Health Research Ethics Board
(HREB #: H2015:009) and data access was granted by the Government of Manitoba’s Health
Information Privacy Commission (HIPC #- 2014/2015 — 41).

4.5 Results

The sample consisted of 10150 assessment records in the SAFE dataset, of which 9319 were
linkable to the Repository. A total of 6025 index visits were identified, 5719 of these had C-
CASA assessment information in the SAFE data and comprised the study sample (Table 4-1).
Among the linked presentations, 3013 were male (52.7%) with a mean age of 41.4 years (median
=39; SD = 17.4). 780 presentations were classified as suicide attempts according to the C-CASA
classification. 1147 presentations were due to self-harm (20.1%; including those previously
assessed as attempts). Visits categorized as having imminent plans consisted of an additional 190
(3.3%), while suicidal ideation was the classification for 1495 (26.1%).

Table 4-2 contains the frequencies of individuals classified into the four C-CASA
categories according to the inpatient diagnosis records (X60-X84). The estimate of kappa for
suicide attempt categorization for all emergency department visits (both admitted and non-
admitted visits) was K = 0.295 (95%CI= 0.252 to 0.339), which is considered fair agreement.?
Agreement between self-harm and the hospital records was K = 0.229 (95%CI= 0.187 to 0.270,

fair agreement). Restricting the sample to the admitted visits improved K to 0.465 (95%Cl=
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0.414 to0 0.516) and 0.393 (95%CI= 0.347 to 0.443) respectively; these figures translate into
moderate and fair agreement. Using the broader suicide attempt definition including unknown
intent codes led to better agreement in all cases, but particularly improved the accuracy of
identifying self-harm. The value of K after including unknown intent codes for predicting self-
harm admissions was 0.434 (95%CI= 0.388 to 0.479). Suicide attempt admissions had K = 0.482
(95%CI1=0.433 to 0.531). Further adding the Accidental Poisoning codes had little impact on the
kappa for suicide attempts (0.481, 95%CI= 0.434 to 0.528) but improved K to 0.478 (95%Cl=
0.435 to 0.521) for self-harm. Frequencies for the two expanded definitions are displayed in
Table 4-3.

Using the C-CASA assessment as the gold standard, the predictive ability of the
administrative data coding for the admitted patients is shown in Table 4-4. The sensitivity of the
diagnostic codes was poor. The X60-X84 codes identified only 36.9% (95%ClI= 32.4% to
41.4%) of those admitted with an attempt, that is 63.1% of admitted suicide attempts were not
detected using the intentional self-harm codes. Adding the Y10-Y34 codes marginally improved
the sensitivity to 41.0% (95%CI= 36.4% to 45.6%). The sensitivity for capturing self-harm was
lower at 29.7% (95%CIl= 26.2% to 33.3%), with sensitivity increasing to 34.2% (95%CI= 30.5%
to 38.0%) with the Y10-Y 34 codes. The PPV and specificity were fairly good, however. These
statistics were slightly higher for the more general self-harm group than for the suicide attempt
group. Adding accidental poisoning increased the sensitivity for self-harm admissions to 40.0%
(95%CI1=36.2% to 43.9%). The poisoning codes only slightly increased the sensitivity for
suicide attempt admissions (43.6%, 95%CI= 40.2% to 49.4%) while decreasing the PPV to
66.8% (95%CI=61.4% to 72.1%). In all instances the majority of people that were determined to

have made a suicide attempt or engaged in self-harm by the clinician were not detected using all
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of these codes. Since non-admitted patients do not receive ICD-10-CA codes they will be missed
entirely. Sensitivity for all events was 21% (95%CI= 18.2% to 23.9%) for the X60-X84 codes,
increasing to 23.3% and 25.5% when the Y10-Y34 codes and X40-X49 were added. Without
further data on emergency department treatment, a solid majority of emergency department
events were not detected.

Table 4-5 presents the occurrence of the various EDIS triage complaint categorization by
suicide attempt and self-harm classification. Mental health was the most common primary
classification with 48.7% of the self-harm presentations in this group compared to 73.7% of the
people with no self-harm. Of these presentations, 83.5% were classified under ‘Depression,
suicidal, self-harm’. Approximately a third of the self-harmers were categorized under the
‘substance use’ and ‘overdose’ presentation categories. There were 195 (25.0%) suicides
attempts and 233 (20.3%) self-harmers with the ‘Attempted suicide, clear plan’ classification,
but 162 (3.5%) non-self-harmers were also given this classification. Table 4-6 shows the
occurrence of the 5 most relevant EDIS complaints among admitted patients and how common
they were between individuals classified as self-harm or attempt patients by C-CASA, and the
three ICD coding methods. A downward bias was apparent for three of the complaints; ‘Mental
Health’, ‘Depression/suicidal/self-harm’, and ‘Attempt suicide, clear plan’. ‘Mental health’ and
‘Depression/suicidal/self-harm’ was approximately half as common among the group detected
through ICD codes than expected based on the frequency in the C-CASA attempt group (ratios
between 0.6 and 0.49 relative to C-CASA attempt group frequency). These are equal to
standardized differences of between 0.37 and 0.49. The bias for these three complaints was least
when using only X60-X84 codes. Overdose triage complaints were overrepresented in those

detected by ICD codes by 1.09 to 1.23 times the expected frequency compared to the CASA
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attempt group. In this instance the ‘X60-X84, Y10-Y34’ coding was the least biased. The
standardized differences for overdose are between 0.06 and 0.15. The ‘Attempted suicide, clear
plan’ was 0.89 to 0.7 times less common among those identified with the ICD codes compared to
the C-CASA attempt group. The standardized differences between these groups were between
0.06 and 0.18.

4.6 Discussion

Our findings suggest that the use of ICD-10 codes in administrative data for detecting hospital-
treated suicide attempts and self-harm is an imperfect method of detecting these outcomes. The
main issue is the poor sensitivity of the codes. Even among those admitted with a suicide
attempt, less than half of the sample was identified from the intentional self-harm codes. This
finding has substantial impact for population-based administrative data research relying on
suicide attempts as an outcome measure. The PPV of the codes is better, but still not perfect.
Adding the undetermined intent codes improved the sensitivity, although at the expense of a
reduced PPV. When the codes are used to detect suicide attempts, approximately half of the false
positives are due to other instances of self-harm. This study suggests that at least 75% of suicide
attempts presenting to the emergency department will be missed if ICD-10 codes from hospital
discharge records are used. Even the majority of individuals admitted to the hospital are missed
if ICD-10 codes are the only data used to detect attempts.

