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Abstract

Objectives: The goal of this study was to examine how the administration and dosing of 

the anti-serotonergic medication cyproheptadine hydrochloride (HCl) affects involuntary muscle 

hypertonicity of the spastic and paretic hands of stroke survivors.
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Materials and Methods: A randomized, double-blinded, placebo-controlled longitudinal 

intervention study was performed as a component of a larger clinical trial. 94 stroke survivors 

with chronic, severe hand impairment, rated as levels 2 or 3 on the Chedoke-McMaster Stroke 

Assessment Stage of Hand (CMSA-H), were block randomized to groups receiving doses of 

cyproheptadine HCl or matched doses of placebo. Doses were increased from 4 mg BID to 8 

mg TID over 3 weeks. Outcomes were assessed at baseline and after each of the three weeks 

of intervention. Primary outcome measure was grip termination time; other measures included 

muscle strength, spasticity, coactivation of the long finger flexors, and recording of potential 

adverse effects such as sleepiness and depression.

Results: 89 participants (receiving cyproheptadine HCl: 44, receiving placebo: 45) completed 

the study. The Cyproheptadine group displayed significant reduction in grip termination time, in 

comparison with the Placebo group (p<0.05). Significant change in the Cyproheptadine group 

(45% time reduction) was observed after only one week at the 4mg BID dosage. The effect was 

pronounced for those participants in the Cyproheptadine group with more severe hand impairment 

(CMSA-H level 2) at baseline. Conversely, no significant effect of Group * Session interaction 

was observed for spasticity (p=0.6) or coactivation (p=0.53). There were no significant changes in 

strength (p=0.234) or depression (p=0.441) during the trial.

Conclusions: Use of cyproheptadine HCl was associated with a significant reduction in 

relaxation time of finger flexor muscles, without adversely affecting voluntary strength, although 

spasticity and coactivation were unchanged. Decreasing the duration of involuntary flexor activity 

can facilitate object release and repeated prehensile task performance.

Registration: Clinical Trial number: NCT02418949
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Introduction

Hypertonicity is a common manifestation of sensorimotor system dysfunction following 

stroke. This phenomenon has been reported for extensors of the knee – rectus femoris (1), 

plantar flexors of the ankle – soleus (2), flexors of the elbow – biceps brachii (3), and flexors 

of the wrist – flexor carpi ulnaris (4). Hypertonicity in the long finger flexor muscles can 

present in multiple ways, including spasticity (5), excessive coactivation (6), and prolonged 

relaxation times (7). The hypertonicity can be substantial, with involuntary activation 

elicited by muscle stretch exceeding that produced by maximum voluntary contraction 

(MVC) (8).

The involuntary flexor activation often results in production of net flexion during attempted 

finger extension (8). This response may profoundly impact self-care and other activities 

of daily living by hindering the hand opening needed for grasp and release. The resulting 

fisted posture may interfere with basic hand hygiene, grooming and donning and doffing 

of garments. Thus, hypertonicity is a primary target for pharmacological interventions, 

such as botulinum toxin. Unfortunately, these agents may produce muscle paralysis, with a 

corresponding reduction in voluntary strength (9) for muscles already exhibiting substantial 
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weakness. Deficits of 50% or greater in grip strength and finger flexion strength have been 

measured in stroke survivors with severe hand impairment (8, 10, 11), the population most 

likely to experience the greatest complications resulting from involuntary flexor activation.

While a great deal is unknown about the complex cellular and molecular mechanisms 

that regulate muscle tone in normal states and cause spasticity after upper motor neuron 

injury, spinal motoneuron hyperexcitability, arising from loss of supraspinal inhibition, 

is thought to be a primary contributor to the genesis of muscle hypertonicity (12). It 

is of note that monoaminergic neuromodulators, such as serotonin, have been found to 

play a significant role in modulating spinal motoneuron excitability in animal models and 

preparations. Intriguingly, the effects of the application of monoamines to spinal neurons, as 

described in the literature, are consistent with observed hand behaviors following stroke, 

including spasticity (an increased stretch reflex response), wind-up (increased muscle 

activity following subsequent trials), and prolonged termination times (time to de-activate 

muscle) (13, 14). The administration of neuromodulators, including serotonin, has been 

shown to raise motoneuron resting potential in vitro for neonatal rat preparations (15) and 

turtle preparations (16), thereby generating an increase in firing activity.

