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Abstract: This study aimed to examine whether early change in self-reported quality of life (QoL)
was a predictor of outcomes in the treatment of anorexia nervosa (AN). Given suggestions that
people with AN overestimate their QoL when unwell, we hypothesised that any early change in
self-reported QoL, be it an early improvement or early worsening, would predict better outcomes in
terms of end-of-treatment body mass index (BMI), eating disorder (ED) psychopathology, and QoL.
Participants were 78 adult outpatients engaged in cognitive behaviour therapy for anorexia nervosa
(CBT-AN) either with or without the embedded compulsive exercise module “compuLsive Exercise
Activity TheraPy” (LEAP). Polynomial regression was utilised to examine the effects of varying
combinations of baseline and 10-week self-reported physical-health-relatedr QoL (SF-12; PHRQoL
subscale), mental-health-related QoL (SF-12; MHRQoL subscale), and eating-disorder-specific QoL
(EDQoL; global, psychological, cognitive/physical, financial, and school/work subscales) on end-of-
treatment BMI, ED psychopathology, and QoL. Greater magnitudes of early change in global EDQoL
scores, both positive and negative, predicted better MHRQoL but not BMI or ED psychopathology
at the end of treatment. Psychological EDQoL ratings also accounted for 38.1% of the variance in
end-of-treatment ED psychopathology, although tests examining the 6ratings may be meaningful in
predicting treatment outcomes. The positive impact of early worsening in QoL ratings suggests that
early QoL ratings are inflated due to denial and poor insight. Clinicians should be reassured that
early QoL decline does not indicate treatment failure.
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1. Introduction

Anorexia nervosa is an eating disorder characterised by body image concerns and
an intense fear of weight gain, which is managed by individuals through severe dietary
restriction and other weight-control behaviours [1]. Despite its severity, or perhaps due to
it, treatment efficacy remains low [2]. Of those who survive, more than 50% remain unwell
at 10 years’ follow-up [3]. More recent research considering outcomes at 20 years’ follow-up
has found higher recovery rates of 64% and 73%, respectively [4,5]; however, there remains
a significant proportion of individuals who remain ill for decades, and there is little clarity
around which treatments are effective in these instances [6].
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Beyond the issue of recovery rates, the definition of recovery itself is problematic. It has
been consistently reported that, for individuals with eating disorders, recovery means more
than the cessation of behavioural symptoms and achievement of a healthy weight [7–10].
One consequence of a narrow definition of recovery is that, even when disorder symptoms
have reduced, individuals continue to experience poorer outcomes in quality of life (QoL)
compared to the general population [11]. What this finding suggests is that focus on
disorder symptoms alone is not enough to achieve the holistic sense of recovery that
individuals with AN desire. There is, therefore, a need for continued research into what
really constitutes “successful treatment” beyond the usual measures of symptom reduction.

1.1. Quality of Life

In this context, there is emerging evidence that QoL has value as an active target of
treatment and as mechanism of change itself. A study [12] utilised a time-lag analytical
procedure and determined that there was a bidirectional relationship. In this study, eating
disorder (ED) symptoms predicted reduced QoL, and reductions in QoL predicted increases
in ED symptoms over time. Such a finding was not without precedent, however, with [13]
comparing cognitive behaviour therapy (CBT) and interpersonal therapy (IPT) for AN and
unexpectedly finding that their “control treatment” of non-specific clinical management
was superior to both. Supportive counselling, as well as providing information, praise,
and reassurance, together with allowing the patients to dictate the content they wished to
work on were effective in helping 82% reach few or no features of an eating disorder at the
end of treatment [13,14]. Thus, having improved QoL as a primary focus in treatment may
lead to ED symptom reduction. Further studies have found that a person-centred approach
results in improvements in ED psychopathology and BMI, even when not the focus of
treatment [15]. Despite these promising findings, QoL continues to be largely positioned as
a secondary outcome, and the literature examining QoL as a mechanism is limited.

A key factor influencing the need for an increased focus on QoL in the treatment
of AN is its ego-syntonic nature. While symptoms in most other disorders are viewed
by the individual as detracting from their wellbeing, individuals with AN often may not
acknowledge a problem exists. Instead, they report that, through their disorder, they
experience a sense of control over their lives, which in turn improves their self-worth [8].
Within this, AN provides a sense of identity in which they learn to feel secure, to the
point that early consideration of treatment is conceptualised largely in terms of what they
would lose [8,16]. Therefore, treatments must be perceived as benefiting the individual and
improving wellbeing to counter the loss of the perceived positives of AN. This idea has led
efforts calling for improvements in QoL to be as central to treatment as the reduction in
symptoms of psychopathology or improved body weight [17,18].