A recent systematic review of validation studies on using ICD codes to detect suicide
attempts treated at hospitals determined that research in this area is lacking.?* No studies
examining ICD-10 coding were located, as all previous validation studies were based on ICD-9.
A current literature search did not locate any additional relevant studies. Using presenting

complaints in systems like EDIS may prove helpful in improving the accuracy of detecting self-
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harm using ICD codes. However, the EDIS third level category for ‘attempt suicide, clear plan’
appears to capture very few of those with self-harm and a large number of non-self-harming
individuals. This field is also optional and is often left blank. Conversely, two of the secondary
categories (Overdose and Depression/suicidal/self-harm) both managed to identify a large
number of those with self-harm. The overdose category also had a good PPV in the sample,
though this is likely to decrease in a sample containing all emergency department visits. Using
overdose presentation in conjunction with mental health ICD codes or with psychiatric
treatment/assessment tariffs may prove effective in detecting a sizeable portion of the self-harm
presentations. A limitation of triage systems similar to EDIS is the reliance of a single presenting
complaint. This means that other comorbid conditions may be triaged as the main complaint
instead of self-harm, and this will occur more often among those with less medically serious self-
harm. This may explain why some individuals do not appear to have a relevant triage complaint.
The PPV estimates found in this study are similar to the previous results for intentional
self-harm derived from ICD-9 codes E950-E959.3%% The PPV of the codes were acceptable,
especially for self-harm without specifying intent. About half of the false positives that occur
when deriving suicide attempt outcomes appear to be due to other forms of self-harm. This will
hinder research aiming to use suicide attempts, specifically, as the outcome. However, this
should not be a serious impediment, since individuals that attempt suicide and individuals that
self-injure share similarities across many risk factors and non-suicidal self-injurers are the
minority of those detected by the codes.®” These data also suggest that these codes are specific
enough to determine that people missed will be largely true negatives. It is likely that the NPV

from a sample of all hospital admissions would be higher than the estimates here.
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Few studies have examined the sensitivity of ICD codes. The work validating suicide
attempt coding in the systematic review did not determine the sensitivity of the codes at
detecting hospital-treated suicide attempts, only the sensitivity of the codes at detecting suicide
deaths.?? Depending on the importance of PPV or sensitivity in detection of suicide attempts,
researchers can opt to restrict to X60-X84 codes or use the expanded definition including Y10-
Y34 and X40-X49. For deriving self-harm, the use of the expanded definition appears to be
superior.

The ability to separate non-suicidal self-harm from suicidal self-harm is a potential
challenge when using administrative data. Some researchers have opted to label events derived
from these data as being self-harm events whereas others have persisted in describing these
events as suicidal. This study suggests that using expanded criteria (including Y10-Y34) in order
to detect self-harm outcomes is likely the most accurate method of coding. The accuracy of
detecting suicide attempts specifically is similar when using this expanded coding as well.
Therefore using these codes to detect suicide attempts is feasible. However, restricting the
definition to intentional codes (X60-X84) would reduce the occurrence of false positives and is
advisable when PPV is more valued than sensitivity. This is potentially the case when
conducting risk factor or causal studies and this is supported by the smaller bias in EDIS triage
complaints found when using only the X60-X84 codes. Including the unknown intent codes
would be superior when sensitivity is the primary concern. Specifically, this would be advisable
when estimating incidences of suicide attempts. Expanding the codes used in detection would
produce numbers more closely approximating the actual incidence of self-harm and suicide
attempts. Including accidental poisoning improved the sensitivity and kappa agreement, but in

practice the opposite might occur as non-mental health related accidental poisonings will be
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identified. Adding an additional requirement of at least one mental health diagnostic code or
treatment code before including accidental poisonings would potentially address this issue.

These results have implications for the use of administrative data to track the prevalence
of suicide attempts and as the data source for suicide outcomes for causal studies. The low
sensitivity indicates that there is likely a significant undercounting of the number of admitted
patients estimated using these codes. The implication is less clear for causal studies. Missing
cases are likely to bias estimates towards the null if the missing cases are similar to the identified
individuals. However, if the identified individuals are not similar to the missed cases then other
biases could also occur. It is possible that more severe cases would be detected
disproportionately and this could cause risk factors to be differentially biased away from or
towards the null, depending on whether they are associated more often with serious or less
serious attempts. Overdoses presentations appear to be overrepresented according to the bias
assessment potentially due to these reasons.

These results should be generalizable to other similar acute care settings. Institutions with
comprehensive record keeping and trained medical coders deriving ICD codes should produce
similar results. Areas with standardized psycho-social assessment of suicidality included in the
chart should have increased validity using these codes. Hospitals without psychiatric assessment
available 24 hours a day (e.g., rural hospitals) might perform poorer due to less thorough psycho-
social assessment and documentation. Areas without comprehensive coding of charts will likely
also perform poorly and poor assessment and coding will likely result in more false negatives
particularly.

The main reason for errors in coding is probably poor documentation in the charts.

Individuals miscoded with Y10-Y34 codes are a good example as these are likely individuals
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with injuries and overdoses listed in the chart, but no clear documentation of intention. Medically
minor self-harm might be treated in the emergency department, or not require any treatment at
all, while the inpatient records might fail to mention self-harm due to a focus on what the treating
physician determined to be the main issue (e.g., depression). The coding of charts is performed
by trained medical coders who are taught to code diagnoses comprehensively; they should
correctly code self-harm and attempts that are clearly documented in the charts.

This study used consecutive sampling of patients receiving psychiatric consultations in
the emergency department. The C-CASA assessment of treating psychiatrists/psychiatric
residents was used to determine whether specific visits were attempts, any form of self-harm, or
not. Previous validation efforts have normally used chart reviews to determine whether visits
were suicidal in nature. However, such reviews allow for a considerable degree of interpretation
and assume that charting contains all of the relevant information. Classification of the
presentations using the C-CASA completed by the clinician who performed the psychiatric
assessment is likely to be more accurate than chart reviews. This work also used a sample
considerably larger than previous studies.

A study limitation was the inability to assess the accuracy of determining suicide
attempts using emergency department ICD codes; external cause of injury codes specifying
intent are not recorded for visits to emergency departments in Manitoba. Another limitation is
that approximately 13% of the sample either was not linkable to specific emergency department
visits in the administrative records or was missing the C-CASA assessment. This was mostly due
to missing dates or missing health insurance numbers in the SAFE data. While this information
appears to be missing randomly, the possibility of bias cannot be entirely dismissed. However,

due to the relatively small percent missing, the bias is unlikely to be large enough to substantially
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affect the statistics obtained. Another limitation is this study’s restriction to individuals assessed
by the psychiatry consult service. Without assessment by psychiatry there is no C-CASA
assessment to use as a gold standard. Individuals not consulted to psychiatry may have engaged
in less serious self-harming behaviour or to have less severe comorbid conditions at presentation.
The psychiatry consult service also only assesses adult patients. Therefore this study was limited
to assessing the accuracy of these codes for those 18 years of age and older. Another limitation is
that these results reflect the accuracy of coding done an inpatient setting and may not be
generalizable to other psychiatric or outpatient settings. Other settings are likely to have less
thorough coding and documentation and the performance of these codes could potentially be
worse. This is likely to be reflected with even lower sensitivity for suicide attempts or self-harm,
and the possibility of false positives exists but is likely less common. Generalization of these
results outside of inpatient settings is not recommended. Another limitation is the use of linkage
by date to match the SAFE data set and the administrative data records. This may cause some
misclassification if records are linked in that are not related to the SAFE assessment
presentation. This method does combine a small number of individuals with multiple ED
presentations (about 1% of presentations). However this misclassification is not likely to affect
the statistics since it occurs infrequently.