Thus, inhibiting the activity of key neuromodulators, for example, by the administration of 

pharmacological agents, may help to reduce involuntary muscle activation without limiting 

voluntary muscle activation. Administration of cyproheptadine hydrochloride (HCl), a 

histamine and serotonin 5-HT2 antagonist, has been reported to normalize muscle activation 

patterns and increase walking speed in people with spinal cord injury (SCI) whose gait was 

impeded by clonus (17). Another study found cyproheptadine to be an effective anti-spastic 

agent in individuals with SCI (18). In a pilot study in individuals with stroke, a single 

dose of 8mg of cyproheptadine HCl resulted in significant reduction in the time required 

to terminate activation of the long finger flexor muscles following MVC when compared to 

placebo, without significantly affecting grip strength (19).

The objective of the present study was to examine how the administration and dosing of 

cyproheptadine HCl would affect hypertonicity in stroke survivors with severe, chronic hand 

impairment. We hypothesized that the group receiving the cyproheptadine HCl would have 

a greater reduction in relaxation time, a measure of hypertonicity, for the finger flexors than 

the group receiving the placebo, without experiencing a reduction in finger flexion strength.

METHODS

As part of a longitudinal study examining the impact of a multimodal treatment paradigm 

on upper extremity function (clinical trial number: NCT02418949), stroke survivors received 

either increasing doses of cyproheptadine or a placebo over the first three weeks of the 

study, with no other intervention. Here, we focus on the first phase of the study to explicitly 

compare outcomes for the group of stroke survivors receiving daily doses of cyproheptadine 

HCL to those for the participants receiving placebo. Study participants were evaluated at 

baseline and after each of the three weeks of drug treatment.
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Stroke survivors with severe hand impairment, rated as levels 2 or 3 on the Chedoke-

McMaster Stroke Assessment Stage of Hand (CMSA-H) measure (20), were enrolled in 

the study. Participants were required to be in the chronic phase of recovery (> 6 months 

post-incident) and able to provide informed consent. Exclusion criteria included: presence of 

hemispatial neglect, apraxia, botulinum toxin injection in the upper extremity within the past 

6 months, initiation of new anti-spasticity medication within the last 6 months, orthopedic 

impairments, or a history of seizure disorder. Participants were recruited through a registry, 

approved by the Northwestern University Institutional Review Board (IRB), of potential 

research participants that was maintained by the Shirley Ryan AbilityLab and Northwestern 

University Physical Therapy and Human Movement Sciences program, as well as through 

physician referrals, and posted flyers. All participants gave informed consent prior to 

enrollment in the study, in accordance with the policies of the Northwestern University 

IRB, which approved this study. The study conformed to the CONSORT Guidelines

In this double-blinded study, participants were randomly assigned to one of two groups: the 

Cyproheptadine group received incrementally increasing repeated doses of cyproheptadine 

HCl, taken orally, while the Placebo group received equivalent doses of a placebo in an 

identical pill form. The cyproheptadine HCl was crushed and added to an identical pill 

capsule to the placebo preparation to ensure total blinding of participant and study staff. 

Both preparations were obtained through study funds and were not sponsored by any 

specific company. Only the pharmacist and study statistician, neither of whom had contact 

with the participants, were aware of group assignment until the blind was broken at the 

conclusion of the study. A block group stratification of the randomization was performed 

to balance groups for severity of dysfunction based on baseline scores on the Fugl-Meyer 

Assessment of Motor Recovery after Stroke for the Upper Extremity (FMUE), a measure of 

upper limb motor impairment (21). Groups were stratified according to severe (FMUE < 20) 

or more moderate (FMUE ≥ 20) impairment level.

Dosage was gradually increased from 4 mg twice daily (morning and evening - BID) in 

the first week to 8 mg twice daily (morning and evening - BID) in the second week and 

8 mg thrice daily (morning, noon, and evening - TID) in the third week. This third week 

dosage was guided by the recommended dosing on the approved labelling of cyproheptadine 

HCl and by study physicians. The rationale for gradually increasing dosage was to mitigate 

anticipated adverse effects of the cyproheptadine HCl. A previous study of the effectiveness 

of cyproheptadine HCL in treating spasticity in persons with spinal cord injury used similar 

dosing and titration methods (22). In cases where the participant perceived adverse effects 

to be intolerable following dosage increase, dosage was maintained at the level from the 

previous week; this accommodation was made only at the request of the participant and with 

the approval of both the principal investigator and medical monitor.

