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Attention-deficit hyperactivity disorder (ADHD) is a neurodevelopmental condition marked by
difficulties with attention, increased activity levels, and impulsive behaviour, which can impact

social, academic, and work-related performance. Its presence in adults is often overlooked and
inadequately addressed. Emerging research suggests a link between ADHD and unhealthy lifestyles,
including sedentary behaviour, substance use, and effort discounting, a decision-making process
where individuals undervalue rewards requiring significant physical or cognitive effort. This study
investigates the association between ADHD symptoms, physical effort discounting, and indicators of
unhealthy lifestyles in young adults. We recruited 181 participants aged 18-33 years. They completed
the Effort-Expenditure for Rewards Task (EEfRT) and a hypothetical effort-discounting task, alongside
questionnaires assessing ADHD and developmental co-ordination disorder (DCD) symptoms, physical
activity, alcohol, tobacco and drug use. A logistic mixed model was used to analyze effort-discounting
decisions, while regression analyses assessed the influence of ADHD symptoms and effort discounting
on unhealthy lifestyle indicators. EEfRT decisions were significantly influenced by reward probability,
monetary value, and ADHD medication status, whereas choices in the hypothetical effort-discounting
task were influenced by money, effort and ADHD symptoms. When exploring the association between
all variables, ADHD symptoms were positively correlated with effort discounting in the hypothetical
task, smoking, and DCD. Effort discounting was associated with a sedentary lifestyle while smoking
correlated with higher BMI and alcohol consumption. Linear and logistic regressions suggested that
ADHD symptoms and effort discounting were associated with a sedentary lifestyle, and smoking
status was significantly explained by ADHD symptoms. These findings highlight the need for targeted
interventions addressing both ADHD symptomatology and lifestyle factors to improve outcomes in
affected individuals.
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Attention-deficit hyperactivity disorder (ADHD) is a neurodevelopmental condition characterised by a
persistent pattern of attentional impairments, as well as hyperactivity and impulsivity that interferes with social,
academic or labour functioning'. Systematic reviews and meta-analyses point to an ADHD world prevalence
between 5 and 7% in children and adolescents®. Even though symptoms persist during adulthood, adult ADHD
is possibly under-recognised, under-diagnosed, and poorly treated®, with an estimated prevalence of 2.6-6.8%*.
Recent research also suggests that ADHD is associated with unhealthy lifestyles, such as sedentary behaviours or
tobacco, alcohol and drug consumption®®. Further, an impairment in integrating effort costs in decision making
in ADHD has been suggested’.

Effort discounting refers to the subjective cost of physical or cognitive effort in decision making. Recent
research has assessed the affectation of mental effort in ADHD!®!!. Our study is focused on physical effort.
This factor, together with risk and delay'?, tends to decrease the value of an expected reward. Such a decrease
is frequently modelled as a hyperbolic discounting function in hypothetical decision-making tasks'>. In these
hypothetical tasks, volunteers have to select among two alternatives involving a monetary reward in exchange for
a physical exercise, such as running on a treadmill. Importantly, due to their hypothetical nature, rewards and
efforts are not effectively obtained or expended. Other tasks employed in the evaluation of effort discounting,
such as the Effort Expenditure for Rewards Task (EEfRT)!, involve an actual effort performance (fast pushing
of a key). In the context of ADHD research, hypothetical physical effort-discounting tasks have been studied in
adolescents!®, where no differences were found between diagnosed and control volunteers. To our knowledge,
this construct has not been studied in relation to ADHD symptoms in adults. On the other hand, the EEfRT has
been recently used in two samples (cannabis users and non-users) of college students, where ADHD symptoms
were measured as a covariate'®. The authors found that cannabis users were more prone to exert high effort
levels, but its association with ADHD symptoms was not assessed.

ADHD has also been linked to multiple facets of unhealthy lifestyle. A recent systematic review found
increased odd ratios of cannabis (1.27-2.19, weighted mean 1.89, 8 studies) and tobacco (0.61-3.01, weighted
mean 1.50, 11 studies) use, sedentary behaviour (1.08-8.9, weighted mean 1.88, 10 studies) and diet quality
(1.25-3.89, weighted mean 1.79, 7 studies) in ADHD patients'”. According to the meta-analysis by Cortese and
collaborators!®, the pooled prevalence of obesity in adults with ADHD is about 70%, compared with 16% of non-
ADHD adults. They suggest that this association could be due to abnormal eating patterns, decreased physical
activity, or time spent watching TV. There is also meta-analytic evidence for the association of ADHD and
substance use and dependence'”. The putative association between a mental disorder such as ADHD and several
harmful lifestyles is relevant because all these studies point to a poorer quality of life for adults with ADHD.
Eventually, these could be contributing factors to a known fact: ADHD is associated with increased mortality
rates?%-22. Therefore, research on the relationship between decision-making features and negative lifestyles could
shed some light on this disorder and eventually improve current therapeutic approaches.

In the present report, we investigate the association between ADHD symptoms, effort discounting —assessed
by two different decision-making tasks- and potential indicators of unhealthy lifestyles —such as sedentary
behaviour, obesity, alcohol, tobacco and drug consumption- in a sample of 181 young adults. Our results point
to an association between ADHD symptoms, effort discounting and smoking habits. Also, a greater impact of
effort in decision-making was associated with a sedentary lifestyle and smoking habits.

