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Abstract:
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Metabolic syndrome is characterized by insulin resistance, obesity, dyslipidemia and hypertension and many patients do not achieve
adequate glycemic control despite standard therapy. Therefore, it is of interest to compare the effects of Moringa oleifera leaf powder
(MOLP) plus standard of care (SOC) versus SOC alone in 110 adults with metabolic syndrome over 12 weeks. The intervention group
will receive MOLP 12 g/day along with metformin and glimepiride, while the control group will receive SOC alone. Thus, data
shows the HbAlc as well as other glycemic parameters, insulin resistance, anthropometry, blood pressure, lipid profile, inflammatory
markers, organ function and safety of MOLP in metabolic syndrome cases.
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Background:

The metabolic syndrome refers to the co-occurrence of several
known cardiovascular risk factors, including insulin resistance,
obesity, atherogenic dyslipidemia and hypertension [1]. Every
third person in India is suffering from metabolic syndrome [2].
Prevalence of the metabolic syndrome among adults shows huge
between-country variation from 11.9% to 49.0% [3]. These
conditions often cluster together and significantly increase the
risk of cardiovascular disease, stroke, renal dysfunction and
premature mortality [4]. For treating hypertension, anti-
hypertensive includes ACE inhibitors, angiotensin receptor
blockers, diuretics and beta blockers. Some diuretics and beta
blockers can raise the risk of type 2 diabetes in people who have
metabolic syndrome [5]. To manage dyslipidemia, statins can
help lower triglyceride and LDL cholesterol levels. Omega fatty
acids, which are commonly found in fish oils, also can help
lower blood triglycerides [6]. The main oral hypoglycemic

agents include sulfonylureas, meglitinides, biguanides,
thiazolidinediones, = alpha-glucosidase  inhibitors, = DPP-4
inhibitors, SGLT2 inhibitors and bile acid sequestrants.

Additionally, dopamine agonists like bromocriptine are also
used [7]. Despite the availability of established pharmacological
therapies and lifestyle interventions, many patients fail to
achieve optimal glycemic control and long-term risk reduction
[8]. These management, although effective, poses economic
challenges and can lead to side effects, prompting the
exploration of complementary interventions [9]. This highlights
the need for adjunctive, safe and affordable therapeutic options
that can enhance existing standard of care [10]. Moringa oleifera
(MO) also known as "Shigru" in Ayurveda is a widely available
and nutritionally rich plant, has been found effective in
cardiovascular or metabolic disorders through its anti-oxidative,
anti-inflammatory actions resulting in the modulation in glucose
and lipid metabolism and the preservation of target organ
damage [11]. However, metabolic syndrome is not mentioned in
Ayurveda as a single entity, life style disorders such as diabetes
(prameha), obesity (sthaulya), hypertension (raktavrittavata) etc are
mentioned in context of kapha medo janya vyadi [12]. In many
Ayurveda texts like, Madanadinighantu, Sushrutanighantu,
Paryayaratna mala and Shodashang Hridayam, Shigru (Moringa

S S
oleifera) has been considered as Kapha Medohar, which is the main
etiological factor responsible for diabetes, hypertension, obesity
etc. as per Ayurveda which suggests that it can be used to treat
such conditions. Several studies have explored the potential
health benefits of Moringa oleifera (MO), particularly its role in
managing metabolic disorders like diabetes, dyslipidemia and
hypertension [13]. This study protocol has been designed and
reported in accordance with the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) guideline
[14]. Therefore, it is of interest to report the changes in glycemic
control in the patients with metabolic syndrome taking Moringa
oleifera Leaf Powder (Shigru) along with standard of care
(Metformin 500 mg and Glimepiride 1 mg twice a day) or
standard of care alone over a 12-week period.

Materials and Methods:

Study design:

Open labelled randomized controlled trial with two parallel
groups (1:1) over 12 weeks.

