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Abstract

Objective: Childhood attention-deficit/hyperactivity disorder (ADHD) is associated with
substantial burden to caregiver quality of life (QoL). However, a paucity of work has focused

on quantifying QoL among caregivers of adolescents with a history of ADHD. The purpose of

the current study was (1) to quantify maternal quality of life (QoL) in a sample of mothers of
adolescents with (N = 110) and without childhood ADHD (N = 90); and (2) to examine predictors
(i.e., parent and child characteristics and behavior) associated with reductions in maternal QoL.

Method: Participants included mothers of adolescents with and without childhood ADHD (Mean
Age = 16.09, 91.5% male). The Quality Adjusted Life-Year (QALY) approach was used to
calculate maternal health-related QoL. QALY are valued monetarily to conduct cost-benefit and
cost-effectiveness analyses.
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Results: Mothers of adolescents with childhood ADHD experienced significantly worse QoL
relative to mothers in the comparison group. Maternal depression, as well as adolescent age,
ADHD status, and discipline problems significantly predicted reductions in maternal QALY
scores, with ADHD being the strongest predictor. This is equal to a reduction in 1.96 QALY
when summed over the course of a child’s lifetime and is associated with a loss of $98,000 to
$196,000.

Conclusions: The results of the investigation help to further elucidate the health impacts
incurred by families of adolescents with ADHD and have important public health implications.
Further, parental QoL should be considered when conceptualizing the financial and negative health
impact of ADHD.

Keywords
Attention-Deficit/Hyperactivity Disorder; caregiver; quality of life; adolescence

Raising a child with attention-deficit/hyperactivity disorder (ADHD) is associated with
substantial burden to caregiver quality of life (QoL; Bussing et al., 2003; Hakkaart-van
Roijen et al., 2007; Johnston & Chronis-Tuscano, 2015; Pelham et al., 2007). Mothers
continue to fill the role of primary caregiver for a majority of youth (U.S. Bureau of

the Census, 2017) and therefore often bear the responsibility of initiating and maintaining
treatment for their child, advocating for their child at school, and managing challenging
behaviors at home. As a result, mothers often incur financial costs, such as increased
medical spending (Matza et al., 2005), as well as personal costs, such as marital difficulty,
depression, work loss and financial strain related to their child’s ADHD and related
academic, behavioral, and social difficulties (Johnston & Chronis-Tuscano, 2015; Wymbs et
al., 2008; Zhao et al., 2019). The cumulative toll associated with raising a child with ADHD
presents substantial long-term risk for families, as caregiver burden to QoL is associated
with poor child treatment outcomes as well as long-term negative mental and physical health
consequences for families (Brannan et al., 2003; Pellerin et al., 2010).

To date, research examining caregiver and maternal QoL has focused primarily on school-
aged children with ADHD (Andrade et al., 2016; Avrech Bar et al., 2018; Cappe et al., 2017;
Lange et al., 2005; Xiang et al., 2009; Zare et al., 2017), with no studies quantifying QoL

in caregivers of adolescents specifically. Trends in research involving younger children have
revealed significantly lower QoL in caregivers of children with compared to without ADHD.
Given that ADHD and its functional sequelae persist into adolescence for the majority

of youth (Kent et al., 2011; Sibley et al., 2012), many of the same burdens identified

among caregivers of children with ADHD likely continue to be relevant for caregivers

of adolescents with ADHD. In addition, caregivers appear to experience continued or
worsening emotional distress as their children age into adolescence (Babinski et al., 20186,
2020; Wiener et al., 2016). This may be exacerbated by physiological and neurobiological
changes associated with puberty, increases in responsibility, and decreased academic
motivation associated with the adolescent developmental period (Smith et al., 2020; Smith
& Langberg, 2018; Steinberg et al., 2014). Mothers, in particular, continue to be critical in
promoting positive youth outcomes for adolescents with ADHD (Gordon & Hinshaw, 2017),
yet poor QoL may impede mothers’ capacity to perform normative parenting duties into
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adolescence and adulthood, such as developmentally appropriate monitoring of offspring
behavior and seeking or facilitating treatment for their adolescent with ADHD. Therefore,
examining maternal QoL is important in understanding and improving long-term outcomes
for youth with ADHD and their families.

Existing work examining the burden of ADHD to caregiver functioning has primarily
focused on caregiver stress (Craig et al., 2016; Theule et al., 2013) and strain (Babinski

et al., 2020), as well as parent psychological symptoms (e.g., depression, anxiety, and
ADHD; Cheung et al., 2016, 2018), rather than QoL specifically. QoL is a broad, holistic,
and multidimensional measure of health-related functioning (Meyer et al., 2016), such that
measured yearly impact to lifetime QoL can be used to understand the summative effects of
caring for a child with ADHD from early childhood through adolescence.

One method of quantifying QoL is to calculate the Quality Adjusted Life-Year (QALY), an
internationally recognized concept and widely used health outcome and utility measurement
implemented in health economics and policy research (Drummond et al., 2015; Lipscomb et
al., 2009; Ryen & Svennson, 2015). QALYs are typically used to evaluate health states by
regulatory agencies that impact public health decision making and resource allocation (Sassi,
2006). QALYs represent a health outcome measure incorporating both quantity (time)

and quality of life (Lipscomb et al., 2009; Torrance, 1986; Whitehead & Ali, 2010) with
consideration for disruption across various dimensions of health-related functioning (e.g.,
pain/discomfort, anxiety/depression, mobility, self-care, and ability to carry out usual daily
activities; Herdman et al., 2011). QALY can be derived from a number of multi-attribute,
health-related functioning measures (Scufham et al., 2008), with one of the most commonly
used measures being the EQ-5D-5L (Whitehead & Ali, 2010). QALY have been utilized

in previous work to estimate disease burden in mental health problems in adults such as
depression (e.g., Jia & Lubetkin, 2017), chronic physical health conditions (e.g., Jia et al.,
2018), and other public health concerns, such as child maltreatment (Corso et al., 2008;
Letourneau et al., 2018). To our knowledge QALY estimates have yet to be applied to
caregiver QoL for families of children and adolescents with ADHD, which is an important
concept for estimating the public health impact associated with raising youth with ADHD.