Methods
Sample
As explained below, this manuscript reports the effort-related findings of a larger project that investigates time,
risk and effort-discounting and its association with ADHD symptoms and lifestyles. Since our primary interest
is ADHD symptomatology rather than diagnosis, we followed a transdiagnostic, dimensional, approach instead
of splitting our sample by diagnosis. Therefore, all participants were included in one single group for all analyses.
However, this section explains the sample composition by diagnosis group to provide a more detailed description.
A sample of 183 participants was recruited. Two of them lacked crucial information and were excluded. Thus,
the final sample included 181 volunteers (96 male, 85 female; mean age 21.76, standard deviation, SD=2.87,
18-33). Fifty-eight participants had a current clinical diagnosis of ADHD (25 male, 33 female; mean age 22.48,
SD=3.43, 18-32), demonstrated by the research project’s clinicians or a signed clinical report. One hundred
twenty-three participants lacked a clinical diagnosis of ADHD (71 male, 52 female; mean age 21.38, SD =2.47,
18-33). The medication status of ADHD-diagnosed participants was diverse: 30 of them were medicated
under prescription (either methylphenidate, lisdexamfetamine dimesylate or atomoxetine), whereas 27 were
non-medicated (1 missing value). Our research goal was to evaluate participants in two visits: in the case of
medicated ADHD volunteers, we planned to assess them in their usual medication status during one of the
visits, whereas we asked them to take the medication after evaluation in the other visit. By doing so, we expected
to analyse the effect of medication on decision-making tasks. However, we could not pursue this goal due to
dropouts and a limited number of medicated participants. Due to this initial plan, 7 participants included in
this report were assessed without taking their habitual medication the day of the assessment. Thus, they were
off medication between 12 and 24 h before the experiment. According to the pharmacokinetics of these drugs,
the effect of methylphenidate lasts a maximum of 8-12 h in the extended-release preparations?*. A recent report
showed negligible levels in plasma after 6 h of consuming lisdexamfetamine?. As for atomoxetine, it has a
plasma half-life of 5.2 hours?. For simplicity and statistical power, we coded medication status as 0 for controls,
1 for medicated ADHD participants, and 2 for non-medicated ADHD participants (including volunteers who
usually did not take medication and the 7 participants who were requested to delay their administration until
finishing the assessment).
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Procedure
After an initial telephone screening, volunteers attended the laboratory individually or in small groups (2 to
6 persons per group) to receive detailed information about the project. The overall project involved two visits
to engage in the same decision-making tasks and complete a set of psychometric questionnaires. Since a large
number of participants missed the second visit, the results reported here pertain to the first assessment. After
signing the informed consent form, volunteers completed the decision-making tasks explained below in a
randomised order (about 45 min overall). Then, they were individually assessed with the MINTI International
Neuropsychiatric Interview (5.0, Spanish version), Global Physical Activity Questionnaire (GPAQ), Systematic
Inventory of Alcohol Consumption (SIAC) and some general health questions (i.e., weight, height, dexterity,
number of cigarettes per day, driving licence, habitual medication) (see below for a description of the assessment
tools). Subsequently, they self-administered a set of questionnaires to assess ADHD symptomatology, self-
regulation, impulsivity, risk-taking and self-harm behaviours, developmental co-ordination disorder (DCD),
study habits, and a set of sociodemographic questions, including previous diagnoses of neurological or
psychiatric conditions.

Participants received a fixed reward of 10 € per visit, which could be increased by randomly selecting one or
two decisions of some of the decision-making tasks (average money won=11.29 €, range 10-17.65 €).

Decision-making tasks

Participants completed six decision-making tasks to assess time-, risk- and physical effort-discounting. Three
involved an immediate reward in exchange for the corresponding discounting factor, and the remaining were
hypothetical (no actual rewards, delays, risks, or efforts were involved). In this paper, we report the results of the
effort-discounting immediate and hypothetical tasks.

We used the Effort-Expenditure for Rewards Task (EEfRT)' to assess immediate physical effort discounting.
We programmed it in Cogent 2000, developed by the Cogent 2000 team at the FIL and the ICN and Cogent
Graphics developed by John Romaya at the LON at the Wellcome Department of Imaging Neuroscience, which
runs in Matlab (The MathWorks, Inc., Natick, MA, USA), following published descriptions of the EEfRT. In each
trial, participants had to decide between a low-reward (1 €) low-effort (30 spacebar presses in 7 s with the index
finger of the dominant hand) alternative and a higher reward (1.85, 1.88, 2.26, 2.53, 2.55, 3.03, 3.60, 3.66 or 4.15
€) in exchange of a harder effort (100 spacebar presses in 21 s with the little finger of the non-dominant hand).
As in the original version of the task, irrespective of choice and effort completion, rewards were not guaranteed:
for each trial, the initial screen showed both reward/effort alternatives and also the probability of obtaining the
reward in case of successful completion of the demanded effort: 12%, 50% or 88%. Thus, participants had to
trade-off between effort expenditure and probability. Trials were pseudo-randomised during task programming
in ten blocks of 9 trials, each including every probability and money mentioned above (see Supplementary Table
S1 for all trial blocks). Volunteers were instructed to choose the easy or hard alternative within 5 s; otherwise,
the selection would be random. If participants were unsuccessful in completing the required effort on time, a
screen was presented with the following text: “Time out! You have not completed the task. You have not won
any money”. They were explicitly told the three probability levels but not the reward amounts; also, they were
informed that they would be playing for 15 min and that the program would randomly choose two of their
selections to the sum of which constituted their earnings. This random selection was automatically carried out
by the Matlab code of the task.

