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Aim: This meta-analysis was conducted to investigate the impact of saffron supplementation on the glycemic outcomes in patients with diabetes.

Methods: Eight electronic databases were systematically searched from inception to March 31, 2023. RCTs of patients with diabetes receiving saffron compared with placebo which reported glycemic control outcomes were identified. WMD and 95% CIs were pooled using fixed-effects or random-effects models, depending on the significance of heterogeneity.

Results: Out of the 837 citations screened, ten RCTs were included in the systematic review and meta-analysis. A total of 562 participants were enrolled, with 292 assigned to the intervention group and 270 to the control group. Saffron was administered at a dose of 5 mg/day to 1 g/day. Compared with placebo, saffron supplementation significantly reduced FPG (WMD = −8.42 mg/dL; 95% CI: −13.37, −3.47; p = 0.001) and HbA1c (WMD = −0.22%; 95% CI: −0.33, −0.10; p < 0.001). However, there was no significant effect on insulin levels, QUICKI and HOMA-IR.

Conclusion: Saffron is effective for patients with diabetes in terms of FPG and HbA1c, therefore, it appears to be a promising adjuvant for the glycemic control of DM. However, the overall methodological quality of the identified studies is heterogeneous, limiting the interpretation of the benefit of saffron in diabetes. More long-term follow-up, well-designed and large-scale clinical trials are warranted to draw definitive conclusions.

Systematic review registration: The protocol of review was registered in International Prospective Register of Systematic Reviews (PROSPERO) (ID: CRD42023426353).
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1 Introduction

Diabetes mellitus (DM) is a heterogeneous metabolic disorder typified by hyperglycemia, due to inadequate insulin secretion, impaired insulin effect, or both (1). The International Diabetes Federation (IDF) estimates that in 2021, the global diabetes prevalence will be 10.5% (536.6 million), which is predicted to be 12.2% (783.2 million) in 2045, leading to the increasing burden of diabetes worldwide (2). DM has been linked to the development of microvascular complications involving eyes, kidneys and nerves, as well as cardiovascular disease (CVD), abnormal pulmonary function, metabolic liver damage and increased risk of carcinogenesis (3). Consequently, there is a continuous demand for healthcare services, substantial costs to manage the disease and effective interventions to reduce incidence (4). Balanced diets, insulin therapy, regular exercise and pharmacotherapy are available to control diabetes. Nowadays, medicinal plants are also recommended as alternative or complementary therapy to increase insulin secretion and enhance insulin sensitivity (5, 6).

Saffron, the dried stigma of Crocus sativus L., is a perennial bulb of the Iridaceae family (7). In Iran, it is the most expensive spice, known as “Red Gold” (8). Compounds and ingredients consisting of saffron stigmas include crocin, picrocrocin, crocetin and safranal, with crocin responsible for the reddish colour of saffron (9). Based on the results of studies in animals and clinical trials, saffron and crocin exert significant pharmacological properties, such as hypoglycemic (10), hypolipidemic (11), antioxidant (12), anti-inflammatory (13), anticarcinogenic (14), neuroprotective (15), anti-depressive (16), and cardioprotective (17) activities, so it may have beneficial effects on diabetes, atherosclerosis, cancer, neurological disorders, depression and cardiovascular disease. Attributing to anti-inflammatory and antioxidant activities, saffron is considered to ameliorate metabolic disorders (18). Indeed, over the years, a variety of preclinical evidence and preliminary studies as well as clinical trials indicate that saffron and its constituents have antidiabetic effects. In an in vitro study investigating Moroccan and Italian saffron extracts, both extracts had a powerful antioxidant activity through the inhibition of 2,2-diphenyl-1-picrylhydrazyl (DPPH). The antidiabetic activity was evaluated by using alpha-amylase and alpha-glucosidase inhibition assay, suggesting that the compounds possessed hypoglycemic effects. Additionally, the disc diffusion method demonstrated that both extracts were effective against bacteria (19). Another experiment on 40 diabetic rats with an average age of 4 weeks was designed to evaluate the impacts of saffron petals and damask rose petals on inflammatory factors, fasting plasma glucose (FPG), hemoglobin A1c (HbA1c) and lipid profile. In the saffron petal group, insulin-like growth factor 1 (IGF-1), high-sensitivity C-reactive protein (hs-CRP), HbA1c, triglyceride was increased along with a decrease in FPG, which taken together reflected the beneficial effects of saffron on improving the status of biochemical markers (20). Although previous meta-analyses have reported the effect of saffron on glycemic parameters, results are inconsistent and none of them has focused on the whole DM population (21–26). Due to the lack of comprehensive meta-analytic evaluation of relevant randomized clinical trials (RCTs) published to date, we conducted a systematic review and meta-analysis to determine the effect of saffron supplementation on glycemic indices in patients with diabetes.



