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Abstract

:

Due to its anti-inflammatory and antioxidant capacity and, by inference, its involvement in the myelin stealth attainment, oral nutrient supplementation (ONS) with saffron has recently been investigated as a complementary treatment in multiple sclerosis (MS). The purpose of the present study was to systematically review the literature for randomized controlled trials (RCTs) comparing saffron supplementation to placebo, or other interventions, in patients with an MS diagnosis. PubMed, CENTRAL, and clinicaltrials.gov were searched for relevant completed or ongoing RCTs. The Cochrane’s RoB tool 2.0 was used, and a qualitative synthesis without meta-analysis (SWiM) was performed. In total, five parallel, double-, or triple-blind RCTs were identified, fulfilling the study’s criteria, and were included in the SWiM. Intervention duration ranged from four weeks to a year. The summary RoB revealed some concerns, or even high risk for overall bias. The included RCTs failed to report particularities of their interventions (exact composition, active compound, safety assays, etc.) and adverse events. The SWiM revealed that according to the results of single trials, inflammation markers (TNF-a and IL-17) were reduced, and MS-specific biomarkers (MMP-9 and TIMP-1) and cognition were improved after saffron ONS, although definite conclusions regarding saffron efficacy with regard to these outcomes cannot be drawn. Two RCTs reported improvement in the redox status of patients receiving saffron, whereas, with regard to depression, the findings were conflicting. Overall, ONS with saffron compounds may prove beneficial in improving antioxidant defense and oxidative stress in patients with MS; however, the evidence appears scattered, heterogenous, and inadequate in terms of making any suggestions regarding the direction of effect of other outcomes. Trials of better design and MS-specific outcomes are required.
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1. Introduction


Multiple sclerosis (MS) is the most typical non-traumatic, immune-mediated disease of the central nervous system (CNS) leading to disability, with an increasing global incidence and a high socioeconomic burden [1,2]. The progressive loss of myelin and inflammation of the white matter demyelinating lesions hampers the electrical signaling along the axons, propelling axonal damage and neurological dysfunctions [3]. Common symptoms in MS include sensory loss (numbness), visual disturbance, double vision and vision loss, muscle weakness and fatigue, ataxia, incoordination and impaired balance, chronic pain, cognitive impairment and brain atrophy, and bladder dysfunction, all of which gradually reduce the quality of life (QoL) of patients [4,5,6,7].



The development of MS is attributed to a synergy of environmental factors, genetic predisposition, and immune dysregulation, although the exact etiology remains unclear [8]. Established environmental factors associated with the development of MS include obesity [9], tobacco smoking [10], low vitamin D concentrations [11], viral exposure [12], and many more. Furthermore, accumulating evidence suggests that attaining redox balance is an important effector in the pathogenesis of MS pathogenesis and the development of symptoms [13]. The CNS in particular is very prone to oxidative damage for various reasons, including (i) the CNS has a limited ability to perform anaerobic respiration [14]; (ii) the fact that brain tissue works on oxidative metabolism; (iii) due to the low levels of antioxidant defense mechanisms, elevated Fe concentrations, and membrane elaborations, the oligodendrocyte population is predisposed to oxidative stress; and (iv) the high protein/lipid ratio constitutes myelin as a predisposing target for reactive oxygen species (ROS) [13,15]. As a result, the brains of patients with MS present elevated concentrations of oxidative stress markers [3], and the same is also apparent in serum samples [16]. This shift towards a pro-oxidant activity has been shown to have a direct effect on both central and peripheral aspects of MS, and thus ROS and reactive nitrogen species (RNS) manipulation appears to be a viable pathway to improve disease progression [17].



As a result, specific dietary patterns with antioxidant and anti-inflammatory effects, such as the Mediterranean diet [18,19], have been tested in patients with an MS diagnosis, although the sample sizes used were rather small to draw definite conclusions [20]. In parallel, patients with MS are often receiving alternative therapies as complementary treatments, with antioxidants being particularly popular [21]. In this manner, a variety of studies have evaluated oral nutrient supplementation (ONS) with individual nutrients and antioxidant compounds, aiming to slow the progression of the disease, reduce oxidative stress load, relieve symptoms, and improve anti-inflammatory response in MS [13,22,23,24].