The ‘hypothetical’ physical effort-discounting task followed the well-known design of this kind of paradigm2,
as described elsewhere!®. Participants faced 50 decision-making trials that involved an effortless alternative
(paired with a reward lower than 20 €) and 20 € in exchange for a hypothetical effort (x minutes running on a
treadmill, 5 <x <75 min). Instead of using fixed effort levels for all participants, we used Ed Vul and collaborators’
Functional Adapting Sequential Tool (Fast v1.0) (www.evullab.org/pdf/s6.pdf). This algorithm starts from a set
of fixed values and progressively finds the optimal indifference points to estimate the hyperbolic discounting
curve of each participant through Bayesian inference. More precisely, the effortful alternative was randomly
presented on the left or right, showing “20 €” on top and the proposed effort (automatically selected by the
stepwise algorithm between 5 and 75 min) under it. The effortless alternative entailed “0 min” running, and the
program automatically selected an amount of money lower than 20 €. Hence, the effortless alternative involved
rewards close to 20 €, and the effortful alternative entailed lower effort levels for effort-averse participants. The
opposite happened for effort-seeking volunteers. In any case, the algorithm found the indifference points (those
decisions where the volunteer hesitated between the effortful and the effortless alternatives) and estimated the
discounting constant (k) defining each participants hyperbolic decaying curve. The constant k ranges from 0 to
1, with lower values indicating lower effort discounting. In this task, decisions were not time-constrained, and
the overall duration was about 5 min. Participants were informed about this approximate duration but not the
exact number of trials. They were told that rewards and efforts were hypothetical in this task.

Additional measures

ADHD symptoms

We used the 18-item Adult ADHD Self-Report Scale (ASRS) version 1.1%°. This is a Likert-style (0=never,
4=very often) screening tool in which respondents are asked about their feelings and behaviour in the past six
months. The first nine items constitute the inattention scale, whereas the following nine pertain to hyperactivity-
impulsivity symptoms, following the DSM-5 criteria. We calculated the score for each subscale although in most
analyses we only considered the overall score for simplicity.
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GPAQ
The Global Physical Activity Questionnaire (GPAQ) is a tool developed by the World Health Organisation to
assess physical activity during a normal week in three domains: at work, for leisure, and for travelling?”. Volunteers
were interviewed about the number of days and minutes per day that they do intense and/or moderate activities
in each domain. The final score was the amount of metabolic equivalents (METs)-minutes per week. One MET
was equivalent to a consumption of 1 kcal/kg/hour and corresponded to the energy cost of sitting quietly. Intense
and moderate activities were assigned 8 and 4 METs per minute, respectively. Thus, the final score was the sum
of all intense activities (in minutes) multiplied by 8 and all moderate activities (including travelling) multiplied
by 4. Values below 600 did not meet WHO recommendations.

SIAC

The Systematic Inventory of Alcohol Consumption (SIAC)? is a short interview to assess alcohol consumption.
Participants were asked about the number of days and amount of alcoholic drinks they consume in a typical
week. This was quantified as ‘standard units’ (SU) such as, for example, one glass of beer (200 cc) corresponded
to 1 SU, one glass of a distilled drink (i.e., whiskey, 50 cc) corresponded to 2 SU, and one shot was 0.5 SU. We
provided one single score per participant, collapsing drinking habits in weekdays and weekends.

DCD

DCD and ADHD co-occur in approximately 50% of cases*>*°. Conceivably, it could mediate the relationship
between ADHD, physical activity and obesity. Moreover, it could also be related to specific patterns of response
in the EEfRT, where a fine motor output is required. We used the Adult Developmental Coordination Disorder/
Dyspraxia Checklist-ADC 3! translated into Spanish by our research team. This is a Likert-scale questionnaire
with 4 alternatives (0 =never, 3 =always) divided into two sections: (1) a 10-item assessment of developmental
coordination disorder (as described in DSM-5) during childhood; (2) a 30-item exploration of current motor
impairment in everyday activities. Higher values indicate more DCD symptoms.

Body-mass index (BMI) and smoking habits
Participants were asked about their height and weight. BMI was calculated as weight in kg divided by the square
of height in meters. We also asked them the number of cigarettes, if any, smoked in a typical day.

Drug use in MINI

We assessed volunteers with the MINI International Neuropsychiatric Interview 2. Their responses on the use
of illicit drugs (module K) were coded as 0 if they had not used any illicit substance in the last 12 months or 1 if
they answered positively any question in module K.

Statistical analyses

We performed two independent sets of analyses. First, we explored specific patterns of responses in the effort-
related tasks (EEfRT and hypothetical effort-discounting task) in relation to the factors of interest of this
research: ADHD symptomatology and lifestyles. Thus, we used two logistic mixed models (one for each task) to
estimate effort-related decisions from task- and subject-specific variables. Second, we pursued the overall goal
of assessing the relationship between ADHD symptoms, effort discounting, and indicators of unhealthy habits.
For this purpose, we selected one indicator for each effort-discounting task (proportion of effortful decisions in
the EEfFRT, discounting constant k in the hypothetical task), and employed pairwise correlations and regression
analyses.

