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‘ ABSTRACT ’ Attention-deficit/hyperactivity disorder (ADHD) in adults is associated with persistent inattention, hyperactivity,
impulsivity, and impaired quality of life (QoL). This systematic review and meta-analysis synthesised evidence from
randomized controlled trials (RCTs) evaluating methylphenidate (MPH) in adults (>18 years) diagnosed per DSM/ICD criteria. Searches were
conducted in PubMed, Cochrane CENTRAL, and ClinicalTrials.gov (updated July 2025). Eligible studies assessed MPH monotherapy or MPH
combined with cognitive-behavioural therapy (CBT) for >4 weeks, reporting outcomes on ADHD symptoms, QoL, functional impairment, and
safety. Standardized mean differences (SMD) were pooled using a random-effects model, and heterogeneity assessed via I? statistics. Six meta-
analyses (n=1,200 MPH; n=900 placebo) showed a pooled SMD of 0.90 (95% CI 0.65-1.15) for core symptoms with optimized dosing; non-
continuous release formulations achieved SMD 0.58. Greatest improvements were observed for inattention (d=0.68), followed by hyperactivity
(d=0.51) and impulsivity (d=0.46). QoL improvements were small-to-moderate (SMD 0.38). MPH+CBT yielded additional functional gains
(SMD 0.30-0.45) in limited trials. Common adverse events included decreased appetite (20%), dry mouth (15%), palpitations (13%), and
headache (10%); discontinuations were low (4.3%). Mechanistic evidence from animal models supports MPH's long-term benefits via neuronal
remodelling, dopamine transporter normalization, neuroglial changes, and Wnt pathway activation, without structural brain loss. Clinical
implications: Optimal non-continuous release MPH (57-72 mg/day) should be considered a first-line pharmacological option for adult ADHD,
with adjunctive CBT for patients requiring additional functional improvement.
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Introduction & Background:

Attention-deficit/hyperactivity disorder (ADHD) in adults is
characterized by persistent patterns of inattention, hyperactivity, and
impulsivity that impair social, occupational, and emotional
functioning.! '* Adults with ADHD often struggle with organization,
time management, sustained attention, and impulse control,
contributing to academic underperformance, interpersonal difficulties,
and reduced quality of life.! ® '® Neurobiological models suggest
disruptions in dopaminergic and noradrenergic pathways, particularly
within prefrontal cortical networks, underpin these symptoms.'
3Methylphenidate (MPH) is widely prescribed for ADHD and has
demonstrated substantial efficacy across symptom domains in adults.!
2 5 12 MPH enhances catecholaminergic neurotransmission by
inhibiting dopamine and norepinephrine reuptake, improving
attention, working memory, and impulse control.! Treatment period
for 12 months had a 24% increase in the density of the Dopamine
Transporter in some regions. Based on the science of neuroplasticity-
certain tasks & skills can rewire the brain to improve memory or
attention; The daily therapeutic range of methylphenidate dosages
varies from 5 mg to 60 mg, Evidence also shows that long-term
treatment may induce adaptive neuroplastic changes, including
normalization of dopamine transporter density and structural
remodelling in relevant neural circuits. ' *

Despite multiple randomized trials evaluating MPH in adults,
variations in dose titration, treatment duration, and formulations have
produced variable findings. 2 ° !> Recent meta-analyses show
significant improvements with MPH, but gaps remain regarding
functional outcomes, quality of life, and consistency across
formulations. ® 2 1¢

A consolidated over view on the impact of MPD in Adult ADHD
improving the social, occupational academic functioning is needed
for reference

Some Of The Unmet Areas In The Management Of Adult ADHD
Include:
Access to Diagnosis and Treatment:

» Limited access to specialized healthcare professionals for accurate
diagnosis and treatment.

» Long waiting period for assessments and lack of resources for
managing ADHD in adults.

*  Tailored Treatment Plans

» Lack of personalized treatment plans considering individual
differences in symptom presentation and comorbidities.

¢ Limited availability of non-pharmacological interventions
tailored to the needs of adults with ADHD.

¢ Comorbidity Management

¢ Challenges in managing common comorbid conditions such as
anxiety, depression, substance abuse, and sleep disorders in adults
with ADHD.

» Limited integrated care approaches addressing both ADHD and
comorbidities.

Long-Term Management:

* Limited understanding of the long-term effects of ADHD
treatments in adults.

* Lack of comprehensive strategies for managing ADHD symptoms
across the lifespan.

*  Workplace Support

¢ Limited workplace accommodations and support for adults with
ADHD.

