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Background: The current evidence on the effect of Sumac consumption on cardiovascular parameters has produced controversial findings.

Methods: We systematically searched several databases, including PubMed-Medline, SCOPUS, and ISI Web of Science, to find eligible studies until January 2023. Meta-analysis to calculated the weighted mean difference (WMD) and 95 %CI, Sub-group meta-analysis and meta-regression analysis were conducted throughout the study.

Results: 16 randomized controlled trials comprising a total number of 1,225 participants were included. The results of meta-analysis revealed that Sumac significantly affected low-density lipoprotein (WMD: −8.66 mg/dL; 95% CI: −14.2, −3.12), high-density lipoprotein (WMD: 3.15 mg/dL; 1.99,4.31), triglycerides (WMD: −11.96 mg/dL; −19.44, −4.48), fasting blood glucose (WMD: −4.15 mg/dL; −7.31, −0.98), insulin (WMD: −1.72; −3.18, −0.25), homeostasis model assessment of insulin resistance (HOMA-IR; WMD: −0.61; −1.22, −0.01), and anthropometric indices (p < 0.05). Moreover, the results significantly reduced total cholesterol when the intervention duration was ≥12 weeks (WMD: −8.58 mg/dL; −16.8, −0.37).

Conclusion: These findings suggest that Sumac is potentially an effective complementary intervention to improve cardiometabolic parameters. Thus, patients could utilize Sumac as part of their diet to improve their overall cardiometabolic status.
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1 Introduction

Cardiovascular diseases (CVDs) are linked to several disorders of the heart and blood vessels, including coronary artery disease, atherosclerosis, hypertension, and heart failure (1). CVDs are known as the leading cause of death worldwide. The incidence of CVDs has risen by 77.12% from 31.31 million in 1990 to 55.45 million in 2019; deaths increased by 53.81% from 12.07 million in 1990 to 18.56 million in 2019 (2).

Blood pressure, poor glycemic control, dyslipidemia, and obesity are significant factors related to CVDs (3–6). LDL cholesterol is regarded as “bad” cholesterol because it may induce plaque accumulation in the arteries, leading to atherosclerosis and CVDs. Oxidized LDL particles in the circulation may accumulate in vessel walls and cause plaque development over time. Plaque formation narrows the arterial lumen, producing blood flow resistance and making it harder for the heart and other organs to function. When plaque becomes unstable, it can cause blood clots and arterial blockage and lead to a stroke or heart attack (7).

Elevated blood glucose is a significant risk factor for CVD (8). It may cause oxidative stress and inflammation, endothelial dysfunction, vascular smooth muscle cell proliferation, and platelet activation, and thus contribute to atherosclerosis and CVDs. Over time, hyperglycemia can lead to the production of advanced glycation end-products, which are linked to inflammation and oxidative stress (9).

Today, experimental investigations and, to a lesser degree, clinical trials have highlighted the use of dietary supplements as an adjuvant in treating many diseases, including those affecting the cardiovascular system (10–13). Around the world, the Sumac plant often grows in subtropical and temperate climates, particularly in Africa, North America, and Southeast Asia (14). It is also commonly used as a spice on Iranian table (15). The phytochemical investigations have revealed that Sumac embodies a profuse pool of phenolic compounds comprising delphinidin, chrysanthemin, myrtillin, tannins, and diverse variants of organic acids, specifically malic acid, citric acid, and tartaric acid (16, 17). These components have shown to possess various properties, including antimicrobial, antifungal, antifibrogenic, antimalarial, anti-inflammatory, antioxidant, antimutagenic, anti-thrombin, antitumorigenic, cytotoxic, hypoglycemic, antiviral and leukopenic properties (17). because of its antioxidant properties, accessibility, and minimal side effects compared to hypocholesterolemia drugs, Sumac might be an optimal option for guarding against cardiovascular risk factors (18).

Some meta-analyses have been conducted to show the Sumac effect on glycemic indices and blood lipids. However, no meta-analysis has assessed the Sumac effect on cardiometabolic risk factors together (19, 20). Thus, we conducted this meta-analysis to evaluate the effect of Sumac consumption on cardiometabolic risk factors for the first time.



2 Materials and methods


2.1 Search strategy

This meta-analysis was conducted based on the guidelines of the PRISMA statement. The criteria of PICOS were clearly defined (Table 1). We searched the PubMed-Medline, SCOPUS, and ISI Web of Science databases to find English-language randomized controlled trials (RCT) with human participants until August 2023 that analyzed the Sumac effect on cardiometabolic risk factors. This search used the following keywords in the title and abstract: rhus* OR “Anacardiaceae” OR “Rhus coriaria” OR Sumac* OR Sumach. The search strategy is provided in Supplementary material S1. In addition, a manual search was conducted through the first 20 pages of Google Scholar, and the references of eligible studies were checked to ensure that no relevant reports were missed. Two investigators (S.J. and M.A.) separately assessed each study. Discrepancies were resolved by discussion with A.J. The protocol of this study was registered in the international prospective register of systematic reviews (PROSPERO) database (registration no: CRD42022352515).1



TABLE 1 PICOS criteria for inclusion and exclusion of studies.
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2.2 Study selection

The following studies met the criteria for inclusion: clinical trials (in parallel or cross-over designs), studies with an adequately controlled design where Sumac was the only difference between the control and treatment groups, adult participants (over the age of 18), Sumac consumption for at least 2 weeks, and mean and standard deviation (SD), standard error (SE), or 95% confidence interval (CI) values for baseline and post-trial CVD risk factors for each of intervention and control groups presented. CVD risk factors included lipid profile (total cholesterol, low-density lipoprotein cholesterol [LDL-C], high-density lipoprotein cholesterol [HDL-C], fasting triglycerides), glycemic control (fasting glucose, fasting insulin, glycated hemoglobin [HbA1c], homeostasis model assessment of insulin resistance [HOMA-IR]), blood pressure (systolic blood pressure [SBP], diastolic blood pressure [DBP]), and anthropometric indices (body weight, body mass index [BMI], waist circumference). Non-interventional studies, studies without control or placebo groups, observational studies (case–control, cross-sectional, or cohort designs), and trials with insufficient data on baseline or endpoint cardiometabolic risk variables were excluded. Study selection were not restricted by date or location of the study.



2.3 Data extraction

The authors conducted an independent review of qualifying studies, examining the first author’s identity, study location, publication year, RCT design (cross-over or parallel), sample size (both intervention and control groups), participant characteristics (including gender, age, and health status), duration of intervention, the quantity of Sumac ingested, and the means and standard deviations (SDs) of the intended outcomes at baseline, post-intervention, and, or changes between baseline and post-intervention.



2.4 Quality assessment

The present study presents a detailed account of the quality assessment of the included studies in Supplementary Table 1. Methodological evaluation of the quality of RCTs was conducted based on the Cochrane risk of bias criteria (21). Two independent authors (M.A and S.J) were responsible for rating each study as having a low, high, or unclear risk of bias, based on potential sources of bias such as blinding of outcome assessment, allocation concealment, blinding of participants and personnel, random sequence generation, incomplete outcome data, selective reporting, and other forms of bias. Any discrepancies were resolved through discussion with a third author (A.J).



2.5 Statistical analysis

This meta-analysis was performed through the using of Comprehensive Meta-Analysis (CMA) V2 software. The mean alteration of the parameters mentioned above, along with their corresponding standard deviations (SD), were extracted. The effect sizes were articulated in terms of weighted mean differences (WMDs) and 95% confidence intervals. We have computed the standard deviations of the mean differences utilizing the subsequent formula: SD = square root [(SD pre-intervention)2 + (SD post-intervention)2 − (2 R × SD pre-intervention × SD post-intervention)], supposing a correlation coefficient (R) = 0.5, If the reported values of our variables were in the median and interquartile range (IQR), the estimation of mean and standard SD values was performed using a pre-defined method (22).

Where only SE was reported, SDs were computed using the subsequent formula: SD = SE × sqrt (n), where n is the number of subjects in each group.

The heterogeneity among the studies was assessed utilizing Cochran’s test (p < 0.1) and quantitatively through the I2 statistic (I2 ≥ 50% indicative of notable heterogeneity across the studies). If a significant heterogeneity was demonstrated, a random-effects model was employed; otherwise, a fixed-effects model was utilized.

The sensitivity analysis was performed utilizing the one study remove (leave-one-out) methodology, whereby a single study was omitted, and the analysis was repeated, to evaluate the influence of any study on the overall effect size. A meta-regression analysis was conducted utilizing the unrestricted maximum likelihood method to examine the connection between the overall effect size and the Sumac dose, as well as the duration of intervention.

The analysis of potential publication bias was conducted through the using of funnel plot asymmetry, Begg’s rank correlation, and Egger’s weighted regression tests. We have utilized the Duval & Tweedie ‘trim and fill’ and ‘fail-safe N’ techniques to make adjustments to the analysis, accounting for the influence of publication bias (23).



2.6 Grading the evidence

two authors (M.A. and A.J.) independently utilized the GRADE approach. Evidence reliability was evaluated for limitations, inconsistencies, indirectness, inaccuracies, and publication bias, leading to potential downgrading. Discrepancies between the two evaluators were resolved through discussion. Certainty ratings of “High,” “Medium,” “Low,” and “Very low” were assigned to both sets of evidence based on the mentioned criteria (Supplementary Table 3).




3 Results


3.1 Search results and trial flow

After searching the databases, a total of 969 RCT records were identified, but 199 of them were duplicate publications and removed. Following an assessment of the title and abstract, 752 studies were excluded from further analysis, leaving only 18 studies to undergo full-text evaluation. After a thorough evaluation, five articles were removed for these reasons: inappropriate design (n = 3) and did not report adequate information (n = 2). Through hand-search, three more studies were found, and thus 16 investigations with 17 arms were included in the meta-analysis (18, 24–38). The flow chart for the process of the study selection is shown in Supplementary Figure 1.



3.2 Study characteristics

The characteristics of the studies are provided in Table 2. Data were collected from 16 eligible studies including 17 arms, comprising 1,225 participants, with 613 individuals in the intervention and 612 in the control group. The mean age of the participants was between 23 and 60 years. All selected studies were conducted between 2014 and 2023. ،the Sumac dose ranged between 1 and 3 g/day, and the duration of intervention varied from 6 to 12 weeks. Three studies were carried out on type 2 diabetic patients (26, 36, 38); two trials included patients with non-alcoholic fatty liver disease; two articles had subjects with metabolic syndrome; two studies were conducted on overweight or obese women with depression; in one article subjects were patients with polycystic ovary syndrome (PCOS); one trial carried out on subjects with hypercholesterolemia; one trial was done on patients with primary hyperlipidemia; one research investigations was undertaken on adults who were overweight/obese; one study was conducted on adults diagnosed with dyslipidemia; one study was performed on hypertensive patients and, in one study subjects were hemodialysis patients who received two different quantities of Sumac dose.



TABLE 2 Characteristic of included studies in meta-analysis.
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3.3 Sumac consumption and FBS

Estimated pooled effects using a random-model showed a significant decrease in fasting blood sugar following consumption of Sumac (WMD = −4.15 mg/dL; 95% CI: −7.31, −0.98; p = 0.01; I2 = 53.09%). The sub-group analysis revealed that the dose and duration of the intervention were sources of heterogeneity. Furthermore, the consumption of Sumac significantly decreased the levels of fasting blood sugar only with a dosage of ≥3 g/day and a treatment duration of ≥12 weeks (Table 3).



TABLE 3 Subgroup analyses of sumac supplementation on fasting blood glucose in adults.
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3.4 Sumac consumption and insulin

The estimated pooled effect of 7 individual studies demonstrates a significant decrease in serum insulin (WMD = −1.72; 95% CI: −3.18, −0.25, p = 0.021; I2 = 87.88%). After sub-group analysis based on the dose and duration of the intervention, we did not find the source of heterogeneity. These results indicated visible beneficial effects of Sumac consumption at high dosages (dosage ≥3 g/day) and long durations (weeks ≥12) compared to low dosages and short duration of intervention (Table 4).



TABLE 4 Subgroup analyses of sumac supplementation on insulin in adults.
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3.5 Sumac consumption and HOMA-IR

Meta-analysis revealed a significant reduction on HOMA-IR levels (WMD = −0.61; 95% CI: −1.22, −0.01, p = 0.045; I2 = 90.56%). Upon conducting a sub-group analysis based on the dose and duration of the intervention, the source of heterogeneity was found to be the dosages of interventions. These findings suggest that the consumption of Sumac at high dosage (dosage ≥3gr/day) and for a prolonged duration (weeks ≥12) resulted in a significant decrease in HOMA-IR levels, in opposition to lower dosages and shorter duration of intervention (Figure 1; Table 5).

[image: Figure 1]

FIGURE 1
 Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of garlic supplementation on; (A) FBS; (B) Insulin; (C) HOMA-IR; and (D) HbA1c; (E) TG; (F) TC; (G) LDL; (H) HDL; (I) SBP; (J) DBP; (K) Weight; (L) BMI; (M) WC.




TABLE 5 Subgroup analyses of sumac supplementation on HOMA-IR in adults.
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3.6 Sumac consumption and glycated hemoglobin (HbA1c)

Pooling the effect sizes using a fix-effect model revealed that Sumac had a significant effect in reducing HbA1c (WMD = −0.49, 95% CI: −0.63, −0.36; p < 0.001; Table 6).



TABLE 6 Subgroup analyses of sumac supplementation on Hb-A1c in adults.
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3.7 Sumac consumption and triglycerides

The estimated pooled effect using a fixed-model showed a significant decrease in triglyceride levels following consumption of Sumac (WMD = −11.96 mg/dL; 95% CI: −19.44, −4.48; p = 0.002; I2 = 0). The subgroup analysis indicated that trials administering a Sumac dose of <3 g/day and an intervention period of ≥12 weeks duration resulted in a significant reduction in triglycerides compared to those using higher dosages (dosage ≥3 g/day) or lower durations (<12 weeks; Table 7).



TABLE 7 Subgroup analyses of sumac supplementation on triglycerides in adults.
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3.8 Sumac consumption and total cholesterol

Meta-analysis did not detect a statistically significant alteration in plasma total cholesterol concentrations after the administration of Sumac (WMD = −10.29 mg/dL; 95% CI: −22.91, 1.31; p = 0.081; I2 = 79.45%). The subgroup analysis revealed that sources of heterogeneity were the duration and dose of the intervention. In opposition to the overall effect, subgroup analysis revealed that trials with intervention durations <12 weeks were effective on total cholesterol (WMD = −8.58 mg/dL; 95% CI: −16.8, −0.37; p = 0.04; Table 8).



TABLE 8 Subgroup analyses of sumac supplementation on total cholesterol in adults.
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3.9 Sumac consumption and low-density lipoprotein

The estimated pooled effect indicated a significant effect in reducing LDL levels with Sumac consumption (WMD = −8.66 mg/dL; 95% CI: −14.2, −3.12; p = 0.002; I2 = 63.97%). The analysis of the subgroups indicated that the potential sources of heterogeneity were the dose and duration of the intervention. Subgroup analysis demonstrated that Sumac consumption can significantly reduce LDL levels at lower doses (< 2 g/day; Table 9).



TABLE 9 Subgroup analyses of sumac supplementation on LDL in adults.
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3.10 Sumac consumption and high-density lipoprotein

Meta-analysis using a fixed-effect model showed a significant impact in increasing HDL levels following Sumac consumption (WMD = 3.15 mg/dL; 95% CI: 1.99, 4.31; p < 0.001; I2 = 40.12%). When the studies were categorized based on their duration, there was a more significant impact on HDL levels in the subgroup of trials with ≥12 weeks duration (WMD = 3.66 mg/dL; 95% CI: 2.36, 4.96; p < 0.001) while trial durations <12 weeks were not effective (WMD = 1.16 mg/dL; 95% CI: −1.41, 3.73; p = 0.376). When the studies were classified based on administered Sumac dosage, more significant effect was observed in trials with a dose of ≥2 g/day compared to those with a dosage of <2 g/day (Table 10).



TABLE 10 Subgroup analyses of sumac supplementation on HDL in adults.
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3.11 Sumac consumption and systolic blood pressure

Five studies comprising 195 cases and 194 controls examined the effect of Sumac on systolic blood pressure. The estimated pooled effect using the random-effects model revealed that Sumac had no significant effect on systolic blood pressure (WMD: −4.96 mmHg; 95% CI: −14.32, 4.4; p = 0.229; I2 = 99.4%,). Although subgroup analysis was carried out by baseline systolic blood pressure, dose, and duration of the intervention, the source of heterogeneity was not found. Only one trial with a baseline systolic blood pressure of ≥140 (mm/Hg) achieved a significant reduction in systolic blood pressure compared to other trials (Table 11).



TABLE 11 Subgroup analyses of sumac supplementation on systolic blood pressure in adults.
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3.12 Sumac consumption and diastolic blood pressure

The estimated pooled effect using the random-effects model indicated that Sumac had no significant impact on diastolic blood pressure (WMD = −2.23 mmHg; 95% CI: −4.48, 0.015; p = 0.052; I2 = 94.56%). Results of subgroup analysis revealed that trials with <2 g/day Sumac dose caused a significant reduction in diastolic blood pressure while higher dosages did not. Similarly, Sumac significantly decreased diastolic blood pressure in the subgroup with an intervention duration of <12 weeks with no effect in longer durations (Table 12).



TABLE 12 Subgroup analyses of sumac supplementation on diastolic blood pressure in adults.
[image: Table12]



3.13 Sumac consumption and weight

The estimated pooled effect using the random-effects approach showed that Sumac had a significant lowering effect on body weight (WMD = −0.88 kg, 95% CI: −1.55, −0.21, p = 0.01; I2 = 59.19%). The result of subgroup analysis by duration and dose of the intervention showed that both duration and dosage were potential sources of heterogeneity. When the studies were classified based on the duration of the intervention, there was a significant weight reduction in studies with <12 weeks duration versus those with ≥12 weeks duration (Table 13).



TABLE 13 Subgroup analyses of sumac supplementation on weight in adults.
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3.14 Sumac consumption and body mass index

The estimated pooled effect based on fix-effects models indicated a significant BMI reduction (WMD = −0.25 kg/m2; 95% CI: −0.37, −0.12; p < 0.001; I2 = 41.53%; Table 14).



TABLE 14 Subgroup analyses of sumac supplementation on body mass index in adults.
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3.15 Sumac consumption and waist circumference

Estimated pooled effect using fixed-effects model revealed a significant reduction in waist circumference (WMD = −0.43 cm; 95%CI: −0.84, −0.19; p = 0.04) with no significant heterogeneity among the studies (I2 = 19.76%). Subgroup analysis by dose and duration of the intervention showed waist circumference decreased substantially in trials with ≥3 g/day intervention dose compared with <3 g/day dosage. Similarly, waist circumference declined significantly in trials with ≥12 weeks duration compared with trials with shorter durations (Table 15).



TABLE 15 Subgroup analyses of sumac supplementation on waist circumference in adults.
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3.16 Sensitivity analysis

The sensitivity analysis has revealed that the calculated overall effect size for systolic blood pressure, BMI, LDL, HDL, and fasting blood glucose levels remained essentially unchanged even after the exclusion of individual studies. However, after the exclusion of investigations conducted by Ehsani et al., the impact of Sumac consumption on diastolic blood pressure and triglyceride levels significantly changed to (WMD = −2.97; 95% CI: −4.53, −1.41) and (WMD = −8.91, 95% CI: −18.96, 1.14), respectively. Moreover, removing studies of Ehsani et al. and Haj Mohammadi et al. changed the overall effect of Sumac on total cholesterol concentration to (WMD = −6.86 mg/dL, 95% CI: −13.29, −0.43) and (WMD = −12.81 mg/dL, 95% CI: −25.48, −0.149), respectively. The exclusion of the research carried out by Heydari et al. and Hariri et al. (1) resulted in an alteration of the overall impact of Sumac on waist circumference to (WMD = −0.32 cm, 95% CI: −1.25, 0.61) and (WMD = −0.32 cm, 95% CI: −0.75, 0.10) respectively. The omission of the investigation conducted by Heydari et al. caused an alteration in the overall influence of Sumac on weight (WMD = −1.04 kg, 95% CI: −2.10, 0.02). Removing the studies by Kazemi et al., Afandak et al., and Hariri et al. changed the overall effect of Sumac on insulin to (WMD: −0.73, 95%CI: −1.73, 0.27), (WMD = −2.02, 95% CI: −4.42, 0.37) and (WMD = −1.51, 95% CI: −3.06, 0.02), respectively. Exclusion of the investigation conducted by Kazemi et al. and Afandak et al. altered the overall impact of Sumac on HOMA-IR to (WMD = −0.3, 95% CI: −0.71, 0.09) and (WMD = −0.67, 95% CI: −1.50, 0.20), respectively.



3.17 Meta-regression analysis

Meta-regression was utilized to investigate the potential linear correlation between the dosage and duration of Sumac consumption and cardiometabolic risk factors. The analysis did not reveal any significant correlation between the dose and duration of intervention to alterations in HOMA-IR, insulin, LDL, HDL, systolic blood pressure, diastolic blood pressure, waist circumference, triglycerides, and total cholesterol (Supplementary Table 2). Although BMI and weight did not have any relationship with the duration of the intervention, there was a significant linear correlation between the dose of Sumac consumption and BMI and weight. Furthermore, there was a significant correlation between the dose of the intervention and fasting blood glucose levels, regardless of the duration of the intervention (Supplementary Figure 2).



3.18 Publication bias

The results of Begg’s rank correlation test revealed no publication bias in cardiometabolic risk factors. Corrected effect sizes, the result of Egger’s linear regression test, Begg’s rank correlation test, and “fail safe N” tests are added in Supplementary Table 4. Upon visual inspection of the funnel plot, there was no evidence of publication bias in studies that evaluated the effect of Sumac consumption on the cardiometabolic parameters (Supplementary Figure 3).




4 Discussion


4.1 Main findings

The results of the present study demonstrated the protective effect of Sumac supplementation in improving overall health status. According to the results, Sumac supplementation significantly reduced the levels of triglycerides, LDL, fasting blood glucose, insulin, and HbA1c, decreased HOMA-IR, weight, BMI, and waist circumference, and improved HDL concentration in blood. Regression analysis showed a significant association between the dose of intervention with changes in weight and BMI. The regression analysis results revealed a significant association between the duration of intervention and changes in fasting blood glucose. The Pooled effect size of five studies regarding the effect of the intervention on blood pressure failed to show any significant effect which might be due to the low number of included studies. However, subgroup analysis based on the dosage of intervention revealed that Sumac significantly reduced diastolic blood pressure in studies that utilized lower dosages of intervention (<2 g/day). Based on subgroup analysis, the lowering effect of Sumac on systolic blood pressure is confined to participants with high systolic blood pressure (≥140 mmHg). Re-analyzing studies using sensitivity analysis demonstrated a significant reduction of diastolic blood pressure After omitting a study, However, the results remained insignificant for SBP after stepwise exclusion of each investigation.



4.2 Effect of Sumac on lipid profile

In contrast with the present study, a previous meta-analysis failed to demonstrate any significant effect of Sumac supplementation on blood lipid profile which might be due to the low number of included studies (n = 3)in quantitative synthesis (19). Our meta-analysis updated the previous one by pooling the effect sizes of more recent studies. Based on the present study, Sumac supplementation is potentially an effective treatment in improving HDL concentration and reduction of triglycerides and LDL. The mechanism behind this phenomenon is, however, not clearly understood. Several experimental studies have shown the same effect (39–41). There are some possible mechanisms, by which Sumac can improve lipid profile. Gallic acid is a phenolic compound in plants such as Sumac (42). Studies have demonstrated that gallic acid potentially improves lipid metabolism via upregulating metabolic pathways such as β-oxidation of fatty acids and ketogenesis (43). Moreover, gallic acid is shown to reduce LDL, very low-density lipoprotein (VLDL), and triglycerides, and improve HDL concentration in a cardiotoxic-induced animal model (44). Sumac is also rich in phenolic compounds such as quercetin, which modulates the gut microbiome and AMPK/PPAR signaling pathway (45–47). Moreover, kaempferol in Sumac may improve lipid profile by various pathways, including upregulation of hepatic PPARα (48, 49). Our results failed to demonstrate any significant effect of Sumac on total cholesterol concentrations. However, subgroup analysis revealed that Sumac can reduce total cholesterol concentration when the duration of intervention is low (< 12 weeks). Low duration of intervention with Sumac is shown to be not effective on changing concentration of LDL and HDL in the present meta-analysis. However, utilizing Sumac in an extended duration significantly improves concentration of HDL. It might be the factor that Sumac did not change total concentrations of cholesterol in extended duration.



4.3 Effect of Sumac on obesity indices

The effect of Sumac supplementation on obesity indices was investigated in the present meta-analysis. There is no meta-analysis to be compared with our results. We found that Sumac supplementation significantly reduced weight, BMI, and waist circumference. Weight reduction is a complex mechanism involving several pathways, including appetite regulation and energy homeostasis (50). Sumac is shown to have a very robust inhibitory effect on pancreatic lipase enzyme activity and thus can reduce fat absorption and calorie intake (51). Moreover, Sumac is shown to be a critical source of bioactive compounds including polyphenols (52) and studies have shown that food-derived phenolic compounds have the capacity of promoting energy expenditure through the activation of brown adipose tissue (53). Quercetin is another possible ingredient in Sumac that can expedite the thermogenesis in brown adipose tissue and increase energy expenditure (46, 54).

Hunger and satiety sensations involve various physiological and biochemical pathways that regulate food intake and energy hemostasis (55). Natural phenolic compounds such as quercetin, kaempferol, gallotannins, and gallic acid have been shown to have appetite suppression properties including reduction of ghrelin, resistin, and glucagon-like peptide-1 (GLP-1) concentrations, and induction of serotonin and leptin pathways (56). Interestingly, Sumac is a natural source of phenolic compounds mentioned above (52).



4.4 Effect of Sumac on glycemic control

We expanded the results by conducting a meta-analysis on glycemic indices. A previous meta-analysis conducted to evaluate the effect of Sumac supplementation on glycemic indices failed to show a significant effect of Sumac on glycemic parameters (20). In opposition to previous study Updating the results with more recent trials revealed that Sumac supplementation significantly reduced fasting blood glucose insulin, HbA1c concentrations, and the level of HOMA-IR. Galic acid which is widely found in Sumac is shown to have an inhibitory effect on carbohydrate digestive enzymes including α-amylase and α-glucosidase and thus could lower postprandial glycemic response and eventuality reduce the overall risk in diabetes patients (52, 57, 58). Furthermore, it is found that galic acid upregulates mRNA expression of GLUT-4 and IRS-1 in adipose tissue (59). Moreover, the quercetin content of Sumac could possibly be attributed to improved glucose metabolism in skeletal muscle cells and hepatocytes via stimulating AMPK and thus increased GLUT4 translocation (52, 60). Galic acid is also shown to have a protective effect on pancreatic islet cells via modulation of inflammatory and oxidative pathways also increases the secretion of insulin from the pancreas (61).



4.5 Effect of Sumac on blood pressure

We also investigated the effect of Sumac supplementation on blood pressure. We found that the overall effect of Sumac supplementation did not have a significant effect on systolic and diastolic blood pressure. Conducting a subgroup analysis based on baseline levels of blood pressure, dose, and duration of intervention revealed that the lowering effect of the intervention on systolic blood pressure is confined to those participants with high systolic blood pressure (≥140 mmHg) and that on diastolic blood pressure was observed in lower Sumac doses (<2 g/day). Higher dosage of Sumac supplementation results in an insignificant increase in systolic blood pressure. Sumac contains minerals that shown to have protective effect on blood pressure, namely, potassium, calcium, magnesium (62–64), however it also contains sodium that might led to increased blood pressure (65).



4.6 Strengths and limitations

The present investigation contained strengths and limitations that should be considered in the overall interpretation of the results. The literature review showed that our study was the first investigation to evaluate the effect of Sumac supplementation on all cardiometabolic factors. Furthermore, we expanded the results by conducting several sub-analyses including sub-group analysis and meta-regression to find the source of heterogeneity. Besides, we comprehensively searched the literature to reduce bias in the review process. However, the low number of included participants in some factors, high heterogeneity and failure to find the source of the heterogeneity, lack of enough arms to conduct subgroup analysis, and risk of bias in some factors should be considered as limitations of the study in the final interpretation. Additionally, Sumac might hold cultural, historical, or traditional significance in Iran. Consequently, while studies have been conducted exclusively in Iran, conducting research across multiple countries could provide insights into the universality of these findings.



4.7 Clinical and public health implications

Several investigations demonstrated the beneficial effect of complementary therapies via plant-based intervention to have a positive effect on cardiometabolic indices. We found that Sumac is one of these interventions that could be used in the medical setting. Patients could benefit from the results of the present study as clinicians might include Sumac supplementation as a complementary therapy besides conventional intervention to improve overall cardiometabolic status in patients.




5 Conclusion

We found that Sumac especially at higher duration could potentially improves glycemic parameters including fasting blood glucose, fasting insulin concentrations, HbA1c and HOMA-IR levels especially at higher dosages and higher duration of intervention. Moreover, we found that Sumac could potentially aid in controlling lipid profile by lowering the concentrations of triglycerides and LDL and improving HDL concentrations. Anthropometric indices including body wight, BMI, and waist circumference potentially improves by utilizing Sumac daily. Thus, this study gives an insight to a potential planed based intervention to improve cardiometabolic disturbances. Clinicians could advice participants with cardiometabolic disturbances to take Sumac supplementation for aiding in overall health status. More trials with high duration and high dosage of Sumac are advised to be assess Sumac supplementation on other cardiometabolic parameters including inflammation and oxidative stress.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

AJ: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Visualization, Writing – original draft. SJ: Data curation, Investigation, Writing – original draft. MA: Supervision, Validation, Writing – review & editing. MAA: Project administration, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1305024/Full#supplementary-material



Footnotes

1   http://www.crd.york.ac.uk/PROSPERO



References

 1. Ros, E, Martínez-González, MA, Estruch, R, Salas-Salvadó, J, Fitó, M, Martínez, JA , et al. Mediterranean diet and cardiovascular health: teachings of the PREDIMED study. Adv Nutr. (2014) 5:330s–6s. doi: 10.3945/an.113.005389 

 2. Li, Y, Cao, GY, Jing, WZ, Liu, J, and Liu, M. Global trends and regional differences in incidence and mortality of cardiovascular disease, 1990-2019: findings from 2019 global burden of disease study. Eur J Prev Cardiol. (2023) 30:276–86. doi: 10.1093/eurjpc/zwac285 

 3. Chen, S, Shen, Y, Liu, YH, Dai, Y, Wu, ZM, Wang, XQ , et al. Impact of glycemic control on the association of endothelial dysfunction and coronary artery disease in patients with type 2 diabetes mellitus. Cardiovasc Diabetol. (2021) 20:64. doi: 10.1186/s12933-021-01257-y 

 4. Dong, J, Yang, S, Zhuang, Q, Sun, J, Wei, P, Zhao, X , et al. The associations of lipid profiles with cardiovascular diseases and death in a 10-year prospective cohort study. Front Cardiovasc Med. (2021) 8:745539. doi: 10.3389/fcvm.2021.745539 

 5. Fuchs, FD, and Whelton, PK. High blood pressure and cardiovascular disease. Hypertension. (2020) 75:285–92. doi: 10.1161/HYPERTENSIONAHA.119.14240 

 6. Lavie, CJ, Arena, R, Alpert, MA, Milani, RV, and Ventura, HO. Management of cardiovascular diseases in patients with obesity. Nat Rev Cardiol. (2018) 15:45–56. doi: 10.1038/nrcardio.2017.108 

 7. Ference, BA, Ginsberg, HN, Graham, I, Ray, KK, Packard, CJ, Bruckert, E , et al. Low-density lipoproteins cause atherosclerotic cardiovascular disease. 1. Evidence from genetic, epidemiologic, and clinical studies. A consensus statement from the European atherosclerosis society consensus panel. Eur Heart J. (2017) 38:2459–72. doi: 10.1093/eurheartj/ehx144 

 8. Poznyak, AV, Litvinova, L, Poggio, P, Sukhorukov, VN, and Orekhov, AN. Effect of glucose levels on cardiovascular risk. Cell. (2022) 11:3034. doi: 10.3390/cells11193034 

 9. Meigs, JB, Nathan, DM, D'Agostino, RB Sr, and Wilson, PW. Fasting and postchallenge glycemia and cardiovascular disease risk: the Framingham offspring study. Diabetes Care. (2002) 25:1845–50. doi: 10.2337/diacare.25.10.1845 

 10. Al Mofleh, IA. Spices, herbal xenobiotics and the stomach: friends or foes? World J Gastroenterol. (2010) 16:2710–9. doi: 10.3748/wjg.v16.i22.2710 

 11. Kavyani, Z, Shahhosseini, E, Moridpour, AH, Falahatzadeh, M, Vajdi, M, Musazadeh, V , et al. The effect of berberine supplementation on lipid profile and obesity indices: an umbrella review of meta-analysis. PharmaNutrition. (2023) 26:100364. doi: 10.1016/j.phanu.2023.100364

 12. Zarezadeh, M, Musazadeh, V, Ghalichi, F, Kavyani, Z, Nasernia, R, Parang, M , et al. Effects of probiotics supplementation on blood pressure: an umbrella meta-analysis of randomized controlled trials. Nutr Metab Cardiovasc Dis. (2023) 33:275–86. doi: 10.1016/j.numecd.2022.09.005 

 13. Vajdi, M, Musazadeh, V, Khajeh, M, Safaei, E, Darzi, M, Noshadi, N , et al. The effects of royal jelly supplementation on anthropometric indices: a GRADE-assessed systematic review and dose-response meta-analysis of randomized controlled trials. Front Nutr. (2023) 10:10. doi: 10.3389/fnut.2023.1196258

 14. Candan, F. Effect of Rhus coriaria L. (Anacardiaceae) on superoxide radical scavenging and xanthine oxidase activity. J Enzyme Inhib Med Chem. (2003) 18:59–62. doi: 10.1080/1475636031000069273 

 15. Mohammadi, S, Montasser Kouhsari, S, and Monavar, FA. Antidiabetic properties of the ethanolic extract of Rhus coriaria fruits in rats. Daru. (2010) 18:270–5.

 16. Capcarova, M, Slamecka, J, Abbas, K, Kolesarova, A, Kalafova, A, Valent, M , et al. Effects of dietary inclusion of Rhus coriaria on internal milieu of rabbits. J Anim Physiol Anim Nutr (Berl). (2012) 96:459–65. doi: 10.1111/j.1439-0396.2011.01164.x 

 17. Rayne, S, and Mazza, G. Biological activities of extracts from sumac (Rhus spp.): a review. Plant Foods Hum Nutr. (2007) 62:165–75. doi: 10.1007/s11130-007-0058-4 

 18. Asgary, S, Salehizadeh, L, Keshvari, M, Taheri, M, Spence, ND, Farvid, MS , et al. Potential Cardioprotective effects of sumac capsule in patients with hyperlipidemia: a triple-blind randomized, placebo-controlled crossover trial. J Am Coll Nutr. (2018) 37:286–92. doi: 10.1080/07315724.2017.1394237 

 19. Akbari-Fakhrabadi, M, Heshmati, J, Sepidarkish, M, and Shidfar, F. Effect of sumac (Rhus Coriaria) on blood lipids: a systematic review and meta-analysis. Complement Ther Med. (2018) 40:8–12. doi: 10.1016/j.ctim.2018.07.001 

 20. Mohit, M, Nouri, M, Samadi, M, Nouri, Y, Heidarzadeh-Esfahani, N, Venkatakrishnan, K , et al. The effect of sumac (Rhus coriaria L.) supplementation on glycemic indices: a systematic review and meta-analysis of controlled clinical trials. Complement Ther Med. (2021) 61:102766. doi: 10.1016/j.ctim.2021.102766 

 21. Higgins, JP, Altman, DG, Gotzsche, PC, Juni, P, Moher, D, Oxman, AD , et al. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ. (2011) 343:d5928. doi: 10.1136/bmj.d5928 

 22. Hozo, SP, Djulbegovic, B, and Hozo, I. Estimating the mean and variance from the median, range, and the size of a sample. BMC Med Res Methodol. (2005) 5:13. doi: 10.1186/1471-2288-5-13 

 23. Duval, S, and Tweedie, R. Trim and fill: a simple funnel-plot-based method of testing and adjusting for publication bias in meta-analysis. Biometrics. (2000) 56:455–63. doi: 10.1111/j.0006-341X.2000.00455.x 

 24. Afandak, F, Aryaeian, N, Kashanian, M, Janani, L, Namizadeh, T, Karimi, MY , et al. Effect of sumac powder on clinical symptoms, hyperandrogenism, inflammation, blood glucose, lipid profiles in women with polycystic ovary syndrome: a double-blind randomized clinical trial. Phytother Res. (2023) 37:2315–25. doi: 10.1002/ptr.7744 

 25. Alahnoori, F, Toulabi, T, Kordestani-Moghadam, P, Jafari Pour, F, Khatereh, A, and Salimikia, I. The effect of sumac fruit on serum lipids and body mass index in hemodialysis patients. Evid Based Complement Alternat Med. (2022) 2022:1687740. doi: 10.1155/2022/1687740 

 26. Ardakani, MRF. Effect of Rhus Coriaria L On glycemic control and insulin resistance in patients with type 2 diabetes mellitus. Iranian J Diabetes and Obesity. (2017) 8:4.

 27. Ardalania, H. Sumac as a novel adjunctive treatment in hypertension: A randomized, double-blind, placebo-controlled clinical trial the Royal Society of Chemistry. (2014).

 28. Ehsani, S. Effects of sumac (Rhus coriaria) on lipid profile, leptin and steatosis in patients with non-alcoholic fatty liver disease: A randomized double-blind placebo-controlled trial. J Herbal Med. (2020) 31:100525.

 29. Hajhashemy, Z, Mirenayat, FS, Siavash, M, and Saneei, P. The effect of sumac supplementation on insulin resistance, inflammation, oxidative stress, and antioxidant capacity in adults with metabolic syndrome: a randomized crossover clinical trial. Phytother Res. (2023) 37:1319–29. doi: 10.1002/ptr.7688 

 30. Hajmohammadi, Z, Heydari, M, Nimrouzi, M, Faridi, P, Zibaeenezhad, MJ, Omrani, GR , et al. Rhus coriaria L. increases serum apolipoprotein-A1 and high-density lipoprotein cholesterol levels: a double-blind placebo-controlled randomized clinical trial. J Integr Med. (2018) 16:45–50. doi: 10.1016/j.joim.2017.12.007 

 31. Hariri, N, Darafshi Ghahroudi, S, Jahangiri, S, Borumandnia, N, Narmaki, E, and Saidpour, A. The beneficial effects of sumac (Rhus coriaria L.) supplementation along with restricted calorie diet on anthropometric indices, oxidative stress, and inflammation in overweight or obese women with depression: a randomized clinical trial. Phytother Res. (2020) 34:3041–51. doi: 10.1002/ptr.6737 

 32. Hariri, N, Darafshi Ghahroudi, S, Jahangiri, S, Ataie-Jafari, A, Hosseinzadeh, N, Abiri, B , et al. Sumac (Rhus coriaria L.) powder supplementation has beneficial effects on appetite in overweight/obese women with depression: a randomized controlled trial. Complement Ther Clin Pract. (2023) 51:101734. doi: 10.1016/j.ctcp.2023.101734 

 33. Heydari, M, Nimrouzi, M, Hajmohammadi, Z, Faridi, P, Ranjbar Omrani, G, Shams, M , et al. (sumac) in patients who are overweight or have obesity: a placebo-controlled randomized clinical trial. Shiraz E-Medical J. (2019) 20:e87301. doi: 10.5812/semj.87301 

 34. Kazemi, S, Shidfar, F, Ehsani, S, Adibi, P, Janani, L, and Eslami, O. The effects of sumac (Rhus coriaria L.) powder supplementation in patients with non-alcoholic fatty liver disease: a randomized controlled trial. Complement Ther Clin Pract. (2020) 41:101259. doi: 10.1016/j.ctcp.2020.101259 

 35. Mirenayat, FS, Hajhashemy, Z, Siavash, M, and Saneei, P. Effects of sumac supplementation on metabolic markers in adults with metabolic syndrome: a triple-blinded randomized placebo-controlled cross-over clinical trial. Nutr J. (2023) 22:25. doi: 10.1186/s12937-023-00854-9 

 36. Rahideh, ST, Shidfar, F, Khandozi, N, Rajab, A, Hosseini, SP, and Mirtaher, SM. The effect of sumac (Rhus coriaria L.) powder on insulin resistance, malondialdehyde, high sensitive C-reactive protein and paraoxonase 1 activity in type 2 diabetic patients. J Res Med Sci. (2014) 19:933–8.

 37. Rouhi-Boroujeni, H. Anti-hyperelipidemic effects of sumac (Rhus coriaria L.): can sumac strengthen anti-hyperlipidemic effect of statins? Der Pharmacia Lettre. (2016) 8:143–147.

 38. Shidfar, F, Rahideh, ST, Rajab, A, Khandozi, N, Hosseini, S, Shidfar, S , et al. The effect of sumac (Rhus coriaria L.)powder on serum glycemic status, ApoB, ApoA-I and Total antioxidant capacity in type 2 diabetic patients. Iran. J Pharm Res. (2014) 13:1249–55.

 39. Shafiei, M, Nobakht, M, and Moazzam, AA. Lipid-lowering effect of Rhus coriaria L. (sumac) fruit extract in hypercholesterolemic rats. Die Pharmazie - an international. J Pharm Sci. (2011) 66:988–92.

 40. Ahangarpour, A, Heidari, H, Junghani, MS, Absari, R, Khoogar, M, and Ghaedi, E. Effects of hydroalcoholic extract of Rhus coriaria seed on glucose and insulin related biomarkers, lipid profile, and hepatic enzymes in nicotinamide-streptozotocin-induced type II diabetic male mice. Res Pharm Sci. (2017) 12:416–24. doi: 10.4103/1735-5362.213987 

 41. Ghaeni Pasavei, A, Mohebbati, R, Jalili-Nik, M, Mollazadeh, H, Ghorbani, A, Nosrati Tirkani, A , et al. Effects of Rhus coriaria L. hydroalcoholic extract on the lipid and antioxidant profile in high fat diet-induced hepatic steatosis in rats. Drug Chem Toxicol. (2021) 44:75–83. doi: 10.1080/01480545.2018.1533024 

 42. Ashrafizadeh, M, Zarrabi, A, Mirzaei, S, Hashemi, F, Samarghandian, S, Zabolian, A , et al. Gallic acid for cancer therapy: molecular mechanisms and boosting efficacy by nanoscopical delivery. Food Chem Toxicol. (2021) 157:112576. doi: 10.1016/j.fct.2021.112576 

 43. Chao, J, Cheng, HY, Chang, ML, Huang, SS, Liao, JW, Cheng, YC , et al. Gallic acid ameliorated impaired lipid homeostasis in a mouse model of high-fat diet-and Streptozotocin-induced NAFLD and diabetes through improvement of β-oxidation and Ketogenesis. Front Pharmacol. (2020) 11:606759. doi: 10.3389/fphar.2020.625869 

 44. Kulkarni, J, and Swamy, AV. Cardioprotective effect of gallic acid against doxorubicin-induced myocardial toxicity in albino rats. Indian J Health Sci. (2015) 8:28. doi: 10.4103/2349-5006.158219

 45. Kosar, M, Bozan, B, Temelli, F, and Baser, KHC. Antioxidant activity and phenolic composition of sumac (Rhus coriaria L.) extracts. Food Chem. (2007) 103:952–9. doi: 10.1016/j.foodchem.2006.09.049

 46. Ekinci, MS. Supercritical fluid extraction of quercetin from sumac (Rhus coriaria L.): effects of supercritical extraction parameters. Sep Sci Technol. (2022) 57:256–62. doi: 10.1080/01496395.2021.1893333

 47. Wang, M, Wang, B, Wang, S, Lu, H, Wu, H, Ding, M , et al. Effect of quercetin on lipids metabolism through modulating the gut microbial and AMPK/PPAR signaling pathway in broilers. Front Cell Dev Biol. (2021) 9:616219. doi: 10.3389/fcell.2021.719705 

 48. El Sissi, H, Saleh, N, and Abd El Wahid, M. The tannins of Rhus coriaria and Mangifera indica. Planta Med. (1966) 14:222–31. doi: 10.1055/s-0028-1100049 

 49. Chang, CJ, Tzeng, TF, Liou, SS, Chang, YS, and Liu, IM. Kaempferol regulates the lipid-profile in high-fat diet-fed rats through an increase in hepatic PPARα levels. Planta Med. (2011) 77:1876–82. doi: 10.1055/s-0031-1279992 

 50. Druce, M, and Bloom, SR. The regulation of appetite. Arch Dis Child. (2006) 91:183–7. doi: 10.1136/adc.2005.073759 

 51. Jaradat, N, Zaid, AN, Hussein, F, Zaqzouq, M, Aljammal, H, and Ayesh, O. Anti-lipase potential of the organic and aqueous extracts of ten traditional edible and medicinal plants in Palestine; a comparison study with orlistat. Medicines (Basel). (2017) 4:89. doi: 10.3390/medicines4040089 

 52. Alsamri, H, Athamneh, K, Pintus, G, Eid, AH, and Iratni, R. Pharmacological and antioxidant activities of Rhus coriaria L. (Sumac) Antioxidants (Basel). (2021) 10:73. doi: 10.3390/antiox10010073 

 53. Mele, L, Bidault, G, Mena, P, Crozier, A, Brighenti, F, Vidal-Puig, A , et al. Dietary (poly)phenols, Brown adipose tissue activation, and energy expenditure: a narrative review. Adv Nutr. (2017) 8:694–704. doi: 10.3945/an.117.015792 

 54. Pei, Y, Otieno, D, Gu, I, Lee, SO, Parks, JS, Schimmel, K , et al. Effect of quercetin on nonshivering thermogenesis of brown adipose tissue in high-fat diet-induced obese mice. J Nutr Biochem. (2021) 88:108532. doi: 10.1016/j.jnutbio.2020.108532 

 55. Amin, T, and Mercer, JG. Hunger and satiety mechanisms and their potential exploitation in the regulation of food intake. Curr Obes Rep. (2016) 5:106–12. doi: 10.1007/s13679-015-0184-5 

 56. Singh, M, Thrimawithana, T, Shukla, R, and Adhikari, B. Managing obesity through natural polyphenols: a review. Future Foods. (2020) 1-2:100002. doi: 10.1016/j.fufo.2020.100002 

 57. Oboh, G, Ogunsuyi, OB, Ogunbadejo, MD, and Adefegha, SA. Influence of gallic acid on α-amylase and α-glucosidase inhibitory properties of acarbose. J Food Drug Anal. (2016) 24:627–34. doi: 10.1016/j.jfda.2016.03.003 

 58. Cavalot, F, Petrelli, A, Traversa, M, Bonomo, K, Fiora, E, Conti, M , et al. Postprandial blood glucose is a stronger predictor of cardiovascular events than fasting blood glucose in type 2 diabetes mellitus, particularly in women: lessons from the san Luigi Gonzaga diabetes study. J Clin Endocrinol Metabol. (2006) 91:813–9. doi: 10.1210/jc.2005-1005

 59. Baraskar, K, Thakur, P, Shrivastava, R, and Shrivastava, VK. Ameliorative effects of gallic acid on GLUT-4 expression and insulin resistance in high fat diet-induced obesity animal model mice, Mus musculus. J Diabetes Metab Disord. (2023) 22:721–33. doi: 10.1007/s40200-023-01194-5 

 60. Eid, HM, Nachar, A, Thong, F, Sweeney, G, and Haddad, PS. The molecular basis of the antidiabetic action of quercetin in cultured skeletal muscle cells and hepatocytes. Pharmacogn Mag. (2015) 11:74–81. doi: 10.4103/0973-1296.149708 

 61. Rahimifard, M, Baeeri, M, Bahadar, H, Moini-Nodeh, S, Khalid, M, Haghi-Aminjan, H , et al. Therapeutic effects of Gallic acid in regulating senescence and diabetes; an in vitro study. Molecules. (2020) 25:5875. doi: 10.3390/molecules25245875 

 62. Staruschenko, A. Beneficial effects of high potassium. Hypertension. (2018) 71:1015–22. doi: 10.1161/HYPERTENSIONAHA.118.10267 

 63. Kim, MH, Bu, SY, and Choi, MK. Daily calcium intake and its relation to blood pressure, blood lipids, and oxidative stress biomarkers in hypertensive and normotensive subjects. Nutr Res Pract. (2012) 6:421–8. doi: 10.4162/nrp.2012.6.5.421 

 64. Houston, M. The role of magnesium in hypertension and cardiovascular disease. J Clin Hypertens (Greenwich). (2011) 13:843–7. doi: 10.1111/j.1751-7176.2011.00538.x 

 65. Sakhr, K, and El Khatib, S. Physiochemical properties and medicinal, nutritional and industrial applications of Lebanese sumac (Syrian sumac - Rhus coriaria): a review. Heliyon. (2020) 6:e03207. doi: 10.1016/j.heliyon.2020.e03207 



Glossary


[image: Table16]




Copyright
 © 2024 Jafarpour, Jalali, Akhlaghi and Amlashi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-11-1305024-t012.jpg
WMD (95%Cl) Heterogeneity

p between sub-
groups

p heterogeneity

Overall effect 5 —2.23(~4.48,0.015) 0.052 <0001 94.56%

Baseline DBP (mmHg)

<80 2 ~3.05(~6.64,0.53) 0.096 007 69.5%

0.591
280 3 ~1.79 (~4.65,1.07) 0220 <0001 96.99%
Intervention dose (g/day)
<2 3 ~2.50(~4.37, ~0.64) 0.009 0.061 64.2%

0.942
22 2 ~231(-7.05,241) 0338 0.002 89.43%
Duration (weeks)
<12 3 ~2.50(~4.37, ~0.64) 0.009 0.061 64.2%

0942
212 2 ~2.31(-7.05,241) 0.338 0.002 89.43%

CI, confidence interval; WMD, weighted mean differences; NO, number of studies.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The effect of Sumac on cardiometabolic parameters in adults: a systematic review and meta-analysis of randomized controlled trials



		1 Introduction



		2 Materials and methods



		2.1 Search strategy



		2.2 Study selection



		2.3 Data extraction



		2.4 Quality assessment



		2.5 Statistical analysis



		2.6 Grading the evidence









		3 Results



		3.1 Search results and trial flow



		3.2 Study characteristics



		3.3 Sumac consumption and FBS



		3.4 Sumac consumption and insulin



		3.5 Sumac consumption and HOMA-IR



		3.6 Sumac consumption and glycated hemoglobin (HbA1c)



		3.7 Sumac consumption and triglycerides



		3.8 Sumac consumption and total cholesterol



		3.9 Sumac consumption and low-density lipoprotein



		3.10 Sumac consumption and high-density lipoprotein



		3.11 Sumac consumption and systolic blood pressure



		3.12 Sumac consumption and diastolic blood pressure



		3.13 Sumac consumption and weight



		3.14 Sumac consumption and body mass index



		3.15 Sumac consumption and waist circumference



		3.16 Sensitivity analysis



		3.17 Meta-regression analysis



		3.18 Publication bias









		4 Discussion



		4.1 Main findings



		4.2 Effect of Sumac on lipid profile



		4.3 Effect of Sumac on obesity indices



		4.4 Effect of Sumac on glycemic control



		4.5 Effect of Sumac on blood pressure



		4.6 Strengths and limitations



		4.7 Clinical and public health implications









		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



		Glossary



















OPS/images/fnut-11-1305024-t011.jpg
WMD (95%ClI) Heterogeneity

p between sub-
groups

p heterogeneity

Overall effect 5 ~4.96 (~14.32,4.4) 0229 <0001 99.4%

Baseline SBP (mmHg)

<140 4 ~135 (~3.65,093) 0246 0029 66.79%
~17.88(~18.97, o
=140 1 <0.001 1 o
~16.78)

Intervention dose (g/day)

<2 3 —8.62(~20.42,3.18) 0.152 <0001 98.3%
0.163
22 2 0.01(-276,2.79) 0.994 0.093 64.5%
Duration (weeks)
<12 3 —8.62 (~20.42,3.18) 0.152 <0001 98.3%
0.163
212 2 0.01(-276,2.79) 0.994 0.093 64.5%

Cl, confidence interval; WMD, weighted mean differences pressure; NO, number of studies.





OPS/images/fnut-11-1305024-t014.jpg
WMD +CI Heterogeneity

Pp heterogeneity I S

groups
Overall effect 10 025 (~037,-0.12) <0.001 0.081 41.53%
Intervention dose (mg/day)

0003
<3 6 019 (~0.32,-0.06) 0.003 0914 0%
23 4 085 (~126,-0.43) <0001 0172 39.99%
Duration (weeks)
<12 4 019 (~0.33, ~0.05) 0.008 0.706 0%

0133
>12 6 ~0.40 (~0.63, ~0.16) 0001 0,039 57.38%

CI, Confidence interval; WMD, weighted mean differences; NO, number of studies.





OPS/images/fnut-11-1305024-t013.jpg
WMD +CI Heterogeneity

p between sub-

p heterogeneity

groups
Overall effect 7 ~0.88 (~1.55,-0.21) 001 0.023 59.19%
Intervention dose (g/day)

0001
<3 1 052 (~0.85,-0.19) 0.002 0614 0%
23 3 ~2.66 (~3.85,-1.47) <0001 0509 0%
Duration (weeks)
<12 3 050 (~0.87, ~0.13) 0.007 0415 0%

0026
212 4 ~152(-324,02) 0083 0022 6897%

CI, Confidence interval; WMD, weighted mean differences; NO, number of studies.





OPS/images/fnut-11-1305024-t010.jpg
WMD +CI Heterogeneity

p heterogeneity p between sub-

groups

Overall effect 7 315(199.431) <0001 0124 10.12%
Intervention dose (g/day)

0089
<2 3 116 (~1.41,3.73) 0376 066 0%
22 4 366 (2.36,4.96) <0001 0097 5251%
Duration (weeks)
<12 3 116 (<1.41,373) 0376 066 0%

0089
212 4 366 (236,496) <0001 0097 5251%

Cl, Confidence interval; WMD, weighted mean differences; HDL, High density lipoprotein; NO, number of studies.





OPS/images/fnut-11-1305024-t009.jpg
WMD +ClI

p heterogeneity

Heterogeneity

p between sub-
groups

Overall effect ] ~8.66 (~14.2,-3.12)
Intervention dose (g/day)

<2 4 ~8.56 (~1531, ~181)
>2 4 —8.47 (-182,1.24)
Duration (weeks)

<12 3 ~435(~1157,2.86)
212 5 ~10.58 (~17.04, -4.12)

Cl, Confidence interval; WMD, weighted mean differences; LDL, Low density

0.002

0.013

0.087

0237
0195

lipoprotein; NO, number of studies

0.007

018

0.005

0.746

0.013

63.97%

38.72%

76.25%

0%

68.33%

0.989

0208





OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

The effect of Sumac on
cardiometabolic parameters in
adults: a systematic review and

meta-analysis of randomized
controlled trials












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






OPS/images/fnut-11-1305024-t004.jpg
WMD +ClI

p heterogeneity

Heterogeneity

p between sub-
groups

Overall effect 7 ~1.72(-3.18, -0.25)
Intervention dose (g/day)

<3 3 ~2.36 (~7.58, 2.85)
>3 4 ~0.85 (~1.68, ~0.03)
Duration (weeks)

<12 2 ~038 (~49,4.12)
212 5 ~225(-392,-057)

CI, Confidence interval; WMD, weighted mean differences; NO, number of studies.

0.021

037

0.012

0,866

0.008

<0.001

<0.001

0.09

0011

<0.001

87.88%

94.6%

52.77%

8471%

89.78%

0576

0448





OPS/images/fnut-11-1305024-t005.jpg
WMD +CI Heterogeneity

p heterogeneity P s

groups
Overall effect 7 ~0.62(~1.22,-001) 0045 <0.001 90.56%
Intervention dose (g/day)
0792
<3 3 063 (246, 1.16) 048 <0.001 96.3%
23 4 ~0.4 (~0.64,~0.15) 0001 026 24.33%
Duration (weeks)
<12 2 0.15 (=130, 1.60) 084 0.001 90.33%
212 5 ~092(~1.63,-0.21) 0011 <0.001 91220 0193

CI, Confidence interval; WMD, weighted mean differences; NO, number of studies.





OPS/images/fnut-11-1305024-t002.jpg
Country = Status

Sample Mean BMI
size age (Ka/
(years)  m?)

Tran T2DM a 6.1 461
Iran T2DM 4 461 461
Tran Hypertension 80 5976 5976
Tran dyslipidemia 30 4562 4562
Iran 9 45.16 4516
Tran 53 4219 4219
Iran Hyperlipidemia 70 4532 4532
Iran hypercholesterolemia 172 5835 5835
Iran NAFLD 80 a8 418
Tran NAFLD 50 a8 a8
Tran T2DM 58 523 523
Tran Hemodialysis 7 NR 26
Tran Hemodialysis 7 NR 2

Tran Mets 47 NR NR
Iran PCOS 7 » 2553
Tran overweight 0 4289 3204
Tran Mets 47 587 316

60.97
NR
475
70
4285
100
60
45.34
425
575
NR
507
3943
8125
100
100
NR

Design

PRPCDB
PRPCDB
PRPCDB
CRPCTB
PRPCDB
PRPCDB
PRPCDB
PRPCDB
PRPCDB
PRPCDB
PRPCDB
PRPCTB
PRPCTB
CRPCTB
PRPCDB
PRPCDB
CRPCTB

Duration
(week)

6

Dose
(g/
day)

1

T2DM, Type 2 Diabetes Melitus; NAFLD, Non-Alcoholic Fatty Liver Discase; Met, metabolic syndrome; DB, double-blindeds T, triple-blind, PC, placebo-controlled; R, randomized; P
Parallel; PCOS, poly cystic ovary syndrome; NR, not reported.





OPS/images/fnut-11-1305024-t003.jpg
WMD +CI Heterogeneity

p between sub-
groups

p heterogeneity

Overall effect 10 —4.15 (=731, ~0.98) 001 0.024 53.09%
Intervention dose (g/day)

<3 5 ~2.90(-8.06, 2.25) 027 0.001 77.57% 0991
23 5 ~5.35 (~8.65, ~2.05) 0.001 0.85 0%

Duration (weeks)

<12 4 —071(~378,234) 0.647 0959 0%

<0.001
212 6 ~7.66 (~10.18,

.13) <0001 0367 7.66%

CI, Confidence interval; WMD, weighted mean differences; NO, number of studies.





OPS/images/fnut-11-1305024-t008.jpg
WMD +CI Heterogeneity

p heterogeneity (P

groups
Overall effect 7 ~1079(-2291, 1.31) 0081 <0.001 79.45%
Intervention dose (g/day)

0338
<3 5 —1336(-28.27,155) 0079 <0.001 82.65%
23 2 ~3.96 (~16.06,8.13) 052 084 0%
Duration (weeks)
<12 3 ~858 (168, -037) 004 0415 0%

0713
>12 4 ~1245(-31.3,6.39) 0.195 <0.001 84.83%

CI, Confidence interval; WMD, weighted mean differences; NO, number of studies.





OPS/images/fnut-11-1305024-t006.jpg
NO WMD +ClI p value Heterogeneity

P heterogeneity 2 p between sub-
groups

Overall effect 3 ~0.49 (<063, ~0.36) <0001

Cl, Confidence interval; WMD, weighted mean differences; NO, number of studies.





OPS/images/fnut-11-1305024-t007.jpg
WMD +CI Heterogeneity

p between sub-

heterogeneit; |2
P 9 ¥ groups

Overall effect 7 ~11.96 (~19.44, ~4.48) 0.002 083 0%
Intervention dose (g/day)

0524
<3 5 —13.44 (~22.19, -4.69) 0,003 0.667 0%
23 2 ~7.96 (~2236,6.43) 0278 0992 0%
Duration (weeks)
<12 2 ~0.74 (~25.52,24.03) 095 054 0%

0352
212 5 ~13.09 (~2093, -5.24) 0.001 081 0%

CI, Confidence interval; WMD, weighted mean differences; NO, number of studies.





OPS/images/fnut-11-1305024-g001.jpg
, :
1
| 1 P
| ! I ol _ —
iU Y ik 3 "
n : . : “ [ H
THEHETH « | I, | :
e
feassaseny iy | | ' |
TR L o
Lo ft PEY o | :
[BELE Kt i
| Ezuwﬁ gu 1] [HH LEL] H

i e 1 B Jn
i | _:__ _ HLHH L 1f
e 15 . L Tnsesss oy i
LI LR FEEL s b

e UL jJen m_mm“m:z _
i wm i
T REIE _ “ _
IR _ . :
_ i | | | :__Em_mm« —

: Sl | i
___m___m___._ o ||] o i 11 “ :_MENMHM“ _mwm:mm
_____EEM . ; R || ..__..+ﬁ_ ! :m::mwmmw ___mmmm_mm
__zmm.% o ! AR 1 Jaan u:_mw
__““m_“m“““““ L] b | | __ A _ i
[t b s i o 7
i e m Pl _mmmg__ : n””"_____

T i fusen i = |
TR _“___“____ s T T |
| it i _m“"m““u_u
| e
R jpo jm
» | ____m_u__«






OPS/images/fnut-11-1305024-t001.jpg
Parameter Criteria

Participant Human adults
Intervention Sumac consumption

Comparator Placebo (product without sumac) admi
Outcomes Effects on cardiometabolic risk factors

Study design randomized controlled trials





OPS/images/fnut-11-1305024-t016.jpg
AMPK
BMI

CMA
CvDs
DBP

FBS
GLP-1
GLUT-4
HbAlc
HDL-C
HOMA-IR
IRS-1
LDL-C
PCOS
PPAR

SBP

T

6

Adenosine monophosphate-activated protein kinase
body mass index.

Comprehensive Meta-Analysis

Cardiovascular diseases

diastolic blood pressure

fasting blood sugar

glucagon-like peptide-1

Glucose transporter type 4

Hemoglobin AIC

high-density lipoprotein

homeostasis model assessment of insulin resistance
Insulin receptor substrate-1

low-density lipoprotein

polycystic ovary syndrome

Peroxisome proliferator-activated receptors
systolic blood pressure

total cholesterol

triglycerides

very low-density lipoprotein

waist circumference

weighted mean difference





OPS/images/fnut-11-1305024-t015.jpg
WMD +CI Heterogeneity

p between sub-

p heterogeneity

groups

Overall effect 6 ~0.43 (<084, ~0.19) 0.04 028 19.76%
Intervention dose (g/day)

0085
<3 3 ~032(~075,0.10) 0122 0245 2887%
23 3 ~1.64(~3.07,-0.20) 0025 0794 0%
Duration (weeks)
<12 3 ~032(~0.75,0.10) 0142 0245 2887%

0.085
>12 3 ~1.64 (=307, ~0.20) 0025 0.794 0%

CI, Confidence interval; WMD, weighted mean differences; NO, number of studies.





