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Introduction: Individuals with multiple sclerosis (MS) frequently experience visual 
and oculomotor symptoms that may impact and confound neuropsychological 
assessments of information processing speed (IPS). In this study, we examined 
the effect of the psychostimulant methylphenidate on oculomotor function 
and the association between change in oculomotor speed and change in 
information processing speed.

Methods: We used a repeated measures crossover design in which a sample of 11 
participants with MS were randomly assigned to one of two treatment arms: one 
that received methylphenidate for 4 weeks and another that received a placebo for 
4 weeks. After a 7-day washout period, the treatments were crossed over. The King 
Devick test, the Symbol Digit Modalities Test, and the Paced Auditory Serial Addition 
Test were administered at baseline and after each of the two study arms.

Results: We found a significant improvement in oculomotor speed in the 
methylphenidate condition as compared to placebo. This improvement was 
significantly correlated with improvement on a visuomotor assessment of 
IPS (Symbol Digit Modalities Test), but no such association was found for an 
auditory-verbal assessment of IPS (Paced Auditory Serial Addition Test).

Discussion: These findings suggest that individuals with MS experience improved 
oculomotor speed while taking methylphenidate, which may, in turn, improve 
performance on assessments of IPS with visuomotor demands.
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1 Introduction

Multiple sclerosis (MS) is a demyelinating neurologic disease characterized by a range of 
cognitive and sensorimotor symptoms, including reduced information processing speed (IPS) 
(1), fatigue, and visual and oculomotor dysfunction (2). Visual symptoms include blurry 
vision, poor acuity, and accommodative dysfunction (3). Oculomotor symptoms include 
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strabismus, internuclear ophthalmoplegia, nystagmus, saccadic 
hypermetria, saccadic oscillations, inhibition of the vestibulo-ocular 
reflex, and impaired vergence, stereopsis, and smooth pursuit (4). 
Furthermore, individuals with MS frequently report symptoms of 
visual discomfort and oculomotor fatigue (5).

Typically, individuals with MS experience intermittent attacks of 
acute neuroinflammation followed by full or partial recovery. Over time, 
many with MS experience a progressive neurodegenerative process 
secondary to the cumulative effects of these acute episodes (3). Visual and 
oculomotor symptoms are no exception: long-term deficits are common 
even when clinical recovery from an acute episode is achieved (2).

The King-Devick (K-D) test (6) is used for detecting oculomotor 
inefficiencies associated with sports-related concussion with high 
sensitivity and specificity via a rapid automatized naming task (7). The 
K-D has been used extensively in both clinical care and research for 
concussion and has recently been used in other neurological populations, 
including MS. Individuals with MS present with slower K-D performance 
than healthy controls, which is associated with visual dysfunction, 
neurologic disability, and reduced vision-specific quality of life (8–10).

Methylphenidate is a psychostimulant medication shown to 
be effective in reducing impulsivity, inattentiveness, and hyperactivity in 
individuals with attention deficit hyperactivity disorder (ADHD) (11). 
In addition to its general effects on arousal and attention, 
methylphenidate has been shown to improve visual and/or oculomotor 
function in those with ADHD as well as healthy participants (11). 
Methylphenidate has also been used to treat symptoms of multiple 
neurologic conditions including fatigue in MS (12).

The current study is a secondary analysis of data from a pilot 
randomized clinical trial that examined the efficacy of methylphenidate 
on self-reported fatigue in MS (12). The objectives of the current 
analyses were to (a) examine the specific impact of methylphenidate 
on oculomotor function via performance on the K-D and (b) 
determine if improvements on the K-D are associated with 
improvements in IPS via the Symbol Digit Modalities Test (SDMT) 
(13) and the Paced Auditory Serial Addition Test (PASAT) (14).

2 Materials and methods

2.1 Participants

Twelve English-speaking participants with clinically definite MS 
were recruited from the Kessler Foundation MS research participant 
database, local support groups for individuals with MS, and referrals 
from physicians from the MS clinic at University Hospital in Newark, 
New Jersey. Participants were excluded if they (a) had a history of 
alcohol or drug abuse; (b) were taking corticosteroids or 
psychostimulants at the time of enrollment; (c) consumed more than 
300 milligrams of caffeine per day; (d) had a history of neurological 
disorder other than MS; or (e) had a diagnosis of ADHD, depression, 
thyroid disease, anemia, or low vitamin D. This study conforms with 
the Declaration of Helsinki and was approved by the Kessler 
Foundation Institutional Review Board. All participants completed 
the informed consent process prior to enrollment.

