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ABSTRACT 

 

Background: Elevated stress levels have been linked to a variety of health concerns, including mental disorders, 

making stress an important topic of research and clinical assessment. The human stress response involves the 

coordination of psychological and physiological processes. Psychological measures of stress, such as questionnaires, 

have traditionally been used to quantify stress levels, but physiological measures, such as hair cortisol concentration 

(HCC) are becoming increasingly popular. However, the relationship between psychological and physiological 

measures of stress remains unclear, and studies examining their association have yielded inconsistent results thus 

far. 

 

Objectives: This thesis explored the relationship between measures of perceived stress and HCC in a clinical sample 

of youth with mental disorder and their parents. The specific objectives of this study were to: (1) estimate the 

agreement between measures of perceived stress and HCC, (2) model and compare the sociodemographic and 

psychosocial risk factors for elevated levels of perceived stress and HCC, and (3) model and compare the magnitude 

of the association between mental disorder and perceived stress and HCC, respectively. 

 

Methods: Data came from a cross-sectional study of youth receiving mental health services and their parents. 

Perceived stress was measured with the Perceived Stress Scale for youth and the Parental Stress Scale for parents; 

physiological stress was measured with HCC. Bland-Altman analysis, limits of agreement, and intraclass correlation 

coefficients (ICC) were used to estimate agreement between perceived stress and HCC for youth and parents. 

Logistic and linear regression models were used to explore risk factors for elevated perceived stress and HCC and to 

compare the association between each measure of stress and mental disorder. Method of variance estimates recovery 

was used to compare the association between risk factors and perceived stress and HCC, respectively. 

 

Results: Agreement between perceived stress and HCC was low in both the youth and parent subgroups (ICC = 0.31 

and 0.15, respectively) and Bland-Altman plots revealed that there may be systematic differences between the 

measures. Several sociodemographic and psychosocial factors were found to be associated with perceived stress and 

HCC, however, these factors had larger measures of association with perceived stress. Higher levels of perceived 

stress were associated with increased odds of major depressive disorder (OR = 1.33 [90% CI 1.12, 1.57]), 

generalized anxiety disorder (OR = 1.10 [90% CI 1.01, 1.19]), and separation anxiety (OR = 1.14 [90% CI 1.03, 

1.25]) in youth and both depression and anxiety in parents (β = 0.53 [90% CI 0.35, 0.71] and β = 0.45 [90% CI 0.26, 

0.64], respectively), while HCC was associated with increased odds of generalized anxiety disorder in youth (OR = 

1.14 [90% CI 1.01, 1.28]) and depression in parents (β = 0.27 [90% CI 0.06, 0.48]). 

 

Conclusion: These findings provide preliminary evidence that agreement between measures of psychological and 

physiological stress is low and that each measure may have different relationships with various risk factors as well 

as mental disorders. This suggests that both measures should be used to comprehensively evaluate the stress 
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response. Additional work is needed to confirm the low agreement observed in this study and to continue to examine 

how psychological and physiological stress are relation to sociodemographic, psychosocial, and clinical factors. 
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BACKGROUND 

1.1 Stress as a concept 

Stress can be broadly defined as a state of real or perceived threat to homeostasis in which environmental 

demands exceed an individual’s resources and endanger their well-being (1–5). While stress is something that every 

person experiences, high levels of stress have been implicated as an important factor in the development of many 

diseases (6), including mental disorders (7). Because of this, stress, and particularly its connection to health, has 

become an important topic of research in recent years (7). However, because stress is a construct that is not directly 

assessable, we rely on indirect measures of the body’s responses to stress to indicate its severity (8). Therefore, to 

evaluate the impact of stress on health, it is important to have valid and reliable methods to assess stress levels that 

can be used in both clinical and research settings (5). 

 

1.2 The human stress response 

The human body is usually at a point of homeostasis, where its physiological and behavioural systems are 

operating within optimal ranges (9). Stressors are anything that challenge this state of homeostasis (9). When 

stressors are encountered, they trigger a coordinated psychological and physiological response which works to 

improve the body’s ability to withstand the stressor and return to its state of homeostasis (5,8,9).  

The body’s psychological response to stress encompasses an individual’s perception and cognitive response 

to stressors (5,10). This involves both the appraisal of stressors as threats to homeostasis and a subsequent negative 

emotional response (2,11). Importantly, the appraisal of a stressor’s threat to the individual is not determined by the 

stressor itself, but by a person’s interpretation of the stressor in relation to their environmental demands (11). When 

a stressor is encountered, various cortical and limbic structures in the brain, including the amygdala, prefrontal 

cortex, and hippocampus, are activated (1,2,4,12). These structures are responsible for evaluating stressors, and, if 

the stressor is appraised as being a threat, eliciting a negative emotional response (11). This is often experienced as 

feelings of fear, anxiety, and worry (2,12). The cortical and limbic structures responsible for this psychological 

response to stressors are also closely connected to the autonomic nervous system (ANS) and hypothalamic-pituitary-

adrenal (HPA) axis, which play important roles in the physiological response to stress (1,2). Because of this link 

between the structures involved in the psychological and physiological stress responses, the psychological appraisal 

of a stressor is thought to mediate the relationship between the stressor itself and the subsequent physiological 

response (5,13). 

The physiological stress response follows the psychological appraisal of a stressor as a threat when the 

cortical and limbic structures that make this appraisal send signals to the hypothalamus (14). The hypothalamus is 

responsible for activating the two systems which primarily control the physiological stress response: the ANS, 

which provides an immediate, short-term response to a stressor, and the HPA axis, which provides a sustained 

response in response to chronic stress (14). 

The ANS is activated by the hypothalamus, which stimulates the sympathetic nervous system and, in turn, 

activates the adrenal medulla, which secretes catecholamines, including epinephrine and norepinephrine (14). The 
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release of epinephrine and norepinephrine stimulates a rapid response to stress, which can be initiated in less than a 

second (15), including increased heart rate, tidal volume, and stimulation of skeletal muscles (14). These changes 

allow an individual to quickly respond to a perceived threat, however, the output of epinephrine and norepinephrine 

from the adrenal medulla is limited and therefore this immediate stress response subsides quickly (14). Therefore, if 

the stressor is still present, additional physiological systems must be activated to maintain the stress response in the 

presence of chronic stress (14).   

In humans, the HPA axis is also activated after a stressor is appraised as a threat, but its activation is slower 

than the ANS, peaking a few minutes after the onset of the stressor (16,17). Activation of the HPA axis occurs when 

the paraventricular nucleus of the hypothalamus secretes corticotropin-releasing hormone (7,10,18). Corticotropin-

releasing hormone then stimulates the anterior pituitary gland to release adrenocorticotropic hormone (7,10,18). 

Adrenocorticotropic hormone is carried to the adrenal glands, which secrete glucocorticoids, including cortisol from 

the zona fasciculata of the adrenal cortex (7,10,18). Cortisol helps to maintain the body’s natural homeostasis 

through the regulation of fat and glucose metabolism, blood pressure, and inflammatory and immune responses (18–

20). Under stressful conditions, when the body’s homeostatic balance is disrupted, increased levels of cortisol are 

released which induce physiological and behavioural changes to help the body cope with the stressor (19). These 

changes are adaptive and designed to redirect energy supplies to increase the individual’s chances of survival (2). 

The adaptative responses range from physical changes such as increased cardiovascular tone, respiratory rate, 

suppression of the immune system, and blood glucose and fat concentrations to behavioural changes such as 

increased arousal and alertness, focused attention, and improved cognition (2). Unlike the ANS, the secretion of 

cortisol and subsequent physical and behavioural changes can be maintained for longer periods of time (14,17). This 

allows for a continued physiological response to stress if the psychological response continues to appraise the 

stressor as a threat (14). 

Normally, the release of cortisol is regulated by both positive and negative feedback loops which ensure 

cortisol production stays within certain limits, depending on current stress exposure (9,10). For example, 

adrenocorticotropic hormone acts on the hypothalamus to decrease corticotropin-releasing hormone secretion, which 

in turn suppresses its own production and the production of cortisol (21). A healthy stress response is limited in 

duration, returning the system to baseline levels of cortisol secretion when the stressful event had passed (2,10,18). 

This ensures that the catabolic, immunosuppressive, and hypervigilant effects of the stress response, among others, 

are not harmful to the individual (2). However, if this system is chronically activated due to prolonged stress 

exposure, these control mechanisms may break down, leading to HPA axis dysfunction, known as allostatic load 

(22). This is commonly observed in studies of individuals who have experienced chronic stress through experiences 

of maltreatment, trauma, or adverse life events, who show altered cortisol responses compared to healthy controls 

(7,23). These altered responses can be either abnormally high or low cortisol levels (7). Because the stress response 

is part of a homeostatic system, it performs best under a baseline level of cortisol secretion (9), and therefore 

increased allostatic load in chronically stressed individuals and the subsequent over- or under-activation of the 

cortisol response can result in harmful health outcomes (7,18,22). However, it is currently unclear why individuals 

exposed to chronic stress or adverse life events have been observed to have over-activation of the cortisol response 
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in some studies and under-activation in others. It has been suggested that the response may be time-dependent, with 

an initial increase in cortisol output after exposure to the stressor, followed by attenuation and a subsequent decrease 

in cortisol output, that different stressors may elicit different responses, or that there may be individual differences in 

the physiological response to chronic stress (7).  

 

1.3 Measurement of stress 

Each of the body’s responses to stressors, both psychological and physiological, give rise to different 

approaches to measuring stress. The psychological approach focuses on measuring perceived stress through the 

individual’s perception of the stressors and emotional responses, while the physiological approach measures the 

body’s biological response to the stressors (5). Because perceived stress has typically been easier to assess than 

physiological stress, it has traditionally been used measure stress in both research and clinical practice (13). 

However, because perceived stress can be strongly influenced by subjective factors, there has been a growing 

interest in using objective measures of stress based on physiological biomarkers (5,24).  

Perceived stress is typically measured using self-report questionnaires which ask an individual about how 

stressful they feel their lives, or certain life events, are during a specified period of time (25). They focus on the 

individual’s appraisal and emotional responses to stress, instead of stressors themselves or their physiological 

response, and highlight the importance of the subjective appraisal of stress (5,25). Questionnaires have been 

demonstrated to be an appropriate tool for assessing stress in epidemiologic studies and are generally easy and 

inexpensive to administer (5,25). However, questionnaires assessing perceived stress are limited by the scope of the 

items included in the questionnaire, the time frame included in the questionnaire, and possible recall or social 

desirability biases (5,26). 

Physiological stress is typically measured by examining the concentration of cortisol in the body (5). 

Cortisol measurements are preferred to measuring catecholamines because it reflects more chronic stress responses, 

compared to the transient nature of catecholamines (5). Traditionally this has been done by measuring the cortisol 

concentration in samples of saliva, urine, or plasma (27). However, these methods only measure acutely circulating 

cortisol, and can only provide accurate assessments for periods of up to 24 hours and are therefore not able to detect 

long-term trends in cortisol levels (27). Measuring cortisol concentration from the hair of the scalp is a relatively 

new method which can measure average cortisol levels over longer periods of time (28). With an average hair 

growth rate of ~1 cm per month, cumulative cortisol exposure over three months can be measured with a 3 cm hair 

segment (27). This makes hair cortisol concentration (HCC) a particularly useful measure of long-term physiologic 

stress and well suited for comparison to perceived stress questionnaires, which often evaluate stress over a similar 

time frame (5). However, because HCC is a relatively new method for measuring physiological stress, clinically 

relevant reference ranges have not yet been established for most populations (24,29). 

 

1.4 Psychoendocrine covariance 

Psychoendocrine covariance refers to the association between the psychological and physiological 

components of the stress response (5,8,13). Because these components are thought to act in coordination in response 
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to a stressor, a strong association between their responses is expected (8,13). This hypothesis is supported by the 

close link between the HPA axis, which regulates the longer-term physiological stress response, and the cortical and 

limbic structures which control the psychological stress response (8,13). Because of the close relationship between 

the psychological and physiological components of the stress response, it has been proposed that HCC could be used 

as a clinical correlate of perceived stress (21). However, despite the theoretical plausibility of this link, associations 

reported between these measures have been inconsistent (5,13). 

In studies specifically examining the association between measures of perceived stress and HCC, results 

have been unclear. While some studies report a positive association between perceived stress and HCC (21,28,30–

33), others have found a negative association (27,34–36), or no association (24,26,37–45). The findings of an 

inconsistent relationship between perceived stress and HCC may indicate that these measures are not simply two 

different methods to measure the stress response and should not be used as clinical correlates of one another (24). 

Instead, they may be capturing two distinct elements of the stress response (24,26,41). This is an important 

consideration because if each measure is capturing unique aspects of the stress response, both methods may be 

needed to obtain a comprehensive assessment of stress (26,32). 

 

1.5 Factors that affect the stress response 

Several factors have been reported to be associated with both psychological and physiological measures of 

stress, including age, sex, and the presence of a chronic physical illness, among others. However, some of these 

factors may have different relationships with psychological and physiological stress, respectively.  

For example, older age has typically been shown to be associated with lower levels of perceived stress 

(33,39,46,47), but HCC has been found to increase with age (48–53). Similarly, while studies typically report higher 

levels of perceived stress in females than in males (54–58), the opposite association is observed for HCC, with most 

studies finding higher HCC in males than in females (26,33,51–53,59–66). However, some studies in adolescents 

have found higher HCC in females (24,67). Individuals with lower income tend to report higher levels of perceived 

stress (47) and have higher HCC (53,67–69), however one study has found a positive association between caregiver 

income and HCC in children (50). Higher levels of perceived stress have also been associated with worsening 

symptoms of chronic physical illnesses such as asthma, inflammatory bowel disease, and epilepsy (70–72). 

Increased HCC has also been observed in individuals with a wide variety of physical illnesses including heart 

disease, diabetes, and epilepsy, among others (31,33,48,52,65,73,74). Parent psychopathology has also been 

associated with increased HCC in children (75), however no studies have yet examined its relationship with 

perceived stress. 

However, despite the apparent relationships between these factors and perceived stress and HCC, many 

studies have also found no associations between these variables and both perceived stress (24,33,39,76,77) and HCC 

(24,26,33–35,39,42,43,48–50,53,60,64–66,68,78–94). 
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1.6 Stress and mental disorder 

Mental disorder is defined by the American Psychiatric Association as a disturbance in an individual’s 

cognition, emotion regulation, or behaviour which reflects dysfunction in psychological, biological, or 

developmental processes (95). It is estimated that one in five Canadians are affected by mental disorders, with 

similar rates observed in adults and youth (96). Mental disorders are commonly classified into internalizing and 

externalizing disorders. Those with internalizing disorders tend to express distress inwards, while those with 

externalizing disorders tend to express distress outwards (97). Common internalizing disorders include mood 

disorders (e.g., major depressive disorder) and anxiety disorders (e.g., generalized anxiety disorder, separation 

anxiety, and phobias) (97). Common externalizing disorders include attention-deficit hyperactivity disorder, 

oppositional defiant disorder, and conduct disorder (97). 

Exposure to chronic stress has been linked to vulnerability to poorer health outcomes, including mental 

disorders (7,19,98). However, the association between measures of psychological and physiological stress and 

mental disorder is unclear. While mental disorders are typically associated with higher levels of perceived stress 

(34,37,39,42,46,54,55,76,98–103), the association between mental disorder and HCC is not as clear. Several studies 

have reported a similar positive association between HCC and mental disorders (28,63,67,75,84,104–106). 

However, others have reported negative associations (34,37,67,75,107,108), or no association 

(39,42,45,51,60,84,90,106).  

It has also been suggested that the association between HCC and mental disorder may be disorder-

dependent with some disorders being associated with increased HCC, while other are associated with decreased 

HCC (19,51,67,75,84). Anxiety disorders and externalizing disorders, such as attention-deficit hyperactivity disorder 

and oppositional defiant disorder, are typically associated with lower HCC (51,63,67,75,107,108). However, 

depression has been found to be associated with both higher (28,67,104,105) and lower HCC (34,37,75). A recent 

study has also found evidence that HCC may have a curvilinear association with depression, with both high and low 

levels of cortisol being associated with depressive symptoms, which may explain some of the inconsistent findings 

in previous studies (109). This aligns with findings that individuals who have experienced chronic stress show both 

over- and under-activation of the cortisol response (7). However, these studies have been conducted using a wide 

variety of populations and the true associations between HCC and various mental disorders remains unclear. 
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STUDY RATIONALE AND RESEARCH OBJECTIVES 

Stress is a common topic of research, particularly in its relationship to mental health (7,19). However, there 

is no standard method for measuring stress, resulting in a number of different approaches being used, including 

measures of both the psychological and physiological components of the stress response (5). While these responses 

are thought to be interconnected, studies examining their association have yielded inconsistent results (5,13).  