Outcome measures

Participants visited the laboratory at the Shirley Ryan AbilityLab for weekly evaluations 

and delivery of study medication at baseline and after weeks one, two, and three. Study 

medication was given to participants in a pill container, loaded by the study pharmacist, 

with instructions to return the empty pill container at the next visit. Study staff observed 
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participants counting the pills each week to ensure correct dosages and participants self-

administered medication orally. During each evaluation session, strength and hypertonicity 

of the hand were assessed using a customized jig (23), which allowed for movement of 

the fingers about the metacarpophalangeal (MCP) joints while maintaining fixed posture of 

the shoulder, arm, and wrist. Namely, the four fingers were placed inside a structure that 

could uniformly rotate the MCP joints under computerized control while simultaneously 

recording joint angle and torque. Surface electromyographic (EMG) electrodes (Bagnoli, 

Delsys, Natick MA) were placed over the flexor digitorum superficialis (FDS) and extensor 

digitorum communis (EDC) muscles.

The primary outcome measure, grip termination time was evaluated by having the 

participant create maximum isometric MCP flexion torque against the stationary fixture 

upon hearing a tone and relaxing when the tone ceased, in accordance with previous 

protocols (7). Grip termination time was defined as the time required for the magnitude 

of the rectified and filtered FDS EMG signal to return to resting level (within three standard 

deviations of the mean baseline value). Spasticity was quantified by the torque elicited 

by rotating the MCP joints into extension at 300°/s with the jig (5). Passive stiffness was 

removed from this torque by subtracting the torque recorded during a 10°/s movement to 

yield the spastic reflex torque. Finger flexion and extension strength were evaluated by 

having the participants produce maximum torque about the MCP joints of the four fingers 

isometrically against the stationary jig. Coactivation was quantified as the amount of FDS 

muscle activation during the voluntary maximum extension task. Additionally, grip force 

was measured with a handheld dynamometer (Jamar Technologies) in both the paretic and 

non-paretic hand. The reported residual grip strength was computed from the ratio of paretic 

grip strength/non-paretic grip strength.

Physical evaluations were performed weekly; these included measure of weight, symptom 

checklists, overall side effects or adverse events, and the Epworth Sleepiness Scale (ESS), 

a measure of overall sleepiness in which a higher score (maximum of 24 maximum) 

indicates greater drowsiness (24). The symptom checklist was developed based on the 

labelling of cyproheptadine HCl and its known side effects. The study physician met with 

each participant and administered the symptom checklist verbally; participants were also 

instructed to list any other adverse events they may have experienced during the week. 

At baseline and week 3, the Beck Depression Inventory Second Edition (BDI-II) was also 

completed to assess levels of depression (25); scores for this test range from 0–63, with a 

higher score indicating a greater level of depression. Serum liver panel tests were drawn at 

baseline and week 3. These data were reviewed by the study physician.

Statistical Analysis

The effects of Group (Cyproheptadine vs. Placebo) and Session on grip termination time 

were assessed using repeated measures ANCOVA with the covariates of FMUE and CMSA-

H score at baseline. FMUE and CMSA-H were included as covariates to explore if initial 

impairment level had an effect on the outcome measures. Sessions had two levels, baseline 

and intent-to-treat, the latter indicating the value of the outcome measure at the initial 

evaluation for the maximum dosage for each participant. Post-hoc pairwise analyses within 
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groups were performed, with specific focus on variables which exhibited any Group*Session 

interaction effects. An additional ANCOVA was performed to examine the effects of Group 

and Session on MCP flexion strength. Secondary analyses were performed on grip strength, 

spasticity, coactivation, ESS, and BDI-II using repeated measures ANCOVA to observe 

between-group differences. Data are reported as mean ± 95% confidence interval unless 

otherwise noted. The power based on the observed data on grip termination time was 

more than 70% at α=0.05 and all statistical analyses were performed on SPSS, version 28. 

Sample size was determined a priori to achieve power for the 4 groups observed in the 

main, multimodal clinical trial, not covered here. Power was greater for this initial phase as 

participants were segregated into two groups instead of four.

