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Abstract 

This thesis is on the epidemiology of relative age effects and how they relate to the mental health status 

of young people. Contemporary measures of mental health are developed, and the association between 

school-based relative age and mental health is investigated. It consists of four manuscripts, a proposed 

conceptual model, and a literature review. The analyses used data from the 2014 Canadian Health 

Behaviour in School-aged Children study. 

The first manuscript (BMJ Open) developed a categorical measure of mental health status inspired by 

the Dual-factor Model, by combining information on subjective well-being and psychopathology. Mental 

health status was significantly associated with indicators of social and academic functioning, and mental 

health. Findings support construct validity. 

The second manuscript (SSM – Population Health) developed and tested a novel continuous measure of 

mental health, based on our adaptation of the Dual-factor Model. The continuous version has 

conceptual and statistical advantages over the categorical form, and evidence supports it as construct 

valid. 

A supplementary chapter provides background information on relative age effects, a review of studies 

on school-based relative age and adolescent mental health, and a conceptual model linking relative age 

at school entry to adolescent mental health. 

The third manuscript examined the association between school-based relative age and mental health in 

Canadian adolescents. Analyses were stratified by sex, and effect modification by grade group was 

considered. Younger students were at increased risk of poor mental health, but effect sizes were 

modest, and inconsistent depending on the indicator examined.  

The fourth manuscript examined effect modification in the association between relative age and 

suboptimal mental health by levels of family affluence and social supports. There was minimal evidence 
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of statistically significant effect modification, but the effects of relative age were less pronounced in 

groups of students reporting lower levels of support and lower relative family affluence. 

Following this manuscript is a review of potential strategies that have been suggested for addressing 

school-based relative age effects. There is a need for studies assessing their effectiveness. 
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Glossary 

Relative Age. The chronological age difference between two people belonging to the same age-defined 

cohort.  

School-based Relative Age. The chronological age difference between students belonging to the same 

school grade cohort. Annual age grouping policies result in relative age differences of up to twelve 

months. 

School Eligibility Cut-off Date. The date by which children must turn a certain age to be eligible for 

school entry. Children born just after the cut-off date are the oldest in their grade/class, and those born 

on, or just before the cut-off are the youngest in their grade/class. 

Relative Age Effects (RAEs). Refer to advantages associated with being relatively older and 

disadvantages associated with being relatively younger. Traditionally, research in this area has focused 

on identifying relative age effects in competitive sport participation and academic performance.1  

Maturational Hypothesis. The hypothesis that relative age effects are explained by differences in 

maturity between relatively younger and older children (physical, social/emotional, and intellectual or a 

combination thereof). 

Social-Agents Hypothesis. The hypothesis that relative age effects are propagated by social agents (e.g., 

educators) when differences in maturity are mistaken for differences in ability/potential. On their own, 

factors such as increased maturity do not directly influence relative age effects, rather it is how these 

characteristics are interpreted and acted upon by social agents that leads to their development.2  

Adolescence. The age range at which an individual is in the process of developing from a child into an 

adult. The World Health Organization (WHO) defines an adolescent as any person between the age of 10 
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and 19. In this thesis adolescence refers to ages 11 to 15. According to the WHO this age range overlaps 

with the stages of early (10-14 years) and middle (15-17 years) adolescent development.3 

Construct Validity. The degree to which a measure captures the construct that it claims to be 

measuring. It is an estimate of the extent to which variance in the measure reflects variance in the 

underlying construct, and can be assessed by examining the correlation between the measure and other 

variables (constructs) that should, theoretically be associated with it.4 

Mental Health. The World Health Organization defines mental health as “a state of well-being in which 

every individual realizes his or her own potential, can cope with the normal stresses of life, can work 

productively and fruitfully, and is able to make a contribution to his or her community.”5 Achieving this 

optimal state of mental health and associated functioning requires both the absence of active mental 

illness and the presence of positive psychological factors such as subjective well-being.6 In this thesis, 

mental health is being operationalized using the Dual-factor Model of mental health,6,7 and specific 

indicators of mental health (e.g., life satisfaction).  

Mental Illness or Disorder. Diagnosable mental health problems “characterized by alterations in 

thinking, mood, or behaviour (or a combination thereof), and associated with distress and/or impaired 

functioning” (e.g., major depression, bipolar disorder, schizophrenia, etc.).8 They affect a person’s 

personality, thought process, and/or social interactions. 

Subjective Well-being (SWB). Synonymous with happiness, subjective well-being is a positive dimension 

of mental health. It is how people experience the quality of their lives, and is comprised of three related, 

but separate constructs: life satisfaction, positive affect, and negative affect.9 Individuals have high 

subjective well-being if they experience life satisfaction, frequent positive affect, and infrequent 

negative affect. 
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Psychopathology (PTH). A negative dimension of mental health, psychopathology is the manifestation 

of behaviours or symptoms which are indicative of mental illness. Psychopathology can be assessed by 

considering internalized symptoms (e.g., feeling low) and/or externalized symptoms (e.g., conduct 

problems).10  

Dual-factor Model (DFM) of Mental Health.6,7  Developed for use in children and adolescents, the Dual-

factor Model is based on the premise that mental health (according to positive psychology) and mental 

illness are distinct but interrelated constructs, and not opposite ends of a continuum. Youth are 

categorized into four groups of mental health status based on ratings of subjective well-being and 

psychopathology: (1) “Mentally Healthy”, (2) “Asymptomatic yet Discontent”, (3) “Symptomatic yet 

Content”, and (4) “Mentally Unhealthy”. These groups differ on a number of key aspects identified in 

the WHO definition of mental health previously described (e.g., educational and social functioning, self-

concept, and coping).6,7,11,12   

Mentally Healthy. One of four mental health groups based on the Dual-factor Model that includes 

adolescents with high subjective well-being and low psychopathology. This group consists of the highest 

functioning, most mentally healthy youth, who are at the lowest risk of mental illness. Approximately 

60% of students fall into this category.6,7,13 

Asymptomatic yet Discontent. One of four mental health groups based on the Dual-factor Model that 

includes adolescents with low subjective well-being and low psychopathology. This group has 

suboptimal functioning compared to the mentally healthy group despite having low psychopathology. 

These youth are typically excluded from study and services, but may actually need assistance because of 

their perceived lower quality of life.7 They comprise an at-risk group that might not be receiving the 

resources they need. Because they have low levels of psychopathology they would be considered 

mentally healthy according to traditional models.6,7,13  
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Symptomatic yet Content. One of four mental health groups based on the Dual-factor Model that 

includes adolescents with high subjective well-being, despite having high psychopathology. Youth in this 

group have below optimal functioning, but are doing better than “Mentally Unhealthy” adolescents who 

also have high psychopathology, underscoring the importance of subjective well-being to optimal 

mental health.6,7,13 

Mentally Unhealthy. One of four mental health groups based on the Dual-factor Model that includes 

adolescents with low subjective well-being and high psychopathology. This is the lowest functioning, or 

least mentally healthy group, and consists of adolescents who are at the greatest risk of mental illness 

(either having or developing in the future).6,7,13  

Suboptimal Mental Health. In this thesis adolescents were considered to have suboptimal mental 

health if they were not in the “Mentally Healthy” group according to the Dual-factor Model. Suboptimal 

mental health therefore includes “Asymptomatic yet Discontent”, “Symptomatic yet Content”, and 

“Mentally Unhealthy” youth. 
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Chapter 1  

General Introduction 

1.1 General overview 

School-based relative age refers to the chronological age difference between youth in the same grade 

cohort, and is determined by a child’s date of birth relative to the school eligibility cut-off date. Relative 

Age Effects (RAEs) result from differences in relative age, and refer to the disadvantages associated with 

being the youngest (and advantages associated with being the oldest) in a grade.1 The RAE phenomenon 

was first identified by Canadian psychologist Roger Barnsley in the mid 1980’s when he discovered the 

vast majority of elite hockey players had birthdates in the first half of the year.2 The term was later 

popularized by author Malcolm Gladwell in the 2008 book “Outliers: The Story of Success”. From an 

early age relatively younger children are compared (both internally and externally) to older children who 

benefit from heightened maturity. On average, relatively younger children are less likely to participate in 

organized sports and perform worse academically.1 It has been hypothesized that differences stemming 

from relative age, including differences in participation and achievement can also impact mental health. 

Existing research does suggest a link between relative age and internalized symptoms (emotional and 

peer problems),3 and suicide.4,5 Reduced self-esteem in younger students has been identified and 

suggested as a possible mediating factor.6 The magnitude and extent of mental health disparities 

associated with relative age, and the mechanisms driving these disparities are understudied and poorly 

understood. 

Compared to established risk factors for poor mental health, such as family discord and adverse life 

events, the effect of relative age is expected to be modest at an individual level, but important at a 

population health level. Nearly the entire Canadian population is exposed to the formal education 

system, and suboptimal mental health is common, so small differences in risk associated with relative 

age can affect a significant number of people. For example, in Britain, where approximately 750,000 
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youth experience mental illness, an estimated 60,000 cases could be prevented if the youngest and 

middle third of children had the same risk of mental illness as the oldest third in their grade cohort, 

corresponding to a population attributable risk of 8% for child psychiatric disorder.7 Based on the 

estimated prevalence of mental illness in Canadian youth of 1.2 million,8 96,000 cases could be 

prevented if these findings were replicated in Canada. School-based relative age represents a potentially 

modifiable risk factor for adolescent mental health that may affect a large segment of the population. 

1.1.1 Mental health in Canadian adolescents 

Mental health has been identified as a critical health priority in Canada.9 According to the Dual-factor 

Model,10 optimal mental health and functioning requires the absence of clinically significant active 

mental illness. An estimated 1.2 million children and youth experience a mental illness in Canada,8 and 

half of all mental illnesses develop by age 14.11 In 2003 the economic burden of mental illness in Canada 

was estimated at $51 billion.12 In studies combining ratings of psychopathology and subjective well-

being to estimate the prevalence of mental health, approximately 30 to 40% of adolescents from the 

general population report less than optimal mental health.10,13,14 Poor mental health can negatively 

impact a child’s development, their educational attainment, and their potential to live fulfilling and 

productive lives.15  

1.2 Thesis Aim 

The aim of this thesis was to enhance our understanding of the association between school-based 

relative age and mental health among Canadian adolescents, including identifying strategies for 

mitigating any potential impacts relative age might have on mental health. It includes methodological 

and etiological objectives, and a literature review. 
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1.2.1 Methodological objectives 

The methodological objectives of this thesis were to develop composite measures of adolescent mental 

health status by combining indicators of subjective well-being and psychopathology based on the Dual-

factor Model of mental health.10,13 Currently, studies will often use unidimensional approaches to 

measuring and studying adolescent mental health. According to the Dual-factor Model, measures that 

combine the two dimensions of mental health will provide a more accurate and comprehensive 

assessment.10,13 In this thesis, the four-category measure suggested by the Dual-factor Model was first 

developed and tested in a representative sample of Canadian adolescents. A second methodological 

objective was to develop a novel continuous version of the categorical measure in an attempt to address 

some of the limitations of the categorical version. 

1.2.2 Etiological objectives 

The first etiological objective of this thesis was to examine the association between school-based 

relative age and adolescent mental health, including specific indicators of mental health and overall 

mental health status. These analyses considered differences between boys and girls and effect 

modification by grade group. It was hypothesized that younger relative age would be associated with 

increased risks for poor mental health, particularly in the younger grade group. The second objective 

was to examine potential effect modification in the association between relative age and suboptimal 

mental health by perceived levels of social support and family affluence. It was hypothesized that the 

negative effects of being relatively younger would be greatest in students from less affluent families, 

and who perceived lower levels of support. Collectively, these objectives were intended to provide 

evidence on the magnitude of the problem, and evidence to support targeted interventions for 

relatively younger students from specific social circumstances. 
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1.2.3 Literature review 

A literature review was conducted to identify potential policies and practices that have been proposed 

for mitigating school-based relative age effects, and summarize evidence on their effectiveness. 

1.3 Thesis organization 

This is a manuscript-based thesis that follows the regulations outlined by the Queen’s University School 

of Graduate Studies and Research “General Forms of Theses”. The first two manuscripts presented 

address the measurement objectives. The first manuscript (Chapter 2) describes the development and 

testing of a dual-factor measure of mental health, and is formatted for submission to BMJ Open. The 

second manuscript (Chapter 3) describes the development of a continuous measure of mental health 

inspired by the Dual-factor Model, and is formatted for submission to SSM – Population Health. 

Following these manuscripts is a supplemental chapter that provides a literature review on previous 

studies of relative age and adolescent mental health, and proposes a conceptual model. Following this 

chapter are two manuscripts addressing the etiological objectives. The third manuscript (Chapter 5) 

examines the association between school-based relative age and adolescent mental health, and the 

fourth manuscript (Chapter 6) explores potential effect modification in the association between relative 

age and suboptimal mental health. The seventh chapter presents a review of strategies that have been 

proposed for addressing school-based relative age effects. Finally, a summary of the main findings and 

implications is presented.
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Chapter 2 

Operationalizing a dual-factor measure of mental health in Canadian adolescents: An analysis 

of cross-sectional data from the 2014 Canadian Health Behaviour in School-aged Children 

(HBSC) study 
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2.1 Abstract  

Introduction. Studies of adolescent mental health require valid measures that are supported by 

contemporary theories. An established theory is the Dual-factor Model, which argues that mental health 

status is only fully understood by incorporating information on both subjective well-being and 

psychopathology. 

Objectives. To develop a novel measure of adolescent mental health based on the Dual-factor Model 

and test its construct validity.  

Design. Cross-sectional. 

Setting and Participants. Nationally representative weighted sample of 21,993 grade 6-10 students; 

average age: 14.0 (SD 1.4) years from the 2014 Canadian Health Behaviour in School-aged Children 

(HBSC) study. 

Measures. Self-report indicators of subjective well-being (life satisfaction, positive and negative affect), 

and psychopathology (psychological symptoms and overt risk-taking behaviour) were incorporated into 

the dual-factor measure. Characteristics of adolescent’s families, specific mental health indicators, and 

measures of academic and social functioning were used in the assessment of construct validity.  

Results. Proportions of students categorized to four mental health groups indicated by the dual-factor 

measure were 67.6% “mentally healthy”, 17.5% “symptomatic yet content”, 5.5% “asymptomatic yet 

discontent”, and 9.4% “mentally unhealthy”. Being mentally healthy was associated with the highest 

functioning (greater social support and academic functioning) and being mentally unhealthy was 

associated with the worst. A one-unit increase (ranges=0 to 10) in peer support (OR:1.19; 95% CI:1.15-

1.22), family support (OR:1.32; 95% CI:1.28-1.36), student support (OR:1.20; 95% CI:1.17-1.24), and 

average school marks (OR:1.18; 95% CI:1.10-1.27) increased the odds of being symptomatic yet content 
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versus mentally unhealthy. Mentally healthy youth were the most likely to live with both parents (77% 

vs ≤65%) and report their family as well-off (62% vs ≤53%).  

Conclusions. We demonstrated a strong level of construct validity of a novel dual-factor measure of 

adolescent mental health. This potentially provides a nuanced and comprehensive approach to the 

assessment of adolescent mental health that is direly needed. 
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2.2 Strengths and limitations of this study 

• This study builds on an existing literature base by being the first to operationalize the Dual-

factor Model in a large, representative population of Canadian adolescents. 

• The dual-factor measure developed in this study can be used to increase our understanding of 

adolescent mental health and can be applied in future cross-national initiatives. 

• This study relied on secondary data, and its restriction to available indicators collected as part of 

the HBSC study. As a result, single items were used to measure positive and negative affect, 

instead of full scales.  

• Reliance on self-report data may be subject to social-desirability bias, particularly for overt risk-

taking behaviours.
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2.3 Introduction 

Adolescent mental health has been identified as a critical research priority in Canada.1 The World Health 

Organization defines mental health as “a state of well-being in which every individual realizes his or her 

own potential, can cope with the normal stresses of life, can work productively and fruitfully, and is able 

to make a contribution to his or her community”.2 Studies in the field of mental health require valid 

measures that are supported by contemporary theories, and go beyond the simplicity of unidimensional 

indicators of morbidity. One theory with known utility is the Dual-factor Model, which argues that 

mental health status is only fully understood by incorporating information on both subjective well-being 

as well as psychopathology.3,4 In this study, we developed a measure of adolescent mental health based 

on this Dual-factor Model, and tested its construct validity. 

2.3.1 Traditional approach to measuring mental health 

Historically, mental health research has used disease-based models that focus on identifying symptoms 

of mental illness, which encompass internalized (e.g., anxiety and depression) and externalized (e.g., 

behavioural problems) psychopathology.4 This approach considers mental health to be present in the 

absence of mental illness, the latter defined as a group of diagnosable conditions found in the DSM-5 

(Diagnostic and Statistical Manual of Mental Disorders) that cause changes in our mood, thinking and 

behaviour.5 This line of thinking is consistent with the traditional medical model, which categorizes 

individuals as either sick or well, with a focus on treating the sick. Yet, contemporary thinking suggests 

that the absence of mental illness is necessary, but not sufficient to ensure optimal mental health.4,6 It is 

possible to be free of mental illness, but not fully mentally healthy.7 

2.3.2 The importance of positive psychological factors to mental health 

The field of positive psychology has put a focus on the importance of positive psychological factors (i.e., 

subjective well-being) in the optimization of mental health.3,4 According to hedonistic research 

traditions,8 subjective well-being is used to refer to happiness; i.e., feeling good about one’s life and can 
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be measured with three components: life satisfaction, the presence of positive affect, and the absence 

of negative affect. In contrast, the eudaimonic approach to well-being9 focuses on self-actualization 

(living up to one’s potential), finding meaning in life and functioning well. Subjective well-being is an 

important predictor of future mental health and mental illness.10  

In response to criticisms raised about traditional deficit models10 and the emergence of positive 

psychology,11 Keyes developed a measure of mental health that combines self-reported hedonic 

(emotional) and eudaimonic (social and psychological) measures of well-being. Mental health is placed 

on a continuum from “flourishing” to “languishing”, with those in the middle labelled as “moderately 

mentally healthy”.12 This approach has been criticized for considering mental health and mental illness 

as opposite ends of a continuum. An increase in one dimension is not necessarily associated with a 

decrease in the other.6 Illustratively, there are youth who report high levels of well-being, despite 

displaying symptoms of mental illness.13 

2.3.3 The Dual-factor Model of mental health 

Building on such criticism, the “Dual-factor Model” of mental health was proposed based on the premise 

that mental health is a complete state comprised of two unique, but correlated, dimensions.3 This 

measure uses ratings of subjective well-being and psychopathology to classify people into four 

categories: (1) “Mentally Healthy” (high subjective well-being and low psychopathology), (2) 

“Symptomatic yet Content” (high well-being, despite high psychopathology), (3) “Asymptomatic yet 

Discontent” (low psychopathology, but low subjective well-being), and (4) “Mentally Unhealthy” (low 

well-being and high psychopathology) (Figure 2-1).3,4 According to this model, optimal mental health 

requires a positive sense of well-being in addition to the absence of clinically significant, active mental 

illness.6  
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2.3.4 Previous studies operationalizing the Dual-factor Model 

In previous studies among elementary and high school-age youth, 57 to 68% were mentally healthy (also 

referred to as “flourishing”, “positive mental health”, “complete mental health”, and “well-adjusted”), 9 

to 20% were symptomatic yet content (also referred to as “externally maladjusted” and “ambivalent”), 4 

to 21% asymptomatic yet discontent (also referred to as “vulnerable”, “dissatisfied”, or “at risk”), and 7 

to 20% mentally unhealthy (also referred to as “troubled”, “distressed” and “languishing”).15–22 The 

mentally healthy group consistently had the highest functioning in terms of academic performance (e.g., 

higher GPA (3.18 vs ≤2.95, p<.01)),3,4,19 social relationships (supportive relationships with peers, family, 

and teachers),3,4,16,23 behaviour (e.g., behavioural engagement at school (Cohen’s d effect sizes 

≥0.48))4,19, and physical health.4,15 Asymptomatic yet discontent youth would be identified as mentally 

healthy using traditional disease-based approaches. Yet, they display reduced functioning compared to 

the mentally healthy group and report similar academic struggles as those with high psychopathology.24 

The Symptomatic yet content group had better social functioning and academic engagement19 and 

higher self-worth than the mentally unhealthy group.4,18 The mentally unhealthy group had the worst 

outcomes of the four groups (e.g., lowest self-worth, greatest external locus of control, poorest physical 

health, most social problems, etc.),3 with the exception of some cross-sectional studies that found no 

significant differences in academic achievement between the mentally unhealthy and symptomatic yet 

Figure 2-1. Mental health status groups based on the Dual-factor 

Model of mental health3,4 
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content groups.4,19 However, longitudinal findings suggest that the mentally unhealthy group is at 

greater risk of future academic decline.18,25  

2.3.5 Advantages of the dual-factor measure 

A dual-factor measure provides a potentially useful, nuanced and comprehensive understanding of 

adolescents’ mental health status.3,4,16,19 Such a measure is less likely to overestimate or underestimate 

an individual’s mental health than measures that rely on a single dimension.10 The ability to identify four 

unique mental health groups provides new opportunities to increase understanding of the factors and 

circumstances that influence mental health.  

2.3.6 Limitations of previous studies operationalizing a dual-factor measure 

While previous research supports a dual-factor measure in adolescents, the majority of studies have 

been conducted from selected populations in the Southeastern United States.15,17,19 The one existing 

Canadian study generated evidence supporting the validity and potential utility of a dual-factor measure 

based on a sample of 407 students in grades 3 to 6 (mean age 10.5 years, (SD= 0.7)) from Alberta, 

Canada.3 However, no studies have operationalized a dual-factor measure among older Canadian 

adolescents or in a population representative sample. The generalizability of previous findings is 

unknown as the study samples had exposures that could influence mental health (e.g., environmental, 

cultural, and economic) that are not representative of those experienced by the Canadian adolescent 

population. It is important to validate a dual-factor measure in adolescent populations because 

adolescence is a key stage of heightened social and emotional development, and a peak period of onset 

for mental health problems.26 

2.3.7 Study Objectives 

We developed a novel measure of adolescent mental health status based on the Dual-factor Model in a 

large, representative sample of young Canadians aged 11-15 years. Our study objectives were: (1) to 
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develop a measure based on the Dual-factor Model, by combining indicators of subjective well-being 

and psychopathology; (2) to test the measure’s construct validity by examining whether the mental 

health groups differed in predictable manners based on family characteristics, and academic 

performance, social support, and mental health indicators known to be associated with mental health 

(Figure 2-2).27,28 Consistent with the Dual-factor Model, belonging to the “mentally healthy” group was 

expected to be associated with indicators of positive functioning (greater social support and academic 

performance), living with both parents, higher self-reported family affluence, and better self-rated 

health. Conversely, we expected poorer functioning, lower self-reported family affluence, and worse 

self-perceptions of health would be associated with belonging to the “mentally unhealthy” group. Based 

on previous study findings the symptomatic yet content group was expected to report greater social 

support,17,19 and similar academic functioning4,19 compared to the asymptomatic yet discontent group. 

Our focus on social and academic functioning was guided by a key component of the World Health 

Organization’s definition of mental health: the effective functioning of an individual.2 The overall goal of 

this study was to develop an evidence-based measure that could be applied robustly in the field of 

adolescent health research. 

2.4 Methods 

2.4.1 Data Source 

Data for this study were obtained from the 2014 Canadian Health Behaviour in School-aged Children 

(HBSC) study.30,31 The HBSC study is a cross-sectional, general adolescent health survey of grade 6 to 10 

students that is conducted in four-year cycles in association with the World Health Organization. To 

ensure representativeness, the sample was stratified within each province/territory by language of 

instruction, public/Roman Catholic designation, and community size. Schools were then randomly 

selected using a systematic sampling approach. In most cases school administrators selected two classes 

at each grade to participate. In some provinces (e.g., PEI) and the territories, all students within the 
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targeted grades were invited to participate. Private, special and on-reserve schools (<7% of eligible 

student population) were excluded from the sampling frame.32 Sampling weights were created within 

grades to ensure that each province and territory was proportionally represented.  

 A self-report questionnaire was administered to students, typically by teachers, during regular 

classroom time. For a student to participate, consent had to be obtained from the school jurisdiction, 

school principal, and parent. The HBSC requires student assent (willingness of the student to 

participate), as well as parental consent (either active and/or passive). The student voice was 

intentionally honoured in the development of the HBSC survey, but students did not contribute 

specifically to the development and conduct of this study. Ethics approval for the study was granted by 

Research Ethics Boards from both Queen’s University (GREB TRAQ #: 6010236) and PHAC/Health Canada 

(REB 2013-0022). The 2014 Canadian dataset includes information on 29,837 grade 6 to 10 students 

(typically ages 11 to 15), from 369 schools covering all 13 provinces and territories. 

 

Figure 2-2. Expected relationships between academic functioning, social support, family 

characteristics, indicators of mental health, and mental health status defined according to the Dual-

factor Model27–29 
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2.4.2 Study Variables 

Creation of the dual-factor measure of mental health involved assessment of subjective well-being and 

psychopathology. 

2.4.2.1 Subjective well-being (life satisfaction, positive and negative affect)  

Life satisfaction was measured using the Cantril Ladder; involving referral to a picture of a ladder that 

students used to rate how they feel about their life from 0 (“Worst possible life”) to 10 (“Best possible 

life”).33 This simple scale correlates well with other measures of emotional well-being.34 Positive affect 

was assessed using the item: “Please show how much you agree or disagree with the following 

statement: “I am full of energy”. Responses were measured on a 5-point Likert scale (“Strongly agree” to 

“Strongly disagree”). This item is included in positive affect scales, such as the Geriatric Depression 

Scale-15, and the Positive and Negative Affect Scale for Children (PANAS-C).35,36 Negative affect was 

assessed using the following two items: (1) “I often feel lonely”, and (2) “I often feel helpless” (5 

response options: “Strongly agree” to “Strongly disagree”). The two items describing negative affect 

were strongly correlated (r= 0.66) and were averaged into a single negative affect score. The feeling 

lonely item is from the PANAS-C,36 and feeling helpless is in the Implicit Positive and Negative Affect Test 

(IPANAT),37 two validated negative affect scales. 

2.4.2.2 Psychopathology (internalized and externalized symptoms) 

Internalized symptoms were measured using the 4-item HBSC psychological symptoms subscale 

(Cronbach’s alpha= 0.79) of an existing subjective health complaints scale.38 Students reported how 

often they experienced the following symptoms in the past six months: “feeling low (depressed)”, 

“irritability or bad temper”, “feeling nervous”, and “difficulties in getting to sleep”. Responses to the four 

items (0= “Rarely or never” to 4= “About every day”) were summed to create a total symptom score.  

Externalized symptoms were assessed using an overt risk-taking scale that includes the following 

behaviours: frequency of alcohol consumption, lifetime drunkenness history, lifetime smoking history, 
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use of alternative tobacco products, physical fighting, non-helmet use on a bicycle, and caffeinated 

energy drink consumption (Cronbach’s alpha= 0.75).39 This scale has been positively associated with 

reductions in health including reduced life satisfaction and emotional well-being, and worse self-

reported general health status.39  

2.4.2.3 Variables used to test the dual-factor measure 

The construct validity of the dual-factor measure was assessed by examining whether variables known 

to be associated with mental health,27,28 differed between the mental health groups of the dual-factor 

measure in the expected manner (Figure 2-2). These variables included family characteristics (family 

structure and affluence), specific indicators of mental health, and measures of social support and 

academic functioning. 

Demographics and Family Characteristics. Age in years at the time of survey completion was categorized 

as ≤11, 12, 13, 14, or ≥15 years old. For biological sex, youth self-identified as either “Male” or “Female”. 

Relative family affluence (five categories re-categorized into ‘Well-off’, ‘Average’, ‘Not well-off’) was 

measured using the item: “How well off do you think your family is?”. Family structure was based on the 

adults who lived at the youth’s primary residence (‘Both parents’, ‘Mother and partner’, ‘Father and 

partner’, ‘Mother only’, ‘Father only’, ‘Other’).  

Mental Health Indicators. Feeling hopeless (“Yes” or “No”) was assessed using the item: “During the past 

12 months, did you ever feel so sad or hopeless almost every day for two weeks or more in a row that 

you stopped doing some usual activities”. Persistent sadness and hopelessness are criteria for, and 

strong predictors of clinical depression.40 Prosocial behaviour was measured using a 5-item scale (α= 

0.87)31 capturing whether youth engage in behaviours that put others before themselves (0= “Definitely 

not like me” to 5= “Definitely like me”). Self-rated health status was assessed using the item “Would you 

say your health is…?” (‘Excellent’, ‘Good’, ‘Fair’, or ‘Poor’). 
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Social Support. Peer support was measured using a 4-item scale (α= 0.92), describing whether 

adolescents believe they have friends they can count on and talk to about their problems and sorrows.31 

Family support was assessed using four items describing whether students believe their family is 

available and willing to help them in times of need (α= 0.91).31 The composite measures ranged from 0 

to 16 (item response options: 0= “Strongly disagree” to 4= “Strongly agree”).  

Academic Functioning. Student support was measured with a 3-item scale (α= 0.80), that gauged 

students’ perceptions of their peers within the school environment (e.g., students in their class are kind 

and helpful and enjoy being together) (response options: 0= “Strongly disagree” to 4= “Strongly 

agree”).31 The items were summed to get a composite score ranging from 0 to 12. Teacher support was 

assessed using a 9-item scale (α= 0.90).31 Four of the items related to the students perceptions of how 

their teachers felt about them, and the remaining five items related to how the students feel about their 

teachers (response options: 0= “Strongly disagree” to 4= “Strongly agree”). The composite score ranged 

from 0 to 36, with a higher score reflecting greater teacher support. Academic performance was 

measured using five categories describing the students average marks during the past year (1= “Mostly 

letter grades below C / below 50% / or level 1”, 2= “Mostly Cs / between 50 and 59% / or level 2”, 3= 

“Mostly Bs and Cs / between 60 and 69% / or level 3”, 4 = “Mostly As and Bs / between 70 and 84% / or 

level 3 and 4”, 5= “Mostly As / above 85% / or level 4”).  

2.4.3 Analysis 

All analyses were conducted using SAS Version 9.4 (SAS Institute, Cary NC). The dual-factor measure was 

developed and described in adolescents with complete data on the indicators used to create the 

measure (n=21,993 (weighted n=22,166)). For the regression analyses the sample was further restricted 

to those with complete data on all variables previously described (n=20,146 (weighted n=20,262)). 
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Development of the dual-factor measure of mental health. Indicators for subjective well-being and 

psychopathology were transformed into Z-scores with a mean of 50 and standard deviation of 10, 

following precedent.17,19 Z-scores were created after stratifying by age group and gender, based on 

differential reporting by age and between boys and girls on the scales being considered.3 As a result 

youth were classified as high or low on the two dimensions relative to their peers of the same age and 

gender. The subjective well-being score was created by summing standardized scores for life satisfaction 

and positive affect, then subtracting standardized negative affect scores. Low subjective well-being was 

defined as a Z-score <40, based on common guidelines for identifying meaningful cut-offs.41 High 

psychopathology was defined as a Z-score ≥60 on either of the internalized or externalized symptoms 

scales, based on commonly used guidelines for determining clinically significant symptoms on other 

psychopathology scales.19 The dichotomous subjective well-being and psychopathology scores were 

then used to categorise youth into the four mental health groups defined according to the Dual-factor 

Model (Figure 2-1).3,4 

Testing the construct validity of the dual-factor measure. Frequency distributions were used to describe 

family characteristics and indicators of mental health, by mental health group. Differences were 

examined using Rao-Scott Chi-square tests then multivariable, multinomial logistic regression was used 

to estimate odds ratios and associated 95% confidence intervals. The latter produced adjusted estimates 

describing relationships between academic and social functioning and mental health status. The odds 

ratios represent the odds of belonging to one mental health group relative to another, associated with a 

one-unit change in the academic or social functioning variable. Regression models were also adjusted 

for age and sex. All models applied sampling weights and adjusted for clustering by school using random 

effects. To assist in comparisons, continuous covariates were re-scaled to range from 0 to 10.  