While the ego-syntonic aspects of AN indicate the importance of targeting QoL during
treatment, it also introduces significant complexity in measuring the QoL experiences in
individuals with AN. Despite having objectively poorer physical health, [19] found that
individuals with the restricting subtype of AN (i.e., individuals without binge/purging
behaviours) reported QoL comparable to that of healthy controls. Further research [20] has
provided evidence of the relationship between QoL and ego-syntonicity, demonstrating
an interaction between motivation to change and QoL ratings. At admission, individuals
with higher readiness to change reported lower physical health QoL (PHRQoL) but higher
mental health QoL (MHRQoL) than those in pre-contemplation. While it is possible that
lower MHRQoL enhances the need for change more than PHRQoL, another possible
interpretation is that, as insight and motivation to change increases, self-reports of QoL
become more accurate. Thus, people may inaccurately report a higher MHRQoL earlier in
treatment. Given this, it is unclear whether reduction in QoL ratings reflects true reduction
in QoL or reflects a reduction in ego-syntonicity and increased readiness to accept the
need to change. Critically, these findings suggest that both increases and decreases in QoL
ratings may be reflective of an individual’s progression in treatment.
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1.2. Early Change

Another focus within the wider ED literature has been the importance and impact of
early change in treatment. Early change has been well established as a predictor of outcome
in binge-eating disorder [21–23], but there is comparatively less research on the impact of
early change on the outcome of treatment for AN, with early weight gain being the most
consistent predictor [24].

Research in this area has largely focussed on “direct early change predictors”, that is,
predictive relationships where the same variable is examined as both the predictor and
the outcome. Several systematic reviews have concluded that early weight gain, reduction
in bingeing and purging behaviours, and reduction in ED psychopathology all predict
better outcomes in these same variables [25–28]. Although strong and robust relationships
have been found, with ED treatment interventions already placing emphasis on the direct
treatment of symptoms, mechanisms of change are unclear. There may be a third variable
that predicts both the magnitude of early as well as end-of-treatment improvements.

In line with calls for an expanded definition of recovery that moves beyond the direct
targeting of disorder symptoms, there is some evidence of what [29] has termed “novel
early change predictors”. These are predictor variables that theoretically underlie the
outcome variable (e.g., early change in self-compassion as a predictor of end-of-treatment
ED psychopathology). While the research in this area is sparse, a review of the literature
indicates that early reductions in fear of expressing compassion, fear of receiving compas-
sion, depression, subjective incompetence, and intolerance of uncertainty, as well as early
increases in emotional regulation ability, are associated with better treatment outcomes in
AN [29–35]. In line with the reported experience of individuals with AN, these findings
indicate that improvements in ED symptoms are predicted not only by early changes in the
symptoms themselves but also by broader improvements in wellbeing. However, there is
an incomplete understanding of what is needed to achieve a holistic functional recovery
beyond ED symptom reduction. In particular, to the author’s knowledge, no prior studies
have investigated whether early change in QoL predicts better outcomes in terms of BMI,
ED psychopathology, or QoL in AN treatment.

1.3. Aims and Hypotheses

This study aims to add to the literature on AN treatment efficacy by examining
whether early changes in quality of life predict the end-of-treatment outcomes of BMI,
ED psychopathology, and quality of life. Through this, we intend to provide clarity to
clinicians on how early changes in QoL should be interpreted. The literature, including
broad investigations of putative predictors in this study sample [36,37] suggests that QoL
may be an important consideration in the treatment of AN as both an outcome and as
an active treatment target. As such, we hypothesise that early improvement in QoL will
predict better outcomes in terms of end-of-treatment outcomes. However, the literature
has also indicated that the assessment of QoL is not straightforward, with the ego-syntonic
nature of the disorder leading to impairment in insight and the subsequent denial of QoL
impairments. In light of this, it is also possible that early reductions in QoL represent
improved insight and subsequently lead to better outcomes. Therefore, we hypothesised
that any early change in self-reported QoL, be it an early improvement or early worsening,
would predict better outcomes in terms of end-of-treatment BMI, ED psychopathology,
and QoL.

2. Materials and Methods
2.1. Study Design

This current study utilised data gathered as part of a multi-site randomised controlled
trial [36] (ACTRN12610000585022, prospectively registered 21 July 2010).
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2.2. Participants

The participants were 78 adults (2 male, 76 female) from Sydney (n = 28), Leicester
(n = 40), and New York (n = 10), recruited through eating disorder clinics and community
advertising [36,37]. They had a mean age of 27.38 years (SD = 9.22), with mean onset at
age 16.7 (SD = 4.9). Participants were eligible for inclusion if they were at least 18 years of
age, had a primary diagnosis of AN according to the Diagnostic and Statistical Manual [1]
criteria, had a BMI between 14 and 18.5, and reported engaging in a physical exercise
activity at least once in the past four weeks. Fifty (64%) had restricting-type AN, and the
remainder had binge–purge-type AN. Participants were excluded if they had a current
diagnosis of psychosis, bipolar disorder, or a substance use disorder according to the
DSM-5, had an elevated risk of suicide, or were medically unstable.