Study setting and study participants:

Patients diagnosed with metabolic syndrome based on NCEP
ATP-III criteria, when a patient has at least 3 of the 5 conditions,
fasting blood glucose 2100 mg/dL, Blood pressure 2130/85 mm
Hg, Triglycerides 2150 mg/dL, HDL-C < 40 mg/dL in men or <
50 mg/dL in women, Waist circumference 2102 cm in men or
288 c¢m in women, attending the General Medicine and
Ayurveda outpatient department at a tertiary care hospital in
central Indiawill be randomly selected for study after taking
informed consent.

Eligibility criteria:
Inclusion criteria:

[1] Adults aged 30-65 years visiting outpatient department

[2] Diagnosed with metabolic syndrome and having HbA1C
between 6.5 to 8.0.

[3] Patients maintaining stable health conditions and not
requiring any acute or long term medication for
hypertension, dyslipidemia or obesity management.

[4] Willing to comply with protocol and follow-up

[5] Provide informed written consent
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Exclusion Criteria:

[1] Patients receiving oral hypoglycemic medications other
than glimepiride-metformin

[2] Patients receiving any medications such as
antihypertensive, obesity and hyperlipidemia drugs.

[3] Severe Cardiac/hepatic/renal disease

[4] Acute cases with Diabetic complications
ketoacidosis

[5] Any malignancy

[6] Pregnant/lactating women

[7] Allergic to herbal supplements

[8] Already using Moringa or any similar herbal interventions

[9] Living outside Bhopal

such as

Intervention and comparator:

[1] Group A (Intervention group):
Patients receiving standardized Moringa oleifera leaf
powder, 12 grams per day (6 gm twice a day) with
lukewarm water after meal, for 12 weeks along with
standard of care (Oral Hypoglycemic agents: Metformin
500 mg and Glimepiride 1 mg, twice a day) as per the
ICMR guideline as well as protocol followed at tertiary
care hospital. The trial drug will be procured from Ayush
certified pharma with the certificate of analysis.

[2] Group B (Control group):
Patients receiving only standard of care (Oral
Hypoglycemic agents: Metformin 500 mg and Glimepiride
1 mg, twice a day)

Diet and lifestyle counselling:

All the participants of both the groups will be instructed to
follow dietary restrictions related to cardio-metabolic risk. They
will be advised to abstain from tobacco smoking or tobacco
chewing, alcohol or any other substance abuse. Patients will be
advised to sleep properly at least 7 to 8 hours and will be
motivated for 45 minutes’ brisk walk daily and/or physical
activity. A participant diary will be maintained by all the
enrolled participants to record their diet and duration of
physical activity on daily basis.

Outcome:

Primary outcome:

The mean change in Glycemic Markers (HbAlc) from baseline
(day 0) and after 12 weeks will be measured

Secondary outcomes:

The mean change in fasting blood glucose, postprandial blood
glucose, serum insulin (HOMA-IR) and C-peptide;
anthropometric parameters (weight, height, BMI, waist-hip
ratio), clinical parameter (systolic and diastolic blood pressure)
(average of 2 readings), biochemical parameter (lipid profile-
total cholesterol, HDL, LDL, triglycerides); inflammatory
marker-C-reactive protein (CRP); liver function tests- SGOT,
SGPT, ALP, bilirubin; renal function tests- UACR, blood urea,
serum creatinine; will be observed between baseline (day 0) and
after 12 weeks. Drug compliance, any solicited and unsolicited
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adverse event, will be recorded for both the groups throughout
the study with the help of a patient diary.

Adherence monitoring:
Pill count, participant diary and follow-up questioning

Lifestyle adherence:
Participant diary to record diet exercises and sleeps; verified
during follow-ups

Harms:

Any adverse event or adverse drug reaction, if seen during the
trial period, will be documented suitably and timely
management would be performed and the same would be
reported as per National Pharmacovigilance Program for ASU &
H Drugs and to the ethics committee at the earliest. Patients may
encounter hypoglycemia in both the group. In such condition,
he/she will be advised to take glucose, sugar, candy or sweet etc.
and immediately inform to PL In few cases dose of standard of
care treatment may be required to be adjusted at first follow-up
according to their blood sugar levels. Some patients on the
higher side of blood pressure, may have a chance to
hypertension requiring any rescue anti-hypertensive medication,
will be asked for blood pressure charting.