The Markov Chain Monte Carlo method42 of multiple imputation was used to assess potential bias 

resulting from missing data (35% of the full sample was missing one or more item). Effect estimates 
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were generated based on ten imputed data sets using the full sample (n= 29,837). The imputation model 

included all variables previously described in addition to the following: ethnicity, specific learning 

exceptionalities (ADHD, learning disability, behaviour, language/speech impairment), frequency of going 

to bed hungry because there is not enough food at home, and body satisfaction. These auxiliary 

variables were included because they are correlated with the incomplete variables in the analysis model, 

and could improve the prediction of missing values.43 The multinomial regression results generated from 

the imputation model were consistent with those from the complete case analysis. 

2.5 Results 

The sample used to develop the composite measure of mental health (n= 21,933 (weighted n= 22,166)) 

was 53% female and an average age of 14.0 (SD= 1.4) years old (Table 2-1). Over half of the adolescents 

reported being from a well-off family, nearly three-quarters lived with both parents, and 81% were born 

in Canada. The proportion of youth who fell into each of the four mental health categories was 67.6% 

mentally healthy, 17.5% symptomatic yet content, 5.5% asymptomatic yet discontent, and 9.4% 

mentally unhealthy.  

Mental health status according to the Dual-factor Model differed by family structure and socioeconomic 

status, and specific indicators of mental health in the expected manner, providing support for the dual-

factor measure as construct valid (Table 2-2). Mentally healthy youth were the most likely to live with 

both parents and report their family was well-off. They were much less likely than the other groups to 

report having felt hopeless in the past year (14% vs ≥41%) and were the most likely to engage in 

prosocial behaviour and rate their health as excellent. In contrast, mentally unhealthy youth were the 

least likely to live with both parents, and most likely to report that their family was relatively not well-

off. Nearly 80% of the mentally unhealthy group reported feeling hopeless, and they were the group 

most likely to rate their health as fair or poor. When each pair of mental health groups was compared, 

all distributions were significantly different (Rao-Scott χ2, p<.05), with the following exceptions: family 
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structure in symptomatic yet content vs asymptomatic yet discontent youth (p=.70), and prosocial 

behaviour in asymptomatic yet discontent and mentally unhealthy youth (p=.48). 

Construct validity was assessed further by examining the associations between self-reported social 

support and academic functioning, and mental health status (Table 2-3). Belonging to the mentally 

healthy group was associated with the most positive functioning (higher peer, family, teacher and 

student support, and higher average marks). Among youth with high psychopathology, being 

symptomatic yet content was associated with higher support and better academic functioning. A one-

unit increase in family support for example was associated with increased odds of being symptomatic, 

yet content compared to mentally unhealthy (OR=1.32; 95% CI= 1.28-1.36). In youth reporting low levels 

of well-being, the absence of psychopathology was associated with more positive functioning. 

Compared to the mentally unhealthy group being asymptomatic yet discontent was associated with 

better functioning on all variables considered except for peer support (OR=0.98; 95% CI= 0.95-1.01). 

Consistent with the theory of the Dual-Factor model falling into the mentally unhealthy group was 

associated with the worst functioning of the four groups.
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Table 2-1. Description of the sample 

 n (%) 

Sex   

 Male 10423 (47.0) 

 Female 11743 (53.0) 

Age, Mean(SD) 14.0 (1.4) 

Relative Family Affluence    

 Well-off 12155 (56.4) 

 Average 7441 (34.6) 

 Not Well-off 1942 (9.0) 

Family Structure    

 Both Parents 15686 (72.0) 

 Mother and Partner 1356 (6.2) 

 Father and Partner 341 (1.6) 

 Mother Only 2934 (13.5) 

 Father Only 665 (3.1) 

 Other 791 (3.6) 

Immigration Status    

 Born in Canada 17814 (81.0) 

 Lived in Canada >5 Years 3098 (14.1) 

 Lived in Canada ≤5 Years 1069 (4.9) 

Urban/Rural Status    

 Metropolitan Centre (500,000+) 3364 (15.2) 

 Large Centre (100,000-499,999) 5641 (25.5) 

 Medium Centre (30,000-99,999) 4171 (18.8) 

 Small Centre (1,000-29,999) 8095 (36.5) 

 Rural (<1,000) 895 (4.0) 

Hopelessness   

 Yes 5661 (26.2) 

 No 15944 (73.8) 

Self-rated Health Status   

 Excellent 6545 (29.8) 

 Good 11838 (53.9) 

 Fair/Poor 3599 (16.4) 

Academic Performance    

 A’s/ >84%/ level 4 6718 (30.9) 

 A’s & B’s/ 70-84% 10540 (48.5) 

 B’s & C’s/ 60-69% 3618 (16.6) 

 C’s/ 50-59% 711 (3.3) 

 <C’s/ <50%/ level 1 161 (0.7) 

Teacher Support,* Mean(SD)  7.0 (1.8) 

Student Support,* Mean(SD)  6.6 (2.1) 

Family Support,* Mean(SD)  7.2 (2.3) 

Peer Support,* Mean(SD)   7.5 (2.2) 

Prosocial Behaviour,* Mean(SD) 6.0 (2.4) 

Note: (1) All values are weighted; (2) *Range of continuous variables= 0 to 

10, with higher values indicating greater support, or more prosocial 

behaviour 
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Table 2-2. Description of the mental health groups by family structure, relative family affluence, and 

specific indicators of mental health 

 

Mentally 

Healthy 

Symptomatic 

yet Content 

Asymptomatic 

yet Discontent 

Mentally 

Unhealthy 

p*  n (col%) n (col%) n (col%) n (col%) 

Overall 14994 (67.6) 3879 (17.5) 1207 (5.5) 2085 (9.4)  

Family Structure          

 Both Parents 11341 (77.0)a 2465 (64.4)b 760 (65.0)b 1120 (54.7)c <.001 

 Mother and partner 750 (5.1) 313 (8.2) 95 (8.1) 199 (9.7) <.001 

 Father and partner 179 (1.2) 75 (2.0) 20 (1.7) 67 (3.3) <.001 

 Mother only 1688 (11.5) 615 (16.1) 204 (17.5) 428 (20.9) <.001 

 Father only 339 (2.3) 185 (4.8) 37 (3.2) 105 (5.1) <.001 

 Other 437 (3.0) 173 (4.5) 53 (4.5) 128 (6.3) <.001 

 Missing 260  53  38  38   

Relative Family Affluence         

 Well-off 9066 (62.3)a 2010 (52.9)b 382 (33.1)c 696 (34.3)d <.001 

 Average 4638 (31.9) 1405 (37.0) 561 (48.7) 837 (41.2) <.001 

 Not well-off 848 (5.8) 387 (10.2) 210 (18.2) 498 (24.5) <.001 

 Missing 442  77  54  54   

Hopelessness          

 Yes 1988 (13.6)a 1531 (40.6)b 526 (45.5)c 1614 (79.7)d <.001 

 No 12663 (86.4) 2240 (59.4) 631 (54.5) 410 (20.3)  

 Missing 343  108  50  61   

Prosocial Behaviour          

 Quartile 4 (high) 4201 (28.6)a 930 (24.4)b 183 (15.4)c 350 (17.1)c <.001 

 Quartile 3 3729 (25.4) 858 (22.5) 212 (17.9) 368 (18.0) <.001 

 Quartile 2 3948 (26.9) 1172 (30.7) 361 (30.5) 671 (32.7)   .001 

 Quartile 1 (low) 2814 (19.2) 853 (22.4) 429 (36.2) 660 (32.2) <.001 

 Missing 302  66  22  36   

Self-rated Health Status         

 Excellent 5210 (35.0)a 1006 (26.2)b 133 (11.1)c 195 (9.4)d <.001 

 Good 8155 (54.8) 2129 (55.4) 634 (52.9) 921 (44.5) <.001 

 Fair or Poor 1507 (10.1) 707 (18.4) 432 (36.0) 953 (46.1) <.001 

 Missing 122  37  8  16   

Notes: (1) All values are weighted, (2) * p-value for Rao-Scott chi-square test comparing the distribution of mental health 

groups by each row; (3) Different subscript letters indicate the mental health groups that are significantly different (Rao-

Scott chi-square p<.05). 
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Table 2-3. Results of multivariable multinomial logistic regression examining the odds of being 
in one mental health group versus another, associated with a one-unit increase in variables 
describing social support and academic functioning 

 Unadjusted  Adjusted* 

 OR (95% CI)  OR (95% CI) 

Mentally Healthy vs Symptomatic yet Content    

 Peer Support (0-10) 1.05 (1.03-1.07)  0.93 (0.91-0.95) 

 Family Support (0-10) 1.26 (1.24-1.29)  1.19 (1.16-1.21) 

 Teacher Support (0-10) 1.42 (1.38-1.45)  1.26 (1.23-1.30) 

 Student Support (0-10) 1.18 (1.16-1.20)  1.06 (1.03-1.08) 

 Average Marks (1-5) 1.61 (1.54-1.69)  1.44 (1.37-1.52) 

Mentally Healthy vs Asymptomatic yet Discontent    

 Peer Support (0-10) 1.34 (1.30-1.37)  1.12 (1.09-1.16) 

 Family Support (0-10) 1.56 (1.52-1.61)  1.45 (1.40-1.49) 

 Teacher Support (0-10) 1.51 (1.46-1.56)  1.14 (1.09-1.19) 

 Student Support (0-10) 1.38 (1.34-1.42)  1.20 (1.15-1.24) 

 Average Marks (1-5) 1.74 (1.62-1.87)  1.53 (1.42-1.66) 

Mentally Healthy vs Mentally Unhealthy    

 Peer Support (0-10) 1.37 (1.35-1.40)  1.10 (1.08-1.13) 

 Family Support (0-10) 1.79 (1.74-1.83)  1.56 (1.52-1.61) 

 Teacher Support (0-10) 1.86 (1.80-1.91)  1.32 (1.27-1.37) 

 Student Support (0-10) 1.59 (1.55-1.63)  1.27 (1.23-1.31) 

 Average Marks (1-5) 2.01 (1.89-2.12)  1.71 (1.60-1.82) 

Symptomatic yet Content vs Asymptomatic yet Discontent    

 Peer Support (0-10) 1.28 (1.24-1.31)  1.21 (1.17-1.25) 

 Family Support (0-10) 1.24 (1.21-1.28)  1.22 (1.18-1.26) 

 Teacher Support (0-10) 1.07 (1.03-1.11)  0.90 (0.86-0.94) 

 Student Support (0-10) 1.18 (1.14-1.21)  1.13 (1.09-1.18) 

 Average Marks (1-5) 1.08 (1.00-1.17)  1.06 (0.98-1.15) 

Symptomatic yet Content vs Mentally Unhealthy    

 Peer Support (0-10) 1.31 (1.28-1.35)  1.19 (1.15-1.22) 

 Family Support (0-10) 1.42 (1.38-1.45)  1.32 (1.28-1.36) 

 Teacher Support (0-10) 1.31 (1.27-1.35)  1.04 (1.00-1.08) 

 Student Support (0-10) 1.35 (1.31-.139)  1.20 (1.17-1.24) 

 Average Marks (1-5) 1.25 (1.17-1.33)  1.18 (1.10-1.27) 

Asymptomatic yet Discontent vs Mentally Unhealthy    

 Peer Support (0-10) 1.03 (0.99-1.06)  0.98 (0.95-1.01) 

 Family Support (0-10) 1.14 (1.10-1.17)  1.08 (1.04-1.12) 

 Teacher Support (0-10) 1.22 (1.17-1.27)  1.16 (1.10-1.22) 

 Student Support (0-10) 1.14 (1.11-1.18)  1.06 (1.02-1.11) 

 Average Marks (1-5) 1.14 (1.05-1.24)  1.10 (1.01-1.21) 

Notes: (1) *Estimates are adjusted for covariates in table, age and sex, and clustering by school; (2) 
Analyses are weighted; (3) Odds Ratio per unit increase in continuous variable; (4) Sample sizes 
(weighted) for each group are mentally healthy= 13,769, symptomatic yet content= 3,537, 
asymptomatic yet discontent= 1,109, and mentally unhealthy= 1,847 
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2.6 Discussion 

This analysis provides strong epidemiological evidence in support of the use of a dual-factor measure to 

describe adolescent mental health status. Development of the measure was guided by contemporary 

theory arguing that an individual’s mental health status cannot be fully captured without consideration 

of two unique, but related dimensions: subjective well-being and psychopathology.4 Following 

precedents,4,16 the two dimensions were used together to categorize students into four groups. 

Construct validity was supported by findings that the groups differed in the expected direction on 

variables known to be related to mental health.27,28 Complete mental health is essential to functioning 

well, including realizing one’s potential, working productively, and maintaining healthy relationships.2 

The mentally healthy group was therefore expected to be the highest functioning.  

The proportion of youth who fell in each mental health group was consistent with previous studies.4,15–

17,19,44 With respect to family characteristics, mentally unhealthy youth were the most likely to be from 

less affluent families, consistent with findings that lower socioeconomic status is associated with 

increased risk of mental health problems in adolescents.45 They were also the most likely to be living in a 

home with fewer than two adults, which is in keeping with findings that children from single-parent 

homes are at greater risk of social maladaptation and poorer psychological well-being.46 Symptomatic 

yet content youth reported higher family affluence than the two groups with low well-being, consistent 

with findings that higher socioeconomic status is associated with greater psychological well-being.47 The 

proportion of youth in each mental health group reporting feelings of hopelessness, fair or poor self-

rated health status and engagement in prosocial behaviour was significantly different, suggesting the 

composite dual-factor measure more accurately differentiates mental health status than the individual 

indicators. 

Academic and social functioning was associated with group membership in the expected direction.3,4 

Belonging to the mentally healthy group was associated with the most positive functioning and 
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belonging to the mentally unhealthy group the worst. The one exception was that greater peer support 

increased the likelihood of belonging to the symptomatic yet content group compared to the mentally 

healthy group. The primary peer group of symptomatic yet content youth was more likely to engage in 

maladaptive risk-taking behaviours, including illicit drug and alcohol use (data not shown). While 

adolescents in this group may report greater peer support than the mentally healthy group, such peer 

relationships appear to be of negative quality, and potentially harmful to their mental health. 

Most of the adolescents with low psychopathology also reported moderate to high subjective well-being 

(68%), consistent with unidimensional measures of mental health. However, there were a substantial 

portion who fell into groups that would not be recognized based on unidimensional constructs. The 

asymptomatic yet discontent group (5.5% of the sample) had poorer academic functioning and 

perceived less social support than the mentally healthy group supporting the theory that low 

psychopathology does not equate to optimal or complete mental health. Similarly, symptomatic yet 

content youth (17.5%) had poorer functioning than the mentally healthy group supporting the notion 

that subjective well-being alone is not sufficient to ensure optimal mental health. These findings suggest 

that measuring mental health using one of the two dimensions will overestimate or underestimate the 

mental health status of some adolescents. This misclassification could mask important effects, and limit 

a study’s ability to identify important differences.   

This study adds to a growing body of literature confirming the existence of a Dual-factor Model of 

mental health.3,4,19 If the ultimate goal is to identify ways of protecting and fostering optimal mental 

health and functioning among adolescents, studies should be considering two dimensions of mental 

health. Mentally healthy youth according to the dual-factor measure are not only the highest 

functioning,4,17,19 they also appear to be the most stable over time, and least likely to experience future 

mental health problems.10,44 
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The main strength of this study is its novelty. It builds on an existing literature base by developing and 

testing the construct validity of a dual-factor measure of mental health in a large, nationally 

representative sample of Canadian adolescents. The findings help address concerns about 

generalizability raised by previous studies on adolescents from select samples, most often in the 

Southeastern United States.4,19 Unique to this study, the cut-offs used to define ‘high’ and ‘low’ 

psychopathology and subjective well-being were calculated within strata defined by age group and 

gender. This approach prevented the grouping of mental health from being affected by the age and 

gender distribution of our sample. If differences in reporting by age group were not accounted for then 

the older adolescents in our sample would have an inflated likelihood of being categorized as mentally 

unhealthy compared to if the measure was developed in a sample of older adolescents. If duplicated 

across countries and cultures, including those in the HBSC network, it would provide further evidence of 

a robust measure with universal application to the study of mental health status in adolescent 

populations. The analysis is limited, however, on its reliance on secondary data, and its restriction to 

available indicators collected as part of the HBSC study. As a result, single items were used to measure 

positive and negative affect, instead of the full scales,36 which may have more accurately captured those 

domains. Second, reliance on self-report data may be subject to social-desirability bias, particularly for 

risk-taking behaviours such as alcohol use. Previous studies have overcome this limitation by using 

teacher-report of externalized symptoms (conduct problems).4 

Future studies operationalizing a dual-factor measure should utilize validated diagnostic scales for 

assessing the presence or absence of well-being and psychopathology. This would allow the measure to 

be operationalized in smaller, non-representative samples. Keyes Mental Health Continuum suggests a 

diagnostic criteria for identifying well-being.7 Future studies could also consider other approaches to 

combining the two dimensions of mental health, such as a recent latent profile analysis described by 
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Moore et al.48 A six group classification of mental health, combining the two dimensions has also been 

proposed.10  

2.6.1 Conclusion 

The results of this study support the construct validity of a dual-factor measure of adolescent mental 

health. Adolescents in each group reported unique patterns related to their level of social and academic 

functioning. Findings highlight the importance of integrated measures for accurately and 

comprehensively classifying mental health status. Measures that consider only one dimension will 

invariably overestimate or underestimate the mental health of a subset of youth. Application of the 

dual-factor measure in population health research increases our potential to understand and improve 

the mental health of adolescents.  
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Chapter 3 

Development of a novel continuous measure of adolescent mental health inspired by the 

Dual-factor Model 
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3.1 Abstract 

Introduction. According to the Dual-factor Model proposed by Greenspoon & Saklofske (2001), mental 

health is comprised of two unique but related constructs: subjective well-being and psychopathology. 

The model suggests the need to group mental health into four distinct categories, which does not 

recognize its potential continuum and adds complexity to statistical models. In this study we developed 

a continuous measure inspired by, and as a complement to, the Dual-factor Model. 

Methods. Self-report data are from the 2014 Canadian Health Behaviour in School-aged Children (HBSC) 

study (n=21,993). Subjective well-being was measured by combining indicators of life satisfaction, 

positive affect, and negative affect. Internalized and externalized symptoms scales were used to 

measure psychopathology. A novel continuous mental health measure was created by subtracting 

standardized psychopathology scores from subjective well-being scores. Construct validity was assessed 

by examining associations between demographic characteristics, social and academic functioning, 

specific indicators of mental health, and average mental health scores. 

Results. The average age in the sample was 14.0 (SD= 1.41) years. The continuous mental health score 

ranged from 9 to 67 (Mean (SD): 50.1 (9.8)), with higher scores indicating better overall mental health. 

The nature and direction of the associations examined supported construct validity. Being from a more 

affluent family, and having more supportive relationships with family, peers, teachers, and other 

students was associated with greater mental health (Cohen’s d: 0.62 to 1.61)). Higher marks over the 

previous academic year were associated with better mental health. Average mental health scores were 

much lower if students reported feeling hopeless or rated their health as fair or poor.  

Conclusion. A continuous measure of mental health based on the Dual-factor Model appears to be a 

comprehensive and valid measure with applications for research aimed at increasing our understanding 

of adolescent mental health. 
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3.2 Introduction 

According to the World Health Organization, optimal mental health involves the successful performance 

of mental functioning, resulting in productive activities, fulfilling relationships, and the ability to cope 

with adversity.1 Traditionally, symptoms of mental illness (e.g., anxiety and depression) have been used 

to infer the presence or absence of optimal mental health. Asymptomatic youth are considered mentally 

healthy by this approach, despite having varying levels of mental functioning.2 According to the field of 

positive psychology the presence of subjective well-being (e.g., life satisfaction and positive emotions) is 

also important to optimal mental health and functioning.3,4  

A Dual-factor Model (DFM) was proposed by Greenspoon and Saklofske (2001), as one approach to the 

assessment of mental health but in composite.2 The DFM states that mental health can be assessed by 

combining ratings on two dimensions: subjective well-being and psychopathology.2,5 Subjective well-

being is defined according to the hedonic tradition as feeling good about one’s life, and psychopathology 

refers to the presence of internalized or externalized symptoms and behaviours associated with mental 

illness. The resultant two-factor measure depicts four mental health groups with unique mental 

functioning and treatment needs: 1) “Mentally Healthy” (high well-being and low psychopathology), 2) 

“Symptomatic yet Content” (high well-being, but high psychopathology), 3) “Asymptomatic yet 

Discontent” (low well-being despite low psychopathology), and 4) “Mentally Unhealthy” (low well-being 

and high psychopathology) (Figure 3-1).5 Measures based on the Dual-factor Model are felt to provide 

more accurate and comprehensive assessments of mental health status than traditional unidimensional 

measures. Each group reports unique levels of functioning in domains related to mental health (social, 

physical, behavioural, and academic), with the highest functioning group (mentally healthy) reporting 

both low psychopathology and high well-being.6,7 In other words, being symptom free and feeling good 

(happy and satisfied with life) equates to optimal mental health and functioning.  
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Figure 3-1. Mental health status groups based on the Dual-

factor Model of mental health2,5 
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Note: the nomenclature used in this study comes from Renshaw & Cohen (2014)8  

While evidence supports the application of a dual-factor measure over traditional approaches, there are 

disadvantages to grouping mental health into four broad categories. In studies that have operationalized 

a dual-factor measure, over half to two-thirds of adolescents were labelled mentally healthy,7 ignoring 

within-group variation, and potentially masking important within-group differences. Compared to a 

continuous variable, a four-category, nominal outcome also adds statistical and interpretive complexity 

to common regression approaches, is less easily adopted to advanced statistical applications (e.g., 

structural equation modeling), and requires a greater sample size to detect meaningful effects.9 

The purpose of this study was therefore to develop and test a novel measure of adolescent mental 

health, based on our adaptation of the Dual-factor Model10 and in a continuous form (Figure 3-2). Such a 

continuous measure could potentially comprehensively and more accurately capture varying mental 

health states than traditional approaches. It would also possess various statistical advantages over a 

categorical dual-factor measure. Given the novelty of this measure, we assessed construct validity in its 

testing.  

3.3 Methods 

3.3.1 Overview of Research Design 

Steps involved in this research were: (1) development of the continuous measure of mental health 

based on the Dual-factor Model,2,5 combining measures of subjective well-being and psychopathology; 
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(2) testing of its construct validity, via examining measures of association with indicators known to be 

associated with adolescent mental health.11,12 The latter included specific indicators of mental health, 

demographic factors, reports of academic performance, and social support variables. A priori, higher 

mental health scores on our measure were expected to be linearly associated with greater social 

support, better health, greater academic performance, and greater self-reported family affluence 

(Figure 3-3). 

3.3.2 Data Source 

Data for this study come from the 2014 Canadian Health Behaviour in School-aged Children (HBSC) 

study.11 The sample covers all provinces and territories, with notable exclusions including private and 

on-reserve schools, home schooled students, and incarcerated students (collectively, <7% of the eligible 

student population).13 Following consent, a self-report general health questionnaire was administered in 

the classroom, in hardcopy or online formats, that compiled data on health and health-related 

behaviours from grade 6 to 10 students (typically ages 11 to 15 years old).11 Sample weights were 

developed to ensure national representativeness by grade within province/ territory. Ethics approval for 

the HBSC study was obtained from the Public Health Agency of Canada (REB 2013-0022), and the 

Queen’s University Ethics Board (GREB TRAQ #: 6010236).  

3.3.3 Variables contributing to the dual-factor inspired measure2,5  

The mental health measure was created by combining measures of subjective well-being and 

psychopathology into a composite score (Figure 3-2). 
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Figure 3-2. Composite measure of mental health inspired by the Dual-

factor Model 2,5 

   LOW MODERATE                HIGH 

 

Low SWB/High PTH  High SWB/Low PTH 

Note: PTH= Psychopathology (higher of internalized or externalized symptom scores); SWB= 

Subjective Well-being (negative affect score subtracted from sum of life satisfaction and positive 

affect scores) 

 

Subjective well-being (SWB). Following precedent,2,6,14 subjective well-being was measured by combining 

with equal weighting three separate but related constructs: life satisfaction, positive affect, and negative 

affect.15 Life satisfaction was rated from 0 “Worst possible life” to 10 “Best possible life” using the Cantril 

Ladder.16,17 Taken from well-validated affect scales, positive affect was measured using a single item (“I 

am full of energy”),18 and two items (“I often feel lonely” and “I often feel helpless”),19,20 were used to 

measure negative affect (five response options: “Strongly Agree” to “Strongly Disagree”). To achieve 

equal weighting, life satisfaction, positive affect, and negative affect were standardized to have a mean 

of 50 and standard deviation of 10. A subjective well-being (SWB) score was calculated by summing 

standardized life satisfaction and positive affect scores, and then subtracting the standardized negative 

affect score (SWB= (life satisfaction + positive affect) – negative affect).14,15 

Psychopathology (PTH). Internalized symptoms were assessed via the 4-item psychological symptoms 

subscale of the subjective health complaints scale (range= 0 to 16; α=0.79).11,21 Students reported how 

often they had the following in the past six months: “Feeling low (depressed)”, “Irritability or bad 

temper”, “Feeling nervous”, “Difficulties in getting sleep” (five response options: “Rarely or never” to 

“About every day”). Externalized symptoms were measured using an overt risk-taking scale, that 

combined the frequency of engagement (‘None’, ‘Infrequent’, ‘Frequent’) in the following behaviours: 

alcohol consumption, lifetime drunkenness history, smoking history, use of alternative tobacco 

products, physical fighting, caffeinated energy drink consumption, and non-helmet use on a bicycle 

Mental Health 
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(α=0.75).22 Internalized and externalized symptom scores were also standardized to have a mean of 50 

and standard deviation of 10. The psychopathology (PTH) score used in the composite mental health 

measure was the higher of the adolescent’s internalized or externalized symptoms score, as some 

adolescents are more likely to internalize their distress, while others are more likely to act out and 

externalize their behaviours.23 

3.3.4 Variables used in the validation test 

Construct validity was assessed by examining whether mental health scores differed in the expected 

direction on variables describing academic functioning, social support, family characteristics, and 

specific indicators of mental health, as illustrated in Figure 3-3.12,24,25 

 

 

 

 

 

 

 

 

 

The measures described below have been scrutinized for face validity and shown to have strong 

construct validity and internal consistency reliability where applicable.26 Age was categorized as ≤11, 12, 

13, 14, or ≥15 years old, and youth identified as either “Male” or “Female”. Relative family affluence was 

measured using the item: “How well off do you think your family is?” (‘Well-off’, ‘Average’, ‘Not well-

off’). Family and peer support were measured using the Multidimensional Scale of Perceived Social 

Support (MPSS).27 Family support was assessed using four items describing whether students believe 

Figure 3-3. Expected relationships between family affluence, social support, 

academic functioning, and indicators of mental health, and the composite 

mental health score  

LOW  MENTAL HEALTH  HIGH 
     

Not well-off  Family Affluence  Well-off 

Low  Family Support  High 

Low  Peer Support  High 

Low  Student Support  High 

Low  Teacher Support  High 

Mostly <50%  Academic Performance  Mostly >85% 

Yes  Hopelessness  No 

Low  Prosocial Behaviour  High 

Fair/Poor  Self-rated health  Excellent 
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their family is available and willing to help them in times of need (five response options: “Strongly 

disagree” to “Strongly agree”) (range= 0 to 16; α= 0.91).11 Peer support was measured using a 4-item 

scale (range= 0 to 16; α= 0.92), describing beliefs they have friends they can count on and confide in 

(five response options: “Strongly disagree” to “Strongly agree”).11 Student support was measured using 

a 3-item scale (range= 0 to 12; α= 0.80), capturing students’ perceptions of their peers within the school 

environment (five response options: “Strongly disagree” to “Strongly agree”).11 Teacher support was 

assessed using nine items (range= 0 to 36; α= 0.90) related to students perceptions of their teachers 

feelings towards them, and how they felt about their teachers (five response options: “Strongly 

disagree” to “Strongly agree”).11 Academic performance was measured using five categories describing 

average marks in the past year (1= “Mostly letter grades below C/ below 50%/ or level 1”, 2= “Mostly Cs/ 

between 50 and 59%/ or level 2”, 3= “Mostly Bs and Cs/ between 60 and 69%/ or level 3”, 4= “Mostly As 

and Bs/ between 70 and 84%/ or level 3 and 4”, 5= “Mostly As/ above 85%/ or level 4”).  

Hopelessness (Yes or No), was assessed with the item: “During the past 12 months, did you ever feel so 

sad or hopeless almost every day for two weeks or more in a row that you stopped doing some usual 

activities”. This item is the first of five in the Youth Risk Behaviour Survey (YRBS) suicidality scale, and a 

strong predictor of clinical depression.28 Prosocial behaviour was measured using a 5-item scale (range= 

0 to 25) capturing how often youth engage in behaviours that put others before themselves (α= 0.87).11 

Finally, self-rated health status was measured with the item: “Would you say your health is…?” 

(“Excellent”, “Good”, “Fair”, or “Poor”).  

3.3.5 Analysis 

All analyses were conducted using SAS Version 9.4 (SAS Institute, Cary, NC, 2016).  

Developing the measure. The composite mental health score was calculated by subtracting the 

adolescent’s psychopathology score (higher score= higher psychopathology) from their subjective well-
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being score (higher score= higher well-being). The resulting score was standardized to have a mean of 

50 and standard deviation of 10, with higher scores corresponding to better mental health (Figure 3-2). 

Testing the measure. Sample weights were applied to all analyses. Average mental health scores were 

described by available covariates (Figure 3-3). Continuous covariates were modelled using approximate 

quartiles based on the sample distribution. Mixed-effects linear regression was used to test for group 

differences adjusting for age and sex, and clustering by school using random effects. Cohen’s d was 

calculated as a standardized measure of effect size (values ≥0.8 are considered large, and ≥1.2 very 

large).29 Assuming a standard deviation of 10 the analysis was 80% powered to detect differences 

between means of 0.5 to 2.5, two-sided alpha=.05.   

3.4 Results 

The sample used to create the measure (n=21,993) was 53% female with an average age of 14.0 (SD= 

1.41) years. Approximately two-thirds of the sample identified as White, one-fifth were born outside of 

Canada, and over 80% lived in a home with two adults. The composite mental health score ranged from 

9 to 67 (weighted Mean (SD)= 50.1 (9.8)), with higher scores indicating better mental health. The 

distribution was moderately skewed towards poor mental health (skewness= -0.72). Based on the 

intraclass correlation coefficient of 0.038, 3.8% of the variability in mental health scores could be 

attributed to school-level factors.  

For the analyses examining the mental health score by selected covariates, the sample was restricted to 

students with complete data (n= 18,720 (weighted n= 18,867)). Adolescents that were excluded because 

of missing data were comparable to those included by age, gender, relative family affluence, and self-

rated health status (p>.05).  

Average mental health scores were significantly different by the covariates examined (p<.001), in the 

expected direction (p-trend <.001) (Table 3-1). Mental health scores were lower in girls and decreased 
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with increasing age. Being in a more supportive and affluent family, and having more supportive 

relationships with peers, teachers, and other students were associated with greater mental health. 

Higher marks in school were also associated with better mental health. Average mental health scores 

were significantly lower if students reported having felt hopeless or rated their health as fair or poor. 