The logistic mixed models assessed which task- and subject-specific variables explained effort-related
decisions. The two effort-discounting tasks had singular characteristics that led to slightly different analyses.
In the EEfRT task, the same trials were presented to every subject in the same order. Thus, decisions were non-
independent (there were several decisions per subject and each task item was answered by several participants),
and therefore we analysed responses with a crossed-effects logistic mixed model to assess which task features and
subject-specific traits explained the selection of the high reward-high effort alternative. Choice was coded as 1 in
the trials where that alternative was selected and 0 when participants chose the low effort alternative. The main
hypothesis was that decisions would depend on the money and probability involved in each trial, and between-
subject variables such as ADHD symptoms and physical activity might influence choices. Thus, the fixed effects
of the model included trial-specific features (money and probability), trial number to examine fatigue, physical
activity (GPAQ in Met-min) and ADHD symptoms (ASRS-18). As subject-specific covariates, we tested sex
(0=male, 1=female), medication status (0= controls, 1 =medicated ADHD, 2 =non-medicated ADHD), DCD
symptoms, effort discounting (k from the hypothetical task), BMI and smoker (0 =no, 1 =yes). Crossed random
effects were included for subjects and trials as reccommended by other authors, for example’. Once included the
variables of interest in the model (money and probability of the trial, trial number, GPAQ and ADHD symptoms,
as well as the crossed random effects), we added the covariates one by one in an arbitrary order and tested
whether they improved the goodness-of-fit of the model. This was quantified using the Bayesian Information
Criteria (BIC; lower values indicate better goodness of fit). According to the standard interpretation®*, when
comparing two models, a difference (ABIC) between 0 and 2 indicates that both models are similar; a ABIC
between 2 and 6 points to a significant difference, and a ABIC greater than 6 indicates that the model with the
lower value is strongly better than the other. The logistic mixed model for the hypothetical effort-discounting
task was similar except for the random effects: in this case, trials were different for every subject since they were
automatically ‘selected’ by the algorithm. Therefore, only subjects were included as random effects. Concerning
the dependent variable, the selection of the effortful option (20 € in exchange for certain amount of minutes
running in a treadmill) was coded as 1, whereas the effortless option (certain amount of money with no effort
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involved) was coded as 0. In this case, the fixed-effects independent variables were the effort involved in the
effortful alternative, the money involved in the effortless alternative, trial number (even though we did not
expect an effect of fatigue in this case), and subject-specific traits such as ADHD and DCD symptomatology, and
lifestyle indicators as mentioned above. The best models are explained in detail in the Results section.

The second set of analyses addressed the main objective of our study: to determine the relationship between
ADHD symptoms, effort discounting and lifestyles. Consequently, the variables included were the following:
(1) sociodemographic and general information: age, sex, medication status (as explained above); (2) symptom
questionnaires: ASRS-18 and DCD; (3) physical effort discounting: EEfRT (overall fraction of high effort choices
per participant) and hyperbolic k in the hypothetical task; (4) unhealthy habits and features: BMI, GPAQ, SIAC,
smoker, number of cigarettes, drug consumption (from MINI). Most variables were positively skewed and
kurtosis was very high (Table 1; Figure S1), so they were transformed by using the Box-Cox transformation.
Since interpretability is difficult with transformed variables, we performed all analyses both in transformed
and, as a sensitivity analysis, in the raw data. Individual associations between variables were evaluated through
pair-wise correlations. Then, we used regression equations to answer whether ADHD symptoms and effort
discounting (operationalized by either the EEfRT or the hypothetical task) had an effect on any unhealthy habit.
Thus, each lifestyle indicator (weekly physical activity, alcohol consumption, smoking and drug use) was fitted
to two regression models (including either EEfRT or k effort) with ADHD symptoms and effort discounting as
independent variables, and sex and BMI as covariates. We repeated the main analyses using clinical diagnosis
instead of ADHD symptoms in the Supplementary Information as a sensitivity analysis.

All statistical analyses were carried out in Stata 16.1 (StataCorp LLC, USA).

Results

Logistic mixed models to explain effort discounting decisions.

Regarding the EEfRT task, the best model (lowest BIC; Wald’s x*(10)=623.64, p<0.0001) included the
following fixed factors: money and probability involved in each decision, trial number, medication status of the
participants, DCD symptoms, physical activity (GPAQ), smoking status and interaction between probability
and medication status (Table 2). The crossed random effects included subject and trial number. Note that DCD
symptoms improved the model with respect to ADHD symptoms. A list of all candidate models is shown in Table
S2 (included in the Supplementary Information). Within this model, the variables that significantly explained
decisions were probability, money, trial number, medication status and the interaction between medication
status and probability (Fig. 1; see Table 2 for statistics). The explanatory role of the remaining variables was
not significant. The variance inflation factor (VIF) of this model was low (mean VIF=2.27), pointing to a low
multicollinearity of predictors. Random effects were significant (x*(2)=1442.97, p<0.0001), including the
contribution of trial and volunteer. Thus, the probability and money involved in the trial influenced participants’
decisions. They were also affected by the medication status of participants (medicated participants selected the
effortful alternative more often than controls), and the interaction of this variable with the probability of the
trial (negative interaction in ADHD medicated and non-medicated participants with respect to controls). This
shows that medicated ADHD volunteers were more prone to select the high effort alternative in low probability
trials. Finally, there was a clear effect of fatigue (trial number), since volunteers tended to choose the high effort
alternative less often through the course of the experiment (Fig. 1).