4.7 Conclusion

This study assessed the accuracy of ICD-10 diagnosis codes at detecting patients admitted due to
a suicide attempt or self-harm from among all patients consulted to psychiatry from the
emergency department and non-psychiatric units. Relevant individuals were likely to be
accurately identified by the codes, but the sensitivity of the codes is low. These findings suggest

that research using these codes to identify suicidal behaviour outcomes is likely missing in the
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vicinity of one half to two thirds of their outcomes. This is likely to cause significant
undercounting of prevalence and incidence and may bias the results of causal studies. Future
research should continue in this area. Examining the potential usefulness of non-1CD-based data

sources, such as EDIS, to derive detection algorithms is a potential area that should be examined.
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Table 4-1: Descriptive statistics of index
emergency department events captured in

the SAFE datasets

N

Sample 5719
Sex(male) 3013
Admitted to hospital 3328
C-CASA classification
Suicide attempt 780
Self-harm* 1147
Imminent plans 190
Suicidal ideation 1495

Mean
Age 41.4

%
100
52.7
58.2

13.6
20.1
3.3
26.1
SD
17.4

*includes suicide attempts
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Table 4-2: Administrative data diagnostic codes compared to C-CASA classification

codes
ICD codes for Intentional self-harm (X60-X84)
All emergency visits Admitted to hospital

C-CASA classification Yes No Yes No
Suicide attempt Yes 164 616 164 280

No 36 4900 36 2848

Self-harm Yes 185 962 185 437

No 15 4554 15 2691
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Table 4-3: Administrative data diagnostic codes with expanded definitions
compared with C-CASA classification

X60-X84, Y10-Y34

Emergency visits Admitted to hospital

C-CASA classification Yes No Yes No
Suicide attempt  Yes 182 598 182 262
No 60 4876 60 2824

Self-harm  Yes 213 934 213 409
No 29 4540 29 2677

X60-X84, Y10-Y34, X40-X49

Suicide attempt  Yes 199 581 199 245
No 99 4837 99 2785

Self-harm  Yes 249 898 249 373
No 49 4520 49 2657

X60-X84 are the ICD codes for intentional self-harm
Y10-Y34 are the ICD codes for undetermined intent
X40-X49 are the ICD-10 codes for accidental poisoning
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Table 4-4: Validation statistics for admitted patients using different coding methods

X60-X84

X60-X84, Y10-Y34
Suicide Attempt

X60-X84, Y10-Y34, X40-X49

Statistic Estimate (95% Cl) Estimate (95% Cl) Estimate (95% Cl)

Sensitivity 36.9% (32.4% to 41.4%) 41.0%(36.4% to 45.6%) 44.8% (40.2% to 49.4%)
Specificity 98.8% (98.3% t099.2%) 97.9%(97.4% t0 98.4%) 96.6%(95.9% to 97.2%)
PPV 82.0% (76.7% to 87.3%) 75.2%(69.8% to 80.6%) 66.8%(61.4% to 72.1%)
NPV 91.0% (90.0% to 92.0%) 91.5%(90.5% t092.5%) 91.9%(90.9% to 92.9%)

Self-harm

Statistic Estimate (95% Cl) Estimate (95% Cl) Estimate (95% Cl)

Sensitivity 29.7% (26.2% to 33.3%) 34.2%(30.5% to 38.0%) 40.0% (36.2% to 43.9%)
Specificity 99.4% (99.2% to 99.7%) 98.9%(98.5% t099.3%) 98.2%(97.7% to 98.7%)
PPV 92.5% (88.8% t096.2%) 88.0%(83.9% t092.1%) 83.6%(79.3% to 87.8%)
NPV 86.0% (84.8% to 87.2%) 86.7%(85.6% to 87.9%) 87.7%(86.5% to 88.9%)

X60-X84 are the ICD codes for intentional self-harm
Y10-Y34 are the ICD codes for undetermined intent
X40-X49 are the ICD-10 codes for accidental poisoning
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Table 4-5: Emergency Department Information System (EDIS) triage category by C-CASA

classification

Suicide Attempt Self-harm No Self-harm
N =780 N=1147 N = 4569

Primary triage category N column % N column % N column %
Mental Health 344 441 559 48.7 3368 73.7
Substance misuse 276 35.4 348 30.3 104 2.3
Trauma 44 5.6 61 5.3 68 15
Multiple* 13 1.7 15 1.3 19 0.4
Secondary triage category N column % N column % N column %
Depression/suicidal/self-harm 326 41.8 467 40.7 1596 349
Overdose 269 34.5 335 29.2 46 1.0
Laceration 15 1.9 32 2.8 9 0.2
Multiple* 9 1.2 10 0.9 8 0.2
Tertiary triage category N column % N column % N column %
Attempted suicide, clear plan 195 25.0 233 20.3 162 3.5
Active thoughts 56 7.2 79 6.9 271 5.9
High risk/unknown substance 78 10.0 104 9.1 17 0.4
Altered Level-of-consciousness 29 3.7 42 3.7 62 1.4
Multiple* C C c C c [0

*visit contains more than one of the above codes

**self-harm includes all C-CASA classifications involving self-injury

c= censored due to small number of events
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Table 4-6: Assessment of bias in triage chief complaint among admitted patients using ICD-derived attempt and self-harm

groups
Suicide Attempt* Self-harm* X60-X84 X60-X84, Y10-Y34 X60-X84, Y10-Y34, X40-X49
N =444 N =622 N =200 N =242 N =298

Primary triage category N column % N column % N column % N column % N column %
Mental Health 205 46.2 311 50.0 55 27.5 63 26.0 71 23.8
Secondary triage category N column % N column % N column % N column % N column %
Depression/suicidal/self-harm 193 435 248 39.9 52 26.0 58 24.0 63 21.1
Overdose 141 31.8 159 25.6 76 38.0 84 34.7 116 38.9
Tertiary triage category N column % N column % N column % N column % N column %
Attempted suicide, clear plan 105 23.6 123 19.8 42 21.0 45 18.6 49 16.4

*C-CASA classification of suicide attempt or any self-harm
X60-X84 are the ICD codes for intentional self-harm
Y10-Y34 are the ICD codes for undetermined intent
X40-X49 are the ICD-10 codes for accidental poisoning
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CHAPTER 5: USING LATENT CLASS ANALYSIS TO DETECT SELF-HARM
EVENTS IN THE EMERGENCY DEPARTMENT

5.1 Chapter overview

The next paper examines the use of latent class analysis to determine the occurrence of self-harm
presentations to the emergency department. Earlier work examined the ability of ICD-10-CA
codes from hospitalization records to identify self-harm and suicide attempt presentations for
individuals contained within the SAFE database of emergency department (ED) psychiatry
consultations. Chapter 4 showed that the codes had good positive predictive validity but only
detected slightly less than half of the hospitalized suicide attempts and self-harm identified in the
SAFE data. There is clearly room for improved methods of identifying suicide attempts using

administrative data variables.

This chapter aimed to identify the individuals not linked in the previous study due to
missing provincial health insurance numbers and assessment dates in the SAFE data. It also tried
to identify self-harm presentations not consulted to psychiatry. Chapter 5 will use latent class
analysis to determine and describe the self-harm presentations using administrative and SAFE
data. Latent class analysis is used to identify unmeasured groups (i.e., latent classes) from
measured categorical variables (i.e., indicator variables) that are associated with those
unmeasured groups. Available measures that may be effective at identifying the latent class of
self-harm presentations include mental health diagnosis codes, injury codes, triage chief
complaint and psychiatry assessment/treatment. The paper will discuss whether the measures

used are capable of identifying presentations due to self-harm.
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5.2 Abstract

Objective: To identify instances of self-harm and describe the variables associated with them.
Methods: Linked health administrative databases from Manitoba, Canada were used to identify
emergency department events during routine psychiatric assessment data collection from 2009 to
2012. Injury, mental health, and psychiatric treatment information was extracted from
administrative data. Triage chief complaints from the Emergency Department Information
System (EDIS) including ‘mental health’, ‘depression/suicidal/self-harm’, ‘overdose ingestion®,
and ‘suicide attempt, clear plan’ were used to construct the study measures. Psychiatrist-
determined self-harm presentations were identified from patients consulted to psychiatry. The
analysis sample included events with at least one mental health measure or triage complaint. One
randomly selected presentation for each individual was included in the analysis sample. Latent
class analysis was applied to the study measures using PROC LCA with SAS software. Bayesian
information criterion was used to determine the number of classes. The identified latent classes
were described and classes with potential self-harm presentations were identified.