Differences were most pronounced (Cohen’s d >1.2) for family support, academic achievement, feelings 

of hopelessness, and self-rated health. 
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Table 3-1. Description of the 2014 HBSC sample by average mental health score 

Sex n (%) Mean (SD) p* p-trend* Cohen’s D 

 Male 8774 (46.5) 51.5 (8.9) ref / 0.26 

 Female 10093 (53.5) 49.0 (10.4) <.001   

Age        

 ≤11 1645 (8.7) 54.8 (8.0) ref <.001 ref 

 12 3102 (16.4) 53.5 (8.8) <.001  0.15 

 13 3550 (18.8) 51.6 (8.8) <.001  0.38 

 14 4303 (22.8) 49.4 (9.5) <.001  0.61 

 ≥15 6266 (33.2) 46.9 (9.9) <.001  0.88 

Relative Family Affluence        

 Well-off 10701 (56.7) 52.3 (9.1) ref <.001 ref 

 Average 6484 (34.4) 48.1 (9.2) <.001  0.46 

 Not Well-off 1682 (8.9) 43.9 (11.8) <.001  0.92 

Family Support        

 High 5242 (27.8) 55.9 (7.8) ref <.001 ref 

 Q2 5744 (30.4) 52.2 (7.5) <.001  0.48 

 Q3 3977 (21.1) 47.8 (8.4) <.001  1.00 

 Low 3904 (20.7) 41.7 (9.7) <.001  1.61 

Peer Support        

 High 4830 (25.6) 53.0 (9.5) ref <.001 ref 

 Q2 3190 (16.9) 51.3 (9.6) <.001  0.18 

 Q3 6112 (32.4) 49.9 (9.1) <.001  0.33 

 Low 4734 (25.1) 46.6 (9.9) <.001  0.66 

Student Support        

 High 4762 (25.2) 54.8 (8.3) ref <.001 ref 

 Q2 4708 (25.0) 51.9 (8.3) <.001  0.34 

 Q3 5007 (26.5) 49.2 (9.1) <.001  0.64 

 Low 4389 (23.3) 44.2 (10.2) <.001  1.14 

Teacher Support        

 High 4761 (25.2) 55.9 (7.5) ref <.001 ref 

 Q2 4893 (25.9) 52.0 (7.9) <.001  0.52 

 Q3 4537 (24.1) 48.8 (8.8) <.001  0.87 

 Low 4675 (24.8) 43.5 (10.4) <.001  1.37 

Academic Performance        

 A’s/ >84%/ level 4 6036 (32.0) 52.4 (8.3) ref <.001 ref 

 A’s & B’s/ 70-84% 9156 (48.5) 50.2 (10.0) <.001  0.24 

 B’s & C’s/ 60-69% 2994 (15.9) 46.9 (10.6) <.001  0.58 

 C’s/ 50-59% 556 (3.0) 43.2 (9.9) <.001  1.01 

 <C’s/ <50%/ level 1 124 (0.7) 39.3 (9.8) <.001  1.44 

Self-rated Health Status        

 Excellent 5626 (29.8) 54.8 (8.2) ref <.001 ref 

 Good 10160 (53.9) 49.9 (8.9) <.001  0.57 

 Fair/ Poor 3081 (16.3) 42.5 (10.1) <.001  1.34 

Feelings of hopelessness        

 No 13889 (73.6) 53.3 (7.6) ref / 1.40 

 Yes 4978 (26.4) 41.2 (9.6) <.001   

Prosocial Behaviour        

 High 4979 (26.4) 52.2 (10.2) ref <.001 ref 

 Q2 4530 (24.0) 50.8 (9.5) <.001  0.14 

 Q3 5353 (28.4) 49.4 (9.5) <.001  0.28 

 Low 4005 (21.2) 47.9 (9.5) <.001  0.44 

Notes: (1) Values are weighted, (2)*All p-values obtained from mixed effects multivariable linear regression 

models that adjusted for age and sex, and clustering by school 
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3.5 Discussion 

Inspired by the Dual-factor Model,2,5,14 a novel continuous measure of mental health was developed in a 

representative sample of Canadian adolescents by combining measures of subjective well-being and 

psychopathology. In tests of this measure, large and significant differences in mental health scores were 

identified in the expected direction for all covariates examined, including indicators of social support, 

academic functioning, global health status, and feelings of hopelessness. This provides evidence in 

support of the construct validity of this continuous measure. We believe it can be used as a summary 

indicator of mental health status. 

The development of our measure was guided and supported by a contemporary theory of mental 

health.2,14 According to the Dual-factor Model, which argues that mental health is comprised of two 

separate but related constructs, this measure has greater content validity than measures that consider 

one dimension.2,5,14 By combining the positive and negative dimensions of mental health a more 

accurate and comprehensive assessment of overall mental health status can be made than if they are 

considered separately.5 By including more information, it may also be a more stable and reliable 

measure of mental health than relying on a single dimension, potentially reducing random 

measurement error. 

In studies that have operationalized a categorical dual-factor measure, adolescents who scored 

positively on measures of psychopathology and well-being reported better functioning (e.g., higher 

grade point average and more social support) than those who scored positively on one dimension 

only.14,30,31 The presence of well-being in addition to the absence of psychopathology is essential to 

optimal or complete mental health.5 On the opposite end of the spectrum, low well-being in the 

presence of active mental illness is associated with the worst mental health and functioning.5 This is 

consistent with the two ends of the mental health continuum defined by our measure (Figure 3-2), and 
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our finding of a linear increase in average mental health scores with increasing support and academic 

functioning.  

A potential limitation of the continuous measure is that it cannot distinguish whether suboptimal mental 

health is related to deficits in well-being or the presence of psychopathology. These two groups might 

have different etiological factors at work, interventional needs, and risk trajectories. The categorical 

dual-factor measure may be better suited for identifying the source of adolescents current or future 

mental health-related difficulties, and the appropriate strategy for intervention (i.e., treating symptoms, 

or promoting well-being). The continuous measure, however, is well suited for examining associations 

between risk and protective factors and levels of adolescent mental health. In this study we consistently 

identified significant differences in the expected direction between the continuous measure of mental 

health and various indicators of mental functioning, suggesting that different levels of mental health are 

accurately captured across the full continuum of possible scores. Further, the two groups that cannot be 

differentiated with the continuous measure (symptomatic yet content, and, asymptomatic yet 

discontent) report similar academic functioning14,30 and physical health.14 However, symptomatic yet 

content youth often report more supportive relationships with family and peers,30,31 and greater 

emotional and cognitive engagement at school.30  

Unlike the categorical dual-factor measure,2,5 the continuous version takes advantage of the full range of 

data. Categorizing mental health ignores within group heterogeneity, potentially leading to an 

underestimate of effects, and the concealing of non-linearity in the relationships of interest.9 In studies 

operationalizing a categorical measure the majority of adolescents are grouped as mentally healthy (as 

high as 67%).30 This means that the majority of the distribution of the continuous measure, and a 

potentially wide range of mental health is collapsed into this one group. In a supplementary analysis we 

examined whether average mental health scores differed by indicators of academic and social 

functioning, and self-rated health in the mentally health group defined by the categorical dual-factor 
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model.10 Results showed significant variability in functioning within the mentally healthy group, and the 

average mental health scores consistently differed by the covariates examined (p<.001), and in the 

expected direction (p<.001) (Supplemental Table 3-2). The differences in means for each covariate 

reached moderate to very large in size according to Cohen’s d (0.64 to 1.49).29 These findings suggest 

that significant variability in mental health status is masked by the categorical measure, and the 

continuous measure is able to differentiate levels of mental health within ‘mentally healthy’ 

adolescents, and across the full range of the distribution. This appears to be a distinct advantage of the 

continuous dual-factor measure over its categorical counterpart. 

The continuous measure also provides a more viable option for smaller studies with limited power. In 

studies categorizing mental health, one or more of the mental health groups is represented by a small 

percentage of the sample (<12% is common).14,30,31 In smaller samples it becomes difficult to impossible 

to run a statistical analysis and/ or generate meaningful results on a category with such small numbers. 

Finally, irrespective of sample size a continuous measure is more easily modelled in advanced statistical 

applications than a four-category nominal variable. In standard path analysis for example there is an 

assumption that variables are measured on an interval scale.32 Fitting a model with a nominal 

categorical variable adds complexity in all stages of the analysis from conceptualization to interpretation 

of the output. 

Future studies combining the two dimensions of mental health into a continuous measure might 

consider different weighting, based on findings that symptomatic yet content youth on average appear 

to report slightly greater mental functioning than asymptomatic yet discontent youth (i.e., giving more 

weight to subjective well-being).10,30,31 Future studies might also consider whether internalized and 

externalized symptoms should be treated equally, as they were in this study. Internalized symptoms 

(e.g., anxiety and depression) may have a stronger correlation with overall mental health status than 

externalized symptoms for example, which could be accounted for in the development of the measure. 
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Strengths of this study included the use of a large, representative sample of Canadian adolescents to 

develop and test a novel measure of adolescent mental health, making the results generalizable to a 

wide population. Well-validated scales were used to measure life satisfaction, psychopathology and the 

covariates included in the tests of construct validity.26 This study provides a practical approach to 

developing a valid, contemporary measure of mental health status that can be applied in future research 

studies. Several limitations also warrant comment. Because this was a secondary analysis, limited data 

were available for measuring well-being. The use of validated scales rather than individual items to 

measure the indicators of well-being, particularly positive and negative affect, could further strengthen 

the measure. The use of self-report data likely resulted in some social desirability bias, especially for 

externalized symptoms. 

3.5.1 Conclusion 

A continuous measure of adolescent mental health based on the Dual-factor Model appears to be 

construct valid and has applications for public health research aimed at increasing our understanding of 

the factors and circumstances that influence adolescent mental health.
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Table 3-2. Description of the average mental health score by indicators of social support, 

academic functioning, and self-rated health in “mentally healthy” adolescents according to 

the categorical dual-factor measure† (weighted n=14,994 (67.6% of the full sample)) 

 n (col%) Mean (SD) p* p-trend* Cohen’s d 

Family Support        

 High 4993 (33.7) 58.2 (5.5) ref <.001 ref 

 Q2 5173 (34.9) 54.9 (5.2) <.001  0.62 

 Q3 2903 (19.6) 52.5 (5.2) <.001  1.07 

 Low 1744 (11.8) 50.5 (5.6) <.001  1.39 

Peer Support        

 High 4196 (28.3) 57.0 (6.1) ref <.001 ref 

 Q2 2575 (17.3) 55.9 (5.7) <.001  0.19 

 Q3 4948 (33.3) 54.1 (5.6) <.001  0.50 

 Low 3128 (21.1) 53.2 (5.7) <.001  0.64 

Student Support        

 High 4363 (29.5) 57.7 (5.5) ref <.001 ref 

 Q2 4024 (27.2) 55.2 (5.5) <.001  0.45 

 Q3 3830 (25.9) 53.8 (5.6) <.001  0.70 

 Low 2554 (17.3) 52.0 (6.1) <.001  0.98 

Teacher Support        

 High 4532 (31.4) 58.1 (5.1) ref <.001 ref 

 Q2 4175 (28.9) 55.0 (5.4) <.001  0.59 

 Q3 3323 (23.0) 53.1 (5.6) <.001  0.93 

 Low 2404 (16.7) 51.7 (6.1) <.001  1.14 

Academic Performance        

 A’s/ >84%/ level 4 5245 (35.6) 55.7 (5.6) ref <.001 ref 

 A’s & B’s/ 70-84% 7157 (48.6) 55.1 (6.1) <.001  0.10 

 B’s & C’s/ 60-69% 2014 (13.7) 53.5 (6.4) <.001  0.37 

 C’s/ 50-59% 277 (1.9) 52.9 (6.1) <.001  0.48 

 <C’s/ <50%/ level 1 42 (0.3) 51.6 (5.1) <.001  0.77 

Self-rated Health Status        

 Excellent 5210 (35.0) 57.5 (5.6) ref <.001 ref 

 Good 8155 (54.8) 54.2 (5.7) <.001  0.58 

 Fair/ Poor 1507 (10.1) 51.1 (5.4) <.001  1.15 

Note: (1) Values are weighted, (2)*All p-values obtained from mixed effects multivariable linear regression models 

that adjusted for age and sex, and clustering by school, (3) †A description of the categorical dual-factor measure is 

described elsewhere (Authors, Under Review). 
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Chapter 4 

School-based relative age and adolescent mental health: Background, literature review, and 

conceptual model 

The remainder of the thesis focuses on school-based relative age effects and their impacts on 

adolescent mental health. Building on the previous two chapters, the mental health measures that were 

developed are included as outcomes in the analyses. This chapter presents a review of pertinent 

literature and concludes with the proposal of a conceptual model. Key terms are defined, brief 

descriptions of well-established relative age effects are provided, and gaps in the salient literature are 

identified. Finally, a conceptual model linking school-based relative age to mental health during 

adolescence is proposed. This model draws on literature on school-based relative age effects and 

integrates two existing hypotheses: The Maturational1 and Social Agents2 Hypotheses. 

4.1 Background 

4.1.1 Relative age effects  

Relative age refers to the difference in age position between those belonging to the same age-defined 

cohort (e.g., school grades and youth sports teams) yet born in different months. Variations in age 

within this cohort are referred to as relative age differences, and their consequences are referred to as 

relative age effects.3 Age-based groupings in sports, schools and other contexts are common for 

logistical reasons, and are intended to minimize developmental differences in order to provide equal 

opportunities for success. Unfortunately, age-based groupings can have the unintended consequence of 

advantaging relatively older members, while disadvantaging those who are relatively younger.1 Such 

relative age effects are most likely to occur when youth are grouped by chronological age for activities 

where performance is highly correlated with development.1 
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4.1.2 Relative age effects in sport 

A relative age effect was originally identified in professional hockey leagues with a disproportionate 

number of players born within three months after the eligibility cut-off date (32 to 42% compared to 9 

to 16% born in the last three months).4 This finding has been replicated across a number of different 

sports and countries.5 The development of relative age effects in sport has been largely attributed to 

differences in maturity (e.g., size and coordination) influencing selection decisions at a young age.1,2 At 

the age when children enter competitive, organized sport their innate ability is not directly observable, 

and is inferred from observed skill, which is a combination of innate ability and developmental 

maturity.1,2 Relatively older (more mature) children are therefore disproportionately more likely to be 

selected to more competitive teams where they get discriminant opportunities. They receive more 

specialized coaching and instruction, and more training time, and are exposed to a higher level of 

competition that accelerates their development. Relatively younger children fall behind and lose 

motivation. The initial maturity difference thus turns into a difference in participation and ability that 

disadvantages relatively younger athletes. Such relative age effects in sport become more pronounced 

as the number of athletes that are competing for a set number of spots increases.5  

4.1.3 School-based relative age effects 

Arbitrary cut-off dates are used to group children into school grades, and these result in chronological 

age differences of up to 12 months (less a day) in school classrooms. In Canada this difference translates 

into nearly 20% of total life experience at entry into grade 1 (age 5), and potentially large developmental 

differences.1 School-based relative age effects have been found to manifest in the form of worse 

academic performance, and identification of more learning disabilities and social difficulties in relatively 

younger students. 1,6 Such effects are described in greater detail later in this chapter. 



   
 

52 
 

4.1.4 Defining mental health 

Definitions of mental health vary, and mental health is conceptualized and measured in different ways.7 

There is some consensus that the absence of active mental illness (e.g., symptoms of anxiety and 

depression), is a necessary condition to achieve complete or optimal mental health. The World Health 

Organization defines mental health as “a state of well-being in which every individual realizes his or her 

own potential, can cope with the normal stresses of life, can work productively and fruitfully, and is able 

to make a contribution to his or her community” (WHO 2004, p.12).8 In order to achieve the level of 

effective functioning that is described in the WHO definition, contemporary theories suggest that the 

presence of positive psychological factors, such as life satisfaction and emotional well-being are also 

necessary.9,10 Positive mental health can be modelled as the absence of mental illness or 

psychopathology, presence of subjective well-being, or possibly more accurately as a complete state by 

combining the two dimensions.11 

4.2 Literature Review 

4.2.1 School-based relative age and mental health 

More recent evidence suggests that relatively younger students are at increased risk of poor mental 

health compared to older students including increased incidence of suicide,12,13 risk of internalized 

symptoms (emotional and peer problems),14,15 and mental illness referral and diagnosis.16–18 The link 

between school-based relative age and mental health was first identified in a study that examined 

records for death by suicide occurring in Alberta between 1979 and 1992 in individuals younger than 20 

years old (n= 564).12 A disproportionate number of suicide cases were born in the second half of the 

school eligibility year compared to the first half of the year (55.3% vs. 44.7%; χ2 p<.01). A more recent 

study found that Japanese adolescents and young adults born just before the school eligibility cut-off 

date (i.e., the youngest in their cohort) were more likely to have died by suicide than those born just 

after the cut-off.13 The percentage of individuals with birthdates in the seven days before the cut-off 
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who died by suicide (i.e., suicide mortality rate) was higher by 0.034 than for those with birthdates in 

the seven days after, which is 27% of the baseline rate (0.126). Japan has a universal school eligibility 

cut-off date and late school entry is not allowed, so this study was able to utilize population birth and 

death records to determine relative age and mortality by suicide.13 

Several studies have identified a relative age effect for mental illness referral and diagnosis. A 

disproportionately high number of relatively younger children are diagnosed with, and treated for, 

attention deficit hyperactivity disorder (ADHD).19–23  For example, among Icelandic children ages 7 to 14 

years, those in the youngest third of their class were 50% more likely (RR= 1.5; 95% CI: 1.3-1.8) to be 

prescribed drugs for ADHD than those in the oldest third.19 In a study of over 1 million children in the 

United Kingdom, the youngest quarter of the class was 1.4 times more likely to be diagnosed with 

ADHD, and 1.3 times more likely to be diagnosed with depression than the oldest birth quarter.23 A 

recent meta-analysis concluded that being relatively younger compared with one’s peers increased the 

risk of receiving medication for ADHD (RR=1.27; 95% CI: 1.19-1.35).22 In British 5 to 15-year old’s the 

youngest third of the class were significantly more likely to have a clinician diagnosed psychiatric 

disorder than those in the oldest third (adjusted OR=1.14; 95% CI: 1.03-1.25).17 Rather than actually 

having more diagnosable mental health problems, it has been hypothesized that relatively younger 

children may be over-diagnosed because assessments do not take relative age into account.6 This is 

possible for ADHD and behavioural problems, the symptoms of which are correlated with 

developmental maturity. 

Several previous studies have examined the association between relative age and mental health using 

the Strengths and Difficulties Questionnaire (SDQ).24 The SDQ is a composite scale of psychological well-

being consisting of five subscales assessing internalized (emotional symptoms and peer problems) and 

externalized symptoms (conduct problems, hyperactivity, and prosocial behaviour). Five studies 

examined the association between relative age and a total symptom score.14,15,17,25,26 Three of five found 
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that total symptom scores were higher in relatively younger children, with the size of the difference 

decreasing with increasing age. In English 11 to 13-year old’s (n=23,379) a small but statistically 

significant difference was found comparing the youngest and oldest third of students (β= .03; 95% CI: 

.02-.05).14 Goodman et al. (2003) found that effects persisted across age bands in British 5 to 15-year 

olds (n= 10,438), and were significant whether by parent-, teacher-, or self-report.17 In older children 

aged 15 to 16 from Oslo, Norway, Lien (2005) found no difference in total symptom scores, comparing 

the youngest and oldest third of students.15 Similarly, no difference was found in Dutch children ages 6 

to 12 years.26 The authors suggest the null finding could be explained by the Dutch education system 

referring a large number of students to special education primary schools. It is possible that relatively 

younger students were more likely to have been identified as having problems and been referred as a 

result.26 

When considering the subscales of the Strengths and Difficulties Questionnaire,24 Patalay (2015) found 

in children ages 11 to 13, the youngest third of their class had significantly more emotional symptoms 

(β= .04; 95% CI: .03-.06) and peer problems (β= .06; 95% CI: .04-.07) than children in the oldest third.14 

These effects were larger in the younger cohort, indicating that RAEs may attenuate with increasing age. 

No significant difference was found for conduct disorders, hyperactivity, or prosocial behaviour. Based 

on the clinical threshold scores there was a 1.2% difference between the youngest and oldest students 

for emotional problems (12.2% vs 11%) and a 4% difference for peer problems (19.8% vs 15.8%). In 

grade 10 students from Oslo, Norway (n= 6,752) a similar difference was found for peer problems in 

boys only (adjusted mean= 1.52 vs. 1.74, p<.001), but not for emotional symptoms or any of the other 

subscales.15 In girls, psychological symptoms/distress was significantly lower in the youngest third than 

the oldest third (adjusted mean= 0.89 vs. 0.94, p=.003), an effect in the opposite direction as expected. 

The authors hypothesized that the gender difference may be a result of a more rapid increase in 

emotional distress in girls during mid-adolescence. While Lien (2005)15 found a moderating effect for 
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gender, no such effect was found by Patalay (2015).14 The difference in findings may be explained by the 

fact Lien (2005) studied an older sample (15 to 16 versus 11 to 13 year olds), and gender-moderated 

relative age effects may not emerge until later adolescence as a result of puberty-related changes that 

can have a different social and emotional impact in boys and girls.14  

A recent study examined the association between relative age and indicators of mental health in 

adolescents aged 10 to 17 years (n= 379,524), from 32 countries that did not include Canada.27 For a 

twelve month increase in relative age, life satisfaction increased by 0.17 standard deviations, self-rated 

health status increased by 0.11 standard deviations, and psychosomatic health complaints decreased by 

0.07 standard deviations. Only the effect of relative age on life satisfaction decreased in older students. 

The differences identified in this study represent very small effect sizes. A study of younger students 

aged 10 years old in Tokyo, Japan (n= 4,478) also found a very small effect of younger relative age on 

reduced emotional well-being, measured with the WHO-5 Well-being Index.28 Differences in academic 

performance and bully victimization were found to mediate this association. In summary, previous 

studies have found a relative age effect for suicide risk, mental illness referral and diagnosis, internalized 

symptoms and total psychopathology symptom scores, but not externalized symptoms. Effects appear 

to be greatest in early adolescence, decrease in magnitude with increasing age, and may be non-

significant or trivial in size by the end of secondary school.  

4.2.2 Limitations of previous studies 

The majority of previous studies have examined the association between school-based relative age and 

adolescent mental health in the United Kingdom (UK). The generalizability of findings to the Canadian 

context is unknown because of differences in educational practices. Compared to Canada, the practices 

of strict in-class ability grouping and streaming students into different classes based on their academic 

ability in primary school are common in the UK.29 The Canadian education system may differ in the 

timing and extent of streaming students, with streaming decisions more likely to occur later in the 
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student’s academic career. Often due to limited sample size, previous studies have categorized and 

modeled relative age using a small number of groups. Using three groups (the most common approach) 

assumes risk is uniform in children with birthdates up to four months apart. Effect estimates are likely 

biased towards the null as a result. In fact, the very youngest children (i.e., those in the youngest month 

or two) are expected to be at the greatest disadvantage, and therefore at the greatest risk of negative 

outcomes related to their relative age standing. Studies have also modeled relative age as continuous 

(e.g., Fumarco et al., 2020),27 assuming that a linear association exists between relative age and mental 

health, which may not be an appropriate assumption, based on the expectation of homogeneity of risk 

among older relative age months. 

4.2.3 Gaps in knowledge 

A limited number of studies have examined the association between relative age and mental health, 

often with inconsistent results, leaving many gaps in knowledge. The mental health outcomes examined 

in previous studies have been limited to suicide,12,13 internalized and externalized symptoms,14,15 and 

psychiatric disorders.16–18,22,23 Few previous studies have considered measures of subjective well-being, 

or overall mental health status by combining the positive and negative dimensions of mental health. No 

study has considered effect mediation in these relationships, so there is limited evidence on why or how 

relative age might affect mental health. Mediation analyses have the potential to inform the focus of 

interventions through the identification of modifiable intermediates (e.g., self-esteem). Limited 

consideration has also been given to effect modification beyond school grade. Few studies have 

examined a limited number of potential effect modifiers, often using crude measures of the desired 

construct, such as eligibility for free school meals as an indicator of socioeconomic status.14 Effect 

modification analyses can be used to identify potential protective factors that can be used to inform 

interventions, and high-risk youth who could be targeted for intervention. Overall, analytic approaches 

used in previous studies may have limited their ability to detect larger effects, for example if those most 



   
 

57 
 

at risk of reduced mental health are boys born in the youngest months from low socioeconomic 

backgrounds. 

4.3 A Conceptual model linking school-based relative age and adolescent mental health 

The reasons why relative age effects develop in different contexts remain poorly understood. There is 

some consensus that school-based relative age effects are most pronounced in early childhood when 

differences in maturity are the greatest.1,6 These maturational differences put relatively younger 

students at a disadvantage from the outset of formal education. At the time of school entry relatively 

younger students are also disadvantaged by having less life experience. The persistence of relative age 

effects into adolescence is likely the result of several different factors at work over the course of a 

child’s academic career. The conceptual model presented here attempts to explain how school-based 

relative age can affect adolescent mental health by putting students on a trajectory that begins at school 

entry (Figure 4-1). There are two necessary conditions for relative age effects to develop: (1) the 

implementation of an age-based grouping system, and; (2) the element of competition and/or 

evaluation, whether internal or external. In schools with larger classrooms there is more opportunity for 

competition and unfair comparisons, which may increase the likelihood of relative age effects 

developing.  

4.3.1 Maturational Hypothesis 

From the time of school entry, heightened maturity (physical, social/emotional, intellectual, and 

behavioural) gives relatively older children an advantage while disadvantaging the youngest.1,30 

Assuming similar rates of development, the youngest and oldest members of a school cohort will show 

distinguishable differences in maturity within a single 12-month period.5 As a result younger students 

will often compare themselves unfavourably to their more developed classmates. More 

developmentally mature students are more likely to possess the tools and skills required to be 

successful in the school environment. In addition to physical, social, and intellectual advantages, older 
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children are more likely to be able to pay attention and sit still for longer periods of time, and have 

better fine motor skills.31 According to the Matthew Effect the initial advantages stemming from 

heightened maturity translates to early success, which leads to later success (“the rich get richer and the 

poor get poorer”).2 For example, children who fall behind in reading lose motivation and read less, and 

those with pick it up early on begin to read more and learn new skills and concepts, widening the skill 

gap. As a result, relative age effects can persist into the later grades even after differences in maturity 

are believed to be negligible. 
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Figure 4-1. School-based relative age and adolescent mental health: A conceptual model 

Relative age results in differences in maturity (physical, social/emotional, intellectual, and behavioural), 

which can disadvantage younger students either directly (Maturational Hypothesis) or indirectly when 

they are interpreted by “social agents” (e.g., teachers) as differences in ability (Social Agents 

Hypothesis). As a result of maturity differences and/or the influence of social agents, younger students 

are more likely to have poorer achievement, less healthy social relationships, and reduced participation 

in health promoting activities. Over the school career, these disadvantages have a negative effect on the 

student’s development of sense of self, coping resources, and acquisition of skills and abilities. There is a 

cyclical relationship where disadvantages affect development, which can lead to further disadvantage 

(e.g., poor performance leads to reduced sense of self, which further reduces performance). The net 

effect is a negative impact on the mental health of relatively younger students. 
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4.3.2 Social Agents Hypothesis 

The Social Agents Hypothesis was originally proposed to explain why relative age effects develop in the 

context of sport.2 In the original presentation of this hypothesis, social agents referred to coaches, 

parents, and athletes. In applying this theory to school-based relative age effects, the term “social 

agents” is used to refer to people that can contribute to the development of relative age effects, and 

includes teachers, parents, and those involved in labeling and diagnosing students, and influencing 

streaming decisions among others. The Social Agents Hypothesis proposes that relative age effects 

result when social agents mistake differences in maturity for differences in innate ability or potential, 

and act on those differences.1,2 During childhood it is difficult, if not impossible to distinguish ability 

from maturity.1 Social agents are responsible for sorting students into curriculum or learning groups 

based on perceived ability. In some educational systems children are streamed from primary school (i.e., 

academic versus vocational), while in others there are more flexible forms of in-class ability grouping, 

and streaming does not occur until older grades. Relatively older children are more likely to be placed 

into advanced streams/tracks, or learning groups where they develop more rapidly.6 Relative age effects 

are expected to be greatest in education systems where streaming occurs in primary school. In class 

ability grouping and grade retention have been identified as factors through which relative age affects 

academic performance.32  

Social agents can also propagate relative age effects through mislabeling or misdiagnosing students. 

Relatively older students are more likely to be labelled as gifted and relatively younger students are 

more likely to have special education needs.33,34  Further, a disproportionately high number of relatively 

younger students are diagnosed with ADHD19–22 and learning disabilities,33–35 which can carry a negative 

social stigma. In a study of over 1 million children in the United Kingdom, the youngest third of the class 

was 1.3 times more likely to be diagnosed with an intellectual disability than the oldest third. Rather 

than actually having more learning disabilities younger students are likely over-diagnosed because the 
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assessment does not take actual age relative to their cohort into account.6 Being wrongly labeled can 

lower the educational expectations of relatively younger students and their parents and teachers,36 

reducing their motivation, and having a deleterious effect on their sense of self. 

The Rosenthal (Pygmalion) Effect (expectations dictating outcomes) is a self-fulfilling prophecy that 

occurs when greater expectations are placed on relatively older students.2 The greater the expectation 

placed on the child the greater the result that child is likely to attain, and vice versa. This effect is 

propagated by teachers and parents when high expectancy children are given more positive 

reinforcement and more supplementary and/or positive feedback. The Galatea Effect (acting in 

accordance with expectations) is another form of self-fulfilling prophecy that results when the child acts 

in accordance with the expectations that are placed upon him/her.2 Higher self-expectation in older 

children increases confidence, motivation, and behaviours that develop skills more rapidly.  

4.3.3 Maturational versus Social Agents Hypothesis 

Both maturational differences and the influence of social agents contribute to the development of 

relative age effects. In fact, both hypotheses are interconnected, as the Social-agent Hypothesis requires 

that social agents interpret differences in maturity to impact outcomes. One study found that on high 

school sports teams made up of students from two cohort years, there were more players from the first 

birth quarter of the second year than the third and fourth quarters of the first year,  suggesting that 

social, rather than purely maturational factors contribute to the development of relative age effects.37 

Based on the theoretical model proposed here, both maturational differences and the interpretation of 

maturational differences by social agents explain why differences in mental health by relative age can 

develop in adolescents. 
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4.3.4 Achievement, social relationships, and participation 

In general, relative age (maturity) differences can affect student achievement (mainly academic 

performance),6 the quality and quantity of social relationships, and the likelihood of participating in 

activities that promote health and development (e.g., school-based extracurricular activities). In terms 

of achievement, strong and persistent relative age effects have been identified for academic 

performance.1,6 Relatively younger students score 4-12 percentiles lower in grade 4 and 2-9 percentiles 

lower by grade 8, with the performance gap decreasing with increasing age.6 Younger children also have 

lower school attendance,12 and experience a greater likelihood of being held back a year (as much as 

15%).38,39 Poorer academic performance has been associated with reduced self-esteem, and poorer 

mental health, including symptoms of depression and suicidal behaviours.13 In 10-year-old children from 

Tokyo, Japan poorer academic performance mediated the relationship between younger relative age 

and reduced emotional well-being.28 Relatively younger students are also less likely to take on high 

school leadership positions, including captaining a varsity sports team or acting as club president before 

graduating.30 

Relatively younger students have less active social lives,40,41 and are more likely to be victims of 

bullying.25,42 In a study that included data from over 30 countries, relatively younger adolescents had 

fewer friends, and met with their friends less frequently.41 Less mature students are more likely to have 

difficulty socializing, and less likely to be viewed positively by their peers. Healthy, positive, and 

supportive relationships are associated with greater life satisfaction and well-being, higher self-

esteem,43 and fewer symptoms of depression.44 Social isolation on the other hand can have a 

devastating effect on well-being.45 Victims of bullying are also at increased risk of mental health 

problems, including psychosomatic health complaints,46 and symptoms of depression and anxiety.47 

Grade two students in Finland born in the youngest four months of their grade had increased odds of 

being bullied compared to those in the oldest four months according to child (OR=1.2; 95% CI: 1.1-1.4) 
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and parent report (OR=1.2 95% CI=1.01-1.4).42 Bully victimization has been found to mediate the 

association between relative age and emotional well-being in pre-adolescent children.28 The presence of 

a strong social support network is also important for coping with stress and adversity, and may buffer 

such negative relationships.48  

Relatively younger students are also expected to be at participation disadvantage. Similar to competitive 

sports leagues where the youngest athletes in a cohort are less likely to participate,1 if school teams 

require tryouts relatively younger students would be at a selection disadvantage. Relatively younger 

students are underrepresented on school sports teams in England, including soccer, rugby, basketball 

and netball.37,49 In a study of students aged 11 to 18 competing in the London youth games, the oldest 

birth quarter was overrepresented compared to the youngest across school sports including basketball 

(29.1 vs 23.2% in girls; 35.7 vs 19.3% in boys), netball (37.7 vs 19.8% in girls), and hockey (30.3 vs 20.8% 

in girls; 30.3 vs 22.4% in boys).37 Younger students also score worse on physical education 

assessments,49–52 which may discourage them from continuing optional physical education later on. 