Additionally, QALY's can be employed to assess change in QoL or estimate cost-of-illness
(Drummond & Sculpher, 2005), which facilitates an estimate of disease burden that is
comparable to other chronic health conditions. For example, QALY are associated with

a monetary value (e.g., $50,000 to $100,000 USD) to indicate a financial loss associated
with each incremental reduction in QALY's (Ryen & Svensson, 2015). QALY can then be
summed to estimate a lifetime cost (Hirth et al., 2000). Measuring the impact of ADHD

on caregiver functioning in this way provides a health status index and cost-utility estimate
from a public health perspective, as well as provides a societal cost that can be compared to
many other chronic health conditions. To date, we are unaware of any attempts to provide a
health status index and cost-utility estimate for ADHD and externalizing behavior disorders.
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Predictors of Maternal QoL

Due to the lack of research focused on understanding QoL in mothers of adolescents

with ADHD histories, it is unclear which maternal and adolescent factors implicated in

the caregiver distress literature affect maternal QoL. Prior work has identified several
factors associated with immediate and lifetime caregiver burden that may also influence
overall QoL. These potentially explanatory factors include maternal characteristics (e.g.,
educational attainment, age, divorce history, psychopathology; DuPaul & Langberg, 2015;
Johnston & Chronis-Tuscano, 2015; Schermerhorn et al., 2012; Theule et al., 2013; Wymbs
et al., 2008), as well as adolescent characteristics and behavior (e.g., ADHD status, co-
morbid oppositional behavior, school behavior and academic difficulties; Babinski et al.,
2020; Fridman et al., 2017).

Maternal Predictors.

Evidence suggests that mothers of children with ADHD may experience lower educational
attainment compared to mothers of children without ADHD (DuPaul & Langberg, 2015).
Academic underachievement may reduce employment prospects and increase financial
burden, in turn negatively affecting maternal QoL outcomes. Overall, the literature
examining maternal education and socioeconomic status in relation to caregiver burden in
families with ADHD is mixed with some studies finding an association between financial
strain and caregiver outcomes (Baker, 1994; Baldwin, 1995) and others finding these
factors to be unrelated (Harrison & Sofronoff, 2002; Theule et al., 2011). Further, there is
heterogeneity in the association between educational attainment and various health outcomes
in the broader QoL literature (for review see Hamad et al., 2018). Given these mixed
findings it is unclear whether raising an adolescent with ADHD is associated with lower
maternal QoL beyond what may be expected for maternal education and SES.

Moreover, parents of youth with ADHD experience marital conflict and divorce at

higher rates than parents of youth without ADHD (Johnston & Chronis-Tuscano, 2015;
Schermerhorn et al., 2012; Wymbs et al., 2008). In a large sample drawn from the Australian
Twin Registry, researchers found that the presence of childhood ADHD predicted marital
problems even when controlling for genetic and shared environmental factors (Schermerhorn
et al., 2012), suggesting a strong link between childhood ADHD and marital conflict. Strain
associated with increased family conflict, financial burden due to single-parenthood, and
related health impairment is likely to be associated with lower QoL. To date, no studies have
directly compared the differential contributions of divorce and adolescent ADHD history on
maternal QoL.

Approximately half of mothers of youth with ADHD have a depression history (Johnston

& Chronis-Tuscano, 2015; Theule et al., 2013), with roughly 17% meeting criteria for a
depressive disorder (Theule et al., 2013). Maternal depression is in turn associated with

a host of negative outcomes that may compromise overall QoL, such as increased family
conflict (Foster et al., 2008), higher rates of child behavior problems and psychopathology
(Dette-Hagenmeyer & Reichle, 2014), caregiver strain (Johnston & Chronis-Tuscano, 2015;
Theule et al., 2013), and negative health outcomes (Kiecolt-Glaser, 2018). A recent meta-
analysis revealed that maternal depressive symptoms are moderately associated with child
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ADHD symptoms, as the strength of this relation varies across studies (Cheung et al., 2018).
Further research is necessary to disentangle the relation between maternal depression and
QoL for mothers of adolescents with ADHD histories.

Adolescent Predictors.

Several adolescent characteristics (i.e., childhood ADHD status, age) and behaviors (i.e., co-
morbid oppositional and defiant behavior, school behavior problems, academic difficulties)
have been identified as predictors of maternal QoL. There is a substantial body of evidence
indicating that caregiver burden of youth with ADHD is maintained throughout the lifespan
(Altszuler et al., 2016; Babinski et al., 2020; Hechtman et al., 2016; Kuriyan et al., 2013;
Pelham et al., 2020; Sibley et al., 2012). Significant symptoms and functional impairment
often persist into adulthood and are associated with increased caregiver strain (Babinski et
al., 2020). For example, comorbid academic and conduct problems serve as a co-occurring
stressor for parents during adolescence (Bussing et al., 2003; Johnston & Chronis-Tuscano,
2015; Kuriyan et al., 2013; Sibley et al., 2012; Wiener et al., 2016).