Among the examined antioxidants, Crocus sativus L. (saffron) is a perennial belonging to the Iridaceae family [25], with several active ingredients, including safranal, crocin, crocetin, and picrocrocin [26]. A great body of evidence indicates that supplementation with saffron can yield antidepressant [26,27], cardioprotective [28], neuroprotective [29] and neurocognitive [30], and anxiolytic effects [26,31]. With regard to MS in particular, given the aforementioned properties of Crocus sativus L., it could prove to be a valuable complementary treatment for managing several symptoms of the disease. Findings from intervention trials lacking a comparator arm indicate that ONS with saffron can improve blood cholesterol concentrations [32] and reduce symptoms of fatigue [33]. Evidence of higher hierarchy, namely, randomized controlled trials (RCTs), have also evaluated saffron supplementation in MS; however, the exact effect has not been weighed using evidence synthesis methods.



Given the frequent use of antioxidant supplements from patients with MS, it is important to understand which ones are efficient and where further research is required. With this in mind, the aim of the present systematic review was to review and synthetize the evidence regarding saffron supplementation in patients with MS.




2. Materials and Methods


2.1. Systematic Review Protocol and PICO


The present review was designed and presented according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) [34] with the Synthesis WIthout Meta-analysis (SWiM) extension [35]. The study’s protocol was published at the center for open science framework (OSF). The PICO of the study’s research question is detailed in Table 1.




2.2. Search Strategy, Inclusion and Exclusion Criteria


All studies related to the research question were identified in the PubMed and Cochrane Central Register of Controlled Trials (CENTRAL) databases, the clinicaltrials.gov website, and gray literature searches, from inception until October 2021, by three independent reviewers. Any disagreement between reviewers was resolved by a senior researcher (D.P.B.). The search syntax used in each database is presented in Figure 1.



Rayyan [36] was used to scan and identify all retrieved items against the study’s criteria. Retrieved references were imported into Rayyan using a reference manager software (Mendeley), and duplicate entries were excluded.



Combinations of relevant keywords were used to identify relevant RCTs in the literature. The keywords used included (Crocus sativus), (saffron), (crocin), (crocetin), (safranal), and (multiple sclerosis).



The inclusion and exclusion criteria of the studies are presented in Table 2.



Special caution was taken not to include RCTs investigating the effects of curcumin, which is also named as “Indian saffron” [25,37].




2.3. Outcomes of Interest


Outcomes of interest involved any specific index/score for MS, including fatigue, disability, inflammation markers, redox status, cognition, physical function, anxiety, depression, QoL, etc.




2.4. Risk of Bias


Eligible studies were assessed for bias with the use of the Cochrane’s revised Risk of Bias (RoB) tool 2.0 [38] by two authors, independently. Judgments were produced when there was low risk, some concerns or high RoB, regarding the randomization process, deviations from intended interventions, missing outcome data, measurement of the outcomes, selective reporting of the results, and the final assessment, regarding the overall bias of each RCT.




2.5. Data Extraction


Three independent researchers extracted data in predefined Excel spreadsheets. Recorded information involved sample particularities (size, age, % female, disease status), recruitment, funding, country of origin, study design and methodological characteristics (randomization particularities, masking, etc.), intervention and comparator arms, primary and secondary outcomes of interest, the number of drop-outs, adverse events (AEs), presented analyses, and general findings.




2.6. Data Synthesis


At least three RCTs examining the same outcome were deemed as necessary for an effective data synthesis. Since a meta-analysis was not feasible, vote counting was applied, according to the direction of effect (mean differences) for each outcome [39] (qualitative synthesis) in order to accompany the narrative synthesis [40]. The methodological characteristics of each study (sample size, RoB) were used to assess heterogeneity, on the basis of the Cochrane Handbook [40] and the SWiM guidelines [35].





3. Results


3.1. Search Results


Out of 139 studies screened in total, 5 distinct RCTs with an equal number of publications [41,42,43,44,45] fulfilled the protocol’s criteria and were included in the present systematic review. Figure 2 details the PRISMA 2020 flow diagram of the study selection process [34].




3.2. Characteristics of RCTs with Saffron Interventions in Patients with ΜS


Details of the RCTs fulfilling the study’s criteria, evaluating saffron interventions in patients with multiple sclerosis (MS), are presented in Table 3. Five RCTs evaluated the effect of saffron supplementation in patients with an MS diagnosis [41,42,43,44,45].



