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Abstract

A substantial number of patients develop cognitive dysfunction 
after contracting severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), significantly contributing to long-coronavirus dis-
ease (COVID) morbidity. Despite the urgent and overwhelming 
clinical need, there are currently no proven interventions to treat 
post-COVID cognitive dysfunction (PCCD). Psychostimulants like 
methylphenidate may enhance both noradrenergic and dopaminer-
gic pathways in mesolimbic and pre-frontal areas, thus improving 
memory and cognition. We present a case series of six patients who 
were treated at the Johns Hopkins Post-Acute COVID-19 Team 
(PACT) clinic for PCCD with methylphenidate 5 - 20 mg in the con-
text of routine clinical care and followed for 4 to 8 weeks. Baseline 
and post-treatment outcomes included subjective cognitive dysfunc-
tion and objective performance on a battery devised to measure cog-
nitive dysfunction in long-COVID patients. Three out of the six pa-
tients reported subjective improvement with methylphenidate, one 
patient described it as “notable” and another as “marked” improve-
ment in memory and concentration. We also found significant pre-
treatment subjective complaints of cognitive dysfunction; however, 
formal cognitive assessment scores were not severely impaired. A 
statistically significant difference in pre and post scores, favoring 
intervention, was found for the following cognitive assessments: 
Hopkins verbal learning test (HVLT) immediate recall, HVLT de-
layed recall and category-cued verbal fluency. The current series 
demonstrates promising neurocognitive effects of methylphenidate 
for long-COVID cognitive impairment, particularly in recall and 
verbal fluency domains.
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Introduction

Although most individuals recover from acute severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, 
a significant minority develop persistent symptoms known as 
long-coronavirus disease (COVID) or post-acute sequelae of 
SARS-CoV-2 (PASC). Up to 35% of these individuals develop 
unexplained cognitive symptoms that are frequently referred 
post-COVID cognitive dysfunction (PCCD) [1]. Although 
there is no standardized definition of PCCD, it is generally 
described as a condition in which patients with a history of 
SARS-CoV-2 infection, usually 3 months from the onset, ex-
hibit subsequent cognitive impairment in various cognitive 
domains, and cannot be explained by an alternative diagnosis 
[1]. By contrast, “brain fog” is a colloquial term that may en-
compass anxiety, mood alterations, forgetfulness, trouble fo-
cusing, and a general sense of mental sluggishness [2]. PCCD 
incorporates symptoms in multiple cognitive domains such as 
concentration issues, word-finding difficulties, memory im-
pairment, disorientation and executive functions [3]. PCCD is 
correlated with psychological distress and decreased psycho-
motor performance and continued disability [4]. An analysis 
of retrospective cohort studies including nearly 1.3 million pa-
tients showed that up to 2 years after COVID-19 infection, risk 
of PCCD continued to be elevated [5].

Despite the urgent and overwhelming clinical need, there 
are currently no proven interventions to treat PCCD. Neurobi-
ological data can help in hypothesizing treatments for PCCD. 
Methylphenidate is a piperidine-derived central nervous system 
stimulant and is approved for the treatment of attention deficit 
hyperactivity disorder (ADHD) and narcolepsy. It works as a 
central norepinephrine and dopamine reuptake inhibitor.

A recent systematic review reports that methylphenidate 
can improve attention and memory in ADHD [6]. Additional-
ly, our group previously used methylphenidate to successfully 
treat apathy in dementia, which has several phenomenological 
similarities with PCCD [7], such as diminished motivation not 
attributable to diminished level of consciousness, cognitive 
impairment, or emotional distress [8]. Therefore, we hypoth-
esized that methylphenidate could be an effective intervention 
for PCCD. This approach is based on the understanding that 
motivated behaviors rely not only on the dopaminergic mes-
olimbic brain reward system but also on newly evolved pre-
frontal cortical circuits [9] which may be dysregulated in long-
COVID and methylphenidate may enhance both noradrenergic 
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and dopaminergic signals to strengthen cognitive function. 
Methylphenidate has been found to be safe and well-tolerated 
in multiple previous studies [10, 11]. We present a case series 
of six patients presenting for treatment of cognitive deficits as-
sociated with COVID-19 treated with methylphenidate in the 
context of routine clinical care.