RESULTS

From April 2015 to May 2019, 108 stroke survivors with severe, chronic hand impairment 

were enrolled in the study. Of these enrolled participants, 10 did not qualify for the study 

and 2 chose not to participate. The remaining 94 participants were randomly assigned to 

either the Cyproheptadine or Placebo group (n=47 in each group). Two participants in the 

Cyproheptadine group chose to withdraw from the study for personal reasons while another 

participant withdrew due to an unrelated medical condition (rash). One participant in the 

Placebo group withdrew from the study due to an unrelated medical condition (Serious 

adverse event: seizure) while another subject chose to withdraw from the study for personal 

reasons. Thus, a total of 44 participants in the Cyproheptadine group and 45 participants in 

the Placebo group completed the study (Fig. 1). A total of 11 participants in the study did 

not reach the peak dose of 24mg/day due to concern about perceived side effects. Four of 

these 11 participants were taking the placebo; they took 16 mg/day for both weeks 2 and 

3. Four participants in the Cyproheptadine group remained at the daily dose of 8mg/day for 

all 3 weeks, while three other participants in the Cyproheptadine group took 16mg/day for 

weeks 2 and 3. For the 89 individuals who completed the study, the groups did not differ at 

baseline in terms of age, time post-stroke, or FMUE (p>0.19) (Table 1).

Administration of cyproheptadine HCl led to a substantial reduction in grip termination 

time that was maintained over the three-week trial period (Table 2, Fig. 2a). The repeated 

measures ANCOVA confirmed that the Group*Session interaction had a significant effect 

on the primary outcome measure of grip termination time (Wilk’s Lambda F=4.262, p-

value=0.042) (Fig. 2b). The impact of the Group*Session interaction on grip termination 

time was not affected by the FMUE score (F= 0.271, p=0.604) and was moderately 

affected by CMSA-H score (F=2.976, p=0.088). Subjects in the Cyproheptadine group were 

able to relax FDS activity following MVC more quickly after just one week of taking 

the medication at the lowest dosage, 4mg BID (5.5±1.4 seconds at baseline to 2.9±1.4 

seconds at week 1, F=5.666, p=0.02) (Fig. 2b). The impact in the Cyproheptadine group 

was especially large for participants with CMSA-H 2 (i.e., the more severely impaired 

individuals) compared to CMSA-H 3 (Fig. 2c). The grip termination time for this subset 

of subjects with CMSA-H 2 dropped from 8.6 ± 3.8 seconds at baseline to less than 

3.1±3.7 seconds after week 1, and the grip termination time Group*Session interaction had 

a moderate effect (F=3.754, p=0.063). Subjects in the Cyproheptadine group who were 

rated CMSA-H 3 also experienced reduction in grip termination time after week 1, but 
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the difference between Placebo and Cyproheptadine treatment group was not significant 

(F=0.110, p=0.741).

Neither Group nor Session nor their interaction was significantly associated with a change 

in finger strength, as measured by the maximum MCP flexion torque that could be produced 

with the four fingers (Cyproheptadine: 2.3±0.4 Nm at baseline to 2.3±0.3 Nm; Placebo: 

1.9±0.6 Nm at baseline to 2.1±0.4 Nm) (Fig. 3a). The 95% confidence intervals for the 

change in both MCP flexion and extension torque included 0 for both groups at every week 

of the treatment. At baseline, only 6 of the participants could create any net extension 

torque. This value did not change throughout the three weeks of drug administration. 

There was no Group*Session effect for residual grip strength (F=1.439, p =0.234), although 

grip strength did decline significantly in the Cyproheptadine group (0.13±0.03 at baseline, 

0.10±0.03 at intent-to-treat) while it stayed the same in the Placebo group (0.12±0.03 at 

baseline, 0.12±0.03 at intent-to-treat). No significant effects of Group or Session were seen 

with respect to flexor coactivation or spastic reflex torque (Table 2).

For the Cyproheptadine group, the score on the Epworth Sleepiness Scale (ESS) did not 

significantly change (5.5±1.0 at baseline, 5.7±1.4 at intent-to-treat). The Placebo group, 

however, experienced a drop in ESS (7.6±1.4 at baseline, 5.3±1.5 at intent-to-treat) such that 

there was a significant Group*Session interaction (F = 9.807, p = 0.002). The BDI-II scores 

were not significantly affected by the Group*Session interaction (F=0.601, p=0.441, Table 

2).

Adverse events encountered (frequencies listed in Table 3) were expected in accordance 

with the cyproheptadine HCl labelling. The adverse effects most often experienced by the 

Cyproheptadine group were dry mouth, low energy and motivation, constipation, weight 

gain (1.2kg in Cyproheptadine group, 0.5kg in Placebo, p = 0.221 between groups), and 

feeling restless or jittery. It should be noted that some participants experienced reductions 

in those symptoms while on the medication. Concurrently, subjects in the Placebo group 

reported some of those same adverse effects. Results of the serum liver panel tests showed 

no significant change from baseline to week 3 and raised no substantial medical concerns.