Results: A latent class model with 7 classes was identified as optimal, including 1 clear self-harm
class. The self-harm class contained 6.26% of the sample. The majority in this class had
psychiatrist determined self-harm (73.7%) and a mood or adjustment disorder diagnosis (65.9%).
Substance use disorders (33.7 %) and personality disorders (19.9%) were also common.
‘Overdose ingestion’’ (31.4%) and ‘depression/suicide/self-harm’ (40.5%) accounted for most of
the triage complaints in the self-harm group. Another latent class had triage complaints similar to
the self-harm class but without psychiatric assessment-related measures. This class could contain

self-harm events not assessed by psychiatry.
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Conclusion: The latent class model identified a clear self-harm class but also identified a second
class of potentially under-documented self-harm, overdose, and ideation events. These results
suggest that administrative data collection should be improved in order to provide a better single
indicator of self-harm.

5.3 Background

The occurrence of suicide attempts presenting to the emergency department (ED) is used both an
outcome for risk factor and treatment research and used in epidemiological studies of the
occurrence of suicidal behaviour.** Estimates for the proportion of ED visits involving suicide
attempts or self-harm are in the area of 0.4% to 0.5% of the total visits in the US.>® However,
using International Classification of Diseases (ICD) codes to identify ED events and inpatient
admission that involved suicide attempts results in imperfect detection.>*° In particular, ICD
codes are likely to undercount the true incidence of self-harm events. Better methods of

identifying self-harm in administrative data are needed to improve research using these data.

Administrative data are regularly collected under the single-payer health care systems
found among Canadian provinces. These data include ICD injury intent codes for admitted
patients previously used in research involving suicide attempts.’™** However, determining the
number of ED events in Manitoba is hindered by ICD injury intent codes not being recorded in
administrative data for EDs— such codes are only available for those also admitted to inpatient
units. Assessment of suicidality using the Columbia Classification Algorithm of Suicide
Assessment (C-CASA)* is done as part of psychiatric consultation in the two main tertiary
hospitals in Winnipeg, Manitoba. These data provide a potentially invaluable source of
information to detect treated attempts in the ED and inpatient settings and provide better

estimates of the incidence of self-harm events than provided using ICD injury codes alone.
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However, there are limitations to the data available. First of all, C-CASA information is only
recorded for individuals receiving a psychiatric assessment during their treatment. Although
psychiatric referral for suicide attempts is expected to be high at these locations, the actual rate
of consultation for these patients is unknown. An unknown number of missed patients could bias
any new detection methods. Secondly, the C-CASA records are missing key data elements

needed to link them with administrative records for approximately 15% of the consultations.

This article aims to use latent class analysis (LCA) and measures of self-harm from
administrative data and the C-CASA assessment to identify self-harm events in the emergency
department. This paper aimed to identify the broader group of all self-harm events (as opposed to
specifically suicide attempt presentations) because the previous chapter indicated that separating
these events based on intent was difficult with these data. LCA uses manifest variables to
identify unmeasured groups. These unmeasured groups are referred to as latent classes. LCA is
helpful in determining disease status when there is no gold standard as true disease status is a
latent class.™>** Previous research has used LCA to assess the validity of diagnoses (including
mental health related diagnoses) when there is no accurate confirmation of true disease status.™
This method can identify the latent class of self-harm events from diagnostic codes, triage
complaints, and clinical assessment available in administrative data. This will not only provide
estimates for the occurrence of self-harm events and how many self-harm events are not being
consulted to psychiatry as part of their assessment, but also provide information for improved
validation of better methods to detect self-harm events using these measures. This method also
has the added benefit of not requiring any chart review or other similar labour-intensive methods

of determining a gold standard to compare against.
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5.4 Methods

5.4.1 Data sources

This study utilizes databases from the Population Research Data Repository at the Manitoba
Centre for Health Policy. This repository includes data on over 99% of individuals residing in
Manitoba.”® This study uses the hospital discharge abstract data, the Emergency Department
Information System (EDIS) database, and the medical claims database. The hospital discharge
abstract data contain information on patients admitted to the inpatient units of hospitals within
the province, including diagnoses coded using the International Classification of Diseases, 10"
revision, Canadian version (i.e., ICD-10-CA).* EDIS contains information on all individuals
presenting to the emergency departments of the two main tertiary hospitals in Winnipeg. These
data include several fields that contain individuals’ presenting complaint. The medical claims
database contains records of all fee-for-service payments made in the province using the 9™
revision (Clinical Modification) of the ICD classification system (ICD-9-CM).!" These records
include one field for diagnosis, an indicator of physician specialty, referral information, and
treatment information. However, ED physicians in the study locations are no longer required to
submit medical claims for their services.

In addition to the databases from the Repository, this study also utilizes the Suicide
Assessment Form in Emergency psychiatry (SAFE) data, which were obtained from the
emergency departments of Winnipeg’s two main tertiary hospitals. Those hospitals have fulltime
psychiatric staff and psychiatry residents. Data on psychiatric consults were collected between
January 1, 2009 and December 31, 2012. These data were linked to the Repository through
Provincial Health Insurance Numbers and date of assessment. This form contains the C-CASA

assessment of suicidality where individuals are sorted into mutually exclusive categories —
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suicide attempt, self-injurious behaviour: no suicidal intent, self-injurious behaviour: intent
unknown, suicidal ideation, preparatory acts towards imminent suicidal behaviour, unknown and
no suicidality.*?

5.4.2 Sample

EDIS was used to identify all presentations to the emergency departments of the two hospitals
during the collection of SAFE data between January 1, 2009 and December 31, 2012. Date of
treatment was used to link each SAFE assessment to an emergency department presentation.
Events, which were the unit of analysis, were created by identifying all presentations in EDIS
data and assessment records on the same date or subsequent dates in the SAFE dataset, along
with relevant hospital discharge abstracts and medical claims data. Two days without any records
in the data determined the end of an event.

5.4.3 Study measures

A series of study measures (i.e., present/absent or yes/no) were constructed. Injury intent
ICD codes in hospital abstract data and physician claims with injury codes were identified and
combined to form a 5-level categorical variable (intentional self-harm admission, injury of
unknown intent admission, accidental poisoning admission, other injury physician claim, and no
injury codes). The ICD codes for this indicator are found in Table 5-1. Diagnosis codes from
hospital discharge abstracts and physician claims were used to ascertain five measures of mental
illness disorders: mood/adjustment, anxiety, personality, schizophrenia, and substance use. The
ICD codes for these indicator variables are shown in Table 5-1. Mood/adjustment, substance
use, and personality disorders were combined into an 8 category joint-item. Physician claims

records were also used to develop an indicator for psychiatry assessment/treatment.
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This study used the triage presenting complaint fields in EDIS to extract additional measures.
There are three hierarchical fields; the first two are mandatory and the third one is optional. The
first field classified events under broad categories such as ‘Mental health’, while a second field
allows for more specific categorization. Complaints of interest in the second field were
‘Depression, suicide, self-harm’, and ‘Overdose ingestion’. The last complaint field was scanned
for individuals listed as ‘Attempted suicide, clear plan’. Binary measures for the ‘Mental health’,
‘Depression, suicide, self-harm’, ‘Overdose ingestion’, and ‘Attempted suicide, clear plan’ were

combined into a single joint-item.