Case Report

We followed six patients treated at Johns Hopkins Post-Acute 
COVID-19 Team (PACT). All of these patients reported func-
tionally limiting post-COVID cognitive impairment, with 
subjective complaints of impaired memory, concentration, 
fatigue, confusion and listed “brain fog” as one of the main 
reasons for not being able to return to work post-COVID-19 
illness. Mean duration of the post-COVID symptoms was 2.1 
years. They were treated with methylphenidate 5 - 20 mg and 
followed for 4 to 8 weeks. This treatment was in the context of 
routine clinical care and thus did not require any ethics board 
approval. We used cognitive assessment procedures based on 
previously developed measures of cognitive dysfunction in the 
long-COVID patients [12], to monitor clinical progress, which 
included the following components.

Hopkins verbal learning test-revised (HVLT-R)

The HVLT-R is a test of new auditory-verbal learning, mem-
ory, and recognition discrimination. A list of 12 words is read 
aloud over three consecutive exposure trials, each of which is 
followed immediately by the testing of free recall. Following a 
20-min delay, a delayed free recall trial is administered followed 
by a test of yes/no recognition memory for target words versus 
foils. Scores reflect the correct numbers of words recalled over 
immediate recall trials (range = 0 - 36), delayed recall (range = 0 
- 12), and in response to recognition testing (range = -12 to 12). 
Administration time is approximately 10 min [13].

Oral trail making test parts A and B (oral TMT)

The oral TMT is a brief, motor-free test of mental processing 
speed (part A) and executive functioning requiring sequential 
set shifting (part B). Part A involves asking the participant to 
count from 1 to 25 aloud as quickly as possible. Part B requires 
participants to count aloud while switching between numbers 
(1-13) and letters (A-L) as quickly as possible. Performances 
are based on the time in seconds required to complete each 
part. Administration time is 5 min [14].

Letter-cued verbal fluency

Letter-cued verbal fluency assesses speeded word retrieval in 
response to phonetic cues. The participant is asked to name as 
many words as possible beginning with a certain letter of the al-
phabet. The score reflects the total number of unique responses 

beginning with the given letter across two 1-min trials. Cues are 
letters S, and P. Perseverations (repeated words) and intrusions 
(words that break the task rules, such as starting with a different 
letter) are also recorded. Administration time is 4 min [15].

Category-cued verbal fluency

Category-cued verbal fluency assesses rapid access to seman-
tic information. The participant is asked to name as many 
items of a given semantic category as possible. The score re-
flects the total number of unique category-congruent responses 
given across two 1-min trials. Cues for English are animals and 
supermarket items. Cues for Spanish trials are animals. Per-
severations (repeated words) and intrusions (words that break 
the task rules, such as stating a proper noun) are also recorded. 
Administration time is 3 min [15].

Narrative results are presented in Table 1. Methylpheni-
date was well-tolerated, and four of six patients did not report 
any adverse effects. The remaining two patients complained 
of gastric upset and increased fatigue, with one discontinuing 
methylphenidate due to the adverse effects. Another patient 
was advised to stop all psychiatric medications by her phar-
macist after being started on clopidogrel for concerns of drug-
drug interactions. One patient decided to go back to his old 
regimen of modafinil after trying methylphenidate for 4 weeks 
without any cognitive improvement. Three out of the six pa-
tients reported subjective improvement with methylphenidate, 
one patient described it as “notable” and another as “marked” 
improvement in memory and concentration.

Patient demographics and cognitive scores at baseline and 
follow-up are summarized in Table 2. We found significant sub-
jective complaints of cognitive dysfunction during this case se-
ries: qualitatively defined as complaints of having “word finding 
difficulties, slow processing speed, difficulty paying attention 
and concentrating, and difficulty reading and retaining read in-
formation and general increased feelings of physical and mental 
fatigue”. The main complaint was the patient’s report of reduced 
energy levels. Four out of the six patients reported feeling that 
their cognition worsens in the evening, some referring to this 
as feeling “spent”, experiencing mental “crashes” or having a 
“heaviness on (their) brain that slows (them) down”. We pre-
scribed immediate-release generic formulation of methylpheni-
date and patients were instructed to take it in the morning. De-
spite these subjective complaints, formal cognitive assessment 
scores were not severely impaired. We found a statistically sig-
nificant difference in pre and post scores for HVLT immediate 
recall (mean difference: 3.3, 95% confidence interval (CI): 1.02 
- 5.64, P = 0.006), HVLT delayed recall (mean difference: 1.0, 
95% CI: 0.75 - 1.93, P = 0.019) and category-cued verbal flu-
ency (mean difference: 3.3, 95% CI: 0.89 - 7.56, P = 0.05). The 
scores from cognitive assessment and results of the statistical 
analyses are summarized in Table 3.