2.3. Procedure

The participants were randomised to one of two groups. All participants completed
34 individual sessions of outpatient manualised CBT for AN over 8–10 months [38]. The
active intervention group (n= 38) received 8 sessions of “compuLsive Exercise Activity
TheraPy” (LEAP), and the remainder (n = 40) received CBT-AN alone. LEAP was incorpo-
rated into the 3rd to the 10th CBT-AN session. The first data point post-baseline was at the
10th session, after which all participants received the same therapy, CBT-AN. Participants
attended therapy twice weekly for 4 weeks and weekly thereafter with 3- and 6- month
follow-ups delivered by CBT-trained specialist therapists. In the trial, there were no signifi-
cant differences at any time point in the primary and secondary outcomes (excepting body
weight). All outcomes were assessed at the end of treatment and follow-up [36].

2.4. Measures

Body Mass Index: Weight (kg) divided by height (m2), derived from objective measurement-
calibrated scales and stadiometers.

Eating Disorder Examination—Questionnaire Version 6 [39]: This 28-item measure is
a participant’s self-report form of the clinician-administered Eating Disorder Examination
and is used to assess ED symptoms. Participants rate the frequency of eating disorder
symptoms using a 7-point Likert scale ranging from “no days” (0) to “every day” (6). The
EDE-Q produces a global score, which is calculated as the mean rating across all subscales,
with higher scores indicating greater eating disorder psychopathology. The EDE-Q has
good reliability, with Cronbach’s alpha of 0.94 for the global score in this study [36].

Short-Form-12 Health Status Questionnaire [40]: General health-related quality of life
was assessed using the SF-12, a well-known measure of functional limitations associated
with impairment in physical and mental health. This measure produces two subscale scores:
the Physical Health Component Scale (PHRQoL) and the Mental Health Component Scale
(MHRQoL). Participants rate how often their physical and mental health limits them
in various life domains using several rating scales, with higher scores indicating better
functioning. The scale is not specific to eating disorders and examines the impact of physical
and psychological health on quality of life. Cronbach’s alpha for the scale was 0.89 [36].

Eating Disorder Quality of Life [41]: The EDQoL is a 25-item measure of eating
disorder-specific quality of life, comprising four domains distinct from the previous ques-
tionnaire: psychological, physical/cognitive, financial, and work/school. Participants
answer using a 5-point Likert scale ranging from never (0) to always (4). Mean scores for
each scale are calculated, with higher scores representing a poorer quality of life. The scale
was specially designed to assess the impact of eating disorder symptoms, and questions
are explicitly related to the impact of eating disorder symptomatology on quality of life.
Cronbach’s alpha for the global scale was calculated to be 0.93 [36].

2.5. Data Analyses

For this study, independent variables were baseline (T0), 10 week (T1), and early
change scores for global EDQoL, psychological EDQoL, cognitive/physical EDQoL, finan-
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cial EDQoL, work/school EDQoL, MHRQoL, and PHRQoL. Change scores were calculated
as the T1 minus T0 ratings. Dependent variables were BMI, EDE-Q Global, EDQoL,
MHRQoL, and PHRQoL ratings at the end of treatment (T3).

Data were cleaned, and missing data were corrected for by using maximum likeli-
hood imputation (Hay et al., 2018 [36]). First, descriptive statistics for independent and
dependent variables were calculated to assess the distribution of data. Second, Pearson
correlational analyses were run to understand the bivariate relationships between variables.
Finally, polynomial regression with response surface modelling, as outlined in [42], was
utilised to test the early change hypothesis. Polynomial regression provides an alternative
to difference scores that preserves the absolute values and allows researchers to under-
stand how varying combinations of two predictor variables relate to an outcome [42,43].
As polynomial regression requires that differences between each predictor variable be
meaningful, MHRQoL and PHRQoL subscales were deemed inappropriate for inclusion as
predictor variables and were examined as dependent variables (DVs) only. This is because
the MHRQoL and PHRQoL subscales of the SF-12 are dependent upon one another, and a
change in PHRQoL ratings thus affects the MHRQoL score even if no changes in MHRQoL
are reported, reducing the interpretability of differences between the early time points.

If the model explained a significant proportion of the variance in the end-of-treatment
outcome variable, response surface modelling [42] was conducted to examine significant
effects and visually represent the predicted outcome variable at different configurations
of Time 0 (T0) and Time 1 (T1) QoL scores. Response surface modelling produces a visual
representation of the polynomial model and coefficient values that test the significance of
different levels of agreement and discrepancy between predictor variables as they relate to
the outcome variable [42]. See Appendix A, or Shanock at al. [42] for further explanation of
this analysis.

3. Results

Descriptive statistics with mean, standard deviation, and maximum and minimum
scores are presented in Appendix B.

3.1. Correlations

Correlations between variables are presented in Table 1. There were no significant
correlations observed between any early change score and any outcome variable. However,
as difference scores combine two variables into one score and lose information relating to
the unique effects of each variable, we continued with polynomial regression to investigate
how different combinations of T0 and T1 EDQoL ratings related to the outcomes.

Table 1. Pearson correlations between quality of life and end-of-treatment outcomes.

