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Abstract. – OBJECTIVE: This study investiga-
ted the relationship between the use of methyl-
phenidate (MPH) and changes in creatine, cho-
line, and N-acetyl-aspartate (NAA) in the dorso-
lateral prefrontal cortex (DLPFC), striatum, ce-
rebellum, and anterior cingulate cortex (ACC) in 
adults with attention-deficit hyperactivity disor-
der (ADHD). 

PATIENTS AND METHODS: The study enrolled 
60 patients 18-60 years of age who met the criteria 
in the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (DSM-IV) for ADHD. The 
amounts of NAA, creatine, and choline in the ACC, 
cerebellum, striatum, and DLPFC were measured 
using magnetic resonance spectroscopy. After 
the first measurement, the patients were given 10 
mg oral MPH, and the same metabolite levels were 
measured 30 minutes later.

RESULTS: No significant differences were ob-
served in the NAA and choline levels in the DLPFC, 
ACC, cerebellum, and striatum after MPH. Although 
there were no significant differences in the creatine 
levels in the DLPFC, ACC, and striatum after MPH, 
the creatine level in the cerebellum increased sig-
nificantly.  

CONCLUSIONS: Our results suggest that MPH 
affects the cerebellum in adult ADHD. Therefore, 
we suggest that, due to its effects on the cerebel-
lum, MPH can be used in adult ADHD not only for 
attention deficit symptoms but also for hyperac-
tivity symptoms.
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Introduction

Attention-deficit hyperactivity disorder (ADHD) 
is a neuropsychiatric disorder that begins in early 
childhood and causes inattention, impulsiveness, 

and hyperactivity1. Of those diagnosed with ADHD 
as children, 50-80% continue to suffer from this 
disorder in adolescence, and 30~50% continue to 
suffer from it in adulthood2.

The frontostriatal circuit has been implicated 
in the etiopathogenesis of ADHD3. Fundamentally, 
ADHD involves dysfunction in the communi-
cation between the frontal cortex and striatum 
and affects circuits between the cerebellum and 
frontal lobe4. Neuroimaging techniques are useful 
for studying the structural and functional changes 
in ADHD-related brain areas. Recent advances in 
these techniques have enabled investigations of the 
relationships between brain structures/functions 
and the response to psychostimulant treatments. 
Structural neuroimaging studies have reported re-
ductions in the volumes of the entire and right 
brain, various frontal lobe areas, and the caudate 
nucleus, cerebellar vermis, and corpus callosum5. 
Functional neuroimaging studies have shown that 
regional bloodstream and glucose metabolism are 
decreased in the prefrontal and cerebellar areas 
but increased in the parieto-occipital cortex in the 
resting state, and these findings normalized after 
psychostimulant treatment6.

Magnetic resonance spectroscopy (MRS) is a 
noninvasive neuroimaging method that can mea-
sure the levels of the neurochemicals N-acetyl-as-
partate (NAA), choline (Cho), and creatine (Cr), 
which are indirect indicators of neurotransmission 
and brain functioning7. Because NAA is an indi-
cator of neuronal integrity, a low NAA/Cr ratio is 
associated with neuronal loss or damage. Choline 
reflects membrane integrity, and increased Cho 
levels or an increased Cho/Cr ratio reflects in-
creased cellular destruction, myelin destruction, 
gliosis, and inflammation. Creatine has a relatively 
constant role in cellular energy metabolism.8
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MRS has identified increases in the ratio of 
(glutamate + glutamine)/creatine (Glx/Cr) and Cho 
levels in the anterior cingulate cortex (ACC) of 
those with ADHD9. Jin et al10 found no significant 
changes in the NAA/Cr and Cho/Cr ratios after a 
single dose of methylphenidate HCl (MPH). Wigu-
na et al11 observed an increased NAA/Cr ratio in 
the prefrontal cortices of individuals with ADHD 
who had used MPH 20 mg/day and a decrease in 
their Glu/Cr ratios in the amygdala bilaterally.