Involvement in organized sport and physical activities can improve short and long-term mental health 

status and self-concept.53 Participation in structured leisure activities more generally (i.e., extracurricular 

activities) is associated with greater academic performance and less involvement in risky behaviours 

(e.g., substance use and school absenteeism).54 Participation in organized activities is also important for 

development of healthy relationships, positive self-esteem, and important life skills (e.g., leadership and 

teamwork). School-based relative age effects will likely be exacerbated if the cut-off dates for sports 

leagues align with school cut-off dates. Collectively, these disadvantages can negatively affect the short-

term mental health of relatively younger students by impacting the frequency of positive and/or 

negative experiences and emotions. 
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4.3.5 Sense of self, coping resources, and skills and abilities 

Over time, differences in participation, achievement, and social relationships can affect long-term 

mental health by affecting students’ senses of self (self-esteem and self-image),55 coping resources (e.g., 

self-efficacy and availability of social supports),56 and acquisition of important life skills and abilities (e.g., 

problem solving and social skills).57 Sense of self refers to a student’s self-esteem (self-confidence, 

identity, sense of belonging, and feeling of competence) and self-image. In their study of grade 1 to 9 

students (n= 1,129) there was a linear increase in self-esteem as age at school entry increased.58 

According to the authors, relative age produces differences in achievement that are due to relative age 

and not ability, and these differences lead to variations in self-esteem and self-confidence.58 Poorer 

academic achievement and lower quality student-teacher relationships acted as mediators in the 

relationship between younger relative age and lower self-esteem in a nationally representative sample 

of Korean grade 4 students (Mean age= 9.9 (0.4) years).59 Relatively younger students also report being 

less confident in their academic ability and more unhappy at school.25 Evidence suggests that relatively 

younger students have lower self-confidence in adulthood.60 Low self-esteem and lack of self-confidence 

have been linked to reduced mental health through feelings of inadequacy, depression, and suicidal 

ideation.55  

Coping resources allow students to successfully manage stress and adversity, reducing the risk of poor 

mental health outcomes.61 These resources are developed and acquired throughout childhood, and 

include social support systems, self-efficacy, hope, and optimism.62,63  Skills and abilities that are learned 

throughout childhood, and can affect the likelihood of mental health problems occurring include: 

emotional intelligence, flexibility, problem solving and social skills.57 Collectively they increase a 

student’s ability to successfully navigate different social and personal situations and regulate their 

emotions. There is a cyclical relationship where disadvantages affect development, which can then lead 

to further disadvantage. For example, poor academic performance leads to lower self-efficacy, which 
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further reduces performance. Collectively, these differences can have a negative impact on the short 

and long-term mental health of relatively younger students.  

4.3.6 The role of puberty 

Differences in maturity are expected to be greatest at school entry, and then decrease until adolescence 

when they may increase as a result of the physical and hormonal changes related to the onset of 

puberty. Boys who mature first are more likely to be looked upon positively by their peers, but also 

report more externalized (e.g. risk-taking) behaviours and symptoms.64 Girls who are first to go through 

puberty report more internalized (eg., anxiety and depression) and externalized symptoms (e.g., 

conduct problems).64 Puberty therefore may conincide with reduced mental health of relatively older 

students, particularly girls. One study did find a reverse relative age effect with relatively older 15-16 

year old girls reporting greater psychological distress.15 No effect was found for boys in the same study. 

The authors suggest that this finding might be explained by more rapid increases in emotional distress, 

resulting from pubertal changes, in girls than boys during mid-adolescence.15 The effects of puberty may 

be working in the opposite direction of the effects described in the conceptual model, resulting in a 

masking of the relative age effect. In studies of relative age and mental health it will be important to 

consider the role of puberty. In general, however; previous studies examining the association between 

relative age and mental health among adolescents suggest that relatively younger students report worse 

mental health on average.13,14,17,25 The negative effects of relative age on the develpoment of relatively 

younger students experienced throughout childhood is hypothesized to persist into adolescence.  

4.3.7 The Seasonality Hypothesis (A competing explanation) 

Relative age is largely determined by month of birth and is therefore highly correlated with season of 

birth. According to the Seasonality Hypothesis, season of birth can independently affect the risk of 

future mental illness. Environmental conditions during pregnancy can influence prenatal development 

biologically through parental infections, vitamin D deficiency, and meteorological changes (e.g., 
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temperature, rainfall, humidity). These conditions lead to changes in the embryonic/fetal tissue 

structure and function, which can influence the risk of developing psychiatric conditions later in life. 

Having a birthdate in winter and early spring has been associated with suicidal behaviour, major 

depression, schizophrenia and bi-polar disorder in adults, although effects are generally modest in size 

and border on statistically significant.65 Season of birth studies have not considered, or accounted for 

the potential role of school-based relative age effects. Findings that relative age is consistently 

associated with academic performance across countries and school systems with different school entry 

cut-off dates is evidence against the Seasonality Hypothesis. Similarly, in studies of competitive sport 

participation when the cut-off date is changed, the relative age effect shifts accordingly. Further 

argument against the seasonality hypothesis is the identification of a sudden change in risk for mental 

health outcomes including ADHD66 and suicide mortality rate13 in students born just before and just 

after the school eligibility cut-off date.  

4.4 Summary 

Relative age effects have been well established for sport participation and academic performance. 

Based on a review of pertinent literature, relatively younger students also appear to be at increased risk 

of worse reports and experiences of mental health during adolescence, although the effect sizes are 

generally small and decrease in older adolescents. According to my proposed conceptual model, 

relatively younger students experience several disadvantages due to maturity differences that can have 

negative long-term effects on their mental health. The chapters that follow examine whether school-

based relative age is associated with mental health in Canadian adolescents. These manuscripts address 

several limitations of previous studies by examining composite measures of mental health, and 

modeling relative age using more than four groups. An identified gap in knowledge is addressed with the 

advantage of our use of a large sample of Canadian adolescents. Further, potential effect modification is 

explored, and a review of strategies for addressing school-based relative age effects is presented. 
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Chapter 5 

School-based relative age and adolescent mental health: Results from the 2014 Canadian 

Health Behaviour in School-aged Children (HBSC) study 
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5.1 Abstract 

Introduction. School-based relative age effects commonly refer to age-related disadvantages 

experienced by the youngest students in school grades. Such effects are established for academic 

performance. Younger relative age is also a known risk factor for internalized symptoms and psychiatric 

disorders. In this study we examined the association between relative age and mental health in 

Canadian adolescents. 

Methods. Self-report data were analyzed from the 2014 Canadian Health Behaviour in School-aged 

Children (HBSC) study. Indicators of subjective well-being and psychopathology were combined into 

composite measures of mental health status. Positive (high life satisfaction and excellent self-rated 

health status) and negative (hopelessness and subjective health complaints) indicators of mental health 

were also examined. Associations between relative age and these indicators of mental health were 

quantified using multivariable log-binomial and linear regression models. Effect modification by grade 

group (6-8 vs 9-10) was examined. 

Results. The sample included 17,461 students with an average age of 14 (SD= 1.4) years. Boys (RR= 0.94; 

95% CI: 0.89-1.00) and girls (RR= 0.95; 95% CI: 0.90-1.00) in the youngest two months of their grade 

were significantly less likely to be mentally healthy than those in the oldest two months. Both boys (RR= 

0.93; 95% CI: 0.83-1.04) and girls (RR= 0.93; 95% CI: 0.82-1.05) in the youngest two months were also 

less likely to report high life satisfaction than those in the oldest two months. Grade 9-10 boys with 

birthdates in the youngest two months were 35% less likely to report excellent health status than those 

in the oldest two (RR= 0.65; 95% CI: 0.54-0.78). Analogous figures were 13% in grades 6-8 (RR= 0.87; 

95% CI: 0.76-1.01). Relative age was significantly associated with feelings of hopelessness and frequent 

health complaints in girls only.  
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Conclusion. This study identified a relative age effect for poor mental health among Canadian 

adolescents. Effect sizes were generally modest, but potentially important at the population level. 

Mental health disadvantages reported by the youngest students in Canadian classrooms are priorities 

that warrant ongoing investigation and potential intervention. 
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5.2 Introduction 

School-based relative age effects refer to age-related (dis)advantages experienced by children in school 

grades. Arbitrary cut-off dates used to group children into grades result in chronological age differences 

of up to 12 months, and this translates into large differences in maturity and life experience at school 

entry.1  This age-based grouping has the unintended consequence of advantaging relatively older 

children, while disadvantaging those who are relatively younger.1  Relatively younger students have 

consistently been shown to perform worse academically, with the performance gap decreasing with 

increasing age (4-12 percentiles lower in grade 4, and 2-9 percentiles lower by grade 8).1  

5.2.1 How relative age can affect mental health 

From the time of school entry, differences in maturity continue to advantage relatively older children 

while disadvantaging the youngest.2,3 Heightened maturity can translate to early academic and social 

success, which can lead to later success as children grow and develop into adulthood. For example, 

children who fall behind in reading lose motivation and read less, and those who establish reading 

patterns early begin to read more, widening the skill gap. Adults (e.g., teachers) can contribute to the 

development of relative age effects when they mistake differences in maturity for differences in innate 

ability or potential, which are difficult if not impossible to disentangle during childhood.3 If the 

expectations placed on students differ by levels of maturity they can differentially impact the confidence 

and motivation of younger and older students.4 Children who have greater expectancies placed upon 

them are given more positive reinforcement and supplementary feedback, and/or are placed into 

advanced streams or learning groups where they develop more rapidly. Evidence of this effect is 

supported by previous findings showing that relatively older students are more likely to be labelled as 

gifted, and relatively younger students are more likely to be diagnosed with learning disabilities 

requiring special education needs.5,6  

In general, the reduced maturity of younger students leads to poorer academic performance and more 
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social difficulties.1,3 In addition to lower grades, younger students have lower school attendance,12 and 

experience a greater likelihood (as much as 15%) of being held back for an additional year in the same 

grade.7 Compared to their older peers, being less physically and socially mature can make the 

development of positive relationships with classmates and teachers more difficult. Relatively younger 

students appear to have fewer close friends,8 are more likely to be victims of bullying,9,10 and are less 

likely to take on high school leadership positions.2 These disadvantages can negatively affect the mental 

health of younger students by impacting their development of a positive sense of self. Several studies 

have identified a positive association between relative age and self-esteem.11–13 Differences in school 

achievement that are attributable to variations in relative age (maturity) can lead to analogous 

variations in self-esteem and self-confidence.11 Younger students compare themselves unfavourably to 

their more developed and successful peers, which can have negative affects on their development of 

sense of self. Academic achievement has been identified as a mediator in the relationship between 

relative age and self-esteem.13 Low self-esteem has been linked to reduced mental health through 

feelings of inadequacy, depression, and suicidal ideation.14  

5.2.2 Previous studies on relative age and adolescent mental health 

More recent evidence suggests that being relatively younger can have a negative impact on adolescent 

mental health.15–17 Compared to their older peers, relatively younger students appear to be at increased 

risk of suicide,15,18 internalized symptoms (emotional and peer problems),16,19 and mental illness referral 

and diagnosis.20–22 A disproportionate number of individuals under 20 years old who died by suicide in 

Alberta, Canada between 1979 and 1992 were born in the second half of the school eligibility year 

(55.3% versus 44.7%, chi-square p<.01).18 Younger relative age also was associated with risk for 

mortality by suicide in Japanese adolescents and young adults.15 Relatively younger children are more 

often diagnosed with attention-deficit/hyperactivity disorder (ADHD),17,23–26  and other mental 

disorders.20–22 In a study of over 1 million children in the United Kingdom the youngest quarter of the 
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class was 1.4 times more likely to be diagnosed with ADHD, and 1.3 times more likely to be diagnosed 

with depression than the oldest birth quarter.17  

Several previous studies9,16,19,21,27 have examined the association between relative age and adolescent 

mental health using a composite scale of psychological well-being.28 Three of five studies found that 

total symptom scores on the Strengths and Difficulties Questionnaire (SDQ) were higher in relatively 

younger children, with the size of the difference decreasing with increasing grade.9,16,21 In British 5 to 15-

year old’s (n= 10,438) modest, significant effects persisted across age bands, whether parent-, teacher-, 

or self-report.21 In older students ages 15 to 16 from Oslo, Norway (n=6,752) there was no difference in 

total symptom scores in the youngest and oldest third of students.19 In children aged 11 to 13 

(n=23,379), the youngest third of their class scored significantly higher on 5-item scales (range= 0 to 10) 

measuring emotional symptoms (β= .04; 95% CI: .03-.06) and peer problems (β= .06; 95% CI: .04-.07) 

than the oldest third.16 In the same study no significant difference was found for conduct disorders, 

hyperactivity, or prosocial behaviour. In students from Oslo a similar difference was found for peer 

problems in boys only, but not for emotional symptoms or any of the externalized symptom subscales.19  

5.2.3 Limitations of previous studies 

A limited number of studies have examined the association between school-based relative age and 

adolescent mental health. The majority have been conducted in the United Kingdom, where children are 

more likely to be grouped based on ability and streamed at younger ages compared to children in 

Canada.29 As a result, previous findings may not be generalizable to the Canadian context. A recent 

study of adolescents from 32 countries identified a statistically significant linear association between 

younger relative age and lower life satisfaction and poorer self-rated health.30 Very small effects were 

identified in this study, which may be due to relative age being modelled as continuous if risk is 

homogeneous across multiple relative age months. Most previous studies have used three relative age 

groups, applying the assumption that risk is uniform in children with birthdates up to four months apart. 
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In fact, the youngest children (i.e., those in the very youngest months) are expected to be at the 

greatest disadvantage, and greatest risk of negative outcomes related to their relative age standing. 

Modeling relative age using more than three or four categories may uncover important mental health 

risks that have been masked by previous approaches. 

5.2.4 Study objectives 

The objectives of this study were to: (1) examine the association between school-based relative age and 

mental health in Canadian adolescents, and (2) examine whether the association between relative age 

and adolescent mental health is modified by grade and sex. With few exceptions, all Canadian children 

are exposed to an education system that implements annual age-based groupings. It is well established 

that relatively younger students perform worse academically, particularly early on.3 They also appear to 

be at an increased risk of poor mental health, although this has not been tested in Canada. An estimated 

1.2 million children and youth experience a mental illness in Canada,31 and half of all lifetime mental 

illnesses develop by age 14.32 Poor mental health can negatively impact a child’s development, 

educational attainment, and their potential to live a happy, fulfilling and productive life.33 School-based 

relative age represents a potentially modifiable risk factor for adolescent mental health that effects a 

large segment of the population, and could be targeted through school policies and strategies 

implemented within the classroom. 

5.3 Methods 

Data for this study came from the 2014 Canadian Health Behaviour in School-aged Children (HBSC) 

study.34 The HBSC study compiles information on health and health-related behaviours from children in 

grades 6 to 10. The sample included children from all provinces and territories. In the first stage of 

sampling, school jurisdictions were organized by public/separate school designation, language of 

instruction, and community size. A list of schools in eligible and consenting jurisdictions was created, 

and schools were randomly selected from this list. In most cases school administrators of selected 
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schools were asked to have two classes from each grade participate. Youth in private and on-reserve 

schools, homeschooled and incarcerated youth were not included in the sampling frame (<7% of the 

Canadian adolescent population).35 A letter of information was provided to students, and participation 

required student assent (willingness of the student to participate), and parental consent (either active or 

passive depending on school jurisdiction). A self-report questionnaire was administered to students 

during regular classroom hours. Ethics approval for the study was granted by the Research Ethics Boards 

from both Queen’s University (GREB TRAQ #: 6010236) and PHAC/Health Canada (REB 2013-0022). 

5.3.1 Study Variables  

5.3.1.1 Demographic Characteristics 

Age was calculated using self-reported month and year of birth and the date of survey completion. Sex 

(“Male” or “Female”), and grade (grouped as 6-8 and 9-10) were self-reported. The following 

demographic characteristics were used to describe the sample and considered as potential confounders. 

Ethnicity was categorized following the 2016 Canadian Census of Population groupings into: “White”, 

“Black”, “Latin American”, “Indigenous (Metis, Inuit, & First Nations)”, “East & Southeast Asian”, “East 

Indian & South Asian”, “Arab & West Asian”, and “Other (including multiple ethnicity)”.36 Immigration 

status was based on the number of years the student lived in Canada (“Born in Canada”, “Lived in 

Canada >5 years”, or “Lived in Canada 5 years”). Relative family affluence was measured using the 

item, “How well off do you think your family is?”, and the five response options were re-categorized into 

“Well-off”, “Average”, and “Not well-off”.37 Family structure was based on the adults living in the 

student’s primary residence, and was categorized as “Both Parents”, “Mother and Partner”, “Father and 

Partner”, “Mother Only”, “Father Only”, or “Other”. Finally, an ecological measure of urban/rural status 

was created based on population number using the school postal code and a Statistics Canada 

Classification System: “Rural or Small Centre (<30,000)”, “Medium Centre (30,000 to 99,999)”, and 

“Large or Metropolitan Centre (100,000+)”.38 
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5.3.1.2 Relative Age 

Relative age was calculated within grade by province/territory using the student’s date of birth relative 

to the school eligibility cut-off date. With the exceptions of Quebec and Nova Scotia, which use a school 

entry cut-off date of September 30th, all provinces and territories in Canada have a cut-off of December 

31st. Prince Edward Island was phasing in a new cut-off date during the study period and had different 

cut-off dates by grade. The observed relative age variable ranged from 1 (oldest month, born just after 

the cut-off) to 12 (youngest month, born just before the cut-off).  

Several exclusions were made to get to the relative age sample used in this study. First, students 

attendings schools for which the school eligibility cut-off date could not be determined were excluded. 

These included schools from the provinces of Alberta and Saskatchewan where different eligibility cut-

off dates are used across different schools. Students with missing data on date of birth were excluded, 

as it was not possible to determine their specific age. The distribution of birthdates was examined by 

class identifier and grade, and individual students were excluded if they were in a different grade than 

the rest of the class, and classes were excluded if they combined more than two grades, or the majority 

of students were born outside the expected 12-month window. These situations are not consistent with 

the typical age distribution by grade and could influence the development or non-development of 

relative age effects. Finally, all students with birthdates more than one year outside the expected 

twelve-month age window (i.e., more than a full year young or old for their grade) were excluded. 

After calculating observed relative age, students who were one to twelve months younger or older than 

expected for their grade were excluded. We could not determine from the data whether students who 

were old for their grade had started school late or repeated a grade prior to entering the study, and 

whether young for their grade students had skipped a grade or entered school early. These situations 

are expected to have different associations with student mental health, and it would therefore be 

inappropriate to group them together. Relative age was modelled both as continuous (using twelve 
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groups) and categorical using six two-month groups to ensure enough power in each group, with the 

assumption of minimal variance across two months.  

Expected relative age was examined in a sensitivity analysis and included students that were excluded 

because they were up to one year young or old for their grade. These students were grouped in the 

relative age month (range= 1 to 12) that they would be expected to be in based on their date of birth, 

and their school’s eligibility cut-off, irrespective of their actual relative age standing. This analysis was 

conducted in an attempt to address bias that would result if relatively younger students at the greatest 

risk of poor mental health are more likely to have delayed school entry or to have to repeat a grade, and 

conversely if relatively older students with the greatest mental health are more likely to have skipped a 

grade. 

5.3.1.3 Mental Health Indicators 

Positive. General life satisfaction was assessed using the Cantril ladder, a single item asking students to 

rate their life from 0 (“Worst possible life”) to 10 (“Best possible life).39,40 The Cantril Ladder correlates 

well with other measures of emotional well-being.41 High life satisfaction was defined as a score of 9 or 

greater.42 Self-rated health status was measured using the question “Would you say your health is…?” 

(“Excellent” versus “Good”, “Fair”, or “Poor”). Self-rated health is relatively stable over time during 

adolescence, and is consistently associated with well-being, disability, and health-compromising 

behaviours.43,44 

Negative. Hopelessness (yes or no) was assessed with the item, “During the past 12 months, did you ever 

feel so sad or hopeless almost every day for two weeks or more in a row that you stopped doing some 

usual activities?” Persistent sadness or hopelessness is a criterion for, and predictor of clinically 

significant depression and suicide ideation.45 Subjective health complaints were assessed using an eight-

item symptoms checklist. Youth reported how often in the last 6 months (0= “Rarely or never”, 1= 
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“About every month”, 2= “About every week”, 3= “More than once a week”, 4= “about every day”) that 

they experienced four somatic (headache, stomach ache, backache, feeling dizzy), and four 

psychological symptoms (feeling low, irritability or bad temper, feeling nervous, difficulties in getting to 

sleep) (Cronbach’s α= 0.84).34 Subjective health complaints were considered frequent if the student 

experienced two or more symptoms more than weekly.37 The presence of health complaints is 

associated with reduced subjective well-being and functioning in daily living. 

Overall mental health status. Comprehensive measures of mental health status were developed based 

on the Dual-factor Model, by combining measures of subjective well-being and psychopathology.46,47 A 

measure of subjective well-being was created by summing standardized life satisfaction and positive 

affect scores, then subtracting standardized negative affect scores. The resulting score was standardized 

to have a mean of 50 and standard deviation of 10. Life satisfaction was measured using the Cantril 

ladder (described previously).39,40 Positive affect was measured with the item, “I am full of energy”, and 

negative affect was measured using the items, “I often feel lonely” and “I often feel helpless” (5 

response options: “Strongly agree” to “Strongly disagree”). The psychopathology score used in the 

composite variables was the higher of the students standardized internalized or externalized symptom 

score, as adolescents generally fall into one of two groups: those who internalize their distress, and 

those who act out.48 Internalized symptoms were measured using the 4-item psychological symptom 

subscale of the subjective health complaints scale (Cronbach’s α= 0.79).34 Externalized symptoms were 

measured using a 7-item overt risk-taking scale capturing the frequency of engagement in the following: 

lifetime drunkenness history, alcohol use, lifetime smoking history, alternative tobacco use, physical 

fighting, caffeinated energy drink consumption, and bicycle helmet non-use (Cronbach’s α= 0.75).49  

To create the categorical measure of overall mental health status, low well-being was defined as a Z-

score <40, and high psychopathology was defined as a Z-score ≥60.50,51 Cut-offs for high and low were 

created within age and sex groups. Youth were categorized into four mental health status groups using 
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the two dimensions: (1) “Mentally Healthy” (high subjective well-being and low psychopathology), (2) 

“Symptomatic yet Content” (high subjective well-being, despite high psychopathology), (3) 

“Asymptomatic yet Discontent” (low psychopathology, but low subjective well-being), and (4) “Mentally 

Unhealthy” (low subjective well-being and high psychopathology) (Figure 5-1). Each of these groups are 

unique in terms of their academic and social functioning, physical health, and self-concept.50,52,53 

Derivation and testing of this measure has been described previously.54 

 

 

 

 

 

 

 

A continuous measure of overall mental health status was also created by subtracting standardized 

psychopathology scores from standardized subjective well-being scores (Figure 5-2). The resultant 

measure was standardized to have a mean of 50 and standard deviation of 10. Development of this  

measure has also been described elsewhere.56 

 

 

 

 

 

 

Figure 5-1. Mental health status groups based on the 

Dual-factor Model of mental health46,47 

 

  Psychopathology 
 

  Low High 
 

Su
b

je
ct

iv
e 

W
e

ll
-B

ei
n

g 

High Mentally Healthy 
Symptomatic yet 

Content 

 

Low 
Asymptomatic yet 

Discontent 

Mentally  

Unhealthy 

 

     

Note: the nomenclature used in this study comes from Renshaw & Cohen (2014)55 

Figure 5-2. Composite measure of mental health inspired by the Dual-factor Model46,57 
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5.3.2 Analysis 

All analyses were conducted using SAS Version 9.4. The final sample was described by demographic 

characteristics. All analyses examining the association between relative age and mental health were 

stratified by sex.58 The distribution of the four mental health groups based on the Dual-factor Model 

were described by relative age. Log-binomial regression models were used to test for linear associations 

between relative age and mental health status.  

Multivariable log-binomial regression was used to estimate relative risks examining the association 

between relative age, modelled using six two-month groups and positive and negative indicators of 

mental health. These models adjusted for age, relative family affluence, and family structure, and 

clustering by school using generalized estimating equations (GEEs). Absolute age was adjusted for 

because it is correlated with relative age and associated with mental health, as perceptions of mental 

health status tend to decline as adolescents age.58 Family affluence is predictive of mental health and 

could be associated with relative age if more affluent families are more likely to “birthdate target” 

and/or delay their child’s school entry for a year in order to give them a strategic advantage.59 Family 

structure is associated with adolescent mental health, and single mothers tend to disproportionately 

give birth in winter months.60 Ethnicity, immigration status, and rurality were considered as potential 

confounders, but were not found to affect the estimates for relative age, and were excluded from 

subsequent analyses to maximize the available sample size. Height in boys61 and onset of menstruation 

(yes or no) in girls were also considered as crude indicators of pubertal status but were not found to 

impact the effect estimates. For each mental health indicator an interaction term for relative age and 

grade was used to test for effect modification by grade group (6-8 versus 9-10). If an interaction was 

indicated results were presented separately by grade group. 

Average mental health scores were also examined by relative age in boys and girls, by grade group. 

Multivariable linear regression was used to examine the association between relative age modelled both 
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in its continuous and categorical forms, and mental health, adjusting for age, relative family affluence 

and family structure. Clustering by school was adjusted for using random effects.  

Sensitivity Analysis. To address potential bias resulting from excluding students who were up to one year 

young or old for their grade the analyses examining relative age and indicators of mental health was 

repeated using expected relative age as previously described. This analysis included 1,252 students who 

were excluded from the primary analyses (n=18,713 versus 17,461).  

5.4 Results 

The HBSC collected data from 29,837 grade 6 to 10 students in 369 schools (Figure 5-3). After removing 

classes with atypical age distributions, students for whom relative age could not be determined, and 

students with birthdates outside the expected 12-month window for their grade the available sample 

was 24,159 students from 326 schools. After further removing students with missing data on any of the 

key covariates (n= 6,698), the available sample for the complete case analysis was 17,461 students from 

317 schools. Students with missing data were more likely (χ2 p< .05) to be boys (54.8% vs 46.1%) and in 

the younger grade group (60% vs 54%), and slightly less likely to be from a large or metropolitan centre 

(23.3% vs 26.8%), or report being from a well-off family (52.3% vs 54.0%). The proportion of students 

with missing data did not differ by relative age month (χ2 p> .05). Each relative age month was 

represented by over 600 students in both boys and girls, except for the youngest two months in boys, 

which had 584 and 518 students (Figure 5-4). Compared to the expected relative age distribution 

(Supplemental Figure 5-7), boys and girls were significantly underrepresented in the youngest relative 

age month (χ2 p<.01 in boys, and .03 in girls). 

The average age in the sample was 14 (SD= 1.4) years old. There were approximately equal numbers of 

males and females and students in grades 6 to 8 versus 9 to 10 (Table 5-1). The majority of students 

identified as White (72%), followed by Other (including multiple) (13.7%), Indigenous (5.6%), and East & 
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Southeast Asian (2.8%) ethnicities. Over four-fifths of the sample was born in Canada, and less than 4% 

had immigrated to Canada within the last five years. Most students lived with both parents (70.8%), 

reported being from a well-off family (54.0%), and were from rural or small centres with a population 

less than 30,000 (56.5%).   

The distribution of mental health status by relative age is presented in Figure 5-5. When examined 

categorically, both boys (RR= 0.94; 95% CI: 0.89-1.00) and girls (RR= 0.95; 95% CI: 0.90-1.00) in the 

youngest two relative age months were significantly less likely to be mentally healthy than those in the 

oldest two months (Table 5-2). These findings were consistent across younger and older grade groups. 

Both boys (RR= 0.93; 95% CI: 0.83-1.04) and girls (RR= 0.93; 95% CI: 0.82-1.05) in the youngest two 

months were less likely to report high life satisfaction than those in the oldest two months, although the 

effects did not reach statistical significance (Table 5-3). The association between relative age and 

excellent health status was stronger in the grade 9-10 cohort than in the grade 6-8 cohort. Boys with 

birthdates in the youngest two months in grades 9-10 were 35% less likely to report excellent health 

status than those with birthdates in the oldest two months (RR= 0.65; 95% CI: 0.54-0.78), compared to 

13% in grades 6-8 (RR= 0.87; 95% CI: 0.76-1.01). Grade 9-10 girls in the youngest two relative age 

months were slightly less likely to report excellent health status (RR= 0.86; 95% CI: 0.68-1.08), while 

there was no effect for girls in grades 6-8. 

Relative age was not significantly associated with being mentally unhealthy (Table 5-2), feeling hopeless 

or having frequent health complaints in boys (Table 5-3). In girls, there was no association between 

relative age and being mentally unhealthy. Girls in the oldest two relative age months however, do 

appear to be the least likely to report feeling hopeless compared to those in the younger relative age 

groups. Increases in risk were identified for all other relative age groups, reaching statistical significance 

in two, including the very youngest (RR=1.11; 95% CI: 1.01-1.22). Relative age was not associated with 
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frequent health complaints in older girls, but in the younger grade group, girls in the youngest three 

two-month relative age groups were more likely to report frequent health complaints than those in the 

oldest two months. Girls in the youngest (RR= 1.17; 95% CI: 1.03-1.34) and second youngest (RR=1.15; 

95% CI: 1.00-1.31) relative age groups were significantly more likely to report health complaints than 

those in the oldest relative age group. 

The average mental health score (range= 9 to 67) in the sample was 50.1 (SD= 10.0). Although there was 

not a consistent increase in mental health with increasing relative age month (Figure 5-6), a significant 

positive association between relative age and mental health was identified for boys and girls in the 

grade 6-8 group. A one-month increase in relative age was associated with an average increase in 

mental health scores of 0.10 units in boys (p= .03) and 0.15 units in girls (p<.01) (Supplemental Table 5-

5). For both boys and girls in grades 6-8, those with birthdates in the youngest two months of their 

grade had mental health scores that were lower on average than those born in the oldest two months 

(1.45 units lower (95% CI: -2.53 to -0.36) in boys, and 1.15 units lower (95% CI: -2.16 to -0.14) in girls) 

(Table 5-4). A similar effect was seen in grade 9-10 boys (1.34 units lower (95% CI: -2.55 to -0.12)), but 

there was no association in grade 9-10 girls. Given the distribution of mental health scores the 

significant effects are considered very small (Cohen’s d≤ 0.15).62  

When expected relative age was modelled in place of observed relative age the associations with mental 

health were generally consistent with those presented, and lead to the same conclusions. If effect 

estimates did change, they decreased in magnitude for the youngest relative age group.
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Figure 5-3. Participation Flow Chart  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Notes: (1) ‘n’ represents the number of students unless otherwise indicated; (2) **Included a portion of 

schools from Alberta (n= 1,866 (42%)) and Saskatchewan (n= 690 (15%)).

