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Abstract

The aim of this trial was to investigate the safety, tolerability, and capability of serum uric acid 

(UA) elevation of inosine 5'-monophosphate (IMP) in multiple system atrophy (MSA). The 

IMPROVE-MSA trial was a randomized, double-blind, placebo-controlled trial in MSA patients 

with no history of hyperuricemia-related disorders. The participants were assigned to placebo 

(n=25) or IMP (n=30) in a 1 to 1 ratio, and then followed up for 24 weeks. The primary endpoints 

included safety, tolerability, and alteration of the serum UA level during the follow-up period. The 

secondary endpoints were changes in scores of the unified MSA rating scale (UMSARS) and the 

Mini-Mental Status Examination (MMSE) and Montreal Cognitive Assessment (MoCA). The total 

number of adverse events (AE) and serious AE was comparable between the active and placebo 

groups. Serum UA level (mg/dL) was significantly increased from baseline (active vs placebo, 

4.57 vs 4.58; p = 0.98) to study endpoint (6.96 vs 4.43; p <0.001) in the active group compared to 

the placebo group (time  group interaction; p <0.001). The change in UMSARS scores did not 

differ between the active and placebo groups. However, the active group showed significantly 

better alterations in MoCA scores with nominal significance (p <0.001) and tendency for better 

alterations in MMSE scores (p = 0.09) than the placebo group. Our data demonstrated that IMP 

treatment was generally safe and well tolerated in patients with MSA. Further trial with a long-

term follow-up is are required to examine whether UA elevation will slow clinical progression in 

early MSA.
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INTRODUCTION
Multiple system atrophy (MSA) refers to a type of atypical parkinsonian disorder, which is 

characterized by autonomic dysfunction with concomitant cerebellar ataxia or parkinsonism.1 

Pathologically, MSA is regarded as a unique oligodendroglial α-synucleinopathy, where 

cytoplasmic inclusions of α-synuclein are primarily observed in the oligodendrocytes.2 MSA is a 

relentlessly progressive disease, and disease-modifying candidates are not available.3,4 

In terms of pathogenesis, an imbalance between oligodendroglia-specific α-synuclein 

accumulation and the proteasomal clearing system or autophagy that co-exists with 

neuroinflammation appears to play a major role in neurodegeneration of extensive brain areas 

including the basal ganglia, white matter, and ponto-cerebellar regions. Furthermore, some 

evidence has suggested the role of oxidative stress in the pathogenesis of MSA. Experimental 

studies have reported that mitochondrial dysfunction and its related oxidative stress are major 

factors for triggering or exacerbating the MSA pathology.5,6 Epidemiological studies have shown 

that occupational exposure to pesticides, insecticides, or solvents that interrupt mitochondrial 

electron transport and lead to oxidative stress may increase the risk of MSA.7,8 Additionally, 

oligodendrocytes seem to be vulnerable to oxidative stress due to low levels of glutathione and a 

higher level of iron content.9

As a well-known antioxidant,10 uric acid (UA) can scavenge free radical,11 chelate iron,12 and 

prevent peroxidation of lipids. A growing body of evidence has highlighted the possible 

neuroprotective effect of UA against the risk and progression of neurodegenerative disorders, such 

as Parkinson's disease (PD),13 Alzheimer's disease (AD),14 Huntington's disease,15 and 

amyotrophic lateral sclerosis (ALS).16 In patients with MSA, a meta-analysis reported that low 

serum UA levels were closely linked to an increased risk of MSA.17 High serum UA levels 

exhibited slower disease progression in male patients with MSA,18 and the UA levels also seem to 

influence cognitive function in patients with MSA.19 Recently, we reported that serum UA levels 

had a significant association with microstructural white matter integrity in patients with MSA.20 

Therefore, these studies imply that UA levels may be closely coupled with pathogenic 

mechanisms underpinning neurodegenerative environments of MSA.

According to previous clinical trials, strategies to increase serum UA are free from safety issues 

when closely monitoring the UA levels.21-23 However, clinical trials to prove either a safety or 

disease-modifying effect of increasing serum UA in patients with MSA have not been performed A
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to date. In the present study, we sought to investigate the safety, tolerability, and capability of 

serum UA elevation using inosine 5'-monophosphate (IMP) in patients with MSA.