Participant timeline:

Each patient will be followed for 12 weeks (3 months). Follow-
up will be done at completion of 4 weeks and 8 weeks.
Assessments will be done at baseline (day 0), 4 weeks, 8 weeks
and end of study (Week 12) and data will be recorded(Table 1).

Sample size:

The sample size for this study is based on the primary outcome
measure, HbAlc. In the glimepiride-metformin group, the mean
HbAlc at 12-week follow-up is 7.0, with a standard deviation of
0.7 [15]. Based on clinical experience, we anticipate that the
intervention will reduce the mean HbAlc to 6.75. Assuming a
significance level of 5%, a power of 80% and a 1:1 allocation ratio
between intervention and control groups and using a superiority
margin of 0.6%, the calculated sample size is 50 participants per
group. Accounting for a potential dropout rate of 10%, the final
sample size is adjusted to 55 participants per group, resulting in
a total of 110 participants.

Sample size = 20%(Z1.a+Z1.)2/ (0 T-pS-5)2

Where:

8 = Superiority limit of the difference in means
pT= Mean of the test treatment

PS= Mean of the standard treatment

pT-pS= Expected mean difference

o = Standard deviation

a = Significance level

1-p= Power

Recruitment:
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Patients with metabolic syndrome who will be visiting the
outpatient department, fulfilling all eligibility criteria and agree
to provide consent will be randomly recruited in this study.

Randomization:

Block randomization with block size of 6 and 4 will be used and
the randomization list will be generated using a computer-
generated program by the person not related to the study.
Treatment allocation will be concealed using sequentially
numbered, opaque, sealed envelopes by the same person. The
principal investigator and co-investigators will enroll the
participants and assign the intervention.

Blinding:

This is an open label trial. Due to add on intervention design, it
is not possible to either blind the participants or the
investigators.

Data collection method:

Data will be collected by using pre-designed case report form.
Baseline data will be captured at the time of enrollment. Clinical
parameters will be taken at OPD at the time of recruitment. Body
weight will be measured by electronic scale bare foot and
removing any additional objects carrying. Height of participants
will be measured bare foot through standard stadiometer scale.
Blood pressure will be monitored by an electronic
sphygmomanometer. Blood samples will be collected and
reports will be generated at NABL accredited laboratory of the
Institute. All participants will attend on 4th week, 8th week and
12th week for follow-up.Drug compliance (%), concomitant
medication and rescue medication will be assessed at all
visits.Participants can withdraw at any time during the study.
Moreover, the investigator may discontinue a participant from
the study if they judge it indispensable for any reason, that is, if
the patient is not ready to continue or is poor compliant with the
study procedure (at least 80% compliance); if the patient
develops a life-threatening crisis or any other severe illness due
to other reason, which requires emergency treatment or
hospitalization; or if the patient experiences any adverse event or
adverse reaction requiring hospitalization.

Data management:

Data collection and management will be carried out in
accordance with Good Clinical Practice (GCP) guidelines. All
study-related information will be recorded in Case Report Forms
(CRFs) and subsequently entered into a secure electronic
database. Each participant will be identified only by a unique
enrollment ID to ensure confidentiality. Electronic data entry
will be performed on a regular basis throughout the study
period. Built-in validation checks in the electronic CRF will be
used to minimize errors and ensure accuracy, consistency and
completeness of data. Any discrepancies or missing data will be
verified and resolved by cross-checking with the original source
documents. Access to the electronic database will be password-
protected and restricted to authorized study personnel only.
Hard copies of study documents (including signed informed
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consent forms and CRFs) will be stored in locked cabinets in a
secure location, while electronic files will be stored on password-
protected institutional servers. Upon study completion, all
source documents, CRFs and datasets (both hard and electronic
copies) will be securely archived for a minimum of five years
after study completion, in compliance with institutional and
regulatory requirements.

