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ABSTRACT
Objectives  We examined whether decision-making at age 
11 and 14 is associated with prodromal eating pathology at 
age 14 and whether it would persist across adolescence and 
also be present at age 17.
Design  This prospective, observational, population-based 
cohort study used a longitudinal design.
Setting  Data from the Millennium Cohort Study (MCS), 
a UK longitudinal cohort study involving 19 244 families 
from England, Scotland, Wales and Northern Ireland, were 
analysed.
Participants  We modelled data from 8922 boys and girls 
aged 11, 14 and 17 (MCS sweeps 5, 6 and 7).
Primary and secondary outcomes  We investigated 
decision-making using the risk-taking, quality of decision-
making, deliberation time, delay aversion and risk 
adjustment subscales of the Cambridge Gambling Task and 
prodromal eating pathology through binary response items 
measuring: body dissatisfaction (whether the participant 
perceived their body as being too overweight); intention to 
lose weight (whether participants reported a strong desire 
to lose weight); dietary restriction (whether participants 
reported actively eating less to influence their shape/weight) 
and excessive exercise (whether participants reported 
exercising in a driven way in order to influence weight/
shape). Data were analysed using latent class analysis and 
logistic regression.
Results  Lower scores on quality of decision-making 
(OR=0.46) and deliberation time (OR=0.99) at age 14 were 
associated with prodromal eating pathology at both ages 
14 and 17 (all p<0.05), indicating an association between 
less frequently opting to bet on the most likely outcome 
and taking less time to decide on which bet to choose 
and the persistence of prodromal eating pathology over 
adolescence. Lower deliberation time (OR=0.99) and delay 
aversion (OR=0.62) at 11 and lower risk-taking scores at 14 
(OR=0.43) were associated with the absence of prodromal 
eating pathology at 14 and 17 (all p<0.05), indicating that 
a moderate approach under conditions of risk in childhood 
and mid-adolescence is associated with reduced eating 
pathology across adolescence.
Conclusions  Training advantageous decision-making might 
protect from later prodromal eating pathology.

INTRODUCTION
Eating disorders (EDs) are serious psycholog-
ical and psychiatric illnesses which frequently 

have an adolescent onset.1 Experimental 
studies provide evidence of poorer decision-
making in adults with EDs relative to non-ED 
controls.2–4 This evidence; however, relied 
largely on cross-sectional adult samples 
usually recruited from ED clinics. Using data 
from the Millennium Cohort Study (MCS), 
a UK Longitudinal cohort study which 
enrolled 19 244 families whose children were 
born across England, Scotland, Wales and 
Northern Ireland in 2000–2001, our previous 
work using longitudinal data has added to this 
literature. We have found decision-making, 
specifically the quality of decision-making 
and risk-taking subscales of the Cambridge 
Gambling Task (CGT)5 6 at age 11, is associ-
ated with symptoms thought to be prodromes 
of EDs (early symptoms indicative of the 
onset of an illness7 measured using questions 
from the MCS assessing body dissatisfaction, 
intention to lose weight, dietary restriction, 
significant under/overweight and excessive 
exercise) at age 14.8 This suggests that being 
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able to make advantageous decisions under conditions 
of risk in childhood might offer some prevention from 
prodromal eating pathology occurring at the time when 
most people who are later identified to have developed 
a clinical illness appear to be most at risk of developing 
this disorder (ie, mid adolescence).1 These findings were 
developed further using latent class analysis (LCA),9 
which identified two groups within the cohort at age 14, 
one endorsing prodromal eating pathology and the other 
without prodromal eating pathology. Logistic regression 
models showed higher risk-taking scores were associated 
with a 60% greater probability of being in the prodromal 
eating pathology group, and higher scores on quality 
of decision-making were associated with a 30% lower 
probability of being in the prodromal eating pathology 
group. This further supports the idea that disadvanta-
geous decision-making in childhood is associated with the 
presence of clusters of concerning symptoms (high body 
dissatisfaction, a strong desire to lose weight, the use of 
dietary restriction and exercise to influence weight and the 
presence of ‘overweight’, according to the UK90,10 indi-
cating the likely presence of emerging eating pathology. 
Decision-making skills are thought to follow a J-shaped 
developmental trajectory, declining from late childhood 
into early adolescence and improving in mid adolescence 
and into early adulthood.11 However, data also show that 
the risk-taking component of decision-making measured 
by the CGT in the MCS improves less between the ages 
of 11 and 14 in those who endorse prodromal eating 
pathology compared with individuals without prodromal 
eating pathology who were more likely to be of ‘average’ 
weight, according to the UK9010 with minimal disordered 
attitudes and behaviours in relation to eating and weight/
shape.12 This contributes to suggestions that EDs have a 
neurodevelopmental aetiology.13