Current Study

Method

Participants

To our knowledge, this is the first study to quantify lifetime QoL in mothers of adolescents
with and without ADHD histories to better elucidate the burden associated with raising
youth with ADHD. By utilizing QALY estimates, we were able to calculate an estimate

of disease burden to understand how being a caregiver of an adolescent with an ADHD
history compares to other chronic health conditions. Additionally, we sought to identify
risk factors associated with lower QoL that can inform intervention targets for treatment
focused on supporting maternal health functioning. Consistent with work examining QoL in
mothers of school-aged children (e.g., Andrade et al., 2016; Avrech Bar et al., 2018; Cappe
etal., 2017), it was hypothesized that mothers of adolescents in the ADHD group would
demonstrate significantly lower QoL compared to the non-ADHD group. Additionally, it
was expected that higher educational attainment would be related to higher QoL and that
divorce or separation history, maternal depression, ADHD group status, behavior problems,
and academic difficulties would be related to lower rates of maternal QoL.

Data were gathered from mothers of adolescents with and without childhood ADHD
participating in the Pittsburgh ADHD Longitudinal Study (PALS; Faden et al., 2004;
Molina et al., 2007). The study was approved by the University of Pittsburgh Institutional
Review Board. Informed consent was obtained for all PALS participants (i.e., parents and
adolescents) during their enrollment. All participants were assured confidentiality of all
disclosed material, except in cases of impending danger or harm to self or others (reinforced
with a Department of Health and Human Services Certificate of Confidentiality). After the
initial PALS consent was obtained, consent was repeated at each wave of data collection
whenever there was a change to the assessment protocol or when new measures were added.
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ADHD Group.—Adolescents in the ADHD group were recruited from a pool of 516
individuals who were diagnosed with ADHD in childhood and treated at the Summer
Treatment Program (STP) at Western Psychiatric Institute and Clinic in Pittsburgh, PA
between 1987 and 1996. The average age at the initial evaluation was 9.40 years old
(SD=2.27, range = 5.0-16.92) and 90% fell between ages 5 and 12. Of the 516

potential participants, 493 were re-contacted an average of 8.35 years (SD = 2.79) after
their initial evaluation and 364 (71%) enrolled in the PALS. Participants were compared
with nonparticipants on many demographic (i.e., age at first treatment, race, parental
education level and marital status) and diagnostic (i.e., parent and teacher ratings of ADHD
symptomology) variables. Of the 14 comparisons, the only significant (p < .05) difference
was that conduct disorder (CD) symptoms, as indicated by composite parent and teacher
ratings, were slightly higher for nonparticipants (A= 0.53 on a 4-point scale) compared to
participants (M= 0.43).

Initial diagnostic information was collected according to the gold-standard assessment
procedures current at the time (Pelham et al., 2005), such that information was collected
from multiple sources. Parents and teachers completed the Disruptive Behavior Disorders
Rating Scale (DBD; Pelham et al., 1992) to assess symptoms of ADHD, oppositional defiant
disorder (ODD), and CD. Parents were also administered a semi-structured clinical interview
by a Ph.D. level clinician to assess for DSM symptoms as well as situational and severity
factors (instrument available at http://ccf.fiu.edu). Using DSM guidelines, diagnoses were
made if either parents or teachers endorsed a sufficient number of symptoms. Two Ph.D.
level clinicians reviewed ratings and interviews independently to confirm diagnoses. If
disagreement occurred, a third clinician reviewed the file, and the majority decision was
used. Children were excluded from participation in the STP if their estimated full-scale 1Q
fell below 80, and if they had a history of seizures or other instances of impending danger or
harm to self or others.

ADHD group participants were admitted to the study on a rolling basis from 1999 to

2003 and the initial follow-up interview (i.e., Wave 1) was completed immediately upon
enrollment. At the first Wave 1, participants ranged in age from 11 to 28, with 99% of
participants falling between 11 and 25 years old. Follow-up interviews in adolescence

and young adulthood were conducted by research staff. Questionnaires (paper and pencil
or web-based) were completed by participants and their parents. In cases where distance
prevented travel to the clinic, mail and telephone correspondence were used, with home
visits, as necessary. At the time of enrollment in the PALS study, participants in the ADHD
group also provided consent to utilize data collected from their participation in the STP.

Comparison Group.—A total of 240 demographically similar adolescents without
ADHD were recruited on a rolling basis from 1999 to 2001 to participate in the annual
PALS interviews. Comparison recruitment lagged behind the ADHD group recruitment in
order to facilitate efforts to obtain a demographically similar sample (discussed below).
Comparison participants were recruited from several sources in the greater Pittsburgh

area, including medical records from pediatric practices in Allegheny County (41%),
advertisements in local newspapers (28%), local universities and colleges (21%), and other
methods (11%), such as word-of-mouth and local public schools. A telephone screening
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interview was administered to parents to gather basic demographic information, history

of diagnosis and/or treatment for ADHD and other behavior problems, the presence of
exclusionary criteria as listed for the ADHD group, and a checklist of ADHD symptoms.
Participants who met Diagnostic and Statistical Manual of Mental Disorders (DSM-I11-R or
DSM-IV) criteria for ADHD, either currently or historically, were excluded from the study.
If a potential comparison participant passed the initial telephone screen, senior research staff
met to determine study eligibility based on five demographic variables: 1) age, 2) race,

3) gender, 4) parental education level, and 5) marital status. A participant was considered
appropriate for the study if their enrollment maintained the demographic similarity of the
comparison group to that of the ADHD group. Resulting ADHD/non-ADHD groups were
similar on all but marital status (fewer married in the ADHD group). Once recruited, all
participants were interviewed annually until age 23 when subsequent assessments were
spread out into less frequent age-specific interviews (Molina et al., 2017)

Current Study.—The current study used data from the childhood assessments conducted
with the ADHD group and the annual Wave 3 follow-up interviews conducted with both

the ADHD and comparison groups. Participants were the mothers of PALS participants who
were 18 years old or younger (M= 16.09 years, SD = 1.50, range: 13 to 18 years) at the
time of the Wave 3 interview, when a key measure for the current study (the Caregiver
Strain Questionnaire, see below) was added. This sampling resulted in 200 participants (110
mothers of ADHD participants; 90 mothers of comparison participants), described in Table
1, whose Wave 3 interviews took place between 2001 and 2004.