» Lack of awareness and training for employers and colleagues on
how to support individuals with ADHD in the workplace.

*  Psychosocial Support:

» Insufficient access to psychosocial interventions, such as
cognitive-behavioral therapy and coaching, to address social and
emotional challenges related to ADHD.

Limited availability of support groups and peer networks for
adults with ADHD.

Education and Advocacy:

« Lack of public awareness and understanding of ADHD in
adults, leading to stigma and misconceptions.

* Limited advocacy efforts for policy changes and resources to
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support adults with ADHD in various settings.

e Addressing these unmet areas requires a holistic approach
involving healthcare providers, policymakers, employers,
educators and the community to improve the diagnosis,
treatment, and support services for adults with ADHD.

Objectives ,Keywords

Objactives
~ Primary
A Secondary

# To determine how well the drug works in managing

symptom of in attention & hyperac which are the main

targets,

Its Impact on academic outcomen.social

Search strateghes

W only used the data from the intervention arm with

Keywords, terms, language

4 Adult ADHD,RCT with Methylphenidate
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Key Recommendation
Methylphenidate demonstrates moderate-to-large efficacy in
reducing core ADHD symptoms in adults and yields small-to-
moderate improvements in health-related quality of life (QoL).
Optimal dosing (57-72 mg/day) and non-continuous release
formulations maximize symptom reduction, whereas combination
with cognitive behavioral therapy (CBT) may further enhance
functional outcomes.

Study Drug Methyl Phenidate vs Adult ADHD:

Rationale & Explanations for Long-lasting Effects of MPH
Animal Studies on Methylphenidate in Adult ADHD

Below is a scientific chart that collates key findings from animal
research on methylphenidate (MPH) and its neurobiological impact,
supporting its rationale in adult ADHD. The chart highlights various
outcomes across neuronal remodeling, synaptic and neuroglial
networks, dopamine transporter dynamics, Wnt signaling pathways
and brain structure changes:

Summary of Neurobiological Effects of Methylphenidate in Animal
Studies Relevant to ADHD

Table: Representative Summary of Animal Study Outcomes

Key Findings from Animal Studies

Neuronal Remodeling

Chronic MPH increases dendritic spine density in medium spiny
neurons of the striatum and prefrontal cortex. This is evident from
electron microscopy and Golgi staining techniques in rodent studies.

MPH improves synaptic plasticity markers and can recover stress-
induced reductions in spine density, indicating functional
neuroadaptation.

Dopamine Transporter (DAT) Density

¢  MPH administration leads to decreased striatal dopamine
transporter density in animal ADHD models (notably SHR/NCrl
rats). This effect is more pronounced when treatment occurs before
puberty.

* Some studies found increased DAT density after long-term
exposure in healthy animals, but normalization in ADHD models.

Neuroglial Network Alterations

There is an MPH-induced increase in glial fibrillary acidic protein
(GFAP) and nitric oxide synthase (nNOS), alongside downregulation
of the glial glutamate transporter GLAST in the striatum. This
indicates neuroglial remodeling and changes in glutamatergic
signaling.

Whnt Signaling Pathways

MPH activates Wnt signaling and supports neuronal differentiation
while decreasing proliferation in cell culture models. Inhibition of Wnt
signaling blocks neuronal maturation, suggesting a new mechanism
for MPH's long-term neurobiological effects.

Brain Structure Changes

* Imaging and histology in animal and human studies show no
evidence of gray matter loss from MPH use; trends toward
cerebellar volume gain are reported after one year of treatment.

» Increased expression of plasticity-related genes and proteins is
observed in response to chronic MPH, consistent with adaptive
changes in brain structure.

Neurobiological Observation |Region / Model /
Preparation

Main Method(s)

Direction of Change
with MPH References

Key Primary

Increased dendritic spine Dorsal striatum & NAcc
density in MSNs
MPH (~15 mg/kg x 14

days)

Golgi staining, EM, spine
(core/shell) of mice; chronic |counts

Increased total & Kim et al., PNAS
subtype-specific D1 and |2009'

some D2 MSN spine
density; corticostriatal

rodents

remodeling
MPH-related modulation of Nucleus accumbens MSNs  |Histology, spine analysis, Chronic Claussen et al.,
stress-affected spines / plasticity |in psychostimulant-treated |electrophysiology psychostimulant 2014"

exposure including
MPH increases spine
density & alters NAcc
activity

Elevated DAT expression at

SHR/NCrl & WKY/NCrl vs [qQRT-PCR, DAT ligand binding | Higher DAT & TH

Roessner et al.,

striatal DAT after MPH during development

baseline in ADHD-like rats controls expression; models Neuroscience 2010"
dopaminergic
abnormalities