DISCUSSION

For certain muscle groups, such as the long finger flexors, stroke survivors present with a 

seemingly paradoxical combination of involuntary hyperexcitability of the motor units and 

voluntary hypoexcitability of these same motor units. Efforts to reduce the hyperexcitability 

with pharmacological agents such as botulinum toxin may exacerbate the limited capacity 

to voluntarily activate the desired motor units. Agents that target the monoaminergic 

neuromodulators rather than the synapses or neuromuscular junctions may be preferable 

in that they could potentially reduce involuntary excitation without limiting voluntary 

activation. Cyproheptadine HCl, a commercially available antihistamine drug that is most 

commonly marketed and used to treat upper respiratory symptoms associated with seasonal 

allergies and other allergic reactions, also has anti-serotonergic effects due to its ability to 

bind to the 5-HT serotonin receptors. Although cyproheptadine HCl has not been approved 

Kamper et al. Page 7

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



by the US Food and Drug Administration as an anti-spasticity agent, several studies have 

suggested its potential effectiveness for this purpose (18, 19).

In this study, repeated incrementally increasing dosing of cyproheptadine HCl or placebo 

was administered over 3 weeks. At the first post-initiation evaluation session, conducted 

after one week of dosing, the group receiving cyproheptadine exhibited significantly greater 

reduction in grip termination time, a measure of hypertonicity, than did the group receiving 

placebo. This reduction in grip termination time was maintained over the next two weeks 

for the Cyproheptadine group. In contrast, the Placebo group did not exhibit a significant 

reduction in grip termination time compared to baseline at any of the post-initiation 

evaluation sessions. Importantly, unlike the expected outcome when using botulinum toxin, 

finger flexion strength was not changed significantly across the three weeks during which 

cyproheptadine HCl was administered. Grip strength on the paretic side was reduced, but 

by only 3% of the value for the non-paretic side from the baseline to week 3 and the 

Group*Session interaction was not significant.

Cyproheptadine HCl may have affected grip termination delays by disrupting serotonin’s 

impact on persistent inward currents (PICs). PICs, intrinsic properties of motoneurons, act as 

amplifiers of synaptic inputs from other neurons and facilitate sustained firing of the motor 

units following synaptic input (26–28), sometimes for multiple seconds without the need 

for further synaptic input (28). Elevated levels of serotonin have been shown to increase 

the duration of evoked muscle activations (29), possibly due to the role of serotonin in 

promoting PICs in the motoneuron (30). It has been hypothesized that serotonin levels 

are increased in stroke survivors, as suggested by manifestations such as hyperhidrosis 

(31, 32). This situation is exacerbated by the lack of GABAergic inhibition after stroke 

(33–35), as GABA inhibition decreases PIC activity. The introduction of cyproheptadine 

HCl may reduce the influence of serotonin by competitively binding to motoneuronal 5-HT2 

receptors, thereby reducing the probability of PIC generation.

In contrast, other manifestations of hypertonicity, such as spasticity and coactivation, were 

not significantly impacted by the introduction of cyproheptadine HCl, perhaps because these 

manifestations involve different underlying mechanisms. For example, spasticity may arise 

from the elevated resting potential of motoneurons (12), while excessive coactivation may be 

driven by reduced reciprocal inhibition following stroke (36). Indeed, it has been previously 

observed that spasticity, excessive coactivation, and increased grip termination time were not 

significantly correlated with each other at baseline in this cohort (8). Multiple interventions 

may be needed to target these different manifestations of hypertonicity.

Reducing the extent of involuntary flexor activity alone has significant functional 

implications. Efficient prehensile action requires a sequence of actions: hand opening to 

position the digits, grip force production of appropriate magnitude and direction to secure 

the object, and digit extension followed by hand relaxation to release the object (37). 

Prolonged activity in the long finger flexors, as seen in stroke survivors (7), can impact all 

3 actions. Sustained flexor activity following the grasp phase interferes with digit extension 

and thus object release, a fundamental component of functional hand use during activities 

of daily living (38, 39). The resulting delays in release may become extremely frustrating, 
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contributing to disuse of the entire upper extremity. Prolonged finger flexor activation can 

even extend into the next prehensile action, thereby interfering with hand opening and 

generation of properly directed grasping forces. We have observed that repeated attempts 

at finger extension, for example, can result in worsening performance due to sustained 

involuntary flexor activity (5).