Therefore, elucidating the relationship between perceived stress questionnaires and HCC, the two most common 

methods for assessing chronic stress, is important to ensure the comprehensive evaluation of stress in both future 

research and clinical practice.  

Despite this, research examining the relationship between perceived stress and HCC is limited, and no 

studies have previously assessed the agreement between these two measures. It is important to assess the agreement 

between these measures, and not just their correlation or association with one another because these methods only 

assess the linear association between the two measures. Estimating the agreement goes beyond assessing if the 

measures are related and allows us to assess systematic differences between the measures (110). Further, while 

many studies have studied individual risk factors for HCC or perceived stress, and their associations with mental 

disorders, none have directly compared these associations in the same sample.  

Understanding if measures of psychological and physiological stress agree with each other and evaluating 

their associations with various risk factors and mental disorders is important to determine if they can be used as 

independent measures of stress, or if they are each capturing different elements of the stress response. This is 

particularly relevant in a clinical population because of the suggested association between stress and mental 

disorder, where the selection of appropriate and comprehensive methods for stress assessment is therefore especially 

important. 

 

The current study explored the relationship between measures of perceived stress and HCC in a clinical 

sample of youth with mental disorder and their parents. The specific objectives of this study were to: 

 

1. Estimate the agreement between measures of perceived stress and HCC. 

It was hypothesized that there would be low to moderate agreement between perceived stress and HCC for both the 

youth and parent subgroups. 

2. Model and compare the sociodemographic and psychosocial risk factors for elevated levels of perceived 

stress and HCC. 

It was hypothesized that sociodemographic and psychosocial variables would be associated with both perceived 

stress and HCC in both the youth and parent subgroups. It was also hypothesized that the directionality or 

magnitude of these associations may be different for perceived stress and HCC for some variables such as age and 

sex.   

 

3. Model and compare the magnitude of the association between mental disorder and perceived stress and 

HCC, respectively.  
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It was hypothesized that perceived stress would be positively associated with all mental disorders, while HCC would 

be negatively associated with generalized anxiety disorder, separation anxiety, phobia, attention-deficit 

hyperactivity disorder, and oppositional defiant/conduct disorder, and may be either positively or negatively 

associated with depression. 
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METHODS 

3.1 Study design and sample 

The data for this thesis come from a cross-sectional study designed to investigate multimorbidity and 

mental health service use among youth with mental disorder (111). This study received relevant ethical approvals. 

Youth were eligible for the study if they were aged 4-17 years; were classified as having major depressive disorder, 

generalized anxiety disorder, separation anxiety, social phobia, specific phobia, attention-deficit hyperactivity 

disorder, oppositional defiant disorder, or conduct disorder; were currently receiving inpatient or outpatient mental 

health services; and had parents with sufficient English skills to complete the in-person psychiatric screening 

interview and psychosocial and health service use questionnaires. Youth were excluded if their current mental state 

limited their ability to complete the interview and questionnaires. The parents included in the study were the primary 

caregiver of the youth. A total of 259 eligible youth was identified. Of these, 144 (56%) provided informed consent, 

and 100 (39%) participated in the study. Eight youth did not complete the questionnaires, resulting in a final sample 

of 92 (36%) youth-parent dyads. Youth participating in the study ranged from 8-17 years old. 

 

3.2 Data collection 

Research staff identified eligible inpatient youth in consultation with the charge nurse and approached 

potential participants during treatment breaks, introducing the study and explaining what participation would entail. 

If they were interested, youth gave research staff permission to contact their parents and obtain oral consent for their 

child to participate in the study. Research staff then scheduled a time for parents to complete the interview, 

questionnaires, and provide hair samples, which occurred during hospital visits or when the youth was discharged. 

After receiving oral consent from parents, research staff obtained informed written consent or assent and completed 

the interview, questionnaires, and obtained the hair sample from the youth.  

Youth outpatient rosters, containing contact information of age-eligible youth and parents who agreed to be 

contacted about research studies, were also provided to research staff for the purpose of recruitment. Research staff 

contacted families by phone to introduce the study and schedule a time for data collection. All data collection and 

consent for outpatients occurred at the research office. Interview and questionnaire responses were obtained 

electronically from parents and youth. Parents provided written consent for themselves and their children < 16 years 

of age. Children 8-15 years provided written assent and children ≥ 16 years provided written consent.  

 

3.3 Analytical sample 
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The analytical sample for this thesis included 48 youth aged 14-17 and 73 parents who provided a hair 

sample and completed the Perceived Stress Scale (PeSS) or Parental Stress Scale (PaSS), respectively. One parent 

was determined to have an outlying HCC value (Figure 1), and was excluded from the analyses, leaving a final 

analysis population of 48 youth and 72 parents. 

Figure 1: Distribution of parent hair cortisol concentration (pg/mg) 

 

3.4 Study measures and variables 

3.4.1 Youth perceived stress 

Perceived stress was measured in youth 14-17 using the Perceived Stress Scale (Appendix A). The PeSS is 

a 10-item self-report scale measuring the perception of stress during the last month (76).  The items are designed to 

assess how unpredictable, uncontrollable, and overloaded individuals feel (76). Responses were scored from ‘0’ 

(never) to ‘4’ (very often) for a total score between 0 and 40, with higher scores indicating greater appraisal of life 

situations as stressful (76). The PeSS has been psychometrically validated in a variety of populations (112) and the 

internal consistency in this sample was α = 0.87. 

 

3.4.2 Parent perceived stress 

Parent perceived stress was measured using the Parental Stress Scale (Appendix B). The PaSS is an 18-item 

self-report scale designed to measure the perception of parental stress of both mothers and fathers (113). The items 
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on the PaSS ask parents about their typical relationship with their child and aim to capture both the demands and 

rewards of parenting (114). Responses were scored from ‘1’ (strongly disagree) to ‘5’ (strongly agree) for a total 

score between 18 and 90, with higher scores indicating higher levels of parental stress. The PaSS has shown strong 

psychometric properties in populations of parents of children with and without clinical problems (77,113,115). In 

this sample, the internal consistency of the PaSS was α = 0.83. 

 

3.4.3 Hair cortisol concentration 

Hair cortisol concentration was used to measure physiological stress in both youth and their parents. 

Research staff collected hair samples from parents and youth during the data collection interview. For participants 

with longer hair, approximately 50-60 hairs were cut from the posterior vertex, as close to the scalp as possible. If a 

participant’s hair was shorter, 15-20 hairs were collected from four-to-five different locations. Samples were clipped 

to cardstock indicating the direction of hair growth. Parents completed two standardized questionnaires, one for 

themselves and one for their child, that included variables hypothesized to affect HCC (medication use, hair length 

and color, hair washing and treatments, smoke exposure, ethnicity) (75,84). 

Hair samples were analyzed using a standardized protocol for washing, extraction, and cortisol assays (68). 

The first 3 cm of each hair sample proximal to the scalp was cut and placed into a 50 mL Falcon conical centrifuge 

tube. Each sample was washed twice with 12 mL of isopropanol and shaken by hand for 2 minutes. Tubes were left 

open for 48 hours to air dry. Dried samples were placed in a grinding jar with four stainless steel ball bearings and 

ground using the Retsch CryoMill at 25 Hz for three minutes. 30-35 mg hair ground hair powder was placed in a 2 

mL Eppendorf tube with 1 mL of 1.0% ethanol, shaken by hand, and rotated at 45 rpm on the RPI Mix-All 

Laboratory Tube Mixer for 24 to 72 hours at room temperature. During the first extraction, samples were vortexed 

for 5 seconds and centrifuged at 2800 rpm for 15 minutes and 0.8mL of supernatant was aliquoted into a new 2 mL 

Eppendorf tube. The supernatant was left to air dry for 48 hours to allow the ethanol to evaporate completely. Next, 

another 1 mL or 1.0% ethanol was added to the original sample tube and it was rotated at 45 rpm on the RPI Mix-

All Laboratory Tube Mixer for 24 to 72 hours at room temperature. For the second extraction, the same steps were 

followed, except 1.0 mL of supernatant was aliquoted. The supernatant was reconstituted with 150 L of Salimetrics 

Salivary Cortisol Assay Diluent, vortexed for 5 seconds, and centrifuged for 10 minutes. The samples were then 

assayed in duplicate by high-sensitivity enzyme-linked immunosorbent assays using the High Sensitivity Salivary 

Cortisol Immunoassay Kit (Cat# 1-3002, Salimetrics, Pennsylvania), as per manufacturer instructions. The protocol 

for the current study opted to use 1.0% ethanol as opposed to methanol as described by Vaghri et al. (2013; Ferro & 

Gonzalez, 2020). A pilot test was run and determined that the values were highly correlated and therefore laboratory 

technicians opted for the less toxic and abrasive ethanol. Cortisol levels are expressed as pg/mg of hair. Intra and 

inter- assay coefficients of variance were <10 % (75). 

 

3.4.4 Youth mental disorder 

The Mini International Neuropsychiatric Interview for Children and Adolescents (MINI-KID) was used to 

assess the most common internalizing disorders (major depressive disorder, separation anxiety disorder, social 
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phobia, specific phobia, and generalized anxiety disorder) and externalizing disorders (attention-deficit hyperactivity 

disorder, oppositional defiant disorder, and conduct disorder) (116,117). The MINI-KID is a structured diagnostic 

interview that assesses DSM-IV and ICD-10 disorders in youth up to 17 years (118). It is composed of diagnostic 

modules containing screening questions for each disorder. If screening questions are endorsed, the respondent 

completes the questions within the module to determine if the child meets the disorder criteria, otherwise the module 

is skipped (118). Responses to the MINI-KID are binary (yes/no for each disorder). The MINI-KID was 

administered to youth, answering questions about themselves, and parents, answering questions about their child. 

The MINI-KID has demonstrated strong psychometric properties (119,120) and has been validated against the 

Schedule for Affective Disorders and Schizophrenia for School Aged Children-Present and Lifetime Version (118). 

Due to the limited sample size available for these analyses and low prevalence of some disorders studied, 

social phobia and specific phobia were combined into a single category (now referred to as ‘phobia’) and 

oppositional defiant disorder and conduct disorder were combined into a single category (‘now referred to as 

‘oppositional defiant/conduct disorder’). 

 

3.4.5 Parent psychopathology 

Symptoms of depression and anxiety were measured using The Center for Epidemiological Studies 

Depression Scale (CES-D) and The State Trait Anxiety Inventory (STAI).  

The CES-D is a 20-item self-report scale designed to assess depressive symptoms over the past week in 

adults (121). The CES-D includes items that assess depressive affect, positive affect, somatic activity, and 

interpersonal relationships (121). It uses a four-point Likert scale (0-3) with anchor points for frequency of 

symptoms ranging from ranging from “rarely or none of the time (< 1 day)” to “most or all of the time (5–7 days).” 

Total scores range from 0 to 60, with higher scores indicating greater impairment and scores  16 typically 

indicating clinically relevant levels of depressive symptoms (121). The CES-D has been psychometrically validated 

(77,122,123) and the internal consistency in this sample was α = 0.86. 

The STAI is a 40-item measure for measuring anxiety in adults (124). For this study, only the 20 items 

measuring “trait anxiety” were used which assess how individuals “generally feel”. Responses were scored from ‘1’ 

(almost never) to ‘4’ (almost always) for a total score between 20 and 80, with higher scores indicating higher levels 

of anxiety. The STAI has been psychometrically validated (77,123–125) and the internal consistency in this sample 

was α = 0.75. 

Due to the limited sample size available for this study, the limited number of covariates that could be 

included, and the high correlation between the two scales (r = 0.72), for analyses in the youth subgroup, parent’s 

CES-D and STAI scores were added together to create a composite measure of ‘parent psychopathology’. 

3.4.6 Family functioning 

Family functioning was measured using the General Functioning subscale of the McMaster Family 

Assessment Device (FAD), completed by parents. The FAD is a 12-item self-report measure of the overall 

health/pathology of the family (126). The items represent problem solving, communication, roles, affective 

responsiveness, affective involvement, and behaviour control (127). Responses were scored on a 4-point scale from 
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‘0’ (strongly agree) to ‘3’ (strongly disagree) and summed for a total score out of 36, with higher scores representing 

better family functioning (127). The FAD has been psychometrically validated (128) and the construct validity of 

the General Functioning subscale has been established (127,129). In this sample, the internal consistency of the FAD 

was α = 0.81. 

 

3.4.7 Chronic physical illness 

Presence of a physical illness in youth was measured using a question adapted from the Canadian 

Community Health Survey-Mental Health. Parents were asked if their child had been diagnosed with any chronic 

physical conditions. If they answered yes, they were asked to specify the physical condition that their child had been 

diagnosed with. 

 

3.4.8 Sociodemographic characteristics 

Relevant sociodemographic variables were also collected. These included youth and parent age and sex, 

and household income. Household income was coded as annual household income above or below $90,000, the 

Canadian median household income for 2 person households (130). 

 

3.5 Data analysis 

All statistical analyses were conducted with SAS Studio, Version 9.0.4. Due the exploratory nature of this 

study, all analyses were conducted using a significance level of α = 0.10 (131). 

 

3.5.1 Objective 1 

Bland-Altman plots were constructed to assess the agreement between HCC and perceived stress scores for 

both the youth and parent subgroups. Because Bland-Altman plots are designed to compare two measures which use 

the same scale both HCC and PeSS/PaSS scores were transformed to z-scores before being plotted so they could be 

directly compared. The plots were constructed by plotting the difference between HCC and PeSS or PaSS score on 

the Y-axis and the mean of the two measures on the X-axis. The line of identity, representing perfect agreement 

between HCC and perceived stress score, was plotted at Y = 0 on both plots. The limits of agreement were also 

plotted at 1.65 standard deviations from the mean, representing 90% confidence limits, on both plots. 

The intraclass correlation coefficient (ICC) was used as a quantitative measure of agreement. The ICC (and 

corresponding 90% confidence intervals) was calculated between HCC and perceived stress scores for both the 

youth and parent subgroups. ICC < 0.50 indicated poor reliability, ICC = 0.50 – 0.75 moderate reliability, ICC = 

0.75 – 0.90 good reliability, and ICC > 0.90 excellent reliability (132). 

 

3.5.2 Objective 2 

Multiple linear regression was used to model the association between selected covariates and HCC and 

perceived stress scores for both youth and parents (using the PeSS scores for youth and PaSS scores for parents). 
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Two groups of models were generated for each subgroup with the covariates of interest as the predictor variables 

and HCC or perceived stress as the continuous outcome variables. Within each group, each model sequentially 

added blocks of covariates to assess their incremental effects within the models. The full models were used to 

examine the association between the covariates of interest and HCC/perceived stress.  

Hair cortisol concentration, one of the outcome variables of interest, was not normally distributed in either 

the youth or parent subgroups. Thus, log-transformed HCC values, which more closely approximate a normal 

distribution, were used as the outcome variable for these analyses (Figures 2 & 3). 

 

 

a) b) 

Figure 2: Distribution of hair cortisol concentration in youth (a) before and (b) after log transformation 

 

a) b) 

Figure 3: Distribution of hair cortisol concentration in parents (a) before and (b) after log transformation 

 

PROC REG was used to generate two models using PeSS score as the outcome variable and two models 

using log-transformed HCC as the outcome variable for the youth subgroup (Appendix C). The first model in each 

set included sociodemographic characteristic – youth age, sex, and household income. The second model added 

psychosocial and clinical characteristics – presence of a chronic physical illness and parent psychopathology (using 

combined CES-D and STAI scores). 



 14 

PROC REG was also used to generate three models using PaSS score as the outcome variable and three 

models using log-transformed HCC as the outcome variable for the parent subgroup (Appendix C). The first model 

in each set included sociodemographic characteristics for the parent – age, sex, and household income. The second 

model added demographic and clinical characteristics for their child – youth age, sex, and presence of a chronic 

physical illness. The third model added family functioning. 

To compare the relative effect of each covariate on perceived stress scores and HCC, the method of 

variance estimates recovery (MOVER) was used to calculate the differences in estimates and associated 90% 

confidence intervals (133). The MOVER is an approach which constructs confidence intervals around a difference 

between two measures of association (133). Using the MOVER, it can be determined if the differences between two 

measures of association are statistically significant. For this study, the MOVER was used to compare the 

associations for each risk factor and perceived stress and HCC, respectively, to determine if each risk factor was 

more strongly associated with one measure of stress than the other. 