3.2.1. Trial Design, Origin, and MS Diagnosis


All trials were conducted in Iran, in a parallel design manner, and were published between the years 2019–2020. Masking of the included RCTs were of either double [41,44,45], or triple blinding [42,43].



The McDonald et al. [46] criteria were applied for MS diagnosis by three trialist groups [41,42,44], with one also using magnetic resonance imaging (MRI) [41]. The trials conducted by Ahmadi [45] and Doosti [43] failed to report the applied MS diagnostic criteria.




3.2.2. Intervention and Comparator Particularities


The Ahmadi [45] and Ghiasian [41] trials administered daily doses of crocin equal to 30 mg. In the Ghasemi Sakha [42] trial, 1.5 g/day of saffron was prescribed, whereas in the trial conducted by Doosti et al. [43], the saffron dose was not reported. Finally, Adalat and associates [44] administered a traditional herbal syrup formulation (2 × 10 mL/day) containing C. sativus, H. perforatum, C. verum, and V. vinifera.



Intervention duration spanned between 4 weeks [41,44,45] and 12 months [42]. Doosti and associates [43] failed to report the duration of the intervention.



In all RCTs, placebos were used as comparators [41,42,43,44,45].




3.2.3. Sample Size


A rather small sample size was used in all RCTs, spanning from 40 [41,45] to 52 [44] patients in total per trial, prior to randomization. The pooled sample of patients of all RCTs consisted of 225 patients with an MS diagnosis. One trial, published in abstract format [43] only, failed to report the number of patients allocated in the intervention/comparator arms.
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Table 3. Characteristics of the parallel RCTs evaluating interventions with saffron in patients with MS, included in the qualitative synthesis.






Table 3. Characteristics of the parallel RCTs evaluating interventions with saffron in patients with MS, included in the qualitative synthesis.





	First Author
	Adalat [44]
	Ahmadi [45]
	Doosti [43]
	Ghasemi Sakha [42]
	Ghiasian [41]





	Publication
	Full-text
	Full-text
	Abstract
	Full-text
	Full-text



	Journal
	Galen. Med. J., 2019
	Biomedicine, 2020
	Mult. Scler J., 2019
	Iran J. Allergy Asthma Immunol., 2020
	J. Biochem. Mol. Toxicol., 2019



	Origin
	Iran
	Iran
	Iran
	Iran
	Iran



	Registry
	IRCT2016012916369N3
	IRCT2016122013194N3
	NR
	IRCT138802091859N1
	IRCT2016092713194N2



	Design
	Parallel
	Parallel
	Parallel
	Parallel
	Parallel



	Funding
	NR
	NR
	NR
	NR
	Neurophysiology Center



	Masking
	Double blind
	Double blind
	Triple blind
	Triple blind
	Double blind



	Randomization
	Blocked, PC-generated random numbers (1:1 ratio)
	“Randomly” NOD
	NR
	“Randomly” NOD
	PC-generated sequence



	Recruitment
	Sina Hospital, Tabriz
	Farshchian Hospital, Hamadan University of Medical Sciences
	NR
	Sina Hospital, Emam Khomeni Hospital
	Farshchian Hospital, Hamadan University



	Study duration
	NR
	2017
	NR
	NR
	NR



	Participants
	N = 52 adult patients with MS (EDDS ≤ 6) on SSRIs
	N = 40 patients with RRMS and low disability (EDSS < 4)
	N = 50 adult patients with RRMS (EDSS: 0–5.5)
	N = 43 adult patients with RRMS (EDSS: 0–5.5)
	N = 40 patients with RRMS



	Participant age (years)
	20–50 R
	20–40 R
	18–50 R
	18–50 R
	29 ± 5 M (intervention);

31.5 ± 5.3 M (placebo)



	Men/women (n)
	14/38
	5/35
	NR
	4/39
	5/35



	MS diagnostic criteria
	McDonald et al. [46] criteria
	NR
	NR
	McDonald et al. [46]
	McDonald et al. [46] and MRI



	Intervention
	ONS with herbal syrup (2 × 10 mL/day) with C. sativus, V. vinifera, C. verum, H. perforatum (n = 26)
	ONS with crocin (2 × 15 mg caps/day) (n = 20)
	ONS with saffron NOD (n NR)
	ONS with saffron (3 × 500 mg pill/day) (n = 21)
	ONS with crocin (2 × 15 mg caps/day) (n = 20)