METHODS

Study design and participants

The current study is an investigator-initiated multi-center, randomized, double-blind, placebo-

controlled study. We consecutively recruited patients with MSA from May 2018 through May 

2019 in three tertiary referral hospitals (Yonsei University Severance Hospital, Inje University 

Busan Paik Hospital, and Ajou University Hospital) (Trial registration: clinicaltrials.gov, 

identifier: NCT03403309). This trial was approved by institutional review boards affiliated with 

each study site, and written consent was directly obtained from every patient or legal surrogate.

Every participant underwent neurological examinations and laboratory studies including complete 

blood count, routine chemistry, urine analysis, and kidney/ureter/bladder X-ray examination at 

their baseline screening to ascertain the eligibility for this study. Inclusion criteria were as follows: 

(1) subjects who met the clinical diagnostic criteria for either probable or possible MSA1; (2) age 

from 19 to 75 years; (3) supportive findings on structural and/or functional imaging studies sat the 

time of diagnosis (i.e., cerebellar or putaminal atrophy, putaminal hyperintense rim or iron 

accumulation, hot cross bun sign or T2 high signal intensities in the middle cerebellar peduncle on 

brain magnetic resonance imaging, and decreased glucose metabolism in the putamen or 

cerebellum on [18F] Fluorodeoxyglucose positron emission tomography); (4) total Unified 

Multiple System Atrophy Rating Scale (UMSARS) score ≥ 30 at the baseline screening; and (5) 

serum UA level ≤ 6.0 mg/dL at the baseline screening. Exclusion criteria included (1) prior history 

of gout, nephrolithiasis, stroke, or chronic kidney disease; (2) presence of mutations in 

spinocerebellar ataxia type 1, 2, 3, 6, 7, 8, and 17 genes; (3) urine pH ≤ 5.0 or UA crystalluria on 

urine analysis at the baseline screening; (4) presence of febrile condition or any unstable and 

severe disorders difficult to treat; (5) subjects who took medications within four weeks such as co-

enzyme Q, creatine, daily vitamin E 50 IU or more, and daily vitamin C 300 mg or more (but they 

could be rescreened for enrollment after four weeks of wash out); and (6) presence of psychiatric 

or cognitive impairment (i.e., dementia) that might interfere with the conductance of the study. 

To obtain a reliable number of participants in each group, a sample size calculation was carried 

out with a power of 80% and a two-sided type-1 error rate of 5 %.24 With approximate partial eta A
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conventions of 0.14, twenty-six participants were required for each treatment group to show a 

significant difference in alterations of serum UA.

Randomization and masking

Participants who met the study criteria were randomly assigned in a 1:1 ratio to the active or 

placebo group. We adopted a block randomization method in which the block size was built by 

multiples of four units. All the patients, their caregivers, and clinical investigators who directly 

assessed the clinical outcomes were blinded to treatment allocation. Participants randomized to the 

active group were provided with white, round-shaped tablets containing 500 mg of IMP, while the 

tablets of same color and shape containing lactose were offered to participants in the placebo 

group. 

Procedures

Study participants were scheduled for a visit at weeks 2, 4, and 6 and then weeks 12, 18, and 24 

from baseline. They had a total of seven visits in 24 weeks. Laboratory tests including serology 

(UA, blood urea nitrogen (BUN), and creatinine (Cr)) and urine analysis were performed at every 

visit, and all the results were available to both an unblinded data manager (YHS) and investigators 

that belonged to the independent Data Monitoring Committee. Treatment (with either active or 

placebo drug) was initiated with one tablet twice a day initially for two weeks, and then was 

finally titrated up to two tablets twice a day by week 6 by adding one tablet a day every two 

weeks. The final regimen, two tablets twice a day, was maintained through the endpoint (i.e., week 

24).

We determined the final dose of IMP for the dose-escalation schedule based on preclinical animal 

experiments (Supplementary Methods). The drug dosage was adjusted based on serum UA levels 

at every visit, which were reported immediately to an unblinded data manager (YHS) who directed 

dose titration. If the serum UA level exceeded 9 mg/dL, the drug dosages were titrated back down 

to the dose at the previous stage while the tablets were provided in the number specified on the 

schedule. Then, the serum UA was checked weekly until it descended back below the level of 9 

mg/dL. Once it hit below, the re-titration schedule was applied and the serum UA was checked 

once again after one week. If a participant was not able to perform scheduled titration of two 

tablets twice a day in spite of three repetitions of all such processes or within 12 weeks, we 

decided to halt the up-titration. The dosage and regimen of symptomatic antiparkinsonian A
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medications (e.g., levodopa) in each participant were not altered throughout the trial.