 

3.5.3 Objective 3 

Binary logistic regression was used to model the association between perceived stress or HCC and mental 

disorder in youth. The PROC LOGISTIC procedure was used to create models with PeSS score or HCC as the 

predictor variable and mental disorder as indicated by the youth on the MINI-KID as the binary outcome variable. 

Two models were created for each mental disorder (major depressive disorder, generalized anxiety disorder, 

attention-deficit hyperactivity disorder, oppositional defiant/conduct disorder, phobia, and separation anxiety), one 

with PeSS score as the predictor variable and one with HCC as the predictor variable, for a total of 12 models 

(Appendix D). Youth age and sex were also included in all models as control variables. 

Multiple linear regression was used to model the association between perceived stress or HCC and mental 

disorder in parents. The PROC REG procedure was used to create models with PaSS score or HCC as the predictor 

variable and either depression or anxiety as indicated by the parent on the CES-D or STAI, respectively, as the 

continuous outcome variable. Two models were created for each disorder, one with PaSS score as the predictor 

variable and one with HCC as the predictor variable, for a total of four models (Appendix D). Parent age and sex 

were also included in all models as control variables. 
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RESULTS 

4.1 Sample characteristics 

4.1.1 Youth subgroup 

Sample characteristics for the youth subgroup are presented in Table 1. Youth had a mean age of 15.6 (SD 

1.2) years, 81% were female, and 26% had a chronic physical illness. Sixty-three percent of youth had a household 

income < $90,000. Youth had a mean HCC of 9.8 pg/mg (SD 8.9) and PeSS score of 26.4 (SD 8.0). The most 

commonly reported mental disorders among youth were major depressive disorder (79%), phobia (75%), and 

generalized anxiety disorder (67%).  

 

Table 1: Sample characteristics for the youth subgroup (n=48) 

Variable N (%) or Mean (SD) 

Age (years) 15.63 (1.16) 

Female 38 (80.85%) 

Household income < $90,000 30 (62.50%) 

Presence of a chronic physical illness 12 (25.53%) 

Parent’s combined CES-D + STAI score 65.91 (16.81) 

HCC (pg/mg) 9.80 (8.90) 

PeSS score 26.40 (7.97) 

Mental disorder 

   Major depressive disorder 

   Generalized anxiety disorder 

   Separation anxiety 

   Phobia 

   Attention-deficit hyperactivity disorder 

   Oppositional defiant/conduct disorder 

 

38 (79.17%) 

32 (66.67%) 

13 (27.08%) 

36 (75.00%) 

18 (37.50%) 

20 (41.67%) 

SD = Standard Deviation. 

 

4.1.2 Parent subgroup 

Sample characteristics for the parent subgroup are presented in Table 2. Parents had a mean age of 45.5 

(SD 6.7) years, and 90% were female. Sixty-one percent of parents had a household income < $90,000. Parents had 

a mean HCC of 9.6 pg/mg (SD 7.7) and PaSS score of 51.7 (SD 12.7). Two-thirds of their children were female, 

they had a mean age of 13.6 (SD 3.2), and 26% had a chronic physical illness. Parents had a mean CES-D score of 

20.3 (SD 10.1) and STAI score of 43.9 (SD 7.4).  

 

Table 2: Sample characteristics for the parent subgroup (n=72) 

Variable N (%) or Mean (SD) 
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Age (years) 45.49 (6.74) 

Female 65 (90.28%) 

Household income < $90,000 44 (61.11%) 

Child’s age (years) 13.58 (3.24) 

Female child 48 (66.67%) 

Child with chronic physical illness 19 (26.39%) 

FAD score 20.22 (5.95) 

HCC (pg/mg) 9.63 (7.68) 

PaSS score 51.65 (12.72) 

CES-D score 20.27 (10.11) 

STAI score 43.92 (7.38) 

SD = Standard Deviation. 

 

4.2 Objective 1 

4.2.1 Youth subgroup 

The Bland-Altman plot showing agreement between HCC and PeSS score in the youth subgroup is shown 

in Figure 4. In the youth subgroup, the points are not equally and randomly distributed around the line of identity, 

indicating that there are systematic differences between the measures. Specifically, when stress levels were high or 

low (as indicated by the mean z-score of HCC and PeSS score), most of the points lie above the line of identity, 

indicating that HCC overestimated stress levels, relative to PeSS score. However, when stress levels were moderate, 

most of the points lie below the line of identity, indicating PeSS score overestimated stress levels, relative to HCC. 



 17 

The 90% limits of agreement were calculated to be ±1.95 for the youth subgroup (Figure 4). The ICC between HCC 

and PeSS scores (0.31 [90% CI 0.08, 0.51]) indicated poor reliability between the measures. 

Figure 4: Bland-Altman plot for HCC and PeSS scores in the youth subgroup 

 

4.2.2 Parent subgroup 

The Bland-Altman plot showing agreement between HCC and PaSS score in the parent subgroup is shown 

in Figure 5. As in the youth subgroup, in the parent subgroup the points are not equally and randomly distributed 

around the line of identity, indicating that there are systematic differences between the measures. Specifically, when 

stress levels were low (as indicated by the mean z-score of HCC and PaSS score), most of the points lie above the 

line of identity, indicating HCC overestimated stress levels, relative to PaSS score. At moderate and high levels of 

stress, there was a greater variability in the differences between the two measures, with an equal distribution of 

points above and below the line of identity. The 90% limits of agreement were calculated to be ±2.17 for the parent 

subgroup (Figure 5). As in the youth subgroup, the ICC between HCC and PeSS scores (0.15 [90% CI -0.04, 0.33]) 

indicated poor reliability. 
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Figure 5: Bland-Altman plot for HCC and PaSS score in the parent subgroup 

 

4.3 Objective 2 

4.3.1 Youth subgroup 

Results of the linear regression analyses in the youth subgroup, for both HCC and PeSS scores, are 

displayed in Table 3. In the first set of models, examining sociodemographic characteristics, having a household 

income < $90,000 was associated with higher HCC (β = 0.33 [90% CI 0.80, 0.57]) and female sex was associated 

with higher PeSS scores (β = 0.36 [90% CI 0.12, 0.60]). When adding parent psychopathology and the presence of a 

chronic physical illness into the models, both associations remained significant (β = 0.24 [90% CI 0.00, 0.47] and β 

= 0.42 [90% CI 0.19, 0.65], respectively). Additionally, higher scores on measures of parent psychopathology were 

associated with increased HCC and PeSS scores (β = 0.42 [90% CI 0.19, 0.64] and β = 0.28 [90% CI 0.06, 0.51], 

respectively), while the presence of a chronic physical illness was associated with lower PeSS scores (β = -0.24 

[90% CI -0.46, -0.01]).  
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Table 3: Linear regression of covariates of interest on HCC/PeSS scores in the youth subgroup 

 Model 1 Model 2 

HCC   

   Adjusted R2 0.09 0.23 

   Age 0.21 (-0.05, 0.47) 0.20 (-0.04, 0.44) 

   Female sex -0.22 (-0.48, 0.04) -0.18 (-0.42, 0.06) 

   Household income < $90,000 0.33 (0.80, 0.57) * 0.24 (0.00, 0.47) * 

   Parent’s combined CES-D + STAI score  0.42 (0.19, 0.64) * 

   Presence of a chronic physical illness   0.04 (-0.19, 0.26) 

   

PeSS   

   Adjusted R2 0.14 0.23 

   Age 0.11 (-0.13, 0.35) 0.09 (-0.13, 0.32) 

   Female sex 0.36 (0.12, 0.60) * 0.42 (0.19, 0.65) * 

   Household income < $90,000 0.17 (-0.06, 0.41) 0.10 (-0.33, 0.13) 

   Parent’s combined CES-D + STAI score  0.28 (0.06, 0.51) * 

   Presence of a chronic physical illness   -0.24 (-0.46, -0.01) * 

Values denote standardized Β-coefficient (90% CI). * Denotes statistical significance at p<0.10. 

 

When comparing the strength of the associations between the covariates and HCC/PeSS score in the final 

models, a noteworthy difference was observed for youth sex (Δβ = -0.60 [-0.93, -0.27]), which was more strongly 

associated with PeSS score than HCC (Table 4).  

 

 

Table 4: Results of the MOVER analysis for the youth subgroup 

 Δβ (90% CI) 

Age 0.11 (-0.22, 0.44) 

Female sex -0.60 (-0.93, -0.27) * 

Household income < $90,000 0.14 (-0.10, 0.63) 

Parent’s combined CES-D + STAI score 0.14 (-0.19, 0.45) 

Presence of a chronic physical illness  0.28 (-0.05, 0.59) 

* Denotes statistical significance. CI = Confidence Interval.  

 

4.3.2 Parent subgroup 

Results of the linear regression analyses in the parent subgroup, for both HCC and PaSS scores, are 

displayed in Table 5. In the first set of models, examining sociodemographic characteristics of the parent, female sex 

was associated with lower HCC (β = -0.21 [90% CI -0.41, -0.02]) and having a household income <$90,000 was 
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associated with higher HCC (β = 0.19 [90% CI 0.00, 0.39]).  No covariates were significantly associated with PaSS 

score. When adding demographic and clinical characteristics for their child, only female sex remained significantly 

associated with HCC (β = -0.21 [90% CI -0.41, -0.00]). In the final models, which added FAD score (as a measure 

of family functioning), female sex remained associated with lower HCC (β = -0.21 [90% CI -0.42, -0.00]), and FAD 

score was associated with higher PaSS scores (β = 0.46 [90% CI 0.26, 0.65]).  
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Table 5: Linear regression of covariates of interest on HCC/PaSS scores in the parent subgroup 

 Model 1 Model 2 Model 3 

HCC    

   Adjusted R2 0.08 0.05 0.04 

   Age 0.16 (-0.04, 0.36) 0.15 (-0.07, 0.37) 0.16 (-0.07, 0.39) 

   Female sex -0.21 (-0.41, -0.02) * -0.21 (-0.41, -0.00) * -0.21 (-0.42, -0.00) * 

   Household income < $90,000 0.19 (0.00, 0.39) * 0.19 (-0.01, 0.39) 0.19 (-0.01, 0.39) 

   Child’s age   0.02 (-0.21, 0.24) 0.02 (-0.21, 0.25) 

   Female child  0.07 (-0.13, 0.28) 0.08 (-0.13, 0.29) 

   Child with chronic physical illness  -0.09 (-0.29, 0.12) -0.08 (-0.29, 0.12) 

   FAD score   0.03 (-0.18, 0.24) 

    

PaSS    

   Adjusted R2 -0.03 -0.06 0.14 

   Age -0.11 (-0.32, 0.09) -0.08 (-0.31, 0.15) 0.05 (-0.17, 0.26) 

   Female sex -0.05 (-0.26, 0.15) -0.06 (-0.27, 0.15) -0.09 (-0.28, 0.10) 

   Household income < $90,000 -0.03 (-0.23, 0.17) -0.02 (-0.23, 0.18) -0.03 (-0.21, 0.16) 

   Child’s age   -0.07 (-0.30, 0.16) -0.04 (-0.25, 0.17) 

   Female child  -0.09 (-0.31, 0.12) -0.03 (-0.23, 0.17) 

   Child with chronic physical illness  0.07 (-0.14, 0.27) 0.09 (-0.10, 0.27) 

   FAD score   0.46 (0.26, 0.65) * 

Values denote standardized Β-coefficient (90% CI). * Denotes statistical significance at p<0.10. 
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When comparing the strength of the association between the covariates and HCC/PaSS score in the final 

models, a noteworthy difference was observed for family functioning (Δβ =      -0.43 [-0.71, -0.14]), which was 

more strongly associated with PaSS score than HCC (Table 6). 

 

Table 6: Results of the MOVER analysis for the parent subgroup 

 Δβ (90% CI) 

Age 0.11 (-0.20, 0.43) 

Female sex -0.12 (-0.40, 0.16) 

Household income < $90,000 0.22 (-0.06, 0.49) 

Child’s age  0.06 (-0.25, 0.37) 

Female child 0.11 (-0.18, 0.40) 

Child with chronic physical illness -0.17 (-0.38, 0.11) 

FAD score -0.43 (-0.71, -0.14) * 

* Denotes statistical significance. CI = Confidence Interval. 

 

4.4 Objective 3 

4.4.1 Youth subgroup 

The results of the logistic regression analyses between HCC/PeSS score and mental disorder in youth are 

shown in Table 7. When controlling for age and sex, higher HCC was associated with increased odds of generalized 

anxiety disorder (OR = 1.14 [90% CI 1.01, 1.28]) and higher PeSS scores were associated with increased odds of 

major depressive disorder (OR = 1.33 [90% CI 1.12, 1.57]), generalized anxiety disorder (OR = 1.10 [90% CI 1.01, 

1.19]), and separation anxiety (OR = 1.14 [90% CI 1.03, 1.25]). 

 

 

 

 

 

 

 

 

Table 7: Logistic regression of HCC/PeSS scores on mental disorder in the youth subgroup 

 HCC PeSS 

Major depressive disorder 1.05 (0.95, 1.16) 1.33 (1.12, 1.57) * 

Generalized anxiety disorder 1.14 (1.01, 1.28) * 1.10 (1.01, 1.19) * 

Separation anxiety 1.04 (0.98, 1.10) 1.14 (1.03, 1.25) * 

Phobia 1.01 (0.94, 1.08) 1.06 (0.98, 1.14) 
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Attention deficit hyperactivity disorder 0.98 (0.92, 1.04) 1.03 (0.96, 1.11) 

Oppositional defiant/conduct disorder 0.98 (0.93, 1.04) 0.99 (0.93, 1.06) 

Values denote Odds Ratio (90% CI). * Denotes statistical significance at p<0.10. 

 

4.2.2 Parent subgroup 

The results of the linear regression analyses between HCC/PaSS and CES-D and STAI score are shown in 

Table 8. When controlling for age and sex, higher HCC was significantly associated with increased CES-D scores (β 

= 0.27 [90% CI 0.06, 0.48]) and higher PaSS scores were significantly associated with increased CES-D and STAI 

scores (β = 0.53 [90% CI 0.35, 0.71] and β = 0.45 [90% CI 0.26, 0.64], respectively). HCC was not significantly 

associated with STAI score.  

 

Table 8: Linear regression of HCC/PeSS scores on CES-D and STAI score in the parent subgroup 

 HCC PaSS 

CES-D 0.27 (0.06, 0.48) * 0.53 (0.35, 0.71) * 

STAI 0.15 (-0.07, 0.37) 0.45 (0.26, 0.64) * 

Values denote standardized Β-coefficient (90% CI). * Denotes statistical significance at p<0.10. 
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DISCUSSION 

5.1 Objective 1 – Psychological and physiological stress agreement 

The hypothesis that agreement between perceived stress and HCC would be low to moderate was 

supported, as the Bland-Altman plots and ICC values suggest that agreement was low in both the youth and parent 

subgroups. These findings align with other studies examining the association between measures of perceived stress 

and HCC, which found weak or no associations between perceived stress and HCC in a variety of populations 

(21,24,26–28,30–35,37–45,51). This provides support to the notion that despite the theoretical link between the 

psychological and physiological stress responses, there is a lack of psychoendocrine covariance between measures 

of perceived stress and HCC.   

The low agreement found between perceived stress and HCC could be because these measures are 

capturing two distinct elements of the stress response. The findings in these samples align with the lack of 

psychoendocrine covariance seen in other studies (21,24,26–28,30–35,37–45,51). This points to the possibility that, 

despite the theoretical link between perceived stress and HCC as markers of the psychological and physiological 

components of the stress response, they may be qualitatively different dimensions of the stress response (26). Future 

studies should further explore the relationship between measures of psychological and physiological stress to 

determine if the lack of observed agreement is due to factors such as differing timepoints captured by measures of 

perceived stress or HPA axis dysfunction in individuals who have experiences trauma or adversity, or if it indicates 

a true lack of psychoendocrine covariance.  

There are also several factors which may account for these findings. First, the different time periods 

captured between the perceived stress questionnaires used and the hair sample that was taken could have contributed 

to some of the differences between the measurements. Both the PeSS and PaSS ask respondents about their stress 

during the past month (76,113), while the 3 cm hair segment used to measure HCC is thought to reflect cortisol 

levels over the past three months (27). Though the time periods captured between the measures are similar, and 

much more aligned than previous studies using acute cortisol measurements, it is possible that the difference in time 

frame could account for some of the discrepancies observed between the measures (26,40,41). While perceived 

stress is typically chronic over time and some studies have reported maintained perceived stress levels over periods 

of up to two years (134,135), others have found changes in perceived stress scores in as little as six weeks (112,136). 