	Comparator
	Placebo syrup (n = 26)
	Placebo (n = 20)
	Placebo (n NR)
	Placebo (n = 22)
	Placebo (n = 20)



	Intervention duration
	4 weeks
	4 weeks
	NR
	12 months
	4 weeks



	Standard

therapy
	SSRIs were only reported; MS medications were NR
	NR
	NR
	Vitamin D3, vitamin B1, Ca, tolterodine, gabapentin, citalopram, amantadine
	NR



	Treatment adherence
	By periodic phone follow-ups
	NR
	NR
	NR
	NR



	Ban of other antioxidants
	Discontinuation at trial start (including herbal medicines)
	NR
	NR
	NR
	NR



	Main

hypothesis
	Δ in fatigue and sleep disorders (depression was presented instead)
	Δ in oxidative stress
	Δ in cognition and functional ability
	Δ in proxy markers of disease severity
	Δ in inflammation and oxidative and DNA damage



	Outcomes
	BDI
	TAC, CAT, TTG, LPO from saliva and urine samples
	EDSS, BDI, MACFIMS (PASAT, BWMT, DKEFS-ST, CO-WAT, CVLT, NAART), 9HPT
	Serum levels of MMP-9 and TIMP-1 (its inhibitor)
	LPO, TAC, TTG, IL-17, TNF-α, DNA damage



	Assays
	N/A
	Absorbance (CAT), FRAP assay (TAC)
	N/A
	ELISA
	Absorbance (TTG), FRAP (TAC), SP, ELISA (IL-17, TNF-a, DNA damage)



	Dietary assessment
	NR
	NR
	NR
	NR
	NR



	PE assessment
	NR
	NR
	NR
	NR
	NR



	AEs
	None
	NR
	NR
	NR
	NR



	Drop outs
	Few relapsed (n = 2) or were dissatisfied (n = 4) (all on placebo)
	NR
	NR
	NR
	NR



	n included in final analysis
	n = 26 active arm

n = 20 placebo
	n = 20 active arm

n = 20 placebo
	NR
	n = 21 active arm

n = 22 placebo
	n = 20 active arm

n = 20 placebo



	Analysis
	PP
	ITT
	NR
	ITT
	ITT



	Results
	Those treated with the herbal extract demonstrated reduced BDI scores compared to participants in the placebo arm.
	A difference in TTG, TAC, and LPO, except for CAT activity, was noted in the crocin arm. Crocin increased saliva TTG, TAC levels, and CAT, and lowered LPO.
	Saffron improved MAC-FIMS subdomains (total learning-CVLT, PASAT, total and delay-BWMT, COWAT, DKEFS-ST, NAART). Dominant hand 9HPT differed between arms.
	The level of MMP-9 was decreased, and that of TIMP-1 was increased in the saffron arm.
	A decrease in the level of LPO, DNA damage, TNF-α, and IL-17, as well as an increase in the TAC of patients treated with crocin.







Δ, change; AEs, adverse events; BDI, Beck Depression Inventory [47]; BVMT, Brief Visuospatial Memory Test [48]; CAT, catalase activity; COWAT, Controlled Oral Word Association Test [48]; CVLT, California Verbal Learning Test [48]; DKEFS-ST, Delis–Kaplan Executive Function System Sorting Test [48]; DNA, deoxyribonucleic acid; EDSS, Expanded Disability Status Scale [49]; ELISA, enzyme-linked immunosorbent assay; FRAP, ferric reducing ability of plasma; ITT, intention-to-treat; LPO, lipid peroxidation; MMP-9, matrix metalloproteinase 9; MRI, magnetic resonance imaging; MS, multiple sclerosis; NAART, North American Adult Reading Test [50]; N/A, not applicable; NOD, not other defined; NR, not reported; ONS, oral nutrient supplementation; PC, personal computer; PE, physical exercise; PP, per protocol; RRMS, relapsing–remitting multiple sclerosis; TAC, total antioxidant capacity; TIMP-1, tissue inhibitor of metalloproteinases 1; TTG, total thiol groups; MACFIMS, Minimal Assessment of Cognitive Function in MS [48]; 9HPT, Nine Hole Peg Test [48]; PASAT, Paced Auditory Serial Addiction Test [48]; SP, spectrophotometry; SSRIs, selective serotonin reuptake inhibitors. R range; M mean ± standard deviation. In the majority of RCTs, participants had relapsing–remitting MS (RRMS) [41,42,43,45], whereas one RCT [44] recruited patients with MS on selective serotonin reuptake inhibitors (SSRIs).