These findings corroborate longitudinal work involving 
clinical participants in which the decision-making skills 
of 14 adults with anorexia nervosa were assessed at two 
time points (before and after weight restoration)14 with 
the Iowa Gambling Task.15 This research found there was 
no significant improvement in advantageous decision-
making over time. However, these findings are derived 
from a clinical context in which acute and chronic starva-
tion may be confounders and sampling neglects the more 
diverse groups of individuals with ED symptoms in the 
wider community. As there exists this notable paucity of 
longitudinal investigations into decision-making and ED 
prodromes, our research team have sought to reduce this 
gap in the literature. This is of particular interest because 
it may be possible to teach advantageous decision-making 
using, for example, gamification to help young people 
make advantageous decisions around eating and exer-
cise, and this has been piloted in elementary school 
students.16 It could also be of use to enhance decision-
making skills with interventions that orient young people 
to the consequences of their choices. Further, computa-
tional psychiatry suggests suboptimal decision-making 
may be a component of psychopathology more broadly.17

This study; therefore, aimed to develop the evidence 
base on the role of decision-making in childhood in the 
later development of prodromal eating pathology in 
adolescence by investigating new data from MCS partic-
ipants at age 17. The objective was to include new age 
17 data in our models and to understand whether our 
findings on the relationship between decision-making at 
age 11 and prodromal eating pathology at age 14 would 
persist across adolescence and also be present at age 17.

It was hypothesised that less advantageous decision-
making on the CGT, in particular, differences on the 
risk-taking and quality of decision-making variables of the 
CGT, would be associated with the presence of prodromal 
eating pathology (body dissatisfaction, intention to lose 
weight, dietary restriction, excessive exercise and signif-
icant under/overweight) not only at age 14, but also 
at age 17, indicating the possible persistence of an ED 
prodrome.

METHODS
Design
This prospective, observational, population-based cohort 
study used a longitudinal design.

Participants
The MCS is an ongoing cohort study developed as a multi-
disciplinary survey aimed at investigating the influence of 
early family context on child development and outcomes 
throughout childhood and into adolescence. Further 
investigation is planned in adulthood. To date, the MCS 
has enrolled 19 244 families whose children were born 
across the UK countries of England, Scotland, Wales and 
Northern Ireland in 2000–2001. The sample design over-
represents families living in areas of high child poverty, 
areas with high proportions of ethnic minority popula-
tions across England and the three smaller UK countries. 
There have been data from seven sweeps to date. MCS 
children were around 9 months old at sweep 1, and 3, 5, 
7, 11, 14 and 17 years old at sweeps 2–7, respectively. Data 
from sweeps 5,–7 are used in this study. This is because in 
the MCS, ED-related attitudes and behaviours were first 
measured at age 14 and the CGT was administered at ages 
11 and 14. The analytical sample included singletons and 
first-born twins or triplets with available information on 
ED-related attitudes and behaviours at age 14 and/or age 
17 and with available CGT data at age 11 or 14 (n=8922).

Patient and public involvement
The findings of this study were shared at a workshop for 
carers of loved ones with EDs and with a patient group of 
individuals with EDs.

Measures
Decision-making under conditions of risk
The CGT assesses decision-making and risk-taking 
behaviour outside a learning context under conditions 
of uncertainty.5 6 Participants view a computer screen 
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displaying 10 boxes (red and blue) which appear in 
varying ratios (6:4, 7:3, 8:2, 9:1) of red to blue. Partici-
pants track a yellow token hidden inside one of these 
boxes. They have to choose: (A) which colour of box they 
believe the token is hidden behind (red or blue) and (B) 
the number of points they want to gamble. The five CGT 
measures of decision-making used in this study include: 
(1) the average number of points placed on bet after the 
most likely outcome was chosen (risk-taking); (2) the 
mean proportion of trials where the most likely colour 
outcome was selected (quality of decision-making); (3) 
the mean reaction time for making a selection (delib-
eration time); (4) the tendency to stake higher bets on 
favourable compared with unfavourable trials (risk adjust-
ment) and (5) the total difference between risk-taking 
scores (points gambled) in the ascending and descending 
conditions (delay aversion). A sixth CGT measure, overall 
proportion bet, was excluded from the analysis due to 
its significant correlation (>0.90) with the risk-taking 
variable.