Outcomes

The pre-specified primary outcome variables included safety, tolerability, and ability to increase 

serum UA. Safety was defined as the proportion of participants who experienced any adverse 

events (AEs) during the whole study period. Tolerability was defined as the proportion of 

participants who were able to complete the current trial with neither permanent discontinuation 

nor being unable to increase the study drug for at least 12 weeks or longer due to any AEs across 

the whole participation time. A significant increment of serum UA from baseline to endpoint in 

the active group compared to that in the placebo group was determined as effective serum UA 

elevation. All the primary outcome measures were assessed at every visit in all participants. The 

independent Safety Monitoring Committee staff were masked to the clinical information, 

responsible for monitoring participants’ incidence of AEs and had an authority to modulate the 

continuous study participation.

The secondary outcome variables included the changes in UMSARS, Mini-Mental Status 

Examination (MMSE), Montreal Cognitive Assessment (MoCA), and Geriatric Depression Scale 

(GDS) scores to assess the effect of serum UA elevation on motor and cognitive-affective 

manifestations. These variables were measured twice throughout the trial, at the baseline (week 0) 

and at the last visit (week 24 or at the time of dropout), respectively. Performance of UMSARS 

part II, the motor subscale, was filmed for every participant. We coordinated with the separate 

Video Assessment Committee to score the UMSARS part II by reviewing the clips to attain more 

accurate and consistent results. Once a single clip of UMSARS part II had been assigned in 

common to two blinded investigators, they scored independently, and then finally resolved the 

differences with consensus. 

Statistical analysis 

All the statistical analyses were conducted according to the pre-specified statistical plan 

recapitulated in the study protocol. Two-tailed Fisher’s exact test was employed to compare the 

number of participants who experienced AEs, discontinuation or withdrawal of the drug, and 

reduction of the dosage. A
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Mean changes in the serum UA level, the urine pH, as well as the scores of UMSARS, MMSE, 

MoCA, and GDS were analyzed using the linear mixed model. This model included fixed effects 

for age, sex, time, group, MSA subtype, and time  group and random specific intercepts and 

slopes for the study site and subject. All the analyses implemented the principles of intention-to-

treat. A two-tailed level of p <0.05 was considered statistically significant. Due to the absence of 

family-wise error rate control, p values presented in endpoint are nominal and only for descriptive 

purposes. All statistical analyses were performed using R (R version 3.6.0; R Foundation for 

Statistical Computing, Vienna, Austria).

RESULTS
Eighty-three patients with MSA were screened during the trial, of whom 28 were excluded (Figure 

1). Twenty-six of them did not fulfill the enrollment criteria (serum UA > 6 mg/dL, n = 16; urine 

pH ≤ 5, n = 7; abnormal BUN/Cr, n = 3) and the remaining two finally declined participation 

before commencement. A total of 55 participants (active group: 30; placebo group: 25) were 

enrolled eventually, and intention-to-treat analysis was performed using data of all participants. 

The first visit day of the first participant was in May 2018, while the last visit day of the last 

participant was in June 2019. Every participant apart from who had discontinued the study drug or 

had withdrawn from the study completed their every visit without exception. Even participants 

who had dropped out of the study were also fully adherent to the study protocol throughout their 

participation. All the variables of demographic and clinical data from the study population are 

provided in Table 1.

Safety

Of the total 49 AEs, 29 events were reported from 20 out of 30 (66.7%) subjects in the active 

group, while 20 were reported from 15 out of 25 (60.0%) subjects in the placebo group (p = 0.609; 

Table S1). Serious adverse events (SAEs) did not occur more frequently in the active group than 

in the placebo group (active vs. placebo, 6/30 [20.0%] vs. 4/25 [16.0%]; p = 0.741; Table 2). A 

total of 10 SAEs were reported from the entire set of participants, six from the active group and 

four from the placebo group. These included pneumonia, sleep apneic attack, cholecystitis, 

hemorrhoidectomy, and falling injuries, which did not show a clear causal relationship with the 
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study drugs. Three participants died, one from the active and two from the placebo group, due to 

respiratory compromise.  