2 Materials and methods

This review was in accordance with the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) statement (27). The protocol of review was registered in International Prospective Register of Systematic Reviews (PROSPERO) (ID: CRD42023426353).


2.1 Search strategy

A comprehensive search in PubMed, Web of Science (WOS), Embase, Cochrane Central Register of Controlled Trials (CENTRAL), Chinese BioMedical Literature Database (CBM), National Knowledge Infrastructure (CNKI), Wangfang Medicine Online (WANFANG), China Science and Technology Journal Database (VIP) was performed from reception to March 31, 2023, using MeSH (Medical Subject Headings) terms relating to DM and crocus. The keywords were (“Diabetes Mellitus” OR “Diabetes” OR “Diabetic” OR “DM”) AND (“Crocus” OR “Saffron” OR “Saffrons” OR “Crocus sativus” OR “Saffron Crocus” OR “Crocus, Saffron”). Furthermore, ClinicalTrials.gov and International Clinical Trials Registry Platform (ICTRP) were manually searched for the identification of potentially eligible studies. The detailed search strategy is given in Supplementary Table S1.



2.2 Eligibility criteria

The Patient, Intervention, Comparison, Outcome and Study design (PICOS) model (28) was applied to formulate the inclusion criteria as follows: (1) patients were diagnosed with DM, regardless of age, gender, race and diabetic complications; (2) the intervention group received saffron or its ingredients, without other unconventional interventions; (3) the control group received placebo; (4) at least one of the following outcomes was reported: FPG, HbA1c, insulin levels, quantitative insulin sensitivity check index (QUICKI), and homeostatic model assessment of insulin resistance (HOMA-IR); (5) RCTs without language limitations. The exclusion criteria were: (1) animal and in vitro studies; (2) reviews, meta-analyses, case reports, editorials, letters and notes; (3) lack of outcomes of interest; (4) data could not be extracted.



2.3 Study selection

Endnote Version X9 software was utilized to select and manage the relevant citations. After deduplication, two authors independently screened the headings and abstracts to eliminate irrelevant ones according to the predefined eligibility criteria. Subsequently, full-text publications were screened to verify eligibility. All eligible studies were included without language restrictions. Differences were settled by negotiation and consensus.



2.4 Data extraction

A standardized Microsoft Excel data extraction form was previously designed. Two authors independently extracted data relating to baseline characteristics of included trials, which consisted of: the first author, year of publication, registration number, study design, population, study arm, intervention duration, sample size, age, gender, body weight, body mass index (BMI), diabetes history, and outcomes. Baseline data were presented as mean and standard deviation (SD). If an included research expressed the data as the standard error of mean (SEM), we transformed it into SD. Discrepancies were settled by discussion and consensus.



2.5 Quality assessment

Two authors assessed the methodology quality according to the Cochrane Risk of Bias Tool for RCTs (29). This quality evaluation addressed aspects including random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessors (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias) and other bias. Each domain was rated as “low,” “high,” or “unclear” risk of bias. The bias risk plots were generated with RevMan Version 5.3 software. To rigorously reduce potential biases, the quality evaluation of the included research was strictly carried out in accordance with the methods and principles of evidence-based medicine. Furthermore, evaluators contacted the authors to obtain complete data when there were unclear descriptions of research data in the included papers. If it could not be solved, we would exclude these literature. Additionally, sensitivity analyses were used to investigate whether different included studies had an impact on the results of meta-analysis. If the conclusions of the meta-analysis were reversed after leaving out one study, we should be alert whether there was a bias. Disagreements were resolved through appropriate discussion.



2.6 Statistical analysis

Statistics were analyzed using Stata Version 15.0 software. Glycemic control outcomes were measured by FPG, HbA1c, insulin levels, QUICKI and HOMA-IR. The variation in mean and SD values from baseline to final in the intervention and control arms was documented using Microsoft Excel in a tabular form. If the data were not described in the form of mean and SD, we calculated SD from SEM, 95% confidence intervals (95% CIs), t-value, p-value of t-test that relate to the differences between means. In case none of the above statistics was available from the trial report, we estimated the missing SD using a value, correlation coefficient (Corr = 0.5) as well as the baseline and final data according to the Cochrane Handbook (30). In the meta-analysis, differences between continuous outcome variables in two groups were determined using weighted mean difference (WMD), with 95% CIs when the unit of outcome measurements was consistent. Heterogeneity between the enrolled trials was evaluated using Cochrane’s Q test (Chi-square test) and I2 statistics, with a statistical significance set at a p-value of Cochrane’s Q test <0.10 or an I > 50%. To indicate the grade of heterogeneity, I2-values of 25, 50, and 75% were regarded as low, moderate, and high heterogeneity, respectively (31). Subgroup analysis and sensitivity analysis were applied to explore heterogeneity across enrolled studies, whereas a random-effects model was employed because of concerns about the magnitude of the heterogeneity that could not be addressed using the strategies described above. Subgroup analyses were conducted based on various study designs (single-blinded vs. double-blinded vs. triple-blinded), patients [type 2 diabetes mellitus (T2DM) vs. others], types (saffron vs. crocin), forms (tablet vs. capsule vs. others), doses (≤30 mg/day vs. >30 mg/day), and durations (<12 weeks vs. ≥12 weeks) of intervention. Furthermore, sensitivity analyses were performed using the leave-one-out method to test the robustness on the pooled effect. Publication bias was assessed by funnel plots when no less than ten included studies reported corresponding outcomes. Egger’s tests were further employed to test potential publication bias, when appropriate (32). Statistical significance was determined at a p-value of 0.05.




3 Results


3.1 Search results

The literature search yielded a total of 837 citations (122 from PubMed, 222 from WOS, 240 from Embase, 72 from CENTRAL, 38 from CBM, 37 from CNKI, 65 from WANFANG, 41 from VIP and 0 from others). After the deletion of duplicate records, 434 relevant references remained. Subsequently, 394 were eliminated by screening the titles and abstracts. Afterwards, 40 papers were downloaded and identified in the phase of full-text screening, of which these were rejected on the grounds that they had: no extractable data (n = 6), or no relevant outcomes (n = 24). Finally, ten RCTs that met our eligibility criteria were enrolled (33–42). Figure 1 illustrates a PRISMA flow chart for the selection procedure.
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FIGURE 1
 PRISMA flow diagram of study selection.




3.2 Study characteristics

The detailed baseline characteristics of the ten RCTs are presented in Table 1. All papers were published in 2014 or later. Of those studies, nine registered the protocol in ICTRP, while one registered in ClinicalTrials.gov. All studies were designed in parallel groups. Three trials were triple-blinded, six were double-blinded, and one was single-blinded. Included studies enrolled subjects with T2DM, prediabetes, diabetic nephropathy and diabetic maculopathy. All of the included trials were conducted in Iran. Six studies evaluated saffron, three focused on crocin, and one compared saffron as well as crocin with placebo. Intervention doses ranged from 5 mg/day to 1 g/day. There were various forms of intervention among the trials, of which five used tablets, three were given capsules, one consumed black tea, and one received pills without mentioning the specific form. The duration of intervention also varied across studies: 8 weeks in four trials, and 12 weeks (3 months) in six trials. A total of 562 participants were enrolled, with 292 individuals assigned to the intervention group and 270 to the control group. In these studies, the average baseline age ranged from 50.57 to 63.86 years, with males accounting for 12 to 65%. The mean BMI varied from 23.84 to 31.2 kg/m2, while the mean weight ranged from 63.10 to 84.6 kg. The duration of diabetes ranged from 4.67 to 19.51 years.



TABLE 1 Characteristics of included studies.
[image: Table1]



3.3 Risk of bias assessment

All ten included studies described methods for random sequence generation and blinding. Eight papers described details of allocation concealment, whereas the remaining two papers did not. The absence of appropriate blinding of outcome assessment in one article led to a high risk of bias in the domain of detection bias, and two articles were considered to have an unclear risk of bias due to failure of describing blinding of outcome assessors. Preselected outcomes were comprehensively reported in all of the studies. None reported selective outcomes. The quality evaluation graph and summary are provided in Figures 2, 3.

[image: Figure 2]

FIGURE 2
 Risk of bias graph for included studies.
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FIGURE 3
 Risk of bias summary for included studies.




3.4 Pooled analysis


3.4.1 Effect on FPG

Twelve studies reported data on FPG. As shown in Figure 4, saffron significantly reduced FPG levels in comparison with the control group (WMD = −8.42 mg/dL; 95% CI: −13.37, −3.47; p = 0.001). There was moderate heterogeneity (I2 = 67.8%, p < 0.001). Subgroup analyses were conducted according to different study designs, patients, durations, types, forms and doses of intervention (Table 2). Results revealed a greater reduction on FPG in subgroups of triple-blinded studies (WMD = −12.55 mg/dL; 95% CI: −24.45, −0.66; p = 0.039), patients diagnosed with T2DM (WMD = −9.05 mg/dL; 95% CI: −16.64, −1.46; p = 0.019), crocin supplementation (WMD = −15.30 mg/dL; 95% CI: −23.66, −6.93; p < 0.001), capsules intake (WMD = −21.77 mg/dL; 95% CI: −42.80, −0.74; p = 0.043). Additionally, there was a statically significant decrease in FPG when dose of intervention was ≤30 mg/day (WMD = −13.19 mg/dL; 95% CI: −19.99, −6.40; p < 0.001) and duration of intervention was ≥12 weeks (WMD = −12.39 mg/dL; 95% CI: −20.73, −4.06; p = 0.004).

[image: Figure 4]

FIGURE 4
 Forest plot of the effect of saffron supplementation on FPG.




TABLE 2 Summary of subgroup analyses of saffron on FPG, HbA1c, insulin levels, QUICKI, and HOMA-IR in diabetes.
[image: Table2]



3.4.2 Effect on HbA1c

Twelve studies reported data on HbA1c. As shown in Figure 5, saffron significantly reduced HbA1c levels compared with the control group (WMD = −0.22%; 95% CI: −0.33, −0.10; p < 0.001). The heterogeneity was moderate (I2 = 53.7%, p = 0.014). Subgroup analyses were performed by different study designs, patients, durations, types, forms, and doses of intervention (Table 2). Results revealed a greater reduction on FPG in subgroups of triple-blinded studies (WMD = −0.36%; 95% CI: −0.55, −0.16; p < 0.001), patients diagnosed with T2DM (WMD = −0.27%; 95% CI: −0.48, −0.05; p = 0.014), crocin supplementation (WMD = −0.38%; 95% CI: −0.62, −0.13; p = 0.002). In addition, there was a significant decrease on HbA1c when tablets were consumed (WMD = −0.33%; 95% CI: −0.49, −0.18; p < 0.001), dose of intervention was ≤30 mg/day (WMD = −0.26%; 95% CI: −0.36, −0.15; p < 0.001), and duration of intervention was ≥12 weeks (WMD = −0.32%; 95% CI: −0.46, −0.18; p < 0.001).

[image: Figure 5]

FIGURE 5
 Forest plot of the effect of saffron supplementation on HbA1c.




3.4.3 Effect on insulin levels

Seven studies reported data on insulin levels. As shown in Figure 6, no statistical change was observed between groups (WMD = −0.01 mU/L; 95% CI: −0.38, 0.37; p = 0.975). There was moderate heterogeneity (I2 = 74.2%, p = 0.001). Subgroup analyses were conducted according to different study designs, types, forms, doses and durations of intervention (Table 2). Results revealed insulin levels had an increase in triple-blinded studies (WMD = 3.13 mU/L; 95% CI: 1.15, 5.10; p = 0.002), while subgroup analyses based on types, forms, doses and durations of intervention did not reveal significant change.

[image: Figure 6]

FIGURE 6
 Forest plot of the effect of saffron supplementation on insulin levels.




3.4.4 Effect on QUICKI

Three studies reported data on QUICKI. There was no obvious variation between groups (WMD = 0.003; 95% CI: −0.004, 0.010; p = 0.355), as shown in Figure 7. The heterogeneity was moderate (I2 = 72.7%, p = 0.026). The number of enrolled trials was so limited that subgroup analysis was not carried out.

[image: Figure 7]

FIGURE 7
 Forest plot of the effect of saffron supplementation on QUICKI.




3.4.5 Effect on HOMA-IR

Six studies reported data on HOMA-IR. No remarkable difference between groups was found (WMD = −0.15; 95% CI: −0.79, 0.49; p = 0.649), as shown in Figure 8. There was high heterogeneity (I2 = 77.3%, p = 0.001). Subgroup analyses were conducted according to different study designs, types, forms, doses and durations of intervention (Table 2). Results revealed that there was a significant decrease on HOMA-IR when duration of intervention was <12 weeks (WMD = −0.28; 95% CI: −0.54, −0.02; p = 0.037), while subgroup analyses based on study designs, types, forms and doses of intervention did not reveal a significant difference.

[image: Figure 8]

FIGURE 8
 Forest plot of the effect of saffron supplementation on HOMA-IR.





3.5 Sensitivity analysis

Sensitivity analysis was performed by excluding each included study in a sequential manner, without changing the significance or direction of the pooled effect. The leave-one-out sensitivity analyses indicated our findings were robust (Supplementary Figures S1–S5).



3.6 Publication bias

Funnel plots of FPG and HbA1c are illustrated in Supplementary Figures S6, S7. Egger’s test indicated no potential publication bias for HbA1c (p = 0.284), insulin levels (p = 0.828), QUICKI (p = 0.597) and HOMA-IR (p = 0.966), except for FPG (p = 0.036), which may arouse from poor quality of included studies, small sample size or moderate heterogeneity.




4 Discussion

In the present study involving ten RCTs, we evaluated the effect of saffron supplementation on the glycemic outcomes in patients with diabetes. We observed that saffron significantly reduced FPG and HbA1c levels compared to placebo, while the results did not show a significant effect on insulin levels, QUICKI and HOMA-IR following saffron supplementation.

In clinical practice, FPG is one of the criteria for the diagnosis of diabetes and it is also used to evaluate relatively short-term treatment compliance. HbA1c is an indicator of long-term glycemic control, because it provides information about glycemic status of the past 8–12 weeks (43). In our current study, saffron significantly reduced FPG and HbA1c levels, indicating its important role in glycemic control. People who depend on traditional antidiabetic drugs would benefit from it, for they could maintain better blood glucose control and HbA1c levels.

QUICKI emerges as a dependable and reproducible approach that accurately predicts insulin sensitivity, and it has a positive predictive power for the development of diabetes (44). HOMA-IR serves as an index for steady insulin resistance, effectively reflecting the reciprocal interaction between the liver and b-cell. It demonstrates commendable performance in estimating both insulin resistance and b-cell deficiency, aligning with the euglycemic clamp method, the gold standard of assessing b-cell function (45). In terms of insulin requirements, QUICKI and HOMA-IR values, we found no significant effects. This phenomenon demonstrated that the improvement of insulin resistance and sensitivity might not be the dominant therapeutic effect of saffron.

It has been demonstrated that saffron extract or crocin has the potential to improve glycemic profile in DM. A previous RCT reported that saffron supplementation significantly lowered FPG, HbA1c, insulin levels and HOMA-IR in obese men with T2DM (46). Another recent RCT revealed that 400 mg daily saffron supplementation in combination with 8 weeks aerobic training, could improve blood glucose, insulin levels and HOMA-IR in middle-aged overweight female patients with T2DM (47). The present meta-analysis revealed that saffron supplementation significantly ameliorated FPG and HbA1c levels, but we were unable to find any significant impact of saffron on insulin levels, QUICKI and HOMA-IR. The discrepancy between the results may be explained by different populations, doses, forms, and duration of intervention.

Previous animal studies have also confirmed the benefits of saffron and crocin on glycemic control. Mohajeri et al. found that the 20, 40, and 80 mg/kg of ethanolic extract of saffron induced distinct reduction of plasma glucose in alloxan-diabetic rats (48). Rajaei et al. reported that intraperitoneal pretreatment with 60 mg/kg of crocin notably reduced blood glucose levels in streptozotocin-induced diabetic rats (49). Ouahhoud et al. found that oral administration of Crocus sativus tepals, stigmas and leaves extracts markedly lowered blood glucose levels in the diabetic rats (50). In this regard, we found that saffron significantly lowered FPG and HbA1c levels. Specifically, the reduction was greater when doses of crocin ≤30 g/day were consumed, the supplementation duration was more than 12 weeks and in T2DM.

Our study revealed no significant effect on insulin levels, QUICKI and HOMA-IR following saffron supplementation. Recent studies in animals have explored the effect of saffron on insulin resistance. Shirali et al. reported that fasting insulin levels and HOMA-IR significantly decreased in the diabetic rats following the treatment with 50 and 100 mg/kg of crocin (51). Dehghan et al. found that after 6 weeks resistance exercise and 40 mg/kg of saffron treatment, serum glucose levels, HbA1c and HOMA-IR decreased but insulin levels were not significantly different (52). The discordance between the results of animal studies may arise from varying doses, forms and durations of administration.

It appears that the benefit of saffron on glycemic control in subjects with diabetes is related to attenuation of oxidative stress (53). Saffron aqueous extract improves oxidative stress by increasing the amounts of antioxidant enzymes such as catalase (CAT), glutathione peroxidase (GPx) and superoxide dismutase (SOD), decreasing malondialdehyde (MDA) (54). Crocin also plays a beneficial role in decreasing the mRNA expression of SOD, CAT, and GPx (55). In addition, saffron stimulates the translocation of glucose transporter 4 (GLUT-4) into the cell membrane via activating AMP-activated protein kinase (AMPK)/acetyl-CoA carboxylase (ACC) and mitogen-activated protein kinases (MAPKs) in skeletal muscle cells, thus enhancing glucose uptake and insulin sensitivity (56). Moreover, saffron alleviates diabetes by inhibiting inflammatory responses. It has been proposed that saffron and crocin can suppress and down-regulate mRNA of tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) in abdominal aorta (57, 58), interleukin-17 (IL-17), high-sensitivity C-reactive protein (hs-CRP), TNF-α and nuclear factor-kappa B (NF-κB) in peripheral blood mononuclear cells (59). Crocin has been demonstrated to inhibit inflammatory reactions by lowering the level of interleukin-18 (IL-18), a potent proinflammatory cytokine that involves in the onset of diabetes nephropathy (60). Additionally, hypoglycemic potential of saffron stigma extract may be attributed to the regulation of insulin release and glucose metabolism. Through raising glucokinase (GK) expression and reducing glucose-6-phosphatase (G6Pase) expression, saffron can better improve gluconeogenesis (61).

The present study is the first meta-analysis of RCTs exploring the glycemic efficacy of saffron alone in DM patients. A previous meta-analysis investigated the effect of saffron supplementation on glycemic indices, but participants were not limited in DM (25). In our meta-analysis, we focused on patients with diabetes and included four additional recently published trials, increasing the credibility of our findings. In addition, most included RCTs were well designed as double-blinded or triple-blinded trials and possessed high quality, with the exception of one single-blinded trial.

There are some limitations to be recognized. First, the present meta-analysis includes a relatively limited number of RCTs with a small sample size and a short duration of intervention, especially in terms of insulin levels, QUICKI and HOMA-IR, which may have contributed to the lack of significant effect of saffron on the above parameters. Second, there was moderate to high heterogeneity across studies, possibly related to variations in study design, type of diabetes, dose, form, and duration of intervention. Third, all the trials in this meta-analysis were carried out in Iran, resulting in a limited representation of other countries. Also, due to only three trials reporting QUICKI data, we fail to perform subgroup analysis for this variable. Correspondingly, the findings require an interpretation with caution, and more RCTs with larger sample sizes and prolonged intervention durations are warranted to further explore the glycemic control, safety and tolerability of saffron in diabetic patients.



5 Conclusion

The findings support that saffron is able to reduce FPG and HbA1c levels, despite the fact that saffron does not appear to attenuate insulin resistance and sensitivity, it may have therapeutic potential as a promising adjuvant for glycemic control of DM. The significant heterogeneity among the included studies warrants more long-term follow-up, well-designed and large-scale clinical trials to elucidate the role of saffron in the treatment of DM.
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21869 placebo-controlled: paralet Placcbo 2 5422758 620 28304320 66344901 NR
Morave | IRCT2015110219739N1 Randomized, double-blind, | T2DM 30myday saffron capsule | 3months 2 535599 821 288440 NE 7814702 0e000
Aleal, 2019 placebo-controlled, paralll Placebo 32 52413 21 275442 NR 4684478
&)
Sepahi, 2018 IRCT2015062113058N2 Randomized, double-blind, | Diabetic S mg/day crocin tablet 3months 2 5431266 o1 N NR 18064183 o
& placebo-controlled, parallel | macalopathy 15 mg/day crocin tablet 2 5609543 1377 NR N 18635158
Placcbo 2 5717229 1010 NR NR 1951+ 141
Sepah 2022 IRCT2015101713056N3 Randomized, rple-blind, | T2DM 30mg/day crocintablet | 3months 50 5758510 208 NR NR 881209 o)
L placeboscontrolled, paralt 30mgday saffron ablet 50 5706415 2120 NR NR 820209
Placcbo 50 5692419 25025 NR NR 846+19
Tajaddini, | IRCT20090609002017N24 | Randomized, double-bind, | T2DM 100mg/day saffron capsule | Sweeks 30 50574988 15015 00242 R7:103 630245 eets)
2023(39) ‘placebo-controlled, parallel Placebo 30 518321091 1317 312546 816144 467435

NR, not reported; T2DM, type 2 diabetes mellitus; BMI, body mass index. © FPG, @ HbA1c, ® insulin levels, ® QUICKI, and ® HOMA-IR. Data are expressed as mean +SD.
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