Prodromal eating pathology
Symptoms indicating the emergence of ED thoughts 
and behaviours were measured at age 14 and 17 using 
the available eating, dieting and body image questions 
from the MCS. These binary response items questions 
measured: body dissatisfaction (whether the participant 
perceived their body as being too overweight); intention 
to lose weight (whether the participant report a strong 
desire to lose weight); dietary restriction (whether the 
participant reported having actively eaten less to influence 
their shape/weight) and excessive exercise (whether the 
participant reported exercising in a driven way in order 
to influence weight and shape). These items reflect symp-
toms considered to be prodromes of EDs, that is symp-
toms that are a feature of the disorder in question (in this 
case, EDs) and can indicate the future onset of a clinical 
disorder.7 The items align with key diagnostic features of 
clinical EDs.18

Confounders
Covariates known to be associated with exposure and 
outcome were included in the models: sex, ethnicity 
(according to the UK census groups of white, black, 
Indian, Pakistani/Bangladeshi, mixed or other), family 
poverty (below the poverty line or not), IQ, (verbal and 
non-verbal) derived in the MCS at age 5 from three 
subscales of the British Ability Scales,18 pubertal status at 
age 11 (breast growth or menstruation or hair on body 
for females, and voice change or facial hair or hair on 
body for males) and internalising and externalising symp-
toms at age 11, assessed using the mother-rated Strengths 
and Difficulties Questionnaire (SDQ).19 The SDQ is 
a valid and reliable tool for measuring such problems 
symptoms in children. It consists of 20 ‘difficulties’ items 
related to behaviour (in the past 6 months), with each 
item scored on a 3-point scale (0 = ‘not true’, 1 = ‘some-
what true’ and 2 = ‘certainly true’). Items are summed 

to form four subscales (emotional, conduct, hyperactivity 
and peer problems) or two (internalising symptoms, the 
sum of the scores on the emotional and peer problems 
items, and externalising symptoms, the sum of the scores 
on the conduct and hyperactivity problems items), which 
was used for this analysis. An objective measure of under-
weight and overweight based on the most widely used 
reference panel, the UK90,10 sensitive to sex and age, and 
developed for the British population was also included. 
Cut-offs were based on the age of the cohort member 
at the time of data collection. The underweight cut-off 
point was the second centile and the overweight cut-off 
point was the 85th centile, according to the UK90. It is 
important to acknowledge that people can have EDs at 
any weight, and so we have included this variable in our 
modelling.

Data analysis
All analyses were performed in STATA V.16.0.20 In all 
models, the MCS sampling stratum was controlled to 
account for the disproportionate stratification of the 
MCS survey design. To identify potential clusters of ED 
symptoms at ages 14 and 17 in the cohort, we used LCA 
using the prodromal eating pathology items (body dissat-
isfaction, intention to lose weight, dietary restriction, 
excessive exercise). We ran 1–3 class models for each age 
(ie, 14 and 17) and used three goodness of fit indices 
to determine which of these models fits best: (1) The 
Bayesian information criterion (BIC); (2) the Akaike 
information criterion (AIC) and (3) the entropy of each 
model. Lower BIC and AIC values indicate better fit to 
the data. Entropy ranges from 0 to 1, with higher values 
indicating that the latent classes are clearly distinguish-
able. Based on these indices we considered the two-class 
solution as optimal at both ages, with class 1 repre-
senting those who were more likely to report prodromal 
eating pathology (ie, endorsement of the body dissat-
isfaction, intention to lose weight, dietary restriction 
and excessive exercise items) and class 2 representing 
those who were less likely to report prodromal eating 
pathology (ie, no endorsement of these items). We then 
divided our sample into four groups: group 1 included 
those who were more likely to report prodromal eating 
pathology at age 14 only; group 2 included those who 
were more likely to report prodromal eating pathology 
at age 17 only; group 3 included those who were more 
likely to report prodromal eating pathology at ages 14 
and 17 and group 3 included those who were less likely 
to report prodromal eating pathology at ages 14 and 17. 
Finally, we fitted four different sets of logistic regres-
sion models in order to explore the association between 
CGT measures and symptom clusters. Missingness in our 
sample ranged between 1.60% for body dissatisfaction 
measured at age 14 and 29.71% for dietary behaviour 
measured at age 17. To handle missingness, we used 
multiple imputation by chained equations (20 imputed 
datasets).
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RESULTS
Table  1 shows that that around 40% of the sample 
provided responses indicating that they endorsed the 
presence of prodromal eating pathology group at both 
age 14 and 17.