The C-CASA assessment was used to specify a series of indicator variables. The self-harm
indicator combined the following C-CASA categories into a single binary indicator of any
deliberate self-harm; suicide attempt, self-injurious behaviour: no suicidal intent, and self-
injurious behaviour: intent unknown. A suicidal ideation indicator variable was created by
combining the following C-CASA categories; suicidal ideation, and preparatory acts towards
imminent suicidal behaviour. A C-CASA assessment of no suicidality was used to create a ‘No
suicidal ideation/Self-harm’ indicator. Sex and age were combined into a 6-category indicator

based on the following age groups; <25, 25 to 49, and 50+.

5.4.4 Statistical Analysis

Latent class analysis was used to determine self-harm and suicidal ideation classes. The
outputs provided by latent class analysis include the proportion of the sample that is within each
class, and the proportion of individuals within each class having each of the measures. The
proportion of individuals having each of the measures within each class provides a measure of

the association between those measures and membership in that class. A high proportion of
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individuals with the C-CASA self-harm measure will indicate the self-harm latent class.
Conditional dependence was a concern with some of the binary measures. Conditional
dependence occurs when measures within a latent class are correlated. Conditional dependence
can cause biased estimates for class membership and occurrence of measures within different
classes. This dependence can be accounted for with several methods. Additional latent classes
can be added to accommodate conditional independence but in this sample that would require
adding a substantial number of non-informative classes. Instead of adding more classes, related
binary measures were combined using the joint-item approach.'®*° This entails combining
several correlated indicator variables into one variable showing all possible combination of the

component measures.

The latent class model includes the following measures; injury diagnosis, physician diagnosis
(mood/adjustment disorders, substance use and personality disorders), two triage complaint
measures (joint item combination of ‘Depression, suicide, self-harm’ triage, ‘Overdose
ingestion’ triage, and ‘Mental Health’ triage complaints; combination of ‘Attempt Suicide, clear
plan’ and ‘Suicidal Ideation’ triage complaints) and the C-CASA binary indicator variables (i.e.,
‘Self-Harm’, ‘Suicidal Ideation’, ‘No Self-harm/Ideation’). To simplify the presentation of
results the joint-item combinations were presented as binary or categorical since the joint-item

combinations produce many categories and are not straightforward to interpret.

Study measures that were potentially informative but not likely to be coded as a result of self-
harm specifically (i.e., psychosis and anxiety disorders, and treatment by psychiatrists) were not
included as measures in the model since they would cause several irrelevant subgroups of non-

suicidal mental illness classes to be identified. These measures were included as covariates using
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the covariates function of PROC LCA. This allows information from these classes to be used in
classifying individuals into classes while reducing the number of non-substantial classes to be

identified.

The sample was split into two equal halves. The first half was used to develop the latent class
model and the second half was used to provide the estimates for the classes. The estimated
percent of events classified into the self-harm group and rho parameters for suicide-related
classes were compared between these two halves and a lack of agreement between the two could

be a sign of poor internal validity.

LCA uses maximum likelihood estimation to determine the parameter coefficients, but this
method is sensitive to the starting coefficients of the model and may identify a local maximum
instead of the global maximum.*®# Therefore multiple models need to be run with different
starting parameters (i.e., different seeds) in order to ensure that the correct model is arrived upon.
The models were run using 100 seeds for different numbers of latent classes to determine the
best fitting number of classes. These model runs started with 4 latent classes and continued until
the number of classes with the smallest Bayesian Information Criteria (BIC) was identified. The
model started with 4 classes since that the minimum number of distinct classes expected a priori.
The BIC determined the number of classes in the model since prior research supports this criteria
as the best at identifying the correct number of classes.?* The entropy and the percent agreement
among seeds were recorded. The entropy statistic assesses how confidently the model can assign
individuals into latent classes. The entropy statistic ranges from 0 to 1 with 0.8 or higher
considered an indication of good separation of classes.? The percent agreement among seeds
shows how much of the seeds agree with the selected model. If seed agreement is low then the

model might have poor identification or have identified a local minimum.?® The G? statistic and
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its degrees of freedom, which indicate whether the model had good fit, were also recorded. A
poor measure of fit indicated by the G statistic is a good indication that the conditional
independence assumption is being violated.'®* The analysis was performed using SAS software

version 9.4 (SAS Institute; Cary, NC).?
5.4.5 Ethics and Data Access Approvals

Ethical approval was obtained from the University of Manitoba’s Health Research Ethics Board
(HREB #: H2015:009) and data access was granted by the Government of Manitoba’s Health

Information Privacy Commission (HIPC #- 2014/2015 — 41).
5.5 Results
5.5.1 Sample descriptive statistics

A total of 313,057 adult ED events were identified with 29951 having at least one mental health
diagnosis or triage complaint present. The analysis sample contained 19,363 events after
reducing sample to one event per person. Descriptive statistics for the analysis sample, including
study measures, are shown in Table 5-2. The analysis sample had a median age of 44 and 9386
(48.5%) were male. There were linkable SAFE assessments included for 4537 (23.4%)
individuals with 883 (4.6%) and 1279 (6.6%) individuals classified as involving self-harm or
suicidal ideation. The other study measures had the following occurrences; ‘Overdose
ingestion’(7.9%), ‘Depression/suicide/self-harm’ (17.3%), ‘Other mental health’ (19.8%),
‘Attempted suicide, clear plan’ (3.2%), ‘Suicidal ideation’ (3.0%), ‘Intentional self-harm’
(1.6%), ‘Unknown intent’ injury (0.7%), ‘Accidental poisoning’ (1.7%), other injuries (9.8%),

mood/adjustment disorder (28.2%), substance use disorder (14.9%), personality disorder (4.0%),
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anxiety disorder (18.4%), schizophrenia disorder (3.1%), psychiatry assessment/treatment

(33.3%).
5.5.2 Latent Class Analysis Modelling

Information on model fit statistics used to determine the optimal number of classes is located in
Table 5-3. The BIC statistic identified 7 classes as the best number of classes with a value of
4985. The G? statistic was 3086 (df= 22865) which indicates good model fit. Entropy was 0.85
and seed agreement was 41%. All models with 5 or more classes had good model fit based on the

G statistic.
5.5.3 Latent Class Analysis estimates

Table 5-4 presents estimates from the latent class analysis. Iltems combined for joint-item
modelling are shown as proportions for the individual items to aid interpretation. Class 1
contained 6.26% of the events and these events likely involved self-harm as 73.7% of the class
was screened as being self-harm events in the SAFE data. The ‘Overdose ingestion”’ triage
complaint occurred for 31.4% of the class, 40.5% had the depression/suicide/self-harm triage
complaint and 19.7% had the ‘attempted suicide, clear plan’ triage indicator. The intentional self-
harm admission codes occurred in 19.5% of the class with 2.7% and 3.7% having unknown
intent and accidental poisoning codes. The self-harm class had the highest occurrence of both
substance use (33.7%) and personality disorder (19.9%) codes. Mood and adjustment disorder
codes were also elevated compared to most classes (65.9%), while anxiety and psychosis codes
were less common at 17.7% and 6.5%. Members of this class were slightly more often female
(53.1%) and slightly younger. Almost all of the members of this class were seen by a psychiatrist

(98.3%).
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Class 2 contains a high portion of people with suicidal ideation on the C-CASA (96.4%)
and is the suicide ideation class. A total of 6.78% of the events belonged to this class. The
Depression/Suicide/Self-harm triage complaint was found in a solid majority of this group
(68.0%), and the ‘Attempted Suicide, clear plan’ complaint also occurred (9.1%). The ‘Suicidal
Ideation” complaint was highest in this class (15.4%). Injury codes and overdose triage
complaint were very infrequent. Mental disorder codes were found at approximately the same
frequency as in the self-harm group. Individuals in this class were also almost always seen by a

psychiatrist (99.2%).