Quiality of Life.—In the current study, mother-reported data from the Caregiver Strain
Questionnaire (CGSQ; Brannan et al., 1997) was used to estimate health-related QoL on
domains consistent with the broader health economics literature. The CGSQ is a 21-item
self-report questionnaire that assesses the impact of caring for a child with emotional and/or
behavioral difficulties on three dimensions of strain: objective strain (e.g., disruption of
activities), subjective externalized strain (e.g., becoming angry or embarrassed due to child’s
problems), and subjective internalized strain (e.g., anxiety or depression due to child’s
problems). The CGSQ has demonstrated strong psychometric properties and is correlated
with measures of family functioning and parent psychopathology (Brannan et al., 1997),.
The CGSQ demonstrated high internal consistency within the current sample (a = 0.97).
The CGSQ was administered for the first time in Wave 3 of the PALS and mothers were
asked to rate strain over their child’s lifetime using a Z (not at all) to 5 (very much) scale.
The current study only used data from the objective strain and subjective internalized strain
subscales, as these subscales map on best to the EQ-5D-5L (Herdman et al., 2011), a well-
established and most common measure of health-related QoL (Janssen et al., 2013; Craig

& Rand, 2018). The objective strain subscale consists of 11 items that measure how much
child emotional/behavioral problems disrupt family routines, activities, and relationships (a
=0.96). A sample item from the objective strain subscale is, “How much of a problem was
you missing work or neglecting other duties because of your child’s emotional or behavioral
problem?” The subjective internalized strain subscale consists of 6 items assessing mothers’
sadness and worry due to their child’s problems (a = 0.92). A sample item from the
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subjective internalized strain subscale includes, “How tired or strained did you feel as a
result of your child’s emotional or behavioral problem?”

QALY is derived from measures of individual’s health according to five dimensions:
mobility (walking about), self-care (washing or dressing), usual activities (e.g., work, study,
housework, family, or leisure activities), pain/discomfort, and anxiety/depression. Each
dimension is rated on a Z (none) to 5 (extreme) scale and responses are combined to

form a 5-digit health profile, with 11111 representing a perfect health-state. Means from the
mother-reported CGSQ objective strain and subjective internalized strain scales were used
to assign scores on the usual activities and anxiety/depression dimensions, respectively. All
other dimensions were assigned a score of Z, indicating no problem in those domains, as
having a child with ADHD would not be expected to directly impact those areas. These
scores were used to develop health-states for the mothers of youth with and without an
ADHD history (Figure 1). Using national norms, health-states were then converted to
QALYs where 1.0 represents one year of perfect health (Van Hout et al., 2012). QALY
ranged from 0.52 to 1.0 (M= 0.82, SD = 0.15) in the current sample.

Predictors of Health-Related QoL.

Demographic Information.: Participants and their offspring completed an annual
demographic questionnaire developed for this study. Participants were asked about their age,
educational attainment, and marital status. In the current study, the highest level of education
achieved by participating mothers was assessed at Wave 3. For purposes of our analyses,
higher scores are associated with higher levels of educational achievement. A divorce history
variable was created from data provided on the yearly demographic questionnaire. Mothers
who had ever reported being divorced were assigned a Z and mothers who never reported
being divorced were assigned a 0.

Maternal Depression.: At Wave 2, mothers self-reported depression symptoms on the
Center for Epidemiological Studies Depression Scale (CES-D,; Radloff, 1977). The CES-D
consists of 20 items, scored from O (rarely or none of the time) to 3 (most or all of the time).
Scores range from 0 to 60 with a recommended clinical cut-off of 16 (Radloff, 1977). The
CES-D has demonstrated excellent validity and reliability in past studies and demonstrated
high internal consistency in the current sample (a = 0.93).

Adolescent Cognitive Functioning.: An intelligence screener was administered at Wave 1.
For those younger than age 17 at Wave 1, an estimate of Intelligence Quotient (1Q) was
calculated from the vocabulary and block design subtests of the Wechsler Intelligence Scale
for Children-111 (WISC-I11; Wechsler, 1991). For those age 17 and older, an estimate of 1Q
was calculated using the same subtests of the Wechsler Adult Intelligence Scale-Revised
(WAIS-R; Wechsler, 1981).

Adolescent Academic Problems: A summary variable reflecting total academic problems
over the course of a child’s schooling was created using data from the Education History
Questionnaire (EHQ). The EHQ is a 38-item measure that was developed for PALS

based on measures used in the Pittsburgh Adolescent Alcohol Research Center and
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Center for Education and Drug Abuse Research studies in which parents and participants
reported on schools attended, classroom placement, special education services, and school
discipline problems. At the first follow-up visit (Wave 1), parents and participants provided
retrospective reports for each year from kindergarten through the participant’s current grade
at Wave 1. Academic problems included placement in remedial classes, academic probation,
grade retention, and failing courses (failed courses were only assessed for grades 7-12). A
summary variable was used to minimize multicollinearity (Kuriyan et al., 2013). Academic
problems from kindergarten through grade 12 were totaled for each problem and then
divided by the number of data points available for that problem. For example, if a participant
reported being placed in remedial classes five times from kindergarten through grade 10,
the proportion score was calculated as 5/11 = 0.45. Proportions for each problem were then
summed to create a yearly index of academic problems.