Variables BMI T3 EDEQ−0Global
T3

EDQoL
T3

MHRQoL
T3

PHRQoL
T3

MHRQoL EC −0.204 −0.176 0.032 −0.047 −0.139
PHRQoL EC 0.158 0.279 −0.028 −0.122 0.141
EDQoL EC 0.020 0.041 0.026 0.116 −0.010

Psychological EC 0.177 −0.019 −0.171 0.221 −0.084
Physical/cognitive EC 0.096 −0.184 −0.202 0.207 −0.106

Financial EC 0.011 −0.101 0.038 0.180 0.026
School/work EC 0.076 −0.078 −0.171 0.203 0.154

EC = Early Change; Note: There were no correlations that reached statistical significance of p < 0.05.

3.2. Polynomial Regression

Assumption checks resulted in the financial and work/school subscales being ex-
cluded from analysis due to violations of normality and homoscedasticity assumptions
required for regression. Multivariate outliers (i.e., Mahalanobis distance > 20.52) for global
EDQoL, psychological EDQoL, and cognitive/physical EDQoL change were excluded
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from the relevant analyses. Multicollinearity assumptions were met, except for squared
terms as expected. Polynomial regression analyses were used to determine whether com-
binations of T0 and T1 EDQoL ratings were significant predictors of BMI, EDE-Q, global
EDQoL, MHRQoL, and PHRQoL scores at the end of treatment. As polynomial regression
is designed to specifically examine the effect of agreement and discrepancy between two
predictor variables on one outcome variable, separate analyses were run [42,43]. Results
utilising the global EDQoL, psychological EDQoL, and cognitive/physical EDQoL models
are presented in Table 2, Table 3, and Table 4, respectively.

Table 2. Polynomial regression analysis and response surface modelling for T0 and T1 global EDQoL
as predictors of end-of-treatment outcomes.

BMI EDE-Q EDQoL MHRQoL PHRQoL

b (se) b (se) b (se) b (se) b (se)

Constant 17.38 (0.48) 3.25 (0.23) 1.38 (0.11) 33.58 (1.51) 49.78 (1.73)
b1: T0 0.03 (0.93) 0.72 (0.46) 0.56 (0.22) −11.18 (3.01) 0.41 (3.32)
b2: T1 −0.98 (1.03) 0.34 (0.50) 0.39 (0.24) 3.89 (3.23) −1.59 (3.69)
b3: T02 −0.86 (0.96) 0.10 (0.48) 0.15 (0.23) 1.77 (3.10) −3.39 (3.43)

b4: T0 × T1 0.05 (2.09) 0.98 (1.01) 0.72 (0.49) −12.13 (6.60) 0.27 (7.50)
b5: T12 0.69 (1.33) −1.06 (0.64) −0.42 (.31) 10.80 (4.18) 3.31 (4.76)

R2 0.095 0.271 ** 0.385 ** 0.349 ** 0.066

Response surface modelling coefficients

a1 - 1.06 * 0.95 * −7.29 ** -
a2 - 0.02 0.15 0.44 -
a3 - 0.37 0.18 −15.07 ** -
a4 - −1.94 −1.29 24.70 ** -

Note: b = unstandardized beta coefficient; se = standard error of unstandardized beta coefficient; R2 = r-squared
value. * p < 0.05; ** p < 0.01.

Table 3. Polynomial regression analysis and response surface modelling for T0 and T1 psychological
EDQoL as predictors of end-of-treatment outcomes.

BMI EDE-Q EDQoL MHRQoL PHRQoL

b (se) b (se) b (se) b (se) b (se)

Constant 18.14 (0.52) 1.91 (0.24) 0.61 (0.13) 42.54 (1.64) 52.51 (1.75)
b1: T0 −2.11 (0.97) −0.49 (0.44) 0.53 (0.24) −4.26 (3.07) 4.67 (3.27)
b2: T1 1.13 (0.76) 0.88 (0.35) −0.01 (0.19) 0.47 (2.42) −4.75 (2.58)

b3: T02 1.10 (0.68) 0.72 (0.31) −0.08 (0.17) −0.63 (2.17) −3.64 (2.31)
b4: T0 × T1 −1.73 (1.06) −0.12 (0.49) 0.36 (0.26) −5.64 (3.38) 3.85 (3.59)

b5: T12 1.06 (0.63) 0.02 (0.29) −0.21 (0.16) 3.36 (2.00) −1.68 (2.13)
R2 0.108 0.381 ** 0.356 ** 0.365 ** 0.071

Response surface modelling coefficients

a1 - 0.39 0.51 * −3.79 -
a2 - 0.63 * 0.07 −2.90 -
a3 - −1.37 0.54 −4.73 -
a4 - 0.86 −0.64 8.37 -

Note: b = unstandardized beta coefficient; se = standard error of unstandardized beta coefficient; R2 = r-squared
value. * p < 0.05; ** p < 0.01.

3.2.1. End-of-Treatment BMI and PHRQoL

In contrast to our discrepancy hypothesis, polynomial models using the discrepancy
between T0 and T1 scores for global EDQoL, psychological EDQoL, and physical/cognitive
EDQoL did not reach significance for either BMI or PHRQoL. As such, response surface
analysis was not performed.
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Table 4. Polynomial regression analysis and response surface modelling for T0 and T1 cogni-
tive/physical EDQoL as predictors of end-of-treatment outcomes.