Statistical methods:

For categorical variables, we will report frequency and
percentage and for continuous variables mean (standard
deviation) will be reported if data follows normality or median
(IQR) will be reported. Normality of data will be visually
assessed using Histogram. For primary outcome, HbAIC,
average will be measured for both the groups before and after.
Between-group differences will be analyzed using independent
t-tests or Mann-Whitney U tests. Paired t-tests/Wilcoxon signed-
rank tests will be used for within-group comparisons. Secondary
outcome will also be analyzed using independent t-tests or
Mann-Whitney U test. Significant threshold will be considered
as p value < 0.05. Regression analysis may be employed to
explore confounding factors.

Trial monitoring:

Data safety and monitoring committee will be formed to monitor
and audit the study. Meetings will be organized on a regular
interval and the progress will be monitored.

Research ethics approval:

Ethical approval has been granted by Institutional human ethics
committee, AIIMS Bhopal (IHEC-LOP/2025/1P165, dated:08-12-
2025). Protocol has also been registered in Clinical Trials
Registry of India (CTRI) [CTRI/2025/12/098814; Registered on:
10/12/2025]. Helsinki declaration, ICMR 2017 National ethical
guidelines for biomedical and health research involving human
participants and Ayush CCRAS guidelines will be strictly
followed for this study. Any protocol amendments will be
notified to IHEC from time to time.

Informed consent:

Prior to enrolment, all potential participants will be informed in
detail about the study objectives, procedures, potential benefits
and their right to refuse or withdraw from participation at any
stage without any impact on their standard medical care. A
bilingual Participant Information Sheet (Hindi and English) will
be provided to ensure comprehension. Written informed consent
will be obtained from each participant by the investigators
before initiating any study-related procedures. The Informed
Consent Form (ICF) will be available in both Hindi and English.
One duly signed copy of the ICF will be handed over to the
participant for their records, while the original copy will be
securely retained with the study documents.

Confidentiality:
Data confidentiality of participants, available in hardcopies as
well as in softcopies will be maintained.
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Table 1: Timeline for screening, enrollment, intervention, drug adherence and study for participants

Screening Baseline 4 weeks 8 weeks 12 weeks
Demographic data +
Physical examination +
Anthropometric examination

HbAlc

Serum Insulin (HOMA-IR) and C-peptide

Adverse event monitorin

Table 2: Showing results of previous clinical studies on M. oleifera
Study design Participant Intervention Placebo/Control Outcome measures Results References
characteristics

Secondary outcomes
were changes in
weight, BMI, fasting
blood sugar, serum

glucose 2 hours after a
75g oral glucose load,
total cholesterol, HDL
and triglycerides,
complete blood count,
creatinine and ALT,
occurrence of adverse
events.

Controlled 10 healthy Moringa oleifera (MO) leaf The study examined The study found that after the [17]
clinical Study volunteers (mean powder capsules at0 g the effects of MO on high dose (4 g) of MO leaf

age 29 + 5 years; (baseline), 1 g (low dose), plasma glucose and powder, mean plasma insulin

BMI20.6 +1.5 2 g (moderate dose) and insulin secretion. increased significantly, despite

kg/m2; FPG81+5 4 g (high dose). no changes in mean plasma

mg/dl) glucose. The insulin secretion

rate represented by the AUC
of insulin/ glucose ratio was
also significantly increased by
74% with the high dose MO
compared to baseline

Systolic and diastolic blood
pressures decreased
significantly over time in both
groups, with a more

pronounced effect on diastolic
blood pressure in the obese
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Crossover 24 obese T2 MO leaves for 22weeks Placebo Anthropometric and MO showed Reduction in [19]
double-blind diabetics using (10+2 washout+10) biochemical markers BMI, insulin, fasting glucose
design metformin (17 and blood pressure.

females and 7 Improvement in LDL, HbAlc
males, age 20 to 60 and HDL levels noticed.

