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Background: This systematic review and meta-analysis examine the effects of okra consumption on cardiometabolic risk factors in individuals with prediabetes and diabetes. Okra is a widely consumed vegetable with potential health benefits, and understanding its impact on metabolic parameters in these populations is important.

Methods: A comprehensive search of the literature was conducted up to May 2024 in PubMed/Medline, Scopus, and Web of Science to find relevant randomized clinical trials (RCTs) by using following keyword: (“okra” OR “okras” OR “abelmoschus esculentus”) AND (“intervention” OR “controlled trial” OR “randomized” OR “randomized” OR “randomly” OR “clinical trial” OR “trial” OR “randomized controlled trial” OR “randomized clinical trial” OR “RCT” OR “blinded” OR “placebo” OR “Cross-Over” OR “parallel”). The selected trials were subjected to heterogeneity tests using the I2 statistic. Random effects models were examined based on the heterogeneity tests, and the pooled data were calculated as weighted mean differences (WMD) with a 95% confidence interval (CI). In this meta-analysis, all the analyses were performed by using the STATA version 17 software.

Results: Of the 1,339 papers, nine eligible RCTs were included in the present meta-analysis. Our findings indicated that okra consumption significantly reduced total cholesterol (TC) levels (WMD: −14.40 mg/dL; (95% CI: −20.94 to −7.86); p < 0.001), low-density lipoprotein (LDL) (WMD: −7.90 mg/dL; (95% CI: −13.30 to −2.48); p = 0.004), fasting blood glucose (FBG) (WMD: −39.58 mg/dL; (95% CI: −61.60 to −17.56); p < 0.001), and hemoglobin A1C (HbA1c) (WMD: −0.46 mg/dL; (95% CI: −0.79 to −0.13); p = 0.005). Overall effect size showed that okra intake failed to change triglycerides (TG), high-density lipoprotein (HDL), Insulin, homeostatic model assessment for insulin resistance (HOMA-IR), systolic blood pressure (SBP), diastolic blood pressure (DBP), body weight, and body Mass Index (BMI) significantly.

Conclusion: Okra decreased TC, LDL, FBG, and HbA1c levels in the intervention compared to the control group. A dose ≤3,000 mg/day caused a significant decrease in TG, TC, LDL, HbA1c, and a significant increase in HDL. More study is needed to determine the optimum dose and duration of intervention.
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1 Introduction

Cardiometabolic disease (CMD) is a broad term that encompasses various chronic conditions that often occur together, including diabetes mellitus, cardiovascular disease (CVD), chronic kidney disease (CKD), High blood pressure, and stroke (1). These complex disorders are affected by a variety of factors, such as alterations in living conditions, dietary habits, and lifestyle choices, along with genetic and epigenetic influences that play a role in their development and progression (2).

CMDs are a major contributor to illness and mortality worldwide, imposing a substantial burden on individuals, healthcare systems, and society (1, 3). Over 60% of deaths from chronic kidney disease, diabetes, and cardiovascular disorders can be attributed to the presence of cardiometabolic risk factors like hypertension, inflammation, dyslipidemia, and obesity (3).

Nevertheless, cardiometabolic disorders can mostly be prevented, and it will be crucial to have a greater understanding of the factors involved in their development and to implement interventions to address these factors in order to combat the current epidemic. Therefore, numerous researchers have concentrated on unraveling non-pharmacological methods for managing cardiometabolic risk factors (3, 4).

Diet plays a crucial role in the development, prevention, and management of cardiometabolic disorders (4). In this regard, certain components found in plant-based foods are believed to offer significant advantages for cardiometabolic health (5). Okra (Abelmoschus esculentus L.), a member of the Malvaceae family, is a yearly shrub grown primarily in tropical and subtropical areas worldwide and is a popular crop for both gardens as well as farms (6). Based on the nutritional information, 100 grams of raw okra contains 33 kilocalories, 7.45 g of carbohydrates, 1.93 g of protein, 3.2 g of dietary fiber, 299 mg of potassium,0.027 g of polyunsaturated fat, and 0.026 g of unsaturated fat (7). In recent times, okra has been utilized not just for its nutritional benefits, but also for its nutraceutical and therapeutic properties, thanks to the presence of several crucial bioactive compounds and their corresponding bioactivities (6).

The leaves, buds, flowers, pods, stems, and seeds of okra are valued for their various medicinal uses in both traditional and modern medicine, making it a valuable crop (8). Previous studies have demonstrated that okra possesses a diverse range of pharmacological effects, such as anti-inflammatory, antioxidant, gastroprotective, immunomodulatory, neuroprotective, antibacterial, lipid-lowering, anticancer, and antidiabetic properties (8, 9).

A systematic review, which included 26 papers including animal and in vitro studies, suggested that okra has the potential to reduce key inflammatory mediators such as C-reactive protein (CRP), interleukin-1β (IL-1β), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-α) (10).

The antihyperglycemic effect of okra has been extensively researched by numerous researchers in recent years (11–13). A recent systematic review and meta-analysis of eight studies involving 331 patients concluded that okra treatment is beneficial for glycaemic control in pre-diabetic and T2D patients, as evidenced by a significant decrease in fasting blood glucose levels (FBG) (14).

However, the effects of consuming okra on cardiometabolic factors are still not fully understood. In order to fill this knowledge gap, we performed a thorough systematic review and meta-analysis of published randomized controlled trials (RCTs) to assess the impact of consuming okra products on cardiovascular factors.



2 Materials and methods

All steps that were done for conducting this systematic review were designed and performed according to the Preferred Reporting Items of Systematic Reviews and Meta-Analysis (PRISMA) framework (15). Also, the protocol for conducting this review was registered in the PROSPERO database with registration ID: CRD42024547242.


2.1 Search strategy and study selection

A comprehensive systematic search was performed in the databases including PubMed, Scopus, and Web of Science (ISI) to find eligible studies up to May 2024. This search was restricted to English language papers while having no time restriction. This systematic search was designed using the following keywords (including MeSH and Non-MeSH terms): (“okra” OR “okras” OR “abelmoschus esculentus”) AND (“intervention” OR “controlled trial” OR “randomized” OR “randomized” OR “randomly” OR “clinical trial” OR “trial” OR “randomized controlled trial” OR “randomized clinical trial” OR “RCT” OR “blinded” OR “placebo” OR “Cross-Over” OR “parallel”).

To avoid missing eligible trials, the reference lists of related articles were completely reviewed, and also google Scholar search engine was manually searched. The studies obtained by the initial search were screened by two researchers (H.B and M.Sh.J), independently.



2.2 Eligibility criteria

The eligibility criteria of this review were designed based on the PICOS framework (Participant: adults; Intervention: Okra intake; Comparison: control group; Outcome: lipid profile, glycemic control, blood pressure, and obesity indices; Study: randomized controlled trials (RCTs)).

Studies were included in this review if they met the following criteria:

a. Studies with RCT design (parallel or cross-over) that investigate the impact of Okra (Abelmoschus esculentus) intake on lipid profile, glycemic control markers, blood pressure, or obesity indices

b. Studies with at least 2 weeks of intervention

c. Studies conducted on the adult populations (≥18 years) with prediabetes or type 2 diabetes

d. Having appropriate control groups (that had not any difference with the intervention group except the Okra intake).

e. Outcome level changes were reported following the intervention as mean ± SD (or outcome levels were reported at the beginning and the end of the intervention)

Trials with the following characteristics were excluded from this review: (a) Trials conducted on non-adults (<18 years), (b) studies with multi-intervention, (c) animal studies, (d) or trials without RCT design including observational studies, review articles, short communications, and letters to the editors.



2.3 Data extraction

The following related data was extracted from included trials by two researchers independently (H.B and M.Sh.J): first author name, publication year, country, gender, population characteristics (health status, mean age, mean BMI), sample size (total and in each group), intervention features (type, dosage, and duration), type of control groups, and mean changes ± SD of outcome levels in both intervention and control group. Disagreement items were discussed until a consensus was reached.



2.4 Quality assessment

This risk of bias in included trials was assessed by two researchers independently (H.B and I.R), using the Cochrane Collaboration RoB2 tool (16). This tool contains 5 domains including, Bias arising from the randomization process, Bias in selection of the reported result, Bias due to deviations from intended interventions, Bias in measurement of the outcome, and Bias due to missing outcome data. The risk of bias overall and in each subclass was categorized into three levels: High, some concerns, and Low. Disagreements were resolved by consulting the third author (M.M).



2.5 Data synthesis and statistical analysis

In this meta-analysis, the overall effect sizes were estimated as weighted mean differences with a 95% confidence interval by using the weighted mean differences (WMD) and the SD of measures according to the DerSimonian and Laird method (17). In the cases where mean changes in outcomes were not reported, it was calculated by subtracting the outcome levels at the beginning of the study from measures at the end of the intervention (mean change = final values − baseline values) (18). Also, SDs were calculated by using the following formula: square root [(SDbaseline)2 + (SDfinal)2 − (2 × R × SDbaseline × SDfinal)] (19). A correlation coefficient of 0.9 was regarded as an R-value that ranged from 0 to 1 (19). Hozo et al. approach was applied to convert the 95% confidence intervals (95% CIs), standard errors (SEs), and interquartile ranges (IQRs) to SD (16, 20, 21). Heterogeneity among the pooled studies was evaluated by Cochran’s Q test. Also based on the calculated I-squared statistic heterogeneity was measured (22). In this review, p-value <0.05 or I2 > 40% was deemed as significant heterogeneity among the included trials (23). Subgroup analysis was performed to find the source of heterogeneity among the included trials for each outcome based on the following predefined criteria (24), Health Status (type 2 diabetes and prediabetes), baseline BMI (normal, overweight, and obesity), intervention duration (>8 and ≤ 8 weeks), intervention type (Okra fruit, Okra extract, and Okra powder), and Okra powder dosage (>3,000 vs. ≤3,000 mg/day). Statistical analysis of this meta-analysis was performed by using the STATA, version 17 (Stata Corp, College Station, TX). Also, in all of the analyses, p-values <0.05 were identified as statistically significant.



2.6 Certainty assessment

The certainty of findings was evaluated by applying the GRADE (Grading of Recommendations Assessment, Development, and Evaluation) protocol (25). This framework assessed the quality of the evidence in the 5 sections including, risk of bias, inconsistency, indirectness, Imprecision, and Publication Bias. The quality of the evidence in each section was identified as having no serious limitations, serious limitations, and very serious limitations. The overall certainty for each evidence was categorized into four levels: very low, low, moderate, and high.




3 Results


3.1 Study selection

Among the 1,339 studies found by a comprehensive search in the databases, 410 duplicate studies were excluded. Then, 929 studies were screened based on their titles and abstracts. The full text of 21 studies was read to assess eligibility criteria. Fourteen studies due to being conducted on pregnant women with GDM (n = 1), not having a suitable control group (n = 1), Conference abstract (n = 1), non-English language studies (n = 2), in vivo or in vitro studies (n = 3), studies with quasi-experimental design (n = 3), and not reporting changes in related outcomes after Okra consumption (n = 3). Also, 4 studies were found by manual search, 2 of which met the inclusion criteria for this review. Finally, 9 studies (10 arm treatments) with 540 participants were included in this systematic review and meta-analysis (Figure 1) (12, 26–33).
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FIGURE 1
 Flow chart of study selection for inclusion trials in the systematic review.




3.2 Study characteristics

The studies included in this review were published between 2017 (26), and 2024 (31–33). Among the included studies, one study was conducted in the Philippines (26), one in Indonesia (27), and the rest in Iran (12, 28–33). In one study, the participants had prediabetes (31), and the rest had type 2 diabetes. The study sites varied from 20 (27) to 99 participants (12) and the duration of the intervention varied from 2 (27) to 12 weeks (30). Also, the mean age of participants receiving Okra in the included studies was between 45.8 ± 6 (31) and 62 ± 7 years (29, 32, 33) and their body mass index was between 24.9 ± 3 (28), and 30.3 ± 5 kg/m2 (29, 33). All included trials had a parallel design and were conducted on both sexes. Among the included studies, 8 blinding of the intervention subjects was done, and in only one study, blinding of the participants was not done (27). Furthermore, among the included treatment arms, dried Okra extract was used in 3 (29) (32, 33), boiled Okra in one (27), steamed Okra in one (27), and Okra powder was used in the rest to intervene on the participants (12, 26, 28, 30, 31). The dose of Okra powder used varied from 600 (26) to 4,000 mg/day (12). The characteristics of the included trials are summarized in Table 1.



TABLE 1 Characteristic of included studies in meta-analysis.
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3.3 Quality assessment

Risk of Bias Assessment done by following the ROB 2 framework; reported some concerns for the overall risk of bias for two studies (26, 31), the overall high risk of bias for one study (27), and the overall risk of bias was low in the rest of the included studies. The details of the risk of bias assessment for each study in each subclass of the Rob 2 tool are summarized in Table 2.



TABLE 2 Risk of bias assessment.
[image: Table2]



3.4 Meta-analysis


3.4.1 Effect of okra consumption on lipid profile


3.4.1.1 Effect of okra consumption on serum TG levels

Pooling 5 included effect sizes (12, 28, 30–32), showed that Okra intake had no significant impact on TG levels compared to control groups (WMD: −9.1 mg/dL; (95% CI: −22.9 to 4.8); p = 0.19; Figure 2A). Also, a significant heterogeneity was detected among the included trials (I2 = 66.5%, p = 0.01). Furthermore, Subgroup analysis demonstrated that Okra intake led to a significant decrease in TG levels in the studies with a duration of more than 8 weeks and in studies that intervened with the dosage of Okra powder ≤3,000 mg/day (Table 3).

[image: Figure 2]

FIGURE 2
 Forest plot detailing weighted mean difference and 95% confidence intervals (CIs) for the effect of Okra intake on (A) TG (mg/dL); (B) TC (mg/dL); (C) LDL (mg/dL); (D) HDL (mg/dL); (E) FBG (mg/dL); (F) insulin (uIU/mL); (G) HbA1c (%); (H) HOMA-IR; (I) SBP (mmHg); (J) DBP (mmHg); (K) Body weight (kg); and (L) BMI (kg/m2).




TABLE 3 Subgroup analyses of okra consumption on cardiometabolic risk factors in adults.
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3.4.1.2 Effect of okra consumption on serum total TC levels

Combining 5 effect sizes (12, 28, 30–32), revealed that Okra consumption led to a significant decrease in total TC levels compared to control groups (WMD: −14.4 mg/dL; (95% CI: −20.9 to −7.9); p < 0.001; Figure 2B). Also, no significant heterogeneity was observed among the included studies (I2 = 27.5%, p = 0.23). Subgroup analysis showed that receiving Okra extract or Okra powder with a dosage of higher than 3,000 mg/day had no significant effect on Total TC levels.



3.4.1.3 Effect of okra consumption on serum LDL-C levels

Performing meta-analyzing on the 5 included effect sizes (12, 28, 30–32), showed a significant decrease in LDL-C levels in groups that received Okra compared to the control groups (WMD: −7.9 mg/dL; (95% CI: −13.3 to −2.5); p = 0.004; Figure 2C). Also, no significant changes in LDL-c levels were reported by subgroup analysis in the trials with a duration of less than 8 weeks or intervention with Okra extract (I2 = 29.9%, p = 0.22). Furthermore, subgroup analysis demonstrated that receiving Okra powder with a dosage of higher than 3,000 mg/day led to no significant effect on LDL-C levels.



3.4.1.4 Effect of okra consumption on serum HDL-C levels

Overall effect sizes estimated by combining 5 included effect sizes (12, 28, 30–32), showed that Okra intake had no significant impact on HDL-C levels compared to control groups (WMD: 0.9 mg/dL; (95% CI: −1.3 to 3.1); p = 0.40; Figure 2D). Furthermore, a significant heterogeneity was observed among the included trials (I2 = 75.9%, p = 0.002). Subgroup analysis reported that receiving Okra powder with a dosage of ≤3,000 mg/day led to a significant increase in HDL-C levels compared to control groups. Also, subgroup analysis revealed that Okra consumption significantly increased the HDL-C levels in individuals with prediabetes.




3.4.2 Effect of okra consumption on glycemic control markers


3.4.2.1 Effect of okra consumption on FBG levels

Pooling 6 effect sizes (12, 26–28, 33), demonstrated that Okra consumption led to a significant decrease in FBG levels compared to control groups (WMD: −39.6 mg/dL; (95% CI: −61.6 to −17.6); p < 0.001; Figure 2E). However, significant heterogeneity was detected among the pooled trials (I2 = 84.2%, p < 0.001). Subgroup analysis showed that receiving Okra in individuals with overweight or Okra powder with a dosage of ≤3,000 mg/day had no significant impact on serum FBG levels (Figure 3).

[image: Figure 3]

FIGURE 3
 Okra consumption can reduce fasting blood glucose (FBG), hemoglobin A1c (HbA1c), low-density lipoprotein cholesterol (LDL-C), and total cholesterol in patients with diabetes.




3.4.2.2 Effect of okra consumption on serum insulin levels

Combining 3 effect sizes (28, 30, 33), showed that Okra intake compared to control groups, had no significant effect on serum insulin levels (WMD: −0.6 μU/ml; (95% CI: −1.7 to 0.6); p = 0.32; Figure 2F). Also, there was significant heterogeneity between the included studies (I2 = 0.0%, p = 0.95).



3.4.2.3 Effect of okra consumption on HbA1c

Combined effect sizes from 4 included studies (12, 28, 30, 33), demonstrated a significant decrease in HbA1c levels followed by Okra consumption compared to control groups (WMD: −0.5%; (95% CI: −0.8 to −0.1); p = 0.005; Figure 2G). In addition, no significant heterogeneity was observed among the included trials (I2 = 60.3%, p = 0.05). Subgroup analysis showed non-significant changes in HbA1c levels in the studies with a duration of ≤8 weeks or trials that intervened with Okra extract, or Okra powder with a dosage of >3,000 mg/day.



3.4.2.4 Effect of okra consumption on HOMA-IR

Combining 3 effect sizes (28, 30, 33), showed that Okra intake had no significant impact on HOMA-IR levels compared to control groups (WMD: −0.7; (95% CI: −1.7 to 0.3); p = 0.15; Figure 2H). Also, there was no significant heterogeneity among the included trials (I2 = 39.8%, p = 0.19).




3.4.3 Effect of okra consumption on blood pressure


3.4.3.1 Effect of okra consumption on SBP

Meta-analyzing of 4 effect sizes (12, 28, 30, 32), demonstrated that Okra consumption compared to control groups, led to a non-significant changes in SBP levels compared to control groups (WMD: −0.9; (95% CI: −4.1 to 2.4); p = 0.61). Furthermore, significant heterogeneity was detected among the pooled studies (I2 = 70.5%, p = 0.01).



3.4.3.2 Effect of okra consumption on DBP

Pooling 4 effect sizes (12, 28, 30, 32), showed that Okra intake had no significant impact on DBP levels compared to control groups (WMD: −0.9; (95% CI: −2.2 to 0.4); p = 0.17). Also, there was no significant heterogeneity among the included trials (I2 = 0.0%, p = 0.75).




3.4.4 Effect of okra consumption on obesity indices


3.4.4.1 Effect of okra consumption on body weight

Combined effect sizes that staminated by combining 2 effect sizes (28, 29), showed no significant changes in body weight followed by Okra consumption compared to control groups (WMD: −0.2; (95% CI: −3.0 to 2.6); p = 0.88). In addition, no significant heterogeneity was observed between the included trials (I2 = 0.0%, p = 0.85).



3.4.4.2 Effect of okra consumption on BMI

Combining 4 effect sizes (12, 28–30), demonstrated that Okra intake had no significant impact on BMI levels compared to control groups (WMD: −0.3; (95% CI: −0.8 to 0.2); p = 0.29). Also, no significant heterogeneity was detected between the included trials (I2 = 0.0%, p = 0.88).





3.5 Sensitivity analysis

Sensitivity analysis showed that the pooled effect of Okra intake on serum TG levels after excluding the study of Saatchi et al. [WMD: −15.8 mg/dL (95%CI: −24.7, −6.9)] (12), changes significantly. Also reported that the overall size effect of Okra consumption on serum HDL-C levels after removing the trial of Saatchi et al. [WMD: 2.0 mg/dL (95%CI: 0.4, 3.5)] (12), and the overall effect size of changes in HOMA-IR levels after omitting the trial of Nikpayam et al. [WMD: -1.1 (95%CI: −1.9, −0.3)] (33), changes significantly. Furthermore, removing the effect sizes of Tavakolizadeh et al. [WMD: -0.4 (95%CI: −0.8, 0.0)] (30), or Saatchi et al. [WMD: −0.4% (95%CI: −0.9, 0.1)] (12) significantly changed the pooled effect size for HbA1c levels.



3.6 Publication bias

Egger’s test and visual interpretation of funnel plots did not show any significant publication bias among the pooled studies to investigate the effect of Okra on TG (P Egger = 0.54), TC (P Egger = 0.06), LDL-C (P Egger = 0.91), HDL-C (P Egger = 0.86), FBG (P Egger = 0.20), Insulin (P Egger = 0.30), HbA1c (P Egger = 0.77), HOMA-IR (P Egger = 0.22), SBP (P Egger = 0.45), DBP (P Egger = 0.10), and BMI (P Egger = 0.13) (Supplementary Figure S1).



3.7 GRADE analysis

The certainty assessment of the evidence included in this review showed that the evidence of the effect of Okra on serum total cholesterol and LDL-C levels was of high quality. Also, the quality of evidence for Insulin, HbA1c, HOMA-IR, DBP, Body weight, and BMI was identified as moderate. Furthermore, the quality of evidence investigating the effect of Okra consumption on serum Triglyceride and SBP levels due to serious limitations in Inconsistency and Imprecision, and for FBG due to very serious limitations in Inconsistency was downgraded to low. Also, the quality of evidence for serum HDL-C was downgraded to very low due to the presence of a serious limitation in Imprecision and a very serious limitation of Inconsistency. The GRADE profile of certainty assessment of included evidence is presented in Table 4.



TABLE 4 Grade profile of okra consumption for cardiometabolic risk factors in adults.
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4 Discussion

The present systematic review and meta-analysis study showed that okra decreased TC, LDL, FBG, and HbA1c levels in the intervention group compared to the control group. Also, the consumption of okra in powder form compared to the extract caused a significant decrease in TC, LDL, and HbA1c, while the consumption of its fruit caused a greater decrease in FBG compared to the other two forms. The intervention duration ˃ 8 weeks led to a significant reduction of TG, and HbA1c, and the reduction of TC with the intervention > 8 weeks was greater than the intervention ≤8 weeks, while this issue was the opposite for FBG. A dose ≤3,000 mg/day caused a significant decrease in TG, TC, LDL, HbA1c, and a significant increase in HDL, while FBG had a significant decrease in a dose > 3,000 mg/day. The reduction of TC and LDL was higher in subjects with diabetes compared to subjects with diabetes. In subjects with pre-diabetes, the increase in HDL was statistically significant. FBG reduction was significant in obese subjects. There were no significant differences in the parameters of insulin level, HOMA-IR, systolic and diastolic blood pressure, weight, and BMI.

Mokgalaboni et al.’s systematic review and meta-analysis study on 8 RCTs in patients with diabetes and prediabetes showed that okra, similar to the results of the present meta-analysis, reduced FBG, while it had no effect on HbA1c (14). While Mokgalaboni’s study focused specifically on glycemic control in prediabetes and type 2 diabetes (T2D), our study has a broader scope, examining a range of cardiometabolic risk factors, including lipid profiles (total cholesterol, LDL, HDL, triglycerides) as well as blood pressure, insulin resistance (HOMA-IR), and body weight in individuals with prediabetes and diabetes. The number of studies reviewed in Mokgalaboni’s meta-analysis was less than the present review and the subgroup based on the dose and duration of the intervention and the participants and the intervention type was not done.

In a recent meta-analysis, the positive effects of okra on lipid profiles were demonstrated. This study included not only diabetic and prediabetic patients but also obese individuals, revealing reductions in LDL and total cholesterol, as well as decreases in triglycerides and increases in HDL (34). In the systematic animal review study by Sereno et al., which examined 11 studies, the effect of okra on glycemic control markers (glycated hemoglobin, HOMA-IR, glucose tolerance test, and blood glucose) and cholesterol was shown in animals with diabetes (35). The systematic review study by Nikpayam et al., who reviewed 54 human and animal studies, also found improvement effects in glycemic control and lipid profile indicators (36). Other differences between the previous studies and the present study include the investigation of diastolic and systolic blood pressure parameters, as well as weight and BMI, which we examined in this study.

The mechanisms by which okra exerts improvement effects on cardiometabolic factors include:

Okra reduces blood glucose levels and HbA1c through a combination of its high fiber content, mucilage, antioxidant properties, inhibition of carbohydrate-digesting enzymes including α-amylase and α-glucosidase, and improvement of insulin sensitivity (14, 30, 37, 38). One suggested way okra helps lower FBG levels involves promoting liver glycogen formation and regenerating pancreatic islets. This results in enhanced insulin release and a slower absorption of glucose in the intestines (39). Additional mechanisms thought to contribute to okra’s anti-hyperglycemic effect involve enhancing glucose regulation and repairing β-cell dysfunction via a pathway dependent on peroxisome proliferator-activated receptors (PPAR) (40). The abundant phenols in okra enhance insulin sensitivity and pancreatic β-cell performance by decreasing reactive oxygen species (ROS) (41). Notably, okra is rich in antioxidants, including flavonoids, quercetin, polyphenols, and vitamins A and C (42). These combined effects help slow down the absorption of carbohydrates, improve glucose metabolism, and ultimately lead to better glycemic control.

Okra can improve lipid profiles through its high content of soluble fiber and mucilage, which bind to bile acids and cholesterol, enhancing their excretion (43). Non-esterified fatty acids (NEFAs) enhance the production of lipogenesis-related molecules, including sterol regulatory element-binding protein 1c (SREBP1c) and fatty acid synthase (FAS) (44). Additionally, they suppress the production of lipolysis-related molecules such as carnitine palmitoyltransferase 1A (CPT1A) and hormone-sensitive lipase (HSL) (44). Okra reduces the level of NEFAs (34). Some studies propose that the lipid-lowering effect of Abelmoschus esculentus is linked to an increase in lipogenesis by suppressing the activity of cholesterol-7-α-hydroxylase (CYP7A1) and fatty acid synthase (FAS) (45). Its antioxidant properties, due to polyphenols and flavonoids, reduce oxidative stress and inflammation, which helps prevent LDL cholesterol oxidation (41). Additionally, saponins in okra reduce cholesterol absorption, while its effects on lipid metabolism genes and gut microbiota further contribute to improved lipid profiles (30, 36, 38). Okra appears to enhance HDL by boosting the activity of LDL receptors (LDLR), facilitating the removal of LDL (43). Furthermore, the abundant polyphenols and flavonoids in okra help maintain elevated HDL levels by preventing the oxidation of LDL (46, 47). These combined mechanisms help lower total cholesterol, LDL cholesterol, and triglycerides while potentially increasing HDL cholesterol, thus supporting cardiovascular health.

A dose of okra ≤3,000 mg per day may be more effective in improving blood lipids due to optimal absorption and utilization, avoidance of gastrointestinal side effects, balanced nutrient intake, potential hormetic effects, efficient metabolic processing, better bioavailability, and enhanced long-term adherence. These factors collectively ensure that the beneficial compounds in okra exert their lipid-lowering effects more effectively without overwhelming the body’s systems (30, 48).

While okra supplements can offer health benefits, they may also cause side effects such as gastrointestinal issues, increased risk of kidney stones, potential blood glucose control issues, allergic reactions, nutrient absorption interference, drug interactions, and digestive enzyme interference. It is advisable for individuals to consult with a healthcare provider before starting okra supplements, especially those with pre-existing health conditions or those taking other medications. Moderation and adherence to recommended dosages can help minimize these potential side effects (48, 49).


4.1 Clinical insight

Among the examined parameters, the change of FBG level is higher than the minimal clinically important difference (MCID) which is 5–10 mg/dL (50), which means that okra can be effective as a clinically effective food supplement in reducing FBG.



4.2 Strength and limitation

The present study comprehensively investigated the effect of okra on cardiometabolic factors. In addition, subgroup analysis and GRADE analysis are considered to be one of its strengths. All included RCTs had a low bias. One of the limitations of the present study is the small number of RCTs so subgroup analysis was not possible for some variables. Also, the sensitivity analysis for some variables indicated bias and the GRADE analysis for all variables except for TC indicated moderate to very low certainty. Other limitations include high heterogeneity, different forms of okra used, no indication of which part of okra was used (leaves, stem, seed, etc), different doses and duration of intervention, and different conditions (prediabetes, type 2 diabetes and diabetic nephropathy). The evidence presented all are from Asia (thus, the results may be specific to the population, making it difficult to generalize them to other continents, especially considering differences in diet, lifestyle, and genetics between populations), these could be a very great limitation as the results might not be the same in Europe and African countries. Also, we acknowledge that the included okra treatments vary significantly in their effects due to differences in form (whole vs. powder), processing methods, and nutrient composition. This variability may influence gastric filling, taste, and satiety, which we recognize as a limitation in our study. Future research should aim to differentiate these effects to provide a clearer understanding of the impact of various okra preparations on health outcomes.




5 Conclusion

This systematic review and meta-analysis found that okra consumption significantly reduced TC, LDL, FBG and HbA1c levels. Powdered okra and longer interventions were more effective, with doses of 3,000 mg or less also increasing HDL. Effects were more pronounced in diabetics for TC and LDL, pre-diabetics for HDL, and obese subjects for FBG, with no significant changes in insulin, blood pressure, weight, or BMI. However, in order to determine the optimum dose and duration, more and better quality RCTs are needed.
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F:39) powder
MIE
Tavakolizadeh Parallel, R, Okra
Iran T2DM (M:30, 48 16 12 538 528 286 295 3000 | Placebo
etal. (30) PC. DB powder
F64)
MIF Dried okra
Nikpayam et al Parallel, R,
Iran DN patients (M6, 30 2 10 6 616 303 286 extract 125 Placebo
3) PC,TB
F:39) powder
MIE Dried okra
Parallel, R,
Bahreini etal. (32) | Iran e DN patients (M6, 30 2 10 53 616 303 286 extract 125 Placebo
. F:39) powder
MIE
Afsharmanesh Parallel, R, Okra
Iran Pre-diabetic Adults | (M:30, 35 35 8 458 456 NR NR 3000 | Placebo
etal. (1) PC, DB e powder

IG, intervention group; CG, control group; TB, triple-blinded; DB, double-blinded; PC, placebo-controlled; CO, controlled; R, randomized; T2DM, type 2 diabetes mellitus; DN, diabetic nephropathy; NR, not reported.
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