Future studies are needed to determine if perceived stress is sufficiently maintained over time for one-month 

measurements to be used as a proxy for the past three months of perceived stress, or if the time frames of perceived 

stress and HCC measurements need to be exactly aligned to examine agreement. It has also been suggested that 

limitations with perceived stress questionnaires, like the PeSS and PaSS, could affect self-reported stress and reduce 

agreement with HCC (26). For example, social desirability bias may reduce the reported levels of stress in the parent 

subgroup because the PaSS includes items specifically related to the challenges of parenting such as ‘I enjoy 

spending time with my child(ren)’ and ‘If I had to do it over, I might decide not have children’ which may not be 

answered honestly by all parents. It is also possible that individual differences between participants may account for 

some of the observed disagreement. For example, it has been suggested that exposure to adverse life events or 

trauma can lead to HPA axis dysfunction and altered cortisol secretion (7,23). This would likely lead to low levels of 
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agreement between perceived stress and HCC in these individuals because of unusually high or low levels of cortisol 

being released in response to a perceived threat. However, it is unknown how many participants in this sample may 

have been exposed to adverse life events or trauma or if individuals have altered HPA axis responses. 

Beyond the overall lack of agreement that was observed between HCC and perceived stress, a pattern was 

observed in the Bland-Altman plot of the youth subgroup, where at high and low levels of stress, hair cortisol 

concentrations were higher relative to PeSS scores. Conversely, at moderate levels of stress, PeSS score were higher 

than HCC. A similar pattern was observed in the parent subgroup, however, only at low levels of stress. The high 

HCC, relative to perceived stress, at lower levels of stress could indicate a baseline level of cortisol secretion even 

when the individual is not under stress. Although cortisol plays an important role in the stress response, a basal level 

of cortisol is also secreted under non-stressful conditions and works to regulate several processes including blood 

pressure, inflammatory and immune responses, and fat and glucose metabolism (18,19). This means that even when 

no stressors are present and an individual reports little to no perceived stress, some cortisol is still released and 

therefore a higher HCC would be expected under these conditions, relative to perceived stress. It is currently unclear 

what is causing the other patterns in the youth subgroup (i.e., higher HCC at high levels of stress and higher PeSS 

scores at moderate levels of stress). It is possible that some of these patterns of disagreement could be driven by 

individual’s with HPA axis dysfunction, who have under- or over-active cortisol responses. As previously discussed, 

this may cause an unusually high or low level of cortisol to be released in response to a perceived threat, causing 

disagreement between HCC and perceived stress. However, this notion is speculative, and it is unknown if the youth 

in this sample had HPA axis dysfunction, or if something else was driving these patterns.  

This exploratory study was the first to directly examine agreement between HCC and perceived stress and use 

Bland-Altman plots to visually examine the patterns of agreement. The low levels of agreement observed between 

perceived stress and HCC in both subgroups provides preliminary evidence that both measures should be used to 

comprehensively assess the stress response, as single measures of either perceived stress or HCC may under- or 

over-estimate stress levels. Future studies are needed to confirm the observed patterns of agreement and to further 

explore what is driving these patterns if they are observed. 

 

5.2 Objective 2 – Risk factors for psychological and physiological stress 

The hypothesis that sociodemographic and psychosocial variables would be associated with both perceived 

stress and HCC in the youth and parent subgroups was partially supported.  

Age was not significantly associated with perceived stress or HCC in either the youth or parent subgroups. 

The lack of association observed between age and each measure of stress is likely due to the narrow age ranges 

included in each subgroup. The youth subgroup only included adolescents aged 14-17 and the parent subgroup 

ranged from 33-65 years. This may have prevented any effect of age from being observed, particularly in the youth 

subgroup. Most previous studies which have observed an effect of age on perceived stress or HCC included 

participants from a larger age range, and typically found significant differences between younger adults or children 

and older adults, but no differences within these age groups (33,46–50).  
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Female sex was associated with higher perceived stress scores in the youth subgroup and lower HCC in the 

parent subgroup. Both of these findings align with previous literature as females typically report higher levels of 

perceived stress (54–58), and have lower HCC than males (26,33,51–53,59–66). However, these results were not 

found in both subgroups (i.e., female sex was not associated with HCC in youth or perceived stress score in parents). 

It is possible that sex was not associated with perceived stress in the parent subgroup because all parents included in 

this study were the primary caregiver for their child. A previous study examining depressive symptoms in parents of 

children with epilepsy suggested that the parent being the primary caregiver for the child may be a more important 

determinant of depressive symptoms than whether the parent is a mother or a father (137). This notion may also 

apply to a parent’s perceived stress and therefore, because all parents in this study were the primary caregiver for 

their child, and the measure of perceived stress in this group specifically asked about parenting stress, the sex of the 

parent may not have made a significant difference in their perceived stress. The lack of association found between 

sex and HCC in the youth subgroup may be explained by the age of participants. It has been suggested that the 

differences in HCC between males and females may be due to biological differences between the sexes, resulting in 

a higher level of total cortisol levels in males (52). Because of the relatively young age of the youth in this sample, it 

is possible that these biological differences may not be fully developed during adolescence and therefore no 

association between sex and HCC could be observed. Previous studies have found boys to have higher HCC than 

girls in populations of younger children (<10 years) (53,59,60,62,63,66), however in samples of adolescents similar 

in age to the youth included in this study, results have been mixed, with studies commonly finding higher HCC in 

girls (24,67) or no association (42,49,50,62,84). Future studies should focus on adolescents to determine if the sex 

differences in HCC typically observed in other age groups also applies to this group, or if adolescence is a 

developmentally distinct period where these differences are not observed. 

Having an annual household income of <$90,000 was associated with higher HCC in the youth subgroup. 

This finding is consistent with most previous studies examining the relationship between HCC and household 

income in children and adolescents (53,67,68). This relationship between lower income and increased HCC is 

typically thought to be related to more stressful life circumstances associated with lower income (53). Some studies 

have pointed to other factors related to socioeconomic status such as parental education or minority status, that may 

also influence HCC in a similar way (53), but due to the limited number of variables that were able to be included in 

the models, these factors were unable to be examined. One previous study did find a positive association between 

income and HCC in children; however, this study included a large proportion of children who had experienced 

maltreatment and had a reduction in HCC which may have influenced the observed association with income and the 

different findings to this study (50). Lower income, however, was not found to be a significant predictor of HCC in 

the parent subgroup or of perceived stress in either subgroup.  

Higher parent psychopathology scores were found to be associated with increased HCC and perceived 

stress in the youth subgroup. Although few previous studies have examined the relationship between a parent’s 

psychopathology and their child’s perceived stress and/or HCC, these results are not unexpected. A previous study 

also found a positive relationship between parents’ psychopathology and their child’s HCC and suggested that this 

HPA axis dysfunction may be due to environmental changes due to parental mood (75). No previous studies have 
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explored this association with perceived stress, but the effects of parent psychopathology on the child’s environment 

is likely to influence perceived stress in a similar way. 

In the youth subgroup, the presence of a chronic physical illness was associated with significantly lower 

perceived stress scores. This finding was unexpected as worsening symptoms of physical illnesses have previously 

been reported to be associated with perceived stress (70–72). However, none of these studies considered the 

association between perceived stress and chronic physical illness in a clinical sample of individuals who all have a 

comorbid mental disorder. This study specifically asked about physical illnesses that were diagnosed prior to mental 

disorder. A diagnosis of physical illness can place strain on both youth and their families (138,139). In response to 

this, many youth and families develop adaptive coping strategies in order to manage these strains and reduce stress 

(139,140). Therefore, when these youth face subsequent mental illness, they may already have effective coping 

strategies and resources in place, such as a greater ability to navigate the healthcare system (111), to better cope with 

their mental disorder. These strategies may then reduce the extent of perceived stress these youth experience 

(138,139), compared to youth with mental disorder who have not experienced a previous physical illness, and 

therefore not yet developed appropriate coping mechanisms. However, this relationship has never been directly 

assessed and future studies should be conducted to determine if previously diagnosed physical illnesses do elicit 

adaptive coping that reduce perceived stress in youth with mental disorder. It was also unexpected that the presence 

of a chronic physical illness was not significantly associated with HCC. Previous studies have found that individuals 

with physical illnesses typically have elevated HCC (31,33,48,52,65,73,74). However, most of these studies have 

observed this relationship in adults with illnesses such as heart disease and diabetes, whereas this sample only 

included youth and the majority of reported physical illnesses were asthma, which could account for the different 

findings.  

In the parent subgroup, their child’s age, sex, and whether their child had a chronic physical illness were 

not associated with the parent’s HCC or perceived stress score. These findings indicate that characteristics of their 

child may not influence a parent’s psychological or physiological stress. This is somewhat unexpected, particularly 

for perceived stress, because parent’s perceived stress was measures using the Parental Stress Scale, which focuses 

on stress specifically relating to their role as a parent. It would therefore be expected that certain characteristics of 

their child, such as their child having a chronic physical illness, may influence their feelings of stress. For example, 

as previously discussed, families often develop adaptive coping strategies in response to their child being diagnosed 

with a physical illness (139,140), which may be utilized after a subsequent diagnosis of mental illness, and reduce 

the stress experienced by the family (138,139). However, these results suggest that such factors may affect the 

child’s stress more than the parent’s stress. No previous studies have explored the relationship between parent’s 

perceived stress or HCC and characteristics of their child and therefore studies with a more diverse population of 

children across a broader age range, a more even proportion of males and females, and including children with more 

diverse chronic physical illnesses are needed to confirm these findings.  

Higher family functioning scores were associated with higher levels of perceived stress in the parent subgroup. 

No studies have previously assessed the relationship between family functioning and perceived stress or HCC in 

parents. It is possible that because this sample was comprised of parents of children receiving mental health 
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treatments that having a higher degree of family functioning may have made them more aware of their child’s illness 

and increased their stress levels, particularly because the measure used to capture perceived stress in this subgroup 

was specifically related to parenting stress. The McMaster Family Assessment Device, which was used to measure 

family functioning, captures elements of communication, affective involvement, and affective responsiveness, 

among others (126). Therefore, higher scores on this scale may indicate that a parent would have more awareness of 

their child’s disorder and symptoms and increase their levels of parenting stress. A previous study found that higher 

levels of affective involvement in parents was associated with increased odds of major depressive disorder in their 

children (129). It was suggested that children with major depressive disorder may need greater support from parents 

to manage interpersonal situations and lead to greater affective involvement by parents, however, the level of 

support required to support their child may also contribute to greater conflict and emotional withdrawal in the parent 

(129). Therefore, greater levels of affective involvement by parents in this sample, who all have children with 

mental disorder, could also lead to greater levels of parenting stress brought on by the high level of support they are 

providing to their children. However, this notion is speculative and future studies should further explore the impacts 

of family functioning on parent’s perceived stress, particularly in parent’s who have children with mental disorders. 

The hypothesis that the directionality or magnitude of the associations between potential risk factors and 

perceived stress and HCC, respectively, may be different was supported. The MOVER analysis comparing the 

strength of the associations between each of the covariates and HCC/perceived stress score indicated that when there 

was a significant difference in a covariate’s associations with HCC and perceived stress score, they were more 

strongly associated with perceived stress score than HCC. In the youth subgroup, female sex was significantly 

associated with PeSS score, but not HCC and when the strength of association was compared between the two 

measures, it was found that female sex had a stronger association with PeSS score than HCC. The same was found 

for family functioning in the parent subgroup.  Additionally, both household income in the youth subgroup and 

female sex in the parent subgroup were significantly associated with HCC and not associated with perceived stress. 

However, the MOVER analysis indicated that the strength of these associations was not significantly different 

between HCC and perceived stress in either subgroup. These results all indicate that sociodemographic and 

psychosocial factors may have a stronger association with perceived stress than with HCC. This provides further 

evidence that there is a lack of psychoendocrine covariance between measures of psychological and physiological 

stress as certain risk factors may affect the psychological and physiological stress responses differently. 

 

5.3 Objective 3 – Association between stress and mental disorder 

The hypothesis that perceived stress would be positively associated with all included mental disorders was 

partially supported. In the parent subgroup, higher PaSS scores were significantly associated with higher scores on 

both the CES-D and STAI. However, in the youth subgroup, higher PeSS scores were associated with an increased 

odds of the presence of major depressive disorder, generalized anxiety, and separation anxiety, but not with phobia, 

attention-deficit hyperactivity disorder, or oppositional defiant/conduct disorder. The observed associations between 

higher levels of perceived stress and mental disorder aligns with previous studies that have found that psychological 

stress is associated with both depression and anxiety (34,37,42,54,76,98,99,103). Perceived stress and the symptoms 
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of internalizing disorders are likely related as increased levels of stress are related to an perceived inability to cope, 

feeling overwhelemed, etc., which are also commonly associated with symptoms of depression and anxiety (76,99). 

The lack of association found between perceived stress and attention-deficit hyperactivity disoder does not align 

with previous studies which have found associations with higher levels of perceived stress (100–102). Similarly, 

while no studies have previously examined the association between perceived stress and oppositional defiant 

disorder, conduct disorder, or phobia, these disorders were expected to follow the same pattern as other mental 

disorders and be associated with higher levels of perveived stress. The lack of association observed between 

perceived stress and these disorders could be because more specific disorder types could not be included. For 

example, there is some evidence that within attention-deficit hyperactivity disorder, inattentive symptoms may be 

more closely related to perceived stress than hyperactivity symptoms (100,102). Due to the sample size available in 

this study, the individual types of attention-deficit hyperactivity disorder could not be analyzed separately and only 

overall attention-deficit hyperactivity disorder was included. Similarly, social phobia and specific phobia, and 

oppositional defiant disorder and conduct disorder were analyzed together, which may have affected the observed 

associations. Future studies should evaluate each of these disorders independently to determine if the lack of 

association obsevred in this sample was due to similar disorders being grouped together, or if there is no true 

association with perceived stress.  

The hypothesis that HCC would be associated with mental disorders, but that the directionality may differ 

between disorders was partially supported. In the youth subgroup, higher HCC was associated with increased odds 

of generalized anxiety, and not associated with any other disorders. In the parent subgroup higher HCC was 

associated with higher CES-D scores but was not associated with STAI scores. The finding that higher HCC was 

associated with increased odds of generalized anxiety in the youth subgroup was unexpected as previous studies 

have typically observed lower HCC in individuals with generalized anxiety disorder (51,67,108). This finding may 

be due to the age of this sample, including youth aged 14-17. The hypocortisolism typically observed in patients 

with generalized anxiety disorder is thought to be a result of attenuation of the stress response over time after an 

initial increase in cortisol release (67,108). Because of the relatively young age of the participants included in this 

sample, they may still be experiencing the initial increase in cortisol secretion, and not yet attenuated to this 

response (141). This aligns with recent findings that patients with shorter duration anxiety disorders have elevated 

HCC, while patients with longer durations illness do not (106). Lower HCC has previously been found to be 

associated with anxiety symptoms in youth (67), however, that study used a sample of healthy youth, as opposed to 

the clinical sample of youth receiving mental health treatment in the current study. Future studies in clinical samples 

of youth are needed to confirm the finding of elevated HCC in patients with generalized anxiety disorder, and 

longitudinal studies are needed to determine if this initial increase in cortisol attenuates over time. There was no 

association found between HCC and anxiety symptoms in the parent subgroup. This may be because the STAI was 

used, which assesses general anxiety symptoms and was not screening for generalized anxiety disorder, as in the 

youth subgroup. Other anxiety-related disorders (separation anxiety and phobia) were also not associated with HCC 

in the youth subgroup, indicating that it may be generalized anxiety disorder specifically which is associated with 
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HCC, and not anxiety symptoms or related disorders. It is also possible because the parent subgroup was not a 

clinical sample, their symptoms may not have been severe enough to be significantly associated with HCC. 

The positive association between HCC and CES-D scores in the parent subgroup aligns with previous studies 

which have found increased HCC to be associated with depression (28,67,104,105) and provides additional evidence 

that depression is associated with HPA axis dysfunction. However, no association was found between major 

depressive disorder and HCC in the youth subgroup. There is some emerging evidence that the association between 

depression and HCC may be curvilinear, with both high and low levels of cortisol being associated with depression 

(109). This relationship is plausible as it aligns with the thought that HPA axis dysfunction manifests as both under- 

and over-activation of the cortisol response. However, because this analysis used binary logistic regression to 

measure the association between HCC and major depressive disorder, a curvilinear relationship would not be able to 

be detected, and it is possible that this is masking the true association. However, it is unclear if this is happening in 

this sample, or if there is truly no association between HCC and major depressive disorder. Future studies should 

consider evaluating the association between HCC and depression in a curvilinear fashion to determine if the disorder 

is associated with both high and low cortisol levels. 