Adolescent Discipline Problems: A summary discipline problems variable was calculated
using data from the EHQ, including expulsions, out-of-school suspensions, in-school
suspensions, verbal and written warnings, and being sent to the principal’s office. A
summary proportion variable was calculated in the same way as was done for academic
problems. The proportion score was recoded into four categories due to a non-normal
distribution of the proportional data that included extreme outliers (Kuriyan et al., 2013).
Yearly rate of disciplinary actions was coded as 0 (up to one disciplinary action, lifetime) for
0 - 0.10 disciplinary actions per year, Z (up to one disciplinary action per year) for 0.11 —
1.0 actions, 2 (more than one to five disciplinary actions per year) for 1.1 — 5.0 actions, and
3 (more than five disciplinary actions per year) for 5.1 or more actions. The distribution of
this variable is as follows: category 0 (ADHD: 6%, Comparison: 34%), category 1 (ADHD:
16%, Comparison: 41%), category 2 (ADHD: 36%, Comparison: 20%), and category 3
(ADHD: 43%, Comparison: 4%).

Data Analytic Plan and Handling of Missing Data

Analyses were conducted in SPSS 19.0. Overall, 1% of values were missing. Data were
determined to be missing completely at random (MCAR) using Little’s MCAR test (Little,
1988), x2 (33) = 29.67, p= .63 and list-wise deletion was therefore used. To examine group
differences in maternal QoL, a chi-square was conducted on EQ-5D-5L health states. An
ANCOVA was conducted on maternal QALY estimates to examine the impact of childhood
ADHD status on maternal QoL while controlling for maternal education attainment,
maternal divorce history, and adolescent 1Q. Next, predictors of maternal QALY's were
evaluated using linear regression models. Predictors included maternal characteristics: age
at Wave 3 visit, depression, divorce history, and education level; adolescent characteristics:
full-scale 1Q at baseline, age at Wave 3 visit; and adolescent behaviors: ADHD diagnosis,
academic problems, and discipline problems. Multicollinearity of predictors and covariates
was assessed; variance inflation factor scores were all less than 1.99 and tolerance statistics
were above 0.5, minimizing concern for multicollinearity. Predictor analyses were conducted
in three steps: maternal characteristics, adolescent characteristics, and adolescent behaviors.

Often in health economics research, improvements in QALY's are valued monetarily to
conduct cost-benefit and cost-effectiveness analyses. A treatment or intervention would be

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2023 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Piscitello et al.

Results

Page 10

considered cost-effective and acceptable from a societal perspective if it could produce an
additional QALY for less than an assumed threshold value (Johannesson, 1995; Kaplan

& Bush, 1982). Traditionally, a threshold value of $50,000 was assumed for each QALY;
however, to account for inflation and rising costs of healthcare, a $100,000 threshold value
is now commonly assumed (Neumann et al., 2014). Using this concept, the difference in
QALY between the ADHD and control group were summed over the life of the child, from
age 5 (when ADHD is commonly first diagnosed; Applegate et al., 1997) through age 18.
This approach has been utilized in other work estimating QALY over time (e.g., Letourneau
et al., 2018; Whang et al., 2022). This summation yielded the total number of maternal
QALYs lost due to the presence of ADHD. To obtain a range of estimated economic value
of these lost QALYS, both commonly used threshold values of $50,000 and $100,000 were
applied to estimates obtained from the regression models controlling for other potential
confounding characteristics.

Preliminary Results

Prior to conducting the primary analyses, group differences on demographic and
hypothesized predictor variables were examined. While the ADHD and comparison groups
did not differ on racial/ethnic background or age, maternal education level was significantly
different across the resulting ADHD (M= 3.70, SD = 1.61) and comparison groups (M=
4.22, SD=1.80), where 3= some college and 4= Associate’s or 2-year degree, £~ (1, 197)
=455, p< .05, n2 = 0.02. Significantly more mothers in the ADHD group (45%) had a
positive divorce history compared to mothers of comparisons (17%), XZ (1)=17.68, p<
0.001, ¢ = 0.30. The 1Q score for the ADHD and comparison groups differed significantly,
F(1,198) = 12.93, p< 0.001. 2 = 0.06. As such, background characteristics including
maternal education and divorce history, as well as adolescent 1Q were included as covariates
in the primary analyses.

Regarding predictor variables, significant differences between participant groups in
adolescent discipline problems, adolescent academic problems, and maternal depression
were identified. Participants in the ADHD (M= 2.17, SD = 0.89) and comparison (M=
0.94, SD = 0.85) groups differed significantly on adolescent discipline problems, XZ 3)
=67.09, p<0.001, V= 0.58. Participants in the ADHD group experienced significantly
more academic problems (M7= 0.45, SD = 0.56) relative to those in the comparison group
(M=0.04, SD=0.15), F(1, 197) = 45.24, p< 0.001, n2 = 0.18. In terms of maternal
depression, mothers of adolescents in the ADHD group (M= 12.40, SD = 9.97) and mothers
of comparison participants (M= 8.28, SD=8.94), F(1, 188) = 8.86, p=0.003, differed
significantly. n2 = 0.04.