3.3. Outcomes Assessed in the Included Interventions


The RCTs included outcomes related to disability, inflammation, antioxidant and redox status, depression, cognitive and functional ability, and the assessment of MS-specific biomarkers. Changes in the expanded disability status scale (EDSS) were evaluated in one trial, although the results were not presented [43]. Outcomes related to inflammation markers included DNA damage, tumor necrosis factor-α (TNF-α), and interleukin-17 (ΙL-17) concentrations.



Assessed antioxidant activity and oxidative stress markers included the malondialdehyde (MDA) concentration, total antioxidant capacity (TAC, via the ferric reducing ability of plasma (FRAP) method), catalase activity (CAT, via absorbance), lipid peroxidation (LPO) levels, and total thiol groups (TTG, assessed via colorimetry).



Depression was evaluated using the Beck Depression Inventory (BDI) [47]. In one RCT [43], cognition and functional ability were evaluated using the minimal assessment of cognitive function in MS (MACFIMS) [48] and its subscales, including the Paced Auditory Serial Addiction Test (PASAT) [48], the Delis–Kaplan executive Function System Sorting Test (DKEFS-ST) [48], the controlled oral word association test (COWAT) [48], the Brief Visuospatial Memory Test (BVMT) [48], the North American Adult Reading Test (NAART) [50], and the California Verbal Learning Test (CVLT) [48]. Finally, with regard to physical function, only finger dexterity was assessed, using the nine hole peg test (9HPT) [48].



MS-specific markers were also assessed in the included RCTs. Enzyme-linked immunosorbent assay (ELISA) was used for the assay of matrix metalloproteinases (MMPs), a group of proteolytic enzymes dissolving the extracellular matrix. In particular, the assessment involved the levels of matrix metalloproteinase 9 (MMP-9), which facilitates the migration of T cells to the central nervous system and has been associated with reduced MS activity [51]. In parallel, the concentration of tissue inhibitor of metalloproteinases 1 (TIMP-1) was also assessed, since it consists of an inhibitor of the MMP-9 function [42].




3.4. Risk of Bias Summary


The summary of risk of bias for the RCTs included in the qualitative synthesis is presented in Figure 3. According to the RoB, some concerns for overall risk of bias were apparent in the majority of RCTs (60%). The remaining (40%) RCTs exhibited high risk for overall bias. Unclear bias mainly involved the domains of randomization and selective reporting of outcomes.




3.5. AEs, Treament Adherence, and Other Biases


With regard to the AEs following saffron ONS, only one RCT [45] reported the lack of any adverse reactions. The rest of the trials failed to report any information related to Aes.



Treatment adherence was only assessed in one trial [44], with the remaining RCTs failing to control for this issue. The ban of antioxidant compounds at the beginning of the interventions was only performed by Adalat and associates [44], with the rest of the trials failing to control for this issue. Dietary intake was not recorded in any trial, despite the fact that it affects antioxidant intake and, by inference, redox status.




3.6. Synthesis without Meta-Analysis (SwiM)


Figure 4 details the effect direction plot of the outcomes assessed in the included synthesis. For the majority of outcomes, results were unanimous; however, great heterogeneity was apparent with regard to the outcomes and the number of trials assessing each outcome. For most outcomes, the total number of RCTs providing results were less than 3. Due to the clinical heterogeneity of the RCTs, a meta-analysis was not deemed as a safe option for the formulation of recommendations regarding saffron ONS.



According to the results of one trial only [41], examined markers of inflammation (DNA damage, TNF-α, and IL-17) were reduced after the saffron intervention.



Indicators of antioxidant activity and oxidative damage were improved (TTG in two trials [41,45], CAT [45] and MDA [41] in one RCT each, LPO [41,45] and TAC [41,45] in all trials).



The only RCT [42] evaluating MS-specific markers reported a reduction in MMP-9 concentrations and a concomitant increase in TIMP-1.