Raw variables Shapiro-Wilk (raw) Transformed variables Shapiro-Wilk
S.E. Box-Cox S.E.
Mean Mean |Skew |Kurt |n |z P transformation Mean | Mean | Skew | Kurt |z P
Effort discounting
k effort 0.056 0.009 | 4.53** | 28.6** | 180 | 9.798 | <0.0001 233%2(67)0'086)_1)/ —-4.998 | 0.159 | 0.01 247 0922 0.178
EEfRT 0.522 0.015 |0.23 3.12 180 | 1.323 | 0.093
Symptoms
ASRS-18 | 33.539 0.940 | 0.44* |2.65 180 | 2.870 | 0.002 (Raw”(0.385)-1)/0.385 | 7.271 0.110 | -0.04 |2.35* | 1.072 0.142
DCD 26.09 1.30 0.80** | 2.98 171 | 4.774 | <0.0001 | (Raw~(0.426)-1)/0.426 | 6.588 0.205 | 0.001 2.50 |0.343 0.366
Lifestyles
GPAQ 3330.414 254.40 | 3.52%% | 23.1*% | 169 | 8.267 | <0.0001 | (Raw~(0.127)-1)/0.127 | 13.343 | 0.181 | -0.003 |3.50 |-1.22 |0.889
BMI | 22332 0234 | 0.69% | 448 | 161 | 2.640 | 0.004 E}_Z?)“;’;(G‘)O"m)'l)/ 1741 | 0003 |0003 |322 |-1775|0.962
SIAC 5.933 0.580 | 2.78%* | 13.7*% | 167 | 7.953 | <0.0001 | Raw~(0.04)-1)/0.04 1.653 0.086 | <0.001 | 2.70 | -1.106 | 0.866
yes=48 (out of
Smoker | 167 28 74%)
yes=36 (out of
Druguse |11, 19.80%)

Table 1. Descriptive statistics of the main variables of this study, including skewness (Skew.), kurtosis
(Kurt.) and normality tests (Shapiro-Wilk) before (raw) and after (transformed) Box-Cox transformation. *,
0.05<p<0.01; **, p<0.01; S.E. standard error.
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Fixed effects ‘ Beta ‘ S.E ‘ z ‘ P ‘ 95% CI
Best model: EEfRT decisions
Money 1.27 0.096 13.20 <0.001 | (1.08, 1.45)
Probability 5.57 0.284 19.59 <0.001 | (5.01,6.12)
Trial number | -0.015 0.005 -2.84 0.005 | (-0.02, -0.004)
Medication
Ovs1 1.74 0.499 3.48 <0.001 | (0.76,2.72)
0vs2 0.32 0.403 0.80 0.422 | (-0.47,1.11)
Medication x Probability
Ovs1 -2.28 0.351 -6.52 | <0.001 | (-2.97, -1.60)
Ovs2 -1.15 0.310 -3.71 <0.001 | (-1.76, -0.54)
DCD -0.011 0.009 -1.15 0.249 | (-0.03,0.007)
GPAQ —0.00002 | 0.00004 | —0.45 0.653 | (—0.0001, 0.00006)
Smoker -0.49 0.294 -1.68 0.093 | (-1.07,0.08)
Intercept =527 0.402 —-13.13 | <0.001 | (-6.06, —4.49)
Random effects (x*(2) = 1442.97, p<0.001)
Trial 0.277 0.0656 (0.174, 0.440)
Subject 2.800 0.367 (2.167, 3.620)
Best model: Hypothetical effort discounting task
Money -0.41 0.018 —-22.91 | <0.001 | (-0.45,-0.37)
Effort -0.12 0.005 —26.66 | <0.001 | (-0.13,-0.11)
Money x Effort | 0.004 0.0003 | 15.07 <0.001 | (0.004, 0.005)
Response time | 0.027 0.009 2.94 0.003 | (0.009, 0.05)
ASRS-18 -0.03 0.010 -2.92 0.004 | (-0.05,-0.009)
Intercept 8.91 0.470 18.96 <0.001 | (7.99,9.83)
Random effects (x*(1) =789.29, p<0.0001)
Subject [275 (036 | ‘ [(213,355)

Table 2. Logistic mixed models to explain the EEfRT and hypothetical effort discounting task decisions. Top,
statistics of the predictors included in the best model to explain EEfRT decisions. Concerning “Medication’,

0 represents undiagnosed control participants, 1 refers to medicated ADHD volunteers, and 2 codes non-
medicated participants with ADHD diagnosis. Bottom, predictors of the best model to explain the hypothetical
effort discounting task. See Table S2 for all mixed model tested and their goodness-of-fit (Bayesian Information
Criterion, BIC). CI, Confidence Interval; S.E., Standard Error.

Regarding the hypothetical effort-discounting task, two models explained the data equally well (ABIC=1).
The only difference between them was the inclusion of ADHD symptomatology as independent variable, so
we discuss this (see Table S2, in the Supplementary Information, for a list of all tested models). The model
included the following fixed factors: money involved in the effortless option, effort involved in the effortful
option, the interaction between these variables, response time, and ASRS-18 (Wald’s XZ(S) =1381.25, p<0.0001,
BIC=10,381). All variables significantly explained decisions: overall, selection of the effortful alternative was
negatively explained by the money of the effortless alternative and the effort of the effortful one, and positively
explained by the interaction between them and response time (Table 2). As expected, this interaction indicated that
participants tended to avoid the effortful alternative when the money involved in the effortless one approached to
20 €, and when the effort proposed in the effortful alternative was high (see Fig. 2). Regarding ADHD symptoms,
they were negatively associated with the selection of the effortful option. Multicollinearity of this model was
also low (VIF=4.53). Random effects included volunteers, and were also significant (x*(1) = 789.29, p<0.0001).

In conclusion, volunteers’ decisions in both tasks were adequately explained by task parameters. More
precisely, the EEfRT task was more sensitive to DCD symptoms, fatigue, medication status and lifestyle
indicators (sedentarism and smoking), whereas decisions in the hypothetical task were only explained by ADHD
symptoms, in addition to task parameters.

Association between ADHD symptoms, physical effort discounting and lifestyles.