Group Differences in Maternal QoL

As displayed in Figure 1, mothers of adolescents in the ADHD group experienced
significantly worse QoL relative to mothers in the comparison group, X2 (14) = 120.95,

p < 0.001. The majority of mothers of comparison participants (87%) reported having no or
slight disruption in QoL due to interference in usual activities and/or anxiety/depression, and
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over half of these mothers were categorized as having perfect health (11111). In contrast, no
mothers of ADHD group participants were categorized as has having perfect health-states.
Most of these mothers (83%) reported having moderate to severe disruption in QoL due to
interference in usual activities and/or anxiety/depression. When controlling for covariates,
mothers in the ADHD group also had significantly lower QALYs (M=0.73, SD=0.12)
than did mothers in the comparison group (M= 0.93, SD=0.10), (1, 189) = 152.85, p
<0.001, np2 = 0.45. Higher levels of maternal education were also significantly associated
with lower QALYs, but this effect was much smaller, ~(1, 189) = 4.25, p=0.04, 0, 2=
0.02.

Predictors of Maternal QoL

Results of predictor analyses are presented in Table 2. Controlling for all variables in

the model, childhood ADHD status had the largest effect on maternal QALY, with a
positive ADHD history significantly predicting lower QoL. History of adolescent discipline
problems, but not academic problems, also significantly predicted lower maternal QoL.
Adolescent age had a small but significant association with QALY, such that older age

was related to lower QoL. With all variables in the model, the only maternal characteristic
that remained significantly related to QALY was maternal depression, such that mothers
with higher depressive symptoms reported poorer QoL. However, maternal education level
remained marginally significant (o = 0.05), with higher education levels predicting lower

QoL.

Estimated Cost of Disease Burden

Regression results suggest the presence of ADHD reduces maternal QoL by 0.14 (95%

CI [-0.178, —0.098]) QALYs. Assuming this reduction in QALY is constant over time,
summing this value from the child’s age 5 (when children are typically diagnosed with
ADHD) to 18 yields a total reduction in QALYSs of 1.96 over this period. Utilizing QALY
values of $50,000 and $100,000 (Ryen & Svensson, 2015), the estimated value of these lost
QALYs ranges from $98,000 to $196,000.

Discussion

The purpose of the present study was twofold: 1) estimate and compare lifetime maternal
QoL in a sample of mothers of adolescents with and without ADHD histories and 2)
examine predictors of lifetime maternal QoL. This paper represents the first study to
measure life-time maternal QoL via QALY's and examine how maternal health states are
related to caregiver and adolescent functioning. Use of QALYSs to quantify QoL is consistent
with public health and economic research in estimating disease burden that can be compared
across other chronic health conditions and has important implications for informing public
health priorities and resource allocation (Sassi et al., 2006; Torrance, 1986; Whitehead &
Ali, 2010). Furthermore, the present study has important implications for further explicating
the financial and health impacts incurred by families raising youth with ADHD.

As expected, results indicated that mothers of adolescents in the ADHD group experienced
significantly lower QoL, compared to mothers of comparison participants with results
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indicating a large effect of ADHD (ﬂpz = 0.45). This is consistent with prior work which
has reliably identified increased difficulty in psychological, social, and financial functioning
among families of youth with ADHD (Bussing et al., 2003; Hakkaart-van Roijen et al.,
2007; Johnston & Chronis-Tuscano, 2015; Zhao et al., 2019). Additionally, findings align
with research indicating reduced QoL in caregivers of school-aged children with ADHD
compared to control samples (e.g., Lange et al., 2005).

In particular, the current study revealed that mothers in the ADHD group were more likely
to report having moderate to severe disruption in health-related functioning, compared to
87% of the comparison group who reported little to no disruption. These results suggest a
significant reduction in maternal QoL with the presence of ADHD with an estimated cost
of illness ranging from $98,000 to $196,000 from childhood through adolescence. Taken
together with prior research, the results of the current study indicate significant health and
financial burden for families of youth with ADHD compared to those without. For example,
a $400,000-$600,000 lifetime income loss for individuals with ADHD was estimated for
participants in this sample using adulthood data (Pelham et al., 2020). Additionally, the
individual household financial impact of ADHD is five times higher for families raising
youth with ADHD compared to youth without ADHD (Zhao et al., 2019). The current
data show that the overall economic impact of ADHD is likely substantially larger when
caregiver QoL is included.

Secondly, we included several maternal and adolescent risk factors to determine their
unique value in predicting maternal QoL. After controlling for all other variables in the
model, childhood ADHD was found to be the strongest predictor of maternal QoL, in

that the presence of ADHD was related to decreased maternal QoL. The strength of this
relation is notable and underscores the importance of considering maternal functioning
when conceptualizing the functional sequelae associated with ADHD in adolescence. Long-
term maternal functioning is essential to the successful implementation of treatment to
manage adolescent ADHD symptoms. As such, examining maternal QoL as an outcome
and/or predictor of treatment (e.g., behavioral management training, medication) could help
disentangle this transactional relationship and identify components of treatment that may
help to prevent further impact on maternal QoL.