A bladder stone was observed from one participant in the placebo group, which was later found to 

be a calcium oxalate crystal. It was fully resolved by conservative management without requiring 

in-hospitalization treatment. Three participants who all belonged to the active group reported pre-

specified hyperuricemia, serum UA ≥ 9. All of them were asymptomatic, and actions including 

reduction of the dosage or transient discontinuation of the study drugs were taken. One case of 

symptomatic urinary tract infection occurred in the active group, which was recovered by standard 

antibiotic treatment without complication. Asymptomatic pyuria was found in eight patients from 

the active group and six from the placebo group, without a group difference.   

The obtained mean urine pH was stable from baseline without group difference (active vs placebo, 

6.82 ± 0.76 vs 6.60 ± 0.93; p, ns) to study endpoint (6.69 ± 0.89 vs 6.62 ± 1.02; p, ns) (Table S2). 

There was no reported case of urine pH ≤ 5 in any of the study participants.  

Tolerability

Increasing serum UA by the administration of IMP was well tolerated in patients with MSA 

(Table 2). In the active group, there were eight participants who discontinued the drug (one 

transiently and seven permanently), of whom, seven eventually withdrew from the study. Five out 

of seven were ascribed to occurrence of AEs (asymptomatic pyuria, 1; pneumonia, 2; uncertain 

dizziness, 1; knee injury by falling, 1). In addition, five subjects encountered drug discontinuation 

(all 5 permanently) in the placebo group. Three of these cases experienced AEs and decided to 

terminate their participation before the end of the study (asymptomatic pyuria, 1; neck pain, 1; 

dyspnea, 1). Total three cases of death were reported in whole study participants; one for active 

and two for placebo group, respectively. There was a total of three reported cases of death, one 

from the active and two from the placebo group, respectively, during whole participation. 

Consequently, 22 out of 30 (73.3%) and 20 out of 25 (80%) participants successfully completed 

the entire trial from the active and placebo groups, respectively (p = 0.562). In comparison of 

participants who were even on anti-hypertension medication throughout the study, one out of five 

in active and two out of two in placebo group had dropped out from the study.

Serum UA elevation A
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The serum UA level (mean ± standard deviation, mg/dL) significantly increased from baseline 

(active vs placebo, 4.57 ± 0.93 vs 4.58 ± 1.07; p, ns) to study endpoint (6.96 ± 1.18 vs 4.43 ± 1.27; 

p < 0.001) in the active group (Slope (SE), 0.167 (0.016) vs -0.010 (0.017); 95% confidence 

interval, 0.11 to 0.20; time  group interaction, p < 0.001; Figure 2 and Table S3). Thus, the active 

group achieved average increases in serum urate of 2.41 ± 1.07 mg/dL. The increase in serum UA 

in the active group was found even at the first 2-week visit from the baseline and reached a plateau 

at the 4-week visit and then stayed stable throughout the trial period. When stratifying UA changes 

by sex, increases in serum UA were comparable in all men (average increase = 2.23 ± 0.49 mg/dL) 

and women (average increase = 2.12 ± 1.25 mg/dL) without a significant between-group 

difference over time (time  group interaction; p = 0.137; Table S4 and Figure S2). 

Secondary outcome analyses

We did not observe any different alterations of the UMSARS, both within and between groups, 

from the baseline to the study endpoint, even including all sub-items (active vs placebo, Slope 

(SE); UMSARS total, 0.260 (0.172) vs 0.305 (0.181), p = ns (time  group interaction); UMSARS 

part I, 0.207 (0.109) vs 0.214 (0.114), p = ns; UMSARS part II, 0.029 (0.093) vs 0.073 (0.098), p 

= ns; UMSARS part IV, 0.025 (0.012) vs 0.018 (0.013), p = ns) (Table 3). However, the active 

group showed significantly better changes in MoCA scores (0.248 (0.060) vs -0.091 (0.063), p < 

0.001) and a tendency toward marginal significance in MMSE scores (0.070 (0.037) vs -0.023 

(0.039), p = 0.09) compared to the placebo group. The number of participants who reached MMSE 

≥ 26 (active vs placebo, 19/30 vs 18/25; p = ns) or < 26 (11/30 vs 7/25; p = ns) in either group did 

not show significant differences. No patients with cognitive dysfunction declined as dementia 

were reported in either group. The GDS score to assess affective function in MSA did not show 

any difference over time between both groups (0.339 (0.127) vs 0.173 (0.134), p = ns). 

Additionally, stratifying by sex for changes in UMSARS, MoCA, MMSE, or GDS scores showed 

that the IMP treatment effect on secondary outcome measures did not differ depending on sex 

(Table S5).