While oral administration greatly facilitates drug delivery, it does increase the potential for 

adverse side effects. In this study, we did not see any significant increases in levels of 

depression, as measured by the BDI-II, or drowsiness, as measured by the ESS. It should 

be noted, however, that there was a difference between the groups in ESS due to the 

Placebo group experiencing a reduction in the ESS score (indicating less sleepiness) over 

the three weeks It is not surprising that dry mouth and low energy and motivation were 

commonly reported symptoms for the Cyproheptadine group, as these adverse effects are 

well documented for antihistamine and anti-serotonergic agents. Additionally, 7 individuals 

receiving cyproheptadine HCl chose not to receive the full dose because of perceived 

intolerable adverse effects; however, four individuals receiving placebo also declined to take 

the full dose. It is possible that the number or physical size of the pills (capsules) may have 

impacted these decisions.

It is encouraging that the favorable effects of cyproheptadine HCl on grip termination 

time were seen after only one week of use and on the lowest dose. The reduced grip 

termination time was largely maintained after that first week, thereby suggesting that the 

lowest dose used in this study (4mg BID) may be sufficient to achieve the desired effects. 

The manufacturer-suggested dosage of cyproheptadine HCl is based on its effects as an 

antihistamine agent, so it is promising that the anti-serotonergic effects are seen at a lower 

dosage. Using a lower dose may also mitigate some of the undesirable adverse effects. The 7 

subjects in the Cyproheptadine group who remained on lower doses of medication in weeks 

2 and/or 3 showed a 4% decrease in grip strength relative to the non-paretic hand from 

baseline at week 2 and only a 2% decrease from baseline at week 3.

Limitations

All stroke survivors who participated in this study were in the chronic phase of recovery. 

The effect of cyproheptadine HCl on neuromuscular hypertonicity and strength of the hand 

in stroke survivors during the acute or sub-acute phase of recovery may differ, and this 

question may warrant further study. Additionally, spastic reflexes of the thumb muscles were 

not examined, and would be an intriguing next step for this research in light of the functional 

importance of the thumb for grasping and pinching tasks. It is also possible that different 

dosing schedules would impact outcomes. The half-life for cyproheptadine HCl is roughly 

8 hours and peak plasma concentrations tend to occur 3–4 hours after oral administration 

(40). Timing of drug administration was chosen here to aid in compliance, but an alternate 

dose scheduling may have led to further improvements. Finally, we did not investigate 

longer-term outcomes or the impact of extended use of cyproheptadine HCl.
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Figure 1. 
CONSORT diagram of participants. In this double-blind study, subjects were randomly 

assigned to either the Cyproheptadine or the Placebo group.
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Figure 2. 
a) Representative EMG trace of participant in Cyproheptadine group who showed a decrease 

in grip termination time from baseline (top) to week 1 (bottom). The shaded green area 

denotes the instructed MVC activation time, as prompted by an auditory cue from a 

computer, while the shaded gray bar indi-cates the time for EMG activity to return to 

baseline (EMG amplitude within § 3SDs of baseline resting amplitude) the grip termination 

time. b) Grip termi-nation time over the course of the study for the group receiving 

cyproheptadine (light) and the group receiving matching pills of placebo (dark). c) Grip 

termination times vs. week for participants in CMSA-H 2 (left) and CMSA-H 3 (right) - 

cyproheptadine (light), placebo (dark). Only participants taking the listed doses are included 

in the plots. Error bars indicate standard error.
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Figure 3. 
MCP flexion torque over the course of the study for the group receiving cyproheptadine 

(light) and the group receiving matching placebo pills (dark). Only those participants who 

reached the assigned dosages are included in this plot. a) MCP flexion torque vs. dose. b) 

Normalized grip strength vs. dose. Error bars indicate standard error.
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Table 1:

Summary of baseline characteristics (mean ± 95% CI) of participants for each subject group

Baseline Characteristics Drug
(n=44)

Placebo
(n=45)

Age (yrs) 59.6 ± 3.2 57.5 ± 3.0

Time post-stroke (yrs) 5.7 ± 1.4 7.2 ± 2.2

Fugl-Meyer Upper Extremity 15.4 ± 2.3 14.6 ± 1.7

Gender (Female/Male) 16 / 28 18 / 27

Paretic hand (Right/Left) 19 / 25 18 / 27

CMSA-H Score (2/3) 12 / 32 18 / 27
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Table 2:

Summary of outcome measures recorded at each testing session (Mean ± 95% CI) as compared to baseline.