It was unexpected that generalized anxiety disorder was the only disorder associated with HCC in the youth 

subgroup. However, while many studies have observed significant associations between HCC and various mental 

disorders, many others have also failed to observe significant associations (39,42,45,51,60,84,90,106). The youth 

subgroup was a comprised of a clinical sample of youth receiving mental health treatment, and almost all youth 

screened positive for two or more mental disorders. The high rate of comorbidity between mental disorders in this 

sample may have affected the observed associations with HCC. For example, there is some preliminary evidence 

that the co-occurrence of major depressive disorder and generalized anxiety disorder may result in different cortisol 

patterns than the presence of each disorder individually (37). However, no studies have evaluated the effect of 

comorbidity of other disorders included in this analysis, such as attention-deficit hyperactivity disorder, or the effect 

of comorbidity of more than two disorders.  

Overall, these results indicate that both measures of psychological and physiological stress may be associated 

with several mental disorders, particularly depression and anxiety, however they may each have different 

relationships with different disorders. This aligns with the results of the previous two objectives in this sample that 

indicated that measures of perceived stress and HCC had low agreement and different associations with various 

demographic and psychosocial risk factors in this sample. Though this study did not find significant associations 

between perceived stress or HCC and externalizing disorders or phobia, future studies should continue to explore 

these associations with larger samples and account for the effects of comorbidity, particularly in clinical samples.  

 

5.4 Limitations 

An important limitation of this study was the limited sample size available for these analyses, particularly 

for the youth subgroup as only youth aged 14-17 completed the PeSS. Because of the limited sample size only a 

small number of potential risk factors for high levels of perceived stress or HCC could be examined for the second 

objective. Some potentially relevant covariates such as quality of life or disability could not be included in the 
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models. Additionally, when examining the association between specific mental disorders and perceived stress/HCC 

in the youth subgroup, the effects of comorbidity could not be assessed because of the limited sample size and 

therefore the effects of comorbidity of mental disorders on the observed associations in this sample are unknown.  

Similarly, because this study was a secondary data analysis, only variables that were collected as part of the original 

study could be analysed. Therefore, variables of interest such as exposure to adverse life events or trauma, which 

may have had an important effect on HCC (7,23) and mental health (142,143), could not be included and the effects 

of these variables are unknown.  

Additionally, the generalizability of this study is limited because of the relatively narrow population 

included. All youth eligible for inclusion were receiving mental health services from a single centre and all parents 

had children receiving these services. Most participants included in this study were also Caucasian. As ethnicity and 

minority status have been suggested to be related to HCC and HPA axis dysfunction (53), it is possible that a 

primarily Caucasian sample may also limit the generalizability of these results.  Although the results of this study 

are valuable as the first analysis directly assessing the agreement between perceived stress and HCC, and their 

relative associations with mental disorder in a clinical population of youth and their parents, they are likely not 

generalizable to a broader population.  

Another limitation is that in that parent subgroup, perceived stress was measured using the Parental Stress 

Scale, which specifically asks respondents about stress related to parenting (113). While the PaSS has been shown to 

be positively correlated with other measures of perceived stress, such as the Perceived Stress Scale, these 

correlations were moderate in size (r=0.41 to 0.53) (113). Therefore, it is likely that while the PaSS captures stress 

related to parenting, it does not capture the individual’s overall perceived stress. This may have impacted some of 

the results in the parent subgroup. For example, the ICC in the parent subgroup was lower than in the youth 

subgroup (0.15 vs. 0.31, respectively), which may represent that parenting stress is less related to HCC than overall 

perceived stress. Future studies should use a general measure of perceived stress, such as the Perceived Stress Scale, 

to measure the agreement between perceived stress and HCC in this population to determine if using a measure of 

parenting stress impacted the observed agreement in this study, or if it remains low. 

 Finally, because the data used in this study was cross-sectional, the directionally of the observed 

associations cannot be established. Particularly for the analyses in objective 3, examining the association between 

perceived stress and HCC and mental disorder, it is unclear if increased levels of psychological or physiological 

stress are leading to the increased odds of mental disorders, or if the presence of a mental disorder is increasing 

psychological or physiological stress. Future studies with a longitudinal design are needed to examine the 

directionality of these associations.  

 

5.5 Implications & Future Directions 

The primary implication of this work is that it provides preliminary evidence that the agreement between 

perceived stress and HCC is low. These results indicate that these measures should not be used as clinical correlates 

of one another and that both are needed to comprehensively evaluate the stress response. It is currently unclear 

whether the low agreement observed in this study is due to limitations of the measures such as different time periods 
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being captured between the measures or exposure to adversity causing HPA axis dysfunction in some individuals, or 

if it indicates a true lack of psychoendocrine covariance between the psychological and physiological stress 

response. However, until this can be determined both measures should continue to be used to ensure the 

comprehensive assessment of the stress response. Future studies should continue to explore the agreement between 

psychological and physiological measures of stress to confirm the low level of agreement found in this study and 

explore potential factors that may be contributing to the lack of agreement such as exposure to adverse life events.    

It is also important for clinicians to consider that agreement between the psychological and physiological 

stress responses may be low and that the level of psychological stress conveyed by a patient may not match the 

physiological response. Because it is unlikely that clinicians will directly assess the physiological stress response, 

understanding that there may be a lack of psychoendocrine covariance and that assessing psychological stress may 

not accurately represent the full extent of that individual’s stress response is important. This also highlights the need 

to further research into how factors such as exposure to early life adversity or trauma affect HPA axis dysfunction 

and if this is related to the low agreement between perceived stress and HCC. If exposure to these experiences, or 

other related factors, cause HPA axis dysfunction and this drives the lack of psychoendocrine covariance between 

psychological and physiological stress in these individuals, it would be important for clinicians to identify these 

individuals and understand that their level of psychological stress is likely not indicative of their physiological 

response. 

The results of this study also suggest that sociodemographic and psychosocial factors may be more closely 

associated with perceived stress and with HCC. It is therefore also important that clinicians also consider that certain 

demographic or psychosocial variables such as sex or the presence of a chronic physical illness may be influencing 

psychological stress more than physiological stress. This is particularly relevant in the context of the observed low 

agreement between perceived stress and HCC because these factors may be affecting the psychological stress a 

patient is conveying more than their physiological response. Future studies are needed to continue to explore the 

relationship between the risk factors and psychological and physiological stress in using larger and more diverse to 

confirm the preliminary results found in this study and elucidate the relationship between these factors and both 

psychological and physiological stress.  

These results also indicate that both perceived stress and HCC may be associated with mental disorders, 

particularly depression and anxiety. However, because of the high prevalence of comorbidity of mental disorders in 

this sample and the fact that the effects of the comorbidity could not be examined, it remains unclear how these 

measures of stress are individually related to different mental disorders. This is particularly important for future 

research to consider as comorbidity of mental disorders is common, particularly in clinical samples of youth 

(144,145). Future studies need to explore how comorbidity of mental disorders affect their association with both 

HCC and perceived stress to fully understand the relationship between psychological and physiological stress and 

mental disorders.  

Future research should most importantly continue to explore the agreement between measures of psychological 

and physiological stress and explore potential reasons for the low level of agreement if this pattern continues to be 

found. If low agreement continues to be found in larger and more diverse samples, it is then important to elucidate 
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the sociodemographic and psychosocial factors that influence measures of psychological and physiological and how 

each measure is associated with various mental disorders. If there are different risk factors for psychological and 

physiological stress and each are associated differently with the presence of mental disorders, it is important for 

clinicians to be aware of these factors and how the psychological stress communicated by a patient may not reflect 

their physiological response and may not accurately identify vulnerability for certain mental disorders.   
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CONCLUSION 

 The results of this study provide preliminary evidence that agreement between measures of psychological 

and physiological stress is low in a clinical sample of youth and their parents. It was also identified that 

sociodemographic and psychosocial factors may be associated with both psychological and physiological stress, 

although they may have different relationships with each measure, and various mental disorders may also be 

associated with each measure of stress. Together these results indicate that there may be a lack of psychoendocrine 

covariance between measures of psychological and physiological stress, although the reason for this lack of 

agreement is not yet clear. It is suggested that both measures should be used to comprehensively evaluate the stress 

response and that it is particularly important for clinicians to be aware of the apparent lack of psychoendocrine 

covariance in cases where physiological stress cannot be examined. Further investigation into the relationship 

between psychological and physiological stress is needed in larger and more diverse samples to confirm the findings 

of this study and to continue to examine factors associated with psychological and physiological stress and how 

these measures are related to mental disorders.  



 35 

REFERENCES 
 

1.  Buijs RM, Van Eden CG. The integration of stress by the hypothalamus, amygdala and prefrontal cortex: 

balance between the autonomic nervous system and the neuroendocrine system. Prog Brain Res. 

2000;126:117–32.  

2.  Charmandari E, Tsigos C, Chrousos G. Endocrinology of the stress response. Annu Rev Physiol. 2005 Mar 

17;67:259–84.  

3.  Cohen S, Janicki-Deverts D, Miller GE. Psychological stress and disease. J Am Med Assoc. 

2007;298(14):1685–7.  

4.  Smith SM, Vale WW. The role of the hypothalamic-pituitary-adrenal axis in neuroendocrine responses to 

stress. Dialogues Clin Neurosci. 2006;8(4):383–95.  

5.  Vanaelst B, De Vriendt T, Huybrechts I, Rinaldi S, De Henauw S. Epidemiological approaches to measure 

childhood stress. Paediatr Perinat Epidemiol. 2012;26(3):280–97.  

6.  McEwen BS, Stellar E. Stress and the individual: mechanisms leading to disease. Arch Intern Med. 1993 

Sep 27;153(18):2093. 

7.  Miller GE, Chen E, Zhou ES. If it goes up, must it come down? Chronic stress and the hypothalamic-

pituitary-adrenocortical axis in humans. Psychol Bull. 2007;133(1):25–45.  

8.  Schlotz W, Kumsta R, Layes I, Entringer S, Jones A, Wüst S. Covariance between psychological and 

endocrine responses to pharmacological challenge and psychosocial stress: A question of timing. Psychosom 

Med. 2008;70(7):787–96.  

9.  Chrousos GP. Stress and disorders of the stress system. Nat Rev Endocrinol. 2009;5(7):374–81.  

10.  Nash JM, Thebarge RW. Understanding psychological stress, its biological processes, and impact on 

primary headache. Headache. 2006;46(9):1377–86.  

11.  Cohen S, Kessler RC, Gordon LU. Measuring stress: A guide for health and social scientists. New York, 

New York: Oxford University Press; 1997.  

12.  Gray TS. Amygdala: Role in autonomic and Neuroendocrone responses to stress. In: McCubbin JA, 

Kaufmann PG, Nemeroff CB, editors. Stress, neuropeptides, and systemic disease. San Diego, California: 

Academic Press Inc.; 1991.  

 

 

13.  Oldehinkel AJ, Ormel J, Bosch NM, Bouma EMC, Van Roon AM, Rosmalen JGM, et al. Stressed out? 

Associations between perceived and physiological stress responses in adolescents: The TRAILS study. 

Psychophysiology. 2011;48(4):441–52.  

14.  Everly, GS, Lating JM. A Clinical Guide to the Treatment of the Human Stress Response. A Clinical Guide 

to the Treatment of the Human Stress Response. 2013.  

15.  Romero LM. Fight or Flight Responses. In: Encyclopedia of Animal Behavior. Elsevier; 2019. p. 547–52.  

16.  Becker L, Rohleder N. Time course of the physiological stress response to an acute stressor and its 

associations with the primacy and recency effect of the serial position curve. PLoS One. 2019;14(5):1–15.  



 36 

17.  Hannibal KE, Bishop MD. Chronic Stress, Cortisol Dysfunction, and Pain: A Psychoneuroendocrine 

Rationale for Stress Management in Pain Rehabilitation. Phys Ther. 2014 Dec 1;94(12):1816–25.  

18.  Stephens MAC, Wand GS. The potential role of glucocorticoids and the HPA axis in alcohol dependence. 

Alcohol Res Curr Rev. 2012;34(4):468–83.  

19.  Staufenbiel SM, Penninx BWJH, Spijker AT, Elzinga BM, van Rossum EFC. Hair cortisol, stress exposure, 

and mental health in humans: A systematic review. Psychoneuroendocrinology. 2013;38(8):1220–35.  

20.  Wosu AC, Valdimarsdóttir U, Shields AE, Williams DR, Williams MA. Correlates of cortisol in human 

hair: Implications for epidemiologic studies on health effects of chronic stress. Ann Epidemiol. 

2013;23(12):797–811. 

21.  Kalra S, Einarson A, Karaskov T, Van Uum S, Koren G. The relationship between stress and hair cortisol in 

healthy pregnant women. Clin Investig Med. 2007;30(2):103–7.  

22.  McEwen BS. Protective and Damaging Effects of Stress Mediators. Flier JS, Underhill LH, editors. N Engl J 

Med. 1998 Jan 15;338(3):171–9. 

23.  Khoury JE, Bosquet Enlow M, Plamondon A, Lyons-Ruth K. The association between adversity and hair 

cortisol levels in humans: A meta-analysis. Psychoneuroendocrinology. 2019;103:104–17.  

24.  Prado-Gascó V, de la Barrera U, Sancho-Castillo S, de la Rubia-Ortí JE, Montoya-Castilla I. Perceived 

stress and reference ranges of hair cortisol in healthy adolescents. PLoS One. 2019;14(4):e0214856.  

25.  Kopp MS, Thege BK, Balog P, Stauder A, Salavecz G, Rózsa S, et al. Measures of stress in epidemiological 

research. J Psychosom Res. 2010;69(2):211–25. 

26.  Stalder T, Steudte S, Alexander N, Miller R, Gao W, Dettenborn L, et al. Cortisol in hair, body mass index 

and stress-related measures. Biol Psychol. 2012;90(3):218–23.  

27.  Stalder T, Steudte S, Miller R, Skoluda N, Dettenborn L, Kirschbaum C. Intraindividual stability of hair 

cortisol concentrations. Psychoneuroendocrinology. 2012;37(5):602–10.  

28.  Rietschel L, Streit F, Zhu G, McAloney K, Kirschbaum C, Frank J, et al. Hair cortisol and its association 

with psychological risk factors for psychiatric disorders: A pilot study in adolescent twins. Twin Res Hum 

Genet. 2016;19(5):438–46.  

29.  Russell E, Koren G, Rieder M, Van Uum S. Hair cortisol as a biological marker of chronic stress: Current 

status, future directions and unanswered questions. Psychoneuroendocrinology. 2012;37(5):589–601. 

30.  Gow R, Koren G, Rieder M, Van Uum S. Hair cortisol content in patients with adrenal insufficiency on 

hydrocortisone replacement therapy. Clin Endocrinol (Oxf). 2011;74(6):687–93.  

31.  Van Uum SHM, Sauvé B, Fraser LA, Morley-Forster P, Paul TL, Koren G. Elevated content of cortisol in 

hair of patients with severe chronic pain: A novel biomarker for stress. Stress. 2008;11(6):483–8.  

32.  Vanaelst B, Huybrechts I, Bammann K, Michels N, de Vriendt T, Vyncke K, et al. Intercorrelations between 

serum, salivary, and hair cortisol and child-reported estimates of stress in elementary school girls. 

Psychophysiology. 2012;49(8):1072–81.  

33.  O’Brien KM, Tronick EZ, Moore CL. Relationship between hair cortisol and perceived chronic stress in a 

diverse sample. Stress Heal. 2013;29(4):337–44.  



 37 

34.  Gerber M, Kalak N, Elliot C, Holsboer-Trachsler E, Pühse U, Brand S. Both hair cortisol levels and 

perceived stress predict increased symptoms of depression: An exploratory study in young adults. 

Neuropsychobiology. 2013;68(2):100–9.  

35.  Karlén J, Ludvigsson J, Frostell A, Theodorsson E, Faresjö T. Cortisol in hair measured in young adults - A 

biomarker of major life stressors? BMC Clin Pathol. 2011;11:2–7.  

36.  Ling J, Xu D, Robbins LB, Meyer JS. Does hair cortisol really reflect perceived stress? Findings from low-

income mother-preschooler dyads. Psychoneuroendocrinology. 2020 Jan;111:104478. 