Full Sample: 

n= 29,837 students 

n= 369 schools 

Exclusions: 

• Young for their grade: n= 348 

• Old for their grade: n= 1,502 

Expected Relative Age: 

n= 26,009 students 

n= 326 schools 

Exclusions: 

• Uncertain school cut-off date: n= 2,556** 

• Missing date of birth data: n= 291 

• Individual students reporting a different grade then 

rest of the class, and classes with >50% of students 

born outside the expected 12-month window, or 

more than two grades combined: n= 822 

• Students with birthdates more than 1 year outside 

the expected 12-month window: n=159 

Final Sample: 

n= 17,461 students 

n= 317 schools 

Observed Relative Age: 

n= 24,159 students 

n= 326 schools 

Exclusion: 

• Missing data on key covariates (sex, composite 

mental health measures, relative family affluence, 

family structure): n= 6,698 
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Table 5-1. Description of the study sample 

 n (%) 

Age, Mean (SD) 14.0 (1.4) 

Grade   

 6-8 9431 (54.0) 

 9-10 8030 (46.0) 

Sex   

 Male 8047 (46.1) 

 Female 9414 (53.9) 

Ethnicity   

 White 12490 (72.2) 

 Indigenous (Metis, Inuit, & First Nations) 969 (5.6) 

 East & Southeast Asian 478 (2.8) 

 East Indian & South Asian 421 (2.4) 

 Black 295 (1.7) 

 Arab & West Asian 189 (1.1) 

 Latin American 84 (0.5) 

 Other (including multiple) 2373 (13.7) 

 Missing 162  

Immigration Status   

 Born in Canada 14451 (83.4) 

 Lived in Canada >5 Years 2203 (12.7) 

 Lived in Canada 5 years 668 (3.9) 

 Missing 139  

Relative Family Affluence   

 Well-off 9438 (54.0) 

 Average 6472 (37.1) 

 Not well-off 1551 (8.9) 

Family Structure of Primary Household   

 Both parents 12366 (70.8) 

 Mother only 2464 (14.1) 

 Mother and partner 1191 (6.8) 

 Father only 481 (2.8) 

 Father and partner 273 (1.6) 

 Other 686 (3.9) 

Urban/Rural Status   

 Rural or Small Centre (<30,000) 9871 (56.5) 

 Medium Centre (30,000 to 99,999) 2913 (16.7) 

 Large or Metropolitan Centre (100,000+) 4677 (26.8) 
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Figure 5-5. Description of mental health groups based on the dual-factor model of mental health by 

relative age in Boys (Panel A) and Girls (Panel B). 
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Table 5-2. Results of multivariable log-binomial regression analyses examining the 

association between relative age and mental health status based on the dual-factor model 

Boys Mentally Healthy  Mentally Unhealthy 

Relative age % RR (95% CI)  % RR (95% CI) 

 Oldest 68.2 1.00 ref  9.0 1.00 ref 

 3-4 65.3 0.96 (0.91-1.00)  8.8 1.01 (0.81-1.27) 

 5-6 66.3 0.97 (0.93-1.02)  8.6 1.00 (0.78-1.29) 

 7-8 67.1 0.97 (0.93-1.02)  7.8 0.90 (0.69-1.18) 

 9-10 67.2 0.98 (0.93-1.03)  8.5 1.00 (0.78-1.28) 

 Youngest 65.2 0.94 (0.89-1.00)  8.4 1.01 (0.76-1.35) 

p-interaction*  0.43   0.92 

Girls    
  

Relative age        

 Oldest 67.2 1.00 ref  12.7 1.00 ref 

 3-4 68.0 1.02 (0.97-1.06)  10.2 0.92 (0.77-1.10) 

 5-6 69.0 1.01 (0.96-1.05)  12.0 0.80 (0.65-1.00) 

 7-8 66.1 0.97 (0.93-1.01)  9.4 1.03 (0.85-1.26) 

 9-10 66.8 0.96 (0.92-1.01)  11.2 0.88 (0.72-1.09) 

 Youngest 64.7 0.95 (0.90-1.00)  12.0 1.11 (0.93-1.33) 

p-interaction*  0.24   0.57 

Notes: (1) Relative Risk (RR) estimates adjusted for age, family affluence, and family structure; (2) *p-

value for interaction between relative age and grade group (6-8 versus 9-10); (3) statistically 

significant effects (p<.05) are bolded; (4) Confidence intervals are adjusted for clustering by school 
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Table 5-3. Results of multivariable log-binomial regression examining the association between relative 

age and indicators of mental health, stratified by gender 

 Positive Mental Health Indicators 

 High Life Satisfaction Excellent Health Status 

Boys Full Sample Grades 6-8 Grades 9-10 

Relative age % RR (95% CI) % RR (95% CI) % RR (95% CI) 

 Oldest 32.7 1.00 ref 35.7 1.00 ref 30.2 1.00 ref 

 3-4 33.5 1.00 (0.90-1.10) 36.5 1.01 (0.89-1.14) 29.2 0.94 (0.80-1.10) 

 5-6 32.6 0.95 (0.86-1.05) 34.0 0.94 (0.81-1.08) 33.1 1.07 (0.92-1.23) 

 7-8 34.1 1.00 (0.90-1.10) 36.0 1.02 (0.89-1.16) 32.0 1.00 (0.85-1.18) 

 9-10 32.9 0.95 (0.85-1.06) 35.3 0.98 (0.84-1.13) 28.8 0.90 (0.74-1.10) 

 Youngest 33.2 0.93 (0.83-1.04) 32.8 0.87 (0.76-1.01) 21.5 0.65 (0.54-0.78) 

p-interaction* 0.97      

Girls Full Sample Grades 6-8 Grades 9-10 

Relative age % RR (95% CI) % RR (95% CI) % RR (95% CI) 

 Oldest 25.0 1.00 ref 29.1 1.00 ref 18.9 1.00 ref 

 3-4 26.2 1.07 (0.96-1.19) 30.0 1.02 (0.88-1.19) 19.4 1.03 (0.83-1.27) 

 5-6 27.5 1.03 (0.93-1.15) 30.9 1.03 (0.87-1.21) 19.2 0.98 (0.80-1.20) 

 7-8 28.5 1.06 (0.95-1.18) 32.9 1.05 (0.91-1.22) 18.7 0.96 (0.76-1.19) 

 9-10 27.4 0.99 (0.89-1.10) 33.5 1.04 (0.88-1.22) 18.9 0.95 (0.77-1.17) 

 Youngest 25.8 0.93 (0.82-1.05) 32.5 0.99 (0.84-1.15) 17.2 0.86 (0.68-1.08) 

p-interaction* 0.66      

 Negative Mental Health Indicators 

 Hopelessness Frequent Health Complaints 

Boys Full Sample Full Sample  

Relative age % RR (95% CI) % RR (95% CI)    

 Oldest 17.9 1.00 ref 21.7 1.00 ref    

 3-4 19.4 1.14 (0.99-1.32) 22.1 1.07 (0.94-1.23)    

 5-6 16.5 0.98 (0.83-1.15) 20.2 0.99 (0.87-1.11)    

 7-8 16.5 0.98 (0.84-1.16) 20.6 0.99 (0.86-1.13)    

 9-10 15.6 0.94 (0.79-1.12) 22.8 1.09 (0.93-1.27)    

 Youngest 17.8 1.10 (0.91-1.33) 22.2 1.10 (0.94-1.28)    

p-interaction* 0.24  0.95    

Girls Full Sample Grades 6-8 Grades 9-10 

Relative age % RR (95% CI) % RR (95% CI) % RR (95% CI) 

 Oldest 34.3 1.00 ref 34.5 1.00 ref 53.2 1.00 ref 

 3-4 37.0 1.07 (0.98-1.17) 33.8 0.98 (0.86-1.12) 51.5 0.97 (0.87-1.07) 

 5-6 33.4 1.04 (0.95-1.13) 30.6 0.97 (0.85-1.11) 49.5 0.96 (0.87-1.06) 

 7-8 35.9 1.12 (1.02-1.23) 34.2 1.14 (1.00-1.29) 51.6 1.01 (0.91-1.11) 

 9-10 34.3 1.09 (0.99-1.21) 34.5 1.15 (1.00-1.31) 50.6 1.00 (0.90-1.10) 

 Youngest 33.6 1.11 (1.01-1.22) 33.3 1.17 (1.03-1.34) 50.3 1.00 (0.89-1.12) 

p-interaction* 0.15       

Notes: (1) Relative Risk (RR) estimates adjusted for age, family affluence, and family structure, and clustering by school; (2) *p-

value for interaction between relative age and grade group (6-8 versus 9-10); (3) statistically significant effects (p<.05) are 

bolded; (4) Confidence intervals are adjusted for clustering by school 
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Figure 5-6. Average mental health score by relative age in boys (Panel A) and girls (Panel B), by grade 

group 
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Table 5-4. Results of multivariable linear regression examining the association between relative 

age group and average mental health score in boys and girls, by grade group 

 Grades 6-8  Grades 9-10 

Boys Mean (SD) beta (95% CI) Mean (SD) beta (95% CI) 

Relative Age         

 Oldest 50.8 (10.1) 1.00 ref 50.2 (9.8) 1.00 ref 

 3-4 50.2 (10.1) -0.76 (-1.73-0.21) 49.6 (9.6) -1.04 (-2.07-(-0.01)) 

 5-6 50.3 (10.1) -0.68 (-1.64-0.29) 49.5 (10.0) -1.01 (-2.06-0.05) 

 7-8 50.4 (9.7) -0.30 (-1.30-0.69) 50.1 (9.8) -0.72 (-1.79-0.38) 

 9-10 49.8 (9.5) -1.01 (-2.03-0.01) 50.2 (10.0) -0.54 (-1.67-0.58) 

 Youngest 49.7 (10.1) -1.45 (-2.53-(-0.36)) 49.3 (9.6) -1.34 (-2.55-(-0.12)) 

Girls         

Relative Age         

 Oldest 50.8 (10.2) 1.00 ref 49.7 (9.9) 1.00 ref 

 3-4 50.7 (10.1) 0.23 (-0.68-1.14) 50.2 (9.8) 0.69 (-0.29-1.67) 

 5-6 51.0 (10.1) 0.17 (-0.74-1.08) 50.2 (9.9) 0.53 (-0.46-1.52) 

 7-8 49.8 (9.7) -0.87 (-1.82-0.07) 49.6 (10.2) 0.22 (-0.80-1.25) 

 9-10 50.0 (9.5) -0.98 (-1.95-(-0.01)) 50.1 (9.5) 0.67 (-0.40-1.74) 

 Youngest 49.7 (10.1) -1.15 (-2.16-(-0.14)) 49.1 (10.4) -0.13 (-1.23-0.98) 

Notes: (1) Effect estimates adjusted for age, relative family affluence, and family structure; (2) Confidence 

intervals adjusted for clustering by school; (3) Significant betas are bolded; (4) Higher scores correspond to 

better overall mental health; (5) The average mental health score in the full sample was 50.1 (SD= 10.0), 

Range= 9 to 67. 



   
 

95 
 

5.5 Discussion 

This study examined the association between school-based relative age and adolescent mental health in 

Canada. Overall mental health status was examined by combining indicators of subjective well-being and 

psychopathology based on the Dual-factor Model.46,57 Adolescents with birthdates in the youngest two 

months of their grade appear to be at increased risk of poor mental health, although effect sizes were 

generally modest and there was a lack of consistency in these estimates dependent upon the indicator 

examined. Students in the youngest two-months were 5 to 6% less likely to be mentally healthy than 

those in the oldest two months. These findings are consistent with previous studies that identified 

relative age effects for psychological symptoms that were small in magnitude, and decreased with 

increasing age, often reaching non-significance in older adolescents.16,30 

The focus of previous studies of relative age and mental health has been on mental illness and 

psychopathology.16–19 In the present study we also examined high life satisfaction and excellent health 

status as positive indicators of mental health. Boys with birthdates in the youngest two months were 

less likely than boys in the oldest two months (7 to 35%) to report positive indicators of mental health. 

The strongest effects were seen for excellent health status in grade 9-10 boys. It is possible that boys 

define their general health status largely in terms of physical health, and differences in physical maturity 

between relatively younger and older boys are driving this effect. Overall, it appears that relatively 

younger age is more strongly related to subjective well-being (i.e., feeling happy and satisfied with life) 

than psychopathology among boys. High subjective well-being is protective against risk of future mental 

illness and associated with optimal mental functioning required to maintain healthy relationships, cope 

with adversity, and live up to one’s potential.33 Relatively younger girls also appear to be at increased 

risk of low well-being based on the indicators examined. 

The effect of relative age on overall mental health status was similar in boys and girls. There was also no 

effect modification by sex for the majority of the indicators considered, consistent with a study on 
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internalized and externalized symptoms in 11 to 13 years students in England.16 In the few cases where 

there were differences by sex the effects were in the same direction, but differed in magnitude. These 

differences occurred when there were large differences between boys and girls in the prevalence of the 

outcome (>10%). Adolescent boys were more likely to report excellent health status, and girls were 

more likely to report feelings of hopelessness and frequent health complaints. One previous study 

identified sex as a moderator for relative age and internalized symptoms in 15- to 16-year-olds.10 In their 

study a reverse relative age effect was seen in girls with relatively younger students less likely to report 

psychological distress. It has been hypothesized that sex-moderated relative age effects may not emerge 

until later adolescence as a result of puberty-related changes that can have a different social and 

emotional impact in boys and girls.16 In this study we did not have access to specific measures of 

pubertal status. Height in boys, and onset of menstruation (yes or no) were considered as proxy 

measures in this study but were not found to impact the effect estimates between relative age and 

mental health. 

Grade (age cohort) has previously been shown to modify the association between relative age and 

mental health, with observed relative age effects decreasing in magnitude with increasing age.6 

Potential effect modification by age was examined in this study using two grade groups (6-8 versus 9-

10). This approach allowed for adjustment of absolute age, which is colinear with relative age within a 

single grade, and strongly associated with mental health among adolescents.58 For the majority of 

indicators examined, there was no effect modification by grade group. Consistent with previous studies 

there was a slightly stronger effect in the younger grade group for overall mental health, measured as 

continuous, and health complaints in girls. A lack of association in older adolescents is consistent with 

previous studies on relative age and psychological symptoms in older adolescents.19 An unusual finding 

in this study was that relative age effects were stronger in the older grade group for excellent health 

status. 
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Although statistically significant trends were identified, collectively the results suggest a non-linear 

association between relative age and adolescent mental health. For most of the indicators examined, 

only students born in the youngest two months were at increased risk of poor mental health. Children 

born in the other ten months of the year tended to be more similar. In contrast, girls born in the oldest 

two months appeared to be less likely to feel hopeless than girls born in any of the other relative age 

months. In some cases only the very oldest students appeared to be at an advantage compared to the 

rest of their cohort. Future studies should therefore consider categorical approaches to modeling 

relative age, and interventions might target particular groups rather than relative age more broadly. 

These findings also highlight the limitation of modeling relative age using fewer groups, as the likely 

result is to mask important effects in the very youngest or very oldest students. 

Strengths of this study warrant comment. We used a large sample that covered all Canadian provinces 

and territories. Unlike previous studies that have often been limited by sample size, the robust sample in 

this study enabled relative age to be modelled using six and twelve relative age groups. This is important 

considering that relative age seems to be the greatest disadvantage to the very youngest students. 

Studies that have modelled relative age using three or four groups have likely masked subtle yet 

important effects. Second, this study also builds on previous studies by including positive indicators of 

mental health and composite measures of overall mental health status based on the Dual-factor 

Model.46,57  Third, the scales used in this study have been previously subjected to multiple tests for 

reliability and validity.37  

There are also important limitations to our analysis. Ideally, relative age would be measured when 

children entered school rather than being obtained at the time of data collection. In this study it could 

not be determined whether students who were born outside the expected 12-month window for their 

grade had early/delayed school entry or skipped/repeated a grade over their academic career. Relatively 

younger children are, however, more likely to have to repeat a grade than older students,24 so excluding 
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them may have biased the effect estimates towards the null, because grade retention has a detrimental 

effect on mental health.55  There were fewer boys in the youngest relative age month than expected 

based on their dates of birth. Boys born late in the eligibility year are the most likely to enter school 

late,63 and to have to repeat a grade.64 This concern was somewhat alleviated by the sensitivity analysis 

examining expected relative age. These analyses produced similar results, and in fact where estimates 

differed they were closer to the null. This finding may suggest that delayed school entry could be an 

effective strategy for mitigating relative age effects, as grade retention is uncommon in Canada. School 

cut-off dates differ across school boards, provinces, and countries. Although Canada almost universally 

applies a cut-off date of December 31st it is possible that adolescents changed schools with different cut-

offs, which would change their relative age standing for varying lengths of time. This non-differential 

misclassification also could have biased effect estimates towards the null. It is possible that cut-off dates 

used for other age-based groupings (e.g., sports teams) may differ from school cut-offs, and could affect 

the mental health of children involved in these activities. However, children spend a large majority of 

their time in school. Finally, because this study utilized secondary data we had to rely on individual items 

for measuring positive and negative affect instead of the full scales. The results of this study are only 

generalizable to students who are in the expected grade for their age. 

In the past, several strategies for addressing differences in academic performance associated with 

relative age have been proposed.65 Such practices could be extended to address mental health 

outcomes. Existing strategies include delaying school entry, age standardization of tests and increasing 

teacher awareness of relative age effects.65 In some instances, it may be possible to modify relative age 

directly by grouping students into narrower age bands (e.g., six months instead of a year). Results of this 

study also point to the importance of promoting subjective well-being in relatively younger students. A 

relationship between relative age and mental health was identified in this study despite the lack of 

streaming in the Canadian education system in primary school. It has been suggested that relative age 
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effects are greatly reduced without streaming.66 However, our study suggests that other factors are 

responsible for their development. More research is needed to understand how school-based relative 

age effects develop, and how they can be addressed. Qualitative enquiry with children and educators is 

important to get at these issues more deeply. 

5.5.1 Conclusion  

This study identified an association between relative age and adolescent mental health in the Canadian 

school system. Effect sizes were generally modest, but potentially important at a population health 

level. With few exceptions, all children are exposed to the education system, and differences in risk of 

only 5% can affect a large number of children. In Canada there were approximately 1,714,000 grade 6 to 

10 students attending public schools in the 2013/2014 academic year, and 286,000 with birthdates in 

the youngest two months of their grade.67 Based on the differences in risk identified in this study if the 

students in the youngest two months had the same likelihood of being mentally healthy as those in the 

oldest two months (67.7%), 10,650 more students would be mentally healthy. If all students had the 

same likelihood of being mentally healthy as the very oldest this number would be even higher. If 

younger students are at increased risk of poor mental health during adolescence, there are likely to be 

long-term effects, as adolescence is a key developmental period, and half of all mental illnesses develop 

by the age of 14.32 It is unfair that arbitrary cut-off dates used to group children can disadvantage some 

while advantaging others. Steps should be taken to address the disadvantages experienced by the 

youngest students in Canadian classrooms



   
 

100 
 

5.6 References 

1.  Bedard K, Dhuey E. The persistence of early childhood maturity: International evidence of long-
run age effects. Q J Econ. 2006;121(4):1437-1472. 

2.  Dhuey E, Lipscomb S. What makes a leader? Relative age and high school leadership. Econ Educ 
Rev. 2008;27(2):173-183. 

3.  Dixon J, Horton S, Weir P. Relative age effects: Implications for leadership development. Int J 
Sport Soc. 2011;2(2):1-15. 

4.  Hancock DJ, Adler AL, Côté J, et al. A proposed theoretical model to explain relative age effects in 
sport. Eur J Sport Sci. 2016;13(6):630-637.  

5.  Dhuey E, Lipscomb S. Disabled or young? Relative age and special education diagnoses in schools. 
Econ Educ Rev. 2010;29(5):857-872.  

6.  Squires G, Humphrey N, Barlow A, et al. The identification of special educational needs and the 
month of birth: differential effects of category of need and level of assessment assessment. Eur J 
Spec Educ Needs. 2017;27(4):469-481.  

7.  Elder TE, Lubotsky DH. Kindergarten entrance age and children’s achievement: Impacts of state 
policies, family background, and peers. J Hum Resour. 2009;44(3):641-683.  

8.  Fumarco L, Baert S. Relative age effect on European adolescents’ social network. J Econ Behav 
Organ. 2019;168:318-337.  

9.  Crawford C, Dearden L, Greaves E. Does when you are born matter? The impact of month of birth 
on children’s cognitive and non-cognitive skills in England. UK: Institute for Fiscal Studies, 2011. 

10.  Tiiri E, Lempinen L, Chudal R, Vuori M, Sourander A. Relative age is associated with bullying 
victimisation and perpetration among children aged eight to nine. Acta Paediatr. 2020;00:1-8.  

11.  Thompson AH, Barnsley RH, Battle J. The relative age effect and the development of self-esteem. 
Educ Res. 2004;46(3):313-320.  

12.  Fenzel M. The effect of relative age on self-esteem, role strain, GPA, and anxiety. J Early Adolesc. 
1992;12(3):253-266. 

13.  Larsson K, Regborn F. The relative age effect on self-esteem in the academic setting [master's 
thesis]. Umea University; 2019. 

14.  Mulligan A. The relationship between self-esteem and mental health outcomes in children and 
youth. New York; 2011. Retrieved from 
http://www.excellenceforchildandyouth.ca/sites/default/files/eib_attach/SelfesteemandMental
Health_FINAL_REPORT.pdf. 

15.  Matsubayashi T, Ueda M. Relative age in school and suicide among young individuals in japan: A 
regression discontinuity approach. PLoS One. 2015;10(8):1-10.  

16.  Patalay P, Belsky J, Fonagy P, et al. The extent and specificity of relative age effects on mental 
health and functioning in early adolescence. J Adolesc Heal. 2015;57(5):475-481.  

17.  Root A, Brown JP, Forbes HJ, et al. Association of relative age in the school year with diagnosis of 
intellectual disability, attention-deficit/hyperactivity disorder, and depression. JAMA Pediatr. 
2019;173(11):1068-1075.  



   
 

101 
 

18.  Thompson AH, Barnsley RH, Dyck RJ. A new factor in youth suicide: The relative age effect. Can J 
Psychiatry. 1999;44:82-85. 

19.  Lien L, Tambs K, Oppedal B, Heyerdahl S, Bjertness E. Is relatively young age within a school year 
a risk factor for mental health problems and poor school performance? A population-based 
cross-sectional study of adolescents in Oslo, Norway. BMC Public Health. 2005;5(102):1-8.  

20.  Berg S, Berg E. The youngest children in each school cohort are overrepresented in referrals to 
mental health services. J Clin Psychiatry. 2014;75(5):530-534.  

21.  Goodman R, Gledhill J, Ford T, et al. Child psychiatric disorder and relative age within school year: 
Cross sectional survey of large population sample. BMJ. 2003;327(7413):472-475. 

22.  Menet F, Eakin J, Stuart M, et al. Month of birth and effect on literacy, behaviour and referral to 
psychological service. Educ Psychol Pract. 2000;16(2):225-234.  

23.  Zoega H, Valdimarsdottir U, Hernandez-Diaz S. Age, academic performance, and stimulant 
prescribing for adhd: A nationwide cohort study. Pediatrics. 2012;130:1012-1018.  

24.  Ford-Jones P. Misdiagnosis of attention deficit hyperactivity disorder: ‘ Normal behaviour ’ and 
relative maturity. Paediatr Child Heal. 2015;20(4):200-202. 

25.  Sayal K, Chudal R, Hinkka-Yli-Salomäki S, Joelsson P, Sourander A. Relative age within the school 
year and diagnosis of attention-deficit hyperactivity disorder: a nationwide population-based 
study. The Lancet Psychiatry. 2017;4(11):868-875.  

26.  Holland J, Sayal K. Relative age and ADHD symptoms , diagnosis and medication : a systematic 
review. Eur Child Adolesc Psychiatry. 2019;28(11):1417-1429.  

27.  Jeronimus BF, Stavrakakis N, Veenstra R, Oldehinkel AJ. Relative age effects in Dutch adolescents: 
Concurrent and prospective analyses. PLoS One. 2015;10(6):1-17.  

28.  Goodman R. Psychometric properties of the strengths and difficulties questionnaire. J Am Acad 
Child Adolesc Psychiatry. 2001;40(11):1337-1345.  

29.  Hanushek E, Woessmann L. Universal Basic Skills: What Countries Stand to Gain. OECD 
Publishing; 2015.  

30.  Fumarco L, Baert S, Sarracino F. Younger, dissatisfied, and unhealthy – Relative age in 
adolescence. Econ Hum Biol. 2020;37.  

31.  Mental Health Commission of Canada. Making the Case for Investing in Mental Health in Canada. 
2012. Retrieved from https://www.mentalhealthcommission.ca/English/media/3179 

32.  Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE. Lifetime prevalence and age-
of-onset distributions of dsm-iv disorders in the national comorbidity survey replication. Arch 
Gen Psychiatry. 2005;62(June):593-602.  

33.  World Health Organization. Promoting Mental Health: Concepts, Emerging Evidence, Practice: 
Summary Report. (Herman H, Saxena S, Moodie R, eds.). Geneva: World Health Organization; 
2004. 

34.  Freeman J, King M, Pickett W. Health Behaviour in School-Aged Children (HBSC) in Canada: Focus 
on Relationships. Ottawa, ON: Public Health Agency of Canada; 2016.  

35.  Van Pelt D, Clemens J, Brown B, Palacios M. Where our students are educated: Measuring 
Student Enrolment in Canada. Vancouver, BC: Fraser Institute; 2015. 



   
 

102 
 

36.  Statistics Canada, 2016 Census of Population, Statistics Canada Catalogue no. 98-400-X2016187. 

37.  Currie C, Inchley J, Molcho M, Lenzi M, Veselska Z, Wild F. Health Behaviour in School-aged 
Children (HBSC) study protocol: Background, methodology and mandatory items for the 2013/14 
survey. St Andrews University, Scotland; 2014.  

38.  Statistics Canada. Population and Dwelling Count Highlight Tables, 2016 Census – Census [Table]. 
divisions. 2016. Retrieved from https://www12.statcan.gc.ca/census-recensement/2016/dp-
pd/hlt-fst/pd-pl/Table.cfm?Lang=Eng&T=703&S=87&O=A. Accessed July 30, 2020. 

39.  Cantril H. The Pattern of Human Concerns. Second pri. (Quinn & Biden Company, Inc., Rahway NJ, 
ed.). New Brunswick, New Jersey: Rutgers University Press; 1965. 

40.  Mazur J, Szkultecka-Dębek M, Dzielska A, Drozd M, Małkowska-Szkutnik A. What does the Cantril 
Ladder measure in adolescence? Arch Med Sci. 2018;14(1):182-189.  

41.  Levin KA, Currie C. Reliability and validity of an adapted version of the Cantril Ladder for use with 
adolescent samples. Soc Indic Res. 2014;119(2):1047-1063.  

42.  Due P, Eriksson C, Torsheim T, et al. Trends in high life satisfaction among adolescents in five 
Nordic countries. Nord Welf Res. 2019;4(02):54-66. 

43.  Breidablik H-J, Meland E, Lydersen S. Self-rated health during adolescence: stability and 
predictors of change (Young-HUNT study, Norway). Eur J Public Health. 2009;19(1):73-78.  

44.  Boardman JD. Self-rated health among U.S. adolescents. J Adolesc Heal. 2006;38(4):401-408.  

45.  Chatterji P, Dave D, Kaestner R, Markowitz S. Alcohol abuse and suicide attempts among youth. 
Econ Hum Biol. 2004;2(2):159-180.  

46.  Greenspoon PJ, Saklofske DH. Toward an integration of subjective well-being and 
psychopathology. Soc Indic Res. 2001;54:81-108.  

47.  Suldo SM, Shaffer EJ. Looking beyond psychopathology: The dual-factor model of mental health 
in youth. School Psych Rev. 2008;37(1):52-68. 

48.  Herpertz-Dahlmann B, Bühren K, Remschmidt H. Growing up is hard: Mental disorders in 
adolescence. Dtsch Arztebl Int. 2013;110(25):432-440.  

49.  Kwong JL, Klinger DA, Janssen I, Pickett W. Derivation of some contemporary scales to measure 
adolescent risk-taking in Canada. Int J Public Health. 2018;63(1):137-147.  

50.  Antaramian SP, Huebner ES, Hills KJ, Valois RF. A dual-factor model of mental health: Toward a 
more comprehensive understanding of youth functioning. Am J Orthopsychiatry. 2010;80(4):462-
472. 

51.  Kelly RM, Hills KJ, Huebner ES, Mcquillin SD. The longitudinal stability and dynamics of group 
membership in the dual-factor model of mental health: Psychosocial predictors of mental health. 
Can J Sch Psychol. 2012;27(4):337-355.  

52.  Suldo SM, Thalji-Raitano A, Kiefer SM, Ferron JM. Conceptualizing high school students’ mental 
health through a dual-factor model. School Psych Rev. 2016;45(4):434-457.  

53.  Lyons MD, Huebner ES, Hills KJ, Shinkareva S V. The dual-factor model of mental health: Further 
study of the determinants of group differences. Can J Psychol. 2012;27(2):183-196. 
doi:10.1177/0829573512443669 

54.  King N, Davison CM, Pickett W. Operationalizing a dual-factor measure of mental health in 



   
 

103 
 

Canadian adolescents: An analysis of cross-sectional data from 2014 Canadian Health Behaviour 
in School-aged Children (HBSC) study. (Under Review, 2020). 

55.  Renshaw TL, Cohen AS. Life satisfaction as a distinguishing indicator of college student 
functioning: Further validation of the two-continua model of mental health. Soc Indic Res. 
2014;117(1):319-334. 

56.  King N, Davison C, William P. Symptom free and feeling good: A novel continuous measure of 
adolescent mental health inspired by the dual-factor model. (Under Review, 2020). 

57.  Wang X, Zhang D, Wang J. Dual-factor model of mental health: Surpass the traditional mental 
health model. Psychology. 2011;02(08):767-772. doi:10.4236/psych.2011.28117 

58.  Freeman J, King M, Pickett W. The Health of Canada’ s Young People: A Mental Health Focus. 
Ottawa, ON: Public Health Agency of Canada; 2011. 

59.  Dougan K, Pijanowski J. The effects of academic redshirting and relative age on student 
achievement. Int J Educ Leadersh Prep. 2010;6(2):1-13. 

60.  Buckles K, Hungerman DM. Season of birth and later outcomes: Old questions, new answers. Rev 
Econ Stat. 2008;95(3):711-724. 

61.  Backous D, Farrow J, Friedl K. Assessment of pubertal maturity in boys, using height and grip 
strength. J Adolesc Heal Care. 1990;11(6):497-500. 

62.  Sawilowsky SS. New effect size rules of thumb. Journal of Modern Applied Statistical Methods. 
2009;8(2):597-599.  

63.  Brent D, May D, Kundert D. The incidence of delayed school entry: A twelve-year review. Early 
Educ Dev. 1996;7(2):121-135. 

64.  Guèvremont A, Roos NP, Brownell M. predictors and consequences of grade retention: 
Examining data from Manitoba, Canada. Can J Sch Psychol. 2007;22(1):50-67.  

65.  Sharp C, George N, Sargent C. National Foundation for Educational Research International 
thematic probe: The influence of relative age on learner attainment and development Executive 
Summary. nfer. 2009;(February). Retrieved from: 
https://www.nfer.ac.uk/publications/QSB01/QSB01summary.pdf. 