Outcome Measure

Cyproheptadine Placebo

Baseline Intent-to-
treat

Paired 
Sample 
Statistics

Baseline Intent-to-
treat

Paired 
Sample 
Statistics

Session * 
Group Effect

Grip Termination Time 
(Sec)

5.48 ± 1.41 2.65 ± 1.09 p<0.001* 5.63 ± 1.85 4.71 ± 1.67 p=0.371 p = 0.042*

CMSA-H
Score 2

8.63 ± 3.75 3.77 ± 3.07 p=0.023 6.57 ± 3.60 6.72 ± 3.28 p=0.932 p=0.063

CMSA-H
Score 3

4.30 ± 1.15 2.23 ± 0.97 p=0.004 4.99 ± 1.96 3.37 ± 1.59 p=0.204 p=0.741

MCP Flexion MVC 
(Nm)

2.34 ± 0.4 2.31 ± 0.44 p=0.672 1.94 ± 0.64 2.12 ± 0.44 p=0.406 p = 0.569

Residual Grip 
Strength (Paretic 
Grip/Non-paretic 
Grip)

0.13 ± 0.03 0.10 ± 0.03 p=0.029 0.12 ± 0.03 0.12 ± 0.03 p=0.679 p = 0.234

MCP Reflex Torque 
(Nm)

0.66 ± 0.14 0.31 ± 0.06 p=0.190 0.88 ± 0.18 0.80 ± 0.19 p=0.187 p = 0.600

FDS Coactivation 
during Extension (%)

0.31 ± 0.06 0.24 ± 0.05 p=0.050 0.30 ± 0.07 0.24 ± 0.05 p=0.115 p = 0.530

ESS (score) 5.5 ± 1.0 5.74 ± 1.41 p=0.824 7.6 ± 1.39 5.27 ± 1.47 p<0.001* p = 0.002*

BDI-II (score) 7.45 ± 2.05 6.36 ± 1.81 p=0.249 7.67 ± 1.97 4.72 ± 1.46 p<0.001 p = 0.441

Asterisk in the Session * Group Effect column indicates a significant effect of the interaction. Paired sample statistics are marked as significant if 
p<0.05 and the Session * Group interaction was also significant.
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Table 3:

Summary of adverse effects (number of persons with worsened adverse effect from baseline | number of 

persons with improved adverse effect from baseline)

ADVERSE EFFECT CHECKLIST WEEK 3 WORSENED | IMPROVED FROM BASELINE

Cyproheptadine Placebo

DRY MOUTH 14 | 1 5 | 7

LOW ENERGY 12 | 6 7 | 9

LOW MOTIVATION 11 | 4 4 | 0

WEIGHT GAIN 8 | 4 3 | 8

CONSTIPATION 9 | 3 4 | 5

RESTLESS OR JITTERY 8 | 4 4 | 2

LIGHTHEADEDNESS 8 | 6 5 | 5

FREQUENT URINATION 8 | 8 5 | 11

SLOWNESS/TROUBLE GETTING MOVING 8 | 10 3 | 14

SLEEP PROBLEMS 7 | 12 4 | 6

DROOLING 5 | 4 5 | 3

SHAKING 4 | 3 0 | 8

ANXIETY 4 | 10 1 | 4

NAUSEA 3 | 0 1 | 0

MEMORY PROBLEMS 3 | 5 1 | 10

WEIGHT LOSS 3 | 6 1 | 8

DIFFICULTY URINATING 2 | 2 3 | 1

HEADACHES 2 | 2 2 | 6

DIFICULTY CONCENTRATING 2 | 6 4 | 6

BLURRED VISION 2 | 11 2 | 6

VOMITING 1 | 1 0 | 0

CHANGES IN BREASTS 1 | 1 0 | 0

PROBLEMS WITTH SEXUAL FUNCTION 1 | 2 0 | 2

MUSCLE STIFFNESS 1 | 15 2 | 14

CHANGES IN MENSES 0 | 0 0 | 1

HEART FLUTTERS 0 | 1 1 | 0

FALLS 0 | 6 0 | 1
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