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Objective: Attention deficit hyperactivity disorder (ADHD), prevalent in 5% of
children worldwide, impacts academic performance and often coexists with
psychiatric disorders. Psychostimulant medications are primary treatments for
ADHD, enhancing dopamine to reduce symptoms. However, dopamine increase
may cause appetite loss. This pioneering study in the United Arab Emirates (UAE)
explores psychostimulant effects on weight in children diagnosed with ADHD,
aiming to uncover unique regional characteristics and contributing factors to
weight changes.

Methods: This retrospective cohort study assessed data from electronic medical
records from 2017 to 2022, aiming to assess the impact of psychostimulants on
weight in children aged 6-18 years. Inclusion criteria covered psychostimulant-
treated and untreated patients with ADHD. Statistical analysis, involving
longitudinal data methods aimed to demonstrate significant weight differences.

Results: Data from 107 pediatric patients diagnosed with ADHD were analyzed,
with 86 meeting inclusion criteria. Most patients were male (80.2%). ADHD
presentations varied, and methylphenidate immediate release was the most
prescribed stimulant medication. Patients experienced initial weight loss
followed by overall gain over 12 months. Coexisting conditions, maternal
factors, family history, and correlations with autism spectrum disorder
were explored.

Conclusion: This study provides valuable insights into the effects of
psychostimulant medications on the weight of children and adolescents
diagnosed with ADHD in the UAE. It suggests avenues for future research,
emphasizing extended follow-ups to understand long-term psychostimulant
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effects, nuanced examinations of age and gender, and exploring interactions with
comorbidities. Despite limitations, the research provides insights into ADHD
medication effects, guiding personalized treatment approaches for
pediatric populations.

psychostimulants, weight, children, adolescents, attention deficit hyperactivity

disorder (ADHD)

1 Introduction

Attention deficit hyperactivity disorder (ADHD) is considered
among the most prevalent neurodevelopmental disorders among
children and adolescents. However, the prevalence of ADHD can
vary significantly depending on the type of study and the region. For
example, a meta-analysis reported a global prevalence of 7.2%,
among children and 5.6% among adolescents, with substantial
variability across countries due to differences in study design,
diagnostic tools, and population demographics (1). In Europe, a
systematic review found that the prevalence rates in children and
adolescents ranged widely between studies from 1.3% to 21.8% (2).
Another study from Slovenia reported a gradual increase in the
annual incidence rate of ADHD in children and adolescents from
0.032% in 1997 to 0.082% in 2012 (3). Studies conducted in Africa
estimated a prevalence of 7.47%, with significant variation between
countries, ranging from 1.49% in Ethiopia to 11.75% in Uganda (4).

Presentation of ADHD includes hyperactivity/impulsivity,
inattention or a combination of both (5). ADHD can impair
academic performance as well as interpersonal interactions (6).
Moreover, children and adolescents with ADHD have a higher rate
of co-morbid psychiatric disorders including anxiety disorders,
depressive disorders, conduct disorder, and learning problems (7).
Therefore, setting a management that is tailored to the needs of the
patient is crucial in order to achieve a better prognosis.

Pharmacoepidemiological studies have provided valuable
insights into the patterns of ADHD medication use and their
impacts. For instance, a 10-year study in Germany showed that
the prescription rates for ADHD medications, particularly
methylphenidate, have varied significantly over time, with notable
increases in prescriptions for older adolescents and adults (8). This
trend reflects changes in clinical practice and possibly greater
recognition of ADHD in older age groups. Additionally, research
has shown that ADHD medications can reduce the risk of substance
use disorders and other comorbid conditions, emphasizing their
importance in comprehensive ADHD management (9, 10).

Psychostimulants in their different formulations, amphetamine-
based salts and methylphenidate medications, are the first line
treatment options for ADHD. They are known for being effective,
well tolerated with minor side effects. Moreover, stimulants have
been shown to be effective and well tolerated in both specialized and
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primary care clinical settings in the UAE (11). The mechanism in
which psychostimulants exert their effect is thought to be by
increasing both norepinephrine and dopamine which in return
improves attentiveness and reduces hyperactivity and impulsivity
(12). However, an increase in the latter neurotransmitter is thought
to be responsible for appetite loss through stimulation of the disgust
sensation via the activation of the insular lobe (12).

Methylphenidate, a commonly prescribed psychostimulant for
ADHD, exerts its effects through a well-defined pharmacodynamic
mechanism. It functions primarily by blocking the reuptake of
dopamine and norepinephrine into the presynaptic neuron, thereby
increasing the availability of these neurotransmitters in the synaptic
cleft (12). This blockade is achieved by inhibiting the dopamine
transporter and the norepinephrine transporter, leading to an
enhanced neurotransmitter release into the extraneuronal space.
The increased levels of dopamine and norepinephrine in the
synaptic cleft result in improved neurotransmission and
modulation of attention and behavior, which are often impaired
in individuals with ADHD. This mechanism not only augments
synaptic concentrations of these monoamines but also amplifies
their postsynaptic receptor activation, thereby enhancing
attentiveness and reducing hyperactive and impulsive
behaviors (13).

The most common side effects of psychostimulants include
headaches, insomnia, and appetite loss (5). Methylphenidate poses
an anorexigenic effect which results in appetite suppression and,
hence, weight loss. However, this effect is prominent during the first
3-6 months after the initiation of a psychostimulant (12).
Moreover, most subjects receiving psychostimulants tend to have
similar weight curve to those not receiving psychostimulants after
few years (12).

In one study, pre-treatment weight adjusted for gender, age, and
height was found to be a significant predictor of weight loss in
children with ADHD treated with psychostimulants including
methylphenidate or dextroamphetamine (14). In another study,
family history of a specific response and side effect profile (e.g.,
weight loss) with use of a medication such as methylphenidate had a
significant correlation with the probability of developing similar
response and side effects in another family member treated with the
same medication (15). Moreover, weight loss and appetite
suppression were not limited to drug use but were rather also
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associated with drug discontinuation, as per the literature (16).
Additionally, it was shown in multiple studies that weight loss with
amphetamine and dextroamphetamine is more profound compared
to methylphenidate (17, 18).

Exploring the magnitude of the impact of different formulations
of psychostimulants on growth parameters in children with ADHD
is essential; it will improve our understanding of the effect of these
medications on changes in weight. Moreover, exploring this area
may reveal certain characteristics that are unique to the population
in the Arab region and might be different compared to other regions
in the world. In fact, this study is the first to be done on the effect of
psychostimulants on weight in children and adolescents diagnosed
with ADHD in the United Arab Emirates (UAE) and in the Middle
East. The main aim of this study is to evaluate the effect of
psychostimulants on the weight of children and adolescents with
ADHD. Furthermore, the study aims to explore possible
contributing factors to the progression of weight over time.