66.  Allen J, Barnsley R. Streams and tiers: The interaction of ability, maturity, and training in systems 
with age-dependent recursive selection. J Hum Resour. 1993;28(3):649.  

67.  Statistics Canada. Table 37-10-0007-01 Number of Students in Regular Programs for Youth, Public 
Elementary and Secondary Schools, by Grade and Sex. 2019. 
doi:https://doi.org/10.25318/3710000701-eng 



   
 

104 
 

5.7 Supplemental Materials 

 

 

 

 

 

Table 5-5. Associations between relative age and average mental health score in boys and girls, by 

grade group 

   Unadjusted Adjusted* 

 Mean (SD) Beta (95% CI) p Beta (95% CI) p 

Boys, Gr. 6-8 50.2 (9.9) 0.10 (0.008-0.18) 0.03 0.10 (0.01-0.19) 0.03 

Girls, Gr. 6-8 50.4 (10.3) 0.13 (0.05-0.21) <.01 0.15 (0.06-0.24) <.01 

Boys, Gr. 9-10 49.8 (9.8) 0.02 (-0.07-0.12) 0.64 0.06 (-0.04-0.17) 0.22 

Girls, Gr. 9-10 49.9 (10.0) 0.07 (-0.02-0.15) 0.14 0.03 (-0.07-0.12) 0.56 

Note: (1) *adjusted for age, relative family affluence, and family structure, (2) beta’s correspond to one month 

increase in relative age (one month older)  
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Figure 5-7. Expected relative age distribution
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Chapter 6 

Examining effect modification in the association between school-based relative age and 

mental health in Canadian adolescents 
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6.1 Abstract 

Introduction. The youngest students in school grades face academic and social disadvantages that can 

increase their risks for poor mental health. Previous studies have identified modest increases in risk for 

emotional problems and poor life satisfaction associated with being relatively younger. Social and 

material supports may modify such associations. The purpose of this study was therefore to examine 

whether there are vulnerable students, defined by underlying levels of affluence and social supports, 

who are more susceptible to the effects of relative age differences on mental health. 

Methods. Data were from the 2014 Canadian Health Behaviour in School-aged Children study, and 

included 18,244 students in grades 6 to 10 from 318 schools. Students reported their month and year of 

birth, grade, sociodemographic characteristics including family affluence, perceived levels of social 

support, and indicators of mental health. Suboptimal mental health was modelled via our novel 

adaptation of the Dual-factor Model that combines indicators of subjective well-being and 

psychopathology. Potential effect modifications of the associations between relative age and mental 

health were examined by absolute and relative family affluence, and perceived family and teacher 

support. 

Results. Boys and girls born in the youngest two months of their grade were at increased risk of poor 

mental health compared to those born in the oldest two months (RR= 1.13; 95% CI: 1.00-1.27 in boys, 

and RR=1.11; 95% CI: 0.99-1.24 in girls). There was minimal evidence that these relative age effects were 

modified by social or family affluence factors. Relative age did not have a statistically significant or 

important association with mental health in students reporting low social support, or who perceived 

their family to be relatively not well-off. Such associations remained, and in some cases were stronger in 

the higher support and greater relative family affluence groups. The risk of suboptimal mental health 

associated with having a birthdate in the youngest versus oldest two months of their grade was greatest 

in boys reporting high family support (RR= 1.33; 95% CI: 1.02-1.73).  
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Conclusion. In contrast to what we hypothesized, the effect of relative age on mental health was less 

pronounced in groups of students reporting lower levels of support, and lower relative family affluence. 

Increasing student support and addressing health disparities associated with lower socioeconomic status 

are important priorities, but it appears unlikely that making changes in only these areas would address 

the mental health disadvantage associated with being the youngest in a grade cohort. 
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6.2 Introduction 

It is well-established that the youngest students in school classrooms are at a disadvantage compared to 

their older and often more developmentally mature classmates.1,2 Such disadvantages, commonly 

referred to as “relative age effects”,1 are experienced from the time of school entry and can persist 

throughout adolescence. Younger students perform worse on average across a number of academic 

indicators, with the performance gap decreasing with age, but appearing to persist, to some degree, to 

the end of secondary school and even beyond.1,3 Relatively younger students also experience more 

social difficulties, which can impede the development of positive relationships with peers.1 They report 

having fewer close friends,4 are more likely to be victims of bullying,5 and have a greater likelihood of 

being diagnosed with attention deficit hyperactivity disorder (ADHD)6 and special educational needs.7 

Collectively, the disadvantages faced by younger students can have a negative impact on their self-

esteem8,9 and mental health.10,11 

Small yet statistically significant effects of school-based relative age on adolescent mental health have 

been established. In a study of nearly 380,000 adolescents from 32 countries, a 12-month increase in 

relative age was associated with an increase in life satisfaction of 0.17 standard deviations and an 

increase in self-rated health status of 0.11 standard deviations.11 These effect sizes are considered very 

small.12 Among 11 to 13-year old’s in England there was a 1.2% and 4% difference in clinically significant 

emotional and peer problems respectively, comparing students in the youngest and oldest four months 

of their grade.10 In our previous work we identified similar effects between relative age and composite 

measures of mental health status.13 Boys and girls in the youngest two months of their grade were 5 and 

6% less likely to be mentally healthy than those in the oldest two months. While small differences in risk 

can still impact large numbers of students at the population level, such differences may be considered as 

trivial and are not likely to become a priority for educators or policy makers. It is possible, however, that 

specific groups of students may report greater risks of poor mental health stemming from the 
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disadvantages of being relatively younger – a reflection of “effect modification” in epidemiological 

terms.14 Characteristics of these more vulnerable students and their social environments require 

investigation. 

A limited number of studies have examined potential effect modifications of the association between 

school-based relative age and indicators of adolescent mental health, beyond the potential effects of 

grade cohort and sex or gender. In some cases, such effects were greatest in younger grade groups and 

attenuated with age,10 while in others they were relatively stable across grades.11 Few studies have 

found a difference in the effect of relative age on mental health by sex. In grade 10 students from Oslo, 

Norway, the youngest third of the class had significantly more peer problems but only among boys.15 In 

girls, psychological distress was significantly lower in the youngest third than the oldest third, an effect 

in the opposite direction as was expected. Gender differences may be attributable to more rapid 

increases in emotional distress experienced by girls during mid-adolescence, consistent with our past 

documentation of increased feelings of hopelessness and frequent psychosomatic health complaints 

among girls.13  

Several additional factors could influence the likelihood that relative age would impact upon adolescent 

mental health status. Socioeconomic status has been shown to moderate the effect of relative age on 

academic performance, with more persistent effects identified for secondary school students in the 

lowest income quartile.16 As reduced academic performance is one of the pathways through which 

relative age impacts upon mental health,17 socioeconomic status may have a similar modifying effect for 

mental health outcomes. More affluent families may be better positioned to prepare younger children 

prior to entering school reducing the initial disadvantages of being less mature and experienced than 

their older classmates.18 They can also provide relatively younger children who are struggling with 

additional supports and supplemental resources, such as extra books and tutoring.16 Less affluent 
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families are also less likely to delay school entry as a strategy for dealing with a lack of school readiness 

in relatively younger and less mature children.2  

Second, the presence of supportive adult figures could modify associations between relative age and 

mental health status. Supportive parents are more likely to provide the help and resources needed by 

younger students who are struggling academically and socially. The presence of supportive relationships 

can be an important resource for coping with the disadvantages and adversities associated with being 

younger. Greater teacher support is related to better mental health and emotional well-being, and 

fewer externalized symptoms in students.19 Positive student-teacher relationships are also associated 

with heighted self-esteem, reduced anxiety, and higher grade point averages in students.9 Relatively 

younger students that feel supported by their teachers may therefore be less vulnerable to age-related 

disadvantages and their consequences. Students who feel supported may also be more encouraged and 

motivated, and less likely to fall behind their peers. Relatively younger age is also associated with lower 

self-esteem,8,9 which is a risk factor for depression and suicide ideation.20 Supportive relationships with 

parents and teachers can help foster a positive sense of self and protect a children’s self-esteem. 

In light of this background, the objective of this study was to examine potential effect modification in 

the association between relative age status and suboptimal mental health in Canadian adolescents. 

Specifically, we examined whether the effect of relative age on mental health was different in groups of 

children defined by levels of relative family affluence, absolute family affluence, family support, and 

teacher support. Relative age effects were expected to be greatest in students from less affluent 

families (whether relative or absolute), and who perceived lower levels of support. Such findings would 

provide evidence to support targeted interventions for relatively young students in specific social 

circumstances. 
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6.3 Methods 

6.3.1 Data Source 

Data for this study are from the 2014 Canadian Health Behaviour in School-aged Children (HBSC) study.21 

The HBSC study collects data on health and its determinants from grade 6 to 10 students in all Canadian 

provinces and territories. A sampling frame was created by ordering schools in eligible and consenting 

jurisdictions according to language of instruction, public versus separate school designation, and 

community size. Schools were then randomly selected from this list using a systematic sampling 

approach. In most cases, participating schools were asked to have two classes participate from the 

targeted grades. Self-report questionnaires were administered usually by teachers during regular class 

time. Participation in the study required student assent, and active or passive parent consent depending 

on school jurisdiction policy. Ethics clearance for this study was granted by the Research Ethics Boards 

from both Queen’s University (GREB TRAQ #: 6010236) and the Public Health Agency of Canada/Health 

Canada (REB 2013-0022).  

6.3.2 Study Variables 

6.3.2.1 Relative Age 

Relative age standing within grade cohort was determined using the student’s month of birth relative to 

their school eligibility cut-off date (range in months= 1 (oldest) to 12 (youngest)). Most Canadian 

provinces and territories use a school entry cut-off date of December 31st, with the exception of Quebec 

and Nova Scotia which use September 30th. Students were excluded if their relative age could not be 

determined, if they were in classes with atypical age distributions, or if they were younger or older than 

expected for their grade. This included schools with uncertain eligibility cut-off dates (n= 2,556 students 

from 24 schools), classes that had more than two grades combined, or classes where more than half of 

students had birthdates outside the expected 12-month window (n= 822 students), and students who 

were missing date of birth data (n=291) or had birthdates outside the expected 12-month range for their 
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grade (n= 2,009). Students who were young or old for their grade were excluded because older students 

could have repeated a grade or entered school late, and younger students could have entered school 

early or skipped a grade. Each of these situations is expected to have a unique association with student 

mental health making it inappropriate to model them as a homogeneous group. For the analysis relative 

age was modelled using six two-month groups. 

6.3.2.2 Suboptimal Mental Health 

A composite measure of mental health status was created based on the Dual-factor Model of mental 

health (Figure 6-1; see Chapter 2 for a full description).22,23 Briefly, a subjective well-being score was 

created by summing standardized life satisfaction and positive affect scores, then subtracting 

standardized negative affect scores.24 Life satisfaction was measured using the Cantril ladder (0= “Worst 

possible life” to 10= “Best possible life”),25 and positive affect was measured using the item “I am full of 

energy”,26 and negative affect was measured using the items “I often feel lonely”27 and “I often feel 

helpless”28 (5 response options: “Strongly disagree” to “Strongly agree”). The subjective well-being score 

was standardized to have a mean of 50 and standard deviation of 10, and low well-being was defined as 

a score <40.29 High psychopathology was defined as a Z-score ≥6030 on the 4-item psychological 

symptoms subscale of the subjective health complaints scale31 and/or the overt risk-taking scale.32 High 

and low scores for well-being and psychopathology were created within strata defined by age group and 

sex. Students were categorized into four mental health status groups using their scores on the two 

domains (Figure 6-1). In this study students who were not in the “Mentally Healthy” group were 

considered to have suboptimal or poor mental health (i.e., “Symptomatic yet Content”, “Asymptomatic 

yet Discontent”, or “Mentally Unhealthy”). 
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Figure 6-1. Mental health status groups based on the Dual-factor 

Model of mental health22,33
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Note: the nomenclature used in this study comes from Renshaw & Cohen (2014)34 

 

6.3.2.3 Potential Effect Modifiers 

Absolute family affluence (i.e., quantity of material assets in the family) was measured using the Family 

Affluence Scale III (FAS III),35  which is comprised of the following six items: “Do you have your own 

bedroom?” (No= 0, Yes= 1), “How many bathrooms (room with a bath/shower or both) are in your 

home?” (None= 0, One= 1, Two= 2, More than two= 3), “Does your family own a car, van or truck?” (No= 

0, Yes, one= 1, Yes, two or more= 2), “Does your family have a dishwasher at home?” (No= 0, Yes=1), 

and “How many computers does your family own?” (None=0, One=1, Two=2, More than two=3), “How 

many times did your family travel out of Canada for a holiday/vacation last year?” (Not at all=0, Once= 1, 

Twice= 2, More than twice= 3). The composite score (range= 0 to 13) was categorized for the analysis 

into approximate tertiles based on the full sample distribution: Low (0-7), Medium (8-10), and High 

Family Affluence (11-13).  

Relative family affluence was measured using the item “How well off do you think your family is?” (5 

response options: Very well off, Quite well off, Average, Not very well off, Not at all well off).36,37 

Responses were re-categorized into three categories: Well off, Average, and Not well off.38 

The 4-item family support subscale (Cronbach’s α= 0.91) of the Multidimensional Scale of Perceived 

Social Support (MSPSS) was used to measure family suppport.21  A composite scale was created by 
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summing responses to four items: “My family really tries to help me”, “I get the emotional help and 

support I need from my family”, “I can talk about my problems with my family”, “My family is willing to 

help me make decisions” (1= “Strongly disagree” to 5= “Strongly agree”). The composite score was 

categorized into Low (4-14), Medium (15-17), and High (18-20).  

Finally, teacher support was measured using a 9-item scale (Cronbach’s α= 0.90).21 The items captured 

students’ feelings about accessibility to, and comfort with their teachers, and their perceptions of how 

teachers felt about them. They included the following: “My teachers try to understand how I see things 

before suggesting a new way to do things”, “I feel that my teachers accept me as I am”, “I feel that my 

teachers care about me as a person”, “I feel a lot of trust in my teachers”, “When I need extra help I can 

get it”, “My teachers are interested in me as a student”, “Most of my teachers are friendly”, “I am 

encouraged to express my own views in my class(es)”, “Our teachers treat us fairly” (5 response options: 

Strongly agree to Strongly disagree). Teacher support was modeled as Low (1-31), Moderate (32-36), 

and High (37-45) using approximate tertiles.  

Sociodemographic characteristics. Age in years was calculated using the student’s month of birth and 

date of survey completion. Sex was self-reported (‘Male’ or “Female’), and family structure was based 

on the adults that lived in the student’s primary residence. Urban/rural status was created by linking the 

school postal code to Statistics Canada data, and categorized using the Statistics Canada Classification 

System: “Rural or Small Centre (<30,000)”, “Medium Centre (30,000 to 99,999)”, and “Large or 

Metropolitan Centre (100,000+)”.39  

6.3.3 Analysis 

All analyses were conducted using SAS Version 9.4 (SAS Institute, Cary, NC). 

The sample was described by demographic characteristics and potential effect modifiers. Multivariable, 

log-binomial regression was used to examine the association between relative age and suboptimal 
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mental health in boys and girls. Relative risks and associated 95% confidence intervals were estimated, 

adjusting for absolute age. Immigration status, ethnicity, rurality, family structure and relative family 

affluence were considered as confounders, but their inclusion in the model did not impact the effect 

estimates, and they were excluded from the final adjusted models. Relative age was included in the 

overall models as a continuous variable to test for linear trend in the association between relative age 

group and mental health. Effect modification by grade group (6-8 versus 9-10) was examined using the 

interaction term approach.40 Effect modification by absolute and relative family affluence, and family 

and teacher support was then examined using interaction terms and the lsmeans statement and pdiff 

option in PROC GENMOD.41 The effect estimate for each relative age group was compared across levels 

of the effect modifier. These analyses were stratified by sex and adjusted for absolute age. All regression 

models adjusted for clustering by school using Generalized Estimating Equations (GEE’s). 

6.4 Results 

The HBSC study collected data on 29,837 students in grades 6 to 10 from 369 schools. Following the 

relative age exclusions previously described, the available sample was 24,159. After further restricting to 

students with complete data for the mental health outcome the available sample was 18,244 students 

from 318 schools. Students with missing data were slightly younger (average age= 13.8(1.4) vs 14.0(1.4), 

p<.01) and more likely to be male (55.0% vs 46.4%, χ2 p<.01). The proportion of students with missing 

data did not differ between any of the relative age groups (χ2 p-values>.05). 

The average age of the study sample was 14.0 years old (SD= 1.4), and 54% of students were female 

(Table 6-1). The majority of students reported being from a relatively well-off family (54%), living with 

both parents (71%), and were from a small or rural centre with a population of less than 30,000 (56.7%). 

The proportion of boys and girls reporting suboptimal mental health was 33.5% (95% CI: 32.5 to 34.5) 

and 32.6% (95% CI: 31.7 to 33.5), respectively.  
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Boys with birthdates in the youngest two months of their grade were 1.13 (95% CI: 1.00-1.27) times 

more likely to report suboptimal mental health than those in the oldest two months. While only the 

youngest relative age group was at statistically significant increased risk, the overall pattern suggests 

that boys born in the oldest two months are at lower risk of poor mental health than their younger 

same-grade peers (p-trend= .23) (Table 6-2). In girls, there was a linear association between younger 

relative age and increased risk for poor mental health (p-trend= .02). Girls born in the youngest two 

months were 1.11 (95% CI: 0.99-1.24) times more likely to report suboptimal mental health than girls 

born in the oldest two months. Grade group (6 to 8 versus 9 to 10) did not modify the association 

between relative and mental health (p-interaction= 0.22 in boys and 0.38 in girls). 

Overall, there was minimal statistical evidence of effect modification by any of the variables considered. 

The only significant interaction identified was between relative age and family support in girls (p= .03). 

The risk of suboptimal mental health associated with belonging to particular younger relative age groups 

was significantly greater in the moderate support group compared to the low and/ or high family 

support groups (Table 6-3). In boys the effects of being relatively younger appeared to be greater in the 

moderate and high teacher support groups compared to the low support group, although differences 

were not statistically significant (Table 6-4). Despite the overall lack of effect modification identified, the 

magnitude of relative age effects did appear to differ across subgroups. Specific groups in which relative 

age effects were strongest, and groups where they disappeared entirely are highlighted below. 

In boys, there was a strong and significant relative age effect in the high family support group. Students 

with birthdates in the youngest two months of their grade were 33% more likely to report poor mental 

health than those in the oldest two months (RR=1.33; 95% CI: 1.02-1.73). In girls, relative age affects 

were strongest in the moderate family support group. Compared to having a birthdate in the oldest two 

months, girls in any of the younger relative age groups were 19 to 39% more likely to report poor mental 

health (Table 6-3). In girls with high family support only the very youngest relative age group had an 
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increased risk of greater than 10%, although the effect was not statistically significant (RR=1.17; 95% CI: 

0.87-1.57). Among boys reporting moderate and high teacher support those born in the youngest two 

months were at increased risk of poor mental health compared to those born in the oldest two months 

(RR=1.20; 95% CI: 0.98-1.49 for moderate support, and RR= 1.19 (95% CI: 0.94-1.43) (Table 6-4). In terms 

of relative family affluence only younger boys in the average affluence group were at a statistically 

significant increased risk of poor mental health (RR= 1.22; 95% CI: 1.04-1.44) (Table 6-5). In the low 

absolute family affluence group both boys (RR=1.18; 95% CI: 0.97-1.42) and girls (RR=1.20; 95% CI: 0.97-

1.42) with birthdates in the youngest two months were more likely to report suboptimal mental health 

than those with birthdates in the oldest two months (Table 6-6).  

Relative age was not associated with suboptimal mental health in boys or girls reporting low family 

support (Table 6-3) or low teacher support (Table 6-4). While the results suggest a relative age effect in 

girls with high teacher support, relative age was not significantly associated with mental health in any of 

the teacher support groups in girls. There was no relative age effect in students who perceived their 

family to be relatively not well off; there was no difference in risk of suboptimal mental health 

comparing students in the youngest and oldest two months of their grade (RR= 1.01; 95% CI: 0.77-1.33 

in boys; RR= 1.01; 95% CI: 0.83-1.22) (Table 6-5). 
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Table 6-1. Description of the study sample  

 n (%) 

Age, Mean (SD) 14.0  (1.4) 

Grade   

 6-8 10012 (54.9) 

 9-10 8232 (45.1) 

Sex   

 Male 8463 (46.4) 

 Female 9781 (53.6) 

Relative Family Affluence   

 Well-off 9541 (53.9) 

 Average 6572 (37.1) 

 Not well-off 1582 (8.9) 

 Missing 549  

Family Affluence Scale   

 High (11-13) 4672 (26.5) 

 Moderate (8-10) 8369 (47.4) 

 Low (0-7) 4624 (26.2) 

 Missing 579  

Family Structure   

 Both parents 12681 (70.8) 

 Mother only 2530 (14.1) 

 Mother and partner 1213 (6.8) 

 Father only 497 (2.8) 

 Father and partner 276 (1.5) 

 Other 708 (4.0) 

 Missing 339  

Family Support   

 High 5643 (31.4) 

 Moderate 6259 (34.8) 

 Low 6090 (33.9) 

 Missing 252  

Teacher Support   

 High  6443 (36.8) 

 Moderate 5939 (33.9) 

 Low 5152 (29.4) 

 Missing 710  

Urban/Rural Status   

 Rural (<1,000) 1789 (9.8) 

 Small Centre (1,000 to 29,999) 8560 (46.9) 

 Medium Centre (30,000 to 99,999) 3042 (16.7) 

 Large Centre (100,000 to 499,999) 3367 (18.5) 

 Metropolitan Centre (500,000+) 1486 (8.2) 
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Table 6-2. Multivariable log-binomal regression examining the association between relative age and 

suboptimal mental health, by sex 

 Boys  Girls 

 nTot (%Yes) RR (95% CI)  nTot (%Yes) RR (95% CI) 

Relative Age          

 Oldest 1336 (31.8) 1.00 ref  1486 (32.7) 1.00 ref 

 3-4 1538 (35.1) 1.11 (1.00-1.22)  1743 (31.6) 0.97 (0.88-1.07) 

 5-6 1546 (33.4) 1.07 (0.96-1.18)  1800 (30.7) 0.96 (0.86-1.06) 

 7-8 1485 (33.1) 1.06 (0.95-1.19)  1665 (33.4) 1.05 (0.95-1.16) 

 9-10 1388 (32.9) 1.06 (0.95-1.19)  1575 (33.1) 1.05 (0.95-1.17) 

 Youngest 1170 (34.7) 1.13 (1.00-1.27)  1512 (34.5) 1.11 (0.99-1.24) 
P-trend              0.23              0.02 

Notes: (1) Effect estimates are adjusted for absolute age and clustering by school, (2) Statistically significant 

effects are bolded (p<.05). 
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Table 6-3. Association between relative age and suboptimal mental health by family support, and sex 

 High Family Support Moderate Family Support Low Family Support 

Boys nTot (%Yes) RR (95% CI) nTot (%Yes) RR (95% CI) nTot (%Yes) RR (95% CI) 

Relative Age             

 Oldest 421 (18.5) 1.00 ref 474 (27.4) 1.00 ref 421 (50.6) 1.00 ref 

 3-4 435 (20.2) 1.09 (0.84-1.42) 578 (29.4) 1.06 (0.90-1.25) 501 (54.3) 0.96 (0.87-1.06) 

 5-6 504 (19.4) 1.04 (0.80-1.36) 553 (30.0) 1.08 (0.90-1.29) 459 (52.1) 0.91 (0.81-1.01) 

 7-8 477 (20.8) 1.12 (0.86-1.44) 564 (28.2) 1.00 (0.83-1.21) 422 (53.3) 0.99 (0.89-1.09) 

 9-10 455 (19.6) 1.05 (0.82-1.34) 532 (29.5) 1.06 (0.88-1.27) 391 (52.4) 0.92 (0.84-1.03) 

 Youngest 406 (24.6) 1.33 (1.02-1.73) 429 (29.8) 1.07 (0.88-1.30) 318 (54.4) 1.02 (0.92-1.13) 

Girls             

Relative Age             

 Oldest 397 (14.6) 1.00 ref 504 (18.5) 1.00 ref 566 (58.5) 1.00 ref 

 3-4 520 (11.2) 0.76 (0.55-1.06)a 561 (22.6) 1.22 (0.99-1.52)a,b 636 (55.7) 0.96 (0.87-1.06)b 

 5-6 542 (12.9) 0.90 (0.66-1.23) 602 (23.1) 1.25 (1.02-1.54)c 634 (53.0) 0.91 (0.81-1.01)c 

 7-8 513 (14.4) 0.98 (0.71-1.36) 515 (22.5) 1.21 (0.97-1.52) 614 (58.0) 0.99 (0.89-1.09) 

 9-10 490 (15.9) 1.10 (0.79-1.52) 489 (25.8) 1.39 (1.12-1.74)d 577 (53.7) 0.92 (0.84-1.03)d 

 Youngest 483 (17.0) 1.17 (0.87-1.57) 458 (22.3) 1.19 (0.93-1.53) 551 (59.5) 1.02 (0.92-1.13) 

Notes: (1) Estimates are adjusted for absolute age and clustering by school (2) Overall tests for interaction between relative age and 

family support were: Boys, p= 0.91, Girls, p= 0.03, (3) The effect estimates for each relative age group were compared across levels of 

the effect modifier, and matching superscripts (a,b,c,d) indicate significantly different pairs of effects (p<.05), (4) Statistically significant 

effects are bolded (p<.05). 
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Table 6-4. Association between relative age and suboptimal mental health by teacher support, and sex 

 High Teacher Support Moderate Teacher Support Low Teacher Support 

Boys nTot (%Yes) RR (95% CI) nTot (%Yes) RR (95% CI) nTot (%Yes) RR (95% CI) 

Relative Age             

 Oldest 473 (17.8) 1.00 ref 432 (28.5) 1.00 ref 374 (53.5) 1.00 ref 

 3-4 504 (19.1) 1.06 (0.81-1.38) 529 (33.8) 1.18 (0.98-1.43) 440 (55.5) 1.04 (0.92-1.17) 

 5-6 540 (19.3) 1.06 (0.82-1.36) 527 (31.9) 1.10 (0.89-1.35) 409 (53.8) 1.00 (0.88-1.13) 

 7-8 559 (20.9) 1.14 (0.90-1.46) 517 (31.9) 1.10 (0.90-1.34) 353 (53.8) 0.99 (0.87-1.12) 

 9-10 504 (21.0) 1.16 (0.92-1.46) 470 (31.3) 1.09 (0.89-1.33) 354 (52.0) 0.96 (0.83-1.11) 

 Youngest 416 (21.9) 1.19 (0.94-1.51) 408 (34.8) 1.20 (0.98-1.49) 297 (52.9) 0.99 (0.87-1.12) 

Girls             

Relative Age             

 Oldest 496 (15.9) 1.00 ref 503 (30.6) 1.00 ref 437 (54.2) 1.00 ref 

 3-4 637 (15.1) 0.95 (0.75-1.21) 520 (29.6) 0.97 (0.80-1.17) 529 (51.4) 0.95 (0.85-1.06) 

 5-6 637 (16.0) 1.01 (0.79-1.29) 569 (26.2) 0.86 (0.71-1.05) 523 (53.9) 1.00 (0.89-1.12) 

 7-8 620 (17.7) 1.09 (0.84-1.41) 500 (29.8) 0.96 (0.79-1.16) 493 (56.0) 1.02 (0.91-1.15) 

 9-10 538 (18.2) 1.13 (0.85-1.49) 498 (29.3) 0.96 (0.81-1.15) 477 (52.6) 0.97 (0.86-1.09) 

 Youngest 519 (17.7) 1.10 (0.85-1.43) 466 (28.8) 0.93 (0.77-1.14) 466 (57.5) 1.05 (0.93-1.18) 

Notes: (1) Estimates are adjusted for absolute age and clustering by school (2) Overall tests for interaction between relative age and 

teacher support were: Boys, p= 0.08, Girls, p= 0.89. 



   
 

122 
 

Table 6-5. Association between relative age and suboptimal mental health by relative family affluence, and sex 

 Well off Average Not well off 

Boys nTot (%Yes) RR (95% CI) nTot (%Yes) RR (95% CI) nTot (%Yes) RR (95% CI) 

Relative Age             

 Oldest 714 (25.8) 1.00 ref 488 (36.1) 1.00 ref 101 (53.5) 1.00 ref 

 3-4 866 (26.8) 1.04 (0.89-1.21) 521 (43.4) 1.21 (1.05-1.40) 112 (56.3) 1.08 (0.87-1.34) 

 5-6 859 (26.1) 1.02 (0.86-1.20) 542 (41.1) 1.15 (0.99-1.33) 99 (55.6) 1.03 (0.82-1.30) 

 7-8 826 (27.4) 1.06 (0.91-1.25) 487 (38.4) 1.09 (0.93-1.28) 118 (51.7) 0.99 (0.76-1.27) 

 9-10 767 (25.3) 1.00 (0.85-1.18) 467 (39.8) 1.14 (0.98-1.34) 114 (54.4) 1.03 (0.82-1.30) 

 Youngest 633 (27.8) 1.11 (0.91-1.35) 395 (42.3) 1.22 (1.04-1.44) 103 (51.5) 1.01 (0.77-1.33) 

Girls             

Relative Age             

 Oldest 749 (23.8) 1.00 ref 558 (38.4) 1.00 ref 134 (61.2) 1.00 ref 

 3-4 859 (23.2) 0.97 (0.80-1.18) 644 (37.6) 1.00 (0.86-1.15) 190 (52.6) 0.88 (0.74-1.05) 

 5-6 903 (23.0) 0.99 (0.82-1.18) 695 (37.3) 1.01 (0.86-1.17) 151 (50.3) 0.83 (0.68-1.00) 

 7-8 805 (23.9) 1.01 (0.85-1.21) 636 (40.3) 1.07 (0.92-1.25) 161 (59.0) 0.99 (0.82-1.19) 

 9-10 818 (25.2) 1.10 (0.92-1.32) 578 (39.3) 1.07 (0.91-1.27) 141 (53.9) 0.92 (0.76-1.12) 

 Youngest 742 (26.6) 1.15 (0.94-1.41) 561 (39.8) 1.09 (0.93-1.27) 158 (58.9) 1.01 (0.83-1.22) 

Notes: (1) Estimates are adjusted for absolute age and clustering by school, (2) Overall tests for interaction between relative age and 

relative family affluence were: Boys, p= 0.95, Girls, p= 0.89, (3) Statistically significant effects are bolded (p<.05). 
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Table 6-6. Association between relative age and suboptimal mental health by absolute family affluence, and sex 

 High FAS Medium FAS Low FAS 

Boys nTot (%Yes) RR (95% CI) nTot (%Yes) RR (95% CI) nTot (%Yes) RR (95% CI) 

Relative Age             

 Oldest 336 (28.0) 1.00 ref 597 (29.8) 1.00 ref 357 (37.5) 1.00 ref 

 3-4 416 (32.0) 1.13 (0.92-1.40) 701 (31.7) 1.08 (0.93-1.25) 355 (45.4) 1.22 (1.03-1.45) 

 5-6 413 (28.1) 0.98 (0.78-1.23) 707 (31.3) 1.06 (0.91-1.25) 377 (44.3) 1.19 (1.00-1.42) 

 7-8 356 (27.8) 1.00 (0.79-1.26) 708 (31.6) 1.08 (0.92-1.27) 371 (39.4) 1.07 (0.91-1.27) 

 9-10 343 (27.1) 0.99 (0.78-1.26) 649 (30.5) 1.06 (0.89-1.25) 350 (42.6) 1.17 (0.99-1.39) 

 Youngest 299 (29.8) 1.10 (0.87-1.39) 540 (33.3) 1.16 (0.98-1.38) 307 (42.0) 1.18 (0.97-1.42) 

Girls             

Relative Age             

 Oldest 372 (28.5) 1.00 ref 667 (32.2) 1.00 ref 402 (37.3) 1.00 ref 

 3-4 460 (23.5) 0.84 (0.67-1.05) 799 (32.2) 1.00 (0.84-1.19) 438 (40.4) 1.10 (0.93-1.30) 

 5-6 475 (25.7) 0.92 (0.75-1.13) 830 (29.8) 0.95 (0.81-1.12) 431 (38.5) 1.06 (0.89-1.27) 

 7-8 409 (29.1) 1.04 (0.83-1.31) 778 (31.0) 0.98 (0.84-1.15) 436 (41.1) 1.12 (0.95-1.33) 

 9-10 417 (27.3) 1.00 (0.81-1.24) 718 (32.0) 1.05 (0.90-1.23) 380 (42.1) 1.18 (0.99-1.40) 

 Youngest 376 (30.1) 1.11 (0.87-1.40) 675 (31.4) 1.03 (0.87-1.23) 420 (42.9) 1.20 (1.02-1.41) 

Notes: (1) Estimates are adjusted for absolute age and clustering by school, (2) Overall tests for interaction between relative age and 

absolute family affluence were: Boys, p= 0.94, Girls, p= 0.72, (3) Statistically significant effects are bolded (p<.05). 
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6.5 Discussion 

The most important finding of this original analysis of potential modified relative age affects on mental 

health status was that boys and girls with birthdates in the youngest two months of their class were 13% 

and 11% more likely to report suboptimal mental health than those in the oldest two months. Beyond 

this finding, although there was limited evidence of statistically significant effect modification identified 

in this study, we saw clear differences in the affect of relative age on mental health by levels of the 

effect modifiers that were generally in the opposite direction to those that were hypothesized. Relative 

age effects were greatest in students who perceived higher support and greater relative family 

affluence. In students who reported low levels of support and below average relative affluence there 

was no statistically significant association between relative age and mental health. Possible 

interpretations of these findings are discussed below. 