 

DISCUSSION

The current multi-center, randomized, double-blind, placebo-controlled trial investigated the 

safety, tolerability, and capability of serum UA and the effect on the clinical profile of IMP in A
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patients with MSA. We observed stable and reliable profiles of the safety and tolerability of oral 

IMP treatment in patients with MSA. The IMP treatment led to effectively elevated serum urate 

concentrations from a mean of 4.57 ± 0.93 mg/dL to 6.96 ± 1.18 mg/dL, and the ability to increase 

serum UA remained stable throughout the participation period. The present data suggest that a 

further trial with a long-term follow-up is required to investigate whether the UA elevating 

strategy will slow clinical progression in patients with early MSA. 

Only a few previous clinical trials have employed a similar formulation and dosage of the drugs in 

neurological diseases such as PD,21 multiple sclerosis (MS),22,25 and ALS23 to increase serum UA. 

Compared to these trials, our trial has a larger sample size, which is comparable to the Safety of 

Urate Elevation in Parkinson’s disease (SURE-PD) trial21, and a similar short study duration. The 

IMP used in our trial is a type of precursor of inosine, which is dephosphorylated by the 

nucleotidase in the purine metabolism pathway, and neuroprotective effects of IMP were 

comparable to inosine in an animal model of multiple sclerosis.26 Contrary to inosine, IMP is 

approved by the Ministry of Food and Drug Safety and has been widely used as a food additive or 

a flavor enhancer in the food industry. Thus, IMP use is free from safety regulation issues. 

Moreover, before the current trial, the capability of IMP in raising serum UA levels was examined 

in animal studies (Supplementary Methods).

The current study demonstrated that IMP treatment was not associated with increased safety 

concerns. These results support the reliable safety of increasing serum UA in patients with MSA, 

which is in line with the outcomes of previous similar trials. More importantly, we did not observe 

newly developed hyperuricemia-related issues, such as hypertension, dyslipidemia, dysglycemia, 

or vascular disorders. In terms of relevant AEs, no issues of gout were reported in the IMP-treated 

group. Three subjects in the active group developed hyperuricemia; all of them were 

asymptomatic without the requirement for treatment. Meanwhile, the symptomatic urinary tract 

infection and the urinary calcium oxalate stone that developed in the placebo group were irrelevant 

to increased serum UA levels. Given that the study duration was only 6 months, however, these 

safety profiles should be carefully interpreted. According to the longer duration of previous 

SURE-PD trial21 and MS studies,22,25 inosine treatment was known to be associated with a higher 

number of symptomatic nephrolithiasis or asymptomatic crystalluria. Additionally, asymptomatic 

pyuria was frequently reported across all participants without a group difference. Due to rapid A
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progression of motor dysfunction in patients with MSA, the secondary hygiene problems would 

probably contribute to this issue. 

The IMP treatment effectively increased and consistently maintained the serum UA level 

throughout the study period in patients with MSA. This result is in line with the SURE-PD trial,21 

where an increment of serum UA was found at the first 2-week introduction of inosine and then 

remained stable. These findings suggest that the stability and reliability of IMP in inducing serum 

UA elevation seem to be comparable to those of inosine. In the present study, we did not observe 

sex-dependent alterations of UA in IMP-treated patients with MSA. By contrast, the SURE-PD 

trial showed that inosine led to greater serum and cerebrospinal fluid UA elevation in women than 

in men, which may reflect sex differences in baseline serum UA levels.21,27 In this trial, even 

though the basal level of UA in IMP-treated participants was lower in women than in men (the 

difference is similar to that in the SURE-PD trial), the increase in UA at study endpoint was 

comparable between women and men. This discrepancy may largely be ascribed to the difference 

in study design of the UA elevating strategy. Alternatively, it is also possible that the sex-specific 

effect of UA elevation may be diverse and is dependent on specific neurological diseases. 

In terms of motor dysfunction, the present trial showed that the changes in UMSARS during the 

follow-up period did not differ between the active and placebo groups. The relatively short study 

duration of the current trial coupled with the devastating clinical nature of MSA might account for 

the failure to modulate the motor outcome. In addition, inclusion of the advanced stage patients 

influenced the negative motor outcome, possibly due to a ceiling effect of UMSARS distribution. 