ears)

Randomized, 140 overweight 900 mg/ day of the herbal ~ Placebo Body weight, BMI, The results showed that the

double-blind, participants witha ~ blend LI85008F (MOleaf waist and hip LI85008F group had
placebo- BMI between 27- circumference, body significant reductions in body
controlled 29.9 kg/m?, (Trial composition, lipid weight (5.36 + 1.769 kg vs. 0.87
clinical trial. n= 70, placebo n= profile and biomarkers  +1.381 kg in placebo,
70) along with a such as adiponectin p<0.0001), BMI (2.05 + 0.693
1800 kcal/ day diet and ghrelin. vs. 0.34 + 0.559 kg/m?,
and 30 minutes of p<0.0001), waist and hip
walking 5 days per circumference and
week, improvements in lipid profiles

and biomarkers compared to
the placebo group.

Case- 41 healthy 120g of cooked MO Control group Blood pressure (BP) Significant difference in [23]
controlled participants. (23 leaves did not eat MO monitoring over 24 diastolic blood pressure (DBP)
clinical study case, 18 control), leaves hours at baseline and two hours
18-65 years age, postprandial (T2) for the case
group. Additionally, in the
case group with high salt
intake (7g/d), there was a
significant decrease in both

systolic blood pressure (SBP)
and DBP, while the control
group with high salt intake
had elevated SBP and DBP.

Secondary outcomes No differences were found
included gut between groups for the
microbiota secondary outcomes.
composition, hepatic

and renal function

markers and appetite-

controlling hormones

Double-blind, 73 pre-diabetic Placebo (PLC) blood and fecal No significant differences [25]
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randomized, participants powder (2400 mg/day) inflammatory and between the MO and PLC
placebo- (Placebo, n=35) or as a food supplement, cardio-metabolic groups in the changes of
controlled, MO, n=38) daily over 12 weeks markers, including cytokines, adipokines, hs-CRP,
parallel group blood lipid profile, blood lipid profile variables,
intervention plasma antioxidant total antioxidant capacity,
study capacity and blood intestinal health markers
pressure (calprotectin and secretory
IgA) or blood pressure.
Randomized 60 patients, Group B= Atorvastatin Control Group BMI and lipid profile Group receiving both MO and [26]
controlled trial.  divided into four 10mg QD + MO 2g BID A= atorvastatin Allium sativum had
equal groups of 15 Group C= Atorvastatin 10mg QD + statistically significant
participants each 10mg QD + Allium placebo capsules improvements in total
sativum 2g BID cholesterol, triglycerides and
Group D= Atorvastatin low-density lipoprotein and
10mg QD + MO 2g BID + BML
Allium sativum 2g BID
Parallel group 40 adult diabetic 20,40 and 60 g Control group Blood glucose, Blood No significant changes in [27]
randomized rural Nigerian of MO leaves daily for 14 ~ with only normal  pressure, Lipid profile fasting blood glucose. Group

control design  subjects (4 groups)  days with normal diet diet

consuming 60g MO showed
significant reduction in
systolic blood pressure and
rise in triglycerides.

Results and Discussion:

Metabolic syndrome represents a major public health burden
due to its strong association with type 2 diabetes, cardiovascular
disease and premature mortality. Although standard
pharmacological therapies such as metformin and sulfonylureas
remain the mainstay of management, many patients do not
achieve optimal glycemic control and long-term treatment can
be limited by adverse effects, cost and poor adherence.
Therefore, the exploration of safe and evidence-based adjunctive
therapies is a priority in integrated metabolic care. Moringa
oleifera (Shigru) has gained attention for its nutraceutical and
therapeutic properties, supported by anti-inflammatory,
antioxidant, glucose-lowering and lipid-modulating
mechanisms. Its traditional description in Ayurveda as Kapha-
Medohara aligns with the pathophysiology of metabolic
syndrome. Preclinical and clinical studies suggest that Moringa
may improve insulin sensitivity, enhance GLUT4 translocation,
inhibit a-glucosidase, modulate AMPK activation and reduce
dyslipidemia. However, robust randomized clinical trials
examining its role as an adjunct to standard of care in metabolic
syndrome are still limited. This randomized controlled trial is
designed to address these knowledge gaps by evaluating the
efficacy and safety of Moringa oleifera leaf powder in combination
with standard oral hypoglycemic therapy in a defined metabolic
syndrome population. By assessing a comprehensive panel of
biochemical, anthropometric and cardiometabolic parameters
over 12 weeks, the study will generate high-quality evidence
regarding its therapeutic potential. The open-label design
reflects real-world applicability and rigorous monitoring for
adherence and adverse events ensures methodological
robustness. However, the existing clinical evidence on Moringa
oleifera remains heterogeneous and inconclusive (Table 2). A
double-blind, placebo-controlled randomized clinical trial
investigated the effects of MO leaf capsules in adults with mildly
elevated LDL cholesterol and low cardiovascular risk. Over 30
days, researchers found no significant difference between the
MO and placebo groups in reducing LDL or improving glucose
and other metabolic markers. However, the supplement was