Nine MRS studies of adult ADHD have been 
published and reported mixed findings. Hessling-
er et al12 reported that NAA levels in the left 
striatum did not differ, whereas the NAA levels 
in the left dorsolateral prefrontal cortex (DLPFC) 
decreased. Perlov et al13 found significantly in-
creased Glx/Cr ratios in the left cerebellar hemi-
sphere. Dramsdahl et al14 reported that ADHD 
patients had significantly lower Glu/Cr ratios 
in the left frontal cortex. Maltezos et al15 found 
that adult ADHD patients had significantly lower 
NAA, Glx, and Cr levels in the basal ganglia 
and Cr in the DLPFC. These studies appear to 
be valuable at first glance. However, only one of 
these researches investigated the effect of MPH 
on cerebral metabolites, and that study enrolled 
only seven cases and analyzed only ACC.

Therefore, we investigated the effects of 10 
mg oral MPH on brain metabolites, including Cr, 
Cho, and NAA, in the DLPFC, striatum, cerebel-
lum, and ACC of adult ADHD patients.

Patients and Methods

Study Design
The study was conducted in accordance with 

the principles of the Declaration of Helsinki and 
approved by the local Institutional Review Board. 
Written informed consent was obtained from all 
subjects. The investigation included 60 patients 
between the ages of 18 and 60 years who met 
the Diagnostic and Statistical Manual for Mental 
Disorders, Fourth Edition (DSM-IV) criteria for 
adult ADHD. All patients were recruited from 
the same clinic and were of Turkish origin. Pa-
tients were excluded if they had accompanying 
neurological/chronic disease, mental retardation, 
psychotic disorders, psychiatric disorders due to 
organic causes, or illiteracy.

The patients were evaluated using the Adult 
ADHD Diagnosis and Evaluation Scale and 
Wender Utah Rating Scale (WURS). Oncu et 
al16 established the validity and reliability of the 

WURS for Turkish individuals, with a cut-off 
score of 36 points. Gunay et al17 established the 
validity and reliability of the Adult ADD/ADHD 
DSM-IV-Based Diagnostic Screening and Rating 
Scale for Turkish individuals. Patients who scored 
at least 36 points on the WURS and scored at least 
2 or 3 points on six of the nine questions in the first 
or second parts of the Adult ADHD Diagnosis and 
Evaluation Scale were diagnosed with ADHD.

Magnetic Resonance Spectroscopy
The study used a 1.5-Tesla magnetic resonance 

device (GE Medical System, Milwaukee, WI, USA) 
with a standard head coil. The magnetic reso-
nance protocol was as follows: horizontal plane, 
10 mm thickness; TR/TE, 3000/88.2; FOV, 10; 
matrix, 512×512; Next, 1. Using these parameters. 
T2-weighted fast spin echo sequences were ob-
tained. MRS was performed using a single-voxel 
(¹H-voxel) technique that was placed in each of the 
ACC, striatum, cerebellum, and DLPFC. A volume 
of interest was manually placed on each area on the 
appropriate brain tissue. A chemical shift selective 
pulse process was used to inhibit water-derived 
signals, followed by a point-resolved spectroscopy 
technique (TR/TE, 3000-35). Short-time TE spectra 
were obtained from the volumes of interest in the 
ACC, striatum, cerebellum, and DLPFC, and the 
metabolite ratios were evaluated using the General 
Electric Software Spectral Analysis Programme. 
H1 MRS analysis was performed by an expert ra-
diologist, and the NAA, Cho, and Cr levels were 
measured in the ACC, striatum, cerebellum, and 
DLPFC. Then, the patients were given methylphe-
nidate (Ritalin® 10 mg; Novartis Pharma AG, Basel, 
Switzerland), and the NAA, Cho, and Cr levels were 
remeasured 30 minutes later.

Statistical Analysis
The data were analyzed using the IBM Sta-

tistical Package for the Social Sciences ver. 16 
(SPSS Inc., Chicago, IL, USA). The chi-square 
test was used to compare categorical variables 
and independent samples. The t-test was used to 
compare continuous variables. A p-value < 0.05 
was accepted as statistically significant.

Results

Sixty patients [48 males, 12 females; mean 
age 28.98±7.66 (range 18-59) years] met the study 
inclusion criteria. Whereas 66.6% of the ADHD 
patients did not have any comorbidity, 25% met 
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criteria for depression; 5% for alcohol abuse; and 
3.4% for obsessive-compulsive disorder.