Among the predictors tested, adolescent discipline problems were also associated with
worse QoL, suggesting that youth with ADHD and externalizing comorbidities (e.g.,
oppositionality, defiance) may similarly, increase negative health outcomes for mothers over
the lifetime. Adolescent age had a small but significant association with maternal QALYS,
such that older age was related to lower QoL. Given that prior work on caregiver QoL has
largely focused on school-aged children, results of the current study emphasize the need

to examine the functioning of caregivers of youth with ADHD across the child’s lifespan
and into adulthood. Children with ADHD are more likely to be financially dependent on
their families during adulthood (Pelham et al., 2020). Yet, the associated impact on caregiver
QoL is unknown currently. Adolescents whose problems have the potential to become more
concerning and costly with age (e.g., not graduating, legal problems, substance abuse, etc.),
may place an additional burden to maternal QoL that is not captured in studies focusing
exclusively on childhood.
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In terms of maternal predictors, depression significantly predicted lifetime maternal QoL

in our model, such that increased depressive symptoms were associated with significantly
lower QALYSs. Consistent with prior work (Cheung et al., 2018; Chronis et al., 2003a),
mothers in the ADHD group demonstrated significantly higher levels of depression
symptoms compared to controls. These findings highlight the importance of screening

for maternal depression when working with families of youth with ADHD, as maternal
depression is associated with a host of adverse developmental outcomes in children, such as
increased conduct problems, depression, and suicide attempts (Chronis et al., 2007; Chronis-
Tuscano et al., 2010; Wang et al., 2021). Mothers who experience significant depression
symptoms and thereby have a lower QoL may be less likely to complete treatment or find
certain aspects of treatment acceptable (Owens et al., 2003; Pellerin et al., 2010). Evidence-
based interventions for children with ADHD that target maternal depression (e.g., Integrated
Parenting Intervention for ADHD (IPI-A); Chronis-Toscano et al., 2013) necessitate further
attention to increase the long-term benefit for both caregiver and child outcomes.

Mothers of adolescents with ADHD were less likely to be married or living with a partner.
However, maternal separation and divorce history was not found to significantly predict
maternal lifetime QoL. This was surprising given the extensive literature supporting negative
physical and psychological health outcomes associated with divorce status (Kiecolt-Glaser,
2018), as well as the relation between childhood ADHD symptoms and divorce (Wymbs et
al., 2008). Future research may choose to focus on martial conflict and partner relationship
quality rather than divorce or separation history to further elucidate this phenomenon (e.g.,
Wymbs et al., 2015).

Clinical Implications

The differences in QALY's suggest that parental QoL should be considered as a treatment
outcome in ADHD research. Although behavioral parent training is associated with
improvements in caregiver strain in the short-term (e.g., Ciesielski et al., 2020; Sibley et

al., 2016), it is unclear how evidence-based treatment may or may not improve long-term
QoL for parents of youth with ADHD. As such, assessing changes in caregiver QALYSs in
response to treatment may help identify treatment components that are likely to increase
overall QoL and which may be most cost-effective. For example, if factors associated with
lower QoL, such as caregiver health, depression, and other external stressors are targeted
concurrently with traditional evidence-based treatment (e.g., behavioral parent training), this
may increase accessibility and feasibility of treatment for families with multiple risk factors
associated with lower QoL. This is particularly important for adolescents, as the most recent
update on evidence-based treatment for children and adolescents with ADHD indicates that
traditional behavioral parent training produces only minimal effects for adolescents and
highlights the need for developmentally appropriate adaptations for adolescents and their
families (Evans et al., 2018). Furthermore, research suggests that stimulant medication,
another common and well-established treatment for managing ADHD, has a positive impact
on the parent-child relationship, but does not have a significant effect on non-child-related
caregiver variables, such as negative affect (Chronis et al., 2003b). To date no research has
investigated the impact of treatment on parent QoL, an important line for future inquiry.
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Given that the highest treatment attrition rates are among those parents who experience
higher levels of self-reported stress and depression, as well as social (e.g., single parenthood,
lower socio-economic status) and financial stressors (Schnieder et al., 2013), these factors
should be integrated into treatment programs to maximize gains for high-risk families.

Prior work suggests that parents with increased psychopathology, stress, and whom have
children with severe mental health problems also tend to prefer minimal, outcome-oriented
interventions (Waschbusch et al., 2011; Wymbs et al., 2016). As such, factors that may

have a significant impact on maternal QoL should be addressed when examining treatment
preferences and barriers to successful treatment uptake and completion.

Finally, results of the present study have important public health implications. Taken
together with other work demonstrating the significant burden experienced by individual
families impacted by ADHD (Altszuler et al., 2016; Pelham et al., 2020), as well as the
economic burden on society (Chhibber et al., 2020; Zhao et al., 2019), the health-related
impacts on maternal QoL identified in this study provides additional evidence that the
dissemination of efficacious treatment for ADHD should be set as a public health priority for
children and their families. One study examining multiple domains of caregiver QoL, found
that caregivers of children with ADHD had similar QoL as adult patients with diabetes
(Andrade et al.; 2016), suggesting that the impact of raising a child with ADHD places a
significant burden on caregivers’ overall health-related functioning. Although more work

is needed to increase our understanding of the cost-of-illness related to ADHD, emerging
work in this area highlights the need to prioritize ADHD as a public health concern that
requires a similar level of policy intervention, resources, and advocacy as other chronic
health conditions. Including caregiver QoL and using QALY to evaluate outcomes in ADHD
treatment studies would provide more accurate cost-effectiveness estimates of treatment
options.

The results of the present study should be taken in light of several limitations. First, the
CGSQ was given at one time point (during Wave 3, when participants were adolescents).
The analysis considered only the impact on QoL through child’s age 18 and assumed

a constant impact over time. It is possible that QALY's would change with the child’s

age. Therefore, the lifetime impact should be interpreted with caution. Future research
should consider including measures of health functioning longitudinally to calculate a more
accurate estimate of lifetime burden to QoL. Similarly, our QoL assessment included two
health domains that are commonly impaired when raising a child or adolescent with ADHD.
Therefore, the economic impact associated with raising a child with ADHD identified in this
study, may be an underrepresentation.