The presence of supportive adults was expected to help younger students overcome the disadvantages 

of being the youngest in their class. The finding of greater relative age effects in the higher support 

groups is therefore surprising. However, students who perceived low support were much more likely to 

report suboptimal mental health compared to the moderate (range= 22 to 40% lower) and high groups 

irrespective of relative age standing. Students reporting low support are at such elevated risk of poor 

mental health that risks associated with relative age differences may be less consequential than other 

factors. The findings of stronger relative age effects in the high support groups could indicate that 

maturational differences are driving relative age effects rather than the influence of teachers and 

parents.  

Teacher support could also represent a class level variable, and in classes with low teacher support all 

students do poorly regardless of relative age standing. In supportive teaching environments, relative age 

effects are more prominent suggesting again that differences in developmental maturity may be driving 

these effects rather than other things. It is important to keep in mind that relative age is hypothesized to 
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affect mental health through a process that occurs from the time of school entry until adolescence. 

Given that relative age effects tend to be greatest in early childhood,3 supportive relationships with 

family and teachers would likely have the greatest impact on reducing such effects at younger ages. 

Current levels of perceived support likely correlate with past support, but for teacher relationships in 

particular, current reports may not reflect the student’s past experience. Current teacher support 

however might be expected to help younger students improve their current mental health,9 although 

the underlying causes may not be so easily addressed. 

Overall, absolute family affluence did not significantly modify the association between relative age and 

mental health, which is consistent with the findings of a previous study on relative age and psychological 

symptoms in adolescents studying in England.10 Despite the lack of a significant interaction effect in this 

study, relative age effects were strongest in youth from the least affluent families. This is consistent with 

findings of larger and more persistent relative age effects for academic performance in youth from 

lower socioeconomic backgrounds.16,42 Less affluent families may not be as well positioned to provide 

extra support and resources to younger children who are struggling in terms of their school experience 

and health. In contrast to our findings on absolute affluence, there was no relative age effect in the low 

relative affluence group. Suboptimal mental health was more common in the low relative versus low 

absolute affluence group (≥10% across relative age groups). The effects of relative age differences 

specifically on mental health may not be as critical in students who are at high risk due to other factors, 

such as family discord and adverse life events.43  

The results of this study indicate a difference between absolute and relative family affluence as they 

relate to mental health. This could be related to the fact that absolute affluence may be more 

homogeneous within schools and classrooms than relative affluence. Relative affluence is based on 

students’ perceptions of their family’s socioeconomic position and is relative to other families in close 

proximity to them. Students may respond in a varied way depending on their perceived location along 
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an affluence gradient, even if that gradient in absolute terms is not wide, and/or irrespective of the 

specific levels of absolute affluence. Absolute family affluence uses material items to measure levels of 

affluence, which would be fairly homogenous in neighbourhoods or geographic areas that serve specific 

schools and so the individual-level effect if it is present, would not be able to be easily measured. It 

appears that relative age might be more likely to affect student mental health in schools that serve low-

income neighbourhoods. Younger students in these situations who struggle may be more likely to be left 

behind. This is especially problematic as schools that serve low-income neighbourhoods have been 

shown to have lower social, financial, and instructional resources, and lower student achievement than 

schools serving high-income neighbourhoods.44  

A major strength of this study was the ability to utilize a large national data, which enabled the 

examination of potential effect modification. Effect modifiers were measured using well-validated 

scales, and mental health was examined using a contemporary approach that builds on traditional 

methods by combining two dimensions of mental health.23 Several limitations warrant comment. Family 

affluence and perceived support were measured during adolescence rather than throughout childhood 

when relative age is expected to have the greatest impact on development of sense of self, and current 

exposure may not accurately reflect past exposure. Because this study is cross-sectional it is possible 

that current mental health affected perceived social support. This would impact our findings if younger 

students with poor mental health are more or less likely to perceive adults as supportive than older 

students with poor mental health. The results would also be biased if adults are more likely to give 

support to younger students who are struggling than older students who are struggling. Each of these 

scenarios is believed to be unlikely. The differences in proportions reporting suboptimal mental health 

by levels of support however are more susceptible to bias resulting from reverse causality. Students 

with poor mental health may be more likely to withdraw and turn away from available support. The 
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exclusions applied in this study make the results only generalizable to Canadian students who are in the 

expected grade for their age, and in grade cohorts where that is true of the majority of students. 

A potential effect modifier that was not examined in this study is classroom size, particularly in primary 

school when relative age effects are the greatest. Similar to what is seen in the context of sport where 

relative age effects are stronger when more athletes are competing for fewer spots, relative age effects 

may be more likely to develop in larger classrooms where there is more competition and comparison 

between younger and older students. Future studies are needed to understand why mental health 

related relative age effects develop, and to determine if these effects persists beyond adolescence. 

6.5.1 Conclusion 

Younger relative age had a stronger association with suboptimal mental health in students who 

perceived their family to be relatively well-off, and who reported having supportive relationships with 

family and teachers. This suggests that relative age effects are not mitigated through the presence of 

what the student perceives to be supportive adults and may stem from systemic features that 

disadvantage less mature students. The findings provide limited evidence to support targeted 

interventions. They do indicate that the youngest students in school classrooms are at an increased risk 

of poor mental health. Strategies such as increasing teacher awareness of the relative age phenomenon 

and making allowances for relatively younger students in the early grades could help mitigate such 

effects.45  Students from relatively less affluent backgrounds, and who perceive low support from family 

and teachers are at increased risk of suboptimal mental health regardless of relative age standing. 

Increasing student support and addressing health disparities associated with lower socioeconomic status 

are important priorities, but it appears unlikely that making changes only in these areas would address 

mental health related relative age effects that do exist.
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Chapter 7 

A review of strategies for mitigating school-based relative age effects  

There is a substantial body of literature indicating that relatively younger students are at a disadvantage 

compared to their older same-grade peers. Despite the evidence, little is done to prevent these effects 

from developing. The purpose of this chapter is to provide a summary of strategies that have been 

proposed for mitigating school-based relative age effects, including summarizing evidence of their 

effectiveness. The strategies most commonly suggested in the literature include: increasing awareness 

among teachers, delaying school entry, early curriculum modifications, and age-normalisation of test 

results. There appears to be a lack of evidence on their effectiveness.  

7.1 Introduction 

The youngest students in grade cohorts face social and academic disadvantages that can have negative 

impacts on their mental health.1,2 It is well established that younger students score worse academically 

across a number of subjects compared to their relatively older peers.3 While such disadvantages often 

become non-significant over time,4,5 differences in academic achievement can persist into adolescence,3 

and even remain at age 18.6 To illustrate, students in the youngest relative month are 10% less likely to 

take pre-university academic programs (British Columbia) and 12% less likely to enroll in four-year 

college/university programs (USA) compared to those in the oldest month.3 Relatively older students go 

on to earn higher average wages,7,8 have fewer social difficulties,4,9 and are at lower risk for intellectual 

disability, depression, and attention deficit hyperactivity disorder (ADHD).10  Such effects often emerge 

in the early school years, but are likely to have long-term impacts on well-being. 

Despite the large body of literature on school-based relative effects, very little is being done to address 

them.4 Given the potential long-term impacts on achievement and development, it is important to 

identify strategies that can mitigate these disadvantages as well as where possible, prevent them from 



 
 

132 
 

developing. It is inequitable that use of arbitrary school entry cut-off dates is penalising students 

because of their date of birth as in theory, all students should have an equal opportunity for success. 

Studies on the impacts of relative age differences often propose strategies for mitigating their effects, 

but there seems to be a lack of consensus on what approaches should be used and whether they are 

effective. 

The objectives of this review were to: (1) identify and summarize strategies that have been proposed for 

mitigating school-based relative age effects, and (2) summarize any available evidence pertaining to 

their effectiveness. This review was conducted to inform practical interventions that could be 

implemented to address past system features of our education system that are disadvantaging some 

students. The review was also intended to provide new evidence about the current state of research on 

this topic. 

7.2 Methods 

This literature review was informed by the process of evidence informed decision making as outlined in 

the National Collaborating Centre for Methods and Tools.11 Given the nature of the literature identified, 

and lack of studies specifically testing the effectiveness of strategies aimed at mitigating relative age 

effects, meta-analysis or formal critical appraisal of studies were not conducted. This is a narrative 

review organized by type of policy or practice, collectively referred to as strategy. Covidence software 

was used to manage, organize and screen articles.12 The review was not limited to specific student 

outcomes (e.g., academic performance). Rather the focus was on relative age and school-based 

solutions or strategies designed to mitigate the disadvantages associated with being relatively younger. 
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7.2.1 Search Strategy 

The literature search had two stages that were broadly first to identify strategies that have been 

suggested for addressing school-based relative age effects, then second to identify additional studies 

that tested the effectiveness of specific strategies. 

Stage 1. The search strategy for the first stage was intended to “cast a large net” to capture any 

published literature on school-based relative age effects. The following databases were searched: ERIC, 

OVID Medline, EMBASE, APA PsychNet, and the Cochrane Database of Systematic Reviews. The searches 

combined key terms for relative age/relative age effects and school/education. In databases that use 

Medical Subject Headings (MeSH), the term “Education” (Auto Exploded) was included in the search 

strategy. This MeSH term captures other terms including academic performance, school admission 

criteria, curriculum, teaching, schools, and educational measurement. Search terms for 

school/education were included to filter out literature on relative age effects in sports. The search was 

restricted to literature published from 1990 to the present, and in the English language. The full search 

strategies can be found in Supplemental Table 1. This stage of searching was also used to identify 

specific interventions to be included as key terms in a second search. 

Stage 2. The search strategy for Stage 2 included terms that identified specific interventions to address 

relative age effects, as inferred from Stage 1. These included terms for delayed school entry (“academic 

redshirting”),13 school starting age, and age-normalisation of test results. Some strategies, such as 

increasing awareness of relative age effects were not included because they would have already been 

captured in the first stage of searching. This search used the same databases as Stage 1 and was limited 

to articles published since 2000 in the English language (Supplemental Table 1). 
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7.2.2 Search Results 

Findings from the literature search and screening procedure are provided in Figure 1. The first stage of 

the search identified 563 unique articles, and the second stage identified an additional 1,010. After 

reviewing title and abstracts for relevance, 212 articles were identified for full-text review, then 70 

articles were identified (including 3 letters to the editor) that described one or more strategies for 

addressing school-based relative age effects. The most common reasons for excluding articles were if 

they did not mention a strategy, there was no consideration of relative age differences, or they 

addressed the wrong context (e.g., relative age effects in sport). An additional 5 articles were identified 

through reference checking, bringing the total number of articles that informed the review to 76. Of 

these, 38 suggested or commented on a strategy only, 8 were reviews, and 30 tested a strategy. Of 

those that tested potential interventions, only 10 specifically examined the effectiveness of the 

intervention at reducing relative age effects (Supplemental Table 2).  
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Figure 7-1. Literature search flowchart 
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  Literature Search: 
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• OVID Medline: 48 

• EMBASE: 61 
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Excluded after title and 

abstract screening (n= 1,351) 
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  Literature Search: 
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7.3 Literature Review 

The narrative review that follows is organized by strategy. All documented strategies for mitigating 

relative age effects are included, but the primary focus is on synthesizing evidence from review articles 

and studies that provided any evidence on effectiveness. More emphasis is given to strategies that are 

relevant to the Canadian context. In the process of conducting this review, a similar Rapid Review was 

identified that set out to answer the question, “Do certain educational policies and practices, particularly 

those relating to curriculum and assessment, mediate the effect of relative age on attainment and 

development?” (Sharp et al. 2009, pg.4). Their review included 16 studies published in England from 

2000 to 2008, and concluded that there was limited evidence supporting the effectiveness of 

educational policies and practices at reducing relative age effects, apart from the adoption of age-

standardised tests.14 A summary of the strategies identified is presented in Table 7-1. 
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Table 7-1. Strategies identified for mitigating school-based relative age effects 

Strategies recommended in the literature for addressing relative age effects 

Strategy Evidence of Effectiveness Key References 

1. Delayed school entry  
(academic redshirting) 

None for addressing relative age 
effects. 
Mixed results comparing outcomes 
in delayed and age-appropriate 
students; short term improvement in 
performance. 

Range et al., 2011; 
Dougan et al., 2011; 
Datar et al., 2015; Elder & 
Lubotsky, 2009 

2. Increase teacher awareness None Norbury et al., 206 

3. Curriculum modification/ 
teacher support 

None Norbury et al., 2016 
Sharp et al., 2009 

4. Delay streaming decisions 
(policy decision) 

Reduction in age effects for 
academic performance and life 
satisfaction 

Fredriksson & Ockert, 
2013 
Fumarco et al., 2020 

5. Raise the school starting age 
(policy decision) 

None for addressing relative age 
effects. 
Mixed results comparing cohorts 
that started at different ages; short 
term improvement in performance. 

Datar et al., 2006 
Elder & Lubotsky, 2009 

 

6. Age-normalised tests Remove relative age effects in 
academic performance 

Sharp et al., 2009 
Crawford et al., 2007 

7. High-quality preschool 
experiences 

Minimal; Not effective for risk of 
grade retention 

Huang & Invernizzi, 2013 

8. Increase awareness (referral 
and diagnosis) 

None Sayal et al., 2017 

9. Anti-bullying initiatives None Tiiri et al., 2020 

10. Other Suggestions None None 

Strategies not recommended for addressing relative age effects 

Strategy Evidence of Effectiveness Key References 

1. Grade retention Generally not effective Dougan et al., 2010 
Range et al., 2011 

2. Staggered school starting dates Not effective for risk of academic 
performance or mental health 
problems 

Crawford et al., 2007 
Reijneveld et al., 2006 
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7.3.1 Strategies recommended in the literature for addressing school-based relative age effects 

7.3.1.1 Delayed School Entry (also referred to as academic redshirting) 

Delayed school entry is often suggested as a strategy for mitigating relative age effects in younger 

children who are not developmentally ready to succeed in the formal school setting. These children are 

believed to be at the greatest risk of the long-term disadvantages associated with being the youngest in 

their grade cohort. Delaying school entry gives them an extra year to mature physically, cognitively, and 

socioemotionally, so that when they enter kindergarten they can get more from school in terms of 

learning and development.15,16 At the very least this approach changes a child’s relative age standing and 

should provide them with the advantages of being one of the oldest in their cohort. According to this 

reasoning, if children enter school before reaching a certain level of maturity they will lack the skills 

needed to be successful, and will fall behind their more mature peers. Others argue that school provides 

an environment that can help promote younger childrens’ learning and development, and delaying 

school entry will not provide them with any short- or long-term advantage.5,16  

The effectiveness of delaying school entry for improving student outcomes remains unclear.17,18 Some 

studies find positive effects of delayed entry, others find little or no difference between delayed and 

age-appropriate students, and still others report maladaptive outcomes as a result of being held out of 

school for an extra year.17 The use of observational as opposed to experimental study designs 

compounds this problem. No randomized control trials were identified in this review. 

A significant proportion of delayed students are held back by parents to give them a strategic advantage 

in school, irrespective of school readiness.19 Children with delayed entry are disproportionately more 

likely to be boys, Caucasian (non-minority), and from more affluent families.13,20,21 As a result any 

positive effects of redshirting could be confounded by these students representing a more advantaged 

group than those who enter school on time.  
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With those limitations in mind, the short-term benefits of delayed school entry are well documented.  

Starting school a year later is associated with greater mathematics and reading proficiency in the early 

grades.18,22–25 In kindergarten, delayed students display more confidence in social interactions, are more 

popular among classmates, and have more positive relationships with teachers.26 They are also half as 

likely to repeat grades 1 or 2 as children who enter school on time.23 Delayed school entry could negate 

the initial disadvantages associated with being the youngest at school entry.  

The initial academic advantages associated with delaying school entry appear to become non-significant 

by the upper primary grades.18,27 In studies that controlled for sociodemographic differences between 

delayed and age appropriate students, differences in academic achievement became modest and non-

significant by grade 7.15,23,24 In children with ADHD delayed school entry was found to have no 

meaningful association with academic achievement across time.28  

Delayed school entry can also have negative effects on motivation and engagement in school,17,29 self-

esteem,18 and academic performance.17,30 Delayed students are more likely to have behaviour 

problems,18 and non-delayed students are more likely to attend college.31 Two studies found that 

learning with older classmates actually boosts younger students’ test scores, suggesting that younger 

students are better situated entering school on time.5,32 Among children with disabilities, students with 

delayed school entry had lower academic achievement, supporting the hypothesis that schools may 

provide children with better access to early identification and intervention services, which outweigh the 

benefits of taking an extra year to mature outside of formal schooling.33  

A problem with using delayed school entry as a strategy to address relative age effects is that there will 

always be a youngest student. Redshirting raises the average age of students in the classroom, which 

can increase teacher expectations,34 and the difficulty of the curriculum.18 If students at the greatest risk 

of disadvantages stemming from relative age differences are not the ones being redshirted, the practice 
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will just act to further disadvantage younger students who enter school on time. The effects of relative 

age on academic performance are greatest in areas where large numbers of students are redshirted.18  

Another related issue is that effects will vary according to the child’s experiences during the extra year.34 

Delaying school entry typically comes at the cost of additional childcare fees or lost wages. The 

consequence is that children who delay school entry are more likely to be from more affluent families.3 

More advantaged parents can provide enriched educational experiences designed to improve their 

skills. Less affluent families may not be in a position to provide high quality preschool experiences.18 As a 

result this policy could have the unintended consequence of further disadvantaging children who are 

already vulnerable because of their social circumstances.  

It is recommended that parents and educators should collaborate when deciding whether to hold a child 

back for an extra year to make sure it makes sense for the individual child and their circumstances.18 

Decisions on academic redshirting should be informed by school readiness assessments,13 and the 

practice should be used to give children who are not developmentally ready more time to mature, 

rather than to provide children with a strategic advantage. One review cautioned that preschool and 

elementary schools will often recommend redshirting because they have incentives to do so.29 

Preschool’s stand to gain financially from another year of tuition, and for elementary schools older 

students are easier to manage in the classroom.  

An overall lack of evidence on the effectiveness of delayed school entry for addressing relative age 

effects was identified. It does appear to have potential for mitigating the initial disadvantages of being 

relatively younger. However, it is not expected to have a net benefit at the population level unless used 

sparingly, because each child who gains an advantage by being held back an extra year exposes another 

at the lower end of the age distribution.35 Strategically delaying a child’s school entry in order to give 

them a competitive advantage only serves to exacerbate relative age effects. In order for delayed entry 

to be an effective strategy, systems must be utilized for identifying relatively younger student’s at high 
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risk of disadvantages stemming from immaturity (e.g., school readiness assessments). Policies would 

also be needed to make redshirting an accessible option to all children regardless of socioeconomic 

background (e.g., preschool funding),6 and to ensure it is not being used to gain an advantage.  

7.3.1.2 Increasing awareness among teachers  

Studies that find evidence of relative age effects often point to the importance of “increasing teacher 

awareness” as a strategy for mitigating their development. If teachers are aware of relative age 

phenomena and students’ relative age positions in their classroom they can make appropriate 

allowances for younger students.36,37 According to one author, “being the youngest in the year is only 

associated with educational disadvantage if the teacher does not make allowances for the child’s ability 

or needs.”38  Teachers need to adjust their expectations for students with varying levels of maturity so 

that younger students are not disadvantaged for being less mature.19,39 Relative age effects can be 

propagated if lower expectations are placed on relatively younger students, and vice versa.4 If teachers 

have low expectations for younger students it can negatively impact the student’s effort, motivation, 

self-confidence, and self-esteem.4 Teachers have been found to not be as tolerant of younger students, 

expect the same from them as older students, and are more likely to anticipate them to fail.40  

Heightened teacher awareness is especially important among early educators when differences in 

maturity and associated relative age effects are the greatest.  

Several strategies for increasing teacher awareness have been suggested. First, information about the 

impact of relative age differences should be included in teacher training programs.40 A simple in-class 

intervention that has been suggested is to have teachers call the class register by birth order.37 

Organising classes by age group might also help make teachers more aware of which students are the 

youngest.41 Interviews with heads of physical education departments revealed a lack of awareness of 

relative age effects,42 suggesting a need to promote awareness in the educational setting. No studies 

were identified that tested the effectiveness of increasing teacher awareness. 
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7.3.1.3 Curriculum modification/ teacher support 

Modifying the early grade curriculum to limit the impact of maturity differences on classroom learning 

and development could help mitigate relative age effects. If classroom instruction is geared at the 

average student’s developmental skills, the level of instruction might be beyond the skill set of younger 

students. The curriculum should therefore be flexible enough to accommodate children at different 

developmental levels.16,14 Teachers should consider instructional techniques that close the gap between 

the youngest and oldest students in their classrooms, and provide additional support to younger 

students who need it.13,43 The early years curriculum should focus on developing children’s oral language 

skills, social competencies and behaviour control,41 and provide a meaningful context for learning rather 

than focusing on isolated skill acquisition.34 

Teachers can support younger students by enabling them to have leadership opportunities and 

encouraging them to value their own achievements rather than comparing themselves to older 

classmates.14 They can also be active in assisting younger students with building positive relationships 

with peers.44 Relatively older students report more positive relationships with teachers, and student-

teacher relationships have been found to mediate the relationship between younger relative age and 

lower self-esteem in grade 4 students.45 Greater teacher support can reduce relative age effects by 

increasing self-esteem and self-confidence in younger students.46  Finally, in-class ability grouping should 

be avoided, as it has been shown to propagate relative age effects.3,47  

7.3.1.4 Delay streaming decisions (policy decision) 

In Canada students are typically streamed into academic or vocational courses in grades 9 or 10 (age 14-

16), but in other countries streaming/tracking decisions can occur much earlier. Evidence suggests that 

moving streaming decisions to later grades helps mitigate school-based relative age effects by reducing 

the importance of early differences in maturity. The association between younger relative age and lower 

life satisfaction was found to decrease in higher grades only in countries where students are first 
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streamed at 14 years of age or older.2 In an international study that included 18 countries, Denmark was 

one of few countries in which there was no association between relative age and academic 

performance. The authors speculated the finding could be explained by the fact that streaming by ability 

levels is prohibited before the age of 16 in Denmark.3 In Germany streaming into academic or non-

academic tracks occurs at age 10, and relatively younger students are much less likely to be assigned to 

the academic track. However, at the age of 16 the German education system facilitates mobility 

between tracks, which results in a reduction of the relative age effect.48 Finally, in Sweden, changing 

from an education system that implemented strict tracking in grade 5 or 7 to one where tracking was 

postponed until age 16 reduced the effects of relative age on educational attainment (years of schooling 

and lifetime earnings).49  Delaying streaming decisions could be used to improve the long-term well-

being and academic performance of younger students, although in Canada typically such decisions are 

made at an age where differences in maturity are expected to be negligible. 

7.3.1.5 Raising the school starting age (policy decision)  

Increasing the school starting age has been suggested as an approach to reducing relative age effects. 

While relative age is difficult to influence, absolute age at school entry can be modified by changing the 

school entry cut-off date. This policy would make the youngest students in their grade older at the time 

of school entry, giving them more time to mature prior to starting formal education. It would also 

increase school readiness rates of kindergarten classes and reduce relative differences in maturity at 

school entry.50  

Raising the school entry age by one year is associated with improvements in academic performance and 

social skills, and reductions in behaviour problems in kindergarten.5,19,51 However, the gaps in 

performance disappear in the first few grades suggesting that raising the starting age does not increase 

student readiness, such that students are able to learn at a faster rate. The increase in achievement 

associated with starting school a year later is greater and more persistent among children from high 
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socioeconomic families likely because they are exposed to more high-quality preschool experiences 

during the extra year.5 In a study that included 18 countries, Finland was one of very few that found no 

association between relative age and academic performance. The authors speculated that the finding 

was driven by the fact that Finland was the only country where compulsory education does not begin 

until the age of 7.3 This interpretation should be made cautiously, however, as Finland also has a fairly 

unique primary school curriculum that emphasizes play and personal development without a reliance on 

other curriculum-based activities. It appears that raising the school starting age may just postpone 

learning and is likely not worth the long-terms costs in terms of lost wages and additional childcare 

costs, especially for children from less affluent families who have few educational opportunities outside 

the public-school system.5 There were no studies that directly examined the impact of raising the school 

entry age on relative age effects. 

7.3.1.6 Age-normalized tests 

One of the most well-established disadvantages associated with being born late in the school eligibility 

year is lower academic performance. One explanation for such disadvantages in academic achievement 

is that students are up to a full year apart in age and maturity when they complete tests/assessments. A 

study in Northern Ireland found that the use of age-standardized tests removed the relative age effect 

on academic achievement entirely.14 It has been suggested that all test results should be age-normalized 

up to the age of 14.6 Possible implementation methods are detailed elsewhere.6 Age-normalized 

assessments are particularly important in settings where testing is used to inform streaming decisions at 

younger ages, so that relatively younger students are not unnecessarily penalized for their date of birth. 

Using age-standardized test results could also reduce relative age effects for other outcomes such as 

identification of special education needs and psychiatric problems.14 
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7.3.1.7 High-quality preschool experiences  

In Canada formal government-funded schooling begins in kindergarten at the age of 4 or 5. Preschool 

(daycare, childcare, nursery school) is not generally government funded, although Ontario pledged a 

$2.2 billion investment beginning in September 2020 to make licensed preschool free for children from 

age 2.5 until they are eligible for kindergarten. Exposure to formal preschool experiences could help 

mitigate relative age effects by increasing school readiness in younger students.20,52 Access to high 

quality preschool experiences has been identified as critical for later school success among children from 

low-income households.20 In Quebec, teachers rated children who used child-care services during the 

preschool years as less shy, less socially withdrawn, more oppositional, and more aggressive at school 

entry, but these differences disappeared during elementary school.53 In a study of economically 

disadvantaged kindergarteners, students in the youngest half of their grade experienced a greater risk of 

grade retention than those in the oldest half (12.5% vs 2.2%), regardless of preschool attendance (p-

interaction= .35).54 

7.3.1.8 Increase awareness (referral and diagnosis) 

In addition to raising teacher awareness on relative age effects, it is important to increase awareness in 

all those involved in the process for referring and diagnosing children (e.g., parents, school 

administrators, and clinicians).14,55 Younger students are disproportionately more likely to be diagnosed 

with attention deficit hyperactivity disorder (ADHD).55 In the majority of cases the teacher requests for 

the child to be assessed, making it important for them to be aware of relative age differences.39 

Teachers and parents might misinterpret the behaviour of younger and older students in the same class 

because they do not take relative age into account.55 As a result, relatively younger students may be 

more likely to be referred and subsequently diagnosed with ADHD, possibly incorrectly. Conversely, 

older children with ADHD may be missed.55 Teachers, parents, and clinicians should take relative age 

into account when considering the possibility of ADHD in a child or encountering a child with a pre-
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existing diagnosis.55 Clinicians should request that parents and teachers keep relative age in mind when 

they provide information for the child’s assessment. In a study out of the Netherlands, the majority of 

general practitioners and teachers were unaware of the association between relative age and ADHD.56 

Educators should also consider relative age differences when identifying children with special education 

needs, and referring students to gifted education programs. 

7.3.1.9 Anti-bullying Initiatives 

Younger students are at increased risk of being victims of bullying,57,58 which is a risk factor for poor 

mental health outcomes, including anxiety and depression.59 Bullying victimization has been found to 

mediate the association between younger relative age and lower emotional well-being.60 School bullying 

prevention efforts may therefore help mitigate some of the negative impacts of being relatively 

younger. It is important that anti-bullying initiatives take into account the potential impact of relative 

age.58 The “FearNot!” anti-bullying virtual learning intervention was designed to help children deal with 

bullying, and was shown to have positive effects on escaping and preventing victimization in children in 

the UK and Germany.61  

7.3.1.10 Other Suggestions from the Literature 

Several studies indicated the importance of accounting for relative age in formal ADHD 

assessments.55,62,63 The use of screening and assessment instruments that permit calculation of scores 

for exact ages rather than supply norms for broad age ranges,63  and placing a greater emphasis on a 

child’s behaviour outside of school may help decrease the risk of misdiagnosis.62   

Smaller class sizes (student-to-teacher ratios) might reduce relative age effects because there would be 

less unfair comparison and competition between relatively younger and older students. In more 

crowded classrooms it may also be more difficult for teachers to identify, and make accommodations for 
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relatively younger students.40 One approach that might mitigate the social disadvantages of relatively 

younger students is to assign them to classrooms where they already have friends.44 

Full-day kindergarten has been proposed as an approach to reducing relative age effects by making 

children more prepared when they enter first grade.34 A high-quality, developmentally appropriate 

kindergarten experience could help ensure success for children who enter regular schooling with a 

varying levels of readiness. In Canada kindergarten is structured differently by Province/Territory, with 

some schools offering full-day kindergarten and others offering half-day. Some also have two years of 

kindergarten, while others have only one. 

In settings that allow it, using narrower age bands (e.g., 6-months) to groups children into grades or 

classes could help prevent relative age effects from developing.  

7.3.2 Strategies not recommended for addressing relative age effects 

7.3.2.1 Grade retention 

Having relatively younger students who are struggling repeat a grade is not recommended as a strategy 

to address relative age effects. Grade retention at any age has a significant negative emotional and 

academic impact on students.20 Retention does not work to give children the same benefit as redshirting 

because there are negative emotional impacts on a child that affect school achievement.13  The 

academic achievement of redshirted students is comparable to their on-time peers, while retained 

students perform at lower levels.15,27 Retained students often have short-term improvements in 

academic performance followed by long-term regression, and a negative attitude towards school.18 

Grade retention is associated with lasting harmful social and emotional effects, and higher rates of 

dropping out of high school.13,18 Decisions about grade retention for relatively younger students should 

not be made at young ages, as differences in academic achievement tend to fade away over time.5 
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7.3.2.2 Multiple/staggered school starting dates  

Some countries use an admissions policy where children enter kindergarten at different points during 

the year, according to their date of birth. One study found that relatively younger children are slightly 

better off in terms of academic performance if they start school at the same time as their older peers.6 

In another study, staggered school admissions did not reduce the risk of mental health problems 

associated with being relatively younger.64 Compared to having multiple school entry dates, a single 

starting date improves the outcomes of younger students, or at least does not worsen them.  