Table 2 provides data on the relationship between CGT 
variables measured at ages 11 and 14 and prodromal 
eating pathology at age 14, or age 17, or both at ages 
14 and 17. The data show that lower quality of decision-
making and lower deliberation time at age 14 were asso-
ciated with prodromal eating pathology at age 14 and 17. 
Lower delay aversion and lower deliberation time at age 
11 and lower risk-taking at age 14 were associated with 
being in the group where prodromal eating pathology 
was not detected at both ages 14 and 17.

DISCUSSION
The aim of this study was to use new data from the MCS 
collected from participants at age 17 to explore whether 
decision-making measured by the CGT at age 11 and 14 
was associated with prodromal eating pathology at ages 
14 and 17, showing evidence of persistence across adoles-
cence. The hypothesis, which was that less advantageous 
decision-making on the CGT, would be associated with 
the presence of prodromal eating pathology not only 
at age 14, but also at age 17, was partially supported by 
the data, because poorer quality of decision-making and 
lower deliberation time at age 14 were associated with 
prodromal eating pathology at both ages 14 and 17. 
This indicates that the persistence of prodromal eating 
pathology in mid to late adolescence can be understood 
in part as a function of less frequently placing bets on 
the most likely outcome (quality of decision-making) and 
taking less time to decide on which bet to choose (delib-
eration time) at age 14. This suggests that more hasty and 
less advantageous decision-making might be associated 
with the later presence of prodromal eating pathology. 
Further, lower scores on the deliberation time and delay 
aversion variables at age 11 and lower scores on the risk-
taking variable at age 14 were associated with prodromal 
eating pathology not being reported at both ages 14 and 
17. This suggests that the absence of prodromal eating 
pathology in both mid and late adolescence can be under-
stood in part as a function of taking less time to decide 
on which bet to choose (deliberation time) at age 11, a 

reduced tendency to bet larger amounts due to an unwill-
ingness or inability, to wait for bets to decrease on trials 
where bet amounts are presented in descending order 
compared with when bets are presented in ascending 
order (delay aversion) at age 11 and gambling less of the 
current points total (risk-taking) at age 14. This indicates 
that perhaps a moderate approach under conditions of 
risk could be protective of the later development and 
continuation of prodromal eating pathology. It might 
be that individuals continue to engage in dietary restric-
tion and driven exercise, negative attitudes towards 
their shape/weight and continue to hold a desire to lose 
weight, betting on these as ways of feeling good or better 
about their body/weight/shape. However, the most likely 
outcome of this approach is not weight loss or well-being, 
but instead ongoing difficulties with eating and body 
image.21 A clear implication is that children and adoles-
cents could be supported to learn more about the atti-
tudes and behaviours conducive to good outcomes, that 
is, a good enough body image and relationship with food 
throughout adolescence22 and this may be one way of 
enhancing ED prevention programmes.

While it is not possible to know whether those who 
were observed to have prodromal eating pathology 
at age 14 then experienced a remission in these symp-
toms before recurring again around age 17, the finding 
that a significant group of individuals who were in the 
prodromal eating pathology group at age 14 were also in 
the prodromal eating pathology group at age 17 suggests 
that for many, these prodromal symptoms do not spon-
taneously resolve. It is therefore important that where 
an intention to lose weight, active dietary restriction and 
the use of driven exercise to influence shape/weight 
are identified by concerned family members, friends or 
teachers, this young person is supported early on prevent 
their symptoms from becoming more salient and habitual 
during this crucial stage in their development.

The study has a number of limitations. Due to the 
multidisciplinary nature of the MCS and the fact that we 
were not involved in decisions around which items were 
included in the survey, the measurement of ED symptoms 
is not based on a standardised clinical interview. The MCS 
did not include items on bingeing which would have been 
useful in assessing a broader range of prodromal eating 
pathology. Further, participants may not have accurately 

Table 1  Frequencies of prodromal eating pathology group membership (total sample n=8922)

Group Yes (%) No (%)

Group 1- Prodromal eating pathology at age 14 only 720 (8.1) 8202 (91.9)

Group 2- Prodromal eating pathology at age 17 only 2397 (6.9) 6525 (73.1)

Group 3- Prodromal eating pathology at ages 14 and 17 3712 (41.6) 5210 (58.4)

Group 4- Prodromal eating pathology not detected at ages 14 and17 2093 (23.5) 6829 (76.5)