Furthermore, given that prior work has established the ongoing impact of youth’s ADHD
symptoms on long-term caregiver burden (Altszuler et al., 2016; Babinski et al., 2020;
Pelham et al., 2020; Zhao et al., 2019), it is likely that this impact would continue into young
adulthood. Additionally, follow up work may seek to further disentangle the transactional
relationship between ADHD symptoms and related impairment in adulthood with maternal
QoL and disease burden. Given the lack of father participation in the present study, we were
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only able to assess maternal QoL. A larger impact would be expected with reports from
both parents. Finally, our sample of adolescents with ADHD histories was clinic-referred in
childhood and therefore generalizability of results to non-clinical referred families should
be interpreted with caution. Further limitations in the samples include predominantly white,
male representation and age of the data. Future work should obtain a more diverse sample
of families, as factors such as income, race, ethnicity may significantly impact results,
especially due to systemic inequalities in health care that may be associated with reductions
in QoL.

Despite these limitations, results suggest a significant impact of childhood ADHD on
parental QoL and significant contribution to the lifetime economic burden of ADHD.
Specifically, this paper represents the first known attempt to measure the impact of

raising an adolescent with childhood ADHD on maternal QoL via QALY. Adolescence

is an important developmental period that may exacerbate ADHD-related impairment

in adolescent and parent functioning. Furthermore, there is a lack of well-established,
evidence-based interventions for adolescents with ADHD. As such, it is necessary to
identify potential targets for treatment adaptations. The present study advances the field’s
understanding of the health impact of raising an adolescent with ADHD by evaluating
maternal health states utilizing an internationally recognized and commonly used approach
in health economics research, which has yet to be applied to youth mental health concerns.
Results highlight ADHD as an important public health burden that should be addressed in
the same light as other chronic health conditions and provide evidence to consider QoL in
treatment adaptations for adolescents with ADHD.
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Control: 0%
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Difficulty Completing Usual Activities

Anxiety/Depression | 1 (none) 2 (slight) 3 (moderate) 4 (severe) 5 (extreme)

1 (none) Health State: 11111 Health State: 11211 Health State: 11311 Health State: 11411 Health State: 11511
QALY: 1.00 QALY: 0.88 QALY: 0.86 QALY: 0.78 QALY: 0.63
ADHD: 0% ADHD: 9% ADHD: 0% ADHD: 0% ADHD: 0%
Control: 54% Control: 28% Control: 0% Control: 0% Control: 0%

2 (slight) Health State: 11112 Health State: 11212 Health State: 11312 Health State: 11412 Health State: 11512
QALY: 0.88 QALY: 0.85 QALY: 0.84 QALY: 0.76 QALY: 0.61
ADHD: 0% ADHD: 8% ADHD: 1% ADHD: 1% ADHD: 0%
Control: 0% Control: 5% Control: 0% Control: 0% Control: 0%

3 (moderate) Health State: 11113 Health State: 11213 Health State: 11313 Health State: 11413 Health State: 11513
QALY: 0.84 QALY: 0.84 QALY: 0.83 QALY: 0.76 QALY: 0.61
ADHD: 10% ADHD: 8% ADHD: 8% ADHD: 1% ADHD: 0%
Control: 7% Control: 2% Control: 0% Control: 0% Control: 0%

4 (severe) Health State: 11114 Health State: 11214 Health State: 11314 Health State: 11414 Health State: 11514
QALY: 0.70 QALY: 0.70 QALY: 0.69 QALY: 0.64 QALY: 0.53
ADHD: 0% ADHD: 6% ADHD: 21% ADHD: 14% ADHD: 1%
Control: 0% Control: 1% Control: 1% Control: 0% Control: 0%

5 (extreme) Health State: 11115 Health State: 11215 Health State: 11315 Health State: 11415 Health State: 11515
QALY: 0.55 QALY: 0.55 QALY: 0.55 QALY: 0.52 QALY: 0.45
ADHD: 0% ADHD: 0% ADHD: 6% ADHD: 8% ADHD: 0%

Note. N =196 (ADHD: 107, Control: 89). X2 (14) = 120.95, p < 0.001, V' =.79; QALY = Quality Adjusted Life Years; 11111 = Perfect Health

State.

Figure 1.
Maternal Health-States
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Table 1.
Demographic Variables
QDD Comparion yeorpof  Effectsize
Mother Characteristics
Age M (SD) 45.20 (7.53) 46.49 (5.34) 1.86 1,197 0.012
0,
Race (%) 3 0.08°
White 87 86 0.40
Black or African American 11 10 0.14
Two or more races 1 2 0.52
Other 1 2 0.52
Education Level (%) 4.45% 1,197 0.02%
High school diploma or GED 9 12 0.21
Technical or specialized training 16 11 0.89
Some college 22 1 426"
Associate’s/2-year degree 15 8 2.37
College/University degree 19 23 0.44
Graduate degree 18 34 7.397%
Marital Status (%) 8.09% 3 0.20°
Single, never married 8 3 211
Married or living with partner 65 82 7.08*
Separated or divorced 25 14 3.27
Widowed 2 0 1.67
Adolescent Characteristics
Age M (SD) 16.14 (1.49) 16.03 (1.52) 0.23 1,199 0.00%
0,
Gender (% Male) 91 92 011 1 0.0217
0,
Race (%) 3 0.08°
White 79 82 0.31
Black or African American 8 9 0.03
Two or more races 10 6 1.33
Other 3 3 0.06
Baseline Full-Scale 1Q M (SD) 100.60 (18.02)  109.20 (15.18) 12.93*** 1,198 0.06%

Note. Chi-square tests were conducted for categorical variables and ANOVAs were conducted for continuous variables

*okoA

p<.001
*ok
p<.01
p<.05
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