Discussion

PCCD continues to be one of the most prevalent and challeng-
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ing manifestations of long-COVID syndrome. A recent analy-
sis has shown that a year after SARS-CoV-2 infection, PCCD 
persists in a third of patients with long-COVID [1]. PCCD is 
associated with other long-COVID symptoms and is indepen-
dently associated with persistent debility [16]. The underly-
ing physiological mechanisms contributing to PCCD are un-
known. Physiological responses specific to SARS-CoV-2 may 
contribute to long-term brain pathology, particularly immune-
mediated neuroinflammation and neuronal loss in hippocam-
pus [17]. Neuroinflammation, even without viral invasion of 

the central nervous system, may also trigger decreased hip-
pocampal neurogenesis affect cognition [18]. A recent study 
exploring cognitive dysfunction in PCCD through eye move-
ment abnormalities suggests impairments in frontal subcortical 
circuits PCCD patients who report subjective cognitive com-
plaints [19].

This case series suggests that methylphenidate may be 
helpful in improving free or spontaneous recall. A previous 
study found that spontaneous recall is the most severely im-
pacted cognitive domain in PCCD [20]. In our case series, 

Table 3.  Cognitive Assessment Scores at Baseline and Follow-Up Analysis Results

HVLT im-
mediate recall

HVLT de-
layed recall

HVLT delayed 
recognition Oral trail A Oral trail B Letter-cued 

verbal fluency
Category-cued 
verbal fluency

Difference in 
mean (SD)

3.33  
(1.02 - 5.64)

1  
(0.75 - 1.93)

1.16  
(-7.38 - 5.04)

2.06  
(-0.84 - 4.9)

2.25 
(-3.98 - 8.48)

3.3  
(0.89 -7.56)

3.3  
(0.89 - 7.56)

z -2.18 -2.19 -1.12 1.69 0.85 -0.34 -1.53
Hedge’s g 0.91 0.71 -0.21 -0.40 -0.23 -0.64 0.25
P-value 0.006 0.019 0.35 0.93 0.79 0.36 0.05

HVLT: Hopkins verbal learning test.

Table 2.  Demographic Characteristics, Baseline, Follow-Up Scores and Adverse Effects Reported by the Patients

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Age 32 36 56 56 40 38
Sex Male Male Female Male Female Male
Race Caucasian Caucasian Caucasian Caucasian Caucasian Caucasian
Weight (pounds) 194 291 203 201 157 160
Duration of long-COVID symptom 1.9 years 2.4 years 2 years 2.2 years 2.7 years 1.9 years
Comorbidities None H/O concussion None None None None
Methylphenidate dose 5 mg 20 mg 5 mg 10 mg 20 mg 10 mg
Follow-up interval 4 weeks 4 weeks 3 weeks 4 weeks 8 weeks 4 weeks
Treatment duration 10 days 16 days 10 days 10 months 3 months 1 year
HVLT immediate recall - baseline 29 32 25 26 34 26
HVLT immediate recall - follow-up 33 35 32 25 36 31
HVLT delayed recall - baseline 9 12 11 8 12 10
HVLT delayed recall - follow-up 12 12 12 9 12 11
HVLT delayed recognition - baseline 11 24 23 19 24 24
HVLT delayed recognition - follow-up 5 4 4 10 12 10
Oral trail A - baseline 21.79 8.1 18.47 9.8 6.34 7.48
Oral trail A - follow-up 13.17 8.6 15.39 9.42 6.35 6.67
Oral trail B - baseline 48 24.87 43.11 32.9 38.82 32.61
Oral trail B - follow-up 55.2 27.93 35.58 26 27.3 34.8
Letter-cued verbal fluency - baseline 17 51 24 26 40 25
Letter-cued verbal fluency - follow-up 21 44 30 24 37 31
Category-cued fluency - baseline 44 61 40 49 67 41
Category-cued fluency - follow-up 40 64 41 55 78 44
Adverse effects reported Fatigue None Disturbed sleep, GI upset None None None