Individuals in class 3 had a triage complaint of overdose or depression/suicide/self-harm,
but almost no other measures. In particular, this group had no recorded claims by a psychiatrist.
The age profile of this class is also young like the self-harm class. Classes 4 through 7 all contain
mixtures of mental disorder codes and/or mental health triage codes. Class 5 contains mostly
mental health triage complaints, no psychiatry assessment/treatment, and no mental health ICD
diagnosis which indicates that they were likely non-suicidal patients discharged from the ED.
Class 6 was treated by psychiatry and received mental health ICD codes. Slightly more than half
(68.2%) had a mental health triage complaint. This class is likely a combination of psychiatry
assessed mental health ED patients and inpatient consultations based on a third not having a
mental health triage complaint and the rarity of young patients. Class 7 all had anxiety codes and

almost no other measures and are potentially anxious patients with primarily medical conditions.

5.5.4 Split-half agreement on self-harm proportion

The two halves of the sample produced similar estimates for the proportion of events that

involved self-harm. The first half estimated that 6.4% (95% confidence interval: 5.8% to 6.9%)
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of the events involved self-harm versus 6.3% (95% confidence interval: 5.7 to 6.8%) in the
second half.

5.6 Discussion

Although the LCA model was capable of identifying a distinct self-harm class, some self-harm
cases might be occurring within Class 3. The model itself was likely also only effective due to
the use of C-CASA assessments which are not widely available in administrative data. Better
measures or increased recording of C-CASA or similar assessments in the ED are needed to

provide accurate detection.

The LCA models developed in this study estimated that 6.3% of the events identified in
the analysis sample involved self-harm treated in the ED. An additional 6.8% of the events were
identified as involving suicidal ideation, and a third class involving 10.3% of the events could
contain events involving ideation or self-harm that lack sufficient measures to reliably classify
them into either the self-harm or ideation group. This class had triage complaints that could
indicate a self-harm event but were not assessed by psychiatry and not diagnosed with a mental
health code. However, it is also possible that the group contained a combination of depression-
related and non-mental health related overdoses, with few or none of the events involving self-
harm. Currently available data are unable to determine whether these events involve self-harm or
not. Therefore, to accurately detect suicide attempts there must either be improvements in the
triaging of mental health patients recording through EDIS, or the SAFE assessment form needs

to be expanded to all mental health patients.

A study using the American National Hospital Ambulatory Medical Care Survey

(NHAMCS) provided estimates for mental health diagnosis codes among suicide attempt
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events.” They found that 54% percent of those identified as suicide attempt events had at least
one mental health code (ICD-9 290-319). The estimates here are higher than those from the
NHAMCS survey, with mood and adjustment disorders alone being diagnosed in 65.9%
compared to 34% found in that paper. They also found 12% had alcohol abuse (no other
substance use statistics were reported). Another American study that relied on ICD codes to
identify suicide attempts and to examine the mental disorders coded among them also reported
considerably lower occurrence of these disorders than our results found °. Their sample reported
42.1% with mood disorders (another 2.5% reported adjustment disorders which were combined
with mood disorders in our study), 12.1% had substance use disorders and 8.9% had alcohol use
disorders recorded, 6.4% had anxiety disorders, and 3.6% had schizophrenia. Only 0.5% of their
sample had a recorded diagnosis of a personality disorder. A systematic review from Japan also
provided some pooled prevalence estimates for mental disorders 2*. Their estimates based on
ICD codes were lower than those found in this study with the exception of their codes for
schizophrenia, schizotypal and delusional disorders (estimated at 13% versus the 9.5% estimate
for schizophrenia here). Personality disorders were found to be lower using ICD codes (13%),
they were drastically higher in studies using questionnaire based classification (41%, 95% Cl=
24% to 60%). Non-Japanese studies also had lower estimates for mental disorders, with the
exception of a Korean study (finding that 79% of suicide attempts were diagnosed with a mood
disorder) and an American study showing 34% of attempters being diagnosed with a personality

disorder.

These discrepancies might be due to individuals primarily assessed and treated for mental
disorders with non-medically serious attempts not receiving ICD codes and therefore not being

detected in those studies. Conversely, individuals without these codes might be more likely to be
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missed by the LCA model in this study — since probability of membership in the class is partially
determined by these diagnoses. It is possible the third latent class may contain some instances of
self-harm without these codes. These results suggest that the errors in detection are likely to

significantly bias the statistics being reported in these papers as long as they rely on inconsistent

ICD coding to identify self-harm and suicide attempts.

There are some limitations to this study. Previous research has used LCA to identify
disease groups in a fashion similar to the current study,*>**? but this research has identified
some limitations with the LCA methods.?® A fundamental study limitation is in requiring a series
of measures that, as a whole, can identify all the instances of self-harm. This is similar to the
limitations encountered when using multiple imputation or other related methods of adjusting for
missing data. However, whether the current model is sufficient cannot be reliably determined.
One potential issue with the LCA approach is a tendency for the method to overestimate the
accuracy of measures of identify the latent class of interest.?® This is not a significant issue with
the current study since predictive statistics are not being determined and identifying classes with
potentially missed self-harm cases was a study objective. Another limitation of this study was
that it focused on the broader category of self-harm rather than attempting to identify different
sub-groups of self-injury due to the limitations of the data available in administrative data.
Without the C-CASA data it would likely not be possible to reliably discriminate between these
groups with administrative data. Another limitation is that this study relies on a probabilistic
linkage of records across consecutive dates to create an event. This may result in some records
being combined erroneously, including repeated presentations in a short time frame, which could
bias the results away from what would have been found if a perfect linkage of records was

available.
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Conditional dependence is an issue when using LCA, particularly when
diagnosing/detecting conditions as in this study.?” Although the G? statistic suggested good
model fit and no violation of conditional independence, the tests for model fit used for LCA are
not very accurate.”® However, using BIC to determine the number of classes has been shown as
effective and will eliminate any significant conditional dependence by adding additional
classes.?*® The measures used in the study also had several limitations. Some of the measures
are overly broad (e.g., ‘Depression/Suicide/Self-harm’, and ‘Overdose Ingestion’ triage
complaints) which limits their usefulness. Another limitation is that approximately 15% of the
SAFE C-CASA assessments are missing in the analysis — mostly due to missing provincial
health insurance numbers or assessment dates preventing them from being linked into the

administrative data.
5.7 Conclusions

This LCA model in this study found a class that was likely all presentations due to self-harm but
also identified another class that might contain self-harm presentations not consulted to
psychiatry. Currently the available administrative data are not capable of reliably identifying ED
events involving self-harm. The main implication of this study is that improvements in
documentation of self-harm are required. These improvements likely require changes to the
current triage structure of the EDIS system. Particularly there is a need for more specific triage
groups that do not combine suicidal ideation, and self-harm with depression under a single triage

category.
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Table 5-1: ICD codes used to detect mental disorder and injuries

Measure ICD-9-CM codes ICD-10-CA
Anxiety: 300 F40, F41.0, F41.1, F41.3, F41.8,
F41.9, F42