Enrollment of MSA participants with a larger sample size and earlier stage of the condition would 

be warranted to anticipate better outcomes in a future clinical trial. Of note, the present trial 

demonstrated that general cognitive performance measured by MoCA was better in the IMP-

treated group than in the placebo group in conjunction with a tendency for better MMSE-based 

general cognition. The pattern of this results stays in line with the known features of non-amnestic 

cognitive impairment in MSA in which is presumably derived from striato-or-cerebellar frontal 

deafferentiation.30,31 In terms of the relationship between UA and cognition, ample evidence 

implies that higher UA is associated with lower risk of cognitive spectrum disorders, ranging from 

normal cognition through mild cognitive impairment to dementia.14,32-34 However, there has been a 

perennial debate whether UA contributes to or works against the development of cognitive A
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dysfunction.14,32,35,36 The pathomechanism underpinning UA-related modulation of cognitive 

performance is still elusive to date; however, inhibition of oxidative stress,38,39 autophagy 

induction via mTOR-dependent signaling,40 and augmentation of neurogenesis,41 by UA may be 

plausible molecular downstream pathways. Accordingly, the result of the cognitive outcome in the 

present trial might strengthen the idea that there is a beneficial effect of UA on cognitive function 

in patients with MSA. However, in light of the short study period, the absence of family-wise error 

rate control and learning effect from repeated measures of the cognition test, the conclusion needs 

further exploration to be established.

 A threshold of UA level exhibiting a significant anti-oxidative property is unknown and, 

moreover, their relationships in patients with MSA are quite lacking. However, based on our 

previous work,42 we can deduce indirectly the relationship between UA level and anti-oxidative 

effect in parkinsonian disease. We had reported that microstructural white matter integrity would 

be sex-specifically influenced by serum UA in patients with PD. Specifically, male PD patients 

with lower UA level (mean, 4.9 mg/dL) exhibited a profound white matter disruption in extensive 

brain areas compared to those with higher UA level (mean, 6.3 mg/dL). Generally, microstructural 

integrity may be closely associated with oxidative damage, although its underlying exact 

mechanisms are largely unknown. Additionally, we recently found that the UA is closely linked to 

the microstructural white matter integrity in patients with MSA.43 Finally, in a preclinical study, 

we demonstrated that approximately a 21% increase in serum UA level would significantly 

increase neurogenesis in the subventricular zone (unpublished data).41 Taken together, we believe 

that the anti-oxidative effect of the IMP may be related to intra-individual UA elevation, even 

though the threshold of UA level exhibiting a significant anti-oxidative property is unknown in 

individual patients.

In conclusion, our data demonstrate that the administration of IMP was generally safe and well 

tolerated in patients with MSA. A further clinical trial with participants at an earlier stage of MSA 

and a longer period of follow-up would be warranted to anticipate better outcomes in future.
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Study Highlights
What is the current knowledge on the topic?

Several candidates including epigallocatechin gallate, riluzole, minocycline, rifampicin, rasagiline, 

and growth hormones were tested to uncover disease-modifying or neuroprotective effects in 

patients with multiple system atrophy (MSA). However, no known therapy has proved to be 

effective so far. 

What question did this study address?

A growing body of evidence has highlighted the neuroprotective effect of uric acid (UA) against 

the risk and progression of neurodegenerative disorders. This study aimed to investigate the safety, 

tolerability, and capability of serum UA elevation of inosine 5'-monophosphate (IMP) in MSA.

What does this study add to our knowledge?

The administration of IMP was generally safe and well tolerated in patients with MSA. IMP 

treatment effectively and consistently raised the serum UA level compared to placebo treatment. 

How might this change clinical pharmacology or translational science?

The current study presented a potential clinical application of uric acid in the treatment of MSA. 

In light of clinically devastating progression and a lack of breakthrough treatment in this 

condition, the outcome of the present study might suggest another possible modality of 

challengeable treatment and further support the therapeutic strategy employing the mechanism of 

reducing oxidative stress. A further clinical trial with an earlier stage of MSA and a longer period 

of follow-up would be warranted to anticipate better outcomes.
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Figure Legends

Figure 1. Consolidated Standards of Reporting Trials flow diagram for the IMPROVE-MSA 

study.

Figure 2. Alterations of serum uric acid levels during whole study period.
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Table 1. Baseline demographics and clinical characters of study participants. 