BMI EDE-Q EDQoL MHRQoL PHRQoL

b (se) b (se) b (se) b (se) b (se)

Constant 18.23 (0.53) 2.57 (0.27) 0.83 (0.14) 39.53 (1.74) 52.82 (1.81)
b1: T0 0.39 (0.92) 0.99 (0.46) 0.22 (0.24) −7.37 (3.01) 2.43 (3.14)
b2: T1 −1.14 (0.86) −0.43 (0.43) 0.17 (0.22) 2.39 (2.82) −6.03 (2.94)

b3: T02 −1.38 (0.75) −0.29 (0.38) 0.34 (0.19) 0.78 (2.47) −3.79 (2.57)
b4: T0 × T1 1.74 (1.46) 1.02 (0.74) −0.39 (0.38) −5.96 (4.78) 6.87 (4.99)

b5: T12 −0.29 (0.99) −0.91 (0.50) −0.03 (0.26) 5.44 (3.24) −4.41 (3.38)
R2 129 0.180 * 0.281 ** 0.265 ** 0.112

Response surface modelling coefficients

a1 - 0.56 0.39 * −4.98 * -
a2 - −0.18 −0.08 0.26 -
a3 - 1.42 0.06 −9.76 -
a4 - −2.21 0.70 12.18 -

Note: b = unstandardized beta coefficient; se = standard error of unstandardized beta coefficient; R2 = r-squared
value. * p < 0.05; ** p < 0.01.

3.2.2. End-of-Treatment EDE-Q—Psychopathology

Polynomial regression models predicting end-of-treatment EDE-Q scores were sig-
nificant using global EDQoL (R2 = 0.271, F (5, 69) = 5.137, p < 0.001), psychological
EDQoL (R2 = 0.381, F (5, 68) = 8.359 p < 0.001), and cognitive/physical EDQoL (R2 = 0.180,
F (5, 69) = 3.038, p = 0.015).

In order to examine how the direction and degree of early change in global EDQoL,
psychological EDQoL, and cognitive/physical EDQoL relates to end-of-treatment EDE-Q
scores, response surface modelling was conducted (Figure 1). Across all three models, there
was a common trend, with there being a positive linear trend along the line of agreement
(running from the nearest to farthest points on the modes), such that when no change occurs
between T0 and T1, greater quality-of-life impairments predict greater psychopathology. This
relationship was only statistically significant for the global EDQoL model (a1 = 1.06, p < 0.05).

In contrast to our hypothesis, no significant effects were found along the line of
discrepancy for any model of end-of-treatment EDE-Q. Though not significant, the response
surface models suggest a possible effect of discrepancy that aligns with the previous
literature. For the global and cognitive/physical EDQoL models, the lowest levels of
end-of-treatment psychopathology were estimated to occur where the degree of early
change in either direction was the greatest (i.e., the far left and far right points of the
graph). However, the inverse was seen for the psychological EDQoL model, with greater
levels of early change predicting a poorer end-of-treatment EDE-Q. This effect was more
pronounced when there was an early decline rather than an early improvement. For the
psychological EDQoL subscale, there was an additional significant curvilinear effect along
the line of agreement, such that when no change occurred, moderate QoL scores predicted
the lowest EDE-Q scores, whilst high and low extremes in QoL ratings predicted higher
EDE-Q scores and worse outcomes. Given that the effects along the line of discrepancy
were not statistically significant, possibly due to large individual variation noting the
high standard error, the results related to early change should be interpreted with caution.
However, the differential effect of psychological and physical quality of life has precedent
within the literature, with the findings of [20] suggesting that physical QoL ratings may be
more impacted by ego-syntonicity and a lack of insight.
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Figure 1. Response surface models demonstrating expected end-of-treatment EDE-Q scores (z axis;
vertical), at varying combinations of baseline (x-axis; right side) and 10-week (y-axis; left side) self-
reports: (a) global EDQoL; (b) psychological EDQoL; (c) cognitive/physical EDQoL. Colour added to
assist with readability of response surface.

3.2.3. End-of-Treatment EDQoL

In line with correlational findings, polynomial regression models predicting end-of-
treatment EDQoL scores were significant when using global EDQoL (R2 = 0.385, F (5, 69) = 8.631,
p < 0.001), psychological EDQoL (R2 = 0.356, F (5, 68) = 7.529, p < 0.001), and cognitive/physical
EDQoL (R2 = 0.281, F (5, 69) = 5.399, p < 0.001). To examine how the direction and degree
of early change relates to end-of-treatment EDQoL scores, response surface modelling was
conducted (Figure 2).
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Figure 2. Response surface models demonstrating expected end-of-treatment global EDQoL (z axis;
vertical), at varying combinations of baseline (x-axis; right side) and 10-week (y-axis; left side) self-
reports: (a) global EDQoL; (b) psychological EDQoL; (c) cognitive/physical EDQoL. Colour added to
assist with readability of response surface.