With regard to disability status (EDSS), no results were presented, although the EDSS was a reported outcome in one trial [43].



As for depression, two trials indicated conflicting results, with Doosti et al. [43] suggesting lack of change after saffron supplementation and Adalat and associates [44] reporting an improvement in the BDI of participants receiving the herbal syrup containing Crocus sativus L.



Furthermore, ONS with saffron induced an improvement in all batteries of cognition in patients with MS, as indicated by a single RCT [43].



Collectively, it appears that ONS with active compounds of the Crocus sativus plant may improve circulating levels of TAC, TTG, and LPO, as indicated by two trials [41,45] with a similar direction of effects. For the remaining outcomes, the evidence is inadequate to make any suggestions regarding the direction of effect, as they were examined in one trial each.





4. Discussion


According to the available evidence evaluated. In the present SWiM, ONS with saffron appears to improve redox status in patients with MS. However, with regard to the other outcomes (inflammation, disability, depression, cognitive function, and MS-specific biomarkers), the evidence is yet inadequate to suggest post-supplementation improvements.



Saffron extracts include a variety of phenolic and flavonoid compounds, as well as crocins and crocetin, all of which consist of important antioxidant substances [52]. According to research, saffron intake can inhibit oxidative damage via a reduction in the concentrations of endogenously generated ROS, as well as a concomitant reduction in the production of pro-inflammatory biomarkers [25,53,54]. With regard to MDA and TAC levels in particular, it has been shown that ONS with saffron can induce significant improvements [55], as seen herein. In MS, the overproduction of ROS and oxidative stress biomarkers in activated microglia and macrophages, in conjunction to the inflammatory environment may affect the antioxidant defense system of the CNS, further propelling demyelination and neuronal loss [24,56,57]. Furthermore, the extracellular and intracellular redox milieu is also important for the generation, activation, and apoptosis of T cells [17]. Thus, although redox status is not included in the main outcomes for MS, it carries weight in guarding the integrity of myelin stealth and, thus, disease prognosis. Unfortunately, only one trial examined markers of inflammation [45], and thus we cannot conclude on the efficacy of saffron supplementation regarding this domain.



Anxiety disorders and depression consist of common issues among patients with chronic diseases, including MS, which can in turn have a negative impact on QoL [58,59,60]. Moreover, the anxiety-induced somatic symptoms are often attributed to the MS physical symptomatology [60]. Previous research has suggested that ONS with saffron compounds can improve symptoms of depression and anxiety [31,61,62] and are equally effective as synthetic antidepressants [63,64]. Conflicting results, however, were observed in the present synthesis [43,44], and this can be attributed to trial differences in the intervention duration, in the disease and comorbidity status of recruited participants, and in the exact composition of the intervention. Given that Adalat et al. [44] used a sample of patients with MS on concomitant SSRI therapy, it is highly likely that the provided saffron-containing syrup and the SSRIs acted synergistically in that trial, inducing more acute improvements in the BDI. One might also argue that the favorable results suggested in the trial might in fact be the residue of SSRI prescription alone, without any effect being initiated due to the intake of saffron. However, since both arms were on SSRI and the improvement was only noted in the saffron-receiving arm, it is safe to conclude that the concomitant intake of saffron and SSRIs was the driver of the induced improvement in the BDI of participants. Furthermore, it is unclear if the participants had primary-progressive MS (PPMS) or secondary-progressive MS (SPMS), where the treatment with disease-modifying drugs DMDs is less frequent and intake of the food-derived factor (FDF) is required [65]. Nevertheless, establishing FDFs for MS is not an easy task [65], and many studies are required to verify the findings.



In their majority, the included RCTs failed to provide information regarding the saffron active ingredients, and this might partly explain the heterogeneity observed regarding the outcome of depression. The active ingredients of saffron, including safranal, crocin, crocetin, and picrocrocin, exhibit different biological functions, medicinal properties, and antioxidant capacities [52]. Moreover, specific characteristics of the formula elaborations suggested by the Consolidated Standards of Reporting Trials (CONSORT) statement for RCTs delivering herbal medicine interventions [25] were missing. Thus, the exact composition of each intervention, the dose of active saffron ingredients, the type and concentration of extract solvent used, purity tests, and many more characteristics are missing from the RCTs. This frequently non-standardized nature of the interventions involving herbal medicine can, in fact, multiply the probability for AEs, and for this, it is important to implement specific standards of safety and efficacy [66]. In a narrative review, Singletary [67] was the first to report the low and variable quality of trials administering saffron, and similar results have also been observed in other systematic reviews [25,28].