To have an initial, exploratory, assessment of the relationship between all variables of interest, we built a
correlation matrix that included ADHD symptoms, the EEfRT main outcome variable (overall fraction of high
effort choices), the main outcome of the effort-discounting hypothetical task (hyperbolic k), DCD symptoms,
GPAQ Met-mins, BMI, SIAC, smoker, number of cigarettes and drug use according to MINI. The matrix is
shown in Table 3 and Table S3 for transformed and raw variables, respectively. ADHD symptoms were positively
correlated with k effort, DCD and smoker. In addition, the outcome variables of both effort-discounting tasks
were negatively correlated. This negative correlation was expected because, whereas higher k values indicate
more effort discounting (or a greater cost of effort), the EEfRT variable was the proportion of effortful choices,
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1>

Probability of choosing the effortful alternative

Effect of independent variables on EEfRT decisions (95% CI)

Money and probability B Fatigue C Medication

— 4 —

© A o - o -
185 226255 303 366 4.15 1 6 111621263136414651566166 0122345467829 1
Money of the trial (€) Trial number Probability of the trial
—m— 12% —A— 50% —e— 88% — = 12% —A— 50% —e— 88%  —8—Ctrl —e—ADHD-med —A— ADHD-unmed

Fig. 1. Effect of predictors on EEfRT decisions after the logistic mixed model. (A) Participants tended to
choose the effortful alternative when money increased, but strongly depending on trial probability. Note that
effortful choices for low probability trials (12%) were always below 0.5 irrespective of the money at stake,
whereas they were above 0.7 in high probability trials, even for small rewards. (B) The effect of fatigue is
apparent for all trial types: chances to select the effortful alternative decreased with trial number in all cases.
(C) The probability of choosing the effortful alternative with respect to trial probability followed a nearly
sigmoid shape for undiagnosed participants and medicated ADHD volunteers. However, the curve was less
steep for medicated participants, whose preference for the effortful alternative was higher than the other
groups in low-probability trials but similar to them in high-probability trials.

Effect of money and effort on the hypothetical effort discounting task (95% CI)

10 20 30 4‘0 50 60 70 80
Prospective effort of the effortful alternative (minutes running)

Probability of choosing the effortful alternative

—e— 5€ —e— 10€
—&— 15€ —o— 19€

Fig. 2. Effect of money of the effortless alternative and effort level (prospective minutes running) of the
effortful alternative on decisions in the hypothetical effort discounting task. For all money amounts, the
probability of choosing the high effort alternative was very low when approaching to the maximum effort level.
However, as expected, this probability was higher in low effort decisions. In these cases, the money involved

in the effortless alternative was the main factor to guide decisions. Note that the money offered in the effortful
option was always 20 €. CI, Confidence Interval.
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and therefore inversely proportional to effort discounting. Also, GPAQ results negatively correlated with k
effort, showing that volunteers with higher effort discounting (higher k) followed a more sedentary lifestyle
(lower Met-mins). Finally, smoking was positively associated with BMI and alcohol consumption (see Fig. 3).
All correlations held for raw variables except those involving k effort, likely due to its extremely asymmetric
and skewed distribution. Differences in ADHD symptoms, BMI and alcohol consumption by smoking status of
participants were confirmed by t-tests in transformed variables (ASRS-18: two-tailed t(164) =-2.16, p=0.0322,
Cohen’s d=-0.37, 95% CI (-0.71, —0.03); BMI: two-tailed t(159)=-2.07, p=0.0398, Cohen’s d=-0.36, 95%
CI (-0.71, - 0.02); SIAC: two-tailed t(130)=-4.37, p<0.0001, Cohens d=-0.81, 95% CI (- 1.19, —0.43)), and
Mann-Whitney U tests in raw variables (ASRS-18: z=-2.197, p=0.028, Cohen’s d 95% CI after bootstrapping
(-0.69,-0.03); BMIL: z=—1.871, p=0.0613, Cohen’s d (- 0.71, — 0.02); SIAC: —4.48, p <0.0001, Cohen’s d (- 1.14,
—0.30)) (see Fig. 4).

In summary, ADHD symptoms were associated with effort discounting, DCD symptoms and smoking. Also,
effort discounting was correlated with a sedentary lifestyle. Finally, smoking was associated with two other
indicators of negative lifestyles, namely BMI and alcohol consumption.

Finally, we asked whether each indicator of unhealthy lifestyles was associated with ADHD symptoms and
effort discounting. We ran two regressions for each lifestyle indicator (GPAQ, SIAC, smoking and drug use),
including ASRS-18, effort-discounting (either EEfRT or hypothetical task) and their interaction as independent
variables of interest. In all cases, sex and BMI were included as covariates. Regarding weekly physical activity,
the model was only significant when the hypothetical task was included (F(5,152) =3.02, p=0.0125, Adjusted
R%=0.06). ASRS-18 and its interaction with effort-discounting significantly explained the data (see Table 4),
suggesting that a sedentary lifestyle (lower GPAQ values) was associated with higher ADHD symptoms, and this
effect was reinforced by effort discounting (higher k values) (Fig. 5). Since ASRS-18 and k were correlated (see
Table 3), the VIF of this model was moderately high (mean VIF=12.75). As recommended by some experts®®,
since standard errors of the coefficients were low, we did not take any measure to reduce collinearity.

About alcohol use, including the same covariates, none of the regression equations was significant, and sex
was the only significant predictor within the model (pointing to a higher alcohol consumption in male even when
controlling by BMI). The logistic regression on smoking was significant with both effort-discounting indicators
(EEfRT: LR x*(5)=11.29, p=0.046, Pseudo R?=0.06; hypothetical task: LR x*(5)=12.81, p=0.025, Pseudo
R?=0.067). When including EEfRT, no independent variable reached statistical significance (see Table S4), and
collinearity was lower (mean VIF=9.78). Setting the hypothetical task as predictor, the effect of ASRS-18 was
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Fig. 3. Scatter plots showing the significant association between effort discounting (k effort) and ADHD
symptoms (ASRS-18) (A), ADHD and developmental co-ordination disorder (DCD) symptoms (B), the
hypothetical (k effort) and immediate (EE{RT) effort discounting tasks used in this study (C), and hypothetical
effort discounting and a sedentary lifestyle (GPAQ) (D). All variables but EEfRT (proportion of effortful
choices throughout the task) were transformed as explained in the text. The linear fit prediction with 95%
confidence interval is shown for each plot.