The N-acetyl-aspartate and Cho levels in the 
prefrontal cortex, ACC, cerebellum, and striatum 
did not differ significantly (p>0.05) following MPH 
administration compared with the pretreatment lev-
els (Table I) (Figures 1 and 3). The Cr levels 
in the prefrontal cortex, ACC, and striatum were 
not significantly (p>0.05) different following MPH 
therapy compared with the pretreatment levels. The 
Cr levels in the cerebellum increased significantly 
(p=0.019) after MPH therapy (Table I, Figure 2).

Discussion

In our study, no significant differences were 
observed in the NAA and Cho levels in the DLP-
FC, ACC, cerebellum, and striatum after MPH. 
Whereas no significant difference was found in 
the Cr levels in the DLPFC, ACC, and striatum 
after MPH, the Cr levels in the cerebellum in-
creased significantly.

A MRS research that analyzed the prefrontal 
cortex in adult ADHD patients reported de-
creased NAA levels in the left DLPFC12. The 

Table I. N-acetyl-aspartate, creatine, and choline levels before and after methylphenidate HCl.

  Before MPH After MPH p-value
  mean±SD mean±SD 

NAA levels Prefrontal cortex 68.10±14.03 68.88±14.89 0.654
 Anterior cingulate cortex 64.32±14.37 66.70±12.20 0.120
 Cerebellum 60.02±13.05 62.30±11.11 0.080
 Striatum 63.28±10.84 63.07±12.29 0.866
Creatine levels Prefrontal cortex 40.63±6.93 41.47±8.15 0.422
 Anterior cingulate cortex 42.25±7.93 43.35±6.96 0.230
 Cerebellum 50.25±10.35 52.78±9.54 0.019*
 Striatum 45.07±7.98 44.53±7.85 0.598
Choline levels Prefrontal cortex 41.45±9.18 40.82±9.37 0.559
 Anterior cingulate cortex 38.22±9.22 37.73±7.39 0.660
 Cerebellum 41.35±8.12 42.62±9.35 0.157
 Striatum 35.17±6.83 37.18±7.75 0.060 

MPH = Methylphenidate HCl; NAA = N-acetyl aspartate; Cr = Creatine; Cho = Choline. Paired t-test was performed. A p-value 
<0.05 was accepted as statistically significant. *p-value <0.05.

Figure 1. N-acetyl-aspartate levels before methylphenidate 
use. 

Figure 2. Creatinine levels before and after methylpheni-
date use.
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decreased NAA levels are associated with neu-
ron loss or dysfunction. Maltezos et al15 report-
ed that adult ADHD patients had significantly 
lower Cr levels in the DLPFC than the con-
trol group, whereas no differences were found 
between stimulant-treated and treatment-naive 
ADHD patients. Reduced concentrations of Cr 
in the DLPFC were associated with reduced 
neuronal metabolism and energy consumption. 
This contrasts with the report of Hesslinger et 
al12, which found decreased NAA in the DLPFC. 

However, as their study was very small (n=5), 
it is unclear whether it had the statistical power 
to determine the effects of the treatment. Mal-
tezos et al15 observed no significant difference 
in the NAA levels between stimulant-treated 
and treatment-naive ADHD participants. Neither 
our study nor that of Maltezos et al15 observed 
any change in the NAA, Cho, or Cr levels in the 
prefrontal cortex of adolescents who received 
ADHD stimulant therapy. It is possible that the 
effect of stimulants on the prefrontal cortex is 
not associated with cerebral metabolites.

Perlov et al18 reported a lower Glx/Cr ratio 
in adult ADHD patients but no change in the 
Cho/Cr or NAA/Cr ratios. Colla et al20 observed 
that the NAA and Cr levels in the ACC did not 
change, whereas they revealed increased Cho 
levels. Another study reported that the ADHD 
group showed a significant decrease in Glu/Cr in 
the left and right mid-frontal regions, including 
the dorsal ACC. The decrease in Glu/Cr in the 