For each model, there was a significant linear positive relationship along the line of
agreement, such that when no change occurred, higher degrees of impairment at baseline
and at the 10-week mark predicted more global EDQoL impairment at the end of treatment.
This effect was most pronounced when using the global EDQoL model. Regarding the
area of interest, the effect of discrepancy, statistical tests were again non-significant, and
the response surfaces should be interpreted with caution. Inverse to the relationships
found when predicting end-of-treatment EDE-Q, when predicting end-of-treatment EDQoL
the polynomial models estimated that greater degrees of change in psychological EDQoL
predicted worse outcomes, whereas a higher cognitive/physical EDQoL change predicted
better outcomes.
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3.2.4. End-of-Treatment MHRQoL

Polynomial regression models predicting end-of-treatment MHRQoL scores were
significant using global EDQoL (R2 = 0.349, F (5, 69) = 7.397, p < 0.001), psychological
EDQoL (R2 = 0.365, F (5, 68) = 7.802, p < 0.001), and cognitive/physical EDQoL (R2 = 0.265,
F (5, 69) = 4.980, p < 0.001).

In order to examine how the direction and degree of early change relates to end-of-
treatment MHRQoL scores, response surface modelling was conducted (Figure 3). The
global, psychological, and cognitive/physical EDQoL response surface models each demon-
strated similar trends. As with models predicting EDE-Q and EDQoL, for each model, there
was a linear trend along the line of agreement, such that when no change occurs, higher
EDQoL impairment predicts poorer MHRQoL.

Figure 3. Response surface models demonstrating expected end-of-treatment MHRQoL (z axis;
vertical) at varying combinations of baseline (x-axis; right side) and 10-week (y-axis; left side) self-
reports: (a) global EDQoL; (b) psychological EDQoL; (c) cognitive/physical EDQoL. Colour added to
assist with readability of response surface.
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In support of our hypothesis, there was a significant curvilinear effect along the line
of discrepancy for the global EDQoL, model indicating that greater magnitudes of early
change predicted greater end-of-treatment MHRQoL. There was also a significant linear
effect along this line, indicating that this effect was more pronounced when EDQoL was
reported to worsen between baseline and 10 weeks. Although not statistically significant,
a similar trend was observed in the response surfaces modelling the psychological and
cognitive/physical EDQoL models of end-of-treatment MHRQoL.

4. Discussion

The overall goal of this study was to clarify the previously untested meanings of early
changes in QoL ratings in the treatment of AN. In line with cross-sectional research of the
present sample (showing a negative relationship between ED psychopathology such as
compulsive exercise and QoL) [37], we expected that early improvement would predict
better outcomes in BMI, ED psychopathology, and QoL. Additionally, given theoretical
expectations that early QoL ratings are inflated by poor insight and denial, we hypothesised
that decreases in QoL may reflect increased insight and, thus, would similarly predict better
outcomes. The results indicated partial support, with both early improvement and early
worsening in global EDQoL ratings, predicting better end-of-treatment MHRQoL. Surface
modelling provided indications of the same pattern existing between global EDQoL early
change and end-of-treatment ED psychopathology, but statistical significance was not
reached, likely due to underpowered analyses.

4.1. General Health-Related Quality of Life

Correlation analyses indicated that there was no relationship between any general
health-related QoL early change scores and end-of-treatment BMI, ED psychopathology, or
QoL. This is possibly reflective of the limitation associated with simple difference scores or
with the calculation of the SF-12 itself. As difference scores reduce the unique contributions
of two variables into a single score, they lose valuable context. For example, a difference
score of −0.50 makes no distinction between an individual who began treatment with
a high QoL and reduced it to a moderate score and one who began with a slightly low
QoL and reduced it even further than that. The SF-12 is further limited by the fact that
the two subscales are not scored independently. That is, changes in the ratings of one’s
physical health results in a change to the MHRQoL score. As such, despite its common
usage within the early change literature, the scale is severely limited in its interpretability
when examining change.

4.2. Eating-Disorder-Specific Quality of Life

Correlation analyses did not indicate any relationship between early change in global
EDQoL or any subscale and any of the outcomes of BMI, ED psychopathology, and QoL. As
stated above, it is possible that this was due to the limiting nature of difference scores. This
study was able to overcome this through the use of polynomial regression with response
surface analyses and was unique in its application of this analysis to the study of early change.