4.1. Heterogeneity in the Examined Outcome Measures


Interestingly, the included trials presented great heterogeneity in their reported outcomes. EDSS, the most used outcome in MS [68], providing a rapid assessment of the disability status of patients, was only applied in one trial [43], yet the results were not reported. According to empirical evidence [69], statistically significant outcomes are more likely to be reported, and thus we can assume that no effect was noted in the EDSS recorded by Doosti et al. [43]. Furthermore, as per the Core Outcome Measures in Effectiveness Trials (COMET) handbook for MS research [70], the selected outcomes in each MS trial must be relevant to health practitioners, decision makers, and patients. Herein, with regard to saffron, the trialists appear to select outcomes that are more sensitive to change (antioxidant status and oxidative stress, biomarkers, etc.), in an effort to understand the mechanisms driving Crocus Sativus L. possible efficacy.



In any case, the use of MS-specific standardized outcomes should be included in all future saffron trials, as detailed in the COMET handbook for MS research [70]. The use of standardized outcomes enables comparisons between interventions and the combination of data and results. On the other hand, the selection of non-standardized outcomes (as seen herein) may enable researchers to examine other results of particular interest for their research, but are more likely to produce positive findings and limit the ability to combine results and data [71]. Nevertheless, given that trial registries allow for the registration of any outcome, the fault is not solely on the part of the trialists. Moreover, these gaps in the use of standardized outcomes (core outcome set) has long been identified in the literature and appears to remain a challenge to this date [72].




4.2. RCTs in the Pipeline


Research on the effects of saffron in MS are still being investigated in two RCTs (Table 4). The main outcomes of these trials involve changes in the MACFIMS total score, depression (BDI) and QoL. Thus, it appears that publication of the results of these trials is expected to add evidence in the effect direction plots and guide recommendations with regard to these outcomes.




4.3. Limitations of the Present SWiM


Limitations of the present SR and SWiM include the relatively small number of RCTs with saffron interventions in MS and the heterogeneity in outcomes, not allowing for the formulation of recommendations. However, the synthesis performed herein allows us to understand gaps, bottlenecks, and limitations in the existing research and design better RCTs in the future. Heterogeneity in the selected outcomes consists of yet another issue for the present synthesis and the available evidence; however, the present findings can be used to for the design of better, future trials, using similar outcomes, thus enabling evidence synthesis. Another limitation involves the lack of AEs reporting in the trials, as per COMET instructions [70]. Other studies using saffron supplementation have reported a variety of AEs, including nausea, dizziness, headache, mouth dryness, poor appetite, fatigue, hypomania, agitation, and confusion [30,62].




4.4. Advice for Future Trials Administering Saffron in Patients with MS


The present systematic review revealed the low methodological quality and high bias of trials administering saffron in patients with MS. Future trialists working in MS should aim in selecting primary endpoints from the COMET handbook for MS research [70], supplemented by other outcomes that might be of particular interest to their research. Furthermore, the assessment/measurement of each outcome should follow the COSMIN (consensus-based standards for the selection of health measurement instruments) guidelines [73]. As far as interventions with complementary and alternative medicine (CAM) treatments are concerned, as already suggested [25], particularities regarding the intervention should clearly follow the CONSORT statement for RCTs delivering herbal medicine interventions [25] and include the exact composition of each intervention, the purification method, the dose of active ingredients, the type and concentration of extract solvent used, purity tests, etc. Last, but not least, AEs should be clearly reported according to the CONSORT harms checklist [74].