7.4 Summary 

Studies that have examined the effectiveness of proposed strategies for mitigating relative age effects 

are summarized in Table 7-2. Many strategies have been suggested, but there appears to be little 

evidence supporting their effectiveness. This is largely due to a lack of research on the topic. In some 

cases, the potential effectiveness (e.g., delayed school entry) or ineffectiveness (e.g., grade retention) of 

specific strategies can be inferred from studies that compare outcomes in students who were 

intervened on versus those who were not. Relative age effects have been shown to exist across a wide 

range of educational systems,3 and it remains unclear what the best strategy is for addressing them. In 

the Canadian context the best approach might be to focus on increasing teacher awareness, particularly 

in the early grades where differences in maturity are the greatest. Once teachers are aware of the risks 

associated with relative age differences and the relative age standing of students in the classroom, they 

can adjust their expectations for younger students and provide them with additional supports. Delayed 

school entry might be beneficial to individual students who are at high risk of the negative effects of 

being relatively younger, but it is unlikely to address relative age effects at the population level. Delayed 

school entry should be favoured over grade retention at any age. 

There is a need for studies that assess the effectiveness of some of the strategies identified in this 

review (Table 7-1). There were almost no studies identified that specifically or directly examined the 
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effectiveness of potential interventions at addressing relative age effects. Future studies would 

necessarily involve collaboration between multiple partners including early educators, school 

administrators, and researchers. These partnerships would enable the administration and testing of 

potential strategies in the education system. Early educators can also help inform classroom strategies, 

including specific curriculum modifications designed to narrow the gap between younger and older 

students entering school with a wide range of developmental levels. Educators may also have their own 

ideas for how best to address relative age effects that were not well flushed out in this review. The 

impact of increasing teacher awareness of the relative age phenomenon warrants study. Including 

information on relative age effects in teacher training programs is a strategy that could be implemented 

with little to no cost. Observational studies on delayed school entry have several major limitations, that 

make it difficult to assess effectiveness for mitigating school-based relative age effects. Ideally a study 

would examine the effectiveness of implementing a policy that ensures that delayed entry is only 

considered for students who lack the maturity level needed to succeed in school if they enter on time.
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Table 7-2. Summary of study findings on effectiveness of strategies for mitigating school-based 
relative age effects 

Study Strategy Evidence on effectiveness  

Campbell, 
201447 

Ability grouping  

(curriculum 
modification) 

This study examined the association between relative age and 
teacher perceptions of ability and attainment, and the impact 
of in-class ability grouping in 5,481 seven-year-old students in 
England. Relatively younger children were more often placed in 
the lowest in-class ability group, and older children were more 
often placed in the highest. Students in the oldest 3 months 
were 15% more likely to be judged as ‘above average’ by 
teachers. The use of in-class ability grouping slightly lowered 
teacher judgments of younger students, although effects were 
not statistically significant. However, in-class ability grouping 
was strongly positively related to teachers judgments of older 
students; students in the oldest 3 months are 14% more likely 
to be judged as ‘above average’  if they are in a class with ability 
grouping compared to being in a class without ability-grouping 
(p<.001). Taken together, there is an amplification of the 
tendency of teachers to judge relatively older children as more 
able when in-class ability grouping takes place. 

Crawford et al., 
20076 

Staggered 
school starting 
dates 
 

This study examined differences in the effect of relative age on 
academic achievement by school admission policies in England. 
The school policies that were compared were: (1) children start 
school in September of the academic year they turn 5 and (2) 
some children start school one or two terms later according to 
their date of birth. Children with birthdates in the youngest 
month were slightly better off (or no worse off) if they started 
school in September of the academic year in which they turn 5, 
rather than starting in January or April. For example, in terms of 
the proportion achieving the expected level, students in the 
youngest month who start two terms later than other students 
in the youngest month face an additional penalty of 3.8(2.4) 
percentage points at Key Testing Stage 1, 2.5(0.2) percentage 
points at Key Stage 2, and 2.4(0.3) percentage points at Key 
Stage 3. Differences were significant for girls at all stages, but 
only at Key Stage 1 for boys. There were no significant 
differences at age 16 by admissions policy area at either Key 
Stage 4 or Key Stage 5. 

Fumarco et al., 
20202 

Age of 
streaming  

An international study of 32 European countries (n=379,524 
students aged 10 to 17) examined the association between 
relative age and (1) life satisfaction, (2) self-rated general 
health, (3) psychosomatic complaints. A twelve-month increase 
in relative age increased life satisfaction by 0.17 SD’s. In 
countries where students are tracked only after 15 years of age, 
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the effect of relative age on life satisfaction was 28% smaller 
than the overall effect (0.17sd’s). The magnitude of relative age 
effects on self-rated health status and psychosomatic 
complaints did not vary by age at first tracking. 

Fumarco et al., 
20199 

Ability grouping This study examined the association between relative age and 
the social network of students aged 10 to 16, in 33 European 
countries. Although effect sizes were considered very small, 
relatively younger students were found to e-communicate more 
frequently, to have fewer close friends, and to meet with 
friends less frequently. In a subsequent analysis there was 
minimal evidence that the effects of relative age differ by 
whether in-class ability grouping is allowed in the country or 
not. Estimated RAEs on e-communication were twice the 
magnitude when ability grouping was possible, although effect 
sizes for a one month increase in relative age were very small 
(beta= -0.006 vs -0.003), and the differences in RAEs were not 
statistically significant (χ2 p= 0.11). Estimated RAEs on quantity 
of friends, and frequency of meeting with friends after school 
were not significantly different by ability grouping policy. Taken 
together, the results did not provide strong evidence to support 
the hypothesis that RAEs differ by the possibility to group 
students based on their perceived ability. 

Squires et al., 
201265 

Age-normalised 
assessments 
 

This study examined the association between relative age and 
identification of special education needs (SEN) in 15,640 
students from 450 schools in England. Children born just after 
the cut-off were half as likely to be identified as having a SEN as 
children born in the month before the cut-off. The effect of 
relative age on SENs was larger for teacher assessments than 
multiprofessional assessments. Teachers identified 9.7 children 
born in the month just after the cut-off and 11.8 born just 
before the cut-off for every one that got a statement of SEN. 
There was no difference in actual receipt of a statement for SEN 
by month of birth. The authors suggest that the relative age 
effect exists at the teacher level because they rely on 
curriculum-based assessments, and it is less evident when 
multi-professional assessments have been carried out because 
age-standardised assessments are often used. 

Huang & 
Invernizzi, 
201354 

Preschool 
Attendance 

In a sample of economically disadvantaged kindergarteners 
attending public schools in Virginia in the fall of 2007 (n=1,474), 
formal preschool attendance was equally beneficial for younger 
and older students literacy skills (p-interaction= .35). Students 
in the youngest half of the grade experienced higher risks of 
grade retention in kindergarten than students in the oldest half, 
regardless of formal preschool attendance (yes or no); 12.5% vs 
2.2%. Younger students who attended preschool were still more 
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than twice as likely to be retained in kindergarten compared to 
older students who did not attend kindergarten (4.0% vs 1.5%). 

Bedard & 
Dhuey, 20063 

School entry 
age/ Curriculum 
modification 
 
Ability grouping 

This international study compared the effect of relative age on 
math and science scores across countries with different 
educational systems. The youngest members of each cohort 
scored 4-12 percentiles lower in grade 4 and 2-9 percentiles 
lower in grade 8. Unlike in other countries, in Denmark and 
Finland these relative age effects were non-significant in grade 
8. In contrast to other countries, Education does not begin until 
age 7 in Finland, and initial grades emphasize play and personal 
development. In Denmark, differentiation on the basis of ability 
is prohibited before the age of sixteen, suggesting that the 
absence of ability grouping, and early streaming could reduce 
relative age effects. 

Muhlenweg & 
Puhani, 201048 

Age of 
streaming 

In Germany, students in the youngest relative month were two-
thirds as likely to be streamed into the highest track at age 10. 
At age 16 when there are opportunities to move between 
tracks the association between relative age and track 
attendance is mitigated. The findings suggest that delaying 
streaming decisions to later on can help prevent the 
development of long-run relative age effects. 

Arnold & 
Painter, 200631 

Delayed school 
entry 

Using a national U.S. sample this study compared students in 
the youngest 3 months of their cohort who started at age 5 to 
those who delayed school entry until age six. Results showed no 
advantage of being older when entering kindergarten in terms 
of dropout rates, college attendance, arrests, and behaviour 
problems. The differences were less than two percent for all 
outcomes, and not statistically significant. Similar results were 
obtained from an analysis that matched based on probability of 
delayed kindergarten entry (n= 227).  

Fredriksson & 
Ockert, 201449 

Age of 
streaming 

In Sweden, a 12 month increase in relative age was associated 
with an increase in educational attainment of 0.16 years. A 
school reform that postponed tracking until age 16 (from 
grades 5 to 7) and moved to a less strict from of tracking 
(different tracks attend same school) reduced the impact of 
relative age on educational attainment by 0.11 years.  
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7.5 Supplemental Materials 

Table 7-3. Search strategies for Stage 1 and Stage 2  

STAGE 1    

Database Key Words (all fields)  Filters  Papers 
ERIC (relative age or relative age effect or date of birth effect or 

birthdate effect or birth date effect or age-position effect or age 
position effect) AND (school or education or education system or 
classroom or instruction or learning or teaching or practice) 

1990-Present 
English Language 

334 

OVID 
Medline 

(relative age or relative age effect or date of birth effect or 
birthdate effect or birth date effect or age-position effect or age 
position effect) AND Education [Mesh Heading: Auto Explode] 

1990-Present 
English Language 

48 

EMBASE (relative age or relative age effect or date of birth effect or 
birthdate effect or birth date effect or age-position effect or age 
position effect) AND Education [Mesh Heading: Auto Explode] 

1990-Present 
English Language 

61 

APA 
PsycNet 

(“relative age” or “relative age effect” or “date of birth effect” or 
“birthdate effect” or “birth date effect” or “age-position effect” or 
“age position effect”) AND (school or education or “education 
system” or classroom or instruction or learning or teaching or 
practice) 

1990-Present 
 

200 

Cochrane 
Systematic 
Reviews 

relative age or relative age effect or date of birth effect or 
birthdate effect or birth date effect or age-position effect or age 
position effect 

None 0 

   

STAGE 2   

Database Key Words (all fields) Filters Papers 
ERIC ((academic redshirting or delayed school entry or school entrance 

age or school entry age)) OR ((age-standardize* or age-
standardise* age-normalize* or age-normalise* or age-adjust*) 
AND ( school or education or assessment*))  

2000-Present 
English Language 
Full text 
Peer-reviewed 
Journal article 

117 
 

OVID 
Medline 

(academic redshirting or delayed school entry or school entrance 
age or school entry age) or ((age-standardize* or age-standardise* 
age-normalize* or age-normalise* or age-adjust*) AND (Education 
[Mesh Heading]) 

2000-Present 
English Language 
Humans 

373 
 

EMBASE (academic redshirting or delayed school entry or school entrance 
age or school entry age) or ((age-standardize* or age-standardise* 
age-normalize* or age-normalise* or age-adjust*) AND (School 
[Mesh Heading]) 

2000-Present 
English Language 
Human 
Article or Review 

145 
 

APA 
PsycNet 

(“academic redshirting” or “delayed school entry” or “school 
entry age” or “school entrance age”) or (( age-normalised or age-
normalized or age-standardized or age-standardised or age-
adjusted) and ( school or education or assessment) 

2000-Present 
Peer-reviewed 
Journal Article 
Birth to 17 years 
 

466 
 

Cochrane 
Systematic 
Reviews 

((academic redshirting or delayed school entry or school entrance 
age or school entry age)) OR ((age-standardize* or age-
standardise* age-normalize* or age-normalise* or age-adjust*) 
AND ( school or education or assessment*))  

Year Published: 
Last 20 Years 

114 
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Table 7-4. Articles included in the review 

Study Type* Strategy 

Ando et al., 201960 Suggested Delayed school entry 
Curriculum modification 
Anti-bullying initiatives 

Aune et al., 201766 Suggested Increase awareness (schools, teachers) 

Aune et al., 201836 Suggested Increase awareness (teachers) 
Age-normalised tests 
Curriculum modification 

Birch et al., 201667 Suggested Increase awareness (teachers, coaches) 
Account for relative age in PE assessments  

Caverly et al., 200244 Suggested Teachers implement practices which assist 
friendship formation  

Cobley et al., 200868 Suggested Increase awareness 

Dhuey et al., 200869 Suggested Increase awareness (parents, educators) 
Ability grouping 

Gadzic et al., 201770 Suggested Increase awareness  

Goodman et al., 200337 Suggested  Increase awareness (teachers) 
Grouping/ streaming by relative age 
Grade retention 
Delayed school entry 

 Radecki et al., 200371 Letter to Editor Grade retention (refuted) 

 Greenwell, 200372 Letter to Editor Increase awareness (teachers, parents) 

 Challita, 200338 Letter to Editor Grouping by relative age (refuted) 
Delayed school entry 

Jeronimus et al., 201573 Suggested Ability streaming 

Lien et al., 200574 Suggested School starting age  

Matsubayashi & Ueda, 201543 Suggested Delayed school entry  
Curriculum modification 

Norbury et al., 201641 Suggested Delayed school entry (problematic) 
In-class ability grouping (contraindicated) 
Increase awareness (teachers) 
Curriculum modification 

O’Reilly et al., 201275 Suggested Increase awareness (teachers) 
Increase awareness of indicators of giftedness 
(parents) 

Patalay et al., 20151 Suggested  Staggered school starting dates 
Grouping by relative age 
Increase awareness (teachers, clinicians) 
Age-normalised tests 
Monitor referral rates 

Price et al., 201776 Suggested Increase awareness (teachers, clinicians) 
Delayed school entry 

Reed et al., 201777 Suggested Increase awareness  

Reijneveld et al., 200664 Suggested Continuous school admission  
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Roberts & Fairclough, 201242 Suggested Increase awareness (teachers) 

Smith, 201078 Suggested  School entry age 
Age-normalised tests 
Increased support 

Sprietsma et al., 201079 Suggested Ability grouping 

Thompson et al., 200435 Suggested Delayed school entry 

Tiiri et al., 202058 Suggested Increase awareness (teachers, clinicians, 
parents) 
Anti-bullying initiatives 

Unal, 201940 Suggested  Increase awareness (teachers, parents) 
Class size 
Delayed school entry 
Ability grouping 

Bonati et al., 201880 Suggested Increase awareness (parents, teachers, 
clinician) (ADHD) 

Caye et al., 202081 Suggested Increase awareness (clinicians) 

Ford-Jones, 201539 Suggested Increase awareness (parents, teachers, 
clinicians) 
Assessments (ADHD) 

Holland et al., 201982 Suggested  Increase awareness (clinicians) 
Delayed school entry (ADHD) 

Krabbe et al., 201456 Suggested Increase awareness (clinicians, teachers) 
(ADHD) 

Morrow et al., 201262 Suggested Assessment (ADHD) 

Pottegard et al., 201483 Suggested  Delayed school entry (ADHD) 

Root et al., 201910 Suggested Delayed school entry  
School readiness/ entry based on ability testing 
Increase awareness 
Increased support  

Sayal et al., 201755 Suggested  
 

Increase awareness (teachers, parents, 
clinicians) 
Assessments (ADHD) 

Whitely et al., 201984 Suggested Delayed school entry (ADHD) 

Zoega et al., 201285 Suggested Increase awareness (educators, health care 
providers) 
Account for relative age differences in ADHD 
assessments 

Arnold & Painter, 200631 Tested T Delayed school entry 

Barnard-Brak et al., 201728 Tested Delayed school entry 

Bedard & Dhuey, 20063 Tested T School entry age/ curriculum modification 
Ability grouping 

Bedard & Dhuey, 201250 Tested School entry age 

Campbell, 201447 Tested T Ability grouping (curriculum modification) 

Cascio & Schanzenbach, 201632 Tested  Delayed school entry 

Crawford et al., 201486 Tested Age-normalised tests 

Crawford et al., 20076 Tested T 
Suggested 

Staggered school starting dates 
Age-normalised tests 
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Testing when ready 
Changes to free nursery provision 
School starting age 
Increase awareness (teachers, parents) 

Datar, 200651 Tested Delayed school entry 

Datar et al., 201516 Tested School entry age 

Elder & Lubotsky, 20095 Tested School entry age 
Delayed school entry 

Fortner et al., 201833 Tested Delayed school entry 

Fredriksson & Ockert, 201449 Tested T Age of streaming 

Fumarco et al., 20202 Tested T Age of streaming decisions 

Fumarco et al., 20199 Tested T Ability grouping 

Graue & DiPerna, 200027 Tested Delayed school entry 

Hanly et al., 201919 Tested Delayed school entry 

Huang et al., 201354 Tested T Preschool Attendance 

Jaekel et al., 201530 Tested Delayed school entry 

Larsen et al., 202025 Tested Delayed school entry 

Lenard & Pena, 201887 Tested Delayed school entry 

Martin, 200917 Tested Delayed school entry 
Grade retention  

May et al., 199588 Tested Delayed school entry 

Mendez et al., 201515 Tested Delayed school entry 

Muhlenweg & Puhani, 201048 Tested T Streaming 

Pingault et al., 201553 Tested Preschool experiences 

Squires et al., 201265 Tested T 
Proposed 

Age-normalised assessments 
Increase awareness (teachers) 

Yesil-Dagli, 200624 Tested School entry age 

Yesil-Dagli & Jones, 201222 Tested Delayed school entry 

Zill et al., 199723 Tested Delayed school entry 

Dougan et al., 201113 Review Delayed school entry 

Ede, 200426 Review Delayed school entry 

Frey, 200520 Review Delayed school entry 

Holloway, 200334 Review Delayed school entry 

Hover, 201889 Review Delayed school entry 

Range et al., 201118 Review Delayed school entry 

Schanzenbach & Larson, 201729 Review Delayed school entry 

Sharp et al., 200914 Review Age-normalised tests 
Delayed school entry 
Single school entry date 
Divide classes into narrower age bands 
Curriculum modification 
Increase awareness (teachers) 
Improved assessment systems (special 
education needs, mental health) 

Notes: (1) *The strategy was either suggested as a solution to mitigating relative age effects, but only in 
discussion, or it was explicitly tested as part of the study objectives, (2) T Indicates a study that specifically tested 
the effectiveness of the strategy for mitigating school-based relative age effects  
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Chapter 8 

General Discussion 

8.1. Overview 

The overall purpose of this thesis was to examine the association between school-based relative age and 

adolescent mental health in Canada. This included the development of a conceptual model explaining 

why these effects develop, and a review of strategies for addressing relative age effects. The first two 

manuscripts developed composite measures of adolescent mental health that were examined as 

outcomes in the manuscripts that followed. In total, this thesis consisted of four manuscripts and a 

literature review with the following objectives: 

1. Chapter 2: To develop a categorical measure of adolescent mental health status based on the 

Dual-factor Model that can be used in population studies of adolescents. 

2. Chapter 3: To develop a continuous measure of adolescent mental health inspired by the Dual-

factor Model, as a compliment to the categorical version. 

3. Chapter 5: To examine the association between school-based relative age and adolescent 

mental heath in boys and girls, considering effect modification by grade group. 

4. Chapter 6: To investigate potential effect modification of the association between relative age 

and suboptimal mental health, by levels of family affluence and social support. 

5. Chapter 7: To identify strategies that have been proposed to mitigate school-based relative age 

effects and summarize evidence of their effectiveness. 

8.2 Methodological Objectives: Chapters 2 and 3 

The first two manuscripts in this thesis developed valid, composite measures of adolescent mental 

health (one categorical and one continuous), based on the Dual-factor Model by combining indicators of 

subjective well-being and psychopathology.1,2 According to this model optimal mental health requires 

the presence of positive subjective well-being (feeling generally happy and satisfied with life) in addition 
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to the absence of clinically significant active mental illness. These manuscripts build on an existing 

literature base by being the first to operationalize the Dual-factor Model in a large, representative 

population of Canadian adolescents. The findings support the theory that relying on a single dimension 

will overestimate or underestimate the mental health status of some adolescents. This misclassification 

could result in the masking of important effects and biased effect estimates.  

The measures created in this thesis were limited by the use of secondary data. Future surveys, including 

those used in future cycles of the Health Behaviour in School-aged Children (HBSC) study might consider 

including validated positive affect and negative affect scales, or scales designed to measure subjective 

well-being rather than relying on individual items. The HBSC research network includes over 40 

countries that administer adolescent health surveys in four-year cycles, representing a large opportunity 

for future research on the factors and circumstances that impact adolescent mental health. The 

approaches to creating composite measures of mental health presented in this thesis can be used in 

future research to increase our understanding of adolescent mental health and can be applied in future 

cross-national initiatives.  

Chapter 2: To develop a categorical measure of adolescent mental health status based on the Dual-

factor Model that can be used in population studies of adolescents 

Key findings. The first manuscript developed a categorical measure of adolescent mental health status. 

The proportion of students categorized to each of the four mental health groups indicated by the dual-

factor measure was 67.6% mentally healthy, 17.5% symptomatic yet content, 5.5% asymptomatic yet 

discontent, and 9.4% mentally unhealthy.  Consistent with previous studies, adolescents in each of the 

four groups reported unique patterns related to their level of social and academic functioning. Group 

membership was also significantly related to perceived socioeconomic status and the odds of living with 

both parents in the expected direction. The findings demonstrate a strong level of construct validity, 

defined as the extent to which variance in the measure reflects variance in the underlying construct. 
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Strengths of the dual-factor measure. The findings highlight the importance of considering both 

dimensions of mental health to accurately capture an adolescent’s mental health and associated 

functioning. This measure has the advantage over traditional unidimensional measures of identifying 

children at risk for developing serious mental health problems who are not currently reporting 

psychopathology. The ability to identify four unique mental health groups provides new opportunities to 

increase understanding of the factors and circumstances that influence mental health.   

Future Studies. Unique to this study, the “high” and “low” cut-offs for psychopathology and subjective 

well-being that were used to categorise mental health were calculated within strata defined by age and 

gender. This approach prevented the grouping of mental health from being affected by the age and 

gender distribution of our sample. If these differences were not accounted for then older adolescents in 

our sample would have an inflated likelihood of being mentally unhealthy versus if the measure was 

developed in a sample with an older age distribution for example. Future studies operationalizing a dual-

factor measure in youth samples might consider a similar approach if the sample covers a large age 

range. Ideally, they would use validated scales with established cut-offs for determining high or low (i.e., 

clinically significant symptoms). 

Chapter 3: To develop a continuous measure of adolescent mental health inspired by the Dual-factor 

Model, as a compliment to the categorical version 

Key Findings. The second manuscript developed a novel continuous measure inspired by the Dual-factor 

Model. The continuous mental health score ranged from 9 to 67 (Mean (SD): 50.1 (9.8)), with higher 

scores indicating better overall mental health. In tests of the measure, large and significant differences 

in average mental health scores were identified in the expected direction for all covariates examined. 

Mental health scores were significantly lower in girls and decreased with increasing age. Being from a 

self-perceived more affluent family, having higher marks in school and more supportive relationships 

with family, peers, teachers, and other students was associated with better mental health. Average 
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mental health scores were significantly lower if students reported having felt hopeless or rated their 

health as fair or poor. Differences were most pronounced (Cohen’s d >1.2) for family support, academic 

achievement, feelings of hopelessness, and self-rated health. The nature and direction of the 

associations examined supported construct validity. 

Strengths of the continuous measure. Unlike the categorical dual-factor measure developed in 

manuscript 1, the continuous measure takes advantage of the full range of data. In studies that have 

operationalized a categorical measure, over half to two-thirds of adolescents are categorised as 

mentally healthy,3 ignoring within-group variation, and potentially masking important within-group 

differences. We found significant variability in academic and social functioning within the mentally 

healthy group, suggesting that the categorical measure does conceal important differences in mental 

health status. The continuous measure also has statistical advantages. Compared to the four-category, 

nominal outcome, it reduces the statistical and interpretive complexity of common regression 

approaches. The continuous outcome is more easily modelled in advanced statistical applications, and 

provides a more viable option for smaller studies with limited power.  

Future studies. Future studies combining measures of subjective well-being and psychopathology into a 

continuous measure of mental health status might consider different weighting, based on findings that 

“symptomatic yet content” adolescents on average appear to report slightly greater mental functioning 

than “asymptomatic yet discontent youth” (i.e., giving more weight to subjective well-being).10,30,31 

Studies might also consider whether internalized and externalized symptoms should be treated equally, 

as they were in this study.  

8.3 Etiological Objectives: Chapters 5 and 6 

Manuscripts three and four explored the association between school-based relative age and mental 

health in Canadian adolescents. With the exception of a study that examined risk for youth suicide using 
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Alberta death records,4 these manuscripts are the first to examine the association between school-

based relative age and adolescent mental health in the Canadian context. The generalizability of 

previous studies is unknown because of differences in educational policies and practices across 

countries and school jurisdictions. An overall summary of the etiological objectives is presented below.  

Key findings. A modest but significant association between school-based relative age and overall mental 

health status was identified. Boys and girls in the youngest two months of their grade were significantly 

less likely to be mentally healthy (Boys: RR= 0.94; 95% CI: 0.89-1.00; Girls: RR= 0.95; 95% CI: 0.90-1.00), 

and more likely to report suboptimal mental health (Boys: RR= 1.13; 95% CI: 1.00-1.27; Girls: RR=1.11; 

95% CI: 0.99-1.24) than those in the oldest two months. Consistent with these findings, for individual 

indicators of mental health, including life satisfaction and feelings of hopelessness the direction of 

effects suggests that younger students are doing worse on average than their older peers. In select 

instances there was evidence of effect modification by grade group (6-8 versus 9-10). In boys, younger 

relative age was more strongly associated with self-rated health status in the grade 9-10 group, and in 

girls younger age was more strongly associated with frequent health complaints in the grade 6-8 group. 

In manuscript 4 (Chapter 6) there was minimal evidence that the effect of relative age on mental health 

was modified by social or family affluence factors. 

Implications. Although the effect sizes identified in this thesis were generally modest, they are likely 

important at the population level. Approximately one-sixth of the Canadian population will go through 

the public-school system as a student in one of the youngest two months of their grade cohort, and 

poor mental health is highly prevalent. As a result, small differences in risk of only 5% can affect a large 

segment of the population. School-based relative age represents a potentially modifiable risk factor that 

could be targeted to improve the mental health of large numbers of individuals. If younger students are 

at increased risk of poor mental health during adolescence, which this thesis indicates could be the case, 

there are likely to be negative long-term effects on mental health and productivity.5  
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Future studies. The results of these manuscripts indicate a non-linear association between relative age 

and adolescent mental health. In some models only the very youngest students were at increased risk of 

poor mental health, and in others only the very oldest appeared to be at an advantage. Risks associated 

with relative age were often uniform across several of the older relative age months. Future studies 

should therefore consider non-linear approaches to modeling relative age. Using more than four 

categories, as has been the common approach in previous studies, is preferable. In this thesis we find 

differences in risk between two-month relative age groups, so using fewer groups is likely to mask 

important effects in the very youngest students. 

In this thesis we were unable to identify whether students who were old for their grade had delayed 

school entry or had repeated a grade prior to entering the study. Grade retention is associated with 

poor mental health, and more common in relatively younger students. As a result of excluding these 

students from the analyses the effect estimates in this thesis may have been biased towards the null. 

Future studies would benefit from collecting data on school progression and delayed school entry. 

These manuscripts indicate a need for additional research to understand why these relative age effects 

appear to be developing. In contrast to what we hypothesized, younger relative age had a stronger 

association with suboptimal mental health in students who perceived their family to be relatively well-

off, and who reported having supportive relationships with family and teachers. This suggests that 

relative age effects are not mitigated through the presence of supportive adults and may stem from 

systemic features that disadvantage less mature students. Relative age impacts mental health through a 

process that begins at school entry, and the presence of supportive adults might be more important in 

earlier childhood, or pre-adolescent students. Longitudinal studies could help address these limitations. 

The proposed conceptual model presented in Chapter 4 (pg. 59) presents several pathways that could 

be tested in future studies on relative age effects. Such analyses could be used to identify specific 
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modifiable factors that can be targeted to mitigate these effects. Mental health disadvantages reported 

by the youngest students in Canadian classrooms are priorities that warrant ongoing investigation. 

8.4 Literature Review: Strategies to address school-based relative age effects 

There is a large body of evidence indicating a need to address relative age effects that develop within 

schools and school classrooms. A review of the literature identified several strategies that have the 

potential to help mitigate and prevent school-based relative age effects. The most common strategies 

that were suggested included delaying school entry for younger students who are not school ready, 

increasing teacher awareness, modifying the curriculum to accommodate students with varying levels of 

maturity, age-normalisation of test results, and consideration of relative age in clinical diagnosis and 

referral. There is a lack of trials and other evaluative studies in this field, indicating a need for studies 

examining the effectiveness of specific strategies. 

8.5 Conclusion 

Identifying targets for improving mental health is a critical priority in Canada. Although the negative 

effects of younger relative age are modest, school-based relative age represents a potentially important 

target for improving mental health at the population level. Mental health during adolescence is 

predictive of long-term mental health, suggesting that these effects will not simply go away in the years 

following school. It is inequitable that arbitrary school eligibility cut-off dates disadvantage some 

children because of their date of birth. Steps should be taken to address the disadvantages experienced 

by the youngest students in Canadian classrooms. 
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Appendix B. Power calculations for effect modification analyses (Chapter 6) 

Family Support, Teacher Support, and Absolute Family Affluence: 

Boys (Smallest Relative Age Group)= 297 

Girls (Smallest Relative Age Group)= 372 

 

Relative Family Affluence: 

Boys (Smallest Relative Age Group)= 99 

Girls (Smallest Relative Age Group)= 134 

  

Minimum Power for comparison between youngest two relative age months versus oldest two 

Outcome 
prevalence in 
oldest relative 
age group 

Family Support, Teacher Support, and 
Absolute Family Affluence  

 
Relative Family Affluence 

Minimum Detectable Relative Risk 

Boys RR= 1.10 RR= 1.20 RR= 1.30  RR= 1.10 RR= 1.20 RR= 1.30 

15% <8.2 16.4 30.5  <8.2 8.2 13.1 
25% 10.4 27.4 52.4  <8.2 12.1 21.5 
35% 14.0 41.7 74.2  <8.2 17.1 32.6 
45% 19.5 59.1 90.8  9.2 24.5 47.6 
55% 26.4 78.2 98.6  11.9 35.2 67.4 

Girls RR= 1.10 RR= 1.20 RR= 1.30  RR= 1.10 RR= 1.20 RR= 1.30 

15% <8.2 19.5 36.7  <8.2 9.7 16.1 
25% 11.7 33.4 61.8  <8.2 14.9 27.4 
35% 16.6 50.0 83.1  8.7 21.8 41.7 
45% 23.3 69.1 95.8  11.1 31.2 59.9 
55% 33.0 86.7 >99.4  14.7 45.2 80.0 
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Appendix C. Key survey items used in this thesis 

Academic Performance 

 

Teacher Support 

 

 

 

 

Classmate Support 
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Self-rated Health Status 

 
 

Life Satisfaction 

 

 

Hopelessness 
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Psychological Symptoms (items d, e, f, g), Subjective Health Complaints (items a to h) 

 
 

Relative Family Affluence 

 

 

Family Support 
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Peer Support 

 

 
 

Negative Affect 

 

 

 

 

Positive Affect 

 

 

 

Absolute Family Affluence (Family Affluence Scale III) 
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Items in the Overt Risk-taking Scale 
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