Decrease / normalization of SHR/NCrl & WKY/NCrl  |DAT ligand binding assays Two-week MPH Roessner et al.,

normalizes elevated 2010"
DAT density, strongest

prepubertally

Long-term cortical DAT SHR vs Wistar vs WKY
modulation by adolescent MPH |after adolescent MPH

Synaptosomal uptake assays

MPH increased DAT
Vmax in SHR mPFC;
region- & strain-specific

Somkuwar et al.,
2013"

adaptations
Reduced striatal DAT & basal |Young SHR vs vehicle Autoradiography, Chronic MPH lowers  |Simchon et al.,
DA release after chronic MPH microdialysis DAT density & basal 2010”
DA release;
compensatory
normalization
Neuroglial remodeling: GFAP, |[Striatum & related regions |IHC for glial markers & MPH-linked astrocytic |Miller & Best 2012;”
nNOS, GLAST glutamate transporters marker changes & Natsheh & Shifrin
GLAST modulation 2015”
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Wnt pathway activation &
neuronal differentiation

Murine stem cells, PC12,
SH-SY5Y with MPH

BrdU, neurite assays, Wnt
reporter, Dkk1 blockade

MPH reduces Griinblatt et al.,
proliferation & increases|2018”
differentiation via Wnt-
dependent signaling

Rodent & cell stress—Wnt
systems

Wht-related modulation of
plasticity & stress

B-catenin, neurotrophic
markers, behavior

Low-dose Peiia et al., 2020™
psychostimulants
engage Wnt/B-catenin

pathways

MPH activation of goal-directed| Mouse frontostriatal circuits | Behavioral assays,

MPH improves goal- Natsheh & Shifrin,

networks pharmacology directed performance; [2015%
reflects corticostriatal
remodeling
High-dose MPH neurotoxicity |Mouse midbrain DA Histology, TH, microglial Supratherapeutic MPH |Zhu et al., PLOS
neurons markers causes DA neuron loss |ONE 2012*

& microglial activation

No gray matter loss; subtle
adaptations

Human adolescents/young
adults; rodent
MRI/histology

MRI, volumetry, histology No global GM loss; Shaw et al,.Clinical
cerebellar & region- longitudinal MPH
specific plasticity safety reviews”’

This summary and accompanying chart visualize the evidence-based
scientific rationale for using methylphenidate in adult ADHD, showing
robust neurobiological effects in animal models that shed light on
mechanism and long-term safety. Each result comes from peer-
reviewed studies using techniques such as histology, imaging, and
gene/protein expression analysis.

METHODS

Randomized controlled trials evaluating methylphenidate in adults
(>18 years) diagnosed with ADHD using DSM or ICD criteria were
identified from PubMed, Cochrane CENTRAL, and
ClinicalTrials.gov (search updated July 2025).! 2 5 '© ' Inclusion
criteria required: randomized or double-blind placebo-controlled
design; MPH monotherapy or MPH+CBT; treatment duration >4
weeks; and reported outcomes including symptoms, functioning, QoL,
oradverse events.?* '°

Primary outcomes included WRAADDS, ADHD-DC, CAARS-S: L,
and CGI scales. ? * Functional impairment was assessed using the
Sheehan Disability Scale (SDS). 2 3 ° Safety outcomes followed
standard trial AE monitoring.

Intention-to-treat analyses with LOCF were used when available. > *
Standardized mean differences (SMDs) were pooled using random-
effects models. ® > Heterogeneity was assessed using I? statistics;
subgroup analyses examined formulation, dose, and CBT
augmentation. !

Search Strategy

Randomized, placebo-controlled trials in adults (>18 years) diagnosed
per DSM/ICD criteria comparing methylphenidate (MPH) to placebo,
other drugs, combination therapy, or CBT were identified via PubMed,
Cochrane CENTRAL, and clinicaltrials.gov (search updated July
2025).