37.  Steudte-Schmiedgen S, Wichmann S, Stalder T, Hilbert K, Muehlhan M, Lueken U, et al. Hair cortisol 

concentrations and cortisol stress reactivity in generalized anxiety disorder, major depression and their 

comorbidity. J Psychiatr Res. 2017;84:184–90.  

38.  Dettenborn L, Tietze A, Bruckner F, Kirschbaum C. Higher cortisol content in hair among long-term 

unemployed individuals compared to controls. Psychoneuroendocrinology. 2010;35(9):1404–9. 

39.  Dowlati Y, Herrmann N, Swardfager W, Thomson S, Oh PI, Van Uum S, et al. Relationship between hair 

cortisol concentrations and depressive symptoms in patients with coronary artery disease. Neuropsychiatr 

Dis Treat. 2010 Jun;6:393. 

40.  Gidlow CJ, Randall J, Gillman J, Silk S, Jones M V. Hair cortisol and self-reported stress in healthy, 

working adults. Psychoneuroendocrinology. 2016;63:163–9.  

41.  Heinze K, Lin A, Reniers RLEP, Wood SJ. Longer-term increased cortisol levels in young people with 

mental health problems. Psychiatry Res. 2016;236:98–104.  

42.  Milam J, Slaughter R, Verma G, McConnell R. Hair cortisol, perceived stress, and dispositional optimism: 

A pilot study among adolescents. Trauma Stress Disord Trea. 2014;3(3):1000126.  

43.  Skoluda N, Dettenborn L, Stalder T, Kirschbaum C. Elevated hair cortisol concentrations in endurance 

athletes. Psychoneuroendocrinology. 2012;37(5):611–7.  

44.  Stalder T, Kirschbaum C, Heinze K, Steudte S, Foley P, Tietze A, et al. Use of hair cortisol analysis to 

detect hypercortisolism during active drinking phases in alcohol-dependent individuals. Biol Psychol. 

2010;85(3):357–60.  

45.  Ouellette SJ, Russell E, Kryski KR, Sheikh HI, Singh SM, Koren G, et al. Hair cortisol concentrations in 

higher- and lower-stress mother-daughter dyads: A pilot study of associations and moderators. Dev 

Psychobiol. 2015;57(5):519–34.  

46.  Rebbeck TR, Weber AL, Spangler E, Zeigler-Johnson CM. What stresses men? predictors of perceived 

stress in a population-based multi-ethnic cross sectional cohort. BMC Public Health. 2013;13(1):1–9.  

47.  Vallejo MA, Vallejo-Slocker L, Fernández-Abascal EG, Mañanes G. Determining factors for stress 

perception assessed with the Perceived Stress Scale (PSS-4) in Spanish and other European samples. Front 

Psychol. 2018;9.  

 

48.  Stalder T, Kirschbaum C, Alexander N, Bornstein SR, Gao W, Miller R, et al. Cortisol in hair and the 

metabolic syndrome. J Clin Endocrinol Metab. 2013;98(6):2573–80.  



 38 

49.  Noppe G, Van Rossum EFC, Koper JW, Manenschijn L, Bruining GJ, De Rijke YB, et al. Validation and 

reference ranges of hair cortisol measurement in healthy children. Horm Res Paediatr. 2014;82(2):97–102.  

50.  White LO, Ising M, von Klitzing K, Sierau S, Michel A, Klein AM, et al. Reduced hair cortisol after 

maltreatment mediates externalizing symptoms in middle childhood and adolescence. J Child Psychol 

Psychiatry Allied Discip. 2017;58(9):998–1007.  

51.  Stalder T, Steudte-Schmiedgen S, Alexander N, Klucken T, Vater A, Wichmann S, et al. Stress-related and 

basic determinants of hair cortisol in humans: A meta-analysis. Psychoneuroendocrinology. 2017;77:261–

74.  

52.  Staufenbiel SM, Penninx BWJH, de Rijke YB, van den Akker ELT, van Rossum EFC. Determinants of hair 

cortisol and hair cortisone concentrations in adults. Psychoneuroendocrinology. 2015;60:182–94. 

53.  Rippe RCA, Noppe G, Windhorst DA, Tiemeier H, van Rossum EFC, Jaddoe VWV, et al. Splitting hair for 

cortisol? Associations of socio-economic status, ethnicity, hair color, gender and other child characteristics 

with hair cortisol and cortisone. Psychoneuroendocrinology. 2016;66:56–64.  

54.  Racic M, Todorovic R, Ivkovic N, Masic S, Joksimovic B, Kulic M. Self-perceived stress in relation to 

anxiety, depression and health-related quality of life aomg health professions students: A cross-sectional 

study from Bosnia and Herzegovina. Zdr Varst. 2017;56(4):251–9.  

55.  Moksnes UK, Moljord IEO, Espnes GA, Byrne DG. The association between stress and emotional states in 

adolescents: The role of gender and self-esteem. Pers Individ Dif. 2010;49(5):430–5. 

56.  Jia YF, Loo YT. Prevalence and determinants of perceived stress among undergraduate students in a 

Malaysian university. J Heal Transl Med. 2018;21(1):1–5.  

57.  Shah M, Hasan S, Malik S, Sreeramareddy CT. Perceived stress, sources and severity of stress among 

medical undergraduates in a Pakistani medical school. BMC Med Educ. 2010;10(1):2.  

 

58.  Low NC, Dugas E, O’Loughlin E, Rodriguez D, Contreras G, Chaiton M, et al. Common stressful life 

events and difficulties are associated with mental health symptoms and substance use in young adolescents. 

BMC Psychiatry. 2012 Dec 17;12(1):116.  

59.  Grunau RE, Cepeda IL, Chau CMY, Brummelte S, Weinberg J, Lavoie PM, et al. Neonatal pain-related 

stress and NFKBIA genotype are associated with altered cortisol levels in preterm boys at school Age. PLoS 

One. 2013;8(9):1–10.  

60.  Simmons JG, Badcock PB, Whittle SL, Byrne ML, Mundy L, Patton GC, et al. The lifetime experience of 

traumatic events is associated with hair cortisol concentrations in community-based children. 

Psychoneuroendocrinology. 2016;63:276–81.  

61.  Simmons JG, Azpitarte F, Roost FD, Dommers E, Allen NB, Havighurst S, et al. Correlates of hair cortisol 

concentrations in disadvantaged young children. Stress Heal. 2019;35(1):104–11.  

62.  Dettenborn L, Tietze A, Kirschbaum C, Stalder T. The assessment of cortisol in human hair: Associations 

with sociodemographic variables and potential confounders. Stress. 2012;15(6):578–88.  

63.  Pauli-Pott U, Schloß S, Ruhl I, Skoluda N, Nater UM, Becker K. Hair cortisol concentration in preschoolers 



 39 

with attention-deficit/hyperactivity symptoms—Roles of gender and family adversity. 

Psychoneuroendocrinology. 2017;86(May):25–33. 

64.  Villanueva L, Montoya-Castilla I, Prado-Gascó V. The importance of trait emotional intelligence and 

feelings in the prediction of perceived and biological stress in adolescents: hierarchical regressions and 

fsQCA models. Stress. 2017;20(4):355–62.  

65.  Manenschijn L, Schaap L, Van Schoor NM, Van Der Pas S, Peeters GMEE, Lips P, et al. High long-term 

cortisol levels, measured in scalp hair, are associated with a history of cardiovascular disease. J Clin 

Endocrinol Metab. 2013;98(5):2078–83.  

66.  Gerber M, Endes K, Brand S, Herrmann C, Colledge F, Donath L, et al. In 6- to 8-year-old children, hair 

cortisol is associated with body mass index and somatic complaints, but not with stress, health-related 

quality of life, blood pressure, retinal vessel diameters, and cardiorespiratory fitness. 

Psychoneuroendocrinology. 2017;76:1–10.  

67.  Lu Q, Pan F, Ren L, Xiao J, Tao F. Sex differences in the association between internalizing symptoms and 

hair cortisol level among 10-12 year-old adolescents in China. PLoS One. 2018;13(3):1–13.  

68.  Vaghri Z, Guhn M, Weinberg J, Grunau RE, Yu W, Hertzman C. Hair cortisol reflects socio-economic 

factors and hair zinc in preschoolers. Psychoneuroendocrinology. 2013;38(3):331–40.  

69.  Serwinski B, Salavecz G, Kirschbaum C, Steptoe A. Associations between hair cortisol concentration, 

income, income dynamics and status incongruity in healthy middle-aged women. 

Psychoneuroendocrinology. 2016;67:182–8.  

70.  Bernstein CN, Singh S, Graff LA, Walker JR, Miller N, Cheang M. A prospective population-based study of 

triggers of symptomatic flares in IBD. Am J Gastroenterol. 2010;105(9):1994–2002.  

71.  Moon HJ, Seo JG, Park SP. Perceived stress and its predictors in people with epilepsy. Epilepsy Behav. 

2016;62:47–52.  

72.  Rod NH, Kristensen TS, Lange P, Prescott E, Diderichsen F. Perceived stress and risk of adult-onset asthma 

and other atopic disorders: A longitudinal cohort study. Allergy Eur J Allergy Clin Immunol. 

2012;67(11):1408–14.  

73.  Pereg D, Gow R, Mosseri M, Lishner M, Rieder M, Van Uum S, et al. Hair cortisol and the risk for acute 

myocardial infarction in adult men. Stress. 2011;14(1):73–81.  

74.  Stavropoulos I, Pervanidou P, Gnardellis C, Loli N, Theodorou V, Mantzou A, et al. Increased hair cortisol 

and antecedent somatic complaints in children with a first epileptic seizure. Epilepsy Behav. 2017;68:146–

52. 

75.  Ferro MA, Gonzalez A. Hair cortisol concentration mediates the association between parent and child 

psychopathology. Psychoneuroendocrinology. 2020;114:104613.  

76.  Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav. 1983 

Dec;24(4):385–96.  

77.  Dol M, McDonald E, Ferro MA. Psychometric properties of the CESD, STAI-T, and PSS among parents of 

children with mental illness. J Fam Stud. 2020: 1-17. 



 40 

78.  Raul JS, Cirimele V, Ludes B, Kintz P. Detection of physiological concentrations of cortisol and cortisone 

in human hair. Clin Biochem. 2004;37(12):1105–11.  

79.  Manenschijn L, Koper JW, Lamberts SWJ, Van Rossum EFC. Evaluation of a method to measure long term 

cortisol levels. Steroids. 2011;76(10–11):1032–6. 

 

 

80.  Kirschbaum C, Tietze A, Skoluda N, Dettenborn L. Hair as a retrospective calendar of cortisol production-

Increased cortisol incorporation into hair in the third trimester of pregnancy. Psychoneuroendocrinology. 

2009;34(1):32–7.  

81.  Manenschijn L, Koper JW, Van Den Akker ELT, De Heide LJM, Geerdink EAM, De Jong FH, et al. A 

novel tool in the diagnosis and follow-up of (cyclic) Cushing’s syndrome: Measurement of long-term 

cortisol in scalp hair. J Clin Endocrinol Metab. 2012;97(10):1836–43.  

82.  Manenschijn L, Spijker AT, Koper JW, Jetten AM, Giltay EJ, Haffmans J, et al. Long-term cortisol in 

bipolar disorder: Associations with age of onset and psychiatric co-morbidity. Psychoneuroendocrinology. 

2012;37(12):1960–8. 

83.  Kamps AWA, Molenmaker M, Kemperman R, Van Der Veen BS, Bocca G, Veeger NJGM. Children with 

asthma have significantly lower long-term cortisol levels in their scalp hair than healthy children. Acta 

Paediatr Int J Paediatr. 2014;103(9):957–61.  

84.  Kornelsen E, Buchan MC, Gonzalez A, Ferro MA. Hair cortisol concentration and mental disorder in 

children with chronic physical illness. Chronic Stress. 2019 Jan 9;3:1–8. 

85.  Groeneveld MG, Vermeer HJ, Linting M, Noppe G, Van Rossum EFC, Van IJzendoorn MH. Children’s hair 

cortisol as a biomarker of stress at school entry. Stress. 2013;16(6):711–5.  

86.  Saleem M, Herrmann N, Swardfager W, Oh PI, Shammi P, Koren G, et al. Higher cortisol predicts less 

improvement in verbal memory performance after cardiac rehabilitation in patients with coronary artery 

disease. Cardiovasc Psychiatry Neurol. 2013;2013.  

87.  Papafotiou C, Christaki E, van den Akker ELT, Wester VL, Apostolakou F, Papassotiriou I, et al. Hair 

cortisol concentrations exhibit a positive association with salivary cortisol profiles and are increased in 

obese prepubertal girls. Stress. 2017;20(2):217–22.  

88.  Boeckel MG, Viola TW, Daruy-Filho L, Martinez M, Grassi-Oliveira R. Intimate partner violence is 

associated with increased maternal hair cortisol in mother–child dyads. Compr Psychiatry. 2017;72:18–24. 

89.  Föcker M, Stalder T, Kirschbaum C, Albrecht M, Adams F, de Zwaan M, et al. Hair cortisol concentrations 

in adolescent girls with anorexia nervosa are lower compared to healthy and psychiatric controls. Eur Eat 

Disord Rev. 2016;24(6):531–5.  

 

90.  Hinkelmann K, Muhtz C, Dettenborn L, Agorastos A, Wingenfeld K, Spitzer C, et al. Association between 

childhood trauma and low hair cortisol in depressed patients and healthy control subjects. Biol Psychiatry. 

2013;74(9):e15–7. 



 41 

91.  Larsen SC, Fahrenkrug J, Olsen NJ, Heitmann BL. Association between hair cortisol concentration and 

adiposity measures among children and parents from the “Healthy Start” study. PLoS One. 2016;11(9):1–

11.  

92.  Liu CH, Snidman N, Leonard A, Meyer J, Tronick E. Intra-individual stability and developmental change in 

hair cortisol among postpartum mothers and infants: Implications for understanding chronic stress. Dev 

Psychobiol. 2016;58(4):509–18.  

93.  Ursache A, Merz EC, Melvin S, Meyer J, Noble KG. Socioeconomic status, hair cortisol and internalizing 

symptoms in parents and children. Psychoneuroendocrinology. 2017;78:142–50. 

94.  Steudte S, Kolassa IT, Stalder T, Pfeiffer A, Kirschbaum C, Elbert T. Increased cortisol concentrations in 

hair of severely traumatized Ugandan individuals with PTSD. Psychoneuroendocrinology. 

2011;36(8):1193–200. 

95.  American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. Washington, DC: 

American Psychiatric Association; 2013.  

96.  Smetanin P, Stiff D, Briante C, Adair CE, Ahmad S, Khan M. The Life and Economic Impact of Major 

Mental Illnesses in Canada: 2011 to 2041. RiskAnalytica, behalf Ment Heal Comm Canada 2011 [Internet]. 

2011; Available from: https://www.mentalhealthcommission.ca/English/media/3182 

97.  Cosgrove VE, Rhee SH, Gelhorn HL, Boeldt D, Corley RC, Ehringer MA, et al. Structure and Etiology of 

Co-occurring Internalizing and Externalizing Disorders in Adolescents. J Abnorm Child Psychol. 2011 Jan 

4;39(1):109–23. 

98.  Hewitt PL, Flett GL, Mosher SW. The perceived stress scale: Factor structure and relation to depression 

symptoms in a psychiatric sample. J Psychopathol Behav Assess. 1992;14(3):247–57.  

99.  Kuiper NA, Olinger LJ, Lyons LM. Global perceived stress level as a moderator of the relationship between 

negative life events and depression. J Human Stress. 1986;12(4):149–53.  

 

100.  Salla J, Galéra C, Guichard E, Tzourio C, Michel G. ADHD Symptomatology and Perceived Stress Among 

French College Students. J Atten Disord. 2019;23(14):1711–8.  

101.  Hirvikoski T, Lindholm T, Nordenström A, Nordström AL, Lajic S. High self-perceived stress and many 

stressors, but normal diurnal cortisol rhythm, in adults with ADHD (attention-deficit/hyperactivity disorder). 

Horm Beha. 2009;55(3):418–24. 

102.  Combs MA, Canu WH, Broman-Fulks JJ, Rocheleau CA, Nieman DC. Perceived Stress and ADHD 

Symptoms in Adults. J Atten Disord. 2015;19(5):425–34.  

103.  Bergdahl J, Bergdahl M. Perceived stress in adults: Prevalence and association of depression, anxiety and 

medication in a Swedish population. Stress Heal. 2002;18(5):235–41.  