Of the 12 participants recruited for this study, one dropped out 
of the study during the washout period, following completion of 
study arm I  (placebo) but prior to beginning study arm II 
(methylphenidate), leaving 11 participants (median age: 60 [IQR: 
52–62]; 81.8% female; median years education: 16 [IQR: 15–16]; 

N = 7 with relapsing–remitting type MS, N = 4 with progressive type). 
Participants were provided access to a telephone hotline, available 
24 h per day, to ask questions related to the study or to report any 
perceived side effects of medication.

2.2 Procedure

After enrollment, participants were randomly assigned to one of 
two treatment arms. In one arm, participants were administered 
methylphenidate (20 mg/day in the morning, immediate release) for 
4 weeks, and in the other participants were administered a placebo 
(20 mg/day in the morning) for 4 weeks. This dosage was determined 
based on prior literature (15–18). After a 7-day washout period, the 
treatments were crossed over so that those who took methylphenidate 
were administered the placebo and vice versa. Participants completed 
assessments of physical, cognitive, and psychosocial function at 3 
timepoints: baseline, and after each of the two study arms. Assessment 
sessions were approximately 2 h in duration and were scheduled in the 
morning to minimize effects of fatigue progression over the course of 
the day. All investigators were blinded to which treatment arm had 
been completed prior to testing.

2.3 Data analysis

IBM SPSS Statistics v26 was used. A one-way repeated measures 
ANOVA compared means between the three time points and post hoc 
pairwise comparisons were conducted using the Bonferroni 
correction. To determine the relationship between changes on the 
measures from baseline to the methylphenidate condition, Pearson 
correlations were performed. Alpha was set to 0.05 for all analyses.

2.4 Outcome measures

Participants completed the K-D, the SDMT, and the PASAT as 
part of the larger neuropsychological battery conducted at 3 study 
timepoints described above. The K-D is a measure of oculomotor 
speed. In the K-D, participants are instructed to read aloud numbers 
presented on an 8.5″ × 11″ card as quickly as possible. The test consists 
of three stimulus cards with identical set sizes (5 numbers on 8 rows) 
but progressively increasing visual complexity, and, thus, difficulty. 
Numbers on the first card are spread out and connected by horizontal 
lines to guide eye movements. Numbers on the second card are spread 
out in a similar manner to the first card but are not connected by lines. 
Numbers on the third card are more condensed, with less vertical 
spacing between rows. Errors and time to read each card are recorded. 
The final K-D score is derived from the sum of the time to complete 
each of the three test cards (8).

The SDMT is considered to be the gold standard screening tool 
for detection of cognitive dysfunction in MS (19). The SDMT is a 
paper-and-pencil task in which participants pair a series of geometric 
symbols with numbers by following a reference key located at the top 
of the page. The oral version was administered to eliminate the 
influence of upper extremity motor limitations on test performance. 
Participants are given 90 s to say the corresponding number for each 
symbol provided. The final SDMT score is the number of correct 
responses within the 90 s timeframe.
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The PASAT is a serial addition task used frequently in MS to 
measure auditory IPS, working memory, and attention (1). On each 
trial, a series of single digit numbers is read aloud to the participant at 
fixed intervals. The participant’s task is to verbally respond with the 
sum of the two most recently read numbers prior to the presentation 
of the next digit. The version used in this study consists of 2 trials with 
different speed of stimulus presentation: 2 and 3 s. We used the total 
number of correct responses on the 3-s trial as the final PASAT score. 
Of note, one participant in our sample was missing PASAT data for all 
three timepoints so was excluded from analyses using this variable. 
Another participant was missing data for the placebo condition only, 
which was imputed via the last observation carried forward method.

3 Results

The mean time to complete the K-D differed significantly between 
conditions [F(2, 20) = 4.67, p = 0.022] with a large effect size (η2 = 0.32). 
The pairwise comparison showed a significant reduction in mean K-D 
time in the methylphenidate condition as compared to the baseline 
condition (37.1 [SE = 3.6] vs. 41.2 [SE = 4.1] seconds, respectively, 
p = 0.035, Cohen’s d = 0.3; see Figure 1). No significant reduction was 
found for mean time to complete the K-D in the placebo condition 
(38.2 [SE = 3.2] seconds) as compared to baseline (p = 0.250) and no 
significant difference was found in the number of errors between the 
baseline and methylphenidate conditions (p = 0.625).