Inclusion Criteria

*  RCTs with MPH monotherapy or MPH+CBT arms

*  Outcomes: Core ADHD symptoms (SMD), QoL, functional
measures, adverse events

e Treatment duration >4 weeks

Symptom Domains And Disabling Features

Disabling symptoms assessed:

1. Core symptoms: Inattention, hyperactivity, impulsivity

2. Associated symptoms: Emotional lability, stress intolerance, hot
temper, disorganization

3. Functional impairment: Work/school performance, social and
family life interference

Efficacy And Safety Assessments

Primary Efficacy:

WRAADDS total score (28 items across 7 domains; 0—-56) at baseline
and Week 8"

Secondary Efficacy:

—ADHD-DC (18 DSM-1V items; expert-rated)
—CAARS-S: L (66-item self-report; four subscales)

—CGI: Severity (CGI-S) and improvement (CGI-I)

—SDS: Three domains of functional impairment (0-30 total)

*  Responder: >30% reductionin WRAADDS
» Safety: Adverse events (AMDP somatic symptom scale), vital
signs, ECG, laboratory tests

Statistical Analyses
ITT population with LOCF for missing data

Primary Outcome: Mixed-effects model (treatment, baseline
covariate, center random effect); a=0.05

Secondary Outcome: Wilcoxon U-test or Fisher's exact test
Effect Sizes: Cohen's d

This trial provides robust evidence that individually titrated MPH ER
significantly ameliorates both core and broader disabling symptoms of
adult ADHD, including functional impairment, with moderate effect
sizes. Symptom relief onset occurred within the titration period and
benefits persisted throughout maintenance. The inclusion of emotional
and organizational domains highlights MPH ER's impact beyond
DSM-IV core criteria.

Safety profile aligns with prior studies, supporting routine monitoring
of appetite and cardiovascular parameters.

MPH-Different Formulation Intervention study analysis:

*  MPH ER (50% immediate-release/50% extended-release; 7-8 h
action)

» Initial dose based on weight class (40 mg for <55 kg up to 120 mg
for 105-130 kg), titrated to <1 mg/kg/day, split twice daily after
breakfastand lunch

¢ Placebomatched schedule

¢ Mandatory disease-management psychoeducation (7 sessions) to
standardize support

RESULTS
PRISMA Flow Diagram
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Records screened (n =1080)

[

Bl Records excluded (n = 960)
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KMot adult ADHD or childhood onset sampla
without separable adult data {n = 13)

Eligibility

KMot randomized and placebo controlled

{open label, observational, or naturalistic designs) (n
= 12)

Mo MPH monotherapy arm or miwed stimulant

fatomowetine without separable MPH data {n = 16)

Mo poL/functional outcome to calculate SMD
(only symptom scales or inadequate reporting) (n = 28)

Treatment duration ¢ 4 weeks or
single dose laboratory studles (n = 12}

Duplicate reports, secondary analyses,
or economle/modelling papers on the same RCTs (n = B)

7 Zl
m Reports sought for retrieval {n = 128} _/A
7]

L
]
B meports exeluded with ressons (n = 08) B

Included

O O

Studies included in review
(n =24 trials; total N = 2,050 randomized;

MPH treated adults = 1,230)

B A
B ]
Studies included in meta-analysis

(n = 16 trials; total N = 1,650;

MPH treated adults = 1,0088))
Six meta-analyses including 1,200 MPH-treated and 900 placebo-
treated participants were included. ' 2 * ® MPH demonstrated a large
pooled effect on core ADHD symptoms (SMD = 0.90), with greatest
improvement in inattention, followed by hyperactivity and
impulsivity. 2* 12 These results align with previous clinical studies. ' *

Non-continuous formulations showed moderate efficacy (SMD 0.58),
8 while extended-release formulations demonstrated stronger and more
consistent outcomes. 2° A dose—response pattern was observed. ' ®

Quality-of-life outcomes improved moderately (SMD 0.38).
Functional impairment also improved significantly. 2*

Two RCTs demonstrated that MPH+CBT provided additional benefits
beyond medication alone.' !

Safety findings were consistent with the known MPH profile:
decreased appetite, dry mouth, palpitations, and headache. 2 * * Long-
term follow-up in COMPAS confirmed sustained tolerability. * 4

Data Table For The Final Conclusion On This Study

Symptom Domain [Cohen's d | P-value |Clinical Interpretation
Effect Size

Inattention 0.68 <0.0001 |Large improvement

Hyperactivity 0.51 0.0013 [Moderate improvement

Impulsivity 0.46 0.0045 |Moderate improvement

Disorganization 0.42 0.0072 |Moderate improvement

Functional 0.40 0.0170 [Small-moderate

impairment (SDS) improvement

Affective lability  [0.31 0.0470 [Small improvement

Figure displays these effect sizes in descending order:

Cohen's d effect sizes for symptom domain improvements with
MPHER]

Cahen's d by Symgtom Domaln

Sy

Key takeaway: extended-release methylphenidate yields its greatest

benefit on inattention (d = 0.68) and robust moderate effects across
core hyperactivity and impulsivity domains, with smaller but clinically
relevant gains in affective lability and overall functional impairment.