Early change in global EDQoL was found to predict better outcomes in terms of MHRQoL,
regardless of whether the early change was in improvement or worsening. As it is well demon-
strated within the literature that higher QoL is related to more positive outcomes [44–46], the
finding that improved QoL predicts better QoL is not surprising. However, as these earlier
studies also demonstrate the inverse, that lower QoL is related to worse outcomes, our finding
that early worsening also predicts good outcomes is likely to be mediated by another factor.
Given the ego-syntonic nature of AN and the associated impairments in insight, one possible
explanation for these results is that individuals who shift from reporting unimpaired QoL to
reporting moderate-to-high levels of impairment 10 weeks into treatment did not experience
a true decline in QoL. Rather, they developed the insight required to acknowledge their
impaired functioning. Although there is scarce research examining the effect of changes in
insight on treatment outcomes, the literature shows that preserved insight [47] and awareness
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of the need for change [20] are each associated with more positive clinical outcomes. This
interpretation is further supported by Mond (2005), who urged caution in interpreting self-
reported QoL in AN populations due to their finding that individuals with AN reported QoL
comparable to control populations despite their objectively poor health [19]. Several studies
have further commented on improbably high self-reported QoL by individuals with AN in
early stages of treatment [19,48–50] and noted that QoL tended to reduce between baseline
and 3 months into treatment [50]. Our findings support the literature-wide assumption that
self-reports of unimpaired QoL are probably inaccurate. In addition, relationships are complex,
and stress had been found to be an important mediator between body dissatisfaction and
other eating disorder symptoms [51]. It is thus possible that QoL was adversely impacted
by, e.g., the increased stress of the challenges of treatment and change. It remains possible
that actual decline in QoL predicts better outcomes, with a possible explanation being that,
through the experience of an early decline, individuals experience a heightened awareness of
the need for change and are subsequently more motivated during treatment. Taken together,
the findings point to the importance of targeting development of insight and motivation to
change within treatment.

In addition to the above, our results also indicated preliminary support for our hypoth-
esis that early change in quality of life could be used as a novel predictor of end-of-treatment
outcomes of psychopathology. Polynomial regression models showed that global EDQoL,
psychological EDQoL, and cognitive/physical EDQoL models predicted 27.1%, 38.1%,
and 19% of the variance in end-of-treatment ED psychopathology, respectively. Response
surface modelling showed that, for global and cognitive/physical EDQoL, greater degrees
of early change in either direction predicted lower psychopathology, whereas a decrease in
psychological EDQoL predicted increased psychopathology. While these results should
be interpreted with caution, this trend is in line with suggestions in the literature that
self-reports of physical QoL may be more strongly influenced by poor insight than psycho-
logical QoL ratings [20]. That is, decreases in psychological QoL are more likely to reflect
an actual decline in QoL.

4.3. Implications

The main finding from this study, that both early improvement and early worsening in
EDQoL predict better MHRQoL at the end of treatment, leads to three key implications for
clinical practice. Firstly, these results clarify that the relationship between early-change self-
reported quality of life and end-of-treatment outcomes is not linear. While individuals with
AN consistently report that quality of life is an important factor within treatment [8–10],
our results showed that early declines in QoL ratings correlate with better end-of-treatment
MHRQoL. Thus, when individuals who present with high self-reported QoL at baseline
demonstrate a significant decline in scores at 10 weeks, clinicians may consider this as
reflecting an increase in accuracy (and possibly insight) rather than a true deterioration.

Secondly, in light of consistent calls from individuals with AN that QoL is a key and
often overlooked aspect of recovery, our findings suggest that early improvement in QoL
should be a key target within the first 10 weeks. The efficacy of QoL-focussed treatment for
AN has previously been demonstrated by Touyz et al. [52] where CBT-AN and specialist
supportive clinical management (SSCM) were modified to prioritise quality of life, with
weight gain positioned as a secondary goal [52]. This treatment was successful in achieving
significant improvements in both quality of life and in core symptoms of BMI and ED
psychopathology, despite not being the core focus. Additionally, the treatment appeared to
be successful in combatting the ego-syntonic aspects of AN by focussing on the individuals
own sense of wellbeing, resulting in an attrition rate of only 15%, compared to typical
rates of 30% [52]. Our results add to this, suggesting that meaningful improvement can be
observed within the first 10 weeks of treatment.

Finally, these results provide clinicians with confirmation that early reductions in
self-reported QoL did not predict worse outcomes for any end-of-treatment variables.
Clinicians should be reassured that an early QoL decline does not signal that treatment is
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failing and may indicate progress in terms of insight into impairment. However, clinicians
should be equally aware that, just as reduced QoL does not represent failure, high QoL at
baseline does not always indicate good outcomes. Our results indicate that high QoL may
be as much a reason for concern as low QoL. As such, clinicians should be careful to not
ignore a patient’s QoL and assume it does not need to be addressed based solely on reports
of unimpaired QoL at baseline.

4.4. Limitations

Although the hypothesised effect of change was demonstrated for MHRQoL outcomes,
this study was limited by several factors. First, several variables were unable to be analysed
using the polynomial regression methodology. The financial and school/work EDQoL sub-
scales were unsuitable due to their non-normal distribution, and the lack of independence
between the MHRQoL and PHRQoL subscales restricted the interpretability of change
and rendered them similarly unsuitable for analysis. In the future, it may be beneficial
to examine the effect of early change in these variables using methodologies of receiver
operator characteristic curve (ROC) and area under the curve (AUC) analyses used within
the early change literature. Additionally, our post hoc study design meant that we were
limited by the existing sample size and unable to perform a priori power analyses. Visual
examination of response surface graphs indicates that the regression model estimated that
higher degrees of change predicted better end-of-treatment psychopathology and EDQoL
with a substantial effect size, but due to high standard error, statistical significance was not
reached. As such, it is possible that with a greater sample size, this study may have been
able to detect these differences that were approaching significance.