We did not find a significant difference in SDMT scores 
[F(2,20) = 0.94, p = 0.407]. However, a series of Pearson correlations 
showed a strong association between change on the K-D and change 
on the SDMT (r2 = −0.80, p = 0.003). We found significant differences 
for the PASAT [F(2,18) = 5.77, p = 0.012] with a post hoc pairwise 
comparison using the Bonferroni correction showing a marginally 
significant improvement in PASAT scores in the methylphenidate 
condition as compared to the baseline condition (43.7 ± 4.0 vs. 
38.7 ± 4.9, respectively, p  = 0.053). No significant differences were 
found for the PASAT in the placebo condition (41.2 ± 4.4) as compared 
to baseline (p = 0.245). No association was found between change on 
the K-D and change on the PASAT (r2 = 0.14, p = 0.695). One 
participant reported visual symptoms but continued in the study after 
medical consultation determined the symptoms were unrelated to 
the study.

4 Discussion

In this pilot randomized controlled trial, we used a crossover 
design to examine the effects of methylphenidate on performance 
on the K-D in 11 participants with clinically definite MS. We found 
that participants had significantly improved K-D scores while 
taking methylphenidate with no significant change in K-D scores 
in the placebo condition. We  found that change on the K-D 
strongly correlated with change on the SDMT, which assesses 
visuomotor IPS, but did not correlate with change on the PASAT, 
which assesses auditory IPS and working memory. These results 
are consistent with past research that found that the K-D explained 
31% of the variance in the SDMT (20). In addition, our finding 
that performance on the K-D improved while taking 
methylphenidate is consistent with prior studies that have 
demonstrated improved visual processing speed and oculomotor 
function in both children with ADHD and healthy adults when 
taking methylphenidate (11).

Deficits of MS, such as cognitive dysfunction and reduced IPS, are 
traditionally captured by neuropsychological measures specific to 
these domains. However, it remains unclear if performance on these 
measures is predicted or confounded by deficits in other cognitive 
domains (3, 20, 21). The interdependence of cognitive deficits in 
various domains and their impact on one another is not 
well understood.

According to the tri-factor model of IPS in MS (1), the construct 
of IPS is reliant on cognitive speed, sensorial speed (e.g., visual 
processing speed), and motor speed (e.g., oculomotor function). The 
SDMT involves all three factors of the tri-factor model. Thus, it is 
sensitive to detect change in MS but is insufficient to determine the 
granular factors that underlie performance and performance deficits 
(1, 22). Prior research from our group found an association between 
MS-related oculomotor dysfunction and poorer performance on the 
SDMT, which suggests that the oculomotor demands of the task may 
influence the cognitive demands of the task. Our finding that 
improvements on the K-D between the baseline and experimental 
conditions correlated with improvements on the SDMT is consistent 
with this and other prior studies that explored visual and oculomotor 
correlates of SDMT performance (3, 20, 21).

In contrast to the SDMT, improvements on the K-D did not 
correlate with change on the PASAT, which, in addition to working 
memory and attention, emphasizes auditory rather than visual IPS 
(23). Although all of these domains are affected by MS, deficits in IPS 
have been shown to underlie poor performance on the PASAT (24). 
In the context of the tri-factor model of IPS in MS, our findings 
suggest that methylphenidate improved oculomotor speed rather than 
cognitive or sensorial speed in our sample.

There are important limitations to this study that should 
be considered. First, this was secondary analysis of a pilot randomized 
clinical trial, so the sample was small. Thus, more robust analyses of 
mediation and moderation were not possible. Second, we relied on the 
final score of the K-D to frame our analyses. Although the K-D is 
considered to be a measure of oculomotor function, many disparate 
neurocognitive functions other than oculomotility could be involved. 
Therefore, future studies examining the impact of impaired visual or 
oculomotor function to the overall functional picture of individuals 
with multiple sclerosis should include oculography and/or detailed 
ophthalmometric examination.

FIGURE 1

Mean time on King-Devick test at baseline, after methylphenidate, 
and after placebo.
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In conclusion, participants with MS showed improved 
oculomotor function while taking methylphenidate as compared to 
placebo. In addition, this improvement was associated with improved 
IPS as measured by the SDMT, which has visuomotor demands; but 
was not associated with improved IPS as measured by the PASAT, 
which has auditory-verbal demands. Thus, methylphenidate may 
be beneficial for individuals with MS who experience oculomotor 
deficits and may indirectly promote improved processing speed for 
visuomotor tasks.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Kessler 
Foundation Institutional Review Board. The studies were conducted 
in accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

TR: Writing – review & editing, Writing – original draft, Formal 
analysis, Conceptualization. AA: Writing – review & editing, Writing 
– original draft. ED: Writing – review & editing, Investigation, Data 
curation. NC: Writing – review & editing, Supervision. JD: Writing 
– review & editing, Funding acquisition. SLC: Writing – review & 

editing, Writing – original draft, Supervision, Investigation, Formal 
analysis, Conceptualization.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This research 
was supported by the National Multiple Sclerosis Society (grant no. 
PP2280).