left mid-frontal region in the ADHD patients 
may reflect a lack of glutamate in the prefrontal 
neuronal circuitry in ADHD adults, resulting in 
cognitive dysfunction14. All three studies com-
pared ADHD and control groups. Their outcomes 
clarified the pathology of ADHD. In comparison, 
we investigated the effects of MPH in the same 
ADHD group. As is the case in the prefrontal 
cortex, the effects of MPH may not be associated 
with cerebral metabolites. Rüsch et al20 found 
significantly higher NAA levels in the ACC in 
women with borderline personality disorder and 
comorbid ADHD compared with controls. Their 
study included only women with ADHD and 
comorbid borderline personality disorder, which 
makes it difficult to draw conclusions regarding 
the specific impact of ADHD. Kronenberg et al21 
reported that, after MPH treatment, the ACC 
Cho level was significantly reduced, the NAA 
level was increased, and the total Cr levels did 
not change. However, their study enrolled only 
seven cases. In comparison, we examined more 
cases, rendering our results more reliable and 
generalizable.

Ferreira et al22 found that subjects with com-
bined type ADHD had an increased Cho/Cr ratio 
in the left thalamus-pulvinar and an increased 
Glx/Cr ratio in the left putamen. These results 
were associated with impairment of the fron-
to-striato-thalamic projections in the combined 
type ADHD as a result of decreased neuronal 
energetic metabolism. Another study12 reported 
no difference in the left striatum NAA levels of 
adult ADHD patients. However, this was also 
a small study (n=5). Maltezos et al15 found that 
adult ADHD participants had decreased NAA, 
Cr, and Glx levels in the basal ganglia but no 
differences between stimulant-treated and treat-
ment-naive ADHD patients. They speculated that 
these results suggested reduced neuronal metab-
olism and energy consumption or reduced neu-
ronal density. In our work as in Maltezos et al15, 
no changes in the NAA, Cr, and Cho levels were 
observed in the striata of the patients treated with 
MPH. Maltezos et al15 and Ferreira et al22 referred 
changes in cerebral metabolites in the striata of 
adult ADHD patients. However, in both this study 
and that of Maltezos et al15, stimulant therapy did 
not change the levels of these metabolites. This 
suggests that the effect of MPH on the striatum 
is not associated with brain metabolites.

Perlov et al13 observed that the Glx/Cr ratio in 
the cerebellum was increased, whereas the levels 
of other metabolite levels did not change. We 

Figure 3. Choline levels before and after methylphenidate 
use.
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detected an increase in cerebellar Cr levels after 
MPH use. In adults with ADHD, the increase in 
the Glx/Cr ratio might stem from a decrease in 
Cr levels. Decreased cerebellar Cr is thought to 
be related to the effects of MPH. Additionally, 
decreases in cerebellar blood flow and glucose 
metabolism and the normalization of these find-
ings after psychostimulant therapy have been re-
ported6. An increase in the previously decreased 
blood flow after MPH therapy might induce in-
creases in Cr levels.

In conclusion, it has been reported that the ab-
normal cerebral findings in children with ADHD 
normalize with the onset of adolescence, al-
though the decrease in the cerebellar volume 
continues into adulthood23. The current study 
enrolled adults. After MPH therapy, only the 
cerebellar Cr levels changed, whereas no change 
in cerebral metabolites was seen in the prefrontal 
cortex, ACC, or striatum. These findings may be 
related to the volumetric normalization of these 
cerebral regions with the onset of adulthood 
and the persistent decrease in cerebellar volume. 
Also, these findings may be related to the cor-
relation between the reaction to MPH and some 
variants of genes such as SNAP-2524.

Limitations of this study include the potential 
impact of long-term drug treatment, which the 
majority of the patients underwent, on MRS 
metabolite levels; the impossibility of excluding 
the effects of smoking on responses to MPH, 
the absence of placebo and control groups, the 
use of a low-Tesla device for the cranial mag-
netic resonance study, and the evaluation of a 
unilateral field.

Conclusions

There may be an association between MPH 
and Cr levels in the cerebellum in adult ADHD. 
To our knowledge, this is the first MRS study in 
the English literature to investigate the associa-
tion between MPH and brain metabolites in the 
cerebellum in adult ADHD. Further studies with 
larger sample sizes, higher-resolution neuroim-
aging techniques, and an accompanying control 
group needed.
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