  
Active 

(n = 30) 

Placebo 

(n = 25) 

Age, yr 59.9 ± 6.8 59.8 ± 5.9 

Men, % 15 (50) 15 (60) 

Education, yr 12.2 ± 4.2 10.9 ± 3.9 

Disease duration, yr 4.1 ± 3.1 3.6 ± 2.6 

UMSARS, total 52.6 ± 15.7 54.1 ± 16.3 

MMSE 26.5 ± 2.2 26.9 ± 1.9 

MoCA 21.4 ± 4.7 22.6 ± 4.1 

GDS 14.4 ± 7.7 16.4 ± 7.5 

Serum uric acid, mg/dL 4.6 ± 0.9 4.6 ± 1.1 

Urine pH 6.8 ± 0.8 6.6 ± 0.9 

Clinical type, n 
  

Parkinsonian 5 6 

Cerebellar 22 17 

Mixed 3 2 

HTN, n 7 2 

Diabetes mellitus, n 4 2 

Dyslipidemia, n 4 2 

Cardiovascular disorders, n 1 1 

On medication for HTN, n  5 2 

UMSARS, Unified Multiple System Atrophy Rating Scale; MMSE, Mini-Mental Status 

Examination; MoCA, Montreal Cognitive Assessment; GDS, Geriatric Depression Scale.; 

HTN, hypertension 

Table 2. Profiles of safety and tolerability issues in target participants. 

  Active (n = 30) Placebo (n = 25) 

Serious AE, total, n (%) 6 (20) 4 (16) 

Pneumonia, n (%) 2 (6.7) 1 (4.0) 

Sleep apneic attack, n (%) 1 (3.3) 1 (4.0) 

Acute cholecystitis, n (%) 1 (3.3) 0 (0) 

Fracture, n (%) 0 (0) 1 (4.0) 

Knee injury, n (%) 0 (0) 1 (4.0) A
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Hemorrhoidectomy, n (%) 1 (3.3) 0 (0) 

Diarrhea, n (%) 1 (3.3) 0 (0) 

AE to death, total, n (%) 1 (3.3) 2 (8.0) 

Pneumonia, n (%) 0 (0) 1 (4.0) 

Sleep apneic attack, n (%) 1 (3.3) 1 (4.0) 

AE of interest, total, n (%) 8 (26.7) 8 (32.0) 

Bladder stone, n (%) 0 (0) 1 (4.0) 

UTI, symptomatic, n (%) 0 (0) 1 (4.0) 

Pyuria, asymptomatic, n (%) 8 (26.7) 6 (24.0) 

Discontinuation of drugs, n (%) 8 (26.7) 5 (20.0) 

Withdrawal, n (%) 7 (23.3) 3 (12.0) 

Withdrawal by AE, n (%) 5 (16.7) 3 (12.0) 

Reducing dosage, n (%) 3 (10.0) 0 (0) 

AE, adverse event; UTI, urinary tract infection  
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Table 3. Comparison of secondary outcome measures in target participants. 

  Active (n = 30) 
 

Placebo (n = 25)   

 
Baseline Endpoint 

 
Baseline Endpoint p* 

UMSARS 
      

Total 52.7 ± 15.7 54.6 ± 15.8 
 

53.1 ± 15.6 55.6 ± 15.9 ns 

Part I 22.9 ± 7.0 23.8 ± 7.6 
 

24.8 ± 8.3 26.3 ± 9.2 ns 

Part II 26.7 ± 8.5 26.2 ± 7.9 
 

26.4 ± 7.9 26.8 ± 7.1 ns 

Part IV 3.0 ± 1.0 3.1 ± 1.1 
 

2.9 ± 1.1 3.0 ± 0.8 ns 

MMSE 26.5 ± 2.2 27.4 ± 2·0 
 

26.9 ± 1.9 26.5 ± 2.8 0.09 

MoCA 21.4 ± 4.7 24.1 ± 3.6 
 

22.6 ± 4.1 21.5 ± 4.3 < 0.001 

GDS 14.4 ± 7.7 17.5 ± 6.8 
 

16.4 ± 7.5 17.4 ± 7.6 ns 

UMSARS, Unified Multiple System Atrophy Rating Scale; MMSE, Mini-Mental Status Examination; MoCA , Montreal Cognitive Assessment; 

GDS, Geriatric Depression Scale. 

*Time  group interaction.   

A
cc

ep
te

d 
A

rt
ic

le



cpt_2082_f1.tif

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le



cpt_2082_f2.tif

This	article	is	protected	by	copyright.	All	rights	reserved

A
cc

ep
te

d 
A

rt
ic

le