In the future, studies may seek to confirm the hypothesis that increases in insight
and/or motivation to change mediate the relationship between early decline in QoL and in-
creased end-of-treatment MHRQoL. Furthermore, these relationships may be bidirectional.
Additionally, a replication of this study with a larger sample size is strongly recommended
in order to confirm the statistical significance of the demonstrated pattern of results between
psychological EDQoL and end-of-treatment ED psychopathology, as well as replication
with other, and potentially newly developed, measures of eating-disorder-related quality
of life.

5. Conclusions

Overall, this study was successful in providing clarification on the interpretation of
early changes in QoL ratings in the treatment of AN and demonstrated that early worsening
and early improvement in global EDQoL are equally predictive of better MHRQoL at the
end of treatment. We found that the relationships between QoL change and outcomes
are non-linear and may be likely to be dependent upon changes in insight. This study
highlights the complicated nature of AN and the key role of clinicians in guiding patients
through the stages of change and holding strong and patient when clients feel that they are
going backwards.
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Appendix A. Response Surface Modelling

In order to use polynomial regression to examine whether the degree of discrepancy
between QoL ratings at T0 and T1 could be used to predict end-of-treatment outcomes,
we used one-step polynomial regression models. The polynomial regression terms were
entered using the enter method to ensure all variables important to estimating the vari-
ance in outcomes were retained. For each early change predictor variable (i.e., global
EDQoL, psychological EDQoL, and cognitive/physical EDQoL), the terms entered were
Time 0 (b1), Time 1 (b2), Time 0 squared (b3), the cross product of Time 0 and Time 1 (b4),
and Time 1 squared (b5). If the model explained a significant proportion of the variance in
the end-of-treatment outcome variable, response surface modelling (Shanock et al., [42])
was conducted to examine significant effects and visually represent the predicted outcome
variable at different configurations of Time 0 and Time 1 QoL scores. Response surface
modelling produces four coefficient values. Surface test values a1 and a2 represent the line
of agreement, where Time 0 and Time 1 scores are matched, and no change has occurred. A
significant a1 indicates a linear relationship, such that the outcome variables increase as
predictor variables increase. A significant a2 indicates a curvilinear relationship. Surface
test values a3 and a4 represent the line of discrepancy, where there is a difference between
scores at Time 0 and Time 1, and change has occurred. This line indicates how the outcome
variables is affected by the direction and degree of change that has occurred. A significant
a3 value represents a linear relationship along the line of discrepancy. For example, a
positive value here would indicate that ED psychopathology scores increase when Time 0
QoL scores are higher than Time 1 scores. A significant a4 value suggests the existence of
a curvilinear relationship, such that the degree of discrepancy, rather than the direction,
affects the outcome variable. For the hypothesis in this study that a greater degree of
early change in QoL predicts better end-of-treatment outcomes, a significant a4 value and
curvilinear effect along the line of discrepancy would be seen. The interpretation of the
visual response surface models is summarised as follows. The line of agreement (i.e., where
no change occurred between T0 and T1) runs from the nearest (low QoL impairment)
to furthest (high QoL impairments) points. The line of discrepancy (i.e., where change
occurred between T0 and T1) runs from left to right. The farthest left point represents the
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greatest decline in QoL (i.e., low impairment at T0 and high impairment at T1), and the far
right represents the greatest degree of improvement (i.e., high impairment at T0 and low
impairment at T1).

Appendix B. Descriptive Statistics for Study Variables

Table A1. Descriptive statistics for study variables.

Mean SD Min Max

Age 27.38 9.22 17.72 56.74
T3 BMI 17.76 2.99 10.70 26.46

T3 EDEQ Global 2.71 1.59 0.00 5.75
T3 EDQoL 1.05 0.86 −0.95 3.69

T3 PHRQoL 50.89 10.18 13.11 85.86
T3 MHRQoL 37.38 10.82 11.48 60.45

EDQoL T0 1.70 0.69 0.16 3.68
EDQoL T1 1.51 0.67 0.06 2.71
EDQoL EC −0.18 0.53 −2.34 1.11

PHRQoL T0 46.90 10.17 19.64 65.59
PHRQoL T1 47.39 11.00 20.77 69.39
PHRQoL EC 0.49 8.70 −23.09 25.89
MHRQoL T0 29.11 11.93 5.95 60.04
MHRQoL T1 32.71 11.55 11.29 63.40
MHRQoL EC 3.60 10.02 −18.89 41.21

Psychological T0 2.75 0.88 0.13 4.00
Psychological T1 2.35 0.84 0.22 4.00
Psychological EC −0.40 0.83 −3.78 1.56

Physical/cognitive T0 2.47 0.84 0.17 4.00
Physical/cognitive T1 2.04 0.84 0.00 3.67
Physical/cognitive EC −0.44 0.73 −4.00 1.00

Financial T0 0.66 0.87 0.00 4.00
Financial T1 0.45 0.61 0.00 3.40
Financial EC −0.21 0.82 −3.55 1.60

School/work T0 0.89 1.00 0.00 4.00
School/work T1 0.76 0.79 0.00 3.40
School/work EC −0.13 0.86 −3.20 2.80

n = 78
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