The groups that are listed in this table are mutually exclusive.
Bold text indicates significant findings.
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reported or been aware of any symptoms that they might 
have. We also do not know whether those with prodromal 
eating pathology actually developed clinical EDs or 
whether their symptoms remitted, and these data would 
be interesting. It might be possible to learn more as the 
cohort are followed up again in future. Further, there 
may be other covariates not measured in the MCS that are 
relevant to prodromal eating pathology. However, fortu-
nately the questions asked do embody key ED symptoms 
listed in the Diagnostic and Statistical Manual of Mental 
Disorders23 and it should be noted that this work was 
more interested in the emergence of prodromal eating 
pathology in a large community cohort sample to chal-
lenge the present bias in the data towards clinical samples 
and improve the inclusion of a broader range of indi-
viduals in ED research. The effect of deliberation time 
at age 14 on group membership is extremely small and 
should be interpreted with caution. Finally, the study uses 
observational data and therefore, while we adjusted for 
relevant covariates in our modelling, the design is not 
experimental and therefore causation cannot be inferred.

In conclusion, this work builds on our previous 
studies,8 9 12 which examined decision-making at ages 11 
and 14 and ED prodromes at age 14 and is novel because 
it demonstrates that the association between decision-
making at age 11 and 14 and the later presence of ED 
prodromes is persistent and not transitory. Training effec-
tive decision-making in childhood and early adolescence 
may offer a means of preventing ED prodromes, reducing 
the likelihood of a clinical disorder developing.

Twitter Amy Harrison @DrAmyKHarrison
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Table 2  Adjusted models in imputed cases (n=8922)

Class 1- Prodromal eating pathology at age 14 only

b SE OR

Risk-taking, age 11 0.39 0.48 1.48

Quality of decision-making, 
age 11

−0.18 0.32 0.83

Deliberation time, age 11 0.00 0.00 1.00

Risk adjustment, age 11 0.01 0.08 1.01

Delay-aversion, age 11 0.20 0.30 1.22

Risk-taking, age 14 0.04 0.43 1.04

Quality of decision-making, 
age 14

0.27 0.44 1.31

Deliberation time, age 14 0.00 0.00 1.00

Risk adjustment, age 14 −0.06 0.06 0.94

Delay-aversion, age 14 0.16 0.32 1.17

Class 2- Prodromal eating pathology at age 17 only

b SE OR

Risk-taking, age 11 0.05 0.23 1.05

Quality of decision-making, 
age 11

0.00 0.22 1.00

Deliberation time, age 11 0.00 0.00 1.00

Risk adjustment, age 11 −0.03 0.05 0.96

Delay aversion, age 11 0.22 0.17 1.25

Risk-taking, age 14 0.12 0.27 1.13

Quality of decision-making, 
age 14

0.19 0.30 1.20

Deliberation time, age 14 −0.00 0.00 1.00

Risk adjustment, age 14 −0.02 0.04 0.97

Delay-aversion, age 14 0.14 0.22 1.15

Class 3- Prodromal eating pathology at ages 14 AND 17

b SE OR

Risk-taking, age 11 0.19 0.23 1.21

Quality of decision-making, 
age 11

0.01 0.22 1.01

Deliberation time, age 11 0.00 0.00 1.00

Risk adjustment, age 11 0.03 0.04 1.03

Delay-aversion, age 11 0.06 0.16 1.06

Risk-taking, age 14 0.50 0.26 1.65

Quality of decision-making, 
age 14

−0.75* 0.29 0.46

Deliberation time, age 14 −0.00† 0.00 0.99

Risk adjustment, age 14 0.05 0.04 1.05

Delay-aversion, age 14 0.01 0.19 1.01

Class 4- Prodromal eating pathology not detected at ages 
14 &17

b SE OR

Risk-taking, age 11 −0.51 0.26 0.59

Quality of decision-making, 
age 11

0.00 0.23 1.00

Continued

Class 1- Prodromal eating pathology at age 14 only

Deliberation time, age 11 −0.00* 0.00 0.99

Risk adjustment, age 11 −0.02 0.05 0.97

Delay-aversion, age 11 −0.46* 0.20 0.62

Risk-taking, age 14 −0.84† 0.29 0.43

Quality of decision-making, 
age 14

0.58 0.35 1.79

Deliberation time, age 14 0.00 0.00 1.00

Risk adjustment, age 14 −0.01 0.05 0.98

Delay-aversion, age 14 −0.29 0.22 0.74

Adjusted for: sex, ethnicity, sociio-economic status (SES), IQ 
at age 5, pubertal status, age, internalising and externalising 
symptoms at age 11, UK90 cut-offs for overweight and 
underweight at ages 14 and 17.
Bold text indicates significant findings.
*p<0.05.
†p<0.001.
SES, Socio-economic status.

Table 2  Continued
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