Conflict of interest

NC is on an advisory board for Akili Interactive and is a member 
of the editorial boards of Multiple Sclerosis Journal and Frontiers in 
NeuroTrauma. JD has received consulting fees/honorarium from 
Biogen, Sanofi Genzyme, Novartis, Roche, Celgene, and Bristol Myers 
Squibb. He has received grant funding from Biogen, Roche, Bristol 
Myers Squibb, and EMD Serono. He has participated on the advisory 
boards of Novartis, Janssen, and Bristol Myers Squibb.

The remaining 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.

Publisher's note

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

References
 1. Costa SL, Genova HM, DeLuca J, Chiaravalloti ND. Information processing speed 

in multiple sclerosis: past, present, and future. Mult Scler J. (2017) 23:772–89. doi: 
10.1177/1352458516645869

 2. Balcer LJ, Miller DH, Reingold SC, Cohen JA. Vision and vision-related 
outcome measures in multiple sclerosis. Brain. (2015) 138:11–27. doi: 10.1093/
brain/awu335

 3. Jakimovski D, Benedict RHB, Weinstock-Guttman B, Ozel O, Fuchs TA, Lincoff N, 
et al. Visual deficits and cognitive assessment of multiple sclerosis: confounder, correlate, 
or both? J Neurol. (2021) 268:2578–88. doi: 10.1007/s00415-021-10437-5

 4. Prasad S, Galetta SL. Eye movement abnormalities in multiple sclerosis. Neurol Clin. 
(2010) 28:641–55. doi: 10.1016/j.ncl.2010.03.006

 5. Chen MH, Bayley A, Costanza K, Rich TJ, Chiaravalloti ND, Goverover Y, et al. 
Impact of visual discomfort symptoms on SDMT performance among persons with MS. 
Arch Phys Med Rehabil. (2021) 102:e60–1. doi: 10.1016/j.apmr.2021.07.650

 6. King AT. The proposed King-Devick test and its relation to the Pierce saccade test 
and reading levels. Chicago, IL: Carl Shepherd Memorial Library, Illinois College of 
Optometry (1976).

 7. Akhand O, Balcer LJ, Galetta SL. Assessment of vision in concussion. Curr Opin 
Neurol. (2019) 32:68–74. doi: 10.1097/WCO.0000000000000654

 8. Moster S, Wilson JA, Galetta SL, Balcer LJ. The King–Devick (K–D) test of rapid 
eye movements: a bedside correlate of disability and quality of life in MS. J Neurol Sci. 
(2014) 343:105–9. doi: 10.1016/j.jns.2014.05.047

 9. Devier DJ, Manuel M, Lovera JF, Moody SN, Copeland B, Hilton L. King Devick 
test and MoCA can be used in routine clinical visits to help detect cognitive impairment 
in multiple sclerosis. J Mult Scler. (2021) 8:001–7.

 10. Hainline C, Rizzo JR, Hudson TE, Dai W, Birkemeier J, Raynowska J, et al. 
Capturing saccades in multiple sclerosis with a digitized test of rapid number naming. 
J Neurol. (2017) 264:989–98. doi: 10.1007/s00415-017-8484-1

 11. Allman AA, Ettinger U, Joober R, O’Driscoll GA. Effects of methylphenidate on 
basic and higher-order oculomotor functions. J Psychopharmacol. (2012) 26:1471–9. doi: 
10.1177/0269881112446531

 12. Natsheh JY, DeLuca J, Costa SL, Chiaravalloti ND, Dobryakova E. Methylphenidate 
may improve mental fatigue in individuals with multiple sclerosis: a pilot clinical trial. 
Mult Scler Relat Disord. (2021) 56:103273. doi: 10.1016/j.msard.2021.103273

 13. Smith A. Symbol digit modalities test: Manual. Western Psychological Services, Los 
Angeles, CA (1982).

 14. Gronwall DMA. Paced auditory serial-addition task: a measure of recovery from 
concussion. Percept Mot Skills. (1977) 44:367–73. doi: 10.2466/pms.1977.44.2.367

 15. Prommer E. Methylphenidate: established and expanding roles in symptom 
management. Am J Hosp Palliat Med. (2012) 29:483–90. doi: 10.1177/1049909111427029