Mood and adjustment disorders: 296, 309, 311 F31, F32, F33, F34.1, F38.0, F38.1,

F41.2, F43.1, F43.2, F43.8, F53.0,
F93.0

Personality disorders: 301 F60

Substance use: 291 F10-F19, F55

Schizophrenia: 295 F20, F21, F23.2, F25

Intentional self-harm: - X60-X84

Injury of unknown intent: - Y10-Y34

Accidental poisoning: - X40-X49

Other injury: 800-999 -

Note: Hospital discharge abstracts records diagnosis using ICD-10-CA codes. Medical claims record
diagnosis using ICD-9-CM.
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Table 5-2: Descriptive statistics for the study data

All events
Events with at least 1 indicator
Analysis sample**

Sex Male
Female

SAFE assessment
Self-harm
Ideation

Triage complaints
Overdose Ingestion
Depression/Suicidal/Self-harm
Other Mental Health
Attempted Suicide, clear plan
Suicidal Ideation
Injury code
Intentional Self-harm
Unknown Intent
Accidental Poisoning
Other injuries
ICD-9/10 Mood/adjustment codes
ICD-9/10 Substance use codes
ICD-9/10 Personality disorder codes
ICD-9/10 Anxiety codes
ICD-9/10 Schizophrenia codes
Psychiatry assessment/treatment
Age Mean
Median

n

313057

29951
19363
9386
9977
4537
883
1279

1522

3340

3840
618
586

307
128
327
1904
5455
2877
780
3567
609
6438

%*

100.0
48.5
515
234

4.6
6.6

7.9
17.3
19.8

3.2

3.0

1.6
0.7
1.7
9.8
28.2
14.9
4.0
18.4
3.14
33.3

46.3 (SD = 20.2)

44

*percent of analysis sample

**analysis sample consists of events with at least 1 indicator after

restricting to only one event per individual
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Table 5-3: Latent class analysis model fit statistics

Classes 4 5 6 7 8

G’ (DF) 4999 (22940) 3886 (22915) 3384 (22890) 3086 (22865) 2870 (22840)
BIC 5908 5024 4751 4683 4697
Entropy 0.93 0.93 0.95 0.85 0.86
Agreement 51% 75% 16% 41% 10%

DF = degrees of freedom
BIC = Bayesian Information Criterion
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Table 5-4: Latent class model with 7 classes

Percent of analysis sample within class

1 2 3 4 5 6 7
6.26 6.78 10.28 36.46 13.70 13.64 12.89
C-CASA Self-harm/Suicide attempt 73.7 0.0 0.7 0.0 0.0 0.0 0.0
C-CASA Suicidal Ideation 1.6 96.4 0.6 0.0 0.0 0.0 0.0
Triage complaints
Overdose Ingestion 31.4 0.3 31.6 0.7 16.3 0.9 0.3
Depression/Suicidal/Self-harm  40.5 73.6 68.3 0.1 6.1 12.8 0.2
Other Mental Health 5.8 13.6 0.0 0.8 77.6 55.4 0.4
Attempted Suicide, clear plan  19.7 9.1 12.7 0.0 0.0 0.2 0.0
Suicidal Ideation 4.5 15.4 14.7 0.0 0.0 1.4 0.0
Injury code
Intentional Self-harm  19.5 0.0 0.0 1.0 0.0 0.3 0.0
Unknown Intent 2.7 0.1 0.0 0.9 0.0 0.4 0.0
Accidental Poisoning 3.7 0.2 5.5 2.2 0.0 0.3 0.0
Other injuries 8.5 3.1 1.9 16.2 1.7 8.5 12.4
ICD-9/10 Mood/Adjustment codes 65.9 68.0 0.7 36.1 0.2 44.8 0.5
ICD-9/10 Substance use codes 33.7 27.7 0.6 23.4 0.0 16.3 0.5
ICD-9/10 Personality disorder codes 19.9 16.4 0.0 1.8 0.1 7.4 0.0
ICD-9/10 Anxiety codes 17.7 16.8 0.5 4.6 0.9 10.7 100.0
ICD-9/10 Schizophrenia codes 6.5 9.0 0.1 3.5 0.1 29.3 0.0
Psychiatry assessment/treatment 98.25 99.19 0 16.7 0 99.53 5.5
Sex/Age Groups
Males 46.9 495 45.2 47.9 50.8 56.1 39.6
<25 144 114 14.1 3.6 10.9 11.8 3.3
25t049 21.8 25.4 25.6 17.4 26.3 23.9 18.8
50+ 10.7 12.8 5.5 27.0 13.6 20.5 17.5
Females 53.1 50.5 54.8 52.1 49.2 43.9 60.4
<25 15.0 9.4 20.1 33 10.5 4.1 6.4
25t049 284  28.1 27.0 18.4 26.2 19.1 27.5
50+ 9.8 13.0 7.7 30.4 12.5 20.7 26.5

Numbers indicated percent with indicator within each latent class
C-CASA: Columbia Classification Algorithm of Suicide Assessment
ICD: International Statistical Classification of Diseases and Related Health Problems
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CHAPTER 6: SUMMARY
6.1 Summary of findings

The goal of this research was to examine the occurrence of suicide attempts and associated
mental health disorders using administrative health data held in The Repository at the Manitoba
Centre for Health Policy (MCHP). The first two papers in the thesis examined the occurrence of
mental disorders and suicide attempts in a cohort of individuals born in Manitoba that were
living in Winnipeg on their tenth birthday. The thesis also assessed the limitations of relying on
administrative data to study the occurrence of suicide attempts in two papers. Specifically it
examined the validity of inpatient coding using the Canadian enhancement of the 10" edition of
the International Classification of Diseases (ICD-10-CA)* for intentional self-harm. Historically
a lack of ICD codes from emergency department (ED) visits has prevented research using the
Repository from examining the occurrence of attempts presenting to the ED. The following

paragraphs briefly describe the main findings from the four projects forming this thesis.

The first paper (Chapter 2) estimated the cumulative incidence of diagnosis for 6 mental
health disorders after the age of 10; anxiety, mood and adjustment disorders, personality
disorders, schizophrenia, and substance use disorders. These incidences were estimated at ages
15, 20 and 25 to show the increase in incidence over adolescence. This paper found that
approximately a third of individuals in the sample had a diagnosis of at least one of the six
disorders. Mood and adjustment disorders, and anxiety disorders were significantly more
common occurring approximately a quarter and a fifth of the sample by age 25. Compared to
previous estimates for lifetime incidence of these disorders based on subjective recall of being

diagnosed the rates found in Chapter 2 were high. However, the rates in Chapter 2 tended to
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more closely agree with studies that had used prospectively collected data, and data collected
with shorter recall windows. This study underscored the potential dangers of relying on long-
term recall and suggests administrative records as an alternative method of epidemiological

study.

However, using administrative data for epidemiological research also has limitations.
The issue of misdiagnosis of individuals in the data could be causing inflated estimates of
incidence. This is potentially aggravated by the occurrence of provisional diagnoses being
recorded by physicians. The coding methods employed in this study are based on the detection
algorithms used previously by the Manitoba Centre for Health Policy to attempt to remain
consistent with prior research. However, prior research has used shorter time periods to detect
the occurrence of mental disorders and there might be a higher risk of inflating the incidence of
disorders when longer follow-up periods are employed. Comparison between the estimates
provided by this study and survey-based estimates should bear in mind that the difference in
estimates is also caused by the difference between largely self-report survey prevalence and the
treated prevalence that is estimated using administrative data diagnosis. For example, individuals
that may have been diagnosed with a mental disorder might not accept that diagnosis and not
report this during a survey. Conversely the potential for self-diagnosis of a variety of disorders
may also affect survey estimates, regardless of whether these individuals meet any accepted

criteria for a mental disorder.