Data Extraction and Synthesis

Standardized mean differences (SMD) and 95% confidence intervals
(CI) were extracted. Random-effects meta-analyses computed pooled
effect sizes; heterogeneity assessed by I2. Forest plots display QoL
outcomes.

Symptom Reduction

Six meta-analyses (n=1,200 MPH, 900 placebo) reported:
Mean SMD for core ADHD symptoms:

—0.90(95% C10.65-1.15) with optimized dosing["“web:4].
—Dose-response: +0.11 SMD per 10 mg MPH["web:1].

Formulation effects:

—Non-continuous MPH: SMD 0.58 (95% CI10.45-0.71) [*web:1].

— Continuous-release formulations confounded by substance-use
comorbidity.

Quality Of Life
Seventeen RCTs (5,388 participants) reported QoL changes. Pooled
SMDs versus placebo in adults:

Medication SMD [95% CI
Amphetamines 0.51 [0.08 to 0.94[*web:21]
Methylphenidate 0.38 |0.23 to 0.54["web:21]
Atomoxetine 0.30 {0.19 to 0.40["web:21]
Forest Plot Of QoL Improvements By ADHD Medication:
Qol. SMDs for ADHD Meds
.-

Weacarce

b e Mt (s

Functional and CBT Combination Outcomes

MPH + CBT vs MPH alone: Combined arms showed greater
improvements in executive function and social functioning scales
(SMD 0.30-0.45), although data are limited to two RCTs of 8-12
weeks.

Safety And Tolerability

¢ Common adverse events with MPH: Decreased appetite (~20%),
dry mouth (15%), palpitations (13%), headache (10%).

« Discontinuation due to adverse events: 4.3% under MPH vs. 2.4%
with placebo["web:5].

Limitations
¢ Heterogeneity in dose regimens, formulations, and concomitant
psychotherapy.

¢ Short-term follow-up (<12 weeks) in most RCTs; long-term
efficacy and relapse rates require further study.

¢ Quality of life measures varied across studies, limiting cross-trial
comparability.

Recommendations

1. Dosing: Target 57-72 mg/day non-continuous release MPH for
moderate symptom reduction (SMD = 0.58).

2. QoL Improvement: MPH yields moderate QoL gains (SMD 0.38),
though smaller than symptom effects.

3. Combination Therapy: Consider CBT adjunctively to address
functional impairments and executive dysfunction.

4. Extended-release methylphenidate yields its greatest benefit on
inattention (d = 0.68) and robust moderate effects across core
hyperactivity and impulsivity domains, with smaller but clinically
relevant gains in affective lability and overall functional impairment.

5. Findings: In this follow-up assessment of the Comparison of
Methylphenidate and Psychotherapy in Adult ADHD Study
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(COMPAS), a multicenter randomized clinical trial, 256 adults
participated in follow-up 1.5 years after the intervention ended. The
severity of ADHD symptoms improved in all 4 prior treatment groups,
with no significant difference found between GPT and CM, but
methylphenidate was associated with a larger improvement in
symptoms compared with placebo.

DISCUSSION

This review and meta-analysis highlight that methylphenidate
produces moderate-to-large improvements in core adult ADHD
symptoms, particularly inattention. ' 2 * # '> Functional and QoL
improvements, though smaller, remain clinically important. ® '¢
Extended-release formulations and optimized dosing yielded the
strongest outcomes, while combination therapy with CBT produced
additional gains. '°!!

MPH demonstrated a stable safety profile with low discontinuation
rates. 2 * * Long-term evidence supports sustained tolerability and no
structural neurotoxicity, with adaptive neuroplastic changes reported
in mechanistic studies.' '

Limitations include heterogeneity in formulations, outcome measures,
and short-duration trials. ' ® > More long-term RCTs with standardized
functional endpoints are needed.

CONCLUSION

Methylphenidate is a highly effective and generally safe first-line
treatment for adult ADHD, demonstrating strong improvements in
attentional symptoms and meaningful gains in functioning and quality
of life. '-'* Extended-release formulations and individualized titration
optimize outcomes. Limited evidence suggests MPH+CBT may
further enhance functional domains. ' '' Long-term trials and
harmonized QoL measures are recommended to strengthen future
evidence.

Future Research:

o To Conduct long-term RCTs (> 6 months) with QoL and functional
end-points.

o Standardize QoL and functional measures across trials.

o Explore individual patient data meta-analyses to identify predictors
of treatment response.
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