104.  Dettenborn L, Muhtz C, Skoluda N, Stalder T, Steudte S, Hinkelmann K, et al. Introducing a novel method 

to assess cumulative steroid concentrations: Increased hair cortisol concentrations over 6 months in 

medicated patients with depression. Stress. 2012;15(3):348–53.  

105.  Wei J, Sun G, Zhao L, Yang X, Liu X, Lin D, et al. Analysis of hair cortisol level in first-episodic and 



 42 

recurrent female patients with depression compared to healthy controls. J Affect Disord. 2015;175:299–302. 

106.  Elnazer HY, Lau LCK, Amaro H, Baldwin DS. Hair cortisol concentration in anxiety disorders: exploration 

of relationships with symptom severity and inflammatory markers. Acta Neuropsychiatr. 2021 Apr 

15;33(2):104–10.  

107.  Schloß S, Ruhl I, Müller V, Becker K, Skoluda N, Nater UM, et al. Low hair cortisol concentration and 

emerging attention-deficit/hyperactivity symptoms in preschool age. Dev Psychobiol. 2018;60(6):722–9.  

108.  Steudte S, Stalder T, Dettenborn L, Klumbies E, Foley P, Beesdo-Baum K, et al. Decreased hair cortisol 

concentrations in generalised anxiety disorder. Psychiatry Res. 2011;186(2–3):310–4.  

109.  Ford JL, Boch SJ, Browning CR. Hair cortisol and depressive symptoms in youth: An investigation of 

curvilinear relationships. Psychoneuroendocrinology. 2019;109(July):4–7.  

110.  Giavarina D. Understanding Bland Altman analysis. Biochem Medica. 2015;25(2):141–51.  

 

111.  Ferro MA, Lipman EL, Van Lieshout RJ, Boyle MH, Gorter JW, MacMillan HL, et al. Mental–physical 

multimorbidity in youth: Associations with individual, family, and health service use outcomes. Child 

Psychiatry Hum Dev. 2019;50(3):400–10.  

112.  Lee EH. Review of the psychometric evidence of the perceived stress scale. Asian Nurs Res (Korean Soc 

Nurs Sci). 2012;6(4):121–7. 

113.  Berry JO, Jones WH. The parental stress scale: Initial psychometric evidence. J Soc Pers Relat. 1995 Aug 

30;12(3):463–72.  

114.  Louie AD, Cromer LD, Berry JO. Assessing parenting stress: Review of the use and interpretation of the 

parental stress scale. Fam J. 2017;25(4):359–67.  

115.  Zelman JJ, Ferro MA. The Parental Stress Scale: Psychometric Properties in Families of Children With 

Chronic Health Conditions. Fam Relat. 2018;67(2):240–52.  

116.  Georgiades K, Duncan L, Wang L, Comeau J, Boyle MH. Six-Month Prevalence of Mental Disorders and 

Service Contacts among Children and Youth in Ontario: Evidence from the 2014 Ontario Child Health 

Study. Can J Psychiatry. 2019;64(4):246–55.  

117.  Polanczyk G V., Salum GA, Sugaya LS, Caye A, Rohde LA. Annual research review: A meta-analysis of 

the worldwide prevalence of mental disorders in children and adolescents. J Child Psychol Psychiatry Allied 

Discip. 2015 Mar 1;56(3):345–65.  

118.  Sheehan D V., Sheehan KH, Shytle RD, Janavs J, Bannon Y, Rogers JE, et al. Reliability and validity of the 

mini international neuropsychiatric interview for children and adolescents (MINI-KID). J Clin Psychiatry. 

2010;71(3):313–26.  

119.  Boyle MH, Duncan L, Georgiades K, Bennett K, Gonzalez A, Van Lieshout RJ, et al. Classifying child and 

adolescent psychiatric disorder by problem checklists and standardized interviews. Int J Methods Psychiatr 

Res. 2017;26(4):e1544.  

120.  Duncan L, Georgiades K, Wang L, Van Lieshout RJ, MacMillan HL, Ferro MA, et al. Psychometric 

evaluation of the mini international neuropsychiatric interview for children and adolescents (MINI-KID). 



 43 

Psychol Assess. 2018;30(7):916–28.  

121.  Radloff LS. The CES-D Scale: A Self-Report Depression Scale for Research in the General Population. 

Appl Psychol Meas. 1977;1(3):385–401.  

 

 

 

122.  Ferro MA, Speechley KN. Factor structure and longitudinal invariance of the center for epidemiological 

studies depression Scale (CES-D) in adult women: Application in a population-based sample of mothers of 

children with epilepsy. Arch Womens Ment Health. 2013;16(2):159–66.  

123.  Okun A, Stein REK, Bauman LJ, Silver EJ. Content validity of the psychiatric symptom index, CES-

depression scale, and state-trait anxiety inventory from the perspective of DSM-IV. Psychol Rep. 1996 Dec 

6;79(3):1059–69.  

124.  Spielberger CD. State-trait anxiety inventory for adults. Menlo Park: Mind Garden, Inc.; 1983.  

125.  Julian LJ. Measures of anxiety: State-Trait Anxiety Inventory (STAI), Beck Anxiety Inventory (BAI), and 

Hospital Anxiety and Depression Scale-Anxiety (HADS-A). Arthritis Care Res. 2011;63(S11):S467–72.  

126.  Epstein NB, Baldwin LM, Bishop DS. The McMaster family assessment device. J Marital Fam Ther. 

1983;9(2):171–80.  

127.  Byles J, Byrne C, Boyle MiH, Offord DR. Ontario child health study: Reliability and validity of the general 

functioning subscale of the McMaster family assessment device. Fam Process. 1988 Mar;27(1):97–104.  

128.  Miller IW, Epstein NB, Bishop DS, Keitner GI. The McMaster family assessment device: Reliability and 

validity. J Marital Fam Ther. 1985;11(4):345–56.  

129.  Oltean II, Perlman C, Meyer S, Ferro MA. Child Mental Illness and Mental Health Service Use: Role of 

Family Functioning (Family Functioning and Child Mental Health). J Child Fam Stud. 2020;29(9):2602–13.  

130.  Statistics Canada. Household Total Income Groups (22) in Constant (2015) Dollars, Household Type 

Including Census Family Structure (11), Household Size (7), Ages of Household Members (18), Number of 

Earners in the Household (6) and Year (2) for Private Households of Canada,. 2016 Census of Population, 

Statistics Canada Catalogue no. 98-400-X2016097. 2019.  

131.  Bursac Z, Gauss CH, Williams DK, Hosmer DW. Purposeful selection of variables in logistic regression. 

Source Code Biol Med. 2008;3:1–8.  

132.  Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for reliability 

research. J Chiropr Med. 2016;15(2):155–63.  

133.  Zou GY, Donner A. Construction of confidence limits about effect measures: A general approach. Stat Med. 

2008 May 10;27(10):1693–702.  

134.  Barbosa-Leiker C, Kostick M, Lei M, McPherson S, Roper V, Hoekstra T, et al. Measurement invariance of 

the perceived stress scale and latent mean differences across gender and time. Stress Heal. 2013;29(3):253–

60.  

135.  Willert MV, Thulstrup AM, Hertz J, Bonde JP. Norwegian National Institute of Occupational Health Danish 



 44 

National Research Centre for the Working Environment Finnish Institute of Occupational Health Changes in 

stress and coping from a randomized controlled trial of a threemonth stress management inte. Scand J Work 

Environ Health. 2009;35(2):145–52.  

136.  Chang MY, Chen CH, Huang KF. Effects of music therapy on psychological health of women during 

pregnancy. J Clin Nurs. 2008;17(19):2580–7.  

137.  Ferro MA, Speechley KN. What about dads? An exploratory analysis of depressive symptoms in paternal 

primary caregivers of children with epilepsy. Epilepsy Behav. 2012;23(1):90–1.  

138.  Cohen MS. Families coping with childhood chronic illness: A research review. Fam Syst Heal. 

1999;17(2):149–64.  

139.  Compas BE, Jaser SS, Dunn MJ, Rodriguez EM. Coping with chronic illness in childhood and adolescence. 

Annu Rev Clin Psychol. 2012;8:455–80.  

140.  Schmidt S, Petersen C, Bullinger M. Coping with chronic disease from the perspective of children and 

adolescents - A conceptual framework and its implications for participation. Child Care Health Dev. 

2003;29(1):63–75.  

141.  Kische H, Ollmann TM, Voss C, Hoyer J, Rückert F, Pieper L, et al. Associations of saliva cortisol and hair 

cortisol with generalized anxiety, social anxiety, and major depressive disorder: An epidemiological cohort 

study in adolescents and young adults. Psychoneuroendocrinology. 2021;126:105167.  

142.  Lindert J, Von Ehrenstein OS, Grashow R, Gal G, Braehler E, Weisskopf MG. Sexual and physical abuse in 

childhood is associated with depression and anxiety over the life course: Systematic review and meta-

analysis. Int J Public Health. 2014;59(2):359–72.  

 

 

143.  Kessler RC, McLaughlin KA, Green JG, Gruber MJ, Sampson NA, Zaslavsky AM, et al. Childhood 

adversities and adult psychopathology in the WHO world mental health surveys. Br J Psychiatry. 

2010;197(5):378–85.  

144.  Roca M, Gili M, Garcia-Garcia M, Salva J, Vives M, Garcia Campayo J, et al. Prevalence and comorbidity 

of common mental disorders in primary care. J Affect Disord. 2009;119(1–3):52–8.  

145.  Ferro MA, Lipman EL, Browne DT. Mental Health Care Costs Among Youth with Comorbid Mental 

Disorders. J Behav Heal Serv Res. 2021:1–8. 

 

  



 45 

APPENDIX A – Perceived Stress Scale 
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APPENDIX B – Parental Stress Scale 
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APPENDIX C – OBJECTIVE 2 HYPOTHESIZED MODELS 
 

Youth Subgroup: 

Model 1: Youth perceived stress (block 1) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝜀𝑖 

𝑃𝑒𝑆𝑆𝑖 = 𝛽0 + 𝛽1𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖 +  𝛽2𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  + 𝛽3𝐼𝑛𝑐𝑜𝑚𝑒𝑖 + 𝜀𝑖  

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for Perceived Stress Scale score of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋2𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for household income (0 < $90,000/year, 1 ≥ $90,000/year) of 

the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth sex, 

 𝛽3is the fixed unknown regression coefficient corresponding to household income, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 

Model 2: Youth perceived stress (block 2) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +   𝛽4𝑋4𝑖   +  𝛽5𝑋5𝑖 +  𝜀𝑖  

𝑃𝑒𝑆𝑆𝑖 = 𝛽0 +  𝛽1𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖 + 𝛽2𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  + 𝛽3𝐼𝑛𝑐𝑜𝑚𝑒𝑖 +  𝛽4𝑃𝑎𝑟𝑒𝑛𝑡𝑃𝑠𝑦𝑐ℎ𝑜𝑝𝑎𝑡ℎ𝑜𝑙𝑜𝑔𝑦𝑖 +  𝛽5𝐶𝑃𝐼𝑖 +  𝜀𝑖  

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for Perceived Stress Scale score of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋2𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for household income (0 < $90,000/year, 1 ≥ $90,000/year) of 

the i-th subject, 

𝑋4𝑖  is the observed continuous predictor variable for parent psychopathology (combined CESD/STAI 

score) of the i-th subject, 

𝑋5𝑖  is the observed binary predictor variable for chronic physical illness (0=no, 1=yes) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth sex, 

 𝛽3is the fixed unknown regression coefficient corresponding to household income, 

𝛽4is the fixed unknown regression coefficient corresponding to parent psychopathology, 

𝛽5is the fixed unknown regression coefficient corresponding to chronic physical illness, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 

Model 3: Youth HCC (block 1) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝜀𝑖 

𝐻𝐶𝐶𝑖 = 𝛽0 + 𝛽1𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖 + 𝛽2𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  + 𝛽3𝐼𝑛𝑐𝑜𝑚𝑒𝑖 +  𝜀𝑖  

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for youth HCC of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋2𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for household income (0 < $90,000/year, 1 ≥ $90,000/year) of 

the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth sex, 

 𝛽3is the fixed unknown regression coefficient corresponding to household income, 
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𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 

Model 4: Youth HCC (block 2) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +   𝛽4𝑋4𝑖   +  𝛽5𝑋5𝑖 +  𝜀𝑖  

𝐻𝐶𝐶𝑖 =  𝛽0 +  𝛽1𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖 + 𝛽2𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖 +  𝛽3𝐼𝑛𝑐𝑜𝑚𝑒𝑖 +  𝛽4𝑃𝑎𝑟𝑒𝑛𝑡𝑃𝑠𝑦𝑐ℎ𝑜𝑝𝑎𝑡ℎ𝑜𝑙𝑜𝑔𝑦𝑖 + 𝛽5𝐶𝑃𝐼𝑖 + 𝜀𝑖   
 

Where: 

𝑌𝑖  is the observed continuous outcome variable for youth HCC of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋2𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for household income (0 < $90,000/year, 1 ≥ $90,000/year) of 

the i-th subject, 

𝑋4𝑖  is the observed continuous predictor variable for parent psychopathology (combined CESD/STAI 

score) of the i-th subject, 

𝑋5𝑖  is the observed binary predictor variable for chronic physical illness (0=no, 1=yes) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth sex, 

 𝛽3is the fixed unknown regression coefficient corresponding to household income, 

𝛽4is the fixed unknown regression coefficient corresponding to parent psychopathology, 

𝛽5is the fixed unknown regression coefficient corresponding to chronic physical illness, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 

Parent Subgroup: 

Model 5: Parent perceived stress (block 1) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝜀𝑖 

𝑃𝑎𝑆𝑆𝑖 = 𝛽0 + 𝛽1𝑃𝑎𝑟𝑒𝑛𝑡𝐴𝑔𝑒𝑖 + 𝛽2𝑃𝑎𝑟𝑒𝑛𝑡𝑆𝑒𝑥𝑖  + 𝛽3𝐼𝑛𝑐𝑜𝑚𝑒𝑖 +  𝜀𝑖 

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for Parental Stress Scale score of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for parent age (in years) of the i-th subject, 

𝑋2𝑖  is the observed binary predictor variable for parent sex (0=female, 1=male) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for household income (0 < $90,000/year, 1 ≥ $90,000/year) of 

the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to parent age, 

 𝛽2is the fixed unknown regression coefficient corresponding to parent sex, 

 𝛽3is the fixed unknown regression coefficient corresponding to household income, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 

Model 6: Parent perceived stress (block 2) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝛽4𝑋4𝑖   +  𝛽5𝑋5𝑖  +  𝛽6𝑋6𝑖 +  𝜀𝑖 

𝑃𝑎𝑆𝑆𝑖 = 𝛽0 +  𝛽1𝑃𝑎𝑟𝑒𝑛𝑡𝐴𝑔𝑒𝑖 + 𝛽2𝑃𝑎𝑟𝑒𝑛𝑡𝑆𝑒𝑥𝑖  + 𝛽3𝐼𝑛𝑐𝑜𝑚𝑒𝑖 +  𝛽4𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖 +   𝛽5𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  
+   𝛽6𝑌𝑜𝑢𝑡ℎ𝐶𝑃𝐼𝑖 + 𝜀𝑖  

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for Parental Stress Scale score of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for parent age (in years) of the i-th subject, 

𝑋2𝑖  is the observed binary predictor variable for parent sex (0=female, 1=male) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for household income (0 < $90,000/year, 1 ≥ $90,000/year) of 

the i-th subject, 

𝑋4𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋5𝑖  is the observed continuous predictor variable for youth sex (0=female, 1=male) of the i-th subject,  
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𝑋6𝑖  is the observed binary predictor variable for youth chronic physical illness (0=no, 1=yes) of the i-th 

subject, 

𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to parent age, 

 𝛽2is the fixed unknown regression coefficient corresponding to parent sex, 

 𝛽3is the fixed unknown regression coefficient corresponding to household income, 

𝛽4is the fixed unknown regression coefficient corresponding to youth age, 

𝛽5is the fixed unknown regression coefficient corresponding to youth sex, 

𝛽6is the fixed unknown regression coefficient corresponding to youth chronic physical illness, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 

Model 7: Parent perceived stress (block 3) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 +  𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝛽4𝑋4𝑖   +  𝛽5𝑋5𝑖  +  𝛽6𝑋6𝑖  +  𝛽7𝑋7𝑖 +  𝜀𝑖  