5. Conclusions


Although medical nutrition therapy, including nutrient supplementation, is not included in the clinical practice guidelines for the management of MS [75], it consists of a complementary treatment frequently selected by patients [76]. ONS with saffron compounds may prove beneficial in improving antioxidant defense and oxidative stress in patients with MS; however, the evidence is scattered and inadequate in terms of making any suggestions regarding the direction of effect of other outcomes. Trials of better design and MS-specific outcomes are required to aid decision making regarding the efficacy of supplementation with saffron in MS.
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Figure 1. Search strings used in each database. 
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Figure 2. PRISMA [34] flow diagram of the study selection process. 
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Figure 3. Summary risk of bias [38] assessment for the included RCTs. RCT, randomized controlled trial. 
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Figure 4. Qualitative synthesis without meta-analysis of the outcomes in each RCT, favoring the saffron arms post-intervention. All RCTs had less than 50 participants in each arm. Background row colors denote study quality according to the RoB (red denotes high RoB; yellow denotes some concerns regarding RoB). BDI, Beck Depression Inventory [47]; BVMT, Brief Visuospatial Memory Test [48]; CAT, catalase activity; COWAT, Controlled Oral Word Association Test [48]; CVLT, California Verbal Learning Test [48]; DKEFS-ST, Delis–Kaplan Executive Function System Sorting Test [48]; DNA, deoxyribonucleic acid; LPO, lipid peroxidation; MDA, malondialdehyde; MMP-9, matrix metalloproteinase 9; MS, multiple sclerosis; NAART, North American Adult Reading Test [50]; NR, not reported; PASAT, Paced Auditory Serial Addiction Test [48]; RCT, randomized controlled trial; RoB, risk of bias; TAC, total antioxidant capacity; TIMP-1, tissue inhibitor of metalloproteinases 1; TTG, total thiol groups; 9HPT, Nine Hole Peg Test [48]; * saliva and urine samples; † saliva only; ‡ urine samples only; ‖ intervention duration < 3 months; ¶ intervention duration 12 months; ⯅ improved; ◄► no difference was recorded. 
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Table 1. PICO components of the study’s research question.
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	Population
	Patients with an MS diagnosis



	Intervention
	Saffron (tabs, sachets, pills, tea, etc.)



	Comparison
	Placebo, or any other intervention



	Outcomes
	Any disease-specific (immediate/intermediate) or comorbidity-related outcome







MS, multiple sclerosis.
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Table 2. Inclusion and exclusion criteria of the studies included in the evidence synthesis.






Table 2. Inclusion and exclusion criteria of the studies included in the evidence synthesis.





	
Inclusion Criteria

	
Exclusion Criteria






	
(1) Having an RCT design, parallel, or cross-over

	
(1) All other study designs, including those lacking a comparator arm




	
(2) In a sample of patients with MS




	
(3) Of any age group

	
(2) Not including patients with MS




	
(4) Using an active per os intervention with saffron in any form (tablets, capsules, powder, syrup, tea)

	
(3) Using interventions lacking saffron




	
(4) Using interventions with curcumin




	
(5) Compared against placebo or any other intervention (comparative effectiveness studies)

	
(5) Published protocols without results




	
(6) Animal or preclinical studies








MS, multiple sclerosis; RCT, randomized controlled trial.
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Table 4. Parallel RCTs investigating ONS with saffron in patients with MS.






Table 4. Parallel RCTs investigating ONS with saffron in patients with MS.





	
CTI

	
Sample

	
Affiliation

	
Intervention Duration

	
Arms

	
Outcomes




	
Intervention (s)

	
Comparator (s)

	
Primary

	
Secondary






	
IRCT201202

27009157N7DB

	
Patients with MS

	
Tehran University of Medical Sciences

	
12 weeks

	
ONS with nanocrocin caps (2 × 0.27 mg of nanocrocin/day)

	
2 × placebo caps with the same smell and taste as nanocrocin

	
MACFIMS total score

	
BDI




	
IRCT201705

14033961N4OL

	
Women with MS

(N = 100)

	
Khoram-Abad University of Medical Sciences

	
12 weeks

	
(1) Performing corrective movements thrice/week and ONS with saffron (15 mg) caps twice/day

(2) Performing corrective movements thrice/week

(3) ONS with saffron caps (15 mg) twice/day

	
Not receiving any intervention

	
Depression (BDI)

QoL (SF-36)

	
NR








BDI, Beck Depression Inventory; CTI, clinical trial identifier; IRCT, Iranian Registry of Clinical Trials; MACFIMS, Minimal Assessment of Cognitive Function in MS [48]; MS, multiple sclerosis; NR, not reported; ONS, oral nutrient supplementation; QoL, quality of life; RA, rheumatoid arthritis; RCT, randomized controlled trial; SF-36, short form 36; DB double blind; OL open label.
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