HVLT: Hopkins verbal learning test; GI: gastrointestinal.
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methylphenidate was well-tolerated; however, two patients 
reported increased complaints of fatigue, although on clinical 
assessment they seemed to be functioning better. The associa-
tion between depressed mood and cognitive complaints fol-
lowing COVID-19 also continues to be explored. In a study 
of 137 patients a year after COVID-19 recovery, depression 
was found to be the strongest predictor of PCCD [21]. In this 
study, patients with long-COVID did not have severe cogni-
tive deficits on formal testing despite subjective complaints 
of brain fog. However, it should be noted that this study used 
self-rated depression scale (SDS) to screen depression, which 
includes somatic symptoms that can be caused by other long-
COVID comorbid conditions. We noticed a similar trend in our 
case series, where patients mentioned feeling “dispirited” or 
“mentally empty”. It has been hypothesized that viral infection 
and type I interferon-driven inflammation reduces peripheral 
serotonin, in turn impeding the activity of the vagus nerve and 
thereby impairing hippocampal responses and memory [22]. 
However, to date, there is no conclusive evidence that seroton-
ergic enhancers such as selective serotonin reuptake inhibitors 
improve PCCD.

Currently, there are no proven treatments for PCCD. 
There are several ongoing clinical trials to test the safe-
ty and efficacy of potential drugs for the treatment of 
PCCD, including donepezil (IRCT2021081605 2203N1), 
famotidine (IRCT20090117001556N138), vortioxetine 
(NCT05047952), temelimab (NCT05497089) and atorvasta-
tin (NCT04904536). In addition, nirmatrelvir/ritonavir, is also 
currently undergoing clinical trials, with cognitive function as 
a primary (NCT05595369) and secondary (NCT05668091, 
NCT05576662) outcome measure. There is also preliminary 
evidence that luteolin, a natural flavonoid, may alleviate cog-
nitive impairment by inhibiting mast cell and microglial acti-
vation [23]. A case series reported that a combination of guan-
facine and N-acetylcysteine improved cognitive symptoms in 
eight of the 12 long-COVID patients; however, four patients 
discontinued the regimen due to the adverse effects of hypo-
tension and/or dizziness related to guanfacine [24]. A previous 
case report also reported improvement in post-COVID inatten-
tion and fatigue symptoms with methylphenidate, along with 
lisdexamfetamine and bupropion in a 61-year-old patient [25]. 
These observations suggest some of the symptoms of PCCD 
may present as an ADHD-like syndrome, despite the evidently 
different etiology of symptoms.

There are several case reports of non-pharmacological in-
terventions as well. A case series of 23 PCCD reported that 
repetitive transcranial magnetic stimulation (rTMS) may have 
beneficial effects on neuropsychiatric symptoms, including 
depressive symptoms, chronic fatigue, and cognitive impair-
ment [26]. Another case report of two patients reported that 
neuromodulation with non-invasive brain stimulation using 
microcurrent (NIBS) was effective in improving visual and 
cognitive deficits in two confirmed SARS-CoV-2 patients [27].

This case series has several limitations. The dose of meth-
ylphenidate was low (5 to 20 mg per day). This limitation is 
important in the light of recent guidelines recommending dose 
optimization for methylphenidate for treatment of inattentive 
symptoms in adult ADHD [28]. Therefore, use of higher doses 
may have resulted in additional benefits such as reduction in 

fatigue. Furthermore, we used the immediate-release dose of 
methylphenidate, which may have been insufficient for symp-
tom control throughout the day. In addition, due to the very 
small sample size, the statistical inferences derived in our anal-
ysis may not be valid.

The current report suggests potential beneficial neurocog-
nitive effects of methylphenidate for long-COVID cognitive 
impairment. Future placebo-controlled trials are warranted to 
rigorously evaluate the role of methylphenidate in PCCD but 
given methylphenidate’s relatively favorable safety profile, it 
can be considered as a potential therapy for this often-disabling 
condition at a time when there are no approved interventions.
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