𝑃𝑎𝑆𝑆𝑖 = 𝛽0 +  𝛽1𝑃𝑎𝑟𝑒𝑛𝑡𝐴𝑔𝑒𝑖 + 𝛽2𝑃𝑎𝑟𝑒𝑛𝑡𝑆𝑒𝑥𝑖  + 𝛽3𝐼𝑛𝑐𝑜𝑚𝑒𝑖 +  𝛽4𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖 +   𝛽5𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  
+   𝛽6𝑌𝑜𝑢𝑡ℎ𝐶𝑃𝐼𝑖 +  𝛽7𝐹𝐴𝐷𝑖 +  𝜀𝑖  

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for Parental Stress Scale score of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for parent age (in years) of the i-th subject, 

𝑋2𝑖  is the observed binary predictor variable for parent sex (0=female, 1=male) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for household income (0 < $90,000/year, 1 ≥ $90,000/year) of 

the i-th subject, 

𝑋4𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋5𝑖  is the observed continuous predictor variable for youth sex (0=female, 1=male) of the i-th subject,  

𝑋6𝑖  is the observed binary predictor variable for youth chronic physical illness (0=no, 1=yes) of the i-th 

subject, 

𝑋7𝑖  is the observed continuous predictor variable for family functioning (McMaster Family Assessment 

Device score) or the i-th subject, 

𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to parent age, 

 𝛽2is the fixed unknown regression coefficient corresponding to parent sex, 

 𝛽3is the fixed unknown regression coefficient corresponding to household income, 

𝛽4is the fixed unknown regression coefficient corresponding to youth age, 

𝛽5is the fixed unknown regression coefficient corresponding to youth sex, 

𝛽6is the fixed unknown regression coefficient corresponding to youth chronic physical illness, 

𝛽7is the fixed unknown regression coefficient corresponding to family functioning, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 

Model 8: Parent HCC (block 1) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝜀𝑖 

𝑃𝑎𝑟𝑒𝑛𝑡𝐻𝐶𝐶𝑖 = 𝛽0 + 𝛽1𝑃𝑎𝑟𝑒𝑛𝑡𝐴𝑔𝑒𝑖 +  𝛽2𝑃𝑎𝑟𝑒𝑛𝑡𝑆𝑒𝑥𝑖  + 𝛽3𝐼𝑛𝑐𝑜𝑚𝑒𝑖 + 𝜀𝑖 

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for parent HCC of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for parent age (in years) of the i-th subject, 

𝑋2𝑖  is the observed binary predictor variable for parent sex (0=female, 1=male) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for household income (0 < $90,000/year, 1 ≥ $90,000/year) of 

the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to parent age, 

 𝛽2is the fixed unknown regression coefficient corresponding to parent sex, 

 𝛽3is the fixed unknown regression coefficient corresponding to household income, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 



 50 

Model 9: Parent HCC (block 2) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝛽4𝑋4𝑖   +  𝛽5𝑋5𝑖  +  𝛽6𝑋6𝑖 +  𝜀𝑖 

𝑃𝑎𝑟𝑒𝑛𝑡𝐻𝐶𝐶𝑖 = 𝛽0 + 𝛽1𝑃𝑎𝑟𝑒𝑛𝑡𝐴𝑔𝑒𝑖 + 𝛽2𝑃𝑎𝑟𝑒𝑛𝑡𝑆𝑒𝑥𝑖  + 𝛽3𝐼𝑛𝑐𝑜𝑚𝑒𝑖 +   𝛽4𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖 +  𝛽5𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  
+   𝛽6𝐶𝑃𝐼𝑖 + 𝜀𝑖  

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for parent HCC of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for parent age (in years) of the i-th subject, 

𝑋2𝑖  is the observed binary predictor variable for parent sex (0=female, 1=male) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for household income (0 < $90,000/year, 1 ≥ $90,000/year) of 

the i-th subject, 

𝑋4𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋5𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject,  

𝑋6𝑖  is the observed binary predictor variable for youth chronic physical illness (0=no, 1=yes) of the i-th 

subject, 

𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to parent age, 

 𝛽2is the fixed unknown regression coefficient corresponding to parent sex, 

 𝛽3is the fixed unknown regression coefficient corresponding to household income, 

𝛽4is the fixed unknown regression coefficient corresponding to youth age, 

𝛽5is the fixed unknown regression coefficient corresponding to youth sex, 

𝛽6is the fixed unknown regression coefficient corresponding to youth chronic physical illness, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 

Model 10: Parent HCC (block 3) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 +  𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝛽4𝑋4𝑖   +  𝛽5𝑋5𝑖  +  𝛽6𝑋6𝑖  +  𝛽7𝑋7𝑖 +  𝜀𝑖  

𝑃𝑎𝑟𝑒𝑛𝑡𝐻𝐶𝐶𝑖 = 𝛽0 + 𝛽1𝑃𝑎𝑟𝑒𝑛𝑡𝐴𝑔𝑒𝑖 + 𝛽2𝑃𝑎𝑟𝑒𝑛𝑡𝑆𝑒𝑥𝑖  + 𝛽3𝐼𝑛𝑐𝑜𝑚𝑒𝑖 +   𝛽4𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖 +  𝛽5𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  
+   𝛽6𝑌𝑜𝑢𝑡ℎ𝐶𝑃𝐼𝑖 +  𝛽7𝐹𝐴𝐷𝑖 +  𝜀𝑖  

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for parent HCC of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for parent age (in years) of the i-th subject, 

𝑋2𝑖  is the observed binary predictor variable for parent sex (0=female, 1=male) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for household income (0 < $90,000/year, 1 ≥ $90,000/year) of 

the i-th subject, 

𝑋4𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋5𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject,  

𝑋6𝑖  is the observed binary predictor variable for youth chronic physical illness (0=no, 1=yes) of the i-th 

subject, 

𝑋7𝑖  is the observed continuous predictor variable for family functioning (McMaster Family Assessment 

Device score) or the i-th subject, 

𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to parent age, 

 𝛽2is the fixed unknown regression coefficient corresponding to parent sex, 

 𝛽3is the fixed unknown regression coefficient corresponding to household income, 

𝛽4is the fixed unknown regression coefficient corresponding to youth age, 

𝛽5is the fixed unknown regression coefficient corresponding to youth sex, 

𝛽6is the fixed unknown regression coefficient corresponding to youth chronic physical illness, 

𝛽7is the fixed unknown regression coefficient corresponding to family functioning, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 
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APPENDIX D – OBJECTIVE 3 HYPOTHESIZED MODELS 
 

Youth Subgroup: 

Model 1: Youth perceived stress (MDD) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   

𝑀𝐷𝐷𝑖 = 𝛽0 + 𝛽1𝑃𝑒𝑆𝑆𝑖 +  𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖 

 

Where: 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of MDD for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for MDD (0=No MDD, 1=MDD) of the i-th subject; 

𝑋1𝑖  is the observed continuous predictor variable for Perceived Stress Scale score of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 

 

Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

 

Model 2: Youth HCC (MDD) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   

𝑀𝐷𝐷𝑖 = 𝛽0 + 𝛽1𝑌𝑜𝑢𝑡ℎ𝐻𝐶𝐶𝑖 +  𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  

 

Where: 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of MDD for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for MDD (0=No MDD, 1=MDD) of the i-th subject; 

𝑋1𝑖  is the observed continuous predictor variable for youth HCC of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 

 

Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

 

Model 3: Youth perceived stress (GAD) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   

𝐺𝐴𝐷𝑖 = 𝛽0 + 𝛽1𝑃𝑒𝑆𝑆𝑖 + 𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  

 

Where: 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of GAD for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for GAD (0=No GAD, 1=GAD) of the i-th subject; 

𝑋1𝑖  is the observed continuous predictor variable for Perceived Stress Scale score of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 
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Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

 

Model 4: Youth HCC (GAD) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   

𝐺𝐴𝐷𝑖 = 𝛽0 + 𝛽1𝑌𝑜𝑢𝑡ℎ𝐻𝐶𝐶𝑖 + 𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖 

 

Where: 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of GAD for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for GAD (0=No GAD, 1=GAD) of the i-th subject; 

𝑋1𝑖  is the observed continuous predictor variable for youth GAD of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 

 

Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

 

 

 

Model 5: Youth perceived stress (ADHD) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   

𝐴𝐷𝐻𝐷𝑖 = 𝛽0 + 𝛽1𝑃𝑒𝑆𝑆𝑖 + 𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖 

 

Where: 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of ADHD for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for ADHD (0=No ADHD, 1=ADHD) of the i-th 

subject; 

𝑋1𝑖  is the observed continuous predictor variable for Perceived Stress Scale score of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 

 

Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

 

Model 6: Youth HCC (ADHD) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   

𝐴𝐷𝐻𝐷𝑖 = 𝛽0 + 𝛽1𝑌𝑜𝑢𝑡ℎ𝐻𝐶𝐶𝑖 +  𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖 

 

Where: 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of ADHD for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for ADHD (0=No ADHD, 1=ADHD) of the i-th 

subject; 

𝑋1𝑖  is the observed continuous predictor variable for youth HCC of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 
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 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 

 

Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

 

 

 

Model 7: Youth perceived stress (ODD/CD) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   

𝑂𝐷𝐷/𝐶𝐷𝑖 = 𝛽0 +  𝛽1𝑃𝑒𝑆𝑆𝑖 + 𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖 

 

Where: 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of ODD/CD for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for ODD/CD (0=No ODD/CD, 1=ODD/CD) of the i-th 

subject; 

𝑋1𝑖  is the observed continuous predictor variable for Perceived Stress Scale score of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 

 

Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

 

Model 8: Youth HCC (ODD/CD) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   

𝑂𝐷𝐷/𝐶𝐷𝑖 = 𝛽0 +  𝛽1𝑌𝑜𝑢𝑡ℎ𝐻𝐶𝐶𝑖 + 𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  

 

Where: 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of ODD/CD for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for ODD/CD (0=No ODD/CD, 1=ODD/CD) of the i-th 

subject; 

𝑋1𝑖  is the observed continuous predictor variable for youth HCC of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 

 

Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

 

 

 

Model 9: Youth perceived stress (phobia) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   

𝑃ℎ𝑜𝑏𝑖𝑎𝑖 = 𝛽0 +  𝛽1𝑃𝑒𝑆𝑆𝑖 +  𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  

 

Where: 



 54 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of phobia for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for phobia (0=No phobia, 1=phobia) of the i-th subject; 

𝑋1𝑖  is the observed continuous predictor variable for Perceived Stress Scale score of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 

 

Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

 

Model 10: Youth HCC (phobia) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   

𝑃ℎ𝑜𝑏𝑖𝑎𝑖 = 𝛽0 + 𝛽1𝑌𝑜𝑢𝑡ℎ𝐻𝐶𝐶𝑖 + 𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  

 

Where: 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of phobia for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for phobia (0=No phobia, 1=phobia) of the i-th subject; 

𝑋1𝑖  is the observed continuous predictor variable for youth HCC of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 

 

Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

 

 

 

Model 11: Youth perceived stress (separation anxiety) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   

𝑆𝑒𝑝𝐴𝑛𝑥𝑖 = 𝛽0 +  𝛽1𝑃𝑒𝑆𝑆𝑖 + 𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖 

 

Where: 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of separation anxiety for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for separation anxiety (0=No separation anxiety, 

1=separation anxiety) of the i-th subject; 

𝑋1𝑖  is the observed continuous predictor variable for Perceived Stress Scale score of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 

 

Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

 

Model 12: Youth HCC (separation anxiety) 

𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖   
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𝑆𝑒𝑝𝐴𝑛𝑥𝑖 = 𝛽0 +  𝛽1𝑌𝑜𝑢𝑡ℎ𝐻𝐶𝐶𝑖 + 𝛽2𝑌𝑜𝑢𝑡ℎ𝐴𝑔𝑒𝑖  + 𝛽3𝑌𝑜𝑢𝑡ℎ𝑆𝑒𝑥𝑖  

 

Where: 

𝜂𝑖 = 𝑙𝑜𝑔𝑖𝑡 (𝑃𝑟(𝑌𝑖 = 1)) =
log(𝑃𝑟(𝑌𝑖=1))

(1−𝑃𝑟(𝑌𝑖=1)
 is the log odds of separation anxiety for the i-th subject, 

𝑌𝑖  is the unknown binary outcome variable for separation anxiety (0=No separation anxiety, 

1=separation anxiety) of the i-th subject; 

𝑋1𝑖  is the observed continuous predictor variable for youth HCC of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for youth age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for youth sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to PeSS score, 

 𝛽2is the fixed unknown regression coefficient corresponding to youth age, 

 𝛽3is the fixed unknown regression coefficient corresponding to youth sex, 

 

Assumption: for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) 

Parent Subgroup: 

Model 13: Parent perceived stress (CES-D) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝜀𝑖 

𝐶𝐸𝑆𝐷𝑖 = 𝛽0 + 𝛽1𝑃𝑎𝑆𝑆𝑖 +  𝛽2𝑃𝑎𝑟𝑒𝑛𝑡𝐴𝑔𝑒𝑖  + 𝛽3𝑃𝑎𝑟𝑒𝑛𝑡𝑆𝑒𝑥𝑖 + 𝜀𝑖  

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for CES-D score of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for Parental Stress Scale score of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for parent age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for parent sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to parent CES-D score, 

 𝛽2is the fixed unknown regression coefficient corresponding to parent age, 

 𝛽3is the fixed unknown regression coefficient corresponding to parent sex, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 

Model 14: Parent HCC (CES-D) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝜀𝑖 

𝐶𝐸𝑆𝐷𝑖 = 𝛽0 +  𝛽1𝑃𝑎𝑟𝑒𝑛𝑡𝐻𝐶𝐶𝑖 + 𝛽2𝑃𝑎𝑟𝑒𝑛𝑡𝐴𝑔𝑒𝑖  + 𝛽3𝑃𝑎𝑟𝑒𝑛𝑡𝑆𝑒𝑥𝑖 + 𝜀𝑖  

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for CES-D score of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for parent HCC of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for parent age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for parent sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to parent CES-D score, 

 𝛽2is the fixed unknown regression coefficient corresponding to parent age, 

 𝛽3is the fixed unknown regression coefficient corresponding to parent sex, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 

Model 15: Parent perceived stress (STAI) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝜀𝑖 

𝑆𝑇𝐴𝐼𝑖 = 𝛽0 + 𝛽1𝑃𝑎𝑆𝑆𝑖 + 𝛽2𝑃𝑎𝑟𝑒𝑛𝑡𝐴𝑔𝑒𝑖  + 𝛽3𝑃𝑎𝑟𝑒𝑛𝑡𝑆𝑒𝑥𝑖 + 𝜀𝑖  

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for STAI score of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for Parental Stress Scale score of the i-th subject, 
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𝑋2𝑖  is the observed continuous predictor variable for parent age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for parent sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to parent STAI score, 

 𝛽2is the fixed unknown regression coefficient corresponding to parent age, 

 𝛽3is the fixed unknown regression coefficient corresponding to parent sex, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 

 

Model 16: Parent HCC (STAI) 

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖  + 𝛽3𝑋3𝑖 +  𝜀𝑖 

𝑆𝑇𝐴𝐼𝑖 = 𝛽0 + 𝛽1𝑃𝑎𝑟𝑒𝑛𝑡𝐻𝐶𝐶𝑖 + 𝛽2𝑃𝑎𝑟𝑒𝑛𝑡𝐴𝑔𝑒𝑖  + 𝛽3𝑃𝑎𝑟𝑒𝑛𝑡𝑆𝑒𝑥𝑖 + 𝜀𝑖  

 

Where: 

𝑌𝑖  is the observed continuous outcome variable for STAI score of the i-th subject, 

𝑋1𝑖  is the observed continuous predictor variable for parent HCC of the i-th subject, 

𝑋2𝑖  is the observed continuous predictor variable for parent age (in years) of the i-th subject, 

𝑋3𝑖  is the observed binary predictor variable for parent sex (0=female, 1=male) of the i-th subject, 

 𝛽0 is the fixed unknown intercept, 

 𝛽1is the fixed unknown regression coefficient corresponding to parent STAI score, 

 𝛽2is the fixed unknown regression coefficient corresponding to parent age, 

 𝛽3is the fixed unknown regression coefficient corresponding to parent sex, 

𝜀𝑖  is the unknown random noise where 𝜀𝑖 ~
𝑖𝑖𝑑

𝑁(0, 𝜎2), for any 𝑖 ≠ 𝑗, (𝑋𝑖 , 𝑌𝑖) ⊥ (𝑋𝑗 , 𝑌𝑗) and 𝜀𝑖 ⊥  𝑋1, 𝑋2, 𝑋3 
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