The second paper (Chapter 3) examined the occurrence of suicide attempts and death
from suicide after the age of 10 in the birth cohort. This study found that approximately 1% of
the sample had a recorded admission for a suicide attempt and about 0.1% had died from suicide

by age 25. The occurrence of these disorders was considerably higher among those with a
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recorded diagnosis of one of the mental disorders. The first year following a new diagnosis with
one of these conditions was a period of elevated risk of hospitalization or death after self-harm.

The occurrence was particularly high for schizophrenia and personality disorders.

The third paper (Chapter 4) examined how well inpatient coding using ICD-10-CA
identified individuals admitted to hospital after a suicide attempt or self-harm. Presentations in
the clinical dataset known as the Suicide Assessment Form in the Emergency Department
(SAFE) were linked to Emergency Department Information System (EDIS) and hospital
discharge abstracts. Codes for intentional self-harm, injury of undetermined intent and accidental
poisoning were examined. These codes failed to identify the majority of individuals assessed as
having made a suicide attempt or present with self-harm. The positive predictive value of the
codes was generally high, but not perfect. Attempting to identify only suicide attempts and not
self-harm presentations resulted in a lower positive predictive value due to the self-harm
presentations also being identified. The EDIS triage system indicated that people presentation
with self-harm were most frequently triaged with the chief complaints of
‘depression/suicide/self-harm’ and ‘overdose ingestion’. An optional triage field that specified
‘attempted suicide — clear plan’ was frequently not used and only a fifth of people with self-harm
had this code. Examining the triage complaints of the self-harm group identified by the SAFE
data versus the inpatient ICD codes showed that considerable bias might be occurring. One
particular issue is the increased occurrence of ‘overdose ingestion’ complaints in the events

identified in the hospital discharge abstract data.

The fourth paper (Chapter 5) addressed the issue of a lack of coding methods for suicide
attempts that present to the ED but are not admitted to inpatient units. Assessment and treatment

of suicidal patients in the ED is an area of research that is growing. It is an important area of
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research and treatment since the ED is often the point of contact between at risk patients and
medical professionals. This point of contact can potentially direct individuals away from future
suicidal behaviour and death from suicide, but due to limitations in our current knowledge of
assessment and treatment this is often not the case. This paper combined diagnosis from medical
billing claims filled by physicians, inpatient discharge abstracts and triage information from
EDIS in a latent class model to attempt to determine whether these data sets provide indicators
that can be used to reliable determine which presentations involved self-harm or suicide
attempts. Clinical data from SAFE including assessments of suicidality of the presentations were
also included to improve the model. The results highlighted the limitations of the newly adopted
triaging system. Particularly the triage complaint fields which suffer from insufficiently specific
complaint fields, such as depression/suicide/self-harm which inappropriately combines
depression and suicidality. Overall the results suggested that the administrative data were not
sufficient to reliable identify self-harm presentations without the aid of the psychiatric
assessment of presentation status. The SAFE data have limited availability in both time and
location which prevents it from being a good source of information to detect self-harm

presentations in the province.
6.2 Implications and further research

Previous research has highlighted serious concerns about epidemiological studies that rely on
self-reported recall of prior events and diagnosis with mental illnesses.” Administrative data are
collected regularly as a result of service provision in many health systems and provides an
alternative method to obtain epidemiological data. Since these data are routinely collected they
do not suffer from recall bias. They also provide a measure of when early clinical interventions

can take place for individuals with newly diagnosed mental disorders. The effect of recall bias on
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long-term estimates is likely quite significant and many studies used to inform decisions on

mental health treatment are likely to underestimate the lifetime incidence.

The data from this thesis maps out the incidence of new diagnosis for six mental
disorders. This information is useful for planning health system services that target youth. For
instance, these data could prove invaluable in planning early intervention services for youth with
newly diagnosed conditions. However, the methods of detecting cases in this thesis were
developed to be used over short periods of time and their validity over long-term periods should
be examined in future research. In particular, due to the nature of the diagnosis of new disorders
often involving provisional diagnoses the validity of using additional claims and hospitalizations
should be examined to determine whether this improves the validity of coding cumulative long-
term incidence. The risk of suicidal behaviour is high in the period after a new diagnosis (as seen
in Chapter 3).% Given the success of early intervention services for youth diagnosed with
psychotic disorders at reducing health service use and suicidal behaviours,*® the development of
additional early intervention services for this population is a potentially worthwhile area of

clinical program development and research.

However, this study also provided significant implications for research that uses
administrative data to detect suicide attempts and deaths. Although the validity of codes may
vary across different administrative data repositories the validation results from this study
suggest that there is likely undercounting of suicide attempts in these data. The actual occurrence
of suicide attempts that results in hospitalization is likely approximately double the estimates
provided. The bias this underestimation will have will vary depending on how the
variable/outcome being constructed. Rates of hospitalization are likely to be underestimated by

half since they require measuring all instances. Measures of cumulative incidence will also be
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underestimated, but since individuals are often hospitalized several times during high risk
periods some of the missed individuals will be identified on subsequent hospitalization. This will
result in less undercounting than rates, but the incidence of attempts estimated based on the data
will be shifted later in time (since the second or third attempt is being recorded as the first).
Researchers should consider the limitations of using administrative data in their specific study
and ensure that these limitations are addressed as best as possible in their design and are also

thoroughly detailed as limitations within any written report.

These results also strongly indicate that there are likely systematic differences between
those that are identified using ICD codes and those that are not. It is likely that the most
medically serious occurrences of suicidal behaviour are more likely to be identified. This does
not mean that all research using these data sources to identify suicide attempts is inherently
wrong and without merit. This does suggest that this research should be assessed knowing that
the cohort of identified attempts is likely the most medically severe instances and that there is

another group of patients that are clinically different that will be missed.

Suicidal thoughts and behaviours are serious medical issues and improvements in
documentation by physician and medical codes should be undertaken. Standardized assessments
such as the Columbia Classification Algorithm of Suicide Assessment (C-CASA) should be
performed by emergency physicians and noted in emergency room documentation for all
individuals being assessed for mental health issues. The EDIS system is currently inadequate at
classifying individuals with mental health and suicidal thoughts and behaviours. The reliance on
an optional field to delineate between the occurrence suicidal ideation, suicidal behaviour, and
neither of these within the most commonly used triage fields is a serious limitation. The mental

health triage fields used by Manitoba’s version of EDIS should be reviewed by mental health

124



professionals and improved classifications should be developed that allow a reasonable degree of
precision within the framework of relying on triage nurses that do not have specialized training
in diagnosis of mental health conditions. Once these adjustments have been made more research
can be conducted to assess the validity of using the new triage system to identify presentations

involving self-harm.

Other sources of administrative data are becoming available that might also provide
information useful to epidemiological research on self-harm and mental health. One of particular
interest in Manitoba is the development of electronic medical records as part of the Physician
Integrated Network. Standardized electronic medical records can prove to be vastly superior to
physician billing claims since they can potentially provide more thorough diagnosis of disorders.
Individuals with high comorbidity might be better described in these electronic medical records
than in the single available ICD-9 code from the medical claims record. This is likely to increase
the sensitivity of the data when used to detect mental disorders, but increased data availability
could also allow more strict coding structures to also improve specificity. However, the move
towards electronic health records is a recent trend worldwide and is therefore limited with

respect to long-term studies
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