Scientific Reports |

(2025) 15:17255 | https://doi.org/10.1038/s41598-025-02024-9 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A

° 0 ° S °
__ @ 0
o | °
©
o |
<
S A L4 —_
o (@]
s >
o — @ °
= c Q|
o | x o
o < ) =
T o Q. °
c
) 6 €
X 0 N7 2
%) 7] 2 °
< g (o] °
= [sx=20
! N
> 5 ®
9 <
Q e}
R “ 2 .
o | <
N
o |
e
o 4 f - o 4 g — L
Non-smoker ~ Smoker Non-smoker  Smoker Non-smoker ~ Smoker

Fig. 4. Boxplots illustrating the significant between-group differences in ADHD symptomatology (A, ASRS-
18), body-mass index (B, BMI) and alcohol consumption (C, SIAC) for smoker and non-smoker volunteers.
Only raw (non-transformed) variables are shown for better interpretability.

slightly more substantial (p=0.031), suggesting an explanatory impact of ADHD symptoms on smoking when
controlling for the rest of the variables (see Table 4). This regression also had high VIF values, but collinearity did
not seem to affect the analysis due to the relatively low standard errors of coefficients. The models including drug
use as dependent variable were also non-significant. See Table S4 for all non-significant models.

In conclusion, the regression models revealed an effect of ADHD symptoms and physical effort discounting
on a sedentary lifestyle, and an influence of ADHD symptoms on smoking when controlling by the other
variables.

Discussion

Our study shows an association between ADHD symptomatology in adults, the impact of physical effort on
decision making, and negative lifestyles: ADHD symptoms were associated with effort discounting, a sedentary
lifestyle and smoking. The EEfRT was not associated with any ecological measure of lifestyle or symptoms scale,
but its main outcome (fraction of effortful choices) correlated with the effort-discounting hypothetical task.
According to the EEfRT results, medicated participants diagnosed with ADHD had a blunted perception of
probability, since they tended to choose the effortful alternative more frequently (with respect to controls and
non-medicated ADHD) in low-probability trials.

We demonstrate thata laboratory tool to measure the impact of physical effort in decision making is associated
with an ecological indicator of a sedentary lifestyle. This confirms previous findings of our group in smaller
samples'>%. In addition, ADHD symptoms interacted with this association, suggesting that the effect of physical
effort discounting on low levels of daily physical activity is increased by ADHD symptoms. Unexpectedly, this
association was not present when using the EEfRT to measure effort-based decision making. To our knowledge,
the relationship between EEfRT and a sedentary lifestyle has not been analysed in previous reports, although
several studies have found a performance impairment in this task in relation to mood conditions that can lead
to sedentarism. For instance, EEfRT-related decisions co-varied with amotivation in schizotypy individuals®’,
participants with high anhedonia chose less often the high effort alternative with respect to controls®, and
a similar effect occurred in depression®*C. Also, a recent study showed a negative correlation between BMI
and the proportion of high-effort choices in the EEfRT*!. The reason why a hypothetical effort-discounting
task is more sensitive to correlate with ecological measures than the EEfRT may be the motivation induced by
immediate monetary rewards. Also, the type of effort involved in this task could be perceived as more accessible
to people with a sedentary lifestyle, whereas the physical exercise proposed in the effort-discounting task
(minutes running on a treadmill), albeit hypothetical, could be more demanding.

Furthermore, we prove an association between physical effort discounting and ADHD symptoms in young
adults. Rather than splitting our sample by diagnosis, we followed a transdiagnostic approach and found that
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Linear regression to assess the infl e of ADHD symp and
effort discounting on sedentary lifestyle

‘ Coefficient ‘ S.E ‘ tvalue ‘ P ‘ Beta

Dependent variable

GPAQ (transformed) ‘ ‘ ‘ ‘ ‘

Independent variable(s)

ASRS-18 (transformed) | —0.687 033 | -2.09 [0.038 | —0.42
k effort (transformed) 0.796 045 | 1.76 0.080 | 0.71
ASRS-18x k effort -0.135 0.06 | -2.20 |0.029 | -0.89
Covariates

BMI (transformed) 0.571 556 | 0.10 0.918 | 0.008
Sex -0.733 040 | -1.83 |0.069 | -0.15
Intercept 16.85 10.01 | 1.68 0.094

Logistic regression to assess the influence of ADHD symptoms and effort
discounting on smoking

‘ Coefficient ‘ S.E ‘ z value ‘ P ‘ 95% Conf. Interval

Dependent variable

Smoker (0=no, 1=yes) ‘ ‘ ‘ ‘ ‘

Independent variable(s)

ASRS-18 (transformed) | 0.729 0.34 |2.16 0.031 | (0.068, 1.39)

k effort (transformed) | —0.691 047 | -1.47 |0.141 | (-1.61,0.23)
ASRS-18x k effort 0.094 0.062 | 1.52 0.130 | (-0.03,0.21)
Covariates

BMI (transformed) 7.81 541 |1.44 0.149 | (-2.79,18.4)
Sex -0.776 041 |-191 |[0.057 | (-1.57,0.022)
Intercept -19.64 9.86 |-1.99 |0.046 | (-39.0,—-0.32)

Table 4. Multiple linear regression models to assess the effect of ADHD symptoms and effort discounting
on negative lifestyles. Top, ADHD symptoms and and its interaction with effort discounting significantly
explained GPAQ: a lower physical activity was associated with higher symptoms and, as shown in Fig. 5, the
effect of effort discounting on a sedentary lifestyle was stronger when ADHD symptoms increased. Bottom,
ADHD symptoms also increased the probability of smoking, according to the logistic regression.

Interaction of ADHD symptoms and effort discounting on GPAQ (95% Cls)

©

Linear Prediction (GPAQ, transformed)
14
L

40 © 8 - 6 5 -4 3 2 A 0
K effort (transformed)

—=—— Low ADHD symptoms —=e—— High ADHD symptoms

Fig. 5. Interaction of ADHD symptoms and effort discounting (hypothetical task) on weekly physical
activity (GPAQ). The graph shows that, for participants with low ADHD symptoms (10th percentile),
effort discounting was weakly associated with physical activity. However, for participants with high ADHD
symptoms (90th percentile), effort discounting strongly predicted a sedentary lifestyle (low GPAQ levels).

symptoms explained the effort-discounting constant k. Although previous studies suggested the affectation of
effort processing in ADHD*~*4, this is the first proof to link symptoms with a higher cost of physical effort
in decision making. As we explained in the Introduction, a transdiagnostic approach minimises the under-
diagnosis of this disorder and could be more adequate for conditions that clearly show a continuum in the
general population rather than a clear-cut dichotomous characterisation. In this respect, ADHD symptoms
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strongly correlated with DCD symptoms. The association between executive functions and motor skills may
underlie this correlation, as initially suggested by Barkley*>. Recent research shows that DCD increases the risk
of showing executive dysfunction®+#¢%". Children with ADHD often present difficulties in tasks with a high
demand for motor skills*®. Our study suggests that this could also be the case in adults.

Regarding ADHD and negative lifestyles, symptoms were associated with the probability of participants
being smokers. Note that participants were asked about cigarette use, but not vaping: this is a limitation of
this part of the study. The link between ADHD symptoms and smoking habits was previously demonstrated in
adolescents*® and young adults®’. Rhodes and collaborators®! showed that young adults with a previous ADHD
diagnosis were more likely to become smokers. Recent research suggests the putative genetic component of this
link2, pointing to impulsivity-related single-nucleotide polymorphisms. McClernon and Kollins** modelled
the increased risk of ADHD and smoking co-occurrence as the merge of genetic predisposition, in turn related
to aberrant dopamine functioning, increased novelty-seeking and impulsivity, deficits in impulse control, and
various social factors. In our study, smoking also correlated with other possible indicators of negative lifestyles,
such as BMI and alcohol consumption. Therefore, based on this set of indirect associations, a hypothesis to be
tested in the future is whether smoking could be the gate for people with high ADHD symptoms to enter other
negative lifestyles, such as harmful alcohol consumption or obesity.

The main limitation of our research is the inability to control for the different kinds of medication taken by
ADHD-diagnosed participants. The initial intention of our overall project was to assess participants in two visits;
in the case of medicated ADHD volunteers, they were asked to take the treatment as usual in one of the visits and
delay its administration after the other assessment since most ADHD medications do not need a washout period.
However, we could not achieve this objective due to dropouts for the second session and the limited number of
medicated participants.

Another possible limitation is that we did not collect subjective ratings of effort by the participants in any of the
physical effort-discounting tasks. Asking participants about their actual experience on effort expenditure during
the EEfRT, or their prospective subjective feeling about the hypothetical task, could have helped interpreting
the relationship between the variables of interest of our experiment. To mitigate this, the constant estimated
after the hypothetical effort-discounting task (k) is usually understood as a subjective proxy of effort cost™5;
therefore, even though we did not explicitly ask participants about their subjective feeling with respect to effort,
the actual subjective cost could have been captured by this task. The approach we used for the hypothetical effort
discounting task could not capture a feature that has been reported in temporal discounting®: in some cases,
participants have been shown to be willing to pay extra money now than a lower amount after several months.
These volunteers were tagged as “debt averse” by the researchers. Applied to physical effort discounting, some
participants would be willing to choose an effortless alternative, paying some extra money, instead of choosing
to make an effort and a lower payment. Indeed, this was not captured by our task, but it is relevant for daily
activities: many of us prefer driving for 10 min to the city centre instead of walking for 30 min, even though
we would have to pay for the gas and the parking. Regarding the lifestyle indicators included in the study, we
selected one directly related to effort discounting (i.e., sedentary lifestyle) and those potentially associated with
it, such as smoking, alcohol, and drug use. There are other indicators that could have been included, such as
education, employment markers, time watching TV or use of other substances, for instance.

Our research suggests new lines of research. Since ADHD symptoms are associated with effort-discounting
and unhealthy habits indicators, the causal processes underlying these relationships should be addressed. Are
genetic determinants, neural substrates, and behavioural and/or social factors mediating these associations? How
should therapeutic approaches to ADHD deal with these issues? Can medication protect from the development
of unhealthy habits, or should they be treated through psychotherapy?

Conclusions

Our research shows that ADHD symptoms in young adults are related to an increased sensitivity to the cost of
physical effort in decision making and to unhealthy habits such as a sedentary lifestyle and smoking. Further,
smoking is associated with BMI and alcohol consumption. Overall, this points to an underlying structure that
may explain why ADHD patients are more prone to harmful lifestyles.

Data availability
We provide as supplementary materials the two databases produced by this project and the Stata logs pertaining
to all analyses.
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