2 Methods
2.1 Study design, setting, and participants

This is a retrospective cohort study. Data collection was based
on information obtained from the electronic medical records
database of patients who presented at mental health services at Al
Jalila Children’s Specialty Hospital in Dubai, UAE, through the
years 2017-2022.

In terms of the inclusion criteria, pediatric patients aged 6-18
years diagnosed with ADHD, evaluated at mental health services,
taking psychostimulants (mixed amphetamine salts,
dextroamphetamine, or methylphenidate) for a period of at least
6 months, as well as patients with ADHD not treated with
psychostimulant medications, were eligible to be in this study.
The exclusion criteria consisted of having a comorbid diagnosis
of eating disorder, or major depressive disorder, or taking any other
medication that may impact growth parameters.

The diagnosis of ADHD and the identification of
comorbidities were conducted based on clinical assessments by
qualified child and adolescent psychiatrists using the criteria
outlined in the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) (19).

2.2 Variables

Variables obtained from the patients database for this study
included demographics: age and gender; primary diagnosis of
ADHD; specifiers of the disorder which were categorized into
three groups: predominantly inattentive, predominantly
hyperactive/impulsive and combined presentations; the type of
prescribed psychostimulant medications which included
methylphenidate (MPH) immediate release, methylphenidate
osmotic-release oral system (MPH OROS), amphetamine mixed
salts (AMPs) immediate release, amphetamine mixed salts extended
release, and Lisdexamfetamine. Lisdexamfetamine and AMPs
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extended release were further categorized under amphetamine-
based extended release medications. The absolute weights of the
participants were converted to age- and sex-adjusted weight-for-age
z-scores to standardize the weight data across the diverse age range
of the study population. The weight-for-age z-scores were
calculated using reference data from the World Health
Organization growth standards for children aged 5 years and
below and the Centers for Disease Control and Prevention
Growth Charts for those aged above 5 years. This standardization
process allows for a more accurate comparison of weight changes
relative to expected growth patterns based on the participants’ age
and sex (20, 21).

The analyzed co-morbid conditions included intellectual disability
(ID), language disorder, motor disorder, learning disorder, anxiety
disorder, oppositional defiant disorder (ODD), conduct disorder, tic
disorder, obsessive compulsive disorder (OCD), post-traumatic stress
disorder (PTSD), sleep problem, sleep disorder, epilepsy, enuresis, and
autism spectrum disorder (ASD). Additionally, factors related to the
patient’s mother’s health during pregnancy and certain pregnancy
characteristics were analyzed and included gestational diabetes,
psychosocial stress, pre/post-partum depression in the mother,
smoking, alcohol, drugs, delivery method, birth weight (in kg).
Disorders in the child that were analyzed included heart disease,
thyroid disease, head injury, and asthma. Relevant family history in
first- and second-degree relatives was also analyzed and included
ADHD, ASD, ID, language disorder, motor disorder, ODD, anxiety
disorder, MDD, Fragile X syndrome, epilepsy, substance use disorder,
suicide, bipolar disorder, schizophrenia, eating disorder,
and consanguinity.

The rationale for assessing maternal factors and family history
in this study is based on the understanding that both prenatal
influences and genetic predispositions can significantly impact the
health outcomes of children, including those diagnosed with
ADHD. Maternal factors such as gestational diabetes,
psychosocial stress, and maternal mental health can affect fetal
development and have been associated with various
neurodevelopmental outcomes (22, 23). Specifically, maternal
stress and depression during pregnancy have been linked to
alterations in fetal brain development and an increased risk of
ADHD and other behavioral disorders in offspring (24). Similarly,
family history of ADHD and other psychiatric conditions can
indicate a genetic predisposition to these disorders (25). Studies
have shown that children with a family history of ADHD are at a
higher risk of developing the disorder themselves, and this genetic
susceptibility can also influence their response to treatment and
associated health outcomes, such as weight changes (26). By
including these maternal and familial factors, we aim to explore
both prenatal and genetic influences on the child’s health outcomes,
which could indirectly impact weight changes observed during
psychostimulant treatment.

2.3 Data sources/measurement

Using the data collection tool generated by the team, we
extracted relevant data from the electronic medical record
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database of a representative sample population of children and
adolescents diagnosed with ADHD at Al Jalila Children’s Specialty
Hospital, Dubai, UAE. The data collection tool obtained various
demographic information, which included age, gender, as well as
information relating to diagnoses, duration of psychostimulants
uses, weight before receiving psychostimulants and weight change
after receiving psychostimulants, height before receiving
psychostimulants and height change after receiving
psychostimulants, history of neurodevelopmental disorders, and
family history of members treated with stimulant medication. The
clinical information was based on clinical assessment and
psychometric analysis findings from diagnosed patients in the
outpatient setting during the defined time for the study.

2.4 Statistical methods

Sample size calculation was based on findings from the study by
Swanson et al. (12). For the weight difference between the two groups:
at 14 months, the mean (SD) of weight for the “No Medication group”
was 0.617 (0.915) while this was 0.113 (1.14) in the “New medication”
group. In order to show that this difference is statistically significant
with alpha error and power at 5% and 80%, respectively, we required a
sample size of 50 subjects in each group. Therefore, we aimed for
assessing 100 subjects for the purpose of our study.

Study variables that were categorical such as gender and family
history were presented with numbers and percentages. The
variables that were continuous such as age, height, and weight
were presented with mean and SD. The weight data were further
standardized by converting absolute weight values to weight-for-age
z-scores to account for the broad age range of participants. This
adjustment allows for a more accurate comparison of weight
changes over time. The data were examined for extreme values
using frequency distribution and box plots. The outcome variables
of weight were measured at the baseline and monthly for 12 months
(repeated measures). As the observations (weight) are correlated
over time, longitudinal data analyses [Generalized Estimating
Equation (GEE)] with normal distribution and with exchangeable
correlation matrix was done. Over time effect and intervention
effects were tested after adjusting for the confounders such as age
and gender. Actual p-values were presented. However, p-value up to
0.05 were interpreted as clinically significant associations or values.
Data were analyzed using the Statistical Package for the Social
Sciences and Statistical software for data science (STATA) software.

3 Results
3.1 Characteristics of participants

Data were extracted from the electronic medical record
database for 107 patients, and data from the 86 patients who met
the inclusion criteria were analyzed. Twenty-one patients were
excluded due to the following reasons: 15 patients were excluded
due to the missing data about their weight measurements; one
patient due to the lack of any follow-up visits to the psychiatry
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service as he was referred for a consultation; one patient due to the
absence of a formal diagnosis of ADHD; one patient due to being
diagnosed with a genetic disorder that results in poor feeding; two
patients due to taking a psychotropic that impacts weight
(risperidone); one patient due to being on a psychostimulant for
years prior to seeking our psychiatric service. Out of the 86 included
patients (Figure 1), 78 were on psychostimulant medications and 8
patients were not on any medication. Patients on medications were
as per the following: 37 (43.5%) on methylphenidate immediate
release; 27 (31.4%) on methylphenidate osmotic-release oral system
(OROS); 3 (3.6%) on amphetamine mixed salts immediate release;
11 (13.1%) on amphetamine-based extended release
(lisdexamfetamine or amphetamine mixed salts extended release).

In terms of the gender of the included sample (n = 86), 80.2% of the
children and adolescents in this study were male, and 19.8% were
female. The mean (SD) age in years of the patients was 12 (3). The
mean (SD) age in years of the parents was 32 (7) for mothers (n = 45)
and 37 (9) for fathers (n = 45). Among parents (n = 45) in the data that
were analyzed, consanguinity was identified in nine parents.

ADHD presentations were categorized into three groups:
predominantly inattentive, predominantly hyperactive/impulsive,
and combined presentations. 10.8% and 4.8% were diagnosed as
having a predominantly inattentive and predominantly
hyperactive/impulsive presentation, respectively. 45.8% of patients
were diagnosed with the combined presentation. In 21.7% of the
patient sample, the ADHD subtype was not confirmed.

3.2 Co-occurring disorders and potential
risk factors

Furthermore, various disorders co-occurring in these patients
with ADHD were analyzed. Intellectual disability (ID) was found in
18.6% of patients, language disorder in 26.6%, motor disorder in
3.9%, learning disorder in 25.7%, anxiety disorder in 16.4%,
oppositional defiant disorder (ODD) in 10.8%, conduct disorder
in 9.5%, tic disorders in 5.4%, obsessive-compulsive disorder
(OCD) in 4.3%, PTSD in 1.4%, sleep problems in 22.2%, epilepsy
in 12.2%, enuresis in 6.8%, ASD in 38.8%, heart disease in 1.3%,
head injury in 6.7%, and asthma in 10.3%. None of the patients were
found to have fragile X syndrome, sleep disorders, or
thyroid disease.

21 patients were excluded
15 Missing Weight
Measurements
1 No follow ups
1 No diagnosis of
ADHD
1 Genetic disorder
associated with poor
feeding
2 Taking Risperidone
1 Taking

86 patients were included in this psychostimulants for
study ( several years

Data was extracted from

database of 107 patients —

v

FIGURE 1
Flowchart of included patients.
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As for maternal pregnancy complications, gestational diabetes was
identified in 17.8% (n = 73), psychosocial stress in 19.5% (n = 77), and
pre-/post-partum depression in 12.5% (n = 72) of the patients’ mothers.
Additionally, the mode of delivery, birth weight of patients, and maternal
behavioral factors during pregnancy such as smoking, alcohol
consumption, and drug use were also assessed. 64.2% (n = 43) of
patients were delivered via normal vaginal delivery, and 34.3% (n = 23)
were delivered via cesarean section. The mean (SD) birth weight
was identified as 3.11 kg (0.61), n = 65. As for behavioral factors, 1.6%
(n = 62) of the mothers consumed alcohol during their pregnancy, and
none (n = 62) of them smoked or used substances.

Family history of psychiatric disorders was another area that was
analyzed in this study. Family history of ADHD in a first
degree relative was 9.7% (n = 62) and in a second degree relative
was 12.9% (n = 62). Family history of ASD in a first degree relative was
7.7% (n = 65) and in a second degree relative was 17.5% (n = 63).
Family history of an anxiety disorder in a first degree relative was 9.8%
(n = 61) and in a second degree relative was 3.3% (n = 60). Family
history of major depressive disorder in a first degree relative was 13.3%
(n = 60) and in a second degree relative was 3.3% (n = 60). Family
history of language disorder in a first degree relative was 3.2% (1 = 62).
Family history in a first degree relative was between 1 and 2% in each
the following disorders: intellectual disability, epilepsy, motor disorder,
substance use disorder, bipolar disorder, and eating disorders. Family
history in a first degree relative was absent for oppositional defiant
disorder, schizophrenia, and fragile X.

3.3 Impact of stimulant medications
on weight

This study investigated the prescription of stimulant medications,
which included MPH immediate-release, MPH OROS, AMP

3.00
2.00
1.00
0.00
-1.00

-2.00

Mean Weight Z-score

-3.00

-4.00

10.3389/fpsyt.2024.1392846

immediate release, and Amphetamine-based extended release. MPH
immediate release was given to 43.5% (n = 37) of patients, while 31.4%
(n = 27) of patients received MPH OROS, 3.6% (1 = 3) received AMP
immediate release, and 13.1% (1 = 11) received Amphetamine-based
extended release. Assessment of whether patients were switched to
long-acting formulations and, if so, when was performed. 20.6% of
patients were shifted to long-acting medications, of which 6.4% and
5.1% were shifted in the first and second months, respectively. 2.6% of
individuals were started on extended-release formulations in the third
and sixth months, and 1.3% in the fourth and seventh months. None of
the patients were moved to long-acting formulations between the
eighth and 12th month after initiation of short-acting formulation.

Figure 2 presents the mean weight-for-age z-scores at baseline
and over the 12-month follow-up period after the initiation of
stimulant medication. The baseline z-scores indicate that, on
average, patients had slightly lower than expected weights for
their age and sex, with mean z-scores around —1.0 at the start of
the study. Over the course of the follow-up, the mean weight-for-
age z-scores remained relatively stable, showing slight fluctuations
but generally staying within the range of —1.0 to 0.0. This suggests
that while the stimulant medications had an initial impact, leading
to minor weight reductions in some patients, the overall effect on
weight normalized over time, as indicated by the stabilization of the
z-scores. The error bars represent the standard error, reflecting the
variability in weight-for-age z-scores across the patient population.
The relatively consistent mean z-scores across the follow-up period
indicate that the stimulant medications did not result in significant
deviations from the expected growth patterns in this cohort.

Table 1 presents the mean weight-for-age z-scores at baseline and
at each follow-up time point over the 12-month period following the
initiation of stimulant medication. At baseline, the mean z-scores were
slightly below the expected norm, with values of —1.07 and —0.98,
indicating that, on average, patients were underweight relative to their

-5.00
Base Base 1
1 2

10 "

Follow up time (months)

Error Bars: +/- 1 SD

FIGURE 2

Mean weight z-score at baseline (before medication) and changes by months of follow up (after medication). SD, standard deviation.
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TABLE 1 Mean and standard deviation of weight z-score at baseline and
after medication.

Weight z-score Mean Standard deviation n

Wz1 -1.07 1.67 51
WZ7Z2 -0.98 1.47 30
WZM1 -1.10 1.52 25
WZM2 -0.68 1.77 21
WZM3 -0.72 1.67 14
WZM4 -1.13 1.58 19
WZM5 -0.47 1.72 12
WZM6 -0.43 1.77 12
WZM7 -0.34 1.68 8

WZM38 -0.88 1.57 11
WZM9 -0.35 2.08 13
WZM10 -0.45 1.35 12
WZzZM11 -0.21 2.10 11
WZM12 -0.29 2.09 11

WZ1, first weight z-score measurement prior to medications; WZ2, second weight z-score
measurement prior to medications; WZM1, weight z-score at 1 month on medication; WZM2,
weight z-score at 2 months on medication; WZM3, weight z-score at 3 months on medication;
WZM4, weight z-score at 4 months on medication; WZMS5, weight z-score at five months on
medication; WZM6, weight z-score at 6 months on medication; WZM7, weight z-score at 7
months on medication; WZM8, weight z-score at 8 months on medication; WZM9, weight
z-score at nine months on medication; WZM10, weight z-score at 10 months on medication;
WZMI11, weight z-score at 11 months on medication; WZM12, weight z-score at 12 months
on medication; n, number of patients.

age and sex. Following the initiation of medication, the mean weight-
for-age z-scores initially fluctuated, with a notable decrease to —1.13 at
4 months, reflecting a further decline in weight relative to the expected
growth curve. However, from the fifth month onward, the z-scores
began to recover, showing a gradual increase. By the 12th month, the

065
0.40
015

-0.10

Mean Change in Weight Z-score

10.3389/fpsyt.2024.1392846

mean z-score improved to —0.29, suggesting a partial recovery towards
the expected weight range for age and sex. The standard deviations
remained relatively consistent throughout the period, indicating a
similar level of variability in weight-for-age z-scores across the
study population.

Figure 3 represents the mean weight z-score of patients
distinguished by gender and plotted against time. However, the
number of female patients followed up over time was very small.
Table 2 presents the results of the longitudinal data analysis using
GEE to assess the impact of stimulant medications on weight-for-
age z-scores, taking into account age, gender, and time. The analysis
revealed a significant positive association between age and weight-
0.433, p < 0.001),
indicating that as patients age, their weight-for-age z-scores tend

for-age z-scores (regression coefficient =
to increase, suggesting an improvement in weight relative to
expected growth patterns. The gender variable (female) showed a
positive coefficient (0.312), but this was not statistically significant
(p = 0.523), implying no significant difference in the impact of
stimulant medications on weight-for-age z-scores between male and
female patients. Additionally, the time variable showed a significant
positive association with weight-for-age z-scores (regression
coefficient = 0.038, p < 0.001), indicating that over the follow-up
period, patients’ weight-for-age z-scores generally improved.

The impact of the different stimulant medications on weight-
for-age z-scores over the 12-month follow-up period is illustrated in
Figure 4 through 7. Patients who started on methylphenidate
immediate release (Figure 4) showed relatively stable weight-for-
age z-scores, with a slight decrease around the fourth month,
followed by a gradual increase. Similarly, methylphenidate OROS
(Figure 5) also led to a decrease in z-scores around the fourth
month, but the scores began to increase thereafter. For those on
amphetamine mixed salts immediate release (Figure 6), there was a
more pronounced decline in weight-for-age z-scores during the
early months, followed by a sharp increase after the tenth month.
Patients treated with amphetamine-based extended-release

Gender

= Male
= Female

4 5 6

7

8 9 10 12

Follow up time (months)

FIGURE 3

Change in mean weight z-score over time according to gender. Standard errors were not provided as the female gender number are small and

therefore the error bars are very high.
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TABLE 2 Longitudinal data analysis of impact of stimulant medications on weight z-score according to age, gender, and time.

95% Wald confidence interval

Parameter Regression coefficient Lower Upper

(Intercept) —6.644 ~7.965 -5.323 < 0.001
Age 0.433 0.323 0.542 < 0.001
Female 0.312 ~0.645 1.269 0.523
Time in months 0.038 0.023 0.054 < 0.001

medications (Figure 7) experienced initial fluctuations in their
z-scores, with a significant increase observed by the 12th month.
The analysis explored the impact of stimulant medications on
weight-for-age z-scores in patients with ADHD and co-morbid
conditions such as ASD and sleep problems. As shown in Table 3,
while the presence of ASD itself did not have a statistically
significant impact on weight changes (p = 0.605), there was a
significant positive change in weight-for-age z-scores over time
(p = 0.019), indicating that, regardless of ASD, patients generally
experienced an improvement in their weight relative to age and sex
during the follow-up period. However, the interaction between ASD
and time was not significant (p = 0.850), suggesting that ASD did
not modify the effect of time on weight changes. Furthermore,
Table 4 shows that the presence of sleep problems did not
significantly affect weight changes (p = 0.138), although time
continued to be a significant factor in weight change (p < 0.001).

4 Discussion

The main aim of this study was to evaluate the effect of
psychostimulant medications on the weight in children and
adolescents diagnosed with ADHD. The results offered insights
into this topic, allowing a detailed comparison with existing
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literature and the opportunity to correlate global data with that
seen in the UAE.

The most common ADHD presentation noted in our patient
population was the combined type (45.8%), who are more likely to
be referred to clinical services as per a previous meta-analytic review
(27). Additionally, the most frequently prescribed medication was
found to be MPH immediate release followed by MPH OROS,
Amphetamine-based extended release and AMP immediate release.
Methylphenidate being the most commonly prescribed medication
among the ADHD patient population aligns well with the literature.
In a global observational analysis of ADHD medication published
in 2018, population-based database analysis revealed that
methylphenidate was the most commonly prescribed medication
in most countries (28). Another study by Morkem et al. published in
2020 analyzed the trends of ADHD medications in Canadian
Primary Care and found that methylphenidate accounted for
65.0% of all prescribed medications among patients with ADHD
(29). The common use of methylphenidate has been attributed to its
favorable effects on attenuating core symptoms of ADHD, including
impulsivity, hyperactivity, and inattention while having a lower risk
of serious adverse side effects (30).

Throughout the treatment of patients with ADHD in this study,
the mean weight-for-age z-scores initially showed a slight decrease,
particularly around the fourth month, but generally stabilized and
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FIGURE 4

Impact of methylphenidate immediate release on weight over a 12-month period. MPH IR, methylphenidate immediate release.
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FIGURE 5

Impact of methylphenidate osmotic release oral system on weight over a 12-month period. MPH OROS, methylphenidate osmotic release

oral system.

partially recovered over the 12-month period. The stabilization of
weight-for-age z-scores suggests that, while stimulant medications
may initially impact weight, their long-term effects may be less
pronounced, with patients eventually returning to expected growth
trajectories. A global literature review published in 2017 assessed
the effects of ADHD medications on weight and appetite and found
a similar pattern to our study; in the first 3-6 months, a pattern of
weight loss was observed, but growth patterns and charts were
expected and predicted to rejoin the growth pattern of patients who
were not on any medications (31). One of the proposed
mechanisms for this weight loss was a dysregulation of appetite
associated with intracerebral activation of the insular lobe leading to
a sensation of disgust while on methylphenidate (31).

Another review published in 2008 by Faraone et al. analyzed the
effects of stimulant medications such as methylphenidate and found
an overall pattern of weight loss, rather than weight gain, while on
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these medications (32). However, as in our study, it was seen that
the effect of stimulant medication on weight attenuates over time
and it was interpreted in the review that these effects were likely
dose dependent and would not impact the overall growth and
development into adulthood (32).

Overall, the pattern seen in the patients in this study correlates
well with the existing literature, and this could be further confirmed
and analyzed with a larger sample size.

Another important factor analyzed in this study was the effect of
age and gender on the pattern of weight change in patients with
ADHD on medication. The longitudinal analysis revealed a
significant positive association between age and weight-for-age z-
scores, suggesting that as patients aged, their weight relative to
expected growth patterns improved. Gender did not have a
statistically significant impact on weight changes, indicating
similar effects of stimulant medications on weight for both male
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FIGURE 6

Impact of amphetamine mixed salts immediate release on weight over a 12-month period. AMP IR, amphetamine mixed salts immediate release.
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FIGURE 7

Impact of amphetamine-based extended release (Lisdexamfetamine or amphetamine mixed salts extended release) on weight over a 12-month
period. AMP-based ER, amphetamine-based extended release (lisdexamfetamine or amphetamine mixed salts extended release).

and female patients. The limited sample size of females in this study
precludes definitive conclusions regarding gender differences in
weight changes, though the overall findings suggest no significant
gender impact on the effects of stimulant medications. The likely
reason for this is that the female population with ADHD (19.8%) in
this study was much less than the male population (80.2%), which
makes it difficult to identify a significant pattern. However, the
significant difference in the ratio of males to females is consistent
with a previous study conducted on a sample of 428 children and
adolescents in the UAE (33). This discrepancy can be attributed to
many factors including the higher diagnosed ADHD cases in males
compared to females, which is approximately 4:1. Also, the fact that
boys are more likely to be referred and prescribed psychostimulants
due to their disruptive behavior. A larger sample size would likely
minimize the impact of this issue and may be considered for a
future study.

When comparing our findings with existing research, it is
relevant to discuss a study conducted in Florida, USA, by Gurka
et al. They aimed to assess how numerous classes of psychotropic
medications, including stimulants, antipsychotics, and
antidepressants, affect BMI trajectories of individuals with
ADHD. Their results indicated that the impact on weight was
more noticeable in younger age groups across all medication classes
(34), aligning with our study findings. It is important to note that
since our study focused on stimulant medications, a direct

comparison cannot be made regarding other medication classes
prescribed to children with ADHD.

GEE for longitudinal data analysis showed a significant positive
association between age and weight-for-age z-scores (p < 0.001),
indicating that as patients aged, their weight relative to expected
growth patterns improved. Similarly, time was significantly
associated with improvements in weight-for-age z-scores over the
follow-up period (p < 0.001). This represents the decreased
probability of ADHD medication impacting the overall growth of
a child or adolescent. However, it is important to note that, while
the literature has typically indicated that it is unlikely for ADHD
medications to impact patient growth and development into
adulthood, it must be noted that the data for patients in this
study was assessed over 12 months while they were taking
medications and therefore cannot account for effects of
medication on weight beyond the 12-month period over which
the patients were assessed.

It is well documented that ADHD is associated with multiple
comorbidities such as ASD, tic disorders, and learning disorders
(33, 35). This was not different in our patient population, where
numerous comorbidities were observed in the patient sample. For
instance, ASD was observed in 38.8% and learning disorder in
25.7% which correlates with known findings. However, the
incidences of some conditions differed from those seen in the
literature review. For example, tic disorders were only identified

TABLE 3 Impact of stimulant medications on weight z-score in patients with ADHD and co-morbid ASD.

95% Wald confidence interval

Parameter Regression coefficient Lower Upper

(Intercept) -1.201 -1.619 -0.782 <0.001
ASD 0.001 ~0.002 0.004 0.605
Time in months 0.067 0.011 0.124 0.019
ASD * Time 0.0000288 0.000 0.000 0.850

ASD, autism spectrum disorder.
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TABLE 4 Impact of stimulant medications on weight z-score in patients with ADHD and co-occurring sleep problems.

95% Wald confidence interval

Parameter Regression coefficient Lower Upper

(Intercept) ~1.089 -1.538 -0.640 <0.001
Sleep problem -0.001 -0.002 0.000 0.138
Time in months 0.031 ‘ 0.018 0.044 <0.001
Sleep problem * Time 0.0000564 ‘ 0.000043 0.00006906 <0.001

in 5.3% of patients in this sample, whereas it is quite commonly
associated with ADHD in the literature. This difference may have
been caused by an undiagnosed existing tic disorder or no formal
diagnosis being present. Other possible reasons for discrepancies
may be attributed to sample size, the use of a single center, and/or
population differences.

The analysis found that the presence of ASD did not have a
statistically significant impact on weight changes (p = 0.605),
although time remained a significant factor in weight
improvement, indicating that patients generally experienced an
improvement in their weight-for-age z-scores over the follow-up
period. Previous studies highlighted the neurosenstivity of children
with autism, which makes them more prone to side effects of
psychostimulants (36), hence more appetite suppression and less
weight gain. In fact, children with ASD are either at greater risk or
have the same risk of obesity compared to the other normally
developing peers (37, 38). Our study excluded children who are
taking medications that causes weight gain. Risperidone, a
commonly prescribed medication for irritability or aggression
among individuals with autism (39), is known for causing weight
gain and most evidently in children (40).

Although it is known that sleep disorders can result in weight
gain (41), this was not found in our study as there was no significant
impact of having a sleep problem on weight measurements. As
having a sleep problem refers to some difficulties in sleep, not a
formal diagnosis of a sleep disorder. It is likely this is why the same
finding was not observed in our study.

In the context of the Middle East, it is essential to consider
potential biases arising from gender differences and cultural
practices. Males and females in this region often lead different
lifestyles, which can impact the study outcomes. For example, there
may be restrictions in eating habits for females, especially during
adolescence, which can affect their nutritional status and
weight (42).

While psychostimulant medications are generally accessible,
adherence may vary due to cultural factors. In some cultures,
there may be a stigma associated with taking psychiatric
medication, which can affect adherence rates. Parents may be
reluctant to medicate their children due to concerns about social
judgment or potential long-term effects, despite the availability of
these medications. Furthermore, traditional beliefs can influence
help-seeking practices, impacting adherence to prescribed
medication regimens (43). Some patients might refuse to use
psychotropic medications and rather seek traditional medicine,
such as visiting faith healers or applying blessed olive oil (44).
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This practice can lead to a decrease in the number of children with
ADHD taking psychostimulants. However, the impact of this factor
is limited due to the characteristic of the represented sample, which
is diverse with children from different nationalities, ethnicities, and
religions, reflecting the characteristics of the UAE population.

We acknowledge that the study did not control for cultural
attitudes towards treatment, which could affect the results. Future
studies should consider these factors to provide a more
comprehensive understanding of the impact of psychostimulant
medications in diverse cultural settings.

4.1 Strengths, limitations,
and generalizability

This study demonstrates several strengths. First, its pioneering
nature as the first study of its kind in the region underscores its
significance, filling a crucial gap in the existing literature. The
study’s comprehensive design, spanning a minimum period of 6
months, allows for a thorough examination of the long-term effects
of psychostimulant medications on weight, providing valuable
insights into both short-term and sustained outcomes. The well-
defined inclusion criteria and meticulous data collection
procedures, enhance the study’s internal validity. Furthermore,
the inclusion of a diverse sample representative of the UAE’s
population ensures the generalizability of findings to a
broader context.

In terms of limitations, there were missing data in most of the
studied patients especially their weight which is supposed to be
followed for 12 months after the initiation of the psychostimulant
medication. However, there are many reasons for this including the
quarantine during COVID pandemic, as weight is usually measured
during the visit to the hospital. Also, the lack of regular monthly
follow-ups in most of the patients.

Another notable limitation of this study is the unavailability of
consistent height measurements during follow-up visits. The
absence of this data impeded our ability to calculate body mass
index (BMI) percentiles adjusted for age and sex, which are
considered a more comprehensive indicator of growth and
nutritional status in pediatric populations (45). Consequently, we
relied on weight-for-age z-scores to standardize and analyze weight
changes over time. While weight-for-age z-scores provide valuable
insights, they do not account for variations in height growth,
potentially limiting the depth of our analysis regarding the effects
of psychostimulant medications on overall growth patterns. Future
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studies should aim to incorporate regular and systematic collection
of both weight and height measurements to enable a more thorough
assessment using BMI percentiles, thereby enhancing the accuracy
and applicability of the findings.

Another limitation of this study is that the population consists
of children referred to a specialty clinic. This referral pattern may
result in a higher prevalence of certain conditions, such as ASD,
which was observed in 38% of our sample. This percentage likely
exceeds what would be found in a more community-oriented
sample, potentially limiting the generalizability of our findings.

4.2 Implications and areas for
future research

Several avenues for future research are apparent. First, the
observed patterns of weight change over the 12-month period
raise questions about the long-term effects beyond this timeframe.
Further investigations with extended follow-up periods could
provide a more comprehensive understanding of the sustained
impact of psychostimulants on weight in this population.
Additionally, the study highlights the influence of age and gender
on weight changes, suggesting the need for more nuanced
examinations within specific demographic groups. A larger
sample size could enable a more robust analysis of gender-specific
trends and age-related variations. Furthermore, the presence of
comorbidities warrants further exploration. Future research should
delve into the complex interactions between psychostimulant
medications, neurosensitivity, and comorbid conditions,
considering factors like medication type and dosage. Addressing
these aspects will contribute to a more nuanced understanding of
the multifaceted effects of ADHD medications, guiding clinicians in
tailored treatment approaches.

5 Conclusion

In conclusion, this study provides valuable insights into the effects
of psychostimulant medications on the weight of children and
adolescents diagnosed with ADHD. The predominant prescription
of methylphenidate aligns with global trends and the observed
patterns of initial weight loss followed by subsequent gain mirror
existing literature. The influence of age, gender, and comorbidities on
weight changes adds complexity to the picture, emphasizing the need
for personalized treatment approaches. Despite certain discrepancies
from expected outcomes, the study’s strengths, including its
pioneering nature and comprehensive design, contribute to the
growing body of knowledge in this field. Nevertheless, the
limitations, such as missing data and the relatively short follow-up
period, highlight the challenges in conducting longitudinal research.
Future studies addressing these limitations and exploring the
intricacies of medication effects on specific subgroups will enhance
our understanding and guide clinical decision making in the
treatment of ADHD in pediatric populations.

Frontiers in Psychiatry

11

10.3389/fpsyt.2024.1392846

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Dubai
Research Ethics Committee in Dubai Health Authority, was
obtained under the IRB approval DSREC-02/2023_04. The
studies were conducted in accordance with the local legislation
and institutional requirements. The ethics committee/institutional
review board waived the requirement of written informed consent
for participation from the participants or the participants’ legal
guardians/next of kin because it involved analyzing anonymized
retrospective data, i.e. removal of personal identifying information
from the dataset.

Author contributions

FA: Writing - review & editing, Writing - original draft, Data
curation, Conceptualization. AA: Writing - review & editing,
Conceptualization. JJ: Writing - review & editing, Writing -
original draft, Data curation. ST: Writing - review & editing,
Writing - original draft, Data curation. LJ: Writing — review &
editing, Formal analysis. MS: Writing - review & editing, Writing —
original draft, Supervision, Conceptualization.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We would like to thank the Dubai Research Ethics Committee
for facilitating this study. Special thanks to the parents and children
who were included in the study database. Many thanks to all the
members of the Mental Health Centre of Excellence at Al Jalila
Children’s Specialty Hospital for their medical assessments and

clinical care.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fpsyt.2024.1392846
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Al Eid et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Salari N, Ghasemi H, Abdoli N, Rahmani A, Shiri MH, Hashemian AH, et al. The
global prevalence of ADHD in children and adolescents: a systematic review and meta-
analysis. Ital ] Pediatrics. (2023) 49:48. doi: 10.1186/s13052-023-01456-1

2. Sacco R, Camilleri N, Eberhardt J, Umla-Runge K, Newbury-Birch D. A
systematic review and meta-analysis on the prevalence of mental disorders among
children and adolescents in Europe. Eur Child Adolesc Psychiatry. (2022) 30:1-8. doi:
10.1007/s00787-022-02131-2

3. Stuhec M, Svab V, Locatelli I. Prevalence and incidence of attention-deficit/
hyperactivity disorder in Slovenian children and adolescents: a database study from a
national perspective. Croatian Med J. (2015) 56:159-65. doi: 10.3325/cmj.2015.56.159

4. Ayano G, Yohannes K, Abraha M. Epidemiology of attention-deficit/hyperactivity
disorder (ADHD) in children and adolescents in Africa: a systematic review and meta-
analysis. Ann Gen Psychiatry. (2020) 19:1-0. doi: 10.1186/s12991-020-00271-w

5. Leung AK, Lemay JF. Attention deficit hyperactivity disorder: an update. Adv
Ther. (2003) 20:305-18. doi: 10.1007/BF02849796

6. Colvin MK, Stern TA. Diagnosis, evaluation, and treatment of attention-deficit/
hyperactivity disorder. J Clin Psychiatry. (2015) 76. doi: 10.4088/JCP.12040vr1c

7. Spencer TJ, Biederman J, Mick E. Attention-deficit/hyperactivity disorder:
diagnosis, lifespan, comorbidities, and neurobiology. ] Pediatr Psychol. (2007)
32:631-42. doi: 10.1093/jpepsy/jsm005

8. Grimmsmann T, Himmel W. The 10-year trend in drug prescriptions for
attention-deficit/hyperactivity disorder (ADHD) in Germany. Eur ] Clin Pharmacol.
(2021) 77:107-15. doi: 10.1007/s00228-020-02948-3

9. Chang Z, Ghirardi L, Quinn PD, Asherson P, D’Onofrio BM, Larsson H. Risks
and benefits of attention-deficit/hyperactivity disorder medication on behavioral and
neuropsychiatric outcomes: a qualitative review of pharmacoepidemiology studies
using linked prescription databases. Biol Psychiatry. (2019) 86:335-43. doi: 10.1016/
j-biopsych.2019.04.009

10. Zaso M]J, Park A, Antshel KM. Treatments for adolescents with comorbid
ADHD and substance use disorder: A systematic review. J Attention Disord. (2020)
24:1215-26. doi: 10.1177/1087054715569280

11. Albanna A, Soubra K, Alhashmi D, Alloub Z, AlOlama F, Hammerness P, et al.
Effectiveness of collaborative tele-mental health care for children with attention deficit
hyperactivity disorder in United Arab Emirates. East Mediterr Health J. (2023) 29:742—
8. doi: 10.26719/emh;.23.076

12. Bou Khalil R, Fares N, Saliba Y, Tamraz J, Richa S. The effect of methylphenidate
on appetite and weight. L’Encephale. (2017) 43:577-81. doi: 10.1016/
j.encep.2017.01.007

13. Xing B, Li YC, Gao WJ. Norepinephrine versus dopamine and their interaction
in modulating synaptic function in the prefrontal cortex. Brain Res. (2016) 1641:217-
33. doi: 10.1016/j.brainres.2016.01.005

14. Schertz M, Adesman AR, Alfieri NE, Bienkowski RS. Predictors of weight loss in
children with attention deficit hyperactivity disorder treated with stimulant medication.
Pediatrics. (1996) 98:763-9. doi: 10.1542/peds.98.4.763

15. Gazer-Snitovsky M, Brand-Gothelf A, Dubnov-Raz G, Weizman A, Gothelf D.
High familial correlation in methylphenidate response and side effect profile. J attention
Disord. (2019) 23:135-9. doi: 10.1177/1087054715580844

16. Benard V, Cottencin O, Guardia D, Vaiva G, Rolland B. The impact of
discontinuing methylphenidate on weight and eating behavior. Int J eating Disord.
(2015) 48:345-8. doi: 10.1002/eat.22301

17. Sund AM, Zeiner P. Does extended medication with amphetamine or
methylphenidate reduce growth in hyperactive children? Nordic J Psychiatry. (2002)
56:53-7. doi: 10.1080/08039480252803936

18. Swanson JM, Elliott GR, Greenhill LL, Wigal T, Arnold LE, Vitiello B, et al.
Effects of stimulant medication on growth rates across 3 years in the MTA follow-up. J
Am Acad Child Adolesc Psychiatry. (2007) 46.8:1015-27. doi: 10.1097/
chi.0b013e3180686d7¢

19. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. 5th ed. Arlington, VA: American Psychiatric Association (2013).

20. World Health Organization. WHO Child Growth Standards: Length/height-for-
age, weight-for-age, weight-for-length, weight-for-height and body mass index-for-age:
Methods and development. Geneva: World Health Organization (2006).

Frontiers in Psychiatry

12

10.3389/fpsyt.2024.1392846

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

21. Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, Flegal KM, Guo SS, Wei R,
et al. CDC growth charts: United States. Adv Data. (2000) 314):1-27.

22. Nawaz FA, Sultan MA. Low birth weight prevalence in children diagnosed with
neurodevelopmental disorders in Dubai. Global Pediatr Health. (2021)
8:2333794X211031782. doi: 10.1177/2333794X211031782

23. Grigoriadis S, VonderPorten EH, Mamisashvili L, Tomlinson G, Ross LE, Dennis CL,
et al. The impact of maternal depression during pregnancy on perinatal outcomes: a
systematic review and meta-analysis. J Clin Psychiatry. (2013) 74. doi: 10.4088/JCP.12r07968

24. Van den Bergh BR, Mulder EJ, Mennes M, Glover V. Antenatal maternal anxiety
and stress and the neurobehavioral development of the fetus and child: links and
possible mechanisms. A review. Neurosci Biobehav Rev. (2005) 29:237-58. doi: 10.1016/
j.neubiorev.2004.10.007

25. Faraone SV, Perlis RH, Doyle AE, Smoller JW, Goralnick JJ, Holmgren MA, et al.
Molecular genetics of attention-deficit/hyperactivity disorder. Biol Psychiatry. (2005)
57:1313-23. doi: 10.1016/j.biopsych.2004.11.024

26. Biederman J, Faraone SV, Keenan K, Knee D, Tsuang MT. Family-genetic and
psychosocial risk factors in DSM-III attention deficit disorder. ] Am Acad Child Adolesc
Psychiatry. (1992) 31:205-11. doi: 10.1097/00004583-199205000-00049

27. Willcutt EG. The prevalence of DSM-IV attention-deficit/hyperactivity disorder: a
meta-analytic review. Neurotherapeutics. (2012) 9:490-9. doi: 10.1007/s13311-012-0135-8

28. Raman SR, Man KK, Bahmanyar S, Berard A, Bilder S, Boukhris T, et al. Trends
in attention-deficit hyperactivity disorder medication use: a retrospective observational
study using population-based databases. Lancet Psychiatry. (2018) 5:824-35.
doi: 10.1016/S2215-0366(18)30293-1

29. Morkem R, Patten S, Queenan J, Barber D. Recent trends in the prescribing of
ADHD medications in Canadian primary care. ] attention Disord. (2020) 24:301-8.
doi: 10.1177/1087054717720719

30. Cortese S, Adamo N, Del Giovane C, Mohr-Jensen C, Hayes AJ, Carucci S, et al.
Comparative efficacy and tolerability of medications for attention-deficit hyperactivity
disorder in children, adolescents, and adults: a systematic review and network meta-
analysis. Lancet Psychiatry. (2018) 5:727-38. doi: 10.1016/52215-0366(18)30269-4

31. Fares N, Saliba Y, Tamraz J, Richa S. The effect of methylphenidate on appetite
and weight. L’encephale. (2017) 43:577-81.

32. Faraone SV, Biederman J, Morley CP, Spencer TJ. Effect of stimulants on height
and weight: a review of the literature. ] Am Acad Child Adolesc Psychiatry. (2008)
47:994-1009. doi: 10.1097/CHI.0b013e31817e0ea7

33. Jogia J, Sharif AH, Nawaz FA, Khan AR, Alawami RH, Aljanahi MA, et al.
Comorbidities associated with attention-deficit/hyperactivity disorder in children and
adolescents at a tertiary care setting. Global Pediatr Health. (2022)
9:2333794X221076607. doi: 10.1177/2333794X221076607

34. Gurka MJ, Siddigi SU, Filipp SL, Mercado R, Thompson LA, Janicke DM, et al.
Attention deficit hyperactivity disorder medications and BMI trajectories: The role of
medication type, sex and age. Pediatr Obes. (2021) 16:e12738. doi: 10.1111/ijpo.12738

35. Gnanavel S, Sharma P, Kaushal P, Hussain S. Attention deficit hyperactivity
disorder and comorbidity: A review of literature. World J Clin cases. (2019) 7:2420.
doi: 10.12998/wjcc.v7.i17.2420

36. Goel R, Hong JS, Findling RL, Ji NY. An update on pharmacotherapy of autism
spectrum disorder in children and adolescents. Int Rev Psychiatry. (2018) 30:78-95.
doi: 10.1080/09540261.2018.1458706

37. Zheng Z, Zhang L, Li S, Zhao F, Wang Y, Huang L, et al. Association among
obesity, overweight and autism spectrum disorder: a systematic review and meta-
analysis. Sci Rep. (2017) 7:11697. doi: 10.1038/s41598-017-12003-4

38. Sammels O, Karjalainen L, Dahlgren J, Wentz E. Autism spectrum disorder and
obesity in children: A systematic review and meta-analysis. Obes Facts. (2022) 15:305—
20. doi: 10.1159/000523943

39. Chavez B, Chavez-Brown M, Rey JA. Psychiatry: role of risperidone in children
with autism spectrum disorder. Ann Pharmacotherapy. (2006) 40:909-16. doi: 10.1345/
aph.1G389

40. Safer DJ. A comparison of risperidone-induced weight gain across the age span. J
Clin Psychopharmacol. (2004) 24:429-36. doi: 10.1097/01.jcp.0000130558.86125.5b

41. Lyytikdinen P, Lallukka T, Lahelma E, Rahkonen O. Sleep problems and major
weight gain: a follow-up study. Int J Obes. (2011) 35:109-14. doi: 10.1038/ij0.2010.113

frontiersin.org


https://doi.org/10.1186/s13052-023-01456-1
https://doi.org/10.1007/s00787-022-02131-2

https://doi.org/10.3325/cmj.2015.56.159
https://doi.org/10.1186/s12991-020-00271-w
https://doi.org/10.1007/BF02849796
https://doi.org/10.4088/JCP.12040vr1c
https://doi.org/10.1093/jpepsy/jsm005
https://doi.org/10.1007/s00228-020-02948-3
https://doi.org/10.1016/j.biopsych.2019.04.009
https://doi.org/10.1016/j.biopsych.2019.04.009
https://doi.org/10.1177/1087054715569280
https://doi.org/10.26719/emhj.23.076
https://doi.org/10.1016/j.encep.2017.01.007
https://doi.org/10.1016/j.encep.2017.01.007
https://doi.org/10.1016/j.brainres.2016.01.005
https://doi.org/10.1542/peds.98.4.763
https://doi.org/10.1177/1087054715580844
https://doi.org/10.1002/eat.22301
https://doi.org/10.1080/08039480252803936
https://doi.org/10.1097/chi.0b013e3180686d7e
https://doi.org/10.1097/chi.0b013e3180686d7e
https://doi.org/10.1177/2333794X211031782
https://doi.org/10.4088/JCP.12r07968
https://doi.org/10.1016/j.neubiorev.2004.10.007
https://doi.org/10.1016/j.neubiorev.2004.10.007
https://doi.org/10.1016/j.biopsych.2004.11.024
https://doi.org/10.1097/00004583-199205000-00049
https://doi.org/10.1007/s13311-012-0135-8
https://doi.org/10.1016/S2215-0366(18)30293-1
https://doi.org/10.1177/1087054717720719
https://doi.org/10.1016/S2215-0366(18)30269-4
https://doi.org/10.1097/CHI.0b013e31817e0ea7
https://doi.org/10.1177/2333794X221076607
https://doi.org/10.1111/ijpo.12738
https://doi.org/10.12998/wjcc.v7.i17.2420
https://doi.org/10.1080/09540261.2018.1458706
https://doi.org/10.1038/s41598-017-12003-4
https://doi.org/10.1159/000523943
https://doi.org/10.1345/aph.1G389
https://doi.org/10.1345/aph.1G389
https://doi.org/10.1097/01.jcp.0000130558.86125.5b
https://doi.org/10.1038/ijo.2010.113
https://doi.org/10.3389/fpsyt.2024.1392846
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

AL Eid et al.

42. Al-Adawi S, Dorvlo AS, Burke DT, Moosa S, Al-Bahlani S. A survey of anorexia
nervosa using the Arabic version of the EAT-26 and “gold standard” interviews among
Omani adolescents. Eat Weight Disord. (2002) 7:304-11. doi: 10.1007/BF03324977

43. Fekih-Romdhane F, Daher-Nashif S, Stambouli M, Alhuwailah A, Helmy M,
Shuwiekh HA, et al. Mental illness stigma as a moderator in the relationship between
religiosity and help-seeking attitudes among Muslims from 16 Arab countries. BMC
Public Health. (2023) 23:1671. doi: 10.1186/s12889-023-16622-7

Frontiers in Psychiatry

13

10.3389/fpsyt.2024.1392846

44. Alosaimi FD, Alshehri Y, Alfraih I, Alghamdi A, Aldahash S, Alkhuzayem H,
et al. The prevalence of psychiatric disorders among visitors to faith healers in Saudi
Arabia. Pakistan ] Med Sci. (2014) 30:1077. doi: 10.12669/pjms.305.5434

45. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of a WHO growth reference for school-aged children and
adolescents. Bull World Health Organization. (2007) 85:660-7. doi: 10.2471/
BLT.00.000000

frontiersin.org


https://doi.org/10.1007/BF03324977
https://doi.org/10.1186/s12889-023-16622-7
https://doi.org/10.12669/pjms.305.5434
https://doi.org/10.2471/BLT.00.000000
https://doi.org/10.2471/BLT.00.000000
https://doi.org/10.3389/fpsyt.2024.1392846
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Exploring the impact of stimulant medications on weight in children with attention deficit hyperactivity disorder in Dubai, United Arab Emirates
	1 Introduction
	2 Methods
	2.1 Study design, setting, and participants
	2.2 Variables
	2.3 Data sources/measurement
	2.4 Statistical methods

	3 Results
	3.1 Characteristics of participants
	3.2 Co-occurring disorders and potential risk factors
	3.3 Impact of stimulant medications on weight

	4 Discussion
	4.1 Strengths, limitations, and generalizability
	4.2 Implications and areas for future research

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