 16. Johansson B, Wentzel AP, Andréll P, Odenstedt J, Mannheimer C, Rönnbäck L. 
Evaluation of dosage, safety and effects of methylphenidate on post-traumatic brain 
injury symptoms with a focus on mental fatigue and pain. Brain Inj. (2014) 28:304–10. 
doi: 10.3109/02699052.2013.865267

 17. Kerr CW, Drake J, Milch RA, Brazeau DA, Skretny JA, Brazeau GA, et al. Effects of 
methylphenidate on fatigue and depression: a randomized, double-blind, placebo-controlled 
trial. J Pain Symptom Manag. (2012) 43:68–77. doi: 10.1016/j.jpainsymman.2011.03.026

 18. Valdizán Usón JR, Idiazábal Alecha MÁ. Diagnostic and treatment challenges of 
chronic fatigue syndrome: role of immediate-release methylphenidate. Expert Rev 
Neurother. (2008) 8:917–27. doi: 10.1586/14737175.8.6.917

 19. Strober L, DeLuca J, Benedict RH, Jacobs A, Cohen JA, Chiaravalloti N, et al. 
Symbol digit modalities test: a valid clinical trial endpoint for measuring cognition in 
multiple sclerosis. Mult Scler J. (2019) 25:1781–90. doi: 10.1177/1352458518808204

 20. Chen MH, Chiaravalloti ND, Genova HM, Costa SL. Visual and motor confounds 
on the symbol digit modalities test. Mult Scler Relat Disord. (2020) 45:102436. doi: 
10.1016/j.msard.2020.102436

https://doi.org/10.3389/fneur.2024.1393877
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1177/1352458516645869
https://doi.org/10.1093/brain/awu335
https://doi.org/10.1093/brain/awu335
https://doi.org/10.1007/s00415-021-10437-5
https://doi.org/10.1016/j.ncl.2010.03.006
https://doi.org/10.1016/j.apmr.2021.07.650
https://doi.org/10.1097/WCO.0000000000000654
https://doi.org/10.1016/j.jns.2014.05.047
https://doi.org/10.1007/s00415-017-8484-1
https://doi.org/10.1177/0269881112446531
https://doi.org/10.1016/j.msard.2021.103273
https://doi.org/10.2466/pms.1977.44.2.367
https://doi.org/10.1177/1049909111427029
https://doi.org/10.3109/02699052.2013.865267
https://doi.org/10.1016/j.jpainsymman.2011.03.026
https://doi.org/10.1586/14737175.8.6.917
https://doi.org/10.1177/1352458518808204
https://doi.org/10.1016/j.msard.2020.102436


Rich et al. 10.3389/fneur.2024.1393877

Frontiers in Neurology 05 frontiersin.org

 21. Costa SL, Gonçalves ÓF, Chiaravalloti ND, DeLuca J, Almeida J. Neuro-ophthalmic 
syndromes and processing speed in multiple sclerosis. J Neuroophthalmol. (2016) 
36:23–8. doi: 10.1097/WNO.0000000000000272

 22. Mui M, Ruben RM, Ricker TJ, Dobryakova E, Sandry J. Ex-Gaussian analysis of 
simple response time as a measure of information processing speed and the relationship 
with brain morphometry in multiple sclerosis. Mult Scler Relat Disord. (2022) 63:103890. 
doi: 10.1016/j.msard.2022.103890

 23. Williams J, O’Rourke K, Hutchinson M, Tubridy N. The face-symbol test and the 
symbol-digit test are not reliable surrogates for the paced auditory serial addition test in 
multiple sclerosis. Mult Scler. (2006) 12:599–604. doi: 10.1177/1352458506070752

 24. Forn C, Belenguer A, Parcet-Ibars MA, Avila C. Information-processing speed is 
the primary deficit underlying the poor performance of multiple sclerosis patients in the 
paced auditory serial addition test (PASAT). J Clin Exp Neuropsychol. (2008) 30:789–96. 
doi: 10.1080/13803390701779560

https://doi.org/10.3389/fneur.2024.1393877
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1097/WNO.0000000000000272
https://doi.org/10.1016/j.msard.2022.103890
https://doi.org/10.1177/1352458506070752
https://doi.org/10.1080/13803390701779560

	Effect of methylphenidate on oculomotor function in individuals with multiple sclerosis: a pilot randomized placebo-controlled trial
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Procedure
	2.3 Data analysis
	2.4 Outcome measures

	3 Results
	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	 References