well tolerated, with no notable adverse effects reported,
suggesting it is safe for short-term use [16]. In another
preliminary controlled study, Anthanont ef al. examined the
impact of MO leaf powder on insulin secretion in healthy
individuals. Interestingly, a single high dose (4g) significantly
boosted insulin secretion without affecting plasma glucose
levels. These results hint at MO’s potential in modulating insulin
response and possibly benefiting people with type 2 diabetes
[17]. A longer-term study looked into the effects of MO
supplementation on 30 normal-weight and 30 obese
hypertensive individuals. Each participant received 30 g of MO
leaf powder daily for 24 weeks. Researchers observed significant
reductions in weight, BMI, waist and hip circumference and
blood pressure across both groups with more marked
improvements in the obese group. Notably, diastolic blood
pressure normalized in both groups (<80 mmHg), reinforcing
MO’s role in cardiovascular support [18]. Similarly, a 22-week
double-blind crossover pilot study conducted among 24 obese
Mexican adults with type 2 diabetes (all on metformin) reported
modest improvements. Although only three participants
completed the full protocol, reductions in BMI, insulin levels,
fasting glucose and blood pressure were observed. Trends also
suggested potential benefits for LDL, HbAlc and HDL levels,
pointing to MO as a promising adjunct therapy for managing
metabolic syndrome [19]. In another randomized, placebo-
controlled trial, therapy-naive type 2 diabetic patients received 8
g/day of MO leaf capsules for 4 weeks. Although no significant
changes in fasting glucose or HbAlc were detected, the
supplement was well tolerated and showed a slight, though non-
significant, trend toward lowering blood pressure highlighting
possible cardiovascular benefits with longer use [20]. A more
comprehensive 16-week double-blind clinical trial involving 140
overweight adults tested a polyherbal formulation containing
MO, Murraya koenigii leaves and Curcuma longa root extract.
Compared to the placebo group, participants receiving the
formulation saw significant reductions in body weight, BMI,
waist-to-hip ratio and improved lipid profiles. Moreover, serum
adiponectin increased by 34.77%, while ghrelin, a hunger-
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regulating hormone decreased by 20.17%, suggesting potential
benefits in weight and appetite management [21]. Further
supporting its anti-diabetic effects, a small randomized
controlled study involving 27 subjects (17 diabetic and 10
healthy) evaluated the glycemic impact of a traditional meal
supplemented with 20 g of MO leaf powder (MOR20). Among
diabetic participants, post-meal glucose spikes were lower and
occurred earlier, indicating improved glycemic control after MO
intake [22]. Blood pressure effects were also seen in a case-
controlled study where 41 healthy participants consumed 120 g
of cooked MO leaves. Despite a high-salt diet leading up to the
trial, the intervention group showed significant reductions in
both systolic and diastolic blood pressure two hours after
consumption pointing to MO’s potential even in normotensive
individuals [23]. Glycemic control was further assessed in a 12-
week randomized clinical trial involving 65 prediabetic
individuals who received 2400 mg/day of MO leaf supplements.
While there were no changes in gut microbiota or organ function
markers, the rate of increase in fasting glucose and HbAlc
slowed in the MO group compared to placebo highlighting its
potential in prediabetes management [24]. Interestingly, the
same research team explored whether inflammation influenced
MO’s effectiveness. They found that baseline levels of tumor
necrosis factor-alpha (TNF-a), a marker of low-grade chronic
inflammation, could predict the glycemic response to MO
supplementation. Participants with lower TNF-a level were
more likely to benefit from the supplement, suggesting that
higher doses may be needed in those with systemic
inflammation [25]. In another 45-day randomized trial,
researchers studied the combined effect of MO and garlic (Allium
sativum) on lipid levels and BMI in hyperlipidemic patients. The
combination  significantly = improved total cholesterol,
triglycerides, LDL cholesterol and BMI, suggesting a synergistic
benefit [26]. Lastly, a short-term study from rural Nigeria tested
varying doses of MO leaves (20 g, 40 g and 60 g daily) for 14
days in 40 adults with type 2 diabetes. While blood glucose
levels didn’t change significantly across groups, the highest-dose
group experienced a significant drop in systolic blood pressure,
although it also showed a surprising rise in triglyceride levels.
Overall, improvements were modest and not clearly dose-
dependent; indicating limited short-term effects [27]. Notably,
most prior trials have evaluated Moringa oleifera either as
monotherapy, in short-term interventions, or in relatively
narrow populations such as prediabetes or isolated
dyslipidemia. Very few studies have systematically evaluated its
role as an add-on therapy to standard oral hypoglycemic agents
in patients with established metabolic syndrome, a population
characterized by multiple converging metabolic derangements.
Furthermore, several earlier studies focused on single outcomes
such as fasting glucose or lipid levels, without comprehensively
assessing insulin resistance, inflammatory markers,
anthropometric indices, hepatic and renal safety parameters and
blood pressure together. The present randomized controlled trial
has been specifically designed to address these critical gaps. By
evaluating standardized Moringa oleifera leaf powder as an
adjunct to metformin and glimepiride over a 12-week period,
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this study reflects a real-world, integrative care model relevant
to routine clinical practice. The selection of HbAlc as the
primary outcome allows assessment of sustained glycemic
control rather than short-term glucose fluctuations, while the
inclusion of secondary outcomes such as HOMA-IR, C-peptide,
lipid profile, CRP, anthropometric measures and organ function
tests enables a holistic evaluation of cardiometabolic risk
modification and safety. Although the open-label design may
introduce performance bias, blinding is inherently challenging in
add-on herbal intervention trials. This limitation is mitigated by
the use of objective biochemical endpoints, standardized
laboratory assessments and structured lifestyle counseling across
both groups and rigorous monitoring of adherence and adverse
events. Importantly, safety monitoring is a key strength of this
protocol, as concerns regarding herb-drug interactions and
hypoglycemia remain relevant when combining herbal agents
with sulfonylureas. If Moringa oleifera demonstrates clinically
meaningful improvements in glycemic and metabolic
parameters without increasing adverse events, it may offer a
low-cost, accessible and culturally acceptable adjunctive strategy
for managing metabolic syndrome in India and similar settings.
Additionally, findings from this study may help clarify the
patient populations most likely to benefit from Moringa
supplementation and inform dose and duration considerations
for future trials.

Conclusion:

We show the efficacy and safety of Moringa oleifera (Shigru) leaf
powder as an add-on to standard oral hypoglycemic therapy in
patients with metabolic syndrome. This study adopts a
comprehensive cardiometabolic framework aligned with both
modern medicine and Ayurvedic principles. If proven effective
and safe, this intervention may support the incorporation of a
scientifically validated, affordable herbal therapy into routine
clinical